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Executive Summary 
The impetus for this study was the wide-spread concern among Desert Lake property owners about 

possible invasions of Desert Lake by zebra mussels (Dreissina polymorpha).  Discussions with DLPOA 

board members ultimately lead to bi-monthly measurements of water chemistry variables in 2019 that 

comprise this report on lake water quality. Composite samples of surface waters were collected at five 

lake sites: South, Mid and North basins, Deyo’s Bay, and Mitchell Creek Bay, and at three inflows: 

adjacent to the Sand Lake inflow, and inflows from Holleford Lake and Canoe Lake. Depth profiles of 

temperature and dissolved oxygen (DO) were also collected at the North basin sampling site. The timing 

of sample collection represents the different thermal regimes of the lake: in the early spring just after 

ice-out and before thermal stratification occurred, mid-summer when the lake was thermally stratified, 

late summer when the lake was thermally stratified and the epilimnion was at its deepest and warmest, 

and in the fall just prior to turnover, when surface and bottom layers begin to mix.  The deeper 

hypolimnetic waters were collected in the mid and north basins during the two summer sample dates.  

This report confirms that Desert Lake continues to have high water quality.  Low nutrient and algal 

concentrations are consistent with oligotrophic conditions and a large reservoir of cold, well-oxygenated 

waters throughout the season sustains the native lake trout population. The data also suggest a low risk 

of zebra mussel invasions.  Characteristics considered to be of primary importance for invasion of zebra 

mussels (calcium, magnesium, nutrients, and algal abundance) were near the threshold concentrations 

needed for zebra mussel veligers (larvae) to establish colonies and grow. However, Desert Lake property 

owners should continue to be vigilant about changes in water quality and signs of mussel invasions.  

Climate warming will most assuredly affect the lake in coming years, and the continued 

construction of cottages and houses may also change lake water quality.  Phosphorus concentrations are 

consistently on the boundary of low-to-medium nutrient status and algal species associated with a 

moderate degree of nutrient enrichment are present.  Property owners need to be vigilant in the 

maintenance of septic systems and continue to maintain natural shoreline habitats to minimize the 

input of dissolved and particulate nutrients.  

An important unknown in the risk of zebra mussel invasion is the actual area of shoreline habitat 

suitable for zebra mussel colonies.  Surveys to identify suitable areas would be a worthwhile next step in 

understanding the risks.  Meanwhile, public education through signage, pamphlets or targeted 

newsletters about the risks and effects of mussel invasions, septic tank maintenance and shoreline 

disturbance, and what personal actions can be undertaken to minimize the risks, would be a worthwhile 

initiative by the DLPOA. 
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1 Introduction 
The Desert Lake Property Owners Association (DLPOA) and individual cottagers have frequently 

expressed concern about possible invasions of Desert Lake by zebra mussels (Dreissina polymorpha), 

with a subsequent degradation of habitat for aquatic life and recreational use.   Zebra mussels were first 

identified in the Great Lakes in 1988 and have since spread to many inland lakes, including those of the 

Rideau system and lakes nearby (e.g., Big Clear, Birch, Sharbot) (Neinhuis et al. 2014).  A primary 

mechanism for zebra mussel invasion is the transfer of adults and veligers (larval form at reproductive 

season) on the hulls and motors of boats transported from infected lakes.  However, the observation of 

veligers does not necessarily mean the presence of adults if lake conditions do not favour their survival.  

Some lakes are protected naturally because the area of habitat suitable for veligers to form colonies is 

limited, or their water quality does not support the growth of veligers to adult mussels.     

Each year, many visitors to Desert Lake launch boats at private properties, at lake resorts and 

from the causeway at the south end.  Despite this activity, there have been no confirmed reports of 

zebra mussel invasions, as indicated by no known presence of zebra mussel colonies forming on hard 

surfaces such as rocks and docks, or accumulations of shells near shore.  Given the numbers of visitors, it 

seems likely that a successful invasion would have already occurred if the lake was suitable for zebra 

mussel growth and reproduction.  Desert Lake is steep-sided with a relatively small near-shore area 

having water depths less than 10-12 m (Table 1).  This depth is the approximate limit of light penetration 

in Desert Lake that supports the growth of plankton, the primary food for mussels.  Some of the lake 

bottom in this small area is composed of mud or sand, which would not support mussel colonies.  

However, there is a sufficient area of rock that the lack of mussel colonies suggests other factors have 

limited invasions. 

Because zebra mussels must grow to maturity before they can reproduce and establish self-sustaining 

colonies, they require an adequate supply of food, in this case plankton (algae, small zooplankton), and 

nutrients essential for shell growth, i.e., calcium.  Table 1 provides a summary of these requirements  
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Table 1.  Water quality and environmental characteristics necessary for zebra mussel invasions (Cohen, 
2005; Nienhuis et al. 2014; Desert Lake summary data from CRCA (2017) were derived from the Ontario 
Ministry of the Environment Lake Partner data from 2009-2017. 
 

Characteristic Importance for zebra 
mussels 

Ideal 
condition to 

support 
mussel 
growth 

Threshold 
condition to 

support mussel 
growth 

Condition in 
Desert Lake 

Lake 
Morphometry 

Colonize hard surfaces in 
shallow reefs and the area 
next to the shoreline 
(littoral zone) 

As large as 
possible 

?? Steep sides, deep 
(mean depth = 
22.4 m, max = 

68.3 m).  Littoral 
zones and reefs 

comprise a 
relatively small 
portion of the 

lake  

Calcium (mg/L) Essential for shell growth > 50 12-24 19-22 

pH (<pH 7 = 
acidic; >pH 7 = 
alkaline) 

Essential for shell growth 7.4-8.7 ? 7.7-8.2 

Phosphorus 
(µg/L) 

Supports growth of algae 
that nourish mussels 

>> 10 > 10 7-10 

Humic acids May sequester or bind 
calcium ions, reducing 
their bioavailability to 
mussels 

?? ?? ?? 

Temperature Maintain adequate 
growth rates for 
maturation and 
reproduction 

> 10°C for 
prolonged 

periods 

10°C < 10°C in deep 
waters, > 10°C 

and up to 26-28°C 
in surface waters 

for 7 months 

Biotic 
community 

Some fish species (e.g., 
pumpkinseed sunfish) and 
diving ducks (e.g., 
Oldsquaw) are predators  

None ?? These species are 
not found in 

abundance in 
Desert Lake 

Seasonal ice 
cover and depth 

Dimictic lakes that form a 
hypolimnion (deep water 
layer, low temperatures) 
and epilimnion (surface 
layer that warms during 
the summer) support 
zebra mussels more than 
monomictic lakes (no 
layering) 

  Desert Lake is 
dimictic. Ice 
forms typically in 
late December 
and thaws by 
early April.  The 
seasonal 
temperature 
regime would 
support zebra 
mussels 
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and average conditions in Desert Lake based on 2009-2017 assessments.  Some of the most important 

conditions are the concentrations of phosphorus and calcium, and pH of the lake water.  Although we 

found no data on plankton concentrations in Desert Lake, average concentrations of phosphorus are 

generally low, being typically less than 10 µg/L, but with a number of measurements upwards of 15 

µg/L. Hence, Desert Lake is generally nutrient poor (oligotrophic), with some indication of slightly 

mesotrophic conditions (moderate nutrients) and quite clear (Secchi depth readings of > 5 m), 

suggesting that concentrations of algae and zooplankton are too low to sustain mussel populations.  

Calcium concentrations in Desert Lake appear to be at the lower limit of mussel requirements and could 

be a limiting factor when combined with food limitations, i.e., a low abundance of plankton.  Other 

factors such as temperature regimes and pH are suitable for mussel growth, and fish and bird species 

that prey on zebra mussels are not common in the lake. 

The humic acid content of lakes is one characteristic that has not been investigated thoroughly.  

Mussels typically do not colonize lakes with extensive areas of marsh, as is the case with Holleford Lake.  

The absence of mussels in Holleford Lake may reflect the unsuitability of its soft, organic-rich muds for 

veliger attachment and adult growth.  The humic acids that cause the tea colour of Holleford Lake may 

also sequester or bind calcium ions that are essential for the growth of mussel shells.  Dissolved calcium 

is a divalent cation (Ca++ - i.e., two positive charges) derived from calcareous bedrock (i.e., limestone) 

whereas humic substances are organic acids (negatively charged) derived from the decay of vegetation.  

Desert Lake water also appears somewhat tea-coloured because of the large inflow of humic-rich water 

from Holleford Lake plus smaller inflows from Sand Lake, beaver ponds, and shoreline marshes.  Thus, it 

is possible that concentrations of ‘free’ calcium in Desert Lake are insufficient to support mussel growth.  

From these criteria, the risk to Desert Lake of zebra mussel invasions appears slight to moderate, with 

water quality and physical conditions at the threshold for reproduction, growth and survival.  The 

Cataraqui Region Conservation Authority (CRCA) has stated that there is no evidence of invasions 

despite reports of veligers in Birch Lake, downstream of Desert Lake (Nienhuis et al. 2014). This indicates 

that either Desert Lake has been very lucky, or that the limiting factors identified above have protected 

the lake. The water quality data for Desert Lake are derived primarily from a few surveys by the Ontario 

Ministry of the Environment (OMOE) in mid-summer.   A better understanding of the invasion risks 

requires that water quality be assessed seasonally and spatially to determine if lake conditions are 

uniformly or periodically suitable or unsuitable for zebra mussel survival, growth and reproduction.  

