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Dear Ms. Shindruk: 

 

Re: Water Quality and Management of Musselman’s Lake – Final Report  

We are pleased to submit our final report on water quality and management of Musselman’s Lake.  The 

report includes an assessment of water quality and aquatic plants in the lake based on field surveys that 

were completed over the summer and fall of 2013 and the winter of 2014, and uses that assessment to 

provide recommendations for lake management. 

Overall, we were pleased that the lake does not have any serious water quality issues, that no large-scale 

algal blooms occurred in 2013 and that, although there is a large abundance of rooted aquatic plants, the 

community is diverse and healthy.  We hope that this report meets your needs and thank you for your 

invitation to Dr. Hutchinson, who will attend the official launch of the report at Musselman’s Lake on Earth 

Day, April 26, 2014.  

Please do not hesitate to contact me if you have any questions or concerns.  

Sincerely, 

Hutchinson Environmental Sciences Ltd. 

 

 

 

 

Tammy Karst-Riddoch, Ph.D. 

tammy@environmentalsciences.ca 
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Executive Summary 

Residents of Musselman’s Lake have expressed interest in developing and implementing a lake 

management plan to address issues related to the growth of rooted aquatic plants and potential for blooms 

of toxic blue green algae (cyanobacteria) on the recreational quality of the lake.  There had not yet been 

any systematic study of the lake to confirm the details of the lake’s problems and hence the best potential 

techniques for management.  Geranium Corporation therefore engaged Hutchinson Environmental 

Sciences Ltd. to complete a water quality monitoring, aquatic plant and phytoplankton study in the summer 

of 2013 to inform future management plans for Musselman’s Lake.    

Water quality monitoring was conducted biweekly during the summer stratified period from July 18 to 

September 13 (5 events) and on one event after fall turnover on October 10, 2013.  Sampling sites included 

a shallow location (depth = ~4 m) at the east end of the lake and a deep location (depth = 8 m) near the 

lake centre.  At each site, physical profiles of temperature, oxygen, conductivity and pH were measured, 

and water samples were collected and analyzed for a suite of chemical (suspended solids, nutrients, 

chlorophyll a, and metals) and biological (algae taxonomy and cell density, bacteria) parameters. On 

February 6th, 2014, water quality samples were collected under ice cover for analysis of chloride 

concentration to confirm suspect elevated concentrations of salt in the lake. 

Water quality observed in Musselman’s Lake in the summer of 2013 was characteristic of a relatively 

shallow kettle lake in a clear-water, macrophyte-dominated state with moderate levels of nutrients, low to 

moderate algal production and a diverse, dense aquatic plant community in the littoral zone.  Localized 

algal blooms occurred near the shore at the north end of the lake in October, but these were more consistent 

with naturally occurring algal production than with impacts of nutrient enrichment from human sources. 

Concentrations of potentially toxic cyanobacteria and bacteria (as E. coli) were low and well below 

applicable guidelines for recreational water use.   Anoxia developed in the bottom waters of the lake and 

resulted in very high levels of internally-loaded phosphorus from the sediments at one meter off the lake 

bottom.   

The primary issues of concern identified by the study for management consideration included: 

1. Development of anoxia and resultant internal phosphorus loading that could trigger algal blooms 

including blooms of cyanobacteria under differing weather patterns,     

2. Presence of abundant Eurasian water milfoil that could reduce plant diversity and contribute to the 

development of anoxia and thereby increase phosphorus concentration,  

3. Potential toxicity to aquatic life from chloride inputs, and 

4. Nuisance waterfowl populations that could result in high bacteria concentrations in nearshore 

areas. 

Several recommendations were provided to address the issues of concern in a management plan.  

Importantly, management practices to reduce the overall abundance of aquatic plants in the lake are 

strongly discouraged because removal or large-scale disruption of aquatic plants could result in a 

competitive edge for algae and shift the lake to an algal-dominated, turbid-water state instead of the present 

plant-dominated, clear water state.      
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1. Introduction 

In 2009, the Lake Simcoe Region Conservation Authority and the Town of Whitchurch and Stoufville 

completed the “Musselman’s Lake Subwatershed Assessment and Stewardship Opportunities Report”.  

This report concluded that the prolific growth of rooted aquatic plants in the lake and their impact on 

recreational activities is of primary concern to lake residents, although blue green algal (cyanobacterial) 

blooms, water clarity, bacteria and “the smell” have also been raised as concerns.  There is therefore an 

interest in implementing lake management to address these issues.  Different parties appear to have heard 

anecdotal information that problems could be resolved by either a) use of the aquatic weevil Litodactylus 

leucogaster for biological control of the plants, or b) use of “Phoslock” for sediment inactivation to control 

internal loading of phosphorus to the lake to reduce algal production and thereby improve water clarity.  

Any management decision is premature, however, as there has not yet been any systematic study of the 

lake to confirm the details of the lake’s problems and hence the best potential techniques for management.   

Existing information on water quality of Musselman’s Lake includes measurements of total phosphorus 

concentrations at a single mid-lake site in 1982, at seven nearshore sites in 1989 and monthly from 2006-

2008.  These data indicate that although water quality is interpreted as “degraded” (LRCA, 2009), total 

phosphorus levels apparently declined from 0.036 mg/L in 1989 to 0.018 mg/L in 2006-2008.  Furthermore, 

the total phosphorus concentration of 0.018 mg/L is below the Provincial Water Quality Objective (PWQO) 

of 0.02 mg/L for the protection against nuisance growth and algae, and would not be indicative of “impaired” 

water quality, particularly for a lake in southern Ontario.    

A cyanobacteria (blue-green algae) bloom was reported in 2007 and is taken as a “clear indicator that water 

quality is impaired” (LRCA, 2009).  Algal blooms have likely occurred previously in the lake as “…in 1986-

87 taking blue-green algae to Queens Park” (LRCA and the Town of Whitchurch and Stouffville, 2009; p. 

99).  While cyanobacteria blooms can be symptomatic of excessive nutrient loading from human activities 

in the watershed of a lake, some lakes are naturally prone to blooms resulting from other factors:   

 Bluegreen algae are known to bloom in warm, shallow and still waters and so an extended period 

of hot, calm weather may trigger blooms despite relatively low total phosphorus concentration.   

 Bluegreen algal blooms also occur in some stratified lakes that have low surface water total 

phosphorus concentration (<20 g/L) but have elevated phosphorus concentration in the near the 

lake bottom due to the release of phosphorus from the sediments under conditions of anoxia (i.e., 

lack of oxygen).  Unlike many other types of algae, bluegreen algae can control their buoyancy 

and can move down in the water column to take advantage of this pool of phosphorus, 

 Some species of blue-green algae (e.g. Gloeotrichia echinulata) take phosphorus directly from 

lake sediments and then adjust their buoyancy in order to rise to the euphotic zone to bloom.   

Geranium Corporation engaged Hutchinson Environmental Sciences Ltd. to conduct a water quality 

monitoring program and aquatic plant and phytoplankton survey in the summer of 2013 to inform 

management plans for Musselman’s Lake. The following study provides a report on water quality and 

aquatic plants in Musselman’s Lake in the summer of 2013 through to fall overturn, and uses this information 

to provide recommendations for lake management with a focus on aquatic plants and algae. 
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2. Site Description 

Musselman’s Lake is a small (46 ha), shallow (max. depth of 8.5 m) kettle lake with a watershed area of 

460 hectares.  It is located in the Oak Ridges Moraine (44°01’50” N; 79°16’25” W) and is a headwater to 

the Holland River, which is one of the most enriched and degraded rivers in Ontario.  The outflow is 

intermittent through a culvert at the northwest end of the lake which drains to a wetland area.   

Land use in the watershed is 51% natural (lake, wetlands, woodlands and grasslands), 23.8% agricultural 

(hay/pasture/row crop), 2.3% rural, 17.8% residential and 2.7% active aggregate.  As such, it represents a 

relatively unaltered watershed for an urban lake in this part of southern Ontario.  The shoreline, however, 

is well developed with approximately 115 residences (based on Google Earth imagery) that are a mix of 

seasonal and permanent dwellings.  In total, there are there are 517 homes in the Musselman’s Lake 

watershed based on the distribution of a resident survey (LSRCA and the Town of Whitchurch and 

Stouffville, 2009).  The residences are serviced by municipal water but not by municipal sewage collection.  

Sewage is serviced by on-site septic systems. 

3. Water Quality Assessment 

3.1 Approach 

Water quality monitoring was conducted biweekly during the summer stratified period from July 18 to 

September 13 (5 events) and on one event after fall turnover on October 10, 2013.  Sampling sites included 

a shallow location (depth = ~4 m) at the east end of the lake (ML-1) and a deep location (depth = 8 m) near 

the lake centre (ML-2) (Figure 1).   

