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Executive Summary 

Brady Lake Assessment 

In recent years, the Brady Lake community has been affected by high water levels from beaver dam 

construction. Shoreline encroachment and infrastructures have been impacted and concerns regarding the health 

of the lake have been raised by concerned association members.  The purpose of this assessment conducted in 

the fall of 2011 was to assess the health of Brady Lake and provide recommendations regarding the changing 

water levels and the use of Brady Lake.  Results from water chemistry sampling, zooplankton and benthic 

macroinvertebrate sampling, invasive and species at risk observations, and shoreline observations revealed: 

× Based on historical phosphorus data and current water clarity, the lake was determined to be 

mesotrophic; 

× Based on the Benthic Simple Biotic Index assessment, an average value of 53 was determined, 

indicating that the quality of the lake is deemed fair;  

× Although there were no invasive species discovered, monitoring and preventive measures are strongly 

recommended as spiny water flea and other invasive species have been discovered in nearby lakes; 

× Shoreline development has been noted to cover more than half of Brady Lake and is playing a 

significant role in degrading the overall water quality through anthropogenic processes (use of 

motorboats);  

× It is strongly recommended that the shoreline be "naturalized" by planting native plants 

× Based on the secchi disc readings, there is a high amount of nutrient loading around the shoreline which 

can affect species diversity, water clarity and quality 

× Evidence of beaver were directly observed in two wetland systems by Anson Creek and by Brady Lake 

Road from  the water level fluctuation  marks on culverts; 

× Based on the Kai-Ning (2009) model, the zooplankton population density determined that the lake were 

at healthy levels; 

× Further monitoring is required to conclude the overall state of the lake 



ii 
 

 

Acknowledgements 

 

We would like to offer our gratitude and appreciation to various people who helped in making this 

assessment possible.  Special thanks to our project mentors Julie Dalgard and Kevin Knight of the Brady Lake 

Ratepayers Association for initiating the study and providing contacts. Thank you to Sara Kelly, Barb Elliot and 

Bev Wiseman from Fleming College for their time and guidance.  Thank you to Dorset Environmental Science 

Center, Ron Ingram from Ministry of the Environment, and Gerry Moraal from the Ministry of Natural 

Resource office in Minden for contributing data for this study.  Thanks to Derrick Laplante from the 

Biocommons, Kassandra Medeiros and Rosanna Los from the Ecosystem Management Tech. Room for 

providing the required equipment and storing our samples.  Furthermore, we would also like to thank Caron 

Harisson for providing a warm place to stay during our site visit.  Also, special thanks to Gord Alford and his 

wife for offering a tour of the Brady Lake community, their boat and for their overall hospitality.  Overall, thank 

you to the Brady Lake community for their cooperation.          



iii 
 

Table of Contents 

Executive Summary 

Acknowledgements. ............................................................................................................................................. i 

1.0 Introduction........................................................................................................................................ .......... 1 

1.1 State of Research............................................................................................................................................ 1 

1.2 Brady Lake Morphology.................................................................................................................. .............. 2  

1.3 Brady lake Sampling Sites ............................................................................................................................. 3 

2.0 Brady Lake Water Chemistry.......................................................................................................... .......... 6 

2.1 Introduction.................................................................................................................................... ................ 6 

2.2 Materials and Methods............................................................................................................... .................... 7 

2.3 Results.......................................................................................................................................... .................. 8 

2.4 Discussion..................................................................................................................................... ................. 11 

3.0 Brady Lake Zooplanktonic Communities................................................................................... .............. 16 

3.1 Introduction............................................................................................................................... ..................... 16 

3.2 Materials and Methods................................................................................................................ ................... 17 

3.3 Results....................................................................................................................................... ..................... 19 

3.4 Discussion..................................................................................................................................... ................. 20 

4.0 Brady Lake Benthic Macroinvertebrates....................................................................................... ........... 22 

4.1 Introduction..................................................................................................................................... ............... 22 

4.2 Materials and Methods................................................................................................................. .................. 22 

4.3 Results................................................................................................................................................ ............ 24 

4.4 Discussion............................................................................................................................................ .......... 25 

5.0 Brady Lake Species at Risk and Invasive Species............................................................................ ........ 25 

5.1 Introduction...................................................................................................................................... .............. 25 

5.2 Material and Methods.................................................................................................................... ................ 27 

5.3 Resultséééééééééééééééééééééééééééééééééééé. ........... 27 

5.4 Discussion ...................................................................................................................................................... 28 



iv 
 

6.0 Brady Lake Shoreline Development........................................................................................................... 29 

6.1 Introduction .................................................................................................................................................... 29 

6.2 Material and Methods .................................................................................................................................... 30 

6.3 Results ............................................................................................................................................................ 30 

6.4 Discussion ...................................................................................................................................................... 31 

7.0 Brady Lake Beaver Management Issues.................................................................................................... 32 

7.1 Introduction .................................................................................................................................................... 32 

7.2 Materials and Methods ................................................................................................................................... 32 

7.3 Results ............................................................................................................................................................ 33 

7.4 Discussion ...................................................................................................................................................... 33 

8.0 Conclusions and Recommendations ........................................................................................................... 34 

9.0 List of Tables ................................................................................................................................................ 38 

10.0 List of Figures ............................................................................................................................................. 39 

11.0 Glossary ...................................................................................................................................................... 40 

12.0 List of References ....................................................................................................................................... 43 

13.0 Appendices .................................................................................................................................................. 46 

13.1 Appendix A: Water Chemistry Data Sheets ................................................................................................ 47 

13.2 Appendix B: Zooplankton Data Sheets........................................................................................................ 52 

13.3 Appendix C: Benthic Data Sheets................................................................................................................ 71 

13.4 Appendix D: MNR and MOE Sheets .......................................................................................................... 76 

13.5 Appendix E: Project Plan and Health and Safety Plan ................................................................................ 83 

13.6 Appendix F: Meeting Minutes ..................................................................................................................... 90 

13.7 Appendix G: Literature Reviews ............................................................................................................... .101 

 

 



1 
 

1.0    Introduction 

1.1.    State of Research 

The Brady Lake Ratepayers Association (BLRA), a cottager owners association for Brady Lake, 

proposed that a lake assessment be completed by students of Fleming College as their water quality, 

shoreline encroachment and infrastructures are being impacted by trending high water levels from beaver 

dam construction.  BLRA's ultimate goals are to assess the overall health of the lake, educate the Brady Lake 

community on its fragile ecosystem and obtain some recommendations in managing their lake.  In order to 

assess the state of the lake, a variety of ecological parameters were examined including water chemistry, 

benthic macroinvertebrates (BMI), zooplankton community, species at risk, invasive species, beaver habitat, 

and shoreline development.  

In order to conduct the lake assessment, Fleming College has: 

ü Sampled water chemistry data and compared to historical results; 

ü Carried out benthic inventories and conducted a Simple Biotic Index assessment; 

ü Conducted zooplankton inventories and analyzed data through the Kai-Ning (2009) species 

abundance assessment tool ; 

ü Observed for aquatic invasive species and species at risk; 

ü Observed beaver habitat; 

ü Observed shoreline development; 

It is important to note that this assessment is limited to observations to the state of the lake during 

October 2011, the time of data collection.  Due to the inadequate amount of historical data, it is not feasible 

to draw extensive conclusions about the state of the lake at this time.  This assessment does provide Brady 

Lake Ratepayers with a baseline data set and offers insights and recommendations for continued assessments 

of Brady Lake in the future. 