Such surveys would also provide a better perspective on the past and present nutrient enrichment of 

Desert Lake, the potential for future eutrophication, and the risk of an increase in the plankton available 

for mussel feeding.  This report provides a summary of the results of seasonal and spatial surveys of 
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Desert Lake water quality conducted in 2019, and an interpretation of the risk of mussel invasions to 

Desert Lake. 

2 Materials and Methods 
For this study of Desert Lake in 2019, all water sampling and measurements of thermal regimes were 

carried out by the authors of the report.  Sample containers and access to chemical analyses were 

provided by Sarah Baxter and Victor Castro at the Kingston regional office of the OMOE. The sampling 

equipment and boat were provided by Dr. Brian Cumming, Queen’s University.  Incidental expenses 

were covered by the DLPOA through Alan Revill, president of the association in 2019.  

Survey design 

When a lake is thermally stratified, the warmer surface waters are known as the epilimnion and the 

colder deeper waters are known as the hypolimnion. The layer in between is known as the metalimnion 

that is defined by a rapid decline in temperature with depth and represents the thermocline where 

temperature changes at a greater rate with depth than it does above or below. The warmer epilimnion 

is typically well mixed and of similar temperature. To describe the lake’s thermal regime, a YSI 30 

thermistor was used to record the surface temperature at all sample sites, as well as the temperature of 

the top 15 m of the North basin at intervals of 1 m. At the North basin, complete depth profiles of 

temperature and dissolved oxygen were also measured with a YSI MDS650 instrument.  Except for June, 

data were collected at the water’s surface, at every 1 m for the top 20 m, and then at every 2 m from 20 

to 58 m; in June, data were recorded every 1 m to 30 m. 

The surface water quality of Desert Lake was measured by composite sampling of surface waters 

(~1-10 m deep) in the South, Mid and North basins, Deyo’s Bay, Mitchell Creek Bay, and adjacent to the 

Sand Lake inflow (Fig. 1, Table S1.  Inflows from Holleford Lake and Canoe Lake were sampled just 

upstream from Desert Lake (Fig. 1, Table S1). Surface sampling occurred in:  

 early spring just after ice-out and before thermal stratification occurred (April 22, 2019) 

 mid-summer when the lake was thermally stratified (June 23, 2019; season when zebra mussels 

reproduce) 

 late summer when the lake was thermally stratified and the epilimnion is at its deepest and 

warmest (August 22, 2019)  

 the fall just prior to turnover, when surface and bottom layers mix (October 19, 2019).   

The deeper hypolimnetic waters (1-3 m from the bottom) were collected with a Van Dorn sampler in the 

mid and north basins on June 23 and August 22, 2019.  
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Table 2. Water quality characteristics measured over four seasons at eight sites on Desert Lake (Fig. 1). 

Characteristic Units Surface Waters Deep waters 

    April June August October June  August 

   Hardness    mg/L  X X X X X X 

   Alkalinity; total fixed endpt    mg/L CaCO3  X X X X X X 

   Specific Conductance    µS/cm  X X X X X X 

   pH    X X X X X X 

   Colour; true    TCU  X X X  X X 

   Carbon; total organic    mg/L  X X X  X X 

   Carbon; dissolved inorganic    mg/L  X X X X X X 

   Carbon; dissolved organic    mg/L  X X X X X X 

   Nitrogen; ammonia +   
                     ammonium    mg/L  X X X X X X 

   Nitrogen; nitrite    mg/L  X X X X X X 

   Nitrogen; nitrate + nitrite    mg/L  X X X X X X 

   Nitrogen; total    mg/L  X X X  X X 

   Phosphorus; phosphate    mg/L  X X X X X X 

   Phosphorus; total    mg/L  X X X X X X 

   Silicon; reactive silicate    mg/L  X X X X X X 

   Calcium    mg/L  X X X X X X 

   Potassium    mg/L  X X X X X X 

   Magnesium    mg/L  X X X X X X 

   Sodium    mg/L  X X X X X X 

   Chloride    mg/L     X   

   Sulphate    mg/L     X   

   Chlorophyll a    µg/L  X X X  X X 

   Total Chlorophyll a    µg/L  X X X  X X 

   Chlorophyll b    µg/L  X X X  X X 

   Solids; dissolved    mg/L     X   

   Solids; suspended    mg/L     X   

   Solids; total    mg/L     X   

   Plankton species & abundance  X X X X   

At each site, the Secchi depth was measured and composite surface water samples collected. The depth 

of the composite surface sample was based on approximately 2 x Secchi depth (an estimate of the 

euphotic zone), with the mean Secchi depth for each sampling date varying from 5.1 to 6.5 m. The 

integrated sampler was comprised of a coloured bottle held in a weighted frame (Fig. S1).  The bottle lid 

was fitted with two surface tubes that allowed the bottle to fill slowly and to sample the entire water 

column as the bottle was lowered and lifted back to the water’s surface. Deep water was collected by a 

vanDorn sampler at a depth of 3 m from the bottom at the mid and north basin stations.  Phytoplankton 

net tows of the surface water (2 x Secchi depth) were collected at the North Basin, Mitchell Bay and 
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Deyo’s Bay sites for each sampling date except April when only the North Basin and Deyo’s Bay were 

sampled. A qualitative assessment of common algal species was determined later in the lab. Small 

aliquots of water from the phytoplankton tows were dispersed onto a microscope slide, covered with a 

cover slip, and scanned under a microscope within several days of sampling. Common algae were 

identified to species or to algal group (e.g., colonial green algae) when the species was not identifiable. 

Composite water samples were also collected at each lake sampling site for phytoplankton analyses, as 

the phytoplankton tows only sample the larger algae in the water column. The advantage of net tow 

sampling is the concentration of the algae captured as it is drawn through the water, whereas direct 

water samples must be processed to concentrate the algae.  Water samples were kept cold by ice packs 

in coolers.  Samples were analyzed for a variety of characteristics of water quality (Table 2), although 

some characteristics measured by OMOE changed between the August and October sampling times 

without our knowledge before receiving results. 

3 Results 
Lake stratification and dissolved oxygen 

Temperature and dissolved oxygen (DO) profiles were collected at the North basin sampling site during 

each month of sampling (Figs. 2 & 3). Water temperature on April 22nd, after ice out, was 4 °C 

throughout the water column (except the top meter at 4.5 °C), and DO was approximately 11 mg/L. By 

June 23rd the lake was thermally stratified with surface waters (epilimnion) at approximately 20 °C, and 

the metalimnion from 6-11 m. Epilimnetic oxygen was slightly lower than the spring at 9.6-9.8 mg/L, 

increasing slightly in the metalimnion (9.9-10.5 mg/L). Oxygen concentrations in hypolimnetic waters 

were similar to epilimnetic concentrations, but declined below 50 m reaching a low of 3.7 mg/L.  

Stratification was further strengthened by August 22nd, with surface temperatures reaching 

nearly 25 °C and a slightly larger thermocline (metalimnion) from 6 to 12 m. Epilimnetic waters were 

well mixed and DO was 9.3 mg/L, somewhat lower than in June. A sharp increase in oxygen 

concentrations occurred in the metalimnion to a peak of 13-14 mg/L (Fig. 3). Hypolimnetic trends in 

oxygen were similar to those in June, ranging from 8.9 to 9.9 mg/L and a rapid decline below 46 m to 1.0 

mg/L in the waters immediately above the sediment/water interface.  

On October 19th, the lake was weakly stratified with a deeper, well mixed epilimnion to 10 m, 

temperatures of approximately 13 °C, and a much smaller metalimnion from approximately 10-12 m. 

Oxygen concentrations in the surface waters ranged from 10.1 to 10.8 mg/L, slightly higher than in the 

summer months and declined rapidly to 7.1 mg/L in the metalimnion.  Hypolimnetic DO was lower than 

other months measured and ranged between 6.0 to 7.4 mg/L to a depth of 46 m depth.  Similar to the 
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trend in August, DO rapidly declined below 46 m to 0.4 mg/L in the waters above the sediment/water 

interface.  

 

Nutrients 
Surface water samples from each sample site were analyzed bimonthly from April to October for 

nutrient concentrations of total phosphorus (TP), phosphate (a more bioavailable form of phosphorus 

but more labile), total nitrogen (TN) and total dissolved nitrogen (TDN) for each month of sampling, with 

the exception of TN during the October sampling (Table 3). Deep water samples from the Mid-lake and 

North basin sites were analyzed for the same nutrients in June and August.    

 Measurements of TP in the lake surface samples were all in the oligotrophic range from a low of 

5.6 µg/L at the Mid-lake basin in October to a high of 9.8 µg/L at Mitchell Creek Bay in August (Table 3, 

Fig. 4). Deyo’s and Mitchell Creek bays typically had slightly higher levels of TP than the other lake sites, 

with a seasonal average concentration of 8.2 µg/L compared to seasonal averages of 6.9-7.0 µg/L at the 

Mid-lake and North basin sites, and 7.7 µg/L in the South basin (Table 3). Overall, lake-wide average TP 

concentrations were highest in August and April (9.0 and 8.2 µg/L, respectively) and lowest in June and 

October (6.5-6.6 µg/L) (Table 3). Historical measurements of TP (Fig. 5) are mostly consistent with the 

2019 sampling.   