Secchi depth (a measure of water transparency) and profiles of water temperature, dissolved oxygen, pH 

and conductivity at 1-m depth intervals to the lake bottom were measured at each site using a YSI 

multimeter.  Water samples were collected from the epilimnion (i.e., mixed warm surface layer) at each site 

and from 1-m off the lake bottom (1 MOB) at ML-2 for chemical analysis of: 

 Total suspended solids 

 Nitrogen (total ammonia, nitrate, nitrite, total Kjeldahl nitrogen) 

 Phosphorus (total and orthophosphate) 

 Dissolved organic carbon 

 E. coli (epilimnetic samples only) 

 Chlorophyll a (epilimnetic samples only) 

 Total metals (ML-2 only, all epilimnetic samples (6) and at 1 MOB on July 18)   

 Phytoplankton taxonomy and cell density 

On February 6th, 2014, water quality samples were collected under ice cover at ML-1 and ML-2 for analysis 

of chloride concentration to confirm suspect elevated concentrations of salt in the lake. 
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Figure 1.  Location of sampling sites in Musselman’s Lake 

 

Water samples were kept cool and delivered to ALS Laboratories in Waterloo, ON for chemical analyses 

and phytoplankton taxonomy.  For total phosphorus, duplicate water samples were collected, coarse-

filtered and submitted to the Dorset Environmental Science Centre (DESC) in Dorset Ontario for analysis.  

Analytical results from the laboratory are provided in Appendix A. 

Water quality parameters were evaluated against applicable Provincial Water Quality Objectives (PWQOs; 

MOEE, 1994) and cyanobacteria abundance was evaluated against World Health Organization (WHO, 

2003) and Health Canada (2012) guidelines for recreational water use.  Chloride concentrations were 

compared to the Canadian Water Quality Guidelines for the Protection of Aquatic Life. 

An aquatic plant survey was conducted on August 16 and 18 along six transects of the lake beginning from 

the shoreline and extending perpendicular from the shoreline to a depth where rooted aquatic plants were 

no longer present (~4-5 m deep).  Along each transect, % plant cover was estimated and dominant taxa 

contributing to >20% of the cover were recorded.   Subdominant plants were also recorded.  All dominant 

taxa were photographed (Appendix B).  

3.2 Water Quality 

Thermal stratification is characterized by a warm mixed layer of surface water called the epilimnion, a layer 

of cool, dense water near the lake bottom called the hypolimnion, and a layer of water between the 

epilimnion and hypolimnion called the metalimnion.  The metalimnion contains the thermocline where the 
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temperature declines rapidly with depth (>1°C change per meter).  When the water column is thermally 

stratified, water in the hypolimnion is prevented from mixing with the overlying water. 

The water column of Musselman’s Lake was only weakly stratified over the summer monitoring season 

from July 18th to September 13th as the thermocline extended to the lake bottom on all sampling dates such 

that no true hypolimnion was present.  Lakes that are weakly stratified can, in some cases, mix to the 

bottom by a strong wind event because the temperature difference (and hence density difference) between 

the surface and bottom water of the lake is not sufficient to prevent mixing.   

The epilimnion of Musselman’s Lake was very warm (average temperature = 28°C) and extended to a 

depth of 2 m on July 18th (Figure 2).  The warm surface waters reflect the extremely hot air temperatures 

that occurred in mid-July (Figure 3).  A strong thermocline (with a large temperature and therefore density 

gradient) extended from 2 m depth to the lake bottom at 8.5 m.  The temperature gradient of the thermocline 

at this time was likely large enough to prevent wind mixing of the water column. 

Cooler surface water temperatures occurred in August and September (average temperature = 23°C) 

mirroring the lower air temperatures that occurred in those months in comparison to July.  On August 1st, 

the epilimnion had deepened to 5 m, and the thermocline weakened (i.e., a more gradual change in 

temperature, and hence density, with depth).  The epilimnion reached a maximum depth of 6 m on the 

August 16th sampling event and maintained this depth through to the September 13th sampling event.  Over 

this period, the deep epilimnion and weak thermocline would have made the lake prone to mixing with a 

sufficiently strong wind.  The temperature profiles did not indicate that mixing events had occurred on any 

of the summer sampling dates, however mixing can be brief and stratification can be re-established quickly. 

The weak stratification in Musselman’s Lake had broken down by the October 10th sampling event as the 

surface waters had cooled sufficiently to allow mixing (i.e., fall turnover). 
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Figure 2.  Temperature profiles from Musselman’s Lake (2013). 
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Figure 3.  Average daily air temperature at Uxbridge West, Ontario. 

 

Dissolved oxygen concentrations were above the PWQO for both warm (4 mg/L at 25°C) and cold (5 mg/L 

at 25°C) water aquatic life to a depth of 5 m on all sampling events prior to fall overturn (Figure 4; Table 1).  

In fact, the water was super-saturated (>100% saturation) at most depths, typically reaching a peak in the 

water column near the top of the thermocline with a maximum oxygen saturation of 160% (13 mg/L) at 3 m 

depth on July 18th.   The high dissolved oxygen concentrations in the surface waters to a depth of ~5 m is 

consistent with high photosynthetic activity of the abundant aquatic plants and algae in the lake, which 

produces oxygen.  During the day, algae are typically concentrated just above the thermocline creating the 

oxygen “bubble” observed in that region of the water column.  Oxygen concentrations, however, would 

decline at night due to respiration of aquatic plants and algae.   

Oxygen is consumed in the bottom waters of a lake by the decomposition of organic matter and cannot be 

replenished without mixing of the water column.  In Musselman’s Lake, dissolved oxygen concentrations 

declined rapidly below a depth of ~5 m reaching very low levels (≤ 1 mg/L) and likely reflecting anoxia 

(complete lack of oxygen) at 1 meter off the lake bottom (Figure 4).  Under anoxic conditions, the oxygen 

meter cannot always provide accurate measurements often due to the presence of hydrogen sulfide that 

fouls the probe.  Anoxia, however, can be confirmed by elevated concentrations of phosphorus and some 

metals that are released from the sediments under anoxic conditions, as described below.  

In the surface waters, nutrient (phosphorus and nitrogen) concentrations in Musselman’s Lake reflect 

moderately productive or “mesotrophic” conditions (Table 1).  Phosphorus is the primary nutrient that 

controls the production of aquatic plants and algae in most lakes (Wetzel 2001).  Total phosphorus (TP) 

concentrations were below the PWQO of 20 g/L for the protection against nuisance growth of plants and 

algae on all sampling events (range = 13.4 – 19.6 g/L, mean = 13.6 g/L).  Nitrogen was primarily in the 

form of organic nitrogen with relatively high concentrations of total Kjeldahl nitrogen (TKN; mean = 0.625 
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mg/L) and low levels of inorganic nitrogen forms (i.e., ammonia, nitrate and nitrite) that can be toxic to 

aquatic life at high concentrations.  Ammonia concentrations were below detection limits on all sampling 

events except October 10th (total ammonia = 0.009 mg/L) and nitrate and nitrite concentrations were below 

detection limits on all sampling events.   Un-ionized ammonia, is the form of ammonia that is toxic to aquatic 

life.  The proportion of ammonia that is in un-ionized form is dependent on pH and temperature; the higher 

the pH and temperature, the greater the proportion of un-ionized ammonia.  Despite relatively high pH 

(mean = 8.6) and surface water temperatures (mean = 23°C), un-ionized ammonia was at or below the 

PWQO of 0.0.016 mg-N/L.   

Figure 4.  Dissolved oxygen profiles from Musselman’s Lake (2013). 
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Table 1.  Summary of General Water Quality Parameters for Musselman’s Lake (2013) 

  
Parameter 

  
Units 

  
LOR 

  
PWQO 

ML-1 ML-2T  ML-2B 

Min Max Mean Min Max Mean Min Max Mean 

Field  

Secchi Depth m     2.9 4.7 3.7 2.7 5.3 4.2 - - - 

Temperature °C     16.8 28.0 22.6 17.2 28.0 22.6 11.0 16.1 14.1 

pH units   6.5-8.5 8.24 8.63 8.53 8.08 8.96 8.59 5.42 7.46 6.94 

Dissolved Oxygen mg/L   
4 (warm), 

5 (cold) at 25°C 
8.63 10.67 9.70 8.92 10.53 9.63 0.06 5.80 1.45 

Conductivity S/cm     416 697 473 416 696 476 518 724 582 

Laboratory  

Total Suspended Solids mg/L 0.5   1.0 2.8 1.6 1.0 3.0 1.8 1.0 22.0 10.5 

Turbidity (NTU) NTU 0.1   0.5 1.1 0.8 0.7 1.1 0.8 1.1 22.0 8.8 

Chloride mg/L 2 (120, 640)a   102b   100b    

Ammonia-N, Total mg/L 0.05   <0.05 0.08 0.03 <0.05 0.09 0.04 <0.05 0.67 0.21 

Ammonia-N, Unionized mg/L calculated 0.016 0.004 0.011 0.008 0.003 0.016 0.009 0.000 0.003 0.001 

Nitrate-N mg/L 0.1   <0.10 <0.10 0.05 <0.10 <0.10 0.05 <0.10 <0.10 0.05 

Nitrite-N  mg/L 0.1   <0.10 <0.10 0.05 <0.10 <0.10 0.05 <0.10 <0.10 0.05 

Total Kjeldahl Nitrogen mg/L 0.15   0.58 0.76 0.65 0.54 0.7 0.60 0.57 2.38 1.15 

Phosphorus, Total g/L   20 11.0 16.0 13.4 11.0 19.6 13.9 16.4 292.6 109.9 

Orthophosphate-P mg/L 0.003   <0.003 0.004 0.002 <0.003 0.003 0.002 <0.003 <0.003 0.002 

Dissolved Organic Carbon mg/L 1   5.3 8.8 7.0 0.5 7.1 5.7 <1 8 5.8 

E. coli  cfu/100mL 0 100; (200, 400)c 3 45 8 2 68 9 - - - 

Chlorophyll a g/L 0.01   0.20 5.78 2.23 0.39 3.44 1.65 - - - 

Notes:  ‘ – ‘ no data; ‘<’ below laboratory detection limits (LOR); shaded cells indicate values that exceed the PWQO; values below detection limits were set at ½ the detection limit for 

calculation of the mean; for E. coli, the mean is the geometric mean; aCanadian Water Quality Guideline for the Protection of Aquatic Life, long-term (120 mg/L) and short-term exposure 

(640 mg/L); bChloride was measured on a single sampling event on February 6th, 2014 to confirm suspected elevated concentrations of this parameter given the observed high 

concentrations of sodium (Table 3); cCanadian Recreational Water Quality Guideline for a geometric mean concentration (minimum of five samples) (200 cfu/100 mL) or a single maximum 

value (400 cfu/100mL). 
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Water clarity was generally good throughout the study period with low total suspended solids (mean = 1.7 

mg/L), low turbidity (0.8 NTU) and a moderately deep Secchi depth (mean = 4 m) (Table 1). 

