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1. EXECUTIVE SUMMARY 
 

The community of Lochaber is attracting a growing number of permanent and seasonal residents who 

enjoy the opportunities for recreational activities that Lochaber Lake affords.  Enjoyment of the lake, 

though, depends on its continued health.  In the 1970s recreational use of the lake was stopped for a time 

by the government because of unacceptable levels of fecal coliform.  A study that followed that event, 

and another in 1994, found that while on the whole the lake was healthy, levels of coliform remained high 

in some areas.  In recent years, blue-green algae have appeared, causing additional concern.  Despite this, 

no one has studied the water for the past 17 years.  Since the provincial government no longer conducts 

water quality studies of Nova Scotia lakes, in 2011 the Lochaber Community Development Association 

(LCDA) initiated a study to update the previous reports on the water quality of Lochaber Lake. 

The report begins with a review of the physical characteristics of Lochaber that have a bearing on the 

ecology of the lake:  geology, topography and soil; forest cover; shoreline vegetation; flushing capacity; 

and fish resources.  It goes on to summarize the history of Lochaber, including the early clearing of forest 

cover in the early 1800s, the growth of farming, the community’s decline in the first half of the 20
th
 

Century, the introduction of clear-cut forestry in the second half of the century, and renewed growth as 

Lochaber became a bedroom community for Antigonish and a popular destination for cottagers and 

retirees.  This physical and historical context produces a picture of the land around Lochaber Lake as 

physically vulnerable to erosion, and the lake itself as vulnerable to forestry and agricultural practices and 

the impacts of a growing population. 

The LCDA study was carried out by community volunteers and a paid summer student. The goal was to 

identify any changes in key water quality indicators since 1994. The study looked for indications of 

change in: 1) nutrient levels (total nitrogen, phosphorous, chlorophyll a and transparency;  2) physical 

characteristics (acidity, temperature, dissolved oxygen, conductivity); and 3) bacteria (E. coli, 

cyanobacteria (blue-green algae) and microcystin-LR).  Sampling sites and methodologies were designed 

to replicate, as much as possible, those used in the 1994 study, although budget limitations and the desire 

to sample certain new sites produced some differences from the earlier study. 

The amount of algae in Lochaber Lake appears to be increasing. This may be linked to a notable warming 

of the surface water during the summer and to changing inputs of nutrients.  Cyanobacteria, or blue-green 

algae, is forming each year during August and September, an occurrence that probably started in about 

2006. Since then, the amount has varied, but in 2009 it was present in very large quantity.  In 2012, this 

cyanobacteria was shown to produce the toxin microcystin-LR, although in low amounts, within the 

guidelines for safe drinking water. Microcystin-LR cannot be removed from drinking water by boiling, 

UV or other disinfection methods. There is no direct evidence that nutrient levels have risen since 1994.  

However, both phosphorus and nitrogen are considerably higher in the north end of the lake than in the 

centre.  

E. coli levels were similar but perhaps slightly higher in 2012 than in 1994.  Although most of the time 

the E. coli levels found are acceptable for swimming, approved recreational standards for E. coli were 

occasionally exceeded.  At the community hall beach, the amount of E. coli can be expected to rise after 

rainfall events and may exceed the approved standard for recreational use of water.  Both the inlet and 

outlet to the lake have also shown high levels of E. coli.  Federal guidelines for drinking water quality 

state that the presence of any detectible level of E. coli makes the water unacceptable for human 
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consumption.  Only when properly treated (e.g. with UV light), can users feel confident that lake water is 

suitable for drinking. 

This study shows that algae levels appear to be increasing in Lochaber Lake, with the appearance of a 

potentially harmful cyanobacteria, or blue-green algae. This change is possibly caused by an increase in 

phosphorus input. In addition, fecal coliform bacteria are sometimes present at levels that may be a cause 

of concern to the community.  The obvious next questions are:  what might be causing these potentially 

harmful inputs into the lake, and what, if anything, can the community do to prevent or reduce them or to 

mitigate their effects.  The study has not sought to determine the specific cause or causes of the harmful 

inputs.  That would require additional investigation that is more the responsibility of government agencies 

charged with enforcing environmental laws and regulations.  The study concludes by reviewing seven 

possible sources, and suggests potential remedial actions.  The potential sources include:  hillside erosion; 

shoreline degradation; use of lawn fertilizers; use of detergents; agricultural activities; inadequate septic 

systems; and climate change.   The study also considers the relationship between water quality issues and 

the future of fish resources in the lake.  Finally, it deals with the need for ongoing community monitoring 

and stewardship of the lake. 

The study makes the following recommendations: 

1) The community should systematically monitor cyanobacteria (blue-green algae) levels during 

August, preferably in partnership with the N.S. Department of Environment. These blooms 

probably produce some level of microcystin-LR toxin.  If algae levels are ‘low’, as in 2012, then 

toxin levels are not of concern. However, if a dense bloom develops, the LCDA should contact 

the N.S. Department of Health and advise lake users of the potential health concern.  The 

monitoring process could include, for example, training a monitoring steward to identify 

cyanobacteria and collect water samples for monitoring. Microcystin-LR cannot be removed from 

drinking water by boiling or other standard disinfection methods; 

 

2) The community should explore measures to protect the north end of the lake from nutrient inputs, 

as this shallow region is the most susceptible to increased growth of algae. These measures could 

follow on the recommendation of the 1994 study to undertake “site-specific audits of agricultural 

properties to ensure farming practices are being undertaken in a manner that does not impact 

water quality.  Such practices … should include but not be limited to:  manure management, 

livestock pasturing, fertilizer application, and erosion control.” 

 

3) Lake users should be aware of the precautions to take to prevent illness from ingesting E. coli in 

lake water. Swimming areas, especially near the north end of the lake, may occasionally have E. 

coli levels above the acceptable limits for swimming after rainfall events, or during warm periods 

in summer. These levels will vary on a daily basis. The lake water is not suitable for drinking, 

unless treated, as Health Canada guidelines for drinking water allow no E. coli to be present in 

100 mls of water; 

 

4) The LCDA should actively encourage residents to ensure proper maintenance of their septic 

systems and where necessary upgrade those systems.  Further, where particular concerns exist, 

the LCDA should consider calling on the provincial government to carry out inspections of septic 

systems, taking the current study’s results into account in the selection of survey sites;   

 

5) Residents should take steps to preserve and where necessary restore healthy shoreline vegetation 

on their properties;   
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6) Residents, especially those living immediately adjacent to the lake, should minimize the removal 

of trees from their lands, particularly near water-courses; 

 

7) The community should consider the range of options set out in this study for reducing or 

eliminating the input of fertilizers into the lake; 

 

