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Definitions

Anoxic / anoxia; 
Anoxia is the lack of dissolved oxygen. Anoxia could lead to the release of phosphorus contained in the 
sediments. 

Eutrophication:  
Eutrophication is the enrichment of water with nutrients which results in a series of changes, such as 
increased production of algae and plants, degradation of water quality and other changes considered 
undesirable and harmful. In a eutrophic environment, the hypolimnion (cold water layer under the 
thermocline) can be depleted of oxygen, or even anoxic (without oxygen), which could lead to the 
reduction or even the disappearance of aquatic flora and fauna.. 

Trophic level: 
Scale for measuring the eutrophication of a lake 

Eutrophic: from the Greek eu: “good, true” and trophein: “to nourish”. Describes a lake 
with high productivity in the biological sense. Usually shallow, with it’s water not very 
transparent, this type of lake is rich in nutrients often with deficits of dissolved oxygen in 
the hot season. 

Mesotrophic: from the Greek mesos: "in the middle", Describes a lake moderately rich 
in nutrients. It is located between the oligotrophic (less rich) and eutrophic (richer) 
environments. 

Oligotrophic: from the Greek oligo: “little”. Refers to an environment poor in nutrients, 
particularly deep and limpid lakes, which are poor in organic elements but rich in oxygen. 

Chrysophytes 
Also known as golden algae, chrysophytes  are microscopic planktonic algae. They are common in the 
lakes of Quebec and are part of the phytoplankton. In large quantities, they impart a sometimes strong 
fishy smell to the water. At Lac des Seize-Iles, strong blooms of this type of microscopic algae can 
affect the transparency of the water and blooms are sometimes observed. The ability of chrysophytes  
to compete for the uptake of dissolved phosphorus and other nutrients at very low levels in colder water 
lakes allow them to achieve dominance over other algae under these conditions. 

Cyanobacteria 
Also known as blue algae or blue-green algae. Cyanobacteria are microscopic planktonic algae and 
there are several species. They are common in the lakes of Quebec and are part of the natural 
phytoplankton. They can become problematic if they are found in large quantities (in blooms) since 
some species can produce cyanotoxins that can cause serious health problems. Higher temperature of 
the water, weak current, climatic changes and above all an increased in nutriments (phosphorus) can 
contribute to the proliferation of this type of algae.. 

Epilimnion 
The layer of water located on the surface (generally above 5 meters / 16 feet at Lac des Seize-Iles), the 
temperature of which is generally warmer, and the oxygen level generally higher. 



Hypolimnion 
The layer of water located at depth (generally below 9 meters / 30 feet at Lac des Seize-Iles) whose 
temperature is generally colder, and the oxygen level generally lower.  

Phytoplankton 
All of the microscopic algae in suspension in the water column.  It includes algeas such as 
chrysophytes , cyanobacteria and diatoms. 

Plankton 
All of the microscopic organisms that live in the water column . Comprised of phytoplankton and 
zooplankton. 

Thermocline 
Also known as metalimnion.  In a fairly deep lake, this is the zone of rapid thermal transition between 
surface water (generally warmer and well oxygenated) and deep water (generally cooler and less 
oxygenated or anoxic). For wildlife, aquatic plants and plankton, the thermocline acts as a certain 
barrier, especially if it is associated with a drop in oxygen (on either side of the thermocline). The area 
above the thermocline is called the epilimnion, and the area below is called the hypolimnion. 

Zooplankton 
Microscopic organisms (of which some are small crustaceans). Zooplankton feeds on phytoplankton. It 
should be noted that cyanobacteria is not their staple food of choice. 

µg/L 
Micrograms per litre is a nomenclature équivalent to “part per million” or ppm 



Introduction and purpose of the project

Several studies of the physicochemical characteristics of the Lac des Seize-Iles have been carried out 
since the 1970s. In September 2019 the municipality, in collaboration with the "Friends of the Lake”, 
showed interest in consolidating existing data and assessing the evolution of water quality specifically 
from a report issued by the firm Biofilia in 2012. As well in order to determine a possible link with the 
presence in large quantities of golden planktonic algae (chrysophytes) which sometimes confers a fish-
like odour to the water. 

A team developed a reduced program of physicochemical analyzes to be carried out in the summer of 
2020. This team was composed of a representative of the municipality, a representative of the “Friends 
of the Lake” group, the biologist Sylvain Miller and by biochemist Anne Létourneau who have been 
interested in the study of lake ecology for several years. The following steps were agreed: 

1. Firstly, investigate and summarize the data collected over the years, in particular on Lac des Seize-
Île. Existing data from the following documents were collected: 

1.1. Report of the environmental master plan June 2012, by the firm Biofilia prepared for the 
municipality of Lac-des-Seize-Îles. In addition to the results of the physicochemical 
characterization of the municipality's lakes, the master plan of June 2012 reports an 
environmental study that describes the territory of the municipality's and it’s watersheds. 

1.2. Report of physicochemical analyzes by McGill University in the early 1970s. 
1.3. Report of physicochemical measurements carried out within the framework of the 

“Réseau de surveillance volontaire des lacs” (RSVL). 
1.4. Report from 1989: Mémoire spécifique de l’association pour la protection du Lac des 

Seize-Iles concernant certains cours d’eau et milieux humides 

2. Secondly, during the summer of 2020, it was agreed to carry out analyzes to determine the evolution 
of significant physicochemical parameters at several representative locations around the lake. It was 
also considered appropriate to carry out bacteriological tests in order to better assess the importance 
of the impacts of residents on water quality. This was done in reference to the June 2012 report from 
Biofilia. 

3. It was also agreed that the Wonish, Grand-Héron and Baie des Sœurs lakes would be included in the 
samples to observe the evolution of the phosphorus data and the transparency of the water, since 
these are important tributaries.   

4. It was agreed that at Lake Laurel, the main physicochemical parameters, transparency and 
periphyton are already measured and listed regularly and that this lake would therefore not be 
included in the evaluation for the moment. 

5. In order to develop an interest and expertise among the residents of the lake who can carry over the 
monitoring experience to future years, it was agreed that three teams of young volunteers would be 
involved. These people, proposed by the Friends of the Lake association, were trained and 
participated in measurements of the thickness of the periphyton. 