 



2 
 

1.2.    Brady Lake Morphology 

Brady Lake (45Á03ô N,  78Á 49ô W) is a small, shallow, spring fed lake located in the Minden Hills on 

the Precambrian Shield, part of the Lake Huron drainage basin (Wu, 1991).  The physiography of the 

surrounding area is characterised by thin layers of glacial deposited till overlying with granite bedrock ridges 

(Chapman and Putnam, 1984).  Because granite bedrock does not act as a sulphuric and  nitric acid  neutralizer 

or "buffer", Brady Lake is more vulnerable to acidification (from acid rain) compared to other south eastern 

Ontario lakes exposed to limestone and calcium  (Environment Canada, 2010).  The acidification of Brady Lake 

could eradicate the biodiversity of the lake, thus, impacting recreational activities.  Furthermore, the 

physiography surrounding the lake (high elevations with exposed granite bedrock and shallow soils) increases 

Brady Lake's susceptibility to water quality degradation from high rates of surface water run-off.  Pollutants and 

nutrients are usually removed through infiltrating into soils by water, however, Brady Lake lack these water 

cleansing characteristics (flat surface and deep soils).  Instead, precipitation collects pollutants and nutrients and 

flow directly into the lake.   

From our results, Brady Lake is considered to be in its mesotrophic state, as it is in its intermediate level 

of productivity and is characterised as having medium levels of nutrients and moderate growth of algae and 

aquatic life.  Mesotrophic lakes are characterised usually with clear water and is usually the most biologically 

diverse type of lake, generally supporting a higher number of rare species (Pernthaler et al., 2004).  The lake 

receives inflow from surface water runoff, six inflow inlets, including one from a small lake situated to the 

north, and discharges from its south-western basin into Anson Creek.  The physical properties of the lake are 

shown in Table 1.  

Table 1: Physical Properties of Brady Lake (Wu, 1991)   

Surface Area (ha)     89.4 Perimeter (km)      9.06 

Elevation (masl)     328 Maximum Depth (m)    11.6 

Mean Depth (m)    4.6 Watershed area (km2)  15.1 
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Brady Lake is characterised by four basins (Figure 1).  The south-western basin is the shallowest part of 

the lake (approximately 5 m), characterised with a small island, an inflow and outflows into Anson Creek.  The 

large basin is the largest and deepest (approximately 11 m) section of the lake, where it recharges from a small 

unnamed lake to the north. The central basin is at the centre of the channel, relatively shallow (approximately 6 

m) and recharges from an inflow located just to the northeast of the basin.  The northern tip basin varies from 6 

to 9 metres deep and is characterised as being narrow with three separate inflows and currently exposed to the 

least shoreline development (Wu, 1991). 

1.3.    Brady Lake Sample Sites   

  Some historical data (water chemistry and secchi disc readings) were collected from all basins, except 

for the small south-western basin (Wu, 1991).  For the purpose of this assessment, as shown in Figure 2, water 

chemistry and zooplankton were collected from three sites: the shallow south-western basin, the large basin, and 

the northern tip with fewest developments.  Benthics were collected from four sites: off the island in the south-

western basin, in the central basin, northern tip basin, and in the outlet.  Furthermore, beaver habitat was 

observed by an inflow wetland system indicated by a red star in Figure 2. 
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            Figure 1:  Brady Lake Morphology (Wu,1991) 
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Figure 2:  Map of Benthic, Zooplankton, Beaver and Water Chemistry Sampling Plots (Canadian Atlas, 2011) 
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2.0    Brady Lake Water Chemistry 

2.1.   Introduction 

The water quality of a lake is dependent on the water that supplies the lake and thus is influenced by 

landscape elements such as soil type and surficial and bedrock geology (Hynes, 1975). Changes in water 

chemistry over time are generally attributed to soil development and terrestrial primary succession. For 

example, the chemical and physical weathering of the parent bedrock and mineral soils following glaciation of a 

given catchment provides the initial pulse of cations and anions. As a result, younger lakes have a higher 

concentration of base ions and therefore higher alkalinity and buffering capacity (Engstrom and Fritz, 2006). 

Over time, as the upper horizons of the soil profile develop, due in part to terrestrial succession, organic matter 

decomposes, forming organic acids such as carbonic acid (H2CO3) and inorganic acids such as sulfuric acid 

(H2SO4) and nitric acid (HNO3) (Buckman et al., 1970). The accumulation of these acids in addition to humic 

and fulvic acids produced from decaying organic matter in catchment soils, can make surrounding water bodies 

more acidic (Buckman et al., 1970).  Since most of the Great Lakes-St. Lawrence Forest Region (where Brady 

Lake is located) is underlain by Precambrian shield and acidic nutrient poor soil, surface waters in this region 

are typically oligotrophic (Brunberg et al., 2002), which is a general indication of limited nutrients and high 

concentrations of dissolved oxygen (Mackie, 2004), thus influencing the species diversity found in these lakes. 

In addition to agricultural pursuits, shoreline cottage development can also potentially impact water quality 

(Hendry and Leggatt, 1982). However, there is no significant study on Brady Lake with respect to biological 

and ecological processes, there is however, some water quality data recorded by the Ontario Ministry of Natural 

Resources between 1968 and 1985 as part of a fish stocking program, and also by the Ministry of Environment 

through the Lake Partner Program from 1980 to 2010.  In addition, there is only one report that was published in 

1991 (Wu, 1991) on Brady Lake, though the report mainly focused on simulation modelling (land use model to 

predict the lake carrying capacity) rather than the biological and chemical parameters of the lake. 
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To determine the current conditions of Brady Lake, some water quality indicators were studied to 

understand the impacts of land-use activities on lake water quality. It will facilitate the Brady Lake Ratepayer's 

Association (BLRA) to make informed decisions in future water quality monitoring activities for managing and 

protecting water resources in Brady Lake and can also to contribute as to sustainable management of the greater 

watershed. Along with zooplankton and benthic community data, water chemistry results will help BLRA 

understand the biological and chemical attributes of Brady Lake, which will help recognize the complex 

relationships between environmental and recreational stressors of Brady Lake and its surrounding habitat. 

 

2.2.   Materials and Methods 

 A variety of tools were utilized in recording the physiochemical parameters of Brady Lake during field 

collection.  The tools include: a GPS, measuring tap, a fish finder, a secchi disk, a Kemmerer water sampler, a 

DO meter (YSI Model 55), a conductivity meter (YSI Model 30), and a pH meter (Accumet Ap61).  

Three sampling sites were selected based on apparent lake nutrient pathways (inflow, out flow, run off, 

etc) and water depth of the lake (Figure 2). Site - 1 was located at the outlet of Anson Creek of south-western 

basin. This site is relatively shallow and is where the lake nutrients are discharged. Site -2 was located at the 

deepest part of the lake in the large basin. Site -3 was located in the northern tip basin, where nutrient loading 

were at maximum levels, as there are inlets that flow into the basin (Wu 1991). These sampling locations have 

helped in obtaining representative water chemistry samples at Brady Lake.  For the purpose of future sampling, 

the coordinates of the sampling sites are listed in the Table 2. 

Table 2: Coordinates and Water Depths  

 

Site Name Coordinates 

Site 1 N45
0
2.89' and W78

0
50.05' 

Site 2 N45
0
3.75' and W78

0
49.27' 

Site 3 N45
0
4.21' and W78

0
48.71' 

 

Water depth was measured manually at each site and verified with the depth function on the fish finder. For 

water quality analysis, temperature (°C), pH, dissolved oxygen (DO, mg/L) and conductivity (µS/cm) were 

5 
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measured at each site. Dissolved oxygen and temperature was obtained using a DO meter, conductivity was 

acquired using a conductivity meter, and pH was recorded using a pH meter. At each station, the above 

mentioned water quality parameters were measured at each one meter interval up to one meter above the bottom 

of the lake.  All the above water quality parameters were measured directly using a long cable attached to the 

respective parameter's probe. However, the cable only measured six meters. Therefore, the water samples were 

collected using the Kemmerer water sampler for depths beyond six metres and measured on the boat while 

using the respective probes.  Furthermore, water clarity was measured using a secchi disc to determine the 

nutrient enrichment status of the lake (Mackie, 2004).   The mean of water quality parameters was expressed as 

Mean ± SEM, where SEM is standard error of mean.   The graphs were plotted for all the water quality 

parameter and patterns were compared within different sampling sites 

Many different modelling tools have been developed in order to assess freshwater fish productivity, and the 

simplest one is called the morphoedaphic index (MEI). First developed by Ryder (1965), MEI provides an 

estimate of the productivity potential of a fishery by relating productivity to trophic status. Generally, the 

relationship equates to the harder the water, the greater the fish productivity (Ryder 1965).  The MEI is the 

measure of the concentration of total dissolved solids to the mean depth of water in metres. The MEI is 

calculated by using the formula - MEI = 0.65 x conductivity/z, where conductivity in µS/cm and z is mean 

water depth of the lake (for details see Appendix A). 