8) Residents should make sure that the soaps and detergents they use, whether for laundry, 

dishwashing or personal use, are free of phosphorous, and also consider buying soaps and 

detergents that are biodegradable and made from plant enzymes rather than petroleum products; 

 

9) The community should seek opportunities in the forthcoming land use planning process to 

identify land use practices that will help prevent runoff of soil and fertilizers from agricultural 

lands, shoreline properties and up-hill residential developments.  This should include 

consideration of appropriate standards for the installation of hill-side driveways; 

 

10) The LCDA should encourage Antigonish County to adopt a “carrying capacity model” for lakes 

in the County, and to require its use in the development of land use plans; 

11) The community should undertake a study of the main trout feeder streams (Hulbert Brook, 

MacNab’s Brook, North River St. Mary's -inflow and outflow - and Gusset Brook) and where 

necessary initiate a stream restoration project, possibly taking an “Adopt-a-Stream” approach, 

designed to improve stream habitat for fish and possibly to reduce the amount of silt being carried 

into the lake; 

12) The LCDA should implement ongoing monitoring, including the following: 

 Annual volunteer monitoring of critical indicators (including cyanobacteria and toxins); 

 Comprehensive lake monitoring every 10 years; 

 Establish a Lochaber weather station; 

 Other suggested projects:  

 

 Fish habitat enhancement, including evaluation of the existing fish stocks and 

stocking program; 

 Lake core sample analysis; and 

 Shoreline habitat for bird and aquatic species 

 

13) The LCDA should prepare educational materials about lake water issues, including steps to help 

protect the lake, and distribute these materials widely to Lochaber residents. 
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3. INTRODUCTION 

a. Project Background 

Since it was first visited by settlers in the early 1800s (and no doubt by First Nations peoples long before 

that), Lochaber Lake has been recognized as a jewel among the lakes of Nova Scotia.  Today, the 

community of Lochaber is attracting a growing number of permanent and seasonal residents who enjoy 

the lake’s beauty and the opportunities it affords for recreational activities such as boating and swimming.  

Enjoyment of the lake, though, depends 

on its continued health.  Everyone who 

lives in or visits Lochaber wants to be 

sure that the lake water is safe.  In the 

1970s, recreational use of the lake was 

stopped for a time by the provincial 

government because of unacceptable 

levels of fecal coliform bacteria.  A study 

that followed that event, as well as 

another study in 1995, found that while 

on the whole the lake was healthy, levels 

of coliform remained high in some areas. Despite that concern, no one has studied the water for the past 

17 years.
1
  While farming around the lake (a source of coliform) has declined since the mid-1990s, the 

number of people using the lake has been steadily increasing.  The presence of algal blooms in recent 

summers has caused concern that nutrient input in the lake may be on the rise.  

 

In 2011, the Lochaber Community Development Association (LCDA) established a Sustainable 

Development Committee to help the community play its part in responsible stewardship over the local 

environment.  The Committee’s mandate includes the following: 

 To help the LCDA keep both year-round and seasonal residents informed about trends, issues and 

best practices concerning land use and development in Lochaber. 

 To help the LCDA monitor land use and development activities and trends around Lochaber Lake, 

including how they may impact the quality of water in the Lake. 

 To advise the LCDA on options for dealing with land use and development issues of importance to 

the community as they arise. 

 To help the LCDA ensure that Lochaber interests are effectively represented in government policy, 

regulations and legislation concerned with land use and development.  

 To promote an understanding of sustainable development as it relates to Lochaber. 

 

                                                           
1 The Provincial Government no longer routinely studies lake water quality in Nova Scotia. 
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To advance these goals, in late 2011 the Committee began raising funds for a study that would update the 

previous reports on the water quality of Lochaber Lake.
2
  By the spring of 2012 this funding had been 

approved, enabling the field work to proceed in the early summer.  It was not the purpose of the present 

study to replicate the earlier studies.  The 1994/5 study in particular was carried out by the provincial 

government and accordingly had a far larger budget.  It was, accordingly, much broader in scope than the 

current study.  The general purpose of the 2012 study was to determine whether or not the lake water 

quality had changed since 1994 and, if so, in what ways and by how much.  This report on the 2012 study 

provides the LCDA, Lochaber residents and the provincial government with updated information on the 

key water quality indicators, as well as options and recommendations for dealing with issues raised by the 

data.   

The LCDA has played an active and constructive role in stewardship over Lochaber Lake and the 

surrounding community.  The Sylvan Hall Company first formed in the early 1920s, and was succeeded 

in 1974 by the LCDA. It built and maintained the community centre – Sylvan Hall – providing a focus for 

local residents.  Responding to local concerns, it was the LCDA that initiated and carried out the study of 

the lake’s water in the late 1970s.  It also assisted in the conduct of the 1994/5 study.    

b. Lochaber Lake – a Portrait 

An assessment of the health of any water body depends on an understanding of that body’s physical 

characteristics. The following description is taken from the Nova Scotia government’s 1994/ study of 

Lochaber Lake: 

Lochaber Lake is a relatively small, but deep freshwater lake situated in both Antigonish and 

Guysborough Counties in the northeastern section of mainland Nova Scotia (latitude 45° 25’N 

and longitude 62° 02’W).  It has a surface area of approximately 3 km
2
 with a maximum length 

of (approximately 8 km,) and width of .75 km, respectively.  The mean depth is 21.8 meters with 

a maximum depth of 52.4 meters located near the middle.  The lake is elongate in shape and 

generally has a steeply sloped littoral zone with the exception of the extreme northern and 

southern sections which are much shallower... This is a headwater lake in the St. Mary’s River 

system, which provides the only drainage outlet… Eight inflowing streams feed Lochaber Lake 

on a nearly continuous basis, the North River St. Mary’s being one of the more significant. 

(Taylor et  al. 1995)
3
 

  

                                                           
2  It is worth noting that in 2011, the St. Mary’s River Association recommended that “further bacteriological water 

sampling be conducted in Lochaber Lake to compare current conditions with past.”  (Mitchell 2011) 

 

 

 



10 
 

The following further describes Lochaber Lake’s features: 

Geology, Topography and Soil 

Lochaber Lake is part of the northern branch of 

the St. Mary’s River Watershed system.  This 

area is geologically distinct from the rest of 

Nova Scotia because it was originally a 

fragment of a separate continent that collided 

with North America some 415 million years 

ago and became “welded” onto North America.  