 Total phosphorus measurements varied among the three inflows (Fig. 4) with concentrations 

lowest from Canoe Lake and highest from Holleford Lake (Table 3). The inflow from Canoe Lake had 

higher concentrations in April and June (8.0-10.0 µg/L), and lower in August and October (5.1-5.2 µg/L), 

whereas the other inflows were less variable. The inflow from Sand Lake enters Desert Lake through a 

marsh with samples collected in shallow water near the edge of the marsh. TP concentrations averaged 

9.3 µg/L (range 8.0-10.6 µg/L), being slightly higher than those of the open lake. The inflow from 

Holleford Lake, sampled at the causeway about 6 m upstream of the lake, contained 12-13.5 µg/L TP 

(slightly mesotrophic), except in August (9.7 µg/L). Phosphate was typically low (1.7-3.6 µg/L) at all 

sampling sites, with a few samples ranging from 4.3 to 5.5 µg/L, particularly in the bottom lake samples 

(Table 3). 

 Total nitrogen concentrations were mostly oligotrophic (170 to 390 µg/L) with two in the slightly 

mesotrophic range (400 to 430 µg/L) (Table 3). Concentrations were lowest at all sites in April, and 

highest either in June or August depending on the site (Fig. 4). Total dissolved nitrogen was lowest at all 

sites in April and June, increased in August and then declined in October.  Phosphorus and nitrogen 

measurements in the bottom water samples retrieved in June and August were often either slightly 

higher than, or similar to, the surface samples.   
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The concentration of TDN and TP (µg/L) were converted to molar concentrations (µmol/L) to 

calculate the ratio of DIN:TP following Downing and McCauley (1992), as an estimate of nitrogen and 

phosphorus nutrient limitation (Table S2); ratios > 3.4 indicate algal growth is limited by phosphorus 

(Bergström 2010). The surface lake samples in April and June had the lowest DIN:TP values, ranging from 

9.8 to 16.6; October samples were generally higher, ranging from 16.2 to 34.7; and August samples 

typically had the highest values, ranging from 23.4 to 36.2 (Fig. S2). The inflow samples followed the 

same seasonal variations as lake samples, but all August values were higher than those in the surface 

lake samples, ranging from 47.4 to 75.9. The two bottom lake samples at the Mid and North basins had 

low values in June and very high in August (89.3 & 121, respectively).   

 
Chlorophyll a (estimate of algal abundance) 
Chlorophyll a concentrations measured in April, June and August provide an estimate of algal abundance 

(Table 3). Concentrations were generally low in the lake samples, typical of oligotrophic conditions, 

particularly in June and August with averages of 2.3-2.5 µg/L, and somewhat higher in April, averaging 

4.0 µg/L (Table 3, Fig. 4). The highest values were observed in April in Mitchell and Deyo’s bays at 4.6 

and 5.2 µg/L, respectively and indicate slightly mesotrophic conditions. Inflow sites were also low, 

ranging from 0.8 µg/L in August at the Canoe Lake inlet to 2.5 µg/L at the Holleford inlet in April. 

Although the values in Holleford Lake water were low they were consistently higher than in the other 

tributaries.   

 

Lake clarity 

Secchi depth measurements ranged from 5.0 to 6.7 m at the five lake locations; ranging from 

approximately 5.0 to 5.6 m in the spring and summer to 6.2 to 6.7 m in October (Fig. 6a). There was little 

variation among the sample locations for each of the sampling dates, with the least variation in June, 

ranging from 5.0 to 5.2 m. In all months except June, the transparency in Deyo’s Bay was lower than all 

other locations. Secchi depth measurements from 2019 are consistent with the historical data of annual 

average Secchi depth from 1996-2019 from the Lake Partner database (Fig. 6b). Secchi depth of at least 

5 m is consistent with oligotrophic conditions (CRCA 2017).       

 

Some common algal species observed in the phytoplankton tows  

Phytoplankton tows generally sample the larger algal species, particularly those which form chains or 

other colonial organization. The common algal species and groups observed were often similar among 

the lake stations for each season, but varied in abundance. Diatoms and chrysophytes, golden brown 
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algae with silica (glass) cell walls were common in the phytoplankton net tows (Fig. S3). In the April 

samples, Aulacoseira was one of the more common chain-forming diatoms, along with those of 

Fragilaria crotonensis and Asterionella formosa; the latter forms star-shaped colonies. All of these taxa 

are common in temperate mesotrophic lakes.  F. crotonensis and A. formosa were very common in June 

and October, along with species in the diatom genus Tabellaria in October, which forms either chains or 

star-shape colonies.  Dinobryon, a chrysophyte, was most common in April, but was seen in all seasons 

and is common in oligotrophic to mesotrophic waters, particularly in the spring. The chrysophyte Synura 

was observed in low numbers in April; some Synura species can form blooms that can cause odour 

issues. In the August samples, another colonial alga was found, which we believe to be Chrysosphaerella 

longispina, a chrysophyte which often blooms in warm summer waters. We believe that a visible bloom 

in the lake in August may be attributed to Chrysosphaerella longispina. A number of species of 

chrysophytes have siliceous scales, including Synura and Chrysosphaerella, as such their presence and 

identity will be confirmed when the phytoplankton water samples are processed for more detailed 

analyses of diatoms and chrysophyte scales.  A number of different genera of dinoflagellates were noted 

but were not abundant. Various colonial green algae were present in the net tow samples, particularly in 

August and October. Although rare, a few chains of the filamentous cyanobacterium (commonly known 

as blue-green algae) Anabaena were noted in the August and October samples. This group of algae can 

form large blooms, particularly in more nutrient rich (eutrophic) lakes.  Gloeotrichia, a colonial 

cyanobacterium, was observed in a near-shore sample in August 2020, a taxon that has been increasing 

in low-nutrient lakes (Appendix 1). 

  
Calcium and other ions  

Calcium is the dominant ion in the waters of Desert Lake with an average of approximately 20 mg/L 

(Table 4). Calcium concentrations varied little across seasons or among sites in the lake samples, ranging 

from 19.3-20.4 mg/L, with lake site averages between 19.8 and 20.3 mg/L (Fig. 7). The values in the 

inflow sites were more variable with a low of 13.3 mg/L in June at the Canoe inflow site, which was very 

different from other months, when values ranged between 22.2-22.6 mg/L.  Calcium concentrations in 

the Holleford Lake inflow were generally lower than in Desert Lake, varying between 14.3 to 16.0 mg/L, 

with the exception of August at 20.2 mg/L.  The Sand Lake inflow varied little, ranging from 18.5-20.4 

mg/L.  

As for calcium, magnesium, sodium and potassium varied little seasonally or among the lake 

sites (Fig. 7), with average concentrations between 5.4 to 5.6, 3.1 to 3.3, and 0.78 to 0.80 mg/L, 

respectively (Table 4).  Inflow values for magnesium were generally similar to the lake values, except for 
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low concentrations in Canoe Lake water in June, and in Holleford Lake water in April and June. Sodium 

levels varied among the inflow sites, with an average of 1.3 mg/L in Canoe Lake water, 2.9 at Sand and 

3.6 mg/L in Holleford Lake water. Potassium was also low but variable in the inflow samples, but 

generally within the range of the lake samples.  

Hardness of lake water is largely driven by the concentration of calcium and magnesium 

compounds (Wetzel 2001).  In Desert Lake, hardness varied little among the lake sites and among 

seasons, ranging from an average of 71.8 to 73.5 mg/L (Table 4, Fig. 8), which is considered to be within 

the range of moderate hardness (60-120 mg/L). The hardness of inflows varied, with the inflow from 

Canoe Lake generally highest (78-80 mg/L), except for one low value of 47 mg/L in June. Sand Lake 

inflow had a similar hardness to the lake sites (70-74 mg/L), whereas the hardness of Holleford Lake was 

more variable, from a low of 52 mg/L in April to high of 74 mg/L in August (Table 4).   

 

Chemical variables 

Other chemical variables followed seasonal and spatial patterns similar to those of calcium and 

hardness.  We outline only the general pattern and make note of a few exceptions.  Alkalinity, specific 

conductance, dissolved organic and inorganic carbon, as well as true colour varied little seasonally 

within a lake site or among the five lake sites, whereas the three inflows showed more variability (Figs. 7 

& 8). Total organic carbon (TOC) was not graphed, as dissolved organic carbon makes up the majority of 

TOC (Table 5). Reactive silicate was somewhat more variable among the sample sites and is discussed 

separately.  

 The pH values varied little among lake sites and sampling months (surface: 7.9-8.2; bottom: 7.8-

7.9) (Table 5, Fig. 8).  The pH of inflows from Canoe and Sand lake were generally slightly higher than 

Desert Lake, but slightly lower for Holleford Lake.    