Chlorophyll a concentrations (a measure of algal production) ranged from 0.2 to 5.78 g/L, which is 

characteristic of low (oligotrophic) to moderate (mesotrophic) lake productivity (Table 2).  The maximum 

chlorophyll a concentration occurred on August 16th and coincided with the lowest water clarity (Secchi 

depth = 2.7 m) measured in the lake.   

E. coli was low in the surface water (maximum = 68 cfu/100 mL) and below the PWQO (geometric mean 

<100 cfu/mL) and the Canadian Recreational Water Quality Guidelines (CRWQGs, geometric mean ≤200 

cfu/mL, or a single sample maximum concentration ≤400 cfu/mL) (Table 1).  It should be noted that the 

calculation of the geometric mean concentration should be based on a minimum of five samples, collected 

at times and sites so as to provide representative information on the water quality likely to be encountered 

by users.   

Concentrations of most metals in the surface waters were low and below applicable guidelines with the 

exception of calcium and sodium (Table 3).  The relatively high concentrations of calcium (mean = 25.9 

mg/L) reflects the surficial geology of the area with an abundance of calcium-containing limestone.  

Concentrations of sodium (mean = 55.4 mg/L) and chloride (100-102 mg/L) were higher than expected. 

High chloride concentrations in urban lakes in Canada are most often associated with road salt applications 

(Environment Canada 2001), Road salt applications have been reduced through substitution of sand for 

salt and brine for rock salt for roads in the immediate catchment of Musselman’s Lake (Rick Wigmore, pers. 

comm.)  Other potential sources could include local applications to walkways and driveways, water softener 

discharges to septic systems or contamination of regional groundwater from ongoing applications of road 

salt outside of the catchment. Chloride should be included in any future monitoring programs to assess if 

there is a trend in concentrations.  

At one meter off the lake bottom, water chemistry was characteristic of anoxia over the stratified period with 

elevated concentrations of total phosphorus, iron and total Kjeldahl nitrogen in comparison to the surface 

water (Tables 1 and 3).  Under anoxic conditions, iron and iron-bound phosphorus are released from the 

sediments, while organic nitrogen can accumulate because conversion organic nitrogen to inorganic forms 

is an aerobic process.  Release of phosphorus from the sediments is commonly referred to as “internal 

phosphorus loading”.    

Phosphorus contained in the bottom waters from internal loading can be introduced into the overlying 

waters through mixing, which is possible in Musselman’s Lake due to the weak stratification of this lake.  A 

mixing event may have occurred between July 18th and August 1st, and again between August 16th and 

August 29th, which would explain the decreases in total phosphorus concentration at one meter off the lake 

bottom between those dates (Figure 5).  No increase in surface water phosphorus concentration occurred 

on those dates, however, that would indicate introduction of the internally loaded phosphorus into the 

surface water.  This may be due to the rapid re-precipitation of phosphorus when it comes in contact with 

oxygenated water (i.e., re-complexing of phosphorus with iron under oxic conditions).  The pool of internally-

loaded phosphorus can also be accessed by certain types of algae that are capable of migrating through 

the water column to the top of the thermocline where phosphorus can diffuse upward from the anoxic layer.     
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Table 2.  Relationship between Chlorophyll a and Trophic Class (modified from Carlson and 

Simpson, 1996) 

Chlorophyll a 

(g/L) 
Trophic Class 

0 - 2.6 Oligotrophic (low primary productivity) 

2.6 - 20 Mesotrophic (moderate primary productivity) 

20 - 56 Eutrophic (high primary productivity) 

56 - 155+ Hypereutrophic (very high primary productivity) 

 

Figure 5.  Total phosphorus concentrations in Musselman’s Lake in the surface water (ML-2T) and 

at one meter off the lake bottom (ML-2B). 
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Table 3.  Summary of Metal Concentrations in Musselman’s Lake (2013). Values are in mg/L. 

  
Analyte 

  
Detection 

Limit 
(DL) 

  
PWQO 

Surface  
(ML-2T; n=6) 

1 MOB 
(ML-2B; 

n=1) 

Minimum Maximum Mean a 18-Jul-13 

Aluminum (Al)  0.01 0.015 <0.010 0.016 0.013 <0.010 

Antimony (Sb)  0.0005 0.02 <0.00050 <0.00050 <0.00050 <0.00050 

Arsenic (As)  0.001 0.005 <0.0010 <0.0010 <0.0010 <0.0010 

Barium (Ba)  0.002 - 0.015 0.0168 0.016 0.0295 

Beryllium (Be)  0.0005 0.011 <0.00050 <0.00050 <0.00050 <0.00050 

Bismuth (Bi)  0.001 - <0.0010 <0.0010 <0.0010 <0.0010 

Boron (B)  0.01 0.2 0.021 0.031 0.024 0.024 

Cadmium (Cd)  0.00009 0.0001 <0.000090 <0.000090 <0.000090 <0.000090 

Calcium (Ca)  0.5 - 22.5 31.2 25.9 39 

Chromium (Cr)  0.0005 - <0.00050 <0.00050 <0.00050 <0.00050 

Cobalt (Co)  0.0005 0.0009 <0.00050 <0.00050 <0.00050 <0.00050 

Copper (Cu)  0.001 0.001 <0.0010 <0.0010 <0.0010 <0.0010 

Iron (Fe)  0.05 0.3 <0.050 0.054 0.03 1.1 

Lead (Pb)  0.0005 0.001 <0.00050 <0.00050 <0.00050 <0.00050 

Lithium (Li)  0.1 - <0.10 <0.10 <0.10 <0.10 

Magnesium (Mg)  0.5 - 3.4 4.4 3.73 3.61 

Manganese (Mn)  0.001 - 0.0062 0.0217 0.014 1.33 

Molybdenum (Mo)  0.0005 0.04 <0.00050 <0.00050 <0.00050 <0.00050 

Nickel (Ni)  0.001 0.025 <0.0010 <0.0010 <0.0010 <0.0010 

Phosphorus (P)  0.05 b 0.02 <0.050 0.058 0.030 0.208 

Potassium (K)  1 - 1 1.2 1.075 1.5 

Selenium (Se)  0.0004 0.1 0.00045 0.00083 0.0004 <0.00040 

Silicon (Si)  1 - <1.0 <1.0 <1.0 <1.0 

Silver (Ag)  0.0001 0.0001 <0.00010 <0.00010 <0.00010 <0.00010 

Sodium (Na)  5* - 50.8 60.3 55.4 51.9 

Strontium (Sr)  0.001 - 0.0903 0.111 0.0978 0.135 

Thallium (Tl)  0.0003 0.0003 <0.00030 <0.00030 <0.00030 <0.00030 

Tin (Sn)  0.001 - <0.0010 <0.0010 <0.0010 <0.0010 

Titanium (Ti)  0.002 - <0.0020 <0.0020 <0.0020 <0.0020 

Tungsten (W)  0.01 0.03 <0.010 <0.010 <0.010 <0.010 

Uranium (U)  0.001 0.005 <0.0010 <0.0010 <0.0010 <0.0010 

Vanadium (V)  0.0005 0.006 <0.00050 <0.00050 <0.00050 <0.00050 

Zinc (Zn)  0.003 0.02 0.0031 0.0031 <0.0030 0.0044 

Zirconium (Zr)  0.004 0.004 <0.0040 <0.0040 <0.0040 <0.0040 

Notes:  *detection limit adjusted for matrix effects; a values below detection limits were set to ½ the detection limit for calculation of 

the mean; b laboratory detection limit exceeds the PWQO; shaded cells exceed the PWQO 
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3.3 Phytoplankton 

Phytoplankton abundance was low in Musselman’s Lake with total algal cell densities ranging from 1,070 

cells/mL on October 10th to 3,298 cells/mL on August 16th, and is consistent with the low to moderate 

chlorophyll a concentrations that were observed in the lake (Section 3.2).  The algal community was 

relatively diverse with 28 genera belonging to 7 different classes (Table 4).  Over the summer stratified 

period (August to September), small unidentified species of golden algae (Class Chrysophyceae) strongly 

dominated the algal assemblages representing an average of 79% of the total cell density (Figure 6).   All 

other classes of algae occurred in low numbers representing less than 10% of the total cell density with the 

exception of green algae on August 1st (18% of the total cell density) and cyanobacteria on August 16th 

(11% of the total cell density) and September 13th (19% of the total cell density).  After fall overturn, on the 

October 10th sampling event, the algal assemblages were dominated by cryptophytes (Class 

Cryptophyceae; 18% of the total cell density) followed by green algae (Class Chlorophyceae; 11% of the 

total cell density) and golden algae (7% of the total cell density).   