Physicochemical parameters of Lac des Seize-Îles

Phosphorus 

Description 
Phytoplankton (microscopic algae) need several elements to thrive, including sunlight, nitrogen, 
phosphorus and potassium. All of these elements promote the growth of algae and plants, but since 
phosphorus is generally present in lower quantities, it is considered to be a limiting element to growth. It 
is therefore the amount of phosphorus in general that controls the presence and the amount of 
phytoplankton. The Ministry of the Environment and Fight against Climate Change (MELCC) considers 
that in oligotrophic lakes (clear water lakes) such as Lac des Seize-Iles, the total phosphorus 
measurements should not exceed 50% of baseline and remain inferior to 10 µg/L  for aquatic life 
conservation (chronic effect or long term effect).  In the watershed, phosphorus should not exceed 20 
µg/L. 

History 
Surface phosphorus measurements were compiled between 2007 and 2011. These are listed in the 
latest report from the firm Biofilia. The precision of Biofilia's data (from 2005 to 2010) is different from 
that compiled by the RSVL (from 2014). The tests between 2005 and 2010 were carried out using the 
“total phosphorus” method which did not allow values to be measured below 10 µg/L (these were 
entered as less than or equal to 10 µg / mL). The RSVL values, on the other hand, were evaluated 
according to the “total trace phosphorus” method which is much more sensitive and much more 
precise. This makes comparisons difficult. We can see this difference in the phosphorus graph 2007 to 
2010, where 20 samples revealed phosphorus levels below 10 µg/L, but recorded as 10 µg/L, while the 
latest reports from RSVL indicate phosphorus values ranging between 0.3 and 3.5 µg/L between 2014 
and 2019.  This may not be indicative of a real decrease. On the other hand, when one considers that 
there was a measurement of 13.8 µg/L of surface phosphorus taken by the UQAM in 2005, one might 
think that there was indeed a real drop in the level of phosphorus in surface waters. This decrease 
could be attributable to the efforts made during the 2000s on the revegetation of the shoreline, on the 
maintenance of septic systems of properties directly around the lake and on tighter standards with 
regard to the protection of watersheds. Stricter regulations and public awareness of the phosphates in 
detergents could also have had an effect. 



Figure 1 Total surface phosphorus over the years and apparent tendency 

As can be seen in Table 1 above, the total trace phosphorus on the lake surface for 2020 is lower than 
what was measured in the previous two years, but higher than in 2016. The decline in 2020 could be a 
consequence of lower cottage habitation due to the pandemic, but this reason does not explain the low 
level observed in 2016. However, the 2016 data is not representative since 3 of the 4 samples 
measured were rejected by the RSVL for the calculation of the average.  In order to confirm whether 
the lower habitation in 2020 (COVID-19 travel restrictions) had an effect on the apparent drop in 
phosphorus, it would be recommended to repeat a few tests next year to confirm this measurement. 
The measurements taken between 2005 and 2010 are difficult to compare because of a difference in 
sensitivity and precision of the phosphorus testing method. 

Uniformity of phosphorus levels across the lake in 2020 
To determine if the phosphorus levels were consistent across the lake, samples were taken from 
several surface locations for comparison. The following map (figure 2) shows the data obtained 
according to sample locations. 



Figure 2 Phosphorus data in µg/L in 2020 

It turned out that the concentrations varied little in general over the whole lake (1.5 to 2.6 µg/L) except 
in the bay near the outlet of the lake (3.7 and 8.5 µg/L), and in the main tributaries (7.2 to 11µg/L). The 
RSVL phosphorus measurement taken from the surface water above the deepest zone of the lake 
therefore allows fairly representative monitoring of the general water quality except at the southern end 
of the lake, and in the tributaries. It is not representative of what is found in the hypolimnion (mass of 
cold water under the thermocline) either. Samples taken near the thermocline at 4 different locations 
also revealed higher rates as shown in table 1 below. During a few dives, we also had observed a 
greater presence of algae. 

Table1 : Total phosphorus in trace under the thermocline  

The phosphorus content below the thermocline was found to be much higher than at the surface. 
Thermal stratification causes a change in the density of the water that prevents the warm water from 
the surface and the cold water below from mixing. Phytoplankton concentrate at the thermocline to take 
advantage of both light and the greater concentration of phosphorus located just below the thermocline. 
Water samples taken on August 12 under the thermocline clearly show the higher amount of 
phosphorus. Between 10 and 15 meters, the concentration is on average 8.3 µg/L, which is almost 3 
times greater than on the surface. 

In the spring, before thermal stratification and in the fall during the autumn water mixing, surface water 
and water below the thermocline mix. We took samples during these times to get an idea of the 
average phosphorus value in the entire water column.  

Date 12 August 
2020 

12 August 
2020 

12 August 
2020 

12 August 
2020 Average

Depth 10m 10m 15m 15m 12,5m

Zone number (see map in annex) 15 13 10 4

Total phosphorus in trace 11µg/L 7,3µg/L 5,8µg/L 8,8µg/L 8,3µg/L



Table 2 : Total trace phosphorus on the surface (1 meter) during mixing for zone 10 

The 12 tributaries that were sampled in 2011 showed a phosphorus value ranging from 11 to 49 µg/L. 
As the flow of some tributaries is very low during the summer, samples were taken in the lake near the 
outlet rather than in the tributaries. We did not consider it important to measure phosphorus in all of 
these tributaries, but rather those that had a sufficiently large flow of to influence the quality of the lake 
water. As can be seen in the table, the phosphorus concentration is lower than in 2011, but again here it 
is probably a difference in the accuracy of the measurements of total phosphorus vs total trace 
phosphorus. The 2011 concentration varies between 4.4 and 11 µg/L. These values are higher than the 
concentrations present in the lake, which is usual for a tributary since it transports nutrients from the 
watershed. 

Table 3 : Total trace phosphorus in tributaries (µg/L) in 2020 compared to 2011 

Although higher than in the lake itself, the phosphorus concentrations near the main tributaries did not 
exceed the standard of 20 µg/L in 2020, so they now meet the maximum concentration criteria of the 
ministry for the conservation of aquatic life. Since they are subject to phosphorus increase, maximum 
efforts should continue to protect all shorelines of the tributaries including septic installations 
monitoring. 