Alkalinity, is a measure of the capacity of waters to neutralize strong inorganic acids, referred to 

sometimes as the buffering capacity of waters (Wetzel 2001) and ranges from 20-200 mg/L in most fresh 

waters.  Alkalinity for the five Desert Lake sites ranged from 68.4 to 74.8 mg/L in both surface and 

bottom water, with a high of 84.1 mg/L in April at the Mid-basin location (Fig. 8). The specific 

conductance of lake water is the resistance to electrical flow (expressed in µSiemens/cm), which 

declines with increasing concentrations of ions; the greater the ion content, the greater the ability of the 

water to conduct electrical currents (Wetzel 2001). Freshwater lakes in which alkalinity is determined 

primarily by carbonates (CO3
2-; dissolved from limestone and other carbonate-rich rocks), as is Desert 

Lake, typically have a specific conductance ranging from 20-400 µS/cm (Wetzel 2001). The lake samples 

in Desert Lake ranged in specific conductance from 158 to 168 µS/cm (Fig.7).  
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 The alkalinity and specific conductance of tributary waters were more variable.  Typically, the 

inflow from Canoe Lake had higher alkalinity and specific conductance than the other inflows, except for 

very low values in June (Table 5, Fig. 8). Most alkalinity measurements from the Canoe Lake inflow were 

also higher than the Desert Lake sites, with the exception of one high value at the Mid-basin site, 

whereas specific conductance from Canoe inflow was generally similar to the lake sites. The inflow from 

Sand Lake generally had similar alkalinity and specific conductance to the lake sites; whereas the 

Holleford Lake inflow generally had lower alkalinity and specific conductance than the lake sites, except 

in August (Table 5, Fig. 8).       

 The colour of water is measured in true colour units (TCU) and is primarily influenced by natural 

organic substances (Canada Government 1979). The Canadian government has set an aesthetic 

objective of ≤ 15 TCU in drinking water. The Desert Lake samples ranged from 8.5 to 11.3 TCU, being 

slightly lower in August and in the bottom samples (7.7 to 8.4 TCU) (Table 5, Fig. 9). Dissolved organic 

carbon (DOC) and dissolved inorganic carbon followed a similar pattern to lake colour, varying little 

among the lake sites and across seasons.  Dissolved organic carbon originates from the decomposition 

of plant and animals, with lake composition mainly derived from terrestrial and wetland inputs, as well 

as within the littoral (nearshore) zones of lakes (Wetzel 2001).   Dissolved inorganic carbon in lake 

waters originates from weathering, with a large proportion from carbonate-rich rocks, and 

concentrations also depend on the pH and buffering capacity of the lake (Wetzel 2001).  In the lake sites 

DOC ranged from 3.1 to 4 mg/L and DIC ranged from 17.2 to 18.6 mg/L (Table 5, Fig. 9).  

 There was higher variability between the inflow sample sites for colour, DOC and DIC. The colour 

and DOC of the Canoe Lake inflow tended to be slightly lower than the lake sites, whereas Sand Lake 

inflow generally fell within the range of the lake sites (Table 5, Fig. 9).  The Holleford Lake inflow was the 

most coloured, approximately three times greater than other lake and inflow sites in April and June.  The 

likely cause was humic acids from the extensive wetland areas that surround Holleford lake. The 

concentrations of DOC in the Holleford Lake inflow were variable, reaching highs approximately twice 

that of the other lake and inflow sites in June and October (Table 5, Fig. 9). The pattern of DIC 

concentrations in the inflows varied from that observed in DOC and colour, with inflow from Canoe Lake 

within the range of the lake sites, except in June; Sand Lake was generally slightly lower than the lake 

sites and Holleford inflow DIC concentrations were generally lower than other lake and inflow sites, 

except in August (Table 5, Fig. 9).  

The main source of dissolved or reactive silicate is from the weathering of feldspar rocks and is 

an essential nutrient for diatoms, as their cell walls are composed of silica (Cole 1994). Reactive silicate 

concentrations ranged from 1.1 to 2.1 mg/L (Table 5, Fig. 9) and were highest in April (1.8-2.1 mg/L) in 
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all surface lake and inflow sites except for the Holleford Lake inflow.  Reactive silicate of the bottom 

water samples collected in June and August were slightly higher than lake surface samples (2.2 to 2.4 

mg/L). Concentrations in the Holleford Lake inflow samples were generally lower than all of the lake and 

other inflow sites, except in August (Table 5, Fig. 9).     

  

4 Discussion 
Overview 
This report outlines the status of Desert Lake’s water quality in terms of nutrient concentrations, ionic 

composition, and other chemical variables during the open water season of 2019.  It confirms that 

Desert Lake continues to generally have high water quality. Lake nutrient concentrations are generally 

low, consistent with oligotrophic (low) nutrient concentrations but border on mesotrophic (medium) 

conditions, a nutrient status similar to that of other lakes in Bedford and Loughborough townships in the 

Lake Partner database. Depth profiles of temperature and dissolved oxygen indicate strong summer 

thermoclines with a large reservoir of cold, well oxygenated waters that sustain the native trout 

population.  

This study was undertaken to explore whether spatial or seasonal variability in water chemistry 

may inhibit the establishment of zebra mussels. Various factors have been attributed to the 

susceptibility of a lake to zebra mussel invasion, with calcium, pH and nutrients of primary influence. 

The 2019 concentrations of these variables in Desert Lake were on the low range of thresholds required 

for the establishment and growth of zebra mussels, and are similar to past measurements of Ca and TP 

documented in the Lake Partner database.  Overall, the water quality of Desert Lake supports fish and 

wildlife typical of Ontario recreational lakes, and the characteristics of Desert Lake suggest a low risk of 

zebra mussel invasion. 

 

Lake stratification, dissolved oxygen and trout habitat  
Desert Lake is similar to many other trout lakes, being relatively large and deep (>50 m).  Temperature 

profiles show that Desert Lake is dimictic, with spring and fall turnover (complete water column 

circulation) and summer stratification (layers of water with different temperature and density).  The 

onset of summer stratification occurs with increased solar radiation, warming the surface waters, which 

become less dense and are resistant to mixing with the cooler, deeper waters that are denser (Wetzel 

2001). The onset of stratification occurred sometime between April 22nd (two days after ice off) and 

sampling on June 23rd when the lake was clearly stratified. Thermal stratification strengthened through 

the summer season with epilimnetic waters reaching 25 °C in August. By the fall sampling on October 
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19th, epilimnetic waters had cooled to 13 °C, stratification was weak and fall turnover likely happened 

shortly thereafter.    

Throughout the year the lake contained a large volume of well-oxygenated water. Oxygen 

concentrations in the spring and summer typically exceeded 9 mg/L, sufficient for most aquatic species, 

including cold water fish that do best at concentrations greater than 7 mg/L (CRCA 2017).  A 

metalimnetic oxygen maximum was observed in August, with concentrations of 11-14 mg/L, likely as a 

result of higher oxygen production by photosynthesizing algae (Wetzel 2001). Desert Lake supports a 

naturally reproducing population of lake trout (School of Urban and Regional Planning Queen’s 

University 2008).  Lake trout prefer at least 6 mg/L of oxygen and temperatures of 10 °C or cooler but 

can survive in habitats with more than 4 mg/L oxygen and temperatures < 15 °C (Clark et al. 2004). In 

the deep waters of Desert Lake, oxygen concentrations declined below 6 mg/L, with very low 

concentrations above the sediment-water interface.  These declines were most pronounced in August 

and October and were likely related to the decomposition of algae and other organic material entering 

the lake from the surrounding forest that settle to the bottom of the lake. A critical period of trout 

survivability is before the fall turnover when hypolimnetic oxygen is at a minimum and habitat volume 

reduced (Gunn et al. 2004).   The deepest waters of Desert Lake, adjacent to the sediments, become 

uninhabitable by lake trout in late summer and fall.  However, the 2019 survey demonstrated that a 

large reservoir of cold (≤ 6 °C), well-oxygenated (≥ 9 mg/L) water was maintained between 12 and 46 m 

throughout the summer months and into the fall, providing abundant habitat for cold water fish.  

 

Lake water composition of Desert Lake and comparison to other trout lakes 

Calcium is the major ion in Desert Lake, consistent with other Ontario lakes (Neary and Leach 1992). 

Calcium concentrations in lake waters are determined primarily by the geology within the lake 

catchment (Cole 1994). Those watersheds with higher amounts of limestone (main constituent of which 

is calcium carbonate) or calcareous sediments tend to have higher concentrations of Ca in lake waters, 

whereas those dominated by granites have lower Ca concentrations. Calcium is an important 

component of water hardness, alkalinity and conductivity, so these lake characteristics are also lower in 

granitic regions where lakes are typically referred to as soft water lakes.  In contrast, hard water lakes 

are typical of calcareous regions with higher water hardness, alkalinity and conductivity.  

 Desert Lake is located within the Canadian Shield region with many areas of exposed bedrock 

and glacial till.  The underlying geological units are plutonic (igneous, or solidified lava) and 

metasedimentary rocks (including limestone formed from metamorphosis of sediments). Some 

metasedimentary rocks are calcareous which could contribute to the higher levels of calcium in Desert 
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Lake.  The thickness of glacial till on the bedrock also influences the water chemistry of lakes and can 

increase alkalinity and conductivity (Newton et al. 1987). In comparison to Desert Lake, trout lakes 

located on Precambian Shield in northwestern Ontario and the Adirondacks in New York state, tend to 

have lower alkalinity, specific conductance and hardness (Gunn et al. 2004):  

 

 Desert Lake Lakes in NW Ontario Lakes in the Adirondacks 

Calcium (mg/L) 20 4.6 3.7 

Magnesium (mg/L) 5.5 1.1 0.7 

Specific conductance (µS/cm) 165 50 36 

pH 8.0 6.7 6.7 

DOC (mg/L) 3.7 3.6 4.1 

 

Variation in the thickness of glacial till and contribution of calcareous metasedimentary rocks in the 

watershed may contribute to the higher values in Desert Lake. Detailed analysis of the geology and soils 

of the watershed of Desert Lake could provide further insight into some of the underlying aspects of the 

chemistry of the lake.    