On the October 10th sampling event, an algae bloom was observed in the nearshore area at the northeast 

end of the lake.  The bloom appeared to be localized, which is supported by the low levels of algae that 

were present in the samples collected near the centre of the lake (at site ML-2).  Localized algal blooms 

are common in nearshore areas in the fall, particularly in lakes with moderate levels of nutrients like 

Musselman’s Lake.   These blooms are not considered symptomatic of water quality degradation due to 

human impacts.   

There is concern about the potential for toxic blooms of bluegreen algae (cyanobacteria) in Musselman’s 

Lake as blooms have been previously reported.  In 2013, however, the concentration of cyanobacteria 

(Class Cyanophyceae) was very low on all sampling events and reached a maximum density of 527 

cells/mL on September 13th, which is well below the Guidelines for Canadian Recreational Water Quality 

(GCRWQ) of 100,000 cells/mL (Health Canada, 2012).  The GCRWQ for cyanobacteria is based on the 

potential for ingestion of toxins during recreational activities.  Cyanobacteria density was also well below 

the World Health Organization (WHO) (2003) guideline of 20,000 cells/mL for protection against short-term 

health effects (e.g., skin irritant effects, gastrointestinal illness) from recreational exposure to cyanobacterial 

substances.   
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Table 4.  Phytoplankton Cell Densities by Class and Genus in Musselman’s Lake at ML-2T 

Class Genus 
Density (cells/mL) 

18-Jula 01-Aug 16-Aug 29-Aug 13-Sep 10-Oct 

Bacillariophyceae 
(diatoms) 

Asterionella      39 

Cocconeis     2  

Fragilaria Small 10     

Navicula      1 

Nitzschia   6  6  

Total  10 6  8 40 

Chlorophyceae 
(green algae) 

Closterium  10 1   4 

Cosmarium    1   

Crucigenia Small  26    

Elakatothrix Small 15 9 2 2  

Gleocystis Small      

Monoraphidium Small 161 43  6  

Oocystis Small  6  6 2 

Planktosphaeria  19 12 6  12 

Scenedesmus   28 6  4 

Schroederia  25  19  174 

Staurastrum Small 3 4   1 

Tetraedron  19 6    

Unidentified  242 74 5 43 99 

Total  493 211 39 59 296 

Chrysophyceae 
(golden algae) 

Mallomonas     12 19 

small chrysophytes Moderate 1920 2208 2880 2112 174 

Total  1920 2208 2880 2124 192 

Cryptophyceae 
(cryptophytes) 

Cryptomonas Small 62 25 217 68 19 

Unidentified      174 

Total  62 25 217 68 192 

Cyanophyceae 
(cyanobacteria /  
bluegreen algae) 

Anabaena Small 6 37 6.2 12 12 

Aphanothece  4 74    

Chroococcus  24  32 484 12 

Gomphosphaeria Moderate 136 161 93 6.2 2 

Pseudanabaena  37 25 31 25 1 

Total  208 298 162 527 27 

Dinophyceae 
(dinoflagellates) 

Ceratium Small 3   3 4 

Gymnodinium   6    

Peridinium   1    

Total  3 7  3 4 

Euglenophyceae 
(euglenophytes) 

Trachelomonas   3  3 2 

Total   3  3 2 

Grand Total   2696 2757 3298 2792 1070 

Notes: aDue to an error at the laboratory, cell densities were not provided for the analysis; results included taxonomic identification to 

the level of genus and a qualitative description of abundance only indicating a ‘small’ or ‘moderate’ amount of cells. 
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Figure 6.  Phytoplankton class composition in Musselman’s Lake (2013). 

 

3.4 Aquatic Plants 

Musselman’s Lake supports diverse aquatic plant community with 12 common taxa that contributed to at 

least 20% of the total plant cover along the survey transects (Tables 5 and 6).  Aquatic plants were abundant 

throughout the littoral zone where light penetrates to the lake bottom.  At depths less than 1 m, plant cover 

was patchy, and ranged from 10% in the shallowest areas where the depth change was gradual to 100% 

cover in steeper shoreline areas.  In shallower areas at depths less than 50 cm, Chara (muskgrass) 

dominated (e.g., on the west and northwest shores), with patches of Zosterella dubia (water star-grass), 

Potamogeton pusillus (slender pondweed) and the invasive Myriophyllum spicatum (Eurasian water milfoil).  

Where deeper water occurred at the shoreline (50 – 100 cm) and extending into the lake to a depth of 2-3 

m, the community was mixed with a combination of Typha (cattail) near the shoreline, Zosterella dubia 

(water star-grass), P. pusillus (slender pondweed), P. zosteriformis (flat-stemmed pondweed), Vallisneria 

americana (tape grass) and the invasive Myriophyllum spicatum (Eurasian water milfoil).  Also dominating 

the cover in these areas on the south and east sides of the lake was P. amplipholius (bass weed).  

Filamentous green algae was abundant growing within the rooted plant communities on the south side of 

the lake and forming occasional floating mats. 

The aquatic plant community became less diverse with increasing depths greater than 2 m and % cover 

ranged from 60% to 100% at depths from 2 to 4 m, with the exception of transect 1 on the west side of the 

lake where cover was <10% at depths greater than 2.5 m.  This area of the littoral zone was dominated by 

dense patches of M. spicatum and Ceratophyllum demersum (coontail).  While these aquatic plants were 

very abundant, they did not reach the lake surface.  

At lake depths greater than ~4 m, aquatic plant abundance declined to less than 10% cover in most areas 

and no aquatic plants were observed at depths greater than 5 m.    
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Table 5.  List of Aquatic Plant in Musselman’s Lake, 2013 

Taxon Common Name 

Ceratophyllum demersum Coontail 

Chara Muskgrass 

Elodea Canadensis Canadian waterweed 

Lemna trisulca Duckweed 

Myriophyllum spicatum Eurasian water-milfoil 

Potamogeton amplifolius bass weed 

Potamogeton crispus curly-leaved pondweed 

Potamogeton pusillus slender pondweed 

Potamogeton zosteriformis flat-stemmed pondweed 

Typha Cattail 

Vallisneria americana water celery 

Zosterella dubia water star-grass/mud plantain 
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Table 6.  % Cover of Aquatic Plants in Musselman’s Lake, 2013 

Transect Lake Depth (cm) % Cover Dominants Subdominants 

1 0-25 10 Chara  

Myriophyllum spicatum  

Zosterella dubia  

25-50 60-100 Chara  

Myriophyllum spicatum  

Zosterella dubia  

50-100 80-100 Potamogeton pusillus  

Myriophyllum spicatum  

Zosterella dubia  

Chara  

100-250 100 Vallisneria americana  

Chara  

Zosterella dubia  

Myriophyllum spicatum  

Elodea canadensis  

250-300 0-10 Ceratophyllum demersum  

300-400 0-10 Ceratophyllum demersum  

>400 0 -  

2 100-200 100 Zosterella dubia Potamogeton pusillus 

Myriophyllum spicatum Ceratophyllum demersum 

Potamogeton zosteriformis Elodea canadensis 

Vallisneria americana Potamogeton crispus 

200-300 100 Myriophyllum spicatum Elodea canadensis 

Potamogeton crispus Ceratophyllum demersum 

Zosterella dubia  

Potamogeton pusillus  

300-400 60 Ceratophyllum demersum Myriophyllum spicatum 

Potamogeton crispus  

>400 0   

3 0-100 100 Typha filamentous green 

Zosterella dubia Elodea canadensis 

Vallisneria americana  

Potamogeton pusillus  

Myriophyllum spicatum  

100-200 100 Myriophyllum spicatum filamentous green 

Potamogeton pusillus Ceratophyllum demersum 

Potamogeton amplifolius  

200-300 100 Myriophyllum spicatum Potamogeton pusillus 

Ceratophyllum demersum 

Potamogeton zosteriformis 
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Transect Lake Depth (cm) % Cover Dominants Subdominants 

300-500 80-100 Myriophyllum spicatum  

Ceratophyllum demersum  

Potamogeton pusillus  

>500 0   

4 50 100 Chara Myriophyllum spicatum 

Vallisneria americana 

Elodea canadensis 

Potamogeton pusillus 

400 (drop off) 0   

5 0-100 80 Potamogeton amplifolius Elodea canadensis 

Vallisneria americana  

Myriophyllum spicatum  

100-200 80 Myriophyllum spicatum  

Zosterella dubia  

Potamogeton pusillus  

Ceratophyllum demersum  

300-400 80 Ceratophyllum demersum Potamogeton pusillus 

Myriophyllum spicatum  

>400 0   

6 50 50 - 100 Typha Ceratophyllum demersum 

filamentous green Myriophyllum spicatum 

Potamogeton pusillus Chara 

50-100 80 Potamogeton zosteriformis Zosterella dubia 

Elodea canadensis 

Potamogeton amplifolius 

100-200 80 Potamogeton amplifolius Potamogeton pusillus 

Myriophyllum spicatum  

Potamogeton zosteriformis  

200-300 80 Myriophyllum spicatum  

Ceratophyllum demersum  

300-400 60 Ceratophyllum demersum  

>400 0   

Outlet 0-100 100 Lemna trisulca Ceratophyllum demersum 

Elodea canadensis 

Typha 
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3.5 Discussion 

Overall, water quality observed in Musselman’s Lake in the summer of 2013 is characteristic of a relatively 

shallow kettle lake that is off the Precambrian Shield.  The lake was in a clear-water, macrophyte-dominated 

state with moderate levels of nutrients, low to moderate algal production and a diverse, dense aquatic plant 

community in the littoral zone.  Concentrations of potentially toxic cyanobacteria and bacteria (as E. coli) 

were low and well below applicable guidelines for recreational water use.   Anoxia developed in the bottom 

waters of the lake and resulted in very high levels of internally-loaded phosphorus from the sediments at 

one meter off the lake bottom.   