In this study, historical data was collected from different sources to study the historical changes in water 

quality. Historical water quality data was collected through Dorset Environmental Science Centre from the 

Ontario Ministry of Environment (MOE) and from the Ontario Ministry of Natural Resources (MNR) 

(Appendix D). 

2.3.   Results 

The water depth in the three sampling sites ranged between 5.1 and 10.4 meters (Table 3).  The Secchi 

disc reading (water clarity) observed in the three sites were 2.30, 6.97 and 1.63 m respectively. 
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Table 3: Water Depth, Water Clarity, and Morphoedaphic Index  

 

Site Name Water depth (m) 
Water clarity (Secchi 

disc reading) (m) 
Morphoedaphic index (MEI) 

Site 1 5.1 2.30 3.87 

Site 2 10.4 6.97 3.91 

Site 3 7.2 1.63 2.75 

 

At Site 1, water temperatures remained consistent throughout the water column, however, a thermocline was 

observed in both Site 2 and Site 3 at the 3m and 4m depth respectively (Figure 3).  A thermocline is a layer 

within a lake in which temperature changes rapidly.   Factors that affect the depth and thickness of a 

thermocline include seasonal weather variations, latitude, and local environmental conditions, such as tides and 

currents.  

Furthermore, the pH changed dramatically throughout the water column at both Site 1 and Site 3, which was 

6.24±0.02 and 6.60±0.01 respectively.  At Site 2 however, pH sharply increased up to 6.92 at the 7 m depth and 

decreased afterwards in the deeper depths (Figure 4).  Dissolved oxygen levels did not change dramatically 

throughout the water column in Site 1 and was recorded at 10.22±0.14 mg/L. The dissolved oxygen decreased 

at the 4 m depth and again decreased after the 6 m depth in Site 2. A similar pattern of dissolved oxygen profile 

was observed in Site 3 (Figure 5). On average, the lowest oxygen level throughout the water column was 

observed in Site 2 (9.29±0.17 mg/L), and then in Site 3 (9.36±0.36 mg/L).  The conductivity in all sites 

throughout the water column was steady (neither increasing nor decreasing).  At the 4 m depth the conductivity 

fluctuated, but ultimately declined sharply down to 2 m from the lake bottom.  Furthermore, the average 

conductivity observed in the three sites was 30.4±0.0, 30.7±0.3 and 30.5±0.2 respectively.  In addition, the 

overall temperature, pH, dissolved oxygen and conductivity in the lake were 15.0±0.1
0
C, 6.49±0.01, 

20.02±0.27mg/L and 30.5.1±0.1 µg/L respectively (Appendix A).  Historical data shows that pH has not 

changed significantly over three decades but calcium levels have significantly decreased and inversely total 

phosphorus has significantly increased (Figure 6). The morphoedaphic index (MEI) is 3.87, 3.91 and 2.75 in 

Site 1, Site 2 and Site 3 respectively and the overall MEI of Brady Lake is 3.51±0.22 (Table 3).   



10 
 

 

     Figure 3: Temperature Profile 

 

   Figure 4: pH Profile 
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   Figure 5:  Dissolved Oxygen Profile 

  

  

 

          Figure 6: Historical Water Quality Profile (Source: MNR and MOE) 

 

2.4.  Discussion 

Brady Lake is a stratified lake as both Site 2 and Site 3 show a prominent thermocline  (layer  within a lake, 

in which temperature changes  rapidly) (Figure 3).  Below the thermocline, the hypolimnion, is the dense 

bottom layer of water in a thermally-stratified lake.  In our study, we found that the hyplimnion begins at a 
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depth of 8 m in the large basin (deepest basin) (Site 2) and 6 m in the central basin (Site 3). The hypolimnion is 

typically the coldest layer of a lake during the summer and the warmest layer during winter.  As field work was 

undertaken in the first week of October, relatively cool temperatures were observed in Brady Lake. The 

hypolimnetic dissolved oxygen concentration in lakes is a critical factor to predict the environmental stressors 

in lake ecosystems (Peterson et al., 2009).  For instance, many fish species cannot survive in low dissolved 

oxygen concentrations. The hypolimnetic dissolved oxygen concentration in Brady Lake at Site 2 (below 6 m) 

and Site 3 (below 8 m) were 6.20 mg/L and 4.09 mg/L respectively, which are either below the below or near 

the critical level for lake water (>5-8 mg/L) as per Provincial Water Quality Objectives (PWQO) (MOE, 1994). 

Comparatively very low water clarity (Secchi disk reading) was observed in Site - 3 (Table 3) might be 

resulting from high amounts of nutrient loading around the shore line (Figure7) and inflow of sediments to this 

site due to soil erosion (Figure 8). These observations were also supported by the highest MEI (2.75) in this site 

which is an indicator of lake productivity in terms of trophic status.   Moreover, the historical data at Site 2 

indicates that the clarity of Brady Lake is increasing over time (Figure 9), indicating that the primary 

productivity of Brady Lake might be declining (as water clarity increased 2.4 times between year 1968 and 

2011).  Further comprehensive studies including additional water quality indices (like phosphorus, chlorophyll 

a, etc.)  are critical to build a conclusive assessment. 

 

Figure 7:  Nutrient Loading (in the form of organic debris) from Site ï 3 (Goetz, 2011) 
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Figure 8: Shoreline Erosion (Goetz, 2011) 

 

 

        Figure 9: Historical Secchi Disk Reading Site - 2  (MNR, 2011) 

 

The mean pH (6.49±0.01) in Brady Lake is low but just within the acceptable ranges for fish and other 

aquatic organisms and is within the ranges of the Provincial Water Quality Objectives (PWQO) which is 

determined to be between 6.5 - 8.5 (MOE, 1994).  The low pH value in Brady is very common in lakes on 

Canadaôs Precambrian Shield.  In particular, the Muskoka/Haliburton, Parry Sound and Algonquin regions 

consisting of quartzite or granite based geology of limited ñbufferingò or neutralizing capabilities (Meranger et 
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al., 1983).  Thus, like other lakes situated on the Precambrian Shield, Brady Lake is vulnerable to acidification 

(from acid rain) as it lacks "buffering" capabilities. 

The maximum depth (10.4 m) and mean dissolved oxygen (9.50±0.27 mg/L) in Brady Lake is within the 

lowest acceptable ranges for fish (5.0 - 8.0 mg/L; MOE, 1994; CCME, 1999), except at the hypolimnion (at 7 m 

depth) in Site 3 (Figure 3).  The very low oxygen level (4.09  mg/L) near the bottom of  Site - 3 could be due to 

excessive nutrient loading (like organic debris, etc.) and other anthropogenic stressors like hydrogen sulphide 

(H2S), etc.  High concentrations of H2S are well reported in the hypolimnion waters in many thermally stratified 

lakes (Reynolds and Haines 1980; Hoque et al., 1994).  On the other hand very high dissolved oxygen at Site - 3 

measured at 1 m depth might be due to mixing of water through shoreline runoff and water inflow in this site. 