Later, about 360 to 300 million years ago, a 

period of earthquake and volcano activity 

created extensive fault lines in the area, 

including one that was to become Lochaber 

Lake.  Although the area has been geologically 

quiet for the past 300 million years, during the last ice age, about 100,000 years ago, large ice sheets 

further scooped out the fault where Lochaber Lake is now, producing the lake’s impressive depth and 

steep surrounding hills. These hills are underlain chiefly by sedimentary deposits, largely mudstone, 

siltstone and shale. The surface soils are generally sandy till, with gravelly to sandy loam soils. Further, 

the soils on the east side of the Lake are sandier than on the west side.  Compared with most of Nova 

Scotia, Lochaber’s topography and soil conditions make it very susceptible to erosion and hence 

sedimentation into the lake. 
4
 

 

Forest History 

Historically, the Lochaber area was covered by Acadian Forest, a rich and diverse mix of red spruce, 

yellow birch, balsam fir, sugar maple, eastern white pine, eastern hemlock and American beech.  This 

heavy forest cover helped limit erosion on the steep hills around the lake.  During the 19
th
 Century, much 

of the forest cover around the lake was cleared to create fields for farming.  This loss of forest cover 

likely contributed to erosion and over decades to the carving out of ravines along the streams leading into 

the lake.  Then, as farming declined during the early-to-mid part of the 20
th
 Century, many of the fields 

around the lake were allowed to return to forest cover, predominantly softwoods.  This natural re-

forestation, if allowed to develop, would over time have stemmed erosion of the magnitude experienced 

during the previous period.   

In the mid-1950s and through the 1960s, the shoreline on both sides of the lake underwent a significant 

change as Highway 7 was constructed along the east side and cottages began appearing along both the 

east and west sides.  Then with the opening of nearby pulp mills in the early 1960s, the returning 

softwood around Lochaber acquired new value.  The focus here was chiefly the stands higher up the 

slopes, particularly once timber roads along the slopes were built. (Harvesting of the wood from the old 

fields nearer the lake has only taken place in the last decade or so.)  Following the dominant practice of 

that period, the method used was mechanized clear cutting, rather than the earlier use of horses.  Where 

                                                           
4 Information on Lochaber’s geology provided by St. FX Geology professor Dr. Brendan Murphy, August, 2012. 



11 
 

previously the dominant forest was of mixed spruce stands, this clear cutting has contributed to the 

creation of even-aged stands, chiefly of balsam fir.  Balsam grows faster in open spaces than spruce or 

pine, and is destined to become the new dominant species in the area.  The pattern of forestry activity 

around Lochaber Lake over the past two centuries has played an important role in the lake’s current 

ecology, particularly erosion of the surrounding hillsides
5
.   

 

Shoreline Vegetation 

A critical factor affecting the input of sediments, fertilizer and pesticides into a lake is the extent and 

nature of vegetation in the area immediately above the shoreline (Municipality of the County of Kings 

2009).  The thicker the vegetation in this zone is, the more effectively it filters nutrients and pollution 

before they can reach the water.  Shoreline vegetation also provides shade, and important habitat for 

wildlife such as songbirds, kingfishers, ducklings and spawning and juvenile fish. With its root systems, 

thick vegetation also combats erosion. Loss of shoreline vegetation is important in Lochaber because the 

steep hills around the lake are especially susceptible to erosion.  Lawns do a comparatively poor job of 

filtering nutrients and pollution and preventing erosion.  The lake has a shoreline length of 18.3 km (Ives 

1973).   

 

Flushing Capacity 

As noted above, Lochaber Lake is relatively deep, and accordingly contains a large volume of water.  

This relates directly to its self-cleansing capacity.  Specifically, a body of water’s retention or flushing 

time is the amount of time it takes for a substance introduced into the body of water to flow out of it 

again.  Broadly speaking, retention time is the result of dividing the body’s volume by the flow in or out.  

According to a study made by the Nova Scotia Department of Environment in 1973, Lochaber Lake had a 

flushing rate of 1 time per year (Taylor et al. 1995). 

 

Fish Resources  

Although people do currently fish in Lochaber Lake, and do 

indeed catch fish, nowadays the lake is not really a ‘must-go’ 

destination for avid fishermen in Nova Scotia.  But that was not 

always the case.  A photo dated May 11, 1912 shows one day’s 

catch of well over 100 trout in Lochaber Lake by just two 

fishermen.  A 1975 provincial government study reported that 

Lochaber Lake had high potential for recreational fisheries (Ives 

1973).  Today, residents report that the rapid growth of the 

cottage community in Lochaber during the 1960s and 1970s 

reflected in part Lochaber’s reputation as a good fishing lake.  The lake has been stocked with brook trout 

(also known as speckled trout) as far back as the 1880s and more or less annually since at least the mid-

                                                           
5 Information on forestry provided by Glenn Terris, Forest Resource Technician, personal communication, 
2012. 
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1970s (Buckland-Nicks 1995).  This was primarily a "put and take" fishery; the goal being to provide a 

modest short term fishery. 

No known studies have been carried out on the recreational fishery of Lochaber Lake specifically, so the 

suggestion that fish stocks in the lake have declined over the past few decades is admittedly anecdotal but 

supported by local anglers.  For the community living here, though, both full-time and seasonal, and for 

potential visitors, the question is of real interest.   

The dominant recreational species in Lochaber Lake is brook trout. According to a study published in 

2008, brook trout are very sensitive to habitat degradation (Heggelin 2008).  In the context of this study of 

water quality in Lochaber Lake, the key question is whether there has been any change in the water or in 

the surrounding habitat that could have affected fish populations.  In doing so, it must be recognized that 

many variables go into assessing a fish population in any body of water, and it is not the purpose of this 

study to provide anything more than a suggestive survey of possible issues that could be examined by 

researchers or interested residents. 

There are three water-related issues that are particularly important to fish populations: temperature, pH 

levels and nutrients.  First, brook trout grow and survive best in water between 14° and 18°C. They are 

not a deep-water species, and seldom use depths greater than 4.6 to 6 meters.  In the summer, when the 

surface water temperature rises, they seek refuge in the deeper range of their lake environment, at the 

mouths of cooler streams and springs and under the cover of near-shore bottom structure.  In a 1973 

study, brook trout were found in all of the tributary streams flowing into Lochaber Lake (Ives 1973). 

Streams are also, of course, where brook trout spawn and where the young grow.  Three questions 

concerning water temperature therefore are of interest:  has the water temperature in the upper layers of 

the lake changed?  Has the condition of streams changed? And has the shoreline habitat changed? 

The second issue is the acidity of water, measured by pH levels.  In Nova Scotia and elsewhere, there is 

growing concern that declining pH (which indicates acidification) poses a threat to the population size, 

the age structure of brook trout, as well as to the genetic diversity of populations on which the future 

adaptability of the species depends (Ives 1973).  The typical pH range of brook trout waters is 6.5 to 9.0.  