Date 13 may 11 nov. average

Total Phosphorus trace (µg/L) 4,0 6,1 5,1

Date
Tributary (see map in annex 1)

B C F I K

15 August 2011 25 17 11 27 17

26 July 2020* 7,2 (*30 august) 9,8 4,4 11 7,4



Dissolved oxygen 

Description 
Dissolved oxygen is a very important factor to consider in studying the physicochemical parameters of 
a lake as it indicates a lake's capacity to support aquatic life. Dissolved oxygen in the water comes from 
the atmosphere and from the photosynthesis of the aquatic plants. The only time when atmospheric 
oxygen is supplied to the entire water column is during mixing (fall and spring). Between these periods, 
due to thermal stratification, the oxygen below the thermocline is no longer renewed while it is 
consumed by the organisms that live there. This is how oxygen concentrations decreases below the 
thermocline, especially in deeper lake wells. Under these conditions, aquatic life in the depths could be 
compromised if the level of consumption exceeds the level of available oxygen. The dissolved oxygen 
level must be above 4 mg / L to support aquatic life. 

History 
We did not measure oxygen levels in 2020.  Three temperature and dissolved oxygen profiles were 
performed to date. Figure 3 below shows the oxygen profile recorded in August 2011. It confirmed that 
oxygen concentration remained above 5 mg / L, even down to a depth of 50 m. A relatively similar 
profile was also observed on August 5, 2010 by Biofilia. 

Figure 3 Dissolved oxygen levels and temperature profiles as per depth in 2011 
 

On the other hand, another set of measurements carried out on July 24, 2019 (UQAM) showed that the 
dissolved oxygen concentration had fallen below 4 mg / L at a depth of 25 meters. Since the dissolved 
oxygen below the thermocline continues to be consumed by the organisms that live there during the 
summer without the possibility of renewal before the fall, it is possible that the deepest areas of the lake 
could be in a state of anoxia or lack of oxygen before the autumn water mixing. In addition to 



endangering the life of organisms, such a lack of oxygen leads to the release of phosphorus from the 
sediments and increases the concentration of nutrients in the water column, thus encouraging the 
growth of algae. This could be one of the factors that can lead to visually noticeable algae proliferation 
(bloom). The more phosphorus there is in the water, the more algae there is, and the more algae, and 
the bacteria responsible for their decomposition, consume the oxygen dissolved in the water. These 
phenomena lead to the eutrophication of the lakes resulting in high levels of algae and aquatic plants. 

Figure 4: Dissolved oxygen levels and temperature profiles carried out on July 24, 2019 
 

Recommendations 
As it is an important diagnostic tool, it is strongly recommended that the levels of dissolved oxygen be 
monitored in future years.  This test should be performed when the dissolved oxygen levels should be 
at their lowest, towards the end of August or in September (before the fall water mixing). 



Chlorophyll a 

Description 
Chlorophyll a is a pigment present in all plants. This pigment is essential to photosynthesis. The 
chlorophyll a level is an indirect way to determine the concentration of microscopic algae. The amount 
of these microscopic algae influences the transparency of the water and therefore the trophic level of 
the lake. 

History 
This parameter was measured 8 times from 2011 to 2019. Apart from a slight increase in 2015, the 
amount of algae remains stable. A result below 3 µg/L is typical of an oligotrophic lake (figure 5).   

Chlorophyll a measurements in 2020 
We did a surface chlorophyll a measurement in summer of 2020. The result shows 
a slight decrease compared to previous years. We also took two samples at a depth of 6 meters, where 
the presence of algae appeared to be more concentrated. The chlorophyll a measurements obtained 
were 6.4 and 3.2 µg/L, thus higher than at the surface. 

Table 4 : Chlorophylle a at the surface compared to 6 meter deep 

Chlorophyll a measurements taken at a depth of 6 meters (near the thermocline) confirm presence of 
substantial amount of microscopic algae. This concentration of algae is easily visible when diving as the 
water becomes more turbid. Samples were taken from different places in the lake at the same depth (6 
meters). Microscopic identification revealed a predominance of cyanobacteria of the genus 
Aphanothece.  

Although these kinds of cyanobacteria are rarely toxic, we still analyzed for total cyanotoxins 
measurements given the high concentration of this type of algae. On the surface during a hot and 
sunny week in late July there were also numerous colonies of cyanobacteria visible within the first 
meter of the water's surface. The two types identified under the microscope were anabaena and 
microcystis. We took a sample consisting of half of water collected by scuba diving at 6 meters and half 
of surface water. The sample contained less than 0.02 µg/L of total cyanotoxins, which is far below the 
Quebec standard for the quality of drinking water, which is set at a maximum of 1.5 µg/L. The threshold 
for recreational activities must be less than 16 µg/L. In view of the presence of cyanobacteria, the water 
in the lake is suitable for recreational activities and filtered drinking water. 

On the other hand, despite a phosphorus concentration which seems low, this large quantity of 
cyanobacteria is a factor to be monitored. Due to climate change, surface water tends to heat up which 
favors this type of microscopic algae. The lake has an appreciable quantity and diversity of algae-
feeding zooplankton which could decrease the concentrations of microscopic algae. However, these 
small organisms do not like to feed on cyanobacteria. If the presence of nutrients in the lake (including 
phosphorus) rises, we could see the transparency of the water decrease. 

Date 20 August 28 July 28 July

Depth of sample taken 1 m 6 m 6 m

Sampling zone 10 8 15

Chlorophyll a 1,1 µg/L 6,5 µg/L 3,2 µg/L



Figure 5 Surface chlorophyll A measurements from 2008 to 2020 



DOC (dissolved organic carbon) 

Description 
Dissolved organic carbon is a measure of the amount of organic matter that gives water a brownish 
color. Much like tea leaves, which transmit their colouring to that of boiling water, water seeping from 
forests to the watersheds carry this organic matter which colours lake water. Helping to better 
understand the natural health of a lake, DOC is an indicator of the colour of the water. 