The DOC (and colour values) of Desert Lake are typical of many other trout lakes but in the low 

range, as DOC can vary from < 1 mg/L to > 50 mg/L (Wetzel 2001). The concentration of DOC is 

influenced by many variables, particularly the percentage of a watershed covered by wetlands.  The 

influence of wetlands in the watershed on the chemistry of Desert Lake appears relatively low with the 

highest contribution from the Holleford Lake inflow where DOC reached a maximum of 8.1 mg/L in 

October.  The relatively low DOC concentration in Desert Lake, combined with low nutrient and algal 

concentrations, allow a greater penetration of light in the surface waters and secchi depth 

measurements of > 5 m typical of many oligotrophic trout lakes (Gunn et al. 2004).  

 

Lake water quality  
Considering all of the different measurements demonstrating low concentrations of algae, algal 

nutrients, and high water clarity, Desert Lake can be classified as having high water quality.   Over the 

2019 sample season, all TP measurements would be classified as oligotrophic (low nutrients), ranging 

from approximately 6-10 µg/L. Orthophosphate is the preferred form of phosphorus for algae but is 

taken up quickly, so that water column measurements may not reflect the amount available to algae. As 

a consequence, lake quality assessments are typically based on measures of TP.  Total nitrogen levels fell 

within the oligotrophic to slightly mesotrophic range (Wetzel 2001) varying from 170-400 µg/L.  The 
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bioavailable forms of nitrogen are the dissolved components, primarily ammonia. The concentrations of 

these forms were highest in August samples, particularly in bottom water samples, likely because 

biodegradation of organic matter under anoxic conditions in sediments releases nitrogen to the 

overlying water. Phosphate also was slightly higher in the bottom water samples collected in June and 

August. These results suggest that anoxic conditions in the bottom waters during the summer may be 

releasing nutrients to the water column. Subsequent sampling is needed to confirm if this is a common 

occurrence for Desert Lake. 

Secchi depth is an indication of water clarity based on the depth of light penetration and is 

related to the concentration of algae and other particulates in the water column. Mean monthly 

measurements of Secchi depth at Desert Lake during the 2019 season varied from 5.1 to 6.5, with 

highest values in October. The 2019 Secchi depth measurements are consistent with the historical data, 

with measurements > 5 m, which is typical of oligotrophic lakes (CRCA 2017). However, Secchi depth is 

also influenced by the colour or DOC content and turbidity of a lake, especially after a storm event, so it 

does not always reflect algal productivity and water quality. Chlorophyll a values in Desert Lake in the 

2019 season were consistent with oligotrophic to slightly mesotrophic conditions. Taken together, 

measurements of nutrients, chlorophyll a and Secchi depth indicate that Desert Lake is oligotrophic, 

with some intrusions into slightly mesotrophic conditions. The presence of diatom species 

(phytoplankton) that are often found in more mesotrophic conditions is consistent with Desert Lake 

having some intrusions into more mesotrophic characteristics. Of some concern is the presence of 

Anabaena, a cyanobacterium (blue-green algae) often noted for large blooms in more nutrient-rich 

lakes. The abundance of Anabaena chains was quite low and given that nutrient levels in Desert Lake 

have been consistently low over the past 20+ years, it is unlikely to result in nuisance blooms in the near 

future. Nonetheless, its presence indicates that the DLPOA should encourage cottage owners to limit 

nutrient inputs by maintaining septic systems and the ‘ribbon of life’, i.e., areas of natural vegetation 

along the lake’s shorelines and tributaries (Watersheds Canada 2019).           

Both phosphorus and nitrogen can be limiting nutrients for algal growth. The molar ratio of total 

dissolved inorganic nitrogen, DIN (Table 3) to total phosphorus (DIN:TP) provides an estimate of nutrient 

limitation. Ratios of DIN:TP > 3.4 characterize lakes in which phosphorus concentrations limit algal 

growth (Bergström 2010). All samples from Desert Lake in the 2019 season were clearly phosphorus 

limited, with DIN:TP ranging from 10 to 36 and highest in August. Maintaining low levels of phosphorus 

input to the lake will reduce the risk of major nuisance algal blooms (OMOE 2014), although increased 

warming may increase that risk (Carey et al. 2012).    
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Trends in water quality 
Total phosphorus measurements from the 2019 season are consistent with the history of phosphorus 

measurements in Desert Lake (Fig. 5a), dating back to at least 1996 through the Lake Partnership 

program of the Ontario Ministry of the Environment, Conservation and Parks. Most TP measurements 

fell within the oligotrophic (low nutrient) range of ≤ 10 µg/L, although some measurements between 

2000 to 2005 were in the 10-15 µg/L range and considered as slightly mesotrophic (medium nutrients). 

A few outliers > 15 µg/L TP were potentially a result of sample contamination, e.g., by inclusion of a 

single zooplankton (Ontario Government 2013), or could represent sampling after a large storm that 

increased TP inputs from the surrounding watershed. Most of these outlier samples were from the 

South Basin which are closer to the Holleford Lake inflow, which contained higher concentrations of TP 

in the 2019 survey. 

  Monthly seasonal TP measurements in 2002 and 2003 from May through October were similar 

to the 2019 data (Fig. 5b). Most samples were in the oligotrophic range among seasons, particularly in 

the North basin. A few samples were higher in the South basin, most notedly in September 2003, 

perhaps due to a storm event or sample contamination. TP levels were slightly higher in August and 

September of 2002 in the South basin.  In lakes off the Canadian Shield, TP concentrations often 

increase as the summer progresses in mesotrophic and eutrophic lakes due to higher nutrient loads 

(Ontario Government 2013). However, Desert Lake is located on the Shield in the Cataraqui River 

watershed and typically receives low nutrient loadings, as illustrated by the limited seasonal change in 

TP over the past 20+ years. 

    

Lake water variables and susceptibility to zebra mussel invasion and growth 
Determining what physical and chemical characteristics control a lake’s susceptibility to invasion by 

zebra mussels has been the subject of study since mussels first invaded the Great Lakes and spread 

rapidly to inland lakes. Among chemical variables, pH and Ca often appeared to be dominant factors 

determining invasion risk (Neary and Leach 1992, Ramcharan et al. 1992, Hincks and Mackie 1997, 

Cohen and Weinstein 2001, Karatayev et al. 2015). Other chemical factors suggested as good predictors 

of mussel occurrence include magnesium (Hallstan et al. 2010), chlorophyll-a and phosphorus 

concentrations (Hincks and Mackie 1997, Naddafi et al. 2011). For lakes with suitable chemistry, the 

availability of physical habitats with suitable depths and substrates (Mellina and Rasmussen 1994), 

water velocities and wave actions (Alix et al. 2016, Hasler et al. 2019), and proximity and locations of 

tributaries (Karatayev et al. 2015) may limit mussel colonies. Secondary factors include the presence of 

fish species that feed on veligers and recently settled larvae (Naddafi et al. 2010). 
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Calcium is needed for the metabolic functioning and building of zebra mussel shells, and thus is 

a primary requirement for establishing and maintaining reproducing populations (Whittier et al. 2008). 

Definitions of the threshold calcium concentrations (minimum concentration required for the 

establishment of zebra mussels) vary and are often based on restricted geographic regions and lake 

types (Cohen and Weinstein 2001).  Lakes at most risk for establishing reproducing populations contain 

≥ 28 mg/L Ca.  The risk is moderate at 20-28 mg/L Ca with some examples of reproducing populations, 

and low at 12-20 mg/L Ca, with few examples of self-sustaining populations (Cohen and Weinstein 2001, 

Whittier et al. 2008). A more recent assessment of Canadian lakes suggests that Ca concentrations 

between 19-25 mg/L have a high risk for establishment of zebra mussels (Therriault et al. 2012 in CRCA 

2017) based on Ca alone. Calcium concentrations in Desert Lake averaged 20 mg/L or slightly lower in 

2019, somewhat below the longer-term Lake Partner measurements of approximately 21-24 mg/L since 

2009 (Fig. 10).  The availability of calcium to mussels for shell growth could also be limited by 

interactions with other dissolved components of water, including the organic matter contributed by 

Holleford Lake.  However, calculations of the amounts of ‘free’ or bioavailable calcium in Desert Lake 

water demonstrated that < 5% was bound to other materials at open lake sites and only 6.5% was 

bound in Holleford Lake inflow water (Table S3; Dr. P.G.C. Campbell, INRS-ETE, Quebec City). 

Nevertheless, based on calcium concentrations alone, Desert Lake appears to have a low to moderate 

risk of zebra mussel establishment, although this is dependent on which threshold concentration 

guidelines are followed.   

 Calcium thresholds for zebra mussel survival vary with pH, often declining with increasing pH 

(Cohen 2005). Hincks and Mackie (1997) found that as pH increased from 6 to 8.5, mortality declined 

and was low (10%) if Ca was > 25 mg/L, but mortality was high (> 80%) over the same pH range when Ca 

concentrations were < 25 mg/L.  Environmental requirements also differ among the development stages 

of mussels, with veligers (larval stage) often most sensitive (Cohen 2005).  Hincks and Mackie (1997) 

found no veligers present in 16 south-central Ontario lakes with Ca < 20 mg/L and pH < 8.2. Sprung 

(1987) found that Ca concentrations > 24 mg/L were required for development of embryos and larvae.  