Many fish, like Muskellunge need to live in the hypolimnion during the summer. The hypolimnion is isolated 

from the atmospheric and photosynthetic supply of oxygen from the time when the lakes become thermally 

stratified during spring until recirculation or turnover takes place in the fall season.  The hypolimnion must 

contain enough dissolved oxygen in order to sustain Muskellunge or similar species over the summer.  When 

nutrient enrichment takes place as a result of shoreline development, the algae production-decomposition cycle 

depletes the oxygen in the deep waters of the hypolimnion.  Low concentrations of dissolved oxygen in bottom 

waters impair the Muskellunge respiration, and therefore its metabolism, which compromises its ability to 

swim, feed, grow and avoid predators.  Studies have shown that juvenile Muskellunge need at least 6-8.4 mg/L 

dissolved oxygen of water and this level is also sufficient for natural recruitment (Farmer et al., 2004).  The 

dissolved oxygen and pH in Brady Lake (all three study sites) are within the range of Provincial Water Quality 

Objectives (PWQO) (dissolved oxygen: >5-8 mg/L; pH: 6.5-8.5) (MOE, 1994).  But recently the Ontario 

Ministry of Natural Resources has set new criterion for dissolved oxygen at 7 mg/L for the protection of lake 

trout habitat and other similar species (MOE, 2010).   

Even though the mean water clarity readings (Secchi disk reading) in Site 1 and Site 3 were at a 

mesotrophic level (2-4 m), Site 2 showed a very clear reading (6.97 m), which is at oligotrophic levels (4-8 m) 

(Carlson, 1977).  It indicates that the productivity of Brady Lake could be low.  The finding is also supported by 

the MEI data (3.51), which is below for most of the lake fishes as many Muskellunge prefer MEI values ranging 
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from 8-10.  In addition, historical data demonstrated that the water clarity increased over time, as Wu (1991) 

reported that the secchi disk reading near Site - 2 ranged between 2.3 and 3.4 m in the period of 1973-1989, 

compared to our observation (6.97).  This increased water clarity suggests that the lake is not productive enough 

to support Muskellunge populations as well as other fish populations.  In 2009, Keller and Stover (residents of 

Brady Lake) also recognized that water quality was deteriorating for a few years, which is most likely blamed 

from poor water inflow (Appendix D).  

 Based on historical data, the biomass of Chlorophyll a reported to be between the range of 3.9 to 4.5 µg/L 

in the period between 1986-1989 (Wu 1991), which indicated that the lake was almost at the oligotrophic level. 

Al though Chlorophyll a biomassô (a significant indicator of lake water quality and primary productivity in terms 

of phytoplankton, Boyer et al., 2009) were not collected; Wu (1991) suggest that Chlorophyll a biomass could 

decrease over time (Wu,1991). 

Historical data reveals that the total phosphorus of Brady Lake has been within the range 10 - 12.8 mg/L 

(which was monitored between 1996 and 2009) (Figure 6), which confirms that Brady Lake can be considered a 

mesotrophic (moderately nutrient-enriched) lake based the Ontario's inland lakes on Precambrian Shield tropic 

level status (MOE, 2010; see Table 4).  Wu (1991) also categorized Brady Lake as a mesotrophic lake (based on 

secchi disk reading - 2-5 m; chlorophyll a - 2-10 µg/L; and total phosphorus - 10-18.5 µg/L).  In addition, based 

on historical data, there is a trend of increasing total phosphorus in Brady Lake (Figure 6).  Phosphorus is an 

essential nutrient that is supplied to aquatic systems from natural sources such as rainfall and overland runoff, 

and as well as human sources.  Unlike most aquatic pollutants, phosphorus is not toxic to aquatic life.  High 

levels of phosphorus can set off a chain of events that can have serious repercussions on the aesthetics of 

recreational waters and on the health of coldwater fisheries. The main human sources of phosphorus to many 

recreational inland lakes are sewage systems from houses and cottages. Furthermore, clearing the shoreline of 

native vegetation, using fertilizers, storm water runoff and increasing soil erosion all contribute to increasing 

phosphorus levels in lakes.   
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Table 4: Total Phosphorus and Secchi Disk Reading, and their Relationship to Trophic Status 

Trophic status Total Phosphorus (µg/L)
1
 Secchi Disk Reading (m)

2
 

Oligotrophic <10 4 - 8 

Mesotrophic 10-20 2 - 4 

Eutrophic >20 0.5 - 2 

1
 MOE, 2010; 

2 
Clarson, 1977 

Excessive phosphorus loading in a lake promotes the growth of algae, sometimes leading to algal 

blooms on or beneath the lakeôs surface. The proliferation of algae reduces water clarity, which lessens a lakes 

aesthetic appeal.  In addition, more serious effects may occur after the algae die and settle to the bottom.  When 

this takes place, bacteria levels increase in order to decompose the algae and therefore consuming more oxygen 

in the water column.  The increasing trend of historic total phosphorus level (Figure 6) need to be considered 

cautiously in future Brady Lake water quality monitoring.  If the increasing trend of total phosphorus continues 

at the same rate in the future, it could have negative effects on the primary productivity of Brady Lake 

3.0   Brady Lake Zooplanktonic Communities 

3.1.   Introduction  

Zooplankton are microscopic animals which live in the water column of both fresh water lakes and 

rivers and salt waters (EPOCA Arctic, 2010).  They are critical to the health of aquatic ecosystems.  They 

represent a large portion of the biotic material found within a lake system (Indiana Clean Lake Program, 2010).  

The majority of zooplankton are microscopic, and they reproduce asexually.  They are a main source of food for 

fish in the lakes.  Zooplankton are also responsible for eating algae from the lake, which may otherwise begin to 

take over (Indiana Clean Lake Program, 2010).    

There are four main groups of Zooplankton; Rotifera, Cladocera, Copepoda, and Ostracoda.  There are 

approximately 2,000 species of rotifers that live in fresh water (The Marine Conservation Society, 1998).  The 

majority of these species are non-motile.  The Cladocerons are plantonic crustaceans. They have two antennas 

and swim using their second one.  They eat phytoplankton and other zooplankton (The Marine Conservation 

15 
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Society, 1998).  Copepods make up the majority of the macrozooplankton.  They swim using an antenna and the 

front part of their bodies (The Marine Conservation Society, 1998).  Ostracoda have a round flat body which is 

protected by a shell like covering.  Although these organisms are tiny, they can tell us a lot about the state of the 

lake, making them perfect study specimens for Brady Lake.   

3.2.   Materials and Methods   

  Zooplankton were collected at the same three sites where water chemistry data was obtained.  A 

Wisconsin Plankton Net was used to collect the Zooplankton (Figure 10).  The net was composed of 250 micron 

mesh, and a small bottle on the end which contains the sample. 

 

Figure 10: Demonstrating the use of the Wisconsin Plankton Net at Brady Lake (Goetz, 2011) 

 To retrieve samples, the plankton net was dropped down at 1m intervals.  One meter intervals were 

chosen because this is the first year Brady Lake has been sampled, and it is necessary to obtain thorough results 

for all depth of the lake. The rope attached to the net had meter markings labelled on it, this ensures accuracy 

when dropping the net.  Once at the desired depth, the net was brought back up and a sample was captured in 

the bottle.  The sample was then poured out of the bottle attached to the net and placed into a sample bottle.  

The sample bottle was then preserved with 70% isopropyl alcohol.  The Wisconsin net was rinsed with distilled 
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water between hauls to avoid sample contamination.  This process was repeated for each meter at each of the 

three sites.  

The Kai-Ning (2009) processing method was used.  The Zooplankton samples were rinsed of the alcohol 

using distilled water.  Ethanol 70% was used to rinse them into a jar.  Once in the jar, approximately 2mL of 

glycerine and 1mL or Iodine was added.  The iodine stains the Zooplankton and makes them more visible under 

a microscope.  The glycerine was added to help preserve the samples.  

 Using an eyedropper, 1mL of the sample was taken out and added to a Sedgewick-Rafter Counting Cell.  