History 
The amount of DOC was measured from 2014 to 2019.  DOC increased slightly in 2015 and has fallen 
since. A single measurement taken this year in 2020 in the middle of the lake shows an increase 
compared to the three previous samples. DOC values greater than 4 indicate that it may have an 
impact and could decrease the transparency of the lake water. Values less than 4 would have little or 
no impact. 

Figure 6 Historical data for Dissolved Organic Carbon (DOC) 



Faecal coliform and E. Coli 

Description 
Tests for faecal coliform and E. coli bacteria were performed at ten stations in the lake and in some 
tributaries. Both tests tell us about the quality of the water, particularly for swimming in different parts of 
the lake. They could also be signs of faulty or non-compliant septic systems. Tests for E. Coli and fecal 
coliform were performed twice. The results of these tests vary greatly depending on the weather 
conditions. During heavy rains, the amount of coliform tend to increase due to leaching. UV rays tend to 
destroy these bacteria quite quickly. To get a result that represents maximum coliforms, samples need 
be taken early in the morning, or during the day following heavy rain. Unlike phosphorus, samples are 
taken from shallow water near the banks. The presence of animals can also influence the amounts of 
coliforms in the water. Therefore the test is repeated twice. Results of less than 20 CFU / 100 mL 
indicate that the quality of the water for swimming is excellent, while between 20 and 100 it is good 
(classified b). Swimming above 200 CFU / 100 mL is not recommended. See chart in appendix for site 
position. 

Results 
Table 5 : Fecal coliforms and E. coli in surface water July 22-26 

Zone # 10, located away from any building, was used as a control area, as it was unlikely to be 
contaminated by an outside source of coliforms. Another E. coli sample was taken on August 8 at the 
beach. The result was 15 CFU / 100 mL. The results indicate that the water is of good quality 
everywhere for swimming and recreational activities.  

Table 6 : Faecal coliforms and E. coli in tributaries on July 22 and 26

Site E.coli 
(CFU/100 mL)

Faecal coliform 
(CFU/100 mL)

2 <2 2

3 (beach) 2 5

5 <2 <2

10 <2 <2

11 <2 <2

12 3 3

13 7 <2

14 5 5

Site E.coli 
(CFU/100 mL)

Faecal coliform 
(CFU/100 mL)

B 38 8

C 27 13



The results of the faecal coliforms and e.coli values are also presented on the map below. 

Figure 7, CFU in different location. 
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Transparency 

Description 
Transparency is the measure of the penetration of light into water. The submerged Secchi disc is visible 
until only 10% of the surface brightness remains. Suspended matter, DOC and the presence of 
plankton reduce the transparency of the water. Despite a slight decrease in 2014 and 2015, the 
transparency measure has remained more or less the same from 1985 to today. With the participation 
of the municipality’s environmental technician, 50 transparency measurements were carried out in 4 
points of the lake. Transparency measurements are slightly higher than those taken last year. 

Figure 8 Average, minimum and maximum value of transparency per year 

Water transparency appears stable at around 6 meters since 1985.  In scuba diving, at three different 
areas of the lake, we have observed a thick phytoplankton layer at this depth (6 meters) which 
corresponds approximately to the thermocline. 



pH 

Description 
PH is a measure of the acidity of water. Changes in pH have major consequences on the quality of life 
of aquatic flora and fauna. The pH should be between 6.5 and 8.5 to allow the species to reproduce 
and survive. The pH can vary with depth. On the surface, the consumption of carbon dioxide by 
phytoplankton can increase the pH value. Consumption of oxygen and the release of carbon dioxide by 
deep dwelling organisms in the absence of light can acidify the water which is typically more acidic as 
depth increases. 

History  
PH measurements have been taken several times since 1971. During the summer of 2020 the pH 
measurements have varied from 6.13 to 7.68 for an average of 7.03. 

Figure 9 measure of pH per year 



Calcium 

Description 
Calcium is also an element for the growth of plants, for animals and for certain crustaceans that form 
zooplankton, the staple food of aquatic insects and small fish. The food chain of the lake is therefore 
strongly influenced by the presence of this mineral.   

Historique  
Calcium measurements were made in the 1970s. We measured this parameter at three different points 
in the lake to see how it has changed since the first samples. 

Figure 10 Calcium concentrations per year 
 



Periphyton 

History  
In Lac des Seize-Îles, periphyton measurements were taken in 2009. Ten measurements were 
performed at each of 21 sites.  In the Biofilia report it is mentioned that these measurements on 21 sites 
(out of 61 areas defined) do not allow to draw clear conclusions about the effects of the enrichment of 
the lake water. In a procedure of the ministry, monitoring the periphyton must be performed over a 
period of three years and there must be at least 30 measurements on 20 sites for a lake of more than 2 
km2. 

Periphyton measurement results for 2020 
As described in the ministry's protocol, the measurements should be repeated for three consecutive 
years, followed by a period of five years before monitoring again. Despite the constraints of the 
pandemic, three teams of young scientists took charge of the periphyton measurements under our 
supervision. The periphyton measurement carried out at 20 sites varied from 0 to 10 mm with an 
average of 2.1 mm. In 2009 (Biofilia report) the measurements varied from 0 to 20 mm with an average 
of 3.3 mm. According to these measurements, there is a decrease in the periphyton cover in 2020, 
therefore a relative improvement in the quality of the environment. On the other hand, we must be 
careful in analyzing this data. In the ministry's measurement protocol, the thickness of the periphyton 
carpet is now measured separated from that of the filaments. This distinction was not made during the 
periphyton study in 2009. In addition, lower traffic this year as well as the decrease in phosphorus 
concentration may have had an influence on the growth of periphyton. It is for this reason that it would 
be important to repeat the periphyton measurement over the next two years. 

Trophic level of Lac des Seize-Iles 

Description 
The trophic level is a tool used to classify lakes according to their degree of biological productivity. The 
classification varies from very oligotrophic to very eutrophic. The evolution of a lake on the scale does 
not happen abruptly. It is a gradual and slow aging process towards eutrophication. 

Lac des Seize-Iles trophic level results in 2011 (Biofilia report) 



Trophic level results in Lac des Seize-Iles in 2020 

 



Baie des Soeurs 
Phosphorus 

History 
Several samples were analyzed for phosphorus content between 2007 and 2011. Results were often 
below 5 µg/L. The mean total dissolved phosphorus readings were 21 µg/L from 2007 to 2011.   