In lab experiments, veliger success was best at a pH of approximately 8.4 and temperatures of 18-20 °C 

(Sprung 1993).  Hincks and Mackie (1997) found that the positive growth of juveniles only occurred in 

waters with pH > 8.3 and maximum growth was observed with 32 mg/L Ca. The pH of Desert Lake 

averaged 7.9-8.1 over the 2019 sample season, well within the range of 7.4-8.7 required for zebra 

mussels (Table 1), but it may not have been ideal for the successful settlement, growth of veligers and 

establishment of adults, particularly with Ca concentrations < 25 mg/L.  
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Other chemical variables, such as magnesium, are good predictors of the occurrence of zebra 

mussels, because Mg is also essential for shell formation (Hallstan et al. 2010, Karatayev et al. 2015).  A 

model using only pH and Mg was applied to over 2700 lakes and correctly predicted the occurrence of 

zebra mussels in 87% of the lakes, and a critical requirement appeared to be a molar ratio of Mg/Ca 

between 0.12 and 0.74 (Hallstan et al. 2010).  The average Mg/Ca ratio in Desert Lake was 0.45 

(calculated from data in Table 4), suggesting sufficient Mg for mussel shell formation, and near the 

middle of the range of minimum requirements.  Nutrient concentrations (TP and TN) and algal 

production (chlorophyll a) are also in the low range for supporting the growth of mussels. Overall, 

Desert Lake has sufficient Ca, Mg, pH and phytoplankton production to support zebra mussels, but all 

are in the lower range, suggesting that the risk of invasion, based on all of these variables together, is 

low to moderate.    

Water chemistry in lakes can vary both seasonally and annually, which could influence the 

susceptibility of lakes to zebra mussel invasions. For example, pH is often lowest during spring snowmelt 

with increased runoff, and higher during the summer months when algal production is higher (Wetzel 

2001). This pattern was evident in Desert Lake in 2019, although the pH range was small (7.9-8.2). Most 

chemical variables in Desert Lake varied little seasonally and long-term variations for TP (since 1996) and 

Ca (last decade) were also small.  The chemistry of shallow littoral zones often varies seasonally more 

than in deeper areas of the lake (Neary and Leach 1992), which is particularly important for mussels 

during their settlement and juvenile stages.   

Desert Lake receives inflow from three other lakes (Canoe, Sand and Holleford), all of which 

were sampled to determine if they have any influence on the chemistry and susceptibility of Desert Lake 

to mussel invasions.  The chemistry at the shallow Sand Lake inflow site was similar to that of other 

deeper Desert Lake sites, likely because it had already mixed with Desert Lake water when sampled.  In 

contrast, the Canoe and Holleford lake inflows were sampled before their discharge to Desert Lake and 

their chemistries were distinctly different from Desert Lake.  In particular, the Holleford Lake inflow was 

seasonally quite variable and characterized by lower calcium, magnesium, pH, alkalinity, hardness and 

specific conductance, all poorer conditions for zebra mussels.  Holleford Lake water enters Desert Lake 

adjacent to the often busy public boat ramp and likely affects the water quality adjacent to the 

causeway, limiting the survival and establishment of zebra mussels.  This was not evident in samples 

taken from the south basin of the lake because the sampling site was well offshore of the causeway and 

appeared chemically similar to the rest of Desert Lake.   
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Suitable physical habitats for zebra mussels 
The establishment of zebra mussel colonies also depends on the presence of suitable substrate and 

proximity to sources of zebra mussel populations (Mellina and Rasmussen 1994, Karatayev et al. 2015). 

Larger, deeper lakes, such as Desert Lake, are often more likely to be at risk for zebra mussel colonies 

because fisheries and recreation attract more boaters (Karatayev et al. 2015). However, water depth 

limits the location and density of zebra mussels, with maximum densities in areas approximately 1-7 m 

deep, often corresponding closely to the depth of the photic zone where phytoplankton grow.   

Densities are also greatest in areas with larger, hard substrates (Naddafi et al. 2010, Alix et al. 2016), 

although macrophytes can be important for larval settlement (Mellina and Rasmussen 1994). Desert 

Lake is very steep sided, with an average depth of approximately 22 m and a maximum depth of 68 m.  

Shallow littoral areas comprise a narrow region around the lake, plus a few reefs where rock substrates 

predominate, although there are many bays where marshy areas and muddy or sandy sediments would 

not foster mussel growth. 

High water-current velocities, wave action and turbulence will limit the formation of mussel 

colonies, particularly during the veliger life stage, by inhibiting settlement in shallow waters (Alix et al. 

2016, Hasler et al. 2019). Mussel densities and juvenile settlement decline with high discharge and 

flushing rates, and colonisation was more successful during dry years with low flows and longer 

residence times (Alix et al. 2016). The authors suggest that warming climates with increased frequencies 

of drought and periods of low flow could increase the risk of zebra mussel invasion.      

In Desert Lake, the limited area of littoral zone with hard substrates and higher disturbance due 

to wave action (particularly during storms and boating season), likely further reduces the risk to the 

establishment of zebra mussels. However, no detailed information exists on the extent (% of lake basin) 

and location of shallow areas within Desert Lake to truly assess the degree of suitability of habitat for 

settlement and establishment of zebra mussels, and would be one area of inquiry that could be pursued.  

 
Conclusions 
This report supports previous observations that the water quality of Desert Lake is quite stable, with no 

trends towards eutrophication over the past 10 years. In addition, the recent ‘Love Your Lake’ report 

(Watersheds Canada 2019) indicated that lake-shore disturbance is limited, which helps to maintain the 

health of Desert Lake.  The measurements of water quality in 2019 support the view that Desert Lake is 

at a low risk of zebra mussel invasions due to the combined low concentrations of critical limiting factors 

such as Ca, Mg, nutrients and algal abundance.  However, Desert Lake property owners should continue 

to be vigilant about changes in water quality and signs of mussel invasions to ensure that this status is 

maintained. Climate warming will most assuredly affect the lake in coming years and be expressed as 
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changes in nutrient status, temperature regime, water flow and residence time, and water chemistry. 

The continued construction of cottages and houses, associated changes to the lake shore, and 

developments within the watershed, may also change lake water quality.  Desert Lake water quality is 

on the boundary of low to medium nutrient status, and the lake contains algal species often associated 

with higher-nutrient conditions.  The maintenance of septic systems and the integrity of shoreline 

vegetation are critically important, as are personal actions that each property owner can take to help to 

minimize the risk of eutrophication.  To better understand the risk of zebra mussel invasion, an 

important unknown is the actual area of shoreline habitat suitable for zebra mussel colonies.  Surveys to 

identify and measure suitable areas would be a worthwhile next step in assessing invasion risks.  

Meanwhile, public education through signage, pamphlets or targeted newsletters about the risks and 

effects of mussel invasions and the importance of septic tank maintenance, along with associated 

personal actions that could minimize the risks, would be a worthwhile initiative by the DLPOA. 
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Table 3. Seasonal nutrient and chlorophyll a  measurements in Desert Lake and inflows from April to October, 2019.

Variable

Sampling 

Month

South 

Basin

Mitchell 

Creek Bay

Mid-Lake 

Basin 

North 

Basin

Deyos Bay Mid-Lake 

Basin 

Bottom

North 

Basin 

Bottom

Canoe 

Inflow

Sand 

Inflow

Holleford 

Inflow

Monthly 

Lake 

average

Standard 

deviation

Nutrients
  Total Phosphorus (TP) April 8.0 9.0 8.0 7.0 9.0 8.0 10.0 12.0 8.2 0.8

   µg/L June 7.0 7.0 6.0 6.0 7.0 8.0 10.0 10.0 8.0 12.0 6.6 0.5

Aug 9.4 9.8 8.3 8.3 9.4 7.7 5.4 5.2 10.6 9.7 9.0 0.7

Oct 6.5 7.1 5.6 6.3 6.8 5.1 9.7 13.5 6.5 0.6

Average 7.7 8.2 7.0 6.9 8.2 7.9 7.7 7.6 9.3 10.9
Standard deviation 1.3 1.4 1.4 1.0 1.3 0.2 3.3 2.4 1.1 1.6

 Total  Nitrogen (TN) April 190 220 230 260 170 150 210 310 214.0 35.1

   µg/L June 280 270 380 400 260 330 390 310 230 430 318.0 66.5

Aug 290 310 320 300 320 340 360 230 310 330 308.0 13.0

Average 253 267 310 320 250 335 375 230 250 357
Standard deviation 55.1 45.1 75.5 72.1 75.5 7.1 21.2 80.0 52.9 64.3

Phosphorus April 1.7 1.7 1.9 1.9 1.8 1.7 2.4 2.6 1.8 0.1

phosphate June 2.4 2.4 2.2 2.4 2.3 5.5 4.3 2.6 2.5 3.3 2.3 0.1

µg/L Aug 3.4 3.2 3.4 3.6 3.2 4.7 3.3 3.3 3.6 3.5 3.4 0.2

Oct 4.5 3.4 3.1 3.2 3.5 3.3 3.5 4.1 3.5 0.6

Average 3.0 2.7 2.7 2.8 2.8 5.1 3.8 3.0 3.1 3.4
Standard deviation 1.2 0.8 0.7 0.8 0.8 0.6 0.7 0.8 0.6 0.6

Total Dissolved April 40 43 46 40 40 42 38 42 41.8 2.7

Nitrogen (nitrate,nitrite, June 43 48 41 45 45 43 36 46 38 42 44.4 2.6

ammonia+ammonium) Aug 136 104 112 135 107 312 295 179 227 289 118.8 15.5

µg/L Oct 52 52 88 71 65 81 86 82 65.6 15.0

Average 67.8 61.8 71.8 72.8 76.0 177.5 165.5 112.5 132.5 165.5
Standard deviation 45.8 28.4 34.1 43.7 30.5 190.2 183.1 63.8 89.4 118.3

Algal production
   Chlorophyll a April 3.7 4.6 3.6 2.8 5.2 2.2 1.4 2.5 4.0 0.9

   µg/L June 2.6 2.9 2.5 2.4 2.2 0.3 0.3 1.6 1.4 2.0 2.5 0.2

Aug 2.4 2.0 2.4 2.1 2.4 0.3 0.2 0.8 1.2 1.5 2.3 0.2

Average 2.9 3.1 2.8 2.4 3.3 0.3 0.2 1.5 1.3 2.0
Standard deviation 0.7 1.3 0.6 0.4 1.7 0.0 0.0 0.7 0.1 0.5



Table 4. Seasonal ionic composition measurements in Desert Lake and inflows from April to October, 2019.