At lower levels of pH, brook trout growth is reduced, and below pH 5.2 reproduction fails.  Levels below 

pH 4.5 are lethal for adults (Ase Consultants Inc. 1993).  The question of interest here, then, is whether 

pH levels in Lochaber Lake have changed in a way that could harm the fish population, either directly or 

by effects to the food chain. 

The third issue is the richness of nutrients in a lake, known as its “trophic state.”  The nutrient richness of 

a lake can vary from very unproductive (little or no algae or plant growth) to hyper-productive.  Foraging 

species live near and feed on plant material, and accordingly they require a habitat that supports sufficient 

plant growth; at the same time, too much plant material can deplete oxygen levels in a lake.  The trophic 

state of a lake is generally assessed by the levels of phosphorus and nitrogen, as well as visual clarity and 

amount of algae. The question in the present context, accordingly, is where Lochaber Lake is on this 

trophic spectrum, and whether this has changed in a way that would have a negative effect on fish 

populations.  
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c. Historic Context 

There is no direct evidence of Mi’kmaq settlements in Lochaber, but Mi’kmaq likely took advantage of 

the abundant fish, game and other available resources of the lake.  European settlers first came to 

Lochaber from the Scottish Highlands and Ireland in the early 1800s, congregating around Lochaber 

Lake.  In June of 1830, Joseph Howe first visited the area and immediately fell in love with what he 

described as “…ancient woods were scarcely broken upon on either margin, and the whole scene was as 

beautifully wild as it had been a thousand years before.” (LCDA 2013). It is to be supposed that, at the 

time of first settlement, the water in Lochaber Lake was pristine.  

 

The young community’s main occupations were mixed farming and forestry.  Over time, small family 

industries sprang up to supply the needs of the farmers and foresters.  There were blacksmith shops, grist 

mills and saw mills, carriage shops, a shingle mill, a tannery and a lime kiln, general stores, several post 

office and even two ferry service across the lake.  Because of its location half way between Antigonish 

and Sherbrooke, Lochaber became a stop along the way for stage coaches, with a hotel and livery for 

travelers.  By the late 1800s, Lochaber had about 830 residents. (Ancestry.ca 2013)  It was a thriving 

community. 

Toward the end of the 19
th
 Century, though, a wave of out-migration changed the face of northeastern 

Nova Scotia.  In Antigonish County as a whole, the population peaked in 1881 and the amount of farm 

land reached its maximum 

in 1891.  Between 1881 and 

1931 the County’s 

population declined by 54 

per cent and the number of 

farms by 30 per cent.  Farm 

acreage fell from 127,749 

acres to 46,246 acres. (Cann 

and Hilchey 1954) While 

census information is 

unclear, it appears that 

Lochaber’s population also 

went into a decline at this time.
6
  In Lochaber’s case, to the broader issues affecting the County as a whole 

was added the advent of motor vehicles. Local family businesses gave way to larger ones in Antigonish. 

World War I and the Great Depression of 1929 added still further impetus to the community’s decline as 

local men and families left to seek work elsewhere.  

Following World War II, Lochaber gradually became a centre for the production of strawberries, and they 

soon became the dominant cash crop for the community. Further, in the 1950s and onwards more and 

more Lochaber residents found employment outside the community.  By the 1980s, the earlier 

                                                           
6
 Census data shows a population for Lochaber of 596 residents in 1901 and 550 in 1911.  The accuracy of these 

figures is uncertain. Still, these figures appear to reflect the broader decline in the County’s population at this time.  

The 1911 figure includes residents from Lochaber, College Grant, Pinevale, Copper Lake, Collegeville, Head 

Lochaber, Ashdale, Glen Alpine, Upper Glen Road, north and west Lochaber, Middleton.  

http://search.ancestry.ca/Browse/view.aspx?dbid=8826&iid=z000034640 

http://search.ancestry.ca/search/db.aspx?dbid=8947 

http://search.ancestry.ca/Browse/view.aspx?dbid=8826&iid=z000034640
http://search.ancestry.ca/search/db.aspx?dbid=8947
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commercial forestry had given way to smaller woodlot operations, and agriculture now mainly consisted 

of strawberries, low bush blueberries and Christmas trees. In 1973 there were just six operating farms 

near the lake according to Ives (1973).  From the 1970s, the population grew again somewhat, as 

Lochaber became a bedroom community for Antigonish (especially St. Francis Xavier University) and a 

place for retirees to settle.  By 1990, the permanent population was between 600 and 700 people, and by 

2006 it had reached around 800.
7
  

In the closing decades of the 20
th
 Century, a new trend emerged: the community began attracting people 

from outside – largely from New Glasgow – who built cottages around the lake, especially along the west 

side.  During the period when farming and forestry were the primary occupations in Lochaber, most 

houses were situated up-hill from the lake, rather than along its shore.  Of course, some houses and many 

of the businesses were located close to the lake, but most of the farms were some distance up from it.  

Cottages, however, were typically built along the shores of the lake. While there are no official figures on 

the number of seasonal residents coming to Lochaber, in 1973 it was reported that there were over 90 

cottages around the Lake (Ives 1973).  Boating, fishing and swimming use of the lake increased.  While 

there was only one developed community beach, many cottages had small swimming areas and rafts. 

Today it is estimated that there are 150 – 200 cottages around the lake, so that the community’s 

population grows appreciably during the summer months.  Further, while cottage use in the 1960s and 

‘70s tended to be limited to weekends, over the past decade or so many cottages have been renovated and 

expanded, and a larger proportion are used throughout the summer. Swimming and boating activity has 

consequently increased substantially. 

 

d. Water Quality Studies Prior to 1994 

Brief studies of the lake before 1994 focused on issues of bacterial contamination.  According to Taylor et 

al. (1995), in 1974 the Nova Scotia Department of Health tested the water quality and concluded that the 

water was too contaminated with bacteria to be safe for swimming.  In 1977 a group of students 

sponsored by the LCDA began surveying the lake in order to determine more specifically the extent of the 

water quality impacts. The study examined the “presence of pollution in Lochaber Lake by measuring the 

numbers of total coliforms and fecal coliform bacteria, BOD determination, turbidity and oxygen/ 

temperature profiles.” (Taylor et al. 1995).  The survey concluded that there were “no consistently high 

bacterial levels although there is some cause for concern. BOD results showed the lake to be relatively 

clean. The point of concern was the streams, which had high coliforms levels on the later testing days and 

also some of the regular sampling sites which had high counts over the 18 sampling days.”(Taylor et al. 

1995).  This survey proved helpful as it had the leverage to change agricultural practices at one farm 

which included the relocation of a manure storage hut. 