2020 phosphorus results 
We made two measurements of the phosphorus concentration at the surface for Baie des Soeurs in 
2020. The result is 2.7 µg/L for the bay and 14 µg/L for the main tributary which comes from the lac du 
Grand-Heron.  

Transparency 
Three transparency measurements were made between July 22 and August 20, 2020 varying between 
2.3 and 3.1 meters. The average of 2.8 m obtained in 2020 is comparable to the average of 3.1 m 
obtained between 2007 and 2011. The measurements taken in mid-summer in 2020 may have 
influenced the transparency downwards since there is typically more phytoplankton in the water column 
during the summer months. 

pH 
The surface pH in July 2020 was 7.4. This measurement is comparable to the average pH of 7.2 
measured between 2007 and 2011. 

Classification of the trophic level of the Baie des Soeurs 2011 

 

Source Biofilia 2011 



Classification of the trophic level of the Baie des Soeurs 2020 

 



Wonish lake 
Phosphorus 
At Lac Wonish, the Biofilia report indicates 9 µg/L of phosphorus in 2011. A measurement of 5.2 µg/L 
was taken on August 6, 2020, which constitutes a decrease compared to 2011. However, this is still a 
much higher value than what is found in the Lac des Seize-Iles. 

pH 
The pH measured was 7.6 at the surface in 2020. 

Transparency 
Transparency was 5.6 meters on August 6, 2020.  This measure is comparable to the one of 19 august 
2011 which was 5.0 meters. 



Classification of the trophic level of Wonish Lake in 2011  

 
Source Biofilia 2012 

Classification of the trophic level of Wonish Lake in 2020 



Grand Héron lake 

Phosphorus 
In the Grand Héron lake, values varying between less than 10 µg/L and 16 µg/L were measured in 
2007 and 2011. The phosphorus concentration measured during the summer of 2020 was very high 
compared to the other lakes with 11 µg/L. 

pH 
In 2020, the pH of 7.5 at the surface decreases rapidly to reach 6.8 at 5 meters. 

Transparency 
Transparency was 2.5 meters on August 5, 2020.  This measure is a little better than the measure 
taken august 15, 2011 which was 1.5 meters. 



Classification of the trophic level of Lac du Grand-Héron in 2011 

 
Source Biofilia 2012 

Classification of the trophic level of Lac du Grand-Héron in 2020 

 



Conclusion 
The various parameters studied in 2019 by the RSVL place the Seize-Îles lake in the ultra-oligotrophic 
to oligotrophic class, which indicates that the lake is low in nutrients which is a good sign. As per RSVL 
protocol, these parameters are surveyed at a single location, at the surface, above the deepest point of 
the lake. As had been done in the Biofilia study between 2007 and 2011, in the summer of 2020 we 
measured the phosphorus concentrations at several points.   We found very little difference from one 
end of the lake to the other. The only results which were atypical were from samples taken in the bay 
near the lake outlet and should continue to be monitored for any trend. As per RSVL requirement, we 
suggest continuing to take 3 phosphorus measurements annually above the deepest point to detect any 
trend of enrichment. In order to get a better understanding of the results obtained this year, an 
additional 2 measurements of phosphorus (one in spring and one in autumn) should be taken during 
the mixing of the water.  The 2021 results will also allow a comparison of phosphorus measurements 
with an increase in resident attendance linked to the expected decrease in health measures against 
Covid-19. The average phosphorus levels at various points on the surface have shown a decreasing 
trend for the last 3 years, which appears quite favorable. Despite these encouraging values, the 
presence of algae is important enough to be visible to the naked eye on the surface and especially near 
the thermocline (including cyanobacteria).  This should urge for caution and to do everything possible to 
limit the supply of nutrients to the lake, mainly phosphorus.   

Golden algae (chrysophyte) and blue-green algae (cyanobacteria) are phytoplankton.  Golden algae 
(chrysophytes) is a fierce competitor for the uptake of dissolved phosphorus and other nutrients.  Their 
ability to thrive at very low nutrient levels in colder water lakes allow them to achieve dominance over 
other algae under these conditions.  Chrysophytes would therefore be more noticeable at the beginning 
of the summer.  As the water warms up, cyanobacteria could become more abundant.  Zooplancton 
which feed on phytoplankton help keep water transparent.  But cyanobacteria are not their food of 
choice which favours it’s proliferation.  Therefore, if the maximum is done to keep the phosphorus 
levels low, it would help keep the water clear and free from both chrysophytes  and cyanobacteria 
despite climate change. 

The oxygen concentration at depth, measured in summer 2019, is lower than what was measured in 
2010-2011, and it is below minimum values to maintain the health and biodiversity of organisms. Such 
a low level of oxygen at depth may lead to anoxia (absence of oxygen) which could lead to the release 
of phosphorus from the sediments. This in turn could partly explain the significant presence of algae in 
the thermocline, and could perhaps also partly explain the greater amount of phosphorus in certain 
areas in the lake as we measured this summer. 

Although coliform testing is important in identifying possible sources of nutrients (and thus phosphorus), 
for technical reasons, it is not reliable in accurately identifying deficient septic systems. It is important 
for municipal authorities to monitor the maintenance and compliance of facilities with each owner near 
the lake and near it’s watershed. 

Regarding periphyton, the ministry recommends monitoring over three years, 30 measurements on 20 
sites. It is therefore advisable to repeat periphyton measurements in 2021 and 2022 in order to have a 
better overview of the trends and to draw conclusions. 

Without having carried out systematic surveys of the shorelines, it appeared to us that the majority of 
them were in such condition as to offer some protection against the influx of sediments and nutriments 
that could enrich the lake. Some lakeside properties, however, have areas of grass lawns and are 
landscaped with non-native plants.  All requiring fertilizer and compost for maintenance, especially in 



the Hammond Bay area. Some of them have slopes such that nutrients are likely to seep much more 
easily towards the lake, especially in areas where the lakeshore is not natural (rock/cement walls, rock 
embankment, absence of indigenous vegetation). In order to reduce phosphorus contributions, it would 
be beneficial to re-naturalize the largest possible surface with three types of plants, namely indigenous 
ground covers, shrubs and trees. 