A glass cover slip was then carefully placed over the cell to avoid air bubbles from occurring.  The cell was then 

placed on a compound microscope and 10x power was used.  Four transects were used randomly chosen on the 

cell (Figure 11).  Any zooplankton observed were broken down into the four taxa; Rotifers, Cladocera, 

Copepoda, and Ostracoda they were then recorded on a data sheet (Available in Appendix C). 

 

Figure 11: Enumeration of Zooplankton in Lab (Goetz, 2011) 

The relative abundance of Zooplankton was calculated once all the samples were enumerated.  The 

abundance was calculated by diving the number found in each taxa by the total found per sample.  This number 

was then multiplied by 100 to get the percent.  This process was then carried out for the remaining samples. 
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3.3.   Results 

Of all the taxa, there was an abundance of both Copepods and Rotifers.  There were very few Cladocera 

and Ostracodas.  Figure 13-Figure 15 shows the overall trends in zooplankton for each of the three sites.  Figure 

12 shows the relative total abundance of Zooplankton at site 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12: Relative Abundance of Zooplankton (Site 2) 
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Figure 13: Zooplankton Results Site 1           Figure 14: Zooplankton Results Site 2 

          

 

 

 

 

Figure 15: Zooplankton Results Site 3 

3.4.   Discussion 

 Brady Lake displayed a wide variety of Zooplankton from different taxa (Figure 14).  The levels of 

zooplankton in Brady Lake are relatively high compared to other lakes in Ontario (Rusak et al., 2002).  Further 

research in other seasons should be conducted.  This would give a better picture of the taxas and abundance in 

Brady Lake.   Some factors which may influence this would be time of day and season.  
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Figure 16: Photo of Rotifer, Ostracoda, Copepod and Claudocera (from left to right). (EPOCA Arctic, 2010) 

In general, there were higher densities within the first few meters of the lake.  This could be due to 

higher levels of food in the photic zone.  Sampling occurred early in the morning which also affects the results 

slightly.  As plankton move through the water column at night (The Marine Conservation Society, 1998), 

sampling could have occurred at a time of travel, rather than rest.  Zooplankton move around during times of 

low light, where they travel to the surface to eat phytoplankton (The Marine Conservation Society, 1998).   

 Sampling occurred in a time of fall overturn which would leads to a high flux of nutrients and cool, low 

light temperatures.  This is a direct result of shorter days, with less hours of sunlight.  As zooplankton move in 

low light conditions, this would explain a flux of zooplankton in different water columns. Further 

recommendations would be to collect zooplankton using the Wisconsin Plankton Net at different times of the 

year.  This would eliminate bias and provide a wide range of samples to draw conclusions from. 

 As Brady Lake is a mesotrophic lake, it is normal to find higher levels of zooplankton and algae.  As 

discussed in section 5.0, there were no Spiny water fleas found during this sample event.  Their presence does 

exist in many surrounding lakes, and needs to be carefully monitored.  Once a population of Spiny water flea 

becomes established, it is very hard to control them.  They are very adaptable and require no specific lake 

conditions to thrive in.  The best control measure would be to monitor the lake and anything being put into the 

lake (i.e. boats).  It is recommended that regular sampling occurs and monitoring protocols are put in place.   
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4.0   Brady Lake Benthic Macroinvertebrates 

4.1.   Introduction 

Freshwater benthic macroinvertebrates, or benthos, are animals who do not possess backbones and are 

larger that ½ a millimetre. These animals reside on rocks, logs, sediment, debris and aquatic plants during a 

period of their life. Benthos includes crustaceans such as crayfish, mollusks such as clams and snails, aquatic 

worms and the immature forms of aquatic insects such as stonefly and mayfly nymphs (MDNR, 2005). The 

presence and abundance of specific macroinvertebrates such as stonefly (Plecoptera), which are very sensitive 

to pollution, indicate a healthy non-polluted lake. As the more sensitive organisms die off, the lake is left with 

only more resistant macroinvertebrates, such as blood worms (Chironomidae) indicating a higher pollution 

level. 

 

4.2.   Materials and Methods 

To conduct a benthic survey on Brady Lake, the Ontario Benthos Biomonitoring Network Protocol was 

followed. Due to insufficient screening equipment on site, a window screen created into a kick and sweep net 

was used to collect benthics samples. This was acquired from the Ecosystem Management Technology room 

along with hip waders that were used to conduct the protocol. To gain access to each of the four test sites, a 

9.9hp fishing boat was used. At the point of arrival on the first site, it was noted that each group member was 

aware of their roles in order to remain efficient. Each of the four sites was chosen in each portion of the lake to 

best represent the overall health from one end to the other. This was conducted through educated observation 

which allowed for a fair determination towards choosing a relatively productive site (Figure 1.2.2).  
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                           Figure 17: Benthic Sampling, Site 3 Facing West (Goetz, 2011) 

Once each site was located, 1m out from the shore line was measured. The direction of water flow was 

then determined to give us the best chance of gathering a sample. At the 1m mark away from the shoreline, a 

1m by 1m square was measured out to conduct the kick and sweep (Figure 17). The kick and sweep was 

performed for 10 minutes as the Ontario Benthos Biomonitoring Network Protocol requires. It was done using a 

kicking motion towards the net along with rubbing aggregate and branches within the sample site. A sieve was 

then used to strain out unnecessary water and to keep all gathered benthics. As the samples were gathered, they 

were held in containers and were preserved with 70% isopropyl alcohol until further analysis. Three weeks after 

obtaining our four containers of bethics, analysis began. In the lab, Professor Barb Elliot demonstrated the 

protocol used to properly analyze each sample. This was done by first measuring the size of each sample in ml. 

The samples were then poured into l large tray for further analyzing. Spoons were used to extract manageable 

sample sizes.  The samples were then viewed under a size enhancing microscope, each benthic was record on a 
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tally sheet available in Appendix B. This process was done until either the whole sample was used or a count of 

100 benthics was reached. 

4.3.   Results 

Each of the four test sites brought different results that in turn will play a significant role in assisting 

with the overall assessment of the lake.  Each site showed Scuds Amphipoda and Snails Gastropoda as a 

relatively dominate species (Figure 18).  

 

Figure 18: Photo of a Stonefly Plecoptera, Mayfly Ephemeroptera, Bloodworm Chironomidae and 

Scud Amphipoda (from left to right) (Lebanon Country Conservation, 2010) 

 

Table 5: Benthic Sample Sizes 

After completing the Simple Biotic Index using the four sample location for tested sites (Brown, 2009), 

the overall health of Brady Lake with respect to benthic richness was determined (Table 5). The Simple Biotic 

Index (Figure 19) is used to help determine consists of the following categories. Less than 40 is considered 

Site # Total Sample 

Size 

Portion of 

Sample Used 

Dominate BMI 

Found 

Additional  

Notes 

1 1750ml 31% Scuds Relatively 

Productive 

2 2000ml 52.5% Scuds Moderately 

Productive 

3 1700ml 100% Snails Unproductive 

4 550ml 54.5% Snails Moderately 

Productive 
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Poor, 40-59 is viewed as Fair, 60-79 is determined to be Good and any value above 80 is Excellent. Site 2 was 

shown to be most productive by coming closest to falling under the Good category. 

 

 

 

 

 

 

Figure 19: Simple Biotic Index Values 

4.4.   Discussion 

Performing a study on Benthic Macroinvertebrates takes many years of analysis to develop trends and 

determine the health of a system. Based on the findings to date, the lake has been deemed to be in fair condition 

in accordance to benthic richness. Because this is the initiating year of this study on Brady Lake, we are able to 

simply bring forth a concrete start to the study by following the identified protocol and produce reliable results 

for the coming years ahead. This will subsequently lead to accurate findings that will allow for information to 

be referred to in a confident manner. 