Kettle lakes are, by nature, prone to high rates of oxygen depletion and development of anoxia in their 

hypolimnion as they are deep enough to stratify or weakly stratify, but not sufficiently deep to sustain the 

mass of oxygen necessary over the summer stratification period to assimilate the large amount of organic 

matter that is produced in the lake.  This is especially the case with Musselman’s Lake as it has a large 

littoral area that supports abundant aquatic plant growth throughout.   A similar oxygen decline to that which 

occurs in bottom waters in summer can occur in winter as oxygen demanding decomposition of organic matter 

continues, albeit at a slower rate due to colder temperatures, and winter stratification and ice cover prevent 

reoxygenation of bottom waters.  Winter dissolved oxygen profiles would be required to determine if the lake 

undergoes anoxia under ice cover and to determine the potential contribution of internal phosphorus loading 

to spring phosphorus concentration. 

 

In 2013, total phosphorus concentrations were lower than those observed in previous years and residents 

noted that water clarity was better than it had been in many years.  This difference in phosphorus 

concentration and water clarity may be related to variation in internal phosphorus loading to the lake.  The 

degree of internal phosphorus loading and its contribution to the phosphorus concentration in surface water 

can vary from year to year depending on weather patterns that affect the onset, duration and strength of 

stratification and hence the duration and extent of anoxia.  It is possible that stratification patterns of the 

lake in 2013 resulted in lower contributions of phosphorus from internal loading and hence lower algal 

production and better water clarity in that summer season.   Longer term monitoring of temperature, oxygen 

and total phosphorus concentrations over the course of the open water season would be required to assess 

this potential variability and its implications for algal production and cyanobacteria blooms. 

The abundant aquatic plants in Musselman’s Lake, while considered a nuisance for recreational activity 

such as boating and swimming, are likely a natural feature of the lake given the large shallow area of the 

lake where light can penetrate to the sediments.  They provide habitat for fish, and importantly, likely act to 

reduce algal concentrations in the lake by out-competing algae for light and nutrients.     

Of potential concern is the presence and dominance of the invasive, non-native aquatic plant species, 

Eurasian water milfoil, in large sections of the littoral zone.  This fast-growing plant forms dense mats that 

shade out native plant species, thereby reducing plant diversity and contributing to the development of 

anoxia when they die off.  Because this plant can propagate from small fragments broken off from the parent 

plant, it is easily spread by boat propellers, fishing and water currents that break up plants and carry 

fragments to other areas of the lake.   

Another potential concern for water quality in Musselman’s Lake is the input of chloride as it can be toxic 

to aquatic life at high concentrations.  Chloride may enter the lake through application of salt for winter 
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roads, driveway and walkway maintenance or through the discharge of water softener brines.  The observed 

chloride levels suggest the lake has been enriched with salt and warrant further investigation to determine 

if concentrations are increasing and, if so, what activities are responsible.  

Bacteria concentrations at the monitoring sites were low on all sampling events, however, the monitoring 

sites were located offshore.  During the monitoring surveys, large numbers of Canada geese (>30 

individuals) were observed in the water and on the shoreline, and there was abundant feces on shoreline 

lawns and docks.  It is therefore likely that bacteria concentrations would be elevated in nearshore areas, 

particularly following rain events.             

4. Management Recommendations 

The primary issues of concern identified by the 2013 water quality and aquatic plant survey for management 

consideration for Musselman’s Lake include: 

1. Development of anoxia and resultant internal phosphorus loading that could trigger algal blooms 

including blooms of cyanobacteria under differing weather patterns,     

2. Presence of abundant Eurasian water milfoil that could reduce plant diversity and contribute to the 

development of anoxia and thereby increase phosphorus concentration,  

3. Potential toxicity to aquatic life from chloride inputs, and 

4. Nuisance waterfowl populations that could result in high bacteria concentrations in nearshore 

areas. 

We therefore recommend that the management plan for Musselman’s Lake include the following: 

1. Design and implementation of a regular monitoring program to track interannual variability and 

potential changes in water quality, algae and aquatic plant dynamics, and to assess the 

effectiveness of any future management efforts.  This program should include: 

a. General water quality parameters – to assess stratification patterns, anoxia and internal 

phosphorus loading, changes in chloride concentrations and nearshore bacteria from 

waterfowl,  

b. Phytoplankton – to track algal community composition and abundance,  

c. Aquatic plant surveys – to include biomass to track potential increases in Eurasian water 

milfoil populations and potential impacts on anoxia, 

d. Waterfowl surveys, 

e. A winter water quality survey (dissolved oxygen and temperature profiles and phosphorus 

concentrations) - to assess any changes in the potential for internal phosphorus loading 

under ice that could significantly contribute to surface water concentrations in spring. 

2. Implementation of shoreline best management and naturalization practices that: 

a. Discourage waterfowl from congregating on shoreline and nearshore areas of the lake, and 

b. Reduces phosphorus and bacteria (from waterfowl feces) from overland runoff to the lake. 

3. Education of lake users to prevent the spread of Eurasian water milfoil, 

4. Provide public education on the role of aquatic vegetation in healthy lake ecosystems as habitat for 

waterfowl, frogs, turtles, aquatic invertebrates and warm water fish, and to control nuisance algae 

production. 
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5. Education and implementation of non-lethal waterfowl controls 

Several methods can be used to reduce waterfowl populations including: 

 Increasing vegetated shoreline buffers 

 Reducing sightlines for geese 

 Obstructing access to water using low fences, or other barriers 

 Use of repellents 

 Planting of tall emergent aquatic vegetation in shoreline areas 

 Discouraging nesting by disturbance (e.g., noise, light, dogs, sprinklers)  

Management efforts could also include: 

1. Active management to reduce or control the spread of Eurasian water milfoil. 

We recommend against mechanical removal of Eurasian water milfoil as this technique results in 

plant breakage that can cause the spread of the plant through propagation of plant fragments.  

Biological control may be possible using the milfoil weevil (Litodactylus leucogaster and 

Eurhychiopsis lecontei).  This technique has had some success in Ontario lakes (e.g., Puslinch 

Lake and Lake Scugog (Scugog Lake Stewards, Inc., 2013), and several Kawartha lakes (Kawartha 

Lakes Association, 2011; Milfoil Solutions, Inc., 2012).  The technique, however, would require a 

detailed site-specific assessment of its potential success for Musselman’s Lake and the costs and 

benefits of the technique. 

2. Reduction or elimination of chloride sources within the catchment of the lake. 

3. Active management of waterfowl 

Waterfowl populations can be controlled in some situations through egg sterilization (i.e., egg-

oiling) or addling.  Eggs are sterilized by coating them with non-toxic vegetable or mineral oil.  This 

method blocks the pores in the shell and prevents further development of the embryo.  Addling 

involves shaking the eggs to destroy the developing embryo.  Egg oiling and addling requires a 

permit from the Canadian Wildlife service and it must be demonstrated that the birds are causing, 

or will likely cause damage or affect health within a community to obtain the permit.    

We recommend against management practices to reduce the overall abundance of aquatic plants in the 

lake.  Removal or large-scale disruption of aquatic plants could result in a competitive edge for algae and 

shift the lake to an algal-dominated, turbid-water state instead of the present plant-dominated, clear water 

state.   

Sediment inactivation techniques are not recommended at this time, based on the results of the 2013 

monitoring that indicate total phosphorus concentrations in the surface water below the PWQO and 

relatively low algal concentrations.  If continued monitoring indicates that phosphorus concentrations are 

increasing in the lake, or that cyanobacteria blooms are occurring with increased frequency, then active 

control by sediment inactivation or other techniques could be considered. 

 



J1 3 0 0 2 5 ,  G e ra n i u m  C o rp o ra t i o n  L td .  

Water Qual i ty  and Management  of  Musselman’s  Lake  

 

  Hutchinson Environmental Sciences Ltd.  

 R160414_J130025_Musselman-final  21 

 

5. References 

Carlson R.E. and J. Simpson, 1996: 

A Coordinator's Guide to Volunteer Lake Monitoring Methods.  North American 

Lake Management Society. 96 pp. 

Environment Canada/Health Canada. 2001.  

Priority Substances List Assessment Report. Road Salts. 186pp.  Available online at 

http://www.hc-sc.gc.ca/ewh-semt/pubs/contaminants/psl2-lsp2/road_salt_sels_voirie/index-

eng.php 

 

Health Canada, 2012: 

Guidelines for Canadian Recreational Water Quality, 3rd Edition.  Water, Air and Climate Change 

Bureau, Healthy Environments and Consumer Safety Branch, Health Canada, Ottawa, Ontario. 