Shallow areas in several places in the lake are well identified. In Hammond Bay amongst others, 
reduced speed zones are well indicated. On the other hand, in 2020, we observed that they were often 
not respected by some. It would be important to continue sensitization because the stirring of 
sediments in shallow areas leads to the release of phosphorus. 

Certain other practices observed must be avoided or regulated. For example: 

• The campfires near the lakeshore or watershed. The ash is responsible contains a significant amount 
of phosphorus which may end up in the lake over the seasons. Fires should not be allowed unless 
there are arrangements to collect and dispose of the ashes elsewhere than around the lake. 

• Pots containing potting soil or compost for vegetables or flowers should also be installed as far from 
the riparian strip as possible since these are rich in nutrients that are likely to be (such as phosphorus 
in the ash) possibly washed away. in the lake by rainwater. One solution could be to equip the flower 
pots with a sealed container to collect drainage water. However, care must be taken to ensure that 
they do not overflow during heavy rains or when the owner is away. 

• Outdoor showers should be used without soap. Even biodegradable soap is rich in nutrients that can 
cause water enrichment.  

• The compost bin should be placed as far as possible from the shoreline since it too is an important 
source of nutrients. 

• The practice of water sports in sensitive areas can also be an important source of phosphorus 
release. Two important studies have been done on the subject. Their conclusion reports that waves 
caused by "wake" or "surf" or “towing” boats have a significant effect on the mixing of sediments and 
the recirculation of the phosphorus they contain even down to several meters in depth. It is 
recommended to restrain this activity at a distance of more than 300 meters from the banks in deep 
areas and to limit them in a way to avoid thei degradation of shoreline and release of phosphorus 
from sediment. This recommendation also applies to boats that circulate near the shallows, which are 
numerous in Lac des Seize-Iles. 

• In addition to inducing the release of phosphorus from the sediments, passages and turbulence from 
all types of powerboats also encourages the dispersal of Eurasian Watermilfoil by cuttings. Ideally, 
motor boat traffic should be restricted to corridors in areas where this plant is found in high density 
such as in Hammond Bay. 
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Annex 1:

Numbering of sites sampled in 2020: 



Annex 2: 

Summary of results according to sample sites.  
In red: phosphorus in (ug/L) 
In blue: Faecal coliform - E Coli (UFC/100mL) 
in Yellow: transparency (m) 



Annex 3 

Periphyton measurement sites in 2020 and results 

Site #1 Average

2 1 2 3 3 2 1 2 2 1 2

1 1 2 5 1 4 1 1 1 2 2

2 2 2 3 2 3 1 4 1 1 2

Site # 2
Average 
Site #1 1,967mm

1 2 1 3 3 2 1 5 2 1 2

1 2 1 3 2 3 1 3 2 1 2

1 3 2 2 3 1 1 5 1 2 2

Site#3
Average 
Site #2 2,033mm

2 1 2 3 1 5 2 1 3 1 2

1 1 3 3 2 3 2 2 4 1 2

2 2 2 1 3 1 2 1 2 2 2

Site#4
Average 
Site #3 2,033mm

3 1 4 1 3 1 1 3 3 1 2

2 1 3 1 2 1 1 2 3 1 2



2 2 3 2 2 1 1 5 2 1 2

Site#5
Average 
Site #4 1,967mm

2 1 2 1 1 2 2 2 4 1 2

1 2 2 1 1 3 1 1 4 1 2

2 3 2 1 1 4 2 1 3 1 2

Site#6
Average 
Site #5 1,833mm

1 2 0 2 1 1 3 1 1 1 1

1 2 0 2 1 2 2 1 1 2 1

2 1 0 3 1 1 2 1 1 1 1

Site#7
Average 
Site #6 1,333mm

5 2 5 3 1 2 5 3 1 3 3

5 2 5 5 1 3 3 1 2 4 3

10 3 7 7 2 3 4 1 1 3 4

Site#8
Average 
Site #7 3,400mm

1 3 4 5 2 3 1 3 2 1 3

2 2 3 6 1 4 1 2 1 2 2

1 1 4 7 2 7 1 1 2 1 3

Site#9
Average 
Site #8 2,533mm

2 1 2 2 2 4 2 5 1 4 3

3 5 2 4 2 3 1 5 2 3 3

3 2 3 3 1 2 2 4 1 2 2

Site#10
Average 
Site #9 2,600mm

2 5 2 3 3 2 2 1 2 2 2

4 3 5 2 1 4 4 1 2 3 3

3 2 2 4 4 2 1 2 3 2 3

Site#11
Average 
Site #10 2,600mm

2 2 1 1 1 2 2 2 3 2 2

2 2 2 1 1 1 2 1 4 4 2

2 4 5 1 1 2 2 3 2 3 3

Site#12
Average 
Site #11 2,100mm

1 1 1 1 1 1 1 1 1 1 1



1 1 2 2 1 1 2 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1

Site#13
Average 
Site #12 1,100mm

3 3 2 3 4 3 3 1 1 1 2

2 2 2 2 1 2 1 2 2 3 2

2 3 3 3 2 2 2 2 3 3 3

Site#14
Average 
Site #13 2,267mm

3 2 2 1 2 2 2 3 3 3 2

2 2 2 2 1 2 2 3 3 1 2

3 1 3 3 3 1 1 2 2 2 2

Site#15
Average 
Site #14 2,133mm

1 4 2 4 2 1 2 2 2 2 2

1 3 1 2 3 2 2 3 1 3 2

2 3 3 3 3 2 1 3 1 2 2

Site#16
Average 
Site #15 2,200mm

2 2 2 2 2 3 2 2 1 2 2

2 2 3 2 2 2 2 1 2 4 2

2 2 2 1 3 1 1 3 1 3 2

Site#17
Average 
Site #16 2,033mm

1 1 3 5 3 2 0 4 3 4 3

1 2 0 2 4 3 0 3 2 0 2

1 1 3 2 2 2 0 2 1 3 2

Site#18
Average 
Site #17 2,000mm

2 1 2 1 1 2 1 1 2 1 1

1 1 1 1 3 2 1 1 2 1 1

2 1 1 2 2 3 2 2 2 2 2

Site#19
Average 
Site #18 1,567mm

2 2 2 4 3 2 3 1 2 3 2

3 4 1 3 2 1 1 1 3 1 2

5 1 3 1 1 2 1 1 2 2 2

Site#20
Average 
Site #19 2,100mm



N.B. The complete measurements and observations can be found in the spreadsheet provided by the 
ministry and a copy sent to the municipality to be shares with RSVL. 