5.0   Brady Lake Aquatic Invasive Species 

5.1.   Introduction  

In today's globalized era, human activities rapidly removed the natural barriers that have historically 

isolated species.  In the Great Lake Basin alone, nearly 200 species from around the world have been introduced 

(Lewis, 2005).  Invasive species spread quickly into inland lakes through recreational activities such as boating, 
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angling, and through the release of live bait.  With no native predators present to keep populations in check, 

non-native species can flourish and become invasive which can become economically and environmentally 

detrimental.  For instance, invasive species are recognized as a leading threat to biodiversity and native species 

(Ciruna et al., 2004).  They disrupt food webs, degrade habitat, introduce parasites, and diseases.  They are 

affecting native species and putting them at risk (Ministry of Natural Resources, 2011).  According to the 

Committee on the Status of Endangered Wildlife, approximately 25% of Canadaôs endangered species, 31% of 

Canadaôs threatened species and 16% of Canadaôs vulnerable species are in some way at risk from non-native 

species (Lee, 2002).  Furthermore, increasing temperatures and climate change suggest that the severity and 

abundance of invasive species are likely to increase both in terms of abundance and distribution (Lee et al., 

2008), thus adding more pressure to native species, especially species at risk.  Preventing the introduction of 

invasive species is crucial as it becomes very expensive and difficult to eradicate the species once they are 

established (Ciruna et al., 2004; Leung et al., 2002; Lui et al., 2008).  According to the Ministry of Natural 

Resources, the most common aquatic invasive species in Ontario (excluding aquatic plants) consist of: Asian 

carp (Hypophthalmichthys spc), Round goby (Neogobius melanostomus), Sea lamprey (Petromyzon marinus), 

Rust crayfish (Orconectes rusticus ), Ruffe (Gymnocephalus cernuus), Fishhook water flea (Cercopagis 

pengoi), Spiny water flea (Bythotrephes longimanus), Zebra mussles (Dreissena polymorpha) (MNR, 2011). 

Different invasive species have different ecological impacts (Lee et al., 2008).  For instance, the 

introduction of Ruffe will compete with native forage fishes for zooplankton and benthic insects, while also 

predating on their eggs and larvae (Lui et al., 2008).  This results into a bottom-up effect as it diminishes the 

food source availability for forage fishes, which therefore also reduces the food source availability for large 

predatory fishes (Haerdrich and Hamilton, 2000).  As another example of ecological impact, the round goby is 

an aggressive competitor to native species and consumes large numbers of toxic snails and mussels, therefore 

perpetuating toxins within the food web (Lakeland Alliance, 2005).  

Aquatic invasive species, such as the spiny water flea, have been accountable for the disappearance of 

species and declines in species abundance, density, richness, and biomass in the Great Lakes and other inland 
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lakes in Ontario (Lui et al., 2008).  Consequently, it is critical to consider aquatic invasive species when 

analysing the state of Brady Lake. 

5.2.   Materials and Methods 

As previously mentioned zooplanktons were collected from the three sites and later analyzed on a 

compound microscope at 10x magnification. With the aid of "Field Guide to Aquatic Invasive Species" (Lui et 

al., 2008), observations for spiny water flea and fishhook water flea were conducted while calculating the 

zooplankton density.  Due to the lack of resources and time, the remaining methods of data collection were 

through brief observations at the site, examining the "Invading Species Watch  Map " (last updated in 2010) 

located at the local Ministry of Natural Resources office in Minden, and through secondary research.   

5.3.   Results  

There were no spiny water fleas or fishhook water flea identified during the zooplankton assessment.  

Furthermore, there were no invading species sightings in Brady Lake on the "Invasive Species Watch Map" at 

the MNR office.  However, based on the map, invasive species were sighted in several lakes in the surrounding 

area.  Moreover, according to the "Invasive Species Watch Program Annual Report: 2005", authored by the 

Ontario Federation of Anglers and Hunters (OFAH.) and Ontario Ministry of Natural Resources (MNR.), spiny 

water flea was discovered in two Haliburton County lakes (Halls Lake and Little Hawk Lake), which are both 

within 30 kilometres from Brady Lake (Lewis, 2005).  Also based on the "Invasive Species Watch Program 

Annual Report: 2009", spiny water flea was discovered in Redstone Lake, 35 kilometres from Brady Lake. 

Furthermore, the Spiny Water Flea Distribution Map (Figure 20) demonstrates that several sightings have been 

reported near Haliburton County. 
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 Figure 20: Spiny Waterflea Distribution Map (OFAH, 2011) 

 

5.4.   Discussion 

Although the results of this assessment concluded that Brady Lake is currently free of invasive species,  

it is imperative to recognise that the "Invasive Species Watch Map" was last updated a year ago and zero 

sightings does not necessarily signify zero invasive species.  There is still a possibility that species are actually 

present but in low abundance, or simply not yet discovered. 

 Introduced species would change the ecosystem of Brady Lake, potentially altering the food web, 

reducing species abundance, density, richness, and biomass of the lake.  Worst case scenario, some native 

species may become locally threatened or extinct. Different invasive species will impact the ecosystem in 

different ways, thus affecting different native species, here are some examples: 

 - Spiny water flea and fishhook water flea: the top predatory fishes, like muskellunge, become vulnerable 

through changes in the food web.  They reduce the food abundance for small forage fishes, causing a domino 

effect up the food web. 
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- Rudd: its large appetite for aquatic vegetation can degrade spawning and nursery habitats for native fish, like 

muskellunge and yellow perch.  Furthermore, more nutrients get released into the water as it does not process 

food efficiently, resulting in lower levels of dissolved oxygen and reduced water clarity and quality. 

-Rusty crayfish: competes aggressively with native crayfish and eat twice as much the native species, thus 

reducing the abundance and species diversity of aquatic plants, which several species relies on. 

-Zebra mussel: filters out plankton which can make the water clearer, thus forcing light sensitive fish, such as 

walleye, into deeper habitats. Also causes increase occurrence of toxic alga blooms, affecting a variety of 

wildlife. 

It is critical to detect and report invasive species upon initial discovery in order for appropriate actions to 

be taken.  Stringent preventive and sighting measures should be followed, especially due to the fact that 

invasive species have already been discovered in nearby water bodies.  In order to maximize sighting measures, 

the Brady Lake users should familiarize themselves in identifying aquatic invasive species.  Furthermore, if not 

already a member, users should participate in the "Invasive Species Watch Program", formed by OFAH in 

partnership with MNR.  This provides an opportunity for volunteers to obtain identification training and 

monitoring tool kits.  For further information, volunteers can call the Invading Species Hotline (1-800-563-

7711) or visit the website (www.invading species.com).  Based on secondary research, there are no reasons to 

assume that Brady Lake cannot support aquatic invasive species populations.  Aquatic invasive species are 

highly adaptable to a variety of environments.   

6.0   Brady Lake Shoreline Development 

6.1.   Introduction  

Lakeshores for a long time have been an ideal location for human settlement, be it for practical, aesthetic 

or recreational uses. Unfortunately, continued development of riparian zones on lakes has damaged the 

ecological integrity of the aesthetic and recreational values that attract settlement to these areas in the first place. 
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As development increases, nutrient loading increases causing increased chance of algal blooms decreased 

dissolved oxygen etc, and the lake in turn suffers. 

6.2.   Mater ials and Methods 

Shoreline development at Brady Lake was assessed on the basis of casual observation. Historical 

information was gathered in order to understand previous land uses leading to the shorelineôs current state.  

6.3.   Results  

It was noted that virtually every cottage owner had a motorized boat on their property. We found that 

Brady Lake has 130 proposed property lots which account for roughly 2/3 of the exposed shorline. Of these 130 

properties, 106 are developed. Our research showed lit tle to no historical data pertaining to previous riparian 

aquatic vegetation. Information such as this could be useful to determine more sensitive species that are 

typically more susceptible to wake that is mainly caused by passing boats.  