(Catalogue No H129-15/2012E). Available online at http://www.hc-sc.gc.ca/ewh-semt/pubs/water-

eau/guide_water-2012-guide_eau/index-eng.php#a7 

Kawartha Lakes Association, 2011: 

KLSA’s Guide to the Watermilfoil WeevilLake, Ontario.  Available online at 

http://klsa.wordpress.com/what-have-we-learned/milfoil-weevil-guide/  

Milfoil Solution, Inc., 2012: 

2012 Milfoil Solution® Progress Report for Big Cedar Lake, Ontario.  Report prepared for Big 

Cedar Lake Stewardship Association.  Available online at 

http://bclsa.ca/documents/Enviroscience-Report_Big_Cedar_2012.pdf  

Scugog Lake Stewards Inc., 2013: 

Weevil Research on Lake Scugog.  Available online at http://scugoglakestewards.com/weevil-

research-on-lake-scugog/  

Wetzel, R. G. 2001: 

Limnology: Lake and River Ecosystems. Academic Press, San Diego. 1006 pp. 

World Health Organization, 2003: 

Algae and Cyanobacteria in Fresh Water, Chapter 8.  In: Guidelines for Safe Recreational Water 

Environments, Volume 1: Coastal and Fresh Waters.  Available online at 

http://www.who.int/water_sanitation_health/bathing/srwe1-chap8.pdf  

http://www.hc-sc.gc.ca/ewh-semt/pubs/contaminants/psl2-lsp2/road_salt_sels_voirie/index-eng.php
http://www.hc-sc.gc.ca/ewh-semt/pubs/contaminants/psl2-lsp2/road_salt_sels_voirie/index-eng.php
http://www.hc-sc.gc.ca/ewh-semt/pubs/water-eau/guide_water-2012-guide_eau/index-eng.php#a7
http://www.hc-sc.gc.ca/ewh-semt/pubs/water-eau/guide_water-2012-guide_eau/index-eng.php#a7
http://klsa.wordpress.com/what-have-we-learned/milfoil-weevil-guide/
http://bclsa.ca/documents/Enviroscience-Report_Big_Cedar_2012.pdf
http://scugoglakestewards.com/weevil-research-on-lake-scugog/
http://scugoglakestewards.com/weevil-research-on-lake-scugog/
http://www.who.int/water_sanitation_health/bathing/srwe1-chap8.pdf


J1 3 0 0 2 5 ,  G e ra n i u m  C o rp o ra t i o n  L td .  

Water Qual i ty  and Management  of  Musselman’s  Lake  

 

  Hutchinson Environmental Sciences Ltd.  

 R160414_J130025_Musselman-final  A1 

 

 

 

 

Appendix A.  Laboratory Results 

 

 

 



Musselman's Lake Total Phosphorus Data Dorset Environmental Science Centre

Lab Number Sample Description Sample Date TP1 ug/L TP2 ug/L

T100944-0001a ML-1 18-Jul-13 11 11

T100944-0002a ML-2T 18-Jul-13 12.3 11.9

T100944-0003a ML-2B 18-Jul-13 179 175.5

T100958-0017 ML-1 01-Aug-13 13.2 15

T100958-0019 ML-2T 01-Aug-13 14.3 15

T100958-0021 ML-2B 01-Aug-13 40.2 39.6

T100962-0011 ML-1 16-Aug-13 15.8 16.2

T100962-0013 ML-2T 16-Aug-13 14.2 13.4

T100962-0015 ML-2B 16-Aug-13 277.7 307.4

T100970-0005 ML-1 29-Aug-13 11.1 11.2

T100970-0003 ML-2T 29-Aug-13 11 10.9

T100970-0001 ML-2B 29-Aug-13 93.5 88.8

T100982-0001 ML-1 13-Sep-13 15.5 13.6

T100982-0003 ML-2T 13-Sep-13 12.1 12.2

T100982-0002 ML-2B 13-Sep-13 40.8 42.8

T100993-0001 ML-1 10-Oct-13 14 13.4

T100993-0002 ML-2T 10-Oct-13 20.8 18.4

T100993-0003 ML-2B 10-Oct-13 17.1 15.7
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Musselman's Lake (site ML-2) Phytoplankton Cell Densities ALS Laboratories

DateSamp LabNum Class Genus Species Cell per Litre

August 01, 2013 L1342182-2 Chlorophyceae Closterium sp. 10000

August 01, 2013 L1342182-2 Chlorophyceae Elakatothrix sp. 15000

August 01, 2013 L1342182-2 Chlorophyceae Monoraphidium sp. 161200

August 01, 2013 L1342182-2 Chlorophyceae Planktosphaeria sp. 18600

August 01, 2013 L1342182-2 Chlorophyceae Schroederia sp. 24800

August 01, 2013 L1342182-2 Chlorophyceae Staurastrum sp. 3000

August 01, 2013 L1342182-2 Chlorophyceae Tetraedron minimum 18600

August 01, 2013 L1342182-2 Chlorophyceae Unidentified 241800

August 01, 2013 L1342182-2 Chrysophyceae small chrysophytes 1920000

August 01, 2013 L1342182-2 Cryptophyceae Cryptomonas sp. 62000

August 01, 2013 L1342182-2 Cyanophyceae Anabaena sp. (filament) 6200

August 01, 2013 L1342182-2 Cyanophyceae Aphanothece sp. (colony) 4000

August 01, 2013 L1342182-2 Cyanophyceae Chroococcus sp. 24000

August 01, 2013 L1342182-2 Cyanophyceae Gomphosphaeria sp. 136400

August 01, 2013 L1342182-2 Cyanophyceae Pseudanabaena sp. (filament) 37200

August 01, 2013 L1342182-2 Dinophyceae Ceratium hirundinella 3000

August 01, 2013 L1342182-2 Fragilariophyceae Fragilaria crotonensis 10000

August 16, 2013 L1349219-1 Bacillariophyceae Nitzschia sp. 6200

August 16, 2013 L1349219-1 Chlorophyceae Closterium sp. 1000

August 16, 2013 L1349219-1 Chlorophyceae Crucigenia sp. 26000

August 16, 2013 L1349219-1 Chlorophyceae Elakatothrix sp. 9000

August 16, 2013 L1349219-1 Chlorophyceae Monoraphidium sp. 43400

August 16, 2013 L1349219-1 Chlorophyceae Oocystis sp. 6200

August 16, 2013 L1349219-1 Chlorophyceae Planktosphaeria sp. 12400

August 16, 2013 L1349219-1 Chlorophyceae Scenedesmus arcuatus 28000

August 16, 2013 L1349219-1 Chlorophyceae Staurastrum sp. 4000

August 16, 2013 L1349219-1 Chlorophyceae Tetraedron minimum 6200

August 16, 2013 L1349219-1 Chlorophyceae Unidentified 74400

August 16, 2013 L1349219-1 Chrysophyceae small chrysophytes 2208000

August 16, 2013 L1349219-1 Cryptophyceae Cryptomonas sp. 24800

August 16, 2013 L1349219-1 Cyanophyceae Anabaena sp. (filament) 37200

August 16, 2013 L1349219-1 Cyanophyceae Aphanothece sp. (colony) 74400

August 16, 2013 L1349219-1 Cyanophyceae Gomphosphaeria sp. 161200

August 16, 2013 L1349219-1 Cyanophyceae Pseudanabaena sp. (filament) 24800

August 16, 2013 L1349219-1 Dinophyceae Gymnodinium sp. 6200

August 16, 2013 L1349219-1 Dinophyceae Peridinium sp. 1000

August 16, 2013 L1349219-1 Euglenophyceae Trachelomonas sp. 3000

August 29, 2013 L1355653-2 Chlorophyceae Cosmarium sp. 1000

August 29, 2013 L1355653-2 Chlorophyceae Elakatothrix sp. 2000

August 29, 2013 L1355653-2 Chlorophyceae Planktosphaeria sp. 6200

August 29, 2013 L1355653-2 Chlorophyceae Scenedesmus arcuatus 6000

August 29, 2013 L1355653-2 Chlorophyceae Schroederia sp. 18600

August 29, 2013 L1355653-2 Chlorophyceae Unidentified 5000

August 29, 2013 L1355653-2 Chrysophyceae small chrysophytes 2880000

August 29, 2013 L1355653-2 Cryptophyceae Cryptomonas sp. 217000

August 29, 2013 L1355653-2 Cyanophyceae Anabaena sp. (filament) 6200

August 29, 2013 L1355653-2 Cyanophyceae Chroococcus sp. 32000

August 29, 2013 L1355653-2 Cyanophyceae Gomphosphaeria sp. 93000

August 29, 2013 L1355653-2 Cyanophyceae Pseudanabaena sp. (filament) 31000

September 13, 2013 L1362971-2 Bacillariophyceae Cocconeis sp. 2000

Appendix B - J130025_phytoplankton final 1 of 2



Musselman's Lake (site ML-2) Phytoplankton Cell Densities ALS Laboratories

DateSamp LabNum Class Genus Species Cell per Litre

September 13, 2013 L1362971-2 Bacillariophyceae Nitzschia sp. 6200

September 13, 2013 L1362971-2 Chlorophyceae Elakatothrix sp. 2000

September 13, 2013 L1362971-2 Chlorophyceae Monoraphidium sp. 6200

September 13, 2013 L1362971-2 Chlorophyceae Oocystis sp. 6200

September 13, 2013 L1362971-2 Chlorophyceae Unidentified 43400

September 13, 2013 L1362971-2 Chrysophyceae Mallomonas sp. 12400

September 13, 2013 L1362971-2 Chrysophyceae small chrysophytes 2112000

September 13, 2013 L1362971-2 Cryptophyceae Cryptomonas sp. 68200

September 13, 2013 L1362971-2 Cyanophyceae Anabaena sp. (filament) 12400

September 13, 2013 L1362971-2 Cyanophyceae Chroococcus sp. 483600

September 13, 2013 L1362971-2 Cyanophyceae Gomphosphaeria sp. 6200

September 13, 2013 L1362971-2 Cyanophyceae Pseudanabaena sp. (filament) 24800

September 13, 2013 L1362971-2 Dinophyceae Ceratium hirundinella 3000

September 13, 2013 L1362971-2 Euglenophyceae Trachelomonas sp. 3000

October 10, 2013 L1376349-2 Bacillariophyceae Navicula sp. 1000

October 10, 2013 L1376349-2 Chlorophyceae Closterium sp. 4000

October 10, 2013 L1376349-2 Chlorophyceae Oocystis sp. (colony) 2000

October 10, 2013 L1376349-2 Chlorophyceae Planktosphaeria sp. 12400

October 10, 2013 L1376349-2 Chlorophyceae Scenedesmus acuminatus (single cells) 4000