2 1 2 3 3 2 1 2 2 1 2

1 1 2 5 1 4 1 1 1 2 2

2 2 2 3 2 3 1 4 1 1 2

Average 
Site #20 1,967mm

Average 
2020 2,1mm

 Average 
2009 3,3mm



Annex 4 : 

Identification of plankton 

8 November Lac des Seize-îles, vertical 50 µm Site #10 secchi 7,1 m 
45°53'44.1"N 74°27'39.2"W 

Cladocères : Sida crystallina, Daphnies++ (Daphnia mendotea, Catawba et longiremis), bosmina 
longirostris+, holopedium+ 
Copépodes : Cyclopoides+, calanoides+ et nauplius 
Rotifères : Conochilus unicornis, Kellicottia, keratella cochlearis, Asplancha, polyarthra 
Algues :  
Cyanobactéries : Aphanothece, aphanocapsa, anabaena 
Chrysophytes : Dinobryon++, Synura,  Chrysosphaerella, Uroglena, sur les diatomées, mallomonas 
Diatomées : Synedra, Tabellaria+++, Asterionella+++  
Chlorophyceae (vertes) : staurastrum  
Dinoflagellés : Peridinium 
Cryptomonad 
Ciliés sur asterionella 

At the surface (anabaena) 

26 September Lac des Seize-iles, vertical 80 µm Site #10 
45°53'44.1"N 74°27'39.2"W 
Cladocères : Sida crystallina++, Daphnies+ (Daphnia mendotea), bosmina longirostris, Diaphanosoma 
birgei, holopedium+, Leptodora 
Copépodes : Cyclopoides+, calanoides+ et nauplius 
Rotifères : Conochilus unicornis, Kellicottia, keratella, Asplancha, Collotheca pelagica, polyarthra 
Algues : Cyanobactéries : Anabaena+ (avec ciliés), Aphanothece+, Aphanocapsa++ 
Chrysophytes : Dinobryon++, Synura+,  Chrysosphaerella+, Uroglena, sur les diatomées  
Diatomées : Synedra, Tabellaria+++, Asterionella+++  
Chlorophyceae (vertes) : i4723 
Dinoflagellés : Ceratium 

20 August Lac des Seize-iles, Baie des Soeurs, vertical 80 µm Site #1  
45°55'34.1"N 74°28'06.8"W 
Bloom Chrysosphaerella 
Insects : Chaoborus 
Cladocères : Daphnies++ (Daphnia mendotea et parvula?), Diaphanosoma birgei 
Copépodes : Cyclopoides+, calanoides + et nauplius (peu nombreux) 
Rotifères : Keratella crassa, Kellicottia bostoniensis, polyarthra, filinia 
Algae :  
Cyanobactéries : Anabaena (avec ciliés), Woronichinia,Gloeotrichia, Microcystis 
Chrysophytes : Chrysosphaerella+++, Dinobryon++, Uroglena,  mallomonas, 
Diatomées :  Asterionella 
Chlorophyceae (vertes) : Staurastrum 
Dinoflagellés : Ceratium++ 

12 August Lac des Seize-iles, vertical 50 µm Site #8  
45°54'04.0"N 74°27'57.5"W 



Cladocères : Daphnies (Daphnia mendotea), Sida crystallina, bosmina longirostris, Diaphanosoma 
birgei, holopedium, Leptodora 
Copépodes : Cyclopoides+, calanoides + et nauplius 
Rotifères : Conochilus unicornis, Collotheca pelagica, Ascomorpha ecaudis, polyarthra 
Algues dominantes :  
Cyanobactéries : Anabaena (avec ciliés)++, Aphanothece++, Gloeotrichia, Woronichinia (i2700) 
Chrysophytes : Dinobryon+, , Chrysosphaerella, mallomonas,Uroglena, Chrysophytes (i2698), 
Chlorophycées (verte) : (i2638), Staurastrum, Botryococcus  
Diatomées : Tabellaria, Synedra, Asterionella, Dinoflagellés : Ceratium 
Cryptomonad+ 

Baie Black 45°52'46.3"N 74°28'01.9"W 
Semblable mais moins de cyanobactéries 
Synura++, Uroglena++ 

7 Août Lac Wonish Filet à plancton 50µm descente et remonté verticale 10h30 
45°55'19.6"N 74°27'33.3"W 
Cladocère: Daphnia longirémis et (laevis ou dubia), Bosmina, Holopedium, Diaphanosoma 
Copépodes : Cyclo++ et calanoide++ 2 espèces (Epischura nordenskiøldi), nauplius 
Rotifères : Keratella, Synchaeta, i2355, i2430, gastropus 
Algue :   
Chrysophytes : Dinobryon+++, Uroglena, Chrysosphaerella, Mallomonas, Synura,  
Dinoflagellés : Ceratium 
Diatomées : Asterionella + chrysophytes, Tabellaria 

7 Août Lac du grand Héron Filet à plancton 50µm descente et remonté verticale 11h30 
45°55'30.8"N 74°27'51.4"W 

Insectes : Chaoborus 
Cladocères:  Bosmina, Daphnia ambigua et rosea ? 
Copépodes : Cyclo et calanoide, nauplius 
Rotifères : Keratella crassa, Kellicottia bostoniensis 
Algue :  
Chrysophytes : Dinobryon++, Uroglena, Mallomonas, Uroglenopsis 
Dinoflagellés : Ceratium++, (péridinium?) 
Cyanobactéries : Woronichinia 
Chlorophycées : Desmides 