 

                                                           
7
 The Canadian census data for “Lochaber” take in communities outside Lochaber proper, including: College Grant, 

Copper Lake, Cross Roads Ohio, Frasers Mills, Glen Alpine, Hillcrest, Ireland, Keppoch Mountain, Loch Katrine, 

Lochaber, Middleton, North Lochaber, Ohio, South River Lake, Upper South River, West Lochaber.  Accordingly, 

the actual population of Lochaber proper is probably considerably smaller than shown. 
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e. The 1994 Study 

 
In 1994 a team from the Nova Scotia Department of Environment – Darrell Taylor, Herb Callahan and 

David Shea – conducted a water quality-monitoring program at Lochaber Lake, examining the impacts of 

agriculture and residential development on the lake’s water quality (Taylor et al. 1995).  The study was 

carried out from April through October, 1994. The goal of the study was to “determine present water 

quality in term of both chemistry and bacteriology and to assess and determine the quality relative to 

established guidelines for specific water uses.” Growing concerns about over-development around the 

shoreline and agricultural land uses, as well as the closure of the lake in 1974 by the government due to 

high bacterial counts, were also reasons for the study.  

The 1994 study examined five sites for which chemical water quality was to be tested.  It measured the 

lake’s trophic state (level of biological richness), nutrient levels, chlorophyll a, transparency, 

conductivity, temperature, dissolved oxygen, pH, alkalinity, color, turbidity, total organic carbon, 

hardness, various ions and dissolved metals. The study also included a bacteriological component, which 

measured the concentrations of coliform bacteria and E.coli (Escherichia coli) in the water. The 

bacteriological study consisted of 13 lake sites and 7 stream sites.  The bacteriological component also 

included a sanitary survey in which dye tracers were placed in the septic systems of approximately 100 

permanent residences and cottages around the lake in order to detect faulty systems.  This process 

identified nine faulty sewage systems.   

After monitoring for a complete open water season, the researchers concluded that Lochaber Lake was 

generally low in nutrients, with little algal growth, and would thus be termed an ‘oligotrophic’ lake. This 

was determined through examining nutrient and chlorophyll concentrations. However the study did show 

that a few inlet streams exhibited some indications of nutrient enrichment, as did several specific 

locations in the Lake. These added nutrient sources were attributed to agricultural runoff and residential 

development.  

It was concluded that in 1994 Lochaber Lake as a whole was not affected by outside nutrients, although 

there were a few cases of small-localized areas affected by excess nutrient input.  Further, it was 

concluded that the chemical water quality was suitable to support expected water uses.  The 

bacteriological water quality data showed that the “water quality was occasionally unsuitable to support 

body contact, recreational uses, as well as untreated irrigation use” (Taylor et al. 1995). However the 

lake rarely became unsuitable for swimming.   It was advised that, as a rule, people avoid contact 

immediately after large rainfalls.  

The 1994 study can be viewed as a baseline to assess change that had taken place by 2012.  Although in 

2012 the budget and resources were not sufficient to do as comprehensive a study as the one done in 

1994, it was possible to gain an understanding of the lake’s current health and to establish a plan for 

future monitoring.  
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4. THE 2012 STUDY 

The water quality of Lochaber Lake was studied from June to August in 2012 by the Lochaber 

Community Development Association in collaboration with Dr. Barry Taylor of the St. FX Department of 

Biology. The purpose of the study in 2012 was to provide an updated snapshot of the water quality in 

Lochaber Lake, as well as to compare current findings with those of the 1994 study.  It would respond to 

concerns within the community regarding water quality and help the community begin a monitoring 

program. 

In addition, students taking a course entitled Geochemistry of Natural Waters, taught by Dr. Dave Risk 

from the Earth Sciences Department at St.F.X, undertook a study of the geochemistry of the lake as part 

of a service learning project. They designed the project to complement the LCDA’s lake study. This 

report will be available in 2013. 

a. Parameters Measured  

The parameters measured in the 2012 study include those related to the ‘trophic’ characteristics of the 

lake and those related to its ‘physical’ characteristics. 

Trophic Characteristics  

 Trophic status refers to the richness in nutrients of a lake, especially as measured by the amount of algae 

and plant growth (Wetzel 1983).  Nitrogen and phosphorus are the most important nutrients regulating the 

amount of algal growth.  Measuring these parameters allows classification of the ‘trophic state’ of the 

lake ranging from oligotrophic (unproductive) to eutrophic (productive) or even hyper-eutrophic (very 

productive, see Table 1). 

Table 1. Characteristics of lakes of different trophic levels (modified from Wetzel 1983). 

 Oligotrophic Mesotrophic Eutrophic 

Total phosphorus (µg/L) 

mean 

range 

 

8.0 

3.0-17.7 

 

26.7 

10.9-95.6 

 

84.4 

16-386 

Total nitrogen (µg/L) 

mean 

range 

 

661 

307-1630 

 

753 

361-1387 

 

1875 

393-6100 

Chlorophyll a (µg/L) 

mean 

range 

 

1.7 

0.3-4.5 

 

4.7 

3-11 

 

14.3 

3-78 

Secchi Transparency (m) 

mean 

range 

 

9.9 

5.4-28.3 

 

4.2 

1.5-8.1 

 

2.45 

0.8-7.0 

 

Total Nitrogen 

Nitrogen is an important plant nutrient in lakes, and is found in several chemical forms such as ammonia 

and nitrates. The term ‘total nitrogen’ includes all forms of nitrogen added together.  A lake receives 

nitrogen from three main sources: surface and groundwater, precipitation, and nitrogen fixation by algae 

and bacteria. Sewage, fertilizer, industrial wastes and airborne pollutants can all be sources of nitrogen 
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enrichment. Nitrogen is not normally the nutrient that limits plant growth in lakes except in the most 

‘hyper-eutrophic’ lakes (Wetzel 1983). Phosphorus is generally considered to be a more important cause 

of algal growth. 

Total Phosphorus 

Phosphorus is generally found in very low quantities in freshwater systems, and appears in fewer forms 

than nitrogen. Total phosphorus refers to the total of all forms including phosphate, and ‘organic 

phosphorus’. The most important form for plant growth is phosphate, which makes up only about 10% of 

total phosphorus. Most lakes are ‘phosphorus limited’, which means that a spike in phosphorus levels 

results in an increase in the lake’s productivity, leading to algal blooms and increased plant growth.  The 

phosphorus level in lakes is closely related to the geology of the region (Wetzel 1983). Surface runoff is 

the main source of phosphorus in lakes, but increased levels may also come from human activities, 

particularly sewage, detergents and fertilizers.  