October 10, 2013 L1376349-2 Chlorophyceae Schroederia sp. 173600

October 10, 2013 L1376349-2 Chlorophyceae Staurastrum sp. 1000

October 10, 2013 L1376349-2 Chlorophyceae Unidentified colony 99200

October 10, 2013 L1376349-2 Chrysophyceae Mallomonas sp. 18600

October 10, 2013 L1376349-2 Chrysophyceae small chrysophytes 173600

October 10, 2013 L1376349-2 Cryptophyceae Cryptomonas sp. 18600

October 10, 2013 L1376349-2 Cryptophyceae Unidentified 489800

October 10, 2013 L1376349-2 Cyanophyceae Anabaena sp. (filament) 12400

October 10, 2013 L1376349-2 Cyanophyceae Chroococcus sp. (single cells) 12000

October 10, 2013 L1376349-2 Cyanophyceae Gomphosphaeria sp. (colony) 2000

October 10, 2013 L1376349-2 Cyanophyceae Pseudanabaena sp. (filament) 1000

October 10, 2013 L1376349-2 Dinophyceae Ceratium hirundinella 4000

October 10, 2013 L1376349-2 Euglenophyceae Trachelomonas sp. 2000

October 10, 2013 L1376349-2 Fragilariophyceae Asterionella formosa (single cells) 39000
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Musselman's Lake Water Quality Data ALS Laboratories

ALS   Sample ID ML-1 ML-2T ML-2B ML1

12/10/2013   ALS ID L1335445-1 L1335445-2 L1335445-3 L1342182-1

Multiple Work Orders   Date Sampled 7/18/2013 12:00:00 AM 7/18/2013 12:00:00 AM 7/18/2013 12:00:00 AM 8/1/2013 12:00:00 AM

Analyte Units LOR Water Water Water Water

             

Total Suspended Solids mg/L 0.5 2.2 3 14.8 1

Turbidity NTU 0.1 1.11 1.06 9.22 0.66

Ammonia, Total (as N) mg/L 0.05 <0.050 <0.050 0.334 <0.050

Nitrate and Nitrite as N mg/L 0.2 <0.2 <0.2 <0.2 <0.2

Nitrate-N (NO3-N) mg/L 0.1 <0.10 <0.10 <0.10 <0.10

Nitrite-N (NO2-N) mg/L 0.1 <0.10 <0.10 <0.10 <0.10

Total Kjeldahl Nitrogen mg/L 0.15 0.61 0.6 1.12 0.72

Phosphate-P (ortho) mg/L 0.003 0.0036 0.0031 <0.0030 <0.0030

Dissolved Organic Carbon mg/L 1 6.3 6.5 5.1 7.5

E. Coli CFU/100mL 0 3 10 700 * <10 *

Aluminum (Al)-Total mg/L 0.01 - 0.015 <0.010 -

Antimony (Sb)-Total mg/L 0.0005 - <0.00050 <0.00050 -

Arsenic (As)-Total mg/L 0.001 - <0.0010 <0.0010 -

Barium (Ba)-Total mg/L 0.002 - 0.0162 0.0295 -

Beryllium (Be)-Total mg/L 0.0005 - <0.00050 <0.00050 -

Bismuth (Bi)-Total mg/L 0.001 - <0.0010 <0.0010 -

Boron (B)-Total mg/L 0.01 - 0.023 0.024 -

Cadmium (Cd)-Total mg/L 0.00009 - <0.000090 <0.000090 -

Calcium (Ca)-Total mg/L 0.5 - 25.2 39 -

Chromium (Cr)-Total mg/L 0.0005 - <0.00050 <0.00050 -

Cobalt (Co)-Total mg/L 0.0005 - <0.00050 <0.00050 -

Copper (Cu)-Total mg/L 0.001 - <0.0010 <0.0010 -

Iron (Fe)-Total mg/L 0.05 - <0.050 1.1 -

Lead (Pb)-Total mg/L 0.0005 - <0.00050 <0.00050 -

Lithium (Li)-Total mg/L 0.1 - <0.10 <0.10 -

Magnesium (Mg)-Total mg/L 0.5 - 3.6 3.61 -

Manganese (Mn)-Total mg/L 0.001 - 0.0062 1.33 -

Molybdenum (Mo)-Total mg/L 0.0005 - <0.00050 <0.00050 -

Nickel (Ni)-Total mg/L 0.001 - <0.0010 <0.0010 -

Phosphorus (P)-Total mg/L 0.05 - <0.050 0.208 -

Potassium (K)-Total mg/L 1 - 1.1 1.5 -

Selenium (Se)-Total mg/L 0.0004 - <0.00040 <0.00040 -

Silicon (Si)-Total mg/L 1 - <1.0 <1.0 -

Silver (Ag)-Total mg/L 0.0001 - <0.00010 <0.00010 -

Sodium (Na)-Total mg/L 5 - 54.2 * 51.9 * -

Strontium (Sr)-Total mg/L 0.001 - 0.111 0.135 -

Thallium (Tl)-Total mg/L 0.0003 - <0.00030 <0.00030 -

Tin (Sn)-Total mg/L 0.001 - <0.0010 <0.0010 -

Titanium (Ti)-Total mg/L 0.002 - <0.0020 <0.0020 -

Tungsten (W)-Total mg/L 0.01 - <0.010 <0.010 -

Uranium (U)-Total mg/L 0.001 - <0.0010 <0.0010 -

Vanadium (V)-Total mg/L 0.0005 - <0.00050 <0.00050 -

Zinc (Zn)-Total mg/L 0.003 - <0.0030 0.0044 -

Zirconium (Zr)-Total mg/L 0.004 - <0.0040 <0.0040 -

Chlorophyll a ug/L 0.01 1.95 1.31 30.5 3.43

             

*  = Result Qualified

IP = In Progress

Mouse-over the result to see the qualification.

Mouse-over the cell to see the current status.
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Musselman's Lake Water Quality Data ALS Laboratories

ALS

12/10/2013

Multiple Work Orders

Analyte

 

Total Suspended Solids

Turbidity

Ammonia, Total (as N)

Nitrate and Nitrite as N

Nitrate-N (NO3-N)

Nitrite-N (NO2-N)

Total Kjeldahl Nitrogen

Phosphate-P (ortho)

Dissolved Organic Carbon

E. Coli

Aluminum (Al)-Total

Antimony (Sb)-Total

Arsenic (As)-Total

Barium (Ba)-Total

Beryllium (Be)-Total

Bismuth (Bi)-Total

Boron (B)-Total

Cadmium (Cd)-Total

Calcium (Ca)-Total

Chromium (Cr)-Total

Cobalt (Co)-Total

Copper (Cu)-Total

Iron (Fe)-Total

Lead (Pb)-Total

Lithium (Li)-Total

Magnesium (Mg)-Total

Manganese (Mn)-Total

Molybdenum (Mo)-Total

Nickel (Ni)-Total

Phosphorus (P)-Total

Potassium (K)-Total

Selenium (Se)-Total

Silicon (Si)-Total

Silver (Ag)-Total

Sodium (Na)-Total

Strontium (Sr)-Total

Thallium (Tl)-Total

Tin (Sn)-Total

Titanium (Ti)-Total

Tungsten (W)-Total

Uranium (U)-Total

Vanadium (V)-Total

Zinc (Zn)-Total

Zirconium (Zr)-Total

Chlorophyll a

 

*  = Result Qualified

IP = In Progress

ML2-T ML2-B ML2-T ML2-B ML1 ML1

L1342182-2 L1342182-3 L1349219-1 L1349219-2 L1349219-3 L1355653-1

8/1/2013 12:00:00 AM 8/1/2013 12:00:00 AM 8/16/2013 12:00:00 AM 8/16/2013 12:00:00 AM 8/16/2013 12:00:00 AM 8/29/2013 12:00:00 AM

Water Water Water Water Water Water

           