28 Juillet Lac des Seize-iles, verticale Site #15 50 µm 
45°52'52.5"N 74°28'31.7"W 

Insecte : Chaoborus 
Cladocères : Sida crystallina, holopedium, Diaphanosoma birgei, bosmina longirostris, Daphnies 
(Daphnia pulicaria et mendotea), 
Copépodes : Cyclopoides++, calanoides ++ et nauplius 
Rotifères : Conochilus unicornis, Kellicottia longispina, keratella, polyarthra 
Algues dominantes :  
Chrysophytes : Synura++, Uroglena, mallomonas 
Cyanobactéries : Anabaena (avec ciliés), Aphanothece ++ 



Dinoflagellés : Ceratium 
Cryptomonad 
Chlorophycés : Staurastrum, Nephrocytium (i1817), Verte (i1823),  
Diatomées : Asterionella + Chrysophytes, Diatomées centriques 

26 Juillet Lac des Seize-iles, verticale Site #4 50 µm 
45°55'10.6"N 74°28'06.8"W 
Cladocères : Daphnies (Daphnia mendotae),sida crystallina, Diaphanosoma birgei, holopedium, 
bosmina longirostris 
Copépodes : Cyclopoides, calanoides et nauplius 
Rotifères : Conochilus unicornis, Kellicottia longispina, keratella, Conochhiloides 
Algues dominantes :  
Cyanobactéries : Aphanothece ++, Anabaena (avec ciliés), Microcystis,  
Chrysophytes : Synura, Uroglena, Uroglenopsis, Sphaerocystis (i1672), Dinobryon, mallomonas 
Chlorophyceae : Staurastrum,  botryococcus 
Diatomées : Tabellaria 
Dinoflagellés : Ceratium 

25 Juillet Lac des Seize-îles, Échantillon pris en plongée à 16 pieds puis filtré 
45°53'15.2"N 74°28'16.4"W 
Cladocères : Daphnies 
Copépodes : Cyclopoides 
Rotifères : Keratella, Kellicottia longispina, Polyarthra 
Algues dominantes :  
Cyanobactéries : Aphanothece +++, Anabaena (avec ciliés), Rhabdoderma 
Chrysophytes : Uroglena 

21 Juillet Lac des Seize-iles, verticale 15h30 50 µm 
45°53'15.2"N 74°28'16.4"W 
Cladocères : Daphnies (Daphnia mendotae),sida crystallina, Diaphanosoma birgei, holopedium, 
bosmina longirostris 
Copépodes : Cyclopoides, calanoides et nauplius 
Rotifères : Conochilus unicornis, Kellicottia longispina, keratella, Conochhiloides 
Algues dominantes :  
Cyanobactéries : Anabaena (avec ciliés), Microcystis 
Chrysophytes : Uroglena, Sphaerocystis (i1672), Dinobryon, mallomonas 
Diatomées : Tabellaria,  
Dinoflagellés : Ceratium,   
Chlorophyceae : Botryococcus 

12 Juillet Lac des Seize-îles, verticale 18h00 50 mm 4 points 

Acarien 
Cladocères : Daphnies (Daphnia mendotae et pulicaria),sida crystallina,  holopedium, bosmina 
longirostris 
Copépodes : Cyclopoïdes (Cyclops scutifer), calanoides 2 espèces (Epischura nordenskiøldi) et 
nauplius 
Rotifères : Conochilus unicornis, Kellicottia longispina, Gastropus stylifer, Ascomorpha ecaudis, 
Collotheca pelagica, Conochhiloides, polyarthra,  



Algues dominantes :  
Cyanobactéries : Microcystis, Anabaena (avec ciliés), Woronichinia, Rhabdoderma 
Chrysophytes : Uroglena, Synura (colonies défaites) i1478, Sphaerocystis (i1459), Dinobryon, Synura, 
Mallomonas 
Diatomées : Tabellaria 
Dinoflagellés : Ceratium 
Chlorophyceae : verte i 1450 400x, botryococcus, i9191 200 x, Micrasteria 
Cryptomonad 

16 Juin Lac des Seize-iles, verticale 18h00 50 mm 45°55'20.9"N 74°28'05.7"W 

Cladocères : Daphnies (Daphnia mendotae et pulicaria),sida crystalline,  holopedium, bosmina 
longirostris, leptodora 
Copépodes : Cyclopoides (Cyclops scutifer), calanoides et nauplius 
Rotifères : Conochilus unicornis, polyarthra, Gastropus stylifer 
Algues dominantes :  
Chrysophytes : Uroglena, Dynobrion, Synura, Mallomonas,  
Diatomées : Asterionella, Tabellaria,  
Cyanobactéries : Anabaena (avec ciliés), Microcystis,  
Dinoflagellés : Ceratium,  
Chlorophytes : verte i 9194 200x, botryococcus, i9191 200 x  
Cryptomonad 

13 Juin Lac des Seize-iles, du quai 9h30 80 mm 45°55'20.9"N 74°28'05.7"W 

Dominants : Bosmina, cyclopoide 
Cladocères : Daphnies (Daphnia mendotae), bosmina longirostris, Holopedium, polyphemus 
Copépodes : Cyclopoides (Cyclops scutifer), calanoides et nauplius 
Rotifères : Conochilus unicornis, kellicottia, (keratella crassa), Trichocerca sp. 
Ciliés : frontonia 
Algues dominantes :  
Chrysophytes : Uroglena, Dinobryon, Synura,  
Diatomées : Asterionella, Tabellaria,  
Cyanobactéries : Anabaena (avec ciliés), Microcystis 
Dinoflagellés : Ceratium 



Annexe 5:


Video footage related to the report 

We created a mini video from images taken at the lake between June 2017 and November 2020. 
Almost all of the images were taken at Lac des Seize-Îles or from samples taken from the lake. Some 
sequences may be relevant to illustrate observations discussed in this report. 

The video is available on YouTube by following this link:   https://youtu.be/NugCxFBoECg 

These are examples: 

Emerging plants: 1 min to 2 min 16 
An important tributary : 2 min 50 
Mesuresurement of the periphyton : 7 min 45 
Submerged aquatic plant: 9 min 06 
Phytoplancton at the thermocline : 10 min 25 
Plankton in general: 10 min 55 
Zooplancton : 11 min 25 
Crysophytes (phytoplankton): 13 min 25 
Cyanobacteria (phytoplancton): 14 min : 23