Chlorophyll a 

The amount of algae in a lake has been shown to correlate very well with the level of chlorophyll a in the 

lake water (Taylor et al. 1995, Wetzel 1983). Chlorophyll a is a pigment found in plant cells that can be 

accurately measured in a laboratory. Therefore, the algal growth in a lake can be studied by measuring 

chlorophyll a in the water. 

Transparency 

The transparency of a lake is measured by how far light will penetrate the water.  It gives an indication of 

the productivity of the lake, the amount of suspended sediment within the water column, and the amount 

of algal growth (Taylor et al. 1995).  The Secchi disk is a tool used in the field to measure the 

transparency of the lake.  Its design is simple: it is a white and black disk with a rope attached, and every 

meter along the rope is measured out. The Secchi disk is lowered into the water until the viewer cannot 

distinguish between the black and white sides on the disk, and then the depth of the disk is recorded.  

 

Physical Characteristics 

Physical characteristics of the lake, such as acidity and temperature, have a strong influence on 

the biological nature of the lake. Often the amount of nutrients in the lake, and their availability to plants 

and animals, are influenced by the chemistry of the lake water. The acceptable levels for some of these 

characteristics are found in Table 2. 

Table 2. Range of acceptable levels for selected lake parameters. 

 Acceptable level Source 

pH 6.5-9.0 CCME (2012) 

Dissolved Oxygen No lower than 6 mg/L (warm water) and  9.5 

mg/L (cold water) for early life stages 

CCME (2012) 

Conductivity No greater than 250 us/cm CBEMN (2012) 

E. coli (recreational e.g. 

swimming) 

200 E. coli/100 ml (sample of 5) 

400 E. coli/100 ml (single sample) 

Health Canada (2012) 

E. coli (drinking water) None detectable/100 ml Health Canada (2012) 

Microcystin-LR Recreational water not to exceed 20 µg/L 

Drinking water not to exceed 1.5 µg/L 

Health Canada (2012) 
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pH 

The pH of a solution refers to the hydrogen ion concentration or the relative acidic/basic nature of the 

solution expressed on a scale of 0 to 14, with a neutral pH at 7.  Typically the pH level in a lake results 

from the geology and geochemistry of the local rocks and soils and depends on the drainage basin.  The 

pH can also be an indication of the types of living organisms in the water, as many species are sensitive to 

certain pH levels. Acceptable pH levels for lake water in Canada fall between 6.5 and 9.0. (Canadian 

Council of Ministers of the Environment 2012, Table 2) 

Temperature 

Lake water temperature is very important to aquatic life, especially extremes at the surface, and variations 

of temperature with depth.  Temperature affects the health and survival of fish, the rate of algal growth, 

and water chemistry, such as the solubility of oxygen. Temperature depth profiles measure the 

temperature at various depths in the lake. 

Thermal stratification is the layering of water 

at different depths in the lake, according to 

temperature. It occurs because cold water is 

denser than warm water, and develops in a 

deep lake during summer, as the sun warms 

the top layers.  Surface water may become 

quite warm, while water at greater depths 

below the ‘metalimnion’, or barrier where the 

temperature changes quickly, stays cool. This 

is important because stratification provides a 

barrier to the mixing of nutrient-rich water in 

the depths with the warmer surface waters. 

Cold water is also preferred habitat for many 

fish species, such as brook trout and Atlantic salmon. Tributary streams are typically a few degrees colder 

than the lake itself due to underground springs and shade from overhanging trees and shrubs.  

Dissolved Oxygen 

The amount of dissolved oxygen in the water is extremely important to living organisms. The control of its 

concentration is very complex, relating to water temperature (cold water holds more oxygen), mixing from 

the atmosphere, production by algae and aquatic plants, and how it is consumed in the water and sediments 

by living organisms (Wetzel 1983).  The level of dissolved oxygen can range from 0 to 18.4 mg/L, but the 

lowest acceptable quantity for late life stages of organisms including fish is 5.5 mg/L  in warm water and 

6.5 mg/L in cold water (Canadian Council of Ministers of the Environment 2012). During the early life 

stages of organisms the lowest limit is 6 mg/L in warm water and as high as 9.5 mg/L in cold water. 

Conductivity 

 

Conductivity is a measure of the ability of water to conduct electricity. Water conducts electricity because 

it contains dissolved solids (as ions) that carry electrical charges. Conductivity is dependent upon “the 

total concentration of a dissolved substance and the solution’s temperature.”(Taylor et al. 1995)  

Therefore conductivity can indirectly provide an estimate of the total dissolved solids (TDS) in a lake. 
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The conductivity of fresh water is largely dependent on the geochemistry of the area. The chemistry of the 

bedrock in particular can heavily influence conductivity levels. As most streams and lakes hold a fairly 

constant level of conductivity, it can act as early indicator that pollution is degrading the water quality.  

Sources of TDS from human activities include runoff from agricultural and residential lands, discharge 

from industrial or sewage treatment plants, and de-icing salts from roads. Guidelines recommend that 

conductivity not exceed 250 us/cm (Canadian council of Ministers of the Environment 2012). 

 

Biological Characteristics 

The biological characteristics of Lochaber Lake, includes all organisms from bacteria, to plants, 

fish, insect and bird life. However, in this report we will discuss only bacteria (especially E. coli), and 

algae (especially cyanobacteria, or blue-green algae) which were examined in the study. A review of 

information about fish in the lake is included in an earlier section.  

Bacteria: E. coli (Escherichia coli) 

E. coli is a coliform bacteria that normally lives in the lower intestines of warm-blooded animals. Therefore 

its presence in water means that the water has been exposed to animal feces. The source of bacteria can 

include runoff from agricultural lands, septic systems, or even wildlife and domestic animals. Certain types 

of E.coli, and high concentrations of E. coli can be dangerous to human health. If the source is human 

sewage, then other pathogenic bacteria may also be present in the water. Monitoring for E. coli is used to 

detect sewage contamination. The maximum acceptable level in lake water for recreational purposes such 

as swimming is 200 MPN for an average of 5 samples, or 400 MPN for a single water sample (Health 

Canada 2012). The acceptable level in water for drinking purpose is none present in 100 mls of water 

(Table 2). 

 

Cyanobacteria (Blue-green Algae) and Microcystin-LR 

Cyanobacteria, commonly known as blue-green algae, are bacteria with photosynthetic pigments that 

commonly live in lake environments.  They may form blooms in freshwater lakes and produce visible 

scums on the water surface. Some species, for example in the genera Microcystis, Anabaena, and 

Oscillatoria, are known to produce toxins of various kinds (World Health Organization 1998). These may 

include hepatotoxins, neurotoxins, skin irritants and others. The toxin microcystin-LR is a hepatotoxin 

that is one of the most common associated with cyanobacteria, particularly with the genus Microcystis.  