Variable

Sampling 

Month

South 

Basin

Mitchell 

Creek Bay

Mid-Lake 

Basin 

North 

Basin

Deyos Bay Mid-Lake 

Basin 

Bottom

North 

Basin 

Bottom

Canoe 

Inflow

Sand 

Inflow

Holleford 

Inflow

Monthly 

Lake 

average

Standard 

deviation

Ionic composition
   Calcium April 19.3 19.3 20 20.4 19.6 22.2 19.1 14.3 19.7 0.5

   mg/L June 19.7 20.1 20.2 20.1 20.2 20.3 20.7 13.3 18.5 15.1 20.1 0.2

Aug 20.2 20.2 20.2 20.4 20.4 21 20.8 22.5 20.4 20.2 20.3 0.1

Oct 20.1 20.1 20.2 20.2 20.3 22.6 20.1 16 20.2 0.1

Average 19.8 19.9 20.2 20.3 20.3 20.7 20.8 17.9 19.5 17.7
Standard deviation 0.4 0.4 0.1 0.1 0.4 0.5 0.1 4.6 0.9 2.6

   Hardness April 69 69 72 73 70 78 70 52 70.6 1.8

   mg/L June 72 73 73 73 73 74 75 47 67 57 72.8 0.4

Aug 73 74 74 74 74 76 75 80 74 74 73.8 0.4

Oct 73 73 73 73 73 79 72 62 73.0 0.0

Average 71.8 72.3 73.0 73.3 73.5 75.0 75.0 63.5 70.5 65.5
Standard deviation 1.9 2.2 0.8 0.5 1.7 1.4 0.0 16.0 3.0 9.4

   Potassium April 0.85 0.83 0.84 0.84 0.85 0.79 0.99 0.87 0.84 0.01

   mg/L June 0.75 0.74 0.76 0.75 0.77 0.80 0.79 0.53 0.70 0.42 0.75 0.01

Aug 0.78 0.76 0.77 0.78 0.78 0.83 0.82 0.75 0.76 0.74 0.78 0.01

Oct 0.79 0.77 0.79 0.78 0.79 0.80 0.78 0.63 0.78 0.01

Average 0.79 0.77 0.79 0.79 0.77 0.81 0.81 0.64 0.73 0.58
Standard deviation 0.04 0.04 0.04 0.04 0.04 0.02 0.02 0.13 0.13 0.19

   Magnesium April 5.11 5.1 5.25 5.3 5.07 5.38 5.3 3.86 5.17 0.1

   mg/L June 5.43 5.47 5.52 5.46 5.51 5.56 5.6 3.29 4.97 4.66 5.48 0.0

Aug 5.59 5.6 5.6 5.66 5.62 5.7 5.65 5.85 5.71 5.64 5.61 0.0

Oct 5.43 5.42 5.43 5.41 5.44 5.55 5.41 5.31 5.43 0.0

Average 5.39 5.40 5.45 5.46 5.57 5.63 5.63 4.57 5.34 5.15
Standard deviation 0.20 0.21 0.15 0.15 0.24 0.10 0.04 1.17 0.31 0.79

   Sodium April 3.65 3.62 3.52 3.48 3.25 1.62 2.27 4.37 3.50 0.2

   mg/L June 3.2 3.15 3.21 3.11 3.11 3.15 3.1 1.06 2.68 4.04 3.16 0.0

Aug 3.14 3.12 3.13 3.13 3.12 3.13 3.11 1.51 3.07 3.2 3.13 0.0

Oct 3.21 3.19 3.16 3.12 3.2 1.63 3.08 4.8 3.18 0.0

Average 3.30 3.27 3.26 3.21 3.12 3.14 3.11 1.29 2.88 3.62
Standard deviation 0.24 0.24 0.18 0.18 0.07 0.01 0.01 0.27 0.38 0.68

   Chloride Oct 4.5 4.2 4.4 4 4.3 2.5 4.1 6.1

   mg/L 

   Sulphate Oct 5.9 5.8 5.9 5.9 5.8 7 5.9 2.8

   mg/L 

   Total Solids Oct 104 105 106 107 107 107 105 96

   mg/L 



Table 5. Seasonal chemical variables in Desert Lake and inflows from April to October, 2019

Variable

Sampling 

Month

South 

Basin

Mitchell 

Creek Bay

Mid-Lake 

Basin 

North 

Basin

Deyos Bay Mid-Lake 

Basin 

Bottom

North 

Basin 

Bottom

Canoe 

Inflow

Sand 

Inflow

Holleford 

Inflow

Monthly 

Lake 

average

Standard 

deviation

Chemical variables
   Alkalinity April 68.4 69.6 84.1 74 69.7 78.6 70.2 53.4 73.2 6.5

   mg/L CaCO3 June 71 71.8 71.9 72.3 72.9 72.6 72.6 46 65.4 56.6 72.0 0.7

Aug 71.4 72.1 72.8 72.5 73 72.3 72.1 76.6 71.7 71.7 72.4 0.6

Oct 74.3 73.6 74.8 74.7 74.2 80.5 74.7 63.3 74.3 0.5

Average 71.3 71.8 75.9 73.4 73.0 72.5 72.4 61.3 68.6 64.2
Standard deviation 2.4 1.7 5.6 1.2 1.9 0.2 0.4 16.4 3.9 8.1

   Specific April 159 161 166 167 160 170 156 134 162.6 3.6

   conductance June 164 165 166 166 166 170 170 103 154 135 165.4 0.9

   µS/cm Aug 166 167 167 167 168 171 170 167 164 165 167.0 0.7

Oct 158 160 162 163 162 164 159 143 161.0 2.0

Average 162 163 165 166 167 171 170 135 159 150
Standard deviation 3.9 3.3 2.2 1.9 3.7 0.7 0.0 32.1 4.3 14.4

   pH April 7.9 7.9 7.9 7.9 8.0 8.1 8.0 7.7 7.9 0.0

June 8.1 8.1 8.1 8.1 8.1 7.8 7.9 7.9 8.1 7.7 8.1 0.0

Aug 8.1 8.1 8.2 8.1 8.1 7.8 7.8 8.4 8.3 8.2 8.1 0.0

Oct 7.9 8.1 8.0 8.0 7.9 8.2 8.2 7.7 8.0 0.1

Average 8.0 8.1 8.1 8.0 8.1 7.8 7.8 8.2 8.2 8.0
Standard deviation 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.2 0.2 0.3

   Colour April 11.3 10.9 10 8.5 10 5 12.2 29.4 10.1 1.1

   TCU June 10.8 10.4 9.7 9.9 9.9 7.9 8 16.1 12.3 30.7 10.1 0.5

Aug 8.4 8.2 8.4 7.8 8.2 7.7 7.7 4.1 7.3 8.3 8.2 0.2

Average 10.2 9.8 9.4 8.7 9.4 7.8 7.9 8.4 10.6 22.8
Standard deviation 1.6 1.4 0.9 1.1 1.0 0.1 0.2 6.7 2.9 12.6

Dissolved organic April 3.3 3.4 3.1 3.3 3.3 1.9 3.1 5 3.3 0.1

   Carbon mg/L June 3.8 3.8 4 3.8 3.6 3.3 3.4 3.8 4 6.9 3.8 0.1

Aug 3.9 3.8 3.7 3.6 3.9 3.1 3.1 2.7 3.9 3.9 3.8 0.1

Oct 3.8 3.9 3.6 3.8 3.7 2.8 3.7 8.1 3.8 0.1

Average 3.7 3.7 3.6 3.6 3.8 3.2 3.3 3.3 4.0 5.4
Standard deviation 0.3 0.2 0.4 0.2 0.3 0.1 0.2 0.8 0.4 1.9

   Total organic April 3.9 3.8 3.7 3.8 3.6 2.5 3.8 6 3.8 0.1

   Carbon mg/L June 3.9 4 4 3.8 3.7 3.2 3.5 3.8 4.1 7.1 3.9 0.1

Aug 3.9 4 4.1 4 4.1 3 3.1 3.1 4.1 4.4 4.0 0.1

Average 3.9 3.9 3.9 3.9 3.8 3.1 3.3 3.1 4.0 5.8
Standard deviation 0.0 0.1 0.2 0.1 0.3 0.1 0.3 0.7 0.2 1.4