1.38 7 1.5 22 1 1.6

0.71 8.37 0.87 22 0.84 0.61

<0.050 <0.050 <0.050 0.671 <0.050 <0.050

<0.2 <0.2 <0.2 <0.2 <0.2 <0.2

<0.10 <0.10 <0.10 <0.10 <0.10 <0.10

<0.10 <0.10 <0.10 <0.10 <0.10 <0.10

0.7 0.73 0.56 2.38 0.58 0.65

<0.0030 <0.0030 <0.0030 <0.0030 <0.0030 <0.0030

6.8 6 7.1 7 7.5 6.3

20 * - 2 - 8 4

0.012 - 0.016 - - -

<0.00050 - <0.00050 - - -

<0.0010 - <0.0010 - - -

0.0166 - 0.0158 - - -

<0.00050 - <0.00050 - - -

<0.0010 - <0.0010 - - -

0.022 - 0.031 - - -

<0.000090 - <0.000090 - - -

25.8 - 31.2 - - -

<0.00050 - <0.00050 - - -

<0.00050 - <0.00050 - - -

<0.0010 - <0.0010 - - -

<0.050 - 0.054 - - -

<0.00050 - <0.00050 - - -

<0.10 - <0.10 - - -

3.68 - 4.4 - - -

0.0118 - 0.0203 - - -

<0.00050 - <0.00050 - - -

<0.0010 - <0.0010 - - -

<0.050 - 0.058 - - -

1 - 1.2 - - -

<0.00040 - 0.00052 - - -

<1.0 - <1.0 - - -

<0.00010 - <0.00010 - - -

57.1 * - 52.3 * - - -

0.101 - 0.0903 - - -

<0.00030 - <0.00030 - - -

<0.0010 - <0.0010 - - -

<0.0020 - <0.0020 - - -

<0.010 - <0.010 - - -

<0.0010 - <0.0010 - - -

<0.00050 - <0.00050 - - -

<0.0030 - 0.0031 - - -

<0.0040 - <0.0040 - - -

3.44 - 1.84 - 5.78 1.32

           

Mouse-over the result to see the qualification.

Mouse-over the cell to see the current status.

J130025-WQ data-2013ALS original 2 of 4



Musselman's Lake Water Quality Data ALS Laboratories

ALS

12/10/2013

Multiple Work Orders

Analyte

 

Total Suspended Solids

Turbidity

Ammonia, Total (as N)

Nitrate and Nitrite as N

Nitrate-N (NO3-N)

Nitrite-N (NO2-N)

Total Kjeldahl Nitrogen

Phosphate-P (ortho)

Dissolved Organic Carbon

E. Coli

Aluminum (Al)-Total

Antimony (Sb)-Total

Arsenic (As)-Total

Barium (Ba)-Total

Beryllium (Be)-Total

Bismuth (Bi)-Total

Boron (B)-Total

Cadmium (Cd)-Total

Calcium (Ca)-Total

Chromium (Cr)-Total

Cobalt (Co)-Total

Copper (Cu)-Total

Iron (Fe)-Total

Lead (Pb)-Total

Lithium (Li)-Total

Magnesium (Mg)-Total

Manganese (Mn)-Total

Molybdenum (Mo)-Total

Nickel (Ni)-Total

Phosphorus (P)-Total

Potassium (K)-Total

Selenium (Se)-Total

Silicon (Si)-Total

Silver (Ag)-Total

Sodium (Na)-Total

Strontium (Sr)-Total

Thallium (Tl)-Total

Tin (Sn)-Total

Titanium (Ti)-Total

Tungsten (W)-Total

Uranium (U)-Total

Vanadium (V)-Total

Zinc (Zn)-Total

Zirconium (Zr)-Total

Chlorophyll a

 

*  = Result Qualified

IP = In Progress

ML2T ML2B ML1 ML2-T ML2-B ML1

L1355653-2 L1355653-3 L1362971-1 L1362971-2 L1362971-3 L1376349-1

8/29/2013 12:00:00 AM 8/29/2013 12:00:00 AM 9/13/2013 10:00:00 AM 9/13/2013 10:30:00 AM 9/13/2013 11:10:00 AM 10/10/2013 11:50:00 AM

Water Water Water Water Water Water

           

1.4 11.4 2 2.8 6.8 <2.0

0.65 7.74 0.85 0.71 4.13 0.5

<0.050 <0.050 <0.050 <0.050 0.145 0.083

<0.2 <0.2 <0.2 <0.2 <0.2 <0.2

<0.10 <0.10 <0.10 <0.10 <0.10 <0.10

<0.10 <0.10 <0.10 <0.10 <0.10 <0.10

0.54 1.29 0.6 0.62 0.81 0.76

<0.0030 <0.0030 0.0032 <0.0030 0.0032 <0.0030

6.4 7.9 8.8 6.7 8 5.3

3 - 45 24 - 10

0.011 - - 0.011 - -

<0.00050 - - <0.00050 - -

<0.0010 - - <0.0010 - -

0.015 - - 0.0168 - -

<0.00050 - - <0.00050 - -

<0.0010 - - <0.0010 - -

0.021 - - 0.025 - -

<0.000090 - - <0.000090 - -

22.5 - - 25.3 - -

<0.00050 - - <0.00050 - -

<0.00050 - - <0.00050 - -

<0.0010 - - <0.0010 - -

<0.050 - - <0.050 - -

<0.00050 - - <0.00050 - -

<0.10 - - <0.10 - -

3.4 - - 3.78 - -

0.0062 - - 0.0156 - -

<0.00050 - - <0.00050 - -

<0.0010 - - <0.0010 - -

<0.050 - - <0.050 - -

<1.0 - - <1.0 - -

0.00083 - - <0.00040 - -

<1.0 - - <1.0 - -

<0.00010 - - <0.00010 - -

57.4 * - - 60.3 * - -

0.0905 - - 0.0982 - -

<0.00030 - - <0.00030 - -

<0.0010 - - <0.0010 - -

<0.0020 - - <0.0020 - -

<0.010 - - <0.010 - -

<0.0010 - - <0.0010 - -

<0.00050 - - <0.00050 - -

<0.0030 - - <0.0030 - -

<0.0040 - - <0.0040 - -

1.13 - 0.201 0.389 - 0.691

           

Mouse-over the result to see the qualification.

Mouse-over the cell to see the current status.
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Musselman's Lake Water Quality Data ALS Laboratories

ALS

12/10/2013

Multiple Work Orders

Analyte

 

Total Suspended Solids

Turbidity

Ammonia, Total (as N)

Nitrate and Nitrite as N

Nitrate-N (NO3-N)

Nitrite-N (NO2-N)

Total Kjeldahl Nitrogen

Phosphate-P (ortho)

Dissolved Organic Carbon

E. Coli

Aluminum (Al)-Total

Antimony (Sb)-Total

Arsenic (As)-Total

Barium (Ba)-Total

Beryllium (Be)-Total

Bismuth (Bi)-Total

Boron (B)-Total

Cadmium (Cd)-Total

Calcium (Ca)-Total

Chromium (Cr)-Total

Cobalt (Co)-Total

Copper (Cu)-Total

Iron (Fe)-Total

Lead (Pb)-Total

Lithium (Li)-Total

Magnesium (Mg)-Total

Manganese (Mn)-Total

Molybdenum (Mo)-Total

Nickel (Ni)-Total

Phosphorus (P)-Total

Potassium (K)-Total

Selenium (Se)-Total

Silicon (Si)-Total

Silver (Ag)-Total

Sodium (Na)-Total

Strontium (Sr)-Total

Thallium (Tl)-Total

Tin (Sn)-Total

Titanium (Ti)-Total

Tungsten (W)-Total

Uranium (U)-Total

Vanadium (V)-Total

Zinc (Zn)-Total

Zirconium (Zr)-Total

Chlorophyll a

 

*  = Result Qualified

IP = In Progress

ML2-T ML2-B

L1376349-2 L1376349-3

10/10/2013 12:40:00 PM 10/10/2013 1:35:00 PM

Water Water

   

<2.0 <2.0

0.89 1.11

0.092 0.079

<0.2 <0.2

<0.10 <0.10

<0.10 <0.10

0.57 0.57

<0.0030 <0.0030

<1.0 <1.0

68 -

<0.010 -

<0.00050 -

<0.0010 -

0.0161 -

<0.00050 -

<0.0010 -

0.022 -

<0.000090 -

25.3 -

<0.00050 -

<0.00050 -

<0.0010 -

<0.050 -

<0.00050 -

<0.10 -

3.49 -

0.0217 -

<0.00050 -

<0.0010 -

<0.050 -

1 -

0.00045 -

<1.0 -

<0.00010 -

50.8 * -

0.0957 -

<0.00030 -

<0.0010 -

<0.0020 -

<0.010 -

<0.0010 -

<0.00050 -

<0.0030 -

<0.0040 -

1.82 -

   

Mouse-over the result to see the qualification.

Mouse-over the cell to see the current status.
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Appendix B.  Photographs of Dominant Aquatic Plants 
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Ceratophyllum demersum (Coontail) 
 

 
 
Chara (Muskgrass) 
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Elodea canadensis  

 
 
Lemna trisulca (Duckweed) (foreground) 
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Myriophyllum spicatum (Eurasian water-milfoil) 
 

 
 
Potamogeton pusillus (slender pondweed) 
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Potamogeton zosteriformis (flat-stemmed pondweed) 
 

 
 
Vallisneria Americana (water celery) 
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Zosterella dubia (water star-grass/mud plantain) 
 

 
 