               

 

       

                     

 

Figure 21: Vegetation on Riparian Zone (Goetz, 2011) 

Noted absent vegetation could lead to future information when finding what chemicals may be entering 

Brady Lake that certain aquatic vegetation cannot handle (Figure 21). Roughly one third of Brady Lakeôs 

shoreline is crown land that cannot be developed and therefore protects most of the south to south east facing 

shoreline (Figure 22). 
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  Figure 22: Division of Lots on Brady Lake (Wu, 1991) 

6.4.   Discussion 

Water quality issues can be related to the degree and type of shoreline development. Historical 

information gathered from conversations and observations of Brady Lake indicate that summer camps were a 

previous use of the lake. This gave further understanding with regards to the amount of beach fronts that have 

been created. Other observations revealed how close cottages are together and to the shoreline which assists in 

predicting which areas may be affected more heavily by runoff. This plays a significant role pertaining to 

activity levels around shorelines of the lake and how the nearby ecosystem is being affected. In order to 

mitigate these issues, they should be addressed through cottager education and awareness towards preventative 

impacts. It is recommended that cottagers make an effort to naturalize their shoreline properties by lessening 

nearby activity and planting native plants. 
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7.0  Brady Lake  Beaver Management Issues 

7.1. Introduction 

Beavers are classified as large, semi aquatic rodents.  They can be destructive and intrusive if not 

managed properly.  Beaverôs main habitat is along the riparian zone.  They are considered to be a keystone 

species and create wetlands through the use of dams.  These wetlands provide valuable and rare habitat to 

wildlife.  Beavers and humans are in constant conflict and the resolution is to manage them accordingly.  

There are many benefits to beaver dams, these include; erosion mitigation, creation of wetlands, ground 

water recharge and ground water table elevation (Agricultural Engineering Department at the University of 

Minnesota, 2008).  There are many countries around the world that are reintroducing beavers because of their 

many benefits. 

At times beavers are considered an unwanted species.  They impact homes, gardens, roads and other 

types of manmade structures and infrastructure.  Often beavers are removed from their habitat or deterred using 

numerous methods.  The three most commonly used beaver management strategies are dam removal, live 

trapping and relocation, and water level control devices.  There is evidence of beavers at Brady Lake and the 

surrounding area. 

7.2.   Materials and Methods   

After talking with some local cottage owners, there were differences in the understanding of the beaver 

topic.  Some locals believe that the beavers have caused an increase in water levels while others believe there 

has been a decrease in water levels. Adjacent to Brady Lake there is a wetland where observations were 

recorded (Figure 2).  This study was done through observation and a comparison of Brady Lake to other 

literature found.  Observations took place 5 October 2011, and photographs were taken.   
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7.3.   Results  

There was one lodge found and recorded within the same wetland (Figure 23).  Each lodge on average 

houses about six beavers (Hinterlandôs Whoôs Who, 2011).  Although many of the beaver cuts appeared to be 

fresh, without further monitoring of activity it cannot be said whether or not the lodge is active.     

 

             Figure 23: Beaver Lodge (Goetz, 2011) 

 At the south western end of the lake, right before the water flows out through the culverts there is a 

depth stick.  From the time the culverts were installed to October 2011 the water level has fluctuated 

approximately 38cm.  This number was obtained from   Although it cannot be said with confidence that this is 

due to beavers, with further monitoring further conclusions can be made.   

7.4.   Discussion 

It can be said with confidence that there are beavers in the area.  It is however unclear as to what the 

locals believe the problem to be.  Without further monitoring, no conclusions can be made at this time.  It is 

recommended that consistent monitoring of beaver activity along with water level monitoring take place.  It is 
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strongly recommended that the depth stick be monitored regularly to give a better understanding of water level 

fluctuations.    

 If the Lake association decided that the beavers need to be managed it is recommended that dam 

removal is not used as an option. The removal of beaver dams can negatively affect fish habitat and may not 

necessarily remove the beaver from the area (Fisheries and Oceans Canada, 2010).  The beaver will most likely 

begin rebuilding the dam within a day.  If the beavers are impacting water levels, installing a water level control 

device would be suggested.  A culvert guard is a mesh grill which is placed on both the upstream and 

downstream side of the culvert (Massachusetts Division of Fisheries and Wildlife, 2004).  Another water 

control device is a deep water fence.  These are placed at the intake locations to prevent beavers from creating 

dams.   

 If a solution cannot be found using a water control device, relocation of the beaver is an option.  This 

option, in many cases is temporary.  If the area is suitable for beavers, chances are they will return.  When 

beavers are relocated, they are often relocated to another area where beavers already occupy.  This usually leads 

to the newcomer being killed by the established beavers.  Another control option is to trap and destroy the 

beaver.  In any case where beavers will be trapped, a licensed trapper is required to carry out the process.   

8.0   Conclusion and Recommendations 

Recently, Brady Lake's cottage owners have become concerned over  the water quality  influenced by 

beaver dam construction..  For Brady Lake, evaluating the current ecological state of the lake, and determining 

the impact of beaver dams is imperative. 

Hendry and Leggatt (1982) have surveyed many recreational lakes in the District of Muskoka and 

Haliburton, which all belong to the Precambrian Shield formation. They concluded that developed shorelines of 

cottaged lakes are the source of fecal indicator bacteria.  Lake bacteriological index and some nutrient water 

quality index (including phosphorus and chlorophyll a) need to be included in future Brady Lake monitoring 

plans, which are crucial for identifying the impacts of shoreline cottage development and predicting the lakes 
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health.  Furthermore, regular monitoring of lake water quality (including abiotic and biotic stressors) will help 

the BLRA understand the impacts of land-use activities on water quality, enabling them to make informed 

decisions about managing and protecting Brady Lake water.  It is suggested that fecal indicator bacteria 

especially total coliform and E.coli be included as an indicator for future Brady Lake water quality monitoring. 

In addition, sewage disposal systems need to be inspected at Brady Lake as they are generally recognized as 

increasing water contamination and other anthropogenic stressors.  One study revealed that only 40% of all 

sewage disposal systems were performing satisfactory within four lakes of Muskoka in 1989 (MOE, 1992), 

however that study was conducted over twenty years ago.  Further study and regular monitoring is required to 

understand more details about lake status in order to comply with the regulations, especially the Lakes and 

Rivers Improvement Act to ensure proposed water works do not adversely affect water quality or cause undue 

erosion and silting. 

 Present studies reveal that Brady Lake is a thermally-stratified mesotrophic lake, however,  it is not 

possible to predict about the turnover (mixing of lake water from the surface to the bottom) characteristics of 

Brady Lake as water chemistry data were only collected during one month (October, 2011); as there is no year-

round monthly data. Water chemistry strongly influences planktonic and benthic communities, for example, the 

abundance of copepods among zooplanktons and low pH levels may influence Brady Lake's trophic stage, 

resulting into a oligotrophic lake (Torres and Rylander, 2006).  As a result of changing trophic status, Brady 

Lake may become less biologically productive, thus supporting fewer species.  Evidence of reduced 

productivity coincides with the Simple Biotic Index value (through Benthics) as the water quality falls under the 

fair category.   

From preliminary observations and secondary data, there were no aquatic invasive species  present in 

Brady Lake, however, monitoring and preventive measures are strongly recommended as spiny water flea and 

other invasive species were discovered in nearby lakes, as near as 30 kilometres away. It is critical to detect and 

report invading species upon initial introduction in order for appropriate actions to be taken.  Therefore, it is 

important for Brady Lake users to familiarize themselves with identifying aquatic invasive species.  
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Identification training and monitoring tool kits are available through the Species Watch Program ( at 

www.invadingspecies.com), formed by OFAH in partnership with MNR.   

Shorelines of Brady Lake have been an ideal location for human settlement, due to its aesthetic.   

However, as a result of shoreline development, shoreline ecosystems have been damaged, especially in the 

riparian zones.  For example, it is assumed that shoreline development, coupled with other human activities 

altered species diversity through increased soil erosion, and diminishment of natural shelters and spawning 

grounds of aquatic fauna. 