   Dissolved inorganic April 17.2 17.6 17.6 18.6 17.6 19.1 16.9 13.2 17.7 0.5

   Carbon mg/L June 18.1 18.3 18.2 18.2 17.9 19.4 19.3 11.6 16.6 14.6 18.1 0.2

Aug 18 17.9 17.3 17.4 17.8 18.9 18.6 18.5 17.1 17 17.7 0.3

Oct 18.3 18 18.2 18.2 18.6 19.5 17.9 16 18.3 0.2

Average 17.9 18.0 17.8 18.1 17.9 19.2 19.0 15.1 16.9 15.8
Standard deviation 0.5 0.3 0.4 0.5 0.4 0.4 0.5 3.7 0.6 1.7

Reactive silicate April 1.84 1.88 1.96 2.08 1.98 2.44 2.14 0.56 1.9 0.1

   mg/L June 1.42 1.4 1.44 1.48 1.44 2.22 2.2 1.08 1.12 0.8 1.4 0.0

Aug 1.34 1.3 1.3 1.44 1.32 2.36 2.16 1.7 1.1 1.08 1.3 0.1

Oct 1.4 1.14 1.44 1.44 1.5 1.72 1.18 0.72 1.4 0.1

Average 1.5 1.4 1.5 1.6 1.4 2.3 2.2 1.4 1.1 0.9
Standard deviation 0.2 0.3 0.3 0.3 0.3 0.1 0.0 0.6 0.5 0.2



Table S1. UTM and Latitude & Longitude coordinates for the Desert Lake sample sites 

Site location UTM East UTM North Latitude Longitude

South Basin 373076.00 4930645.00 44°31´4.7´´ 76°35´49.4´´

Mitchell Creek Bay 373658.00 4931824.00 44°31´43.2´´ 76°35´24.1´´

Mid-Basin 373855.00 4933276.00 44°32´30.4´´ 76°35´16.5´´

North Basin 374534.00 4934746.00 44°33´18.5´´ 76°34´47.0´´

Deyos Bay 372259.00 4932652.00 44°32´9.2´´ 76°36´28.2´´

Holleford Lake inflow 372984.80 4930141.48 44°30´48.3´´ 76°35´53.1´´

Sand Lake inflow 374300.87 4934973.28 44°33´25.7´´ 76°34´57.8´´

Canoe Lake inflow 374917.34 4935524.17 44°33´43.9´´ 76°34´30.3´´

Table S2. Dissolved inorganic nitrogen: total phosphorus (DIN:TP) ratio based on total dissolved nitrogen and total phosphorus in Table 3.

   South 

Basin 

   Mitchell 

Creek Bay 

   Mid-Lake   North Basin    Deyos 

Bay 

   Mid-

Lake 

Basin 

Bottom 

North 

Basin  

Bottom

Canoe 

Inflow

    Sand 

Inflow

   

Holleford 

Inflow

Sample month DIN:TP DIN:TP DIN:TP DIN:TP DIN:TP DIN:TP DIN:TP DIN:TP DIN:TP DIN:TP

April 11.1 10.6 12.7 12.7 9.8 11.6 8.4 7.8

June 13.6 15.2 15.1 16.6 14.2 11.9 8.0 10.2 10.5 7.8

Aug 31.9 23.4 30.0 36.2 25.1 89.3 121.0 75.9 47.4 65.9

Oct 17.6 16.2 34.7 25.0 21.1 34.9 19.7 13.4

Table S3. Calcium speciation of Desert Lake surface water at three stations, as calculated with Visual MINTEQ (Gustafsson, J. P. 2019. 

 Visual  Sweden: MINTEQ. 3.1 ed. Stockholm, KTH Royal Institute of Technology, Department of Land and Water Resources  Engineering,  

https://vminteq.lwr.kth.se/download/).

The pH and concentrations of calcium, sulphate, carbonate, and dissolved organic carbon (NOM) used in these calculations 

are summarized in Tables 4 and 5.

Ca speciation
South 

Basin

Inflow 

(Canoe 

lake)

Inflow 

(Holleford 

lake)

Ca
2+

 (free ion) 95.1 95.2 93.5

CaSO4 complex 0.8 1 1

CaHCO3
+
 complex 1.4 0.3 0.9

CaCO3 complex 1 0.2 0.3

Ca-NOM complex 1.6 2.4 4.2

Percentages

https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fvminteq.lwr.kth.se%2Fdownload%2F&data=02%7C01%7Cpvh%40queensu.ca%7C97284dce5d5240fa12e008d7fb8de3e5%7Cd61ecb3b38b142d582c4efb2838b925c%7C1%7C0%7C637254459155854556&sdata=kFUIZ3EMAWYk%2FTR0X3tghGqq5bBLtsY7%2Fi%2FnJYNlMTM%3D&reserved=0
https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fvminteq.lwr.kth.se%2Fdownload%2F&data=02%7C01%7Cpvh%40queensu.ca%7C97284dce5d5240fa12e008d7fb8de3e5%7Cd61ecb3b38b142d582c4efb2838b925c%7C1%7C0%7C637254459155854556&sdata=kFUIZ3EMAWYk%2FTR0X3tghGqq5bBLtsY7%2Fi%2FnJYNlMTM%3D&reserved=0
https://vminteq.lwr.kth.se/download/).
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Fig. 2) Lake water temperature versus depth at the North Basin sample site for each month that water sampling   

occurred. 
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Fig. 3) Dissolved oxygen versus depth at the North Basin sample site for each month that water sampling   

occurred. 
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Fig. 4) Measurements of seasonal nutrient and chlorophyll a in Desert Lake and inflows from April to October, 2019 

based on data in Table 3. The blue line indicates the boundary between oligotrophic (low) and mesotrophic (medium) conditions.
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Fig. 5a) Measurements of historical total phosphorus (TP) for Desert Lake based on data in the 

Lake Partner database from the Ontario Ministry of the Environment. Several lake sites are 

indicated and are colour coded in the top right corner. 
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database from the Ontario Ministry of the Environment for years 2002 and 2003; 2019 data is from this study. 

Data points are colour coded based on top right hand corner. 
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Fig. 6a) Measurements of bi-monthly Secchi depth for Desert Lake during the 2019 sample season. 

The five lake sites sampled are colour coded. 
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2019 season (blue stars) are provided. 
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Fig. 7) Measurements of seasonal ionic composition in Desert Lake and inflows from April to October, 

2019 based on data in Table 4.
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Fig. 8) Measurements of seasonal chemical variables of alkalinity, conductivity, hardness and pH in Desert Lake and inflows 

from April to October, 2019 based on data in Table 5.
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Fig. 9) Measurements of seasonal chemical variables of dissolved organic carbon (DOC), dissolved inorganic carbon (DIC), 

true colour and reactive silicate in Desert Lake and inflows from April to October, 2019 based on data in Table 5.
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Fig. 10) Measurements of historical calcium concentrations for the North and South basins in Desert Lake based on 

data in the Lake Partner database from the Ontario Ministry of the Environment.
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Fig. S2) Dissolved inorganic nitrogen: total phosphorus (DIN:TP) ratios based on total dissolved nitrogen and total 

phosphorus in Table 3. R.atios greater than 3.4 indicate algal growth is limited by concentrations of phosphorus.
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Diatoms
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some algae 
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Desert Lake
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All photos from Canter-Lund & Lund 1995

Freshwater Algae Their microscopic world explored,

with the exception of C. longispina from Baker et al. 

2012 Phyco Key, University of New Hampshire
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Dinoflagellate Ceratium
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Fig. S3



Appendix 1) Photo of  Gloeotrichia from Canter-Lund & Lund 1995
Freshwater Algae Their microscopic world explored

This taxon was found in a water sample in August 2020 retrieved from the 

Cumming/Laird boat doc just south of Peter Hodson’s property.  An algal bloom was 
very noticeable at the time. Chrysosphaerella longispina was also abundant, similar 

to what was observed in the August phytoplankton samples of 2019. The presence

of Gloeotrichia, a colonial cyanobacterium (blue-green algal), has been increasing 

in oligotrophic (low nutrient) lakes of northeastern US and Canada (Winter et al. 

2011, Carey et al. 2012, Carey et al. 2014). In eutrophic lakes this taxon can form 

blooms that can pose human health risks. The increase of Gloeotrichia in low-

nutrient lakes is thought to be linked to nutrients, high light levels and warm 

temperatures. Gloeotrichia overwinters on near-shore lake sediments, absorbs 

nutrients from the sediments within the photic zone in the spring and then in the 

summer floats to the surface.
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27: 107-114, DOI:10.1080/07438141.2011.557765

Carey CC, Ewing HA, Cottingham KL, Weathers KC, Thomas RQ, Haney JF (2012) Occurrence 

and toxicity of the cyanobacterium Gloeotrichia echinulata in low-nutrient lakes in the 

northeastern United States. Aquat. Ecol. 46:395-409, DOI: 10.1007/s10452-012-9409-9
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NG Jr. (2014) Experimental blooms of the cyanobacterium Gloeotrichia echinulata increase 

phytoplankton biomass, richness and diversity in an oligotrophic lake. J. Plankton Res. 
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