Liver damage may result from exposure. The microcystins are not absorbed through the skin; therefore 

the main mode of exposure is by ingestion. 

Microcystis blooms are common in temperate regions. Their production of toxins is variable over both 

time and space. In other words, it is hard to predict if a bloom is producing toxin in one location and at 

any one time. The toxin microcystin-LR is the toxin most commonly measured by regulators, if the lake is 

a drinking water source. The Health Canada standards for microcystin-LR state that it should be less than 

1.5 µg/L for drinking water, and below 20 µg/L for recreational uses of water such as swimming (Health 

Canada 2012).  

Cyanobacterial blooms have become an increasing problem in Canadian lakes over the past decade.  In 

Nova Scotia, concerns about cyanobacteria began increasing after about 2006 (Darrell Taylor, personal 
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communication). The levels of cyanobacteria and toxins were measured as part of a study in lakes in 

Yarmouth County (Taylor 2009).  

b. Site Selection 

When selecting sampling sites for this study, the primary concern was to mirror the site selection of the 

1995 study as closely as possible, within constraints of the available budget.  Samples were taken at three 

sites in the central basins of the lake. Site 1C was near the north end, 2C in the middle region, and 3C 

towards the south end (please see map Figure 1). The remaining sites were either in streams (sampled at 

bridges near the lake), or near the lake shore. Site 11B was the outflow at the bridge south of Lochaber 

Lake.  Please refer to Table 3 for site descriptions. 

Sites for Trophic Characteristics 

Chemistry, including total phosphorus, total nitrogen and chlorophyll a were sampled biweekly at the 

central lake sites (1C, 2C and 3C). Total nitrogen and total phosphorus were also sampled at site 3B, the 

main inlet stream. Total phosphorus was sampled on October 9
th
 at 4 shoreline sites (3B, 20B, 31B and 

33B).  Secchi depth was measured at the central lake sites only. 

Sites for Physical Characteristics 

The physical parameters pH, conductivity, dissolved oxygen, and temperature were measured at all sites, 

biweekly. 

Sites for Bacteriological Tests 

Six bacteriological sites (3B, 5B, 7B, 15B, 12B, 11B), were sampled on a bi-weekly basis. These six sites 

were chosen based on their proximity to high frequency swimming and recreational locations and to 

streams. Sites 3B, 15B, 12B are located within streams. 

On July 23
rd

 a further three bacteriological sites, 14B, 33B and 34B, were added when additional project 

funding was secured.  On two days in August, yet more sites were sampled (a total of 14). Both dates 

followed several days with no rainfall (see Table 4). The six new sites that were added include 20B,14B, 

30B, 31B, 32B, 33B, and 34B (See map Figure 1).  
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Figure 1. Bathymetric map of Lochaber Lake with sites sampled in 2012 (adapted from map by 

Nova Scotia Department of Fisheries, Aquaculture and Inland Fisheries Division (N.D.).  

 

c. Methods & Analysis 

Please see Appendix A for the methods used 

to collect and analyse samples, including the 

certified laboratories employed.  
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d. Results and Discussion 
 

Trophic Characteristics 

The trophic state of Lochaber Lake was determined by looking at the levels of total nitrogen (Table 5), 

total phosphorus (Table 6), chlorophyll a (Table 7), and the transparency of the water (Secchi depth, 

Table 8, Figure 2).  Lochaber Lake falls in the category of oligotrophic (low productivity) lakes (Table 9, 

below). These categories were explained in Table 1. This means the lake has low nutrient and low algae 

levels.  

There are localized areas with higher levels of nitrogen, phosphorus and chlorophyll a, or algae. The 

north inlet (Site 3B) had relatively high phosphorus levels of about 10 µg/L, and it also had total nitrogen 

levels two times higher than the centre lake sites (Table 5). The north end of the lake, north of site 1C, 

may have a higher trophic status, or greater productivity, because of the higher nutrient levels of the main 

inlet. In October, this end of the lake had considerably higher phosphorus levels than areas sampled to the 

south (Table 6). The shallower north basin would also allow more mixing of the sediments and greater 

nutrient enrichment of this part of the lake. Although chlorophyll a was not measured in this end, the 

nearest site, 1C, had the highest average chlorophyll a levels in August. 

The decline in transparency of the lake (Secchi depth, see Figure 2) over the summer accompanies the rise 

in chlorophyll a, or algae. By August 29
th
 the transparency of the water at 1C near the north end, was 

lower than at the centre and south sites, showing that the algae level was slightly higher towards the north 

end of the lake. 

 

Table 9. Summary of trophic characteristics of Lochaber Lake at centre lake sites during August 

2012.  

 North 1C Centre 2C South 3C Lake average 

Total nitrogen µg/L 180 185 180 182 

Total phosphorus 

µg/L 

5.5 3.5 4.5 4.5 

Chlorophyll a µg/L 4.3 2.9 3.2 3.5 

Secchi depth (m) 2.7 3.0 3.2 2.9 
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Figure 2. Transparency as measured by Secchi Depth (m) in the three centre lake sites of Lochaber 

Lake in 2012. 

Physical  Characteristics 

The physical parameters measured in the water of Lochaber Lake indicate conditions that would be 

expected to affect the water quality for living organisms in the lake, and that can influence trophic 

characteristics.  

The average pH values in the lake ranged from 6.42 to 7.47, while the streams ranged from 6.37 to 7.32 

(Table 10). Canadian guidelines suggest that pH should remain between 6.5 and 9.0 for aquatic life. The 

pH in the lake water and streams is generally acceptable, although at some locations in Lochaber Lake it 

is on the slightly low, or acidic level. The site at the mouth of Hulbert Brook had an average pH of 6.53, 

suggesting that this brook is slightly acidic. Based on field observations, this brook is an important stream 

for spawning Gaspereau (blueback herring). The varying pH in the lake reflects the differing geology that 

underlies streams. 

Temperature in the centre lake surface water sites, down to a depth of about 4 to 7 meters, reached an 

average of about 23
o
C in August (Table 11, Figure 3) with the community beach site (5B) exceeding 25

o
C 

in August. The lake water became thermally stratified by June 25th, and by August the metalimnion, 

which indicates the region with the greatest thermal change, was at 4 to 6 meters in the north end, and 7 to 

10 m in the centre and south ends (Figures 4a, 4b, and 4c). This is the depth below which mixing does not 

occur, until the stratification breaks down in the fall when the lake surface cools again. Temperatures 

above 18 to 20
o
C are harmful to adult brook trout and Atlantic salmon, with the upper lethal limit for 

brook trout considered to be 25.3
o
C (Ase Consultants 1993). Warm water also promotes the growth of 

algae.  
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Figure 3. Surface temperature (
o
C) in Lochaber Lake during 2012.  

 

 

 

 

Figure 4a. Temperature profile of centre lake site 1C during 2012. 
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Figure 4b. Temperature profile of centre lake site 2C during 2012. 

 

Figure 4c. Temperature profile of centre lake site 3C during 2012. 

Dissolved oxygen was only determined on August 8
th
 (Table 12), but it was observed that it ranged from 

4.3 mg/L to 8.7 mg/L. Two streams, Hulbert Brook and the North Inlet, had dissolved oxygen below the 

acceptable limit for fish (Canadian Council of Ministers of the Environment 2012).  

Average conductivity in inlet streams varied widely while lake levels were fairly uniform (Table 13, 

Figure 5). The stream on the southwest side, 12B, had a considerably higher conductivity than other sites, 

with the level on July 23 exceeding the recommended value for water quality of 250 uS/cm. The inlet on 

the north end had a higher conductivity than the lake water, particularly from July 23rd to August 27
th
 

when it ranged from 112.9 to 129.9 µS/cm.  This may be due to agricultural activities in the drainage 

basin. On the whole, the lake has a naturally low level of conductivity. The shoreline areas did not show 

levels that would cause concern about inputs of salts or sediments on the days tested. Even following 

heavy rainfall, the water on July 9
th
 showed normal levels. An extensive sampling of the lake shore was 

done on July 31
st
, with all lake sites showing similar, normal levels of conductivity (Table 14). This 

sampling would make a good baseline for comparisons in future years. It would be interesting to test these 

sites before and after heavy rainfall. 
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Figure 5. Average conductivity (µs/cm) at sites in Lochaber Lake from June to August 2012. 

 

Other physical and chemical parameters were measured as part of standard water quality testing 

(Appendix D). No areas of concern were identified, but the data is included for future reference. 

 

Bacteria  

A summary of the findings on E. coli levels is explained here. Levels of E. coli varied throughout the lake 

and streams during the study period, ranging from 3 MPN/100ml to 387 MPN/100 ml (Table 15, Figure 

6). MPN refers to ‘most probable number’. Counts varied widely even within a single site, but trends 

suggest that levels are elevated in stream sites 3B (North Branch inlet) with an average of 182 MPN/100 

ml and 11B (North St. Mary’s outlet, average exceeding 146 MPN/100 ml). Pigeons roost under the 

bridge at site 11B, but sampling from July onwards always was done above the bridge. Waterfowl at the 

south end of the lake could have contributed to higher E. coli levels, as could the stream joining the outlet 

above the bridge. This stream was not examined in the study. The swimming beach at the community hall 

(site 5B) had one sample on August 8 with a value of 387 MPN/100 ml.  This beach had an average of 

118 over the 5 sampling days in July and August, trending higher in August than in July.  Site 15B, a lake 

shore site on the west side, also had one sample with an MPN of 387 on July 23
rd

, although it had low 

levels on all other sampling days.  

The water in Lochaber Lake is safe for swimming and other recreational activities most of the time, but 

occasionally the E. coli levels exceed the standard set by Environment Canada. Guidelines for 

recreational use of the water such as swimming vary from 200 MPN to 400 MPN depending upon how 

the water is sampled (Health Canada 2012).  

However, for drinking purposes, the lake water is not acceptable.  All of the water samples from Lochaber 

Lake in this study contained some level of E. coli.  Federal guidelines for drinking water quality state that 
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the presence of any detectible level of E. coli makes the water unacceptable for human consumption.  

Only when properly treated (e.g. by boiling or with UV light), can users feel confident that lake water is 

suitable for drinking.  

 

 

Figure 6. Escherichia coli (most probable number or MPN/100 ml) in Lochaber Lake in 2012. Note 

that the maximum for recreational water is 200 MPN/100ml (average) or 400 MPN (single) (Health 

Canada 2012). 

Cyanobacteria (blue-green algae) and Microcystin 

In August of 2012, lake users started to comment on the appearance of particles in the water that were 

becoming more apparent during the last half of the month. The research group obtained a sample of 

water, which was studied by light microscopy at St. Francis Xavier University’s Department of Biology. 

The algae were identified as belonging to the Cyanobacteria (blue-green algae) genus Microcystis sp. 

(Figure 7, Dr. David Garbary, Dr. Lori Graham, personal communications). This is a colonial 

cyanobacteria that is known to sometimes produce a liver toxin, microcystin-LR.  

The Nova Scotia Departments of Environment and Health were consulted.  Although the quantity of 

cyanobacteria did not appear to be high as no dense green bloom or scum was apparent, the Department 

of Health decided to post notices around Lochaber Lake cautioning lake users about the presence of 

cyanobacteria. The LCDA had already decided to notify residents about the presence of cyanobacteria 

and provided information to the public in the form of government bulletins. Recreational guidelines for 

acceptable numbers of cyanobacteria state that there should be no more than100,000 cells/ml. No cell 

counts were done in this study. 

The microcystin-LR levels from sites on the west side (31B), and from the community hall beach (5B) in 

early September, averaged 0.6 µg/L (Table 16). This is below the proposed drinking water guideline of 
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1.5 µg/L, and the recreational guideline of 20 µg/L, therefore is within safe drinking water and swimming 

standards. It should be noted that because of the presence of E. coli in the lake, untreated water is at no 

time acceptable for drinking purposes. If levels were to exceed the guideline of 1.5 µg/L, normal methods 

used to sterilize water for drinking purposes such as boiling, will not eliminate the toxin. It is interesting 

to note that the levels are comparable to microcystin-LR measured in lake water in southern Nova Scotia 

from a very green, productive lake with high levels of the cyanobacteria Microcystis (Taylor 2009). 

It is generally observed by residents that this algae, with its characteristic flocculent appearance, has only 

appeared in the past few years.  Dr. Barry Taylor, who advised the current study, has sampled Lochaber 

Lake with his class every September from 2001 to 2012 (except for 2007), and has records of Microcystis 

in the water column at the station near Site 31B about mid-way up the lake (Appendix D).  He first 

observed Microcystis in 2005, and the class has recorded it every year since in varying amounts. In 2009 

there was a relatively large bloom, but the class may have sampled after the peak in other years. It is 

interesting that in years that the cyanobacteria appeared in samples, another common algae called Volvox, 

disappeared from the lake. 

Advice was sought on the significance of the recent appearance of cyanobacteria in Lochaber Lake. A 

national expert on this topic suggested that it probably signals a change in the lake, such as slight 

increases in phosphorus (Dr. Ellie Prepas, personal communication). She observed a similar bloom, for 

example, after winter logging took place in the watershed