From field observations and discussions with some of the Brady Lake cottage owners, it is clear that 

beavers living in and around the Brady Lake that may be impacting cottage properties, but the number of 

beavers is unknown.  Thus, it is challenging to conclude as to whether or not the beaver colony living in the 

area is considered to be detrimental or not for the lake.  In addition, it was unclear whether the beavers are 

causing any impacts on the lake water level as some locals believe the beavers have increased water levels, 

while others believe water levels have decreased.  At this point, dam removal is not recommended for beaver 

management in Brady Lake as the removal of dams may negatively impact fish habitat (Fisheries and Oceans 

Canada, 2010).  A water control device (culverts, including culvert guard on both upstream and downstream) at 

the lake outlet (Anson Creek), is supposed to regulate lake water at historical levels without increasing the lake 

water level.  Further beaver studies and their impacts on water level fluctuation and as well a water balance of 

Brady Lake is required for producing conclusive suggestions. 

Soil erosion can be reduced through restabilising the shoreline with native vegetation, restricting from 

chemical fertilizers on properties, and preventing unintended storm water runoff can significantly reduce 

phosphorus level in Brady Lake. Educating and encouraging local residents is an easy solution in limit ing 

unwanted nutrients from entering the lake.  Furthermore, shoreline vegetation effectively traps and hinders 

nutrients and sediment from entering the lake and stabilizes the banks, reducing the need to install and maintain 

expensive retaining walls and hardening shorelines.  All these steps will help improve the lake trophic structure 

and in turn, Brady Lake will become more biologically productive. 
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Further study and regular monitoring is required to understand more details about the lake status to 

comply with regulations especially the Lakes and Rivers Improvement Act.  For Brady Lake, future monitoring 

of the ecological state of the lake is imperative but this will require different stakeholders and  participation 

from cottage owns to public/private organizations including Ontario Ministry of Natural Resources, Ministry of 

Environment and local municipalities as wells as conservation authority and visiting anglers. 

The Federation of Ontario Cottagers' Associations (FOCA) is already part of the Lake Planning program 

with Ontario Ministry of Municipal Affairs and Housing. The FOCA has mandate to promote sustainable 

waterfront communities by encouraging positive environmental stewardship, supporting strong community 

leadership, and through promoting fair and equitable public policy. 

It is recommended that the Brady Lake Ratepayers' Association, being a long standing member of 

FOCA, continue their association with other stakeholders (including public and private) in maintaining Brady 

Lake.   Not only will the association with other stakeholders help improve the aesthetics of the lake, the 

biological productivity of the lake and assist in solving beaver dam issues; it will also increase property values. 

Overall, regular monitoring and strong stewardship is critical in improving the state of Brady Lake while 

sustaining its ecological vitalities, and balancing the integrity of its aesthetic and recreational values in the long 

term.  
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11.0  Glossary 

 

A 

Aquatic ecosystem - Basic ecological unit composed of living and nonliving elements interacting in an aqueous 

milieu (EION, 2011). 

B 

Bottom-up Effect - The nutrient supply to the primary producers (smaller organisms) ultimately controls how 

an ecosystems function (Oxford University, 2011) 

C 

Conductivity  - Conductivity measures water's ability to conduct an electric current and is directly related to the 

total dissolved inorganic chemicals in the water (Dictionary, 2011). 

D 

Dissolved oxygen (DO) - The amount of oxygen freely available in water and necessary for aquatic life and the 

oxidation of organic materials. 

F 

Food Web - A network of food chains or feeding relationships by which energy and nutrients are passed on 

from one species of living organisms to another. 

Forage Fishes - Also called prey fish, are small fish which are preyed on by larger predators for food. 

H 

Hypolimnion  - The hypolimnion is the dense, bottom layer of water in a thermally-stratified lake. It is the layer 

that lies below the thermocline. Typically the hypolimnion is the coldest layer of a lake in summer, and 

the warmest layer during winter. Being at depth, it is isolated from surface wind-mixing during summer, 

and usually receives insufficient irradiance (light) for photosynthesis to occur. In deep, temperate lakes, 

the bottom-most waters of the hypolimnion are typically close to 4 °C throughout the year (Dictionary, 

2011). 

http://www.businessdictionary.com/definition/network.html
http://www.businessdictionary.com/definition/food-chain.html
http://www.businessdictionary.com/definition/relationship.html
http://www.businessdictionary.com/definition/energy.html
http://www.businessdictionary.com/definition/nutrient.html
http://www.businessdictionary.com/definition/specie.html
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I  

Invasive Species - Organisms that are introduced into a foreign ecosystem, either intentionally or 

unintentionally. 

K 

Keystone species: a species that plays a critical role in maintaining the structure of an ecological community 

and whose impact on the community is greater than would be expected based on its relative abundance or total 

biomass 

Kick and sweep ï A process used under the Ontario Benthos Biomonitoring Network Protocol to collect 

Benthics through a prescribed screen  

M 

Mesotrophic - Mesotrophic lake with a moderate nutrient supply and is commonly clear water lake with 

medium levels of nutrients and beds usually of submerged aquatic plants. 

O 

Oligotrophic  - Oligotrophic lake is a lake with low primary productivity, the result of low nutrient content. 

These lakes have low algal production, and consequently, often have very clear waters, with high 

drinking-water quality. The bottom waters of such lakes typically have ample oxygen; thus, such lakes 

often support many fish species, like lake trout, which require cold, well-oxygenated waters. The oxygen 

content is likely to be higher in deep lakes, owing to their larger hypolimnetic volume. 

P 

pH - pH is the numerical value used to indicate how acid or alkaline the water is. The number refers to the 

number of hydrogen ions in the water. The pH scale ranges from 1-14 with 7.0 being neutral. Acid 

ranges from 0-6. alkalinity ranges from 8-14. 
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S 

Secchi disc - Secchi disc is an 20 cm diameter plate will alternating quadrants painted black and white that is 

used to measure water clarity. 

Stratification  - Lake stratification refers to a vertical change in the temperature in the lake, and in the density of 

water. During stratification, dissolved oxygen, nutrients, and other parameters of water chemistry do not 

mix well between layers, establishing chemical as well as thermal gradients (Dictionary, 2011). 

T 

Thermocline - A thermocline is a layer in a large water body like lake, in which temperature changes more 

rapidly with depth than it does in the layers above or below. Factors that affect the depth and thickness 

of a thermocline include seasonal weather variations, latitude, and local environmental conditions, such 

as tides and currents (Dictionary, 2011). 

Total phosphorus (TP)- Total phosphorus is the sum of soluble reactive phosphorus, soluble unreactive or 

soluble organic phosphorus and particulate phosphorus. Phosphorus is one of the key elements necessary 

for growth of plants and animals and in lake ecosystems. The presence of phosphorus is often scarce in 

the well-oxygenated lake waters and importantly, the low levels of phosphorus limit the production of 

freshwater systems. 

W 

Wake - The track of waves left by a ship or other object moving through the water (Dictionary, 2011). 

Water clarity - Water clarity is a measure of how much light penetrates though the water column. Water clarity 

is dependent upon the amount of particles (e.g. suspended sediment and plankton) present. Water clarity 

plays an important role in determining the phytoplankton distribution and abundance, which help to 

determine primary productivity of the lake (Dictionary, 2011). 
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13.1 APPENDIX A: WATER CHEMISTRY DATA SHEETS 
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Morphoedaphic Index (MEI) Calculation 

 

MEI = TDS/z --------------------------------------------------------------------- Equation 1 

where TDS = total dissolved solids  

z = mean lake depth 

Since total dissolved solids is related to conductivity according to the equation:  

TDS = 0.65 x conductivity (±0.10)(mg.L) ------------------------------ Equation 2 

Therefore, MEI can be estimated using the equation:  

MEI = 0.65 x conductivity/z  ----------------------------------------------- Equation 3 
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13.2 APPENDIX B: ZOOPLANKTON DATA SHEETS 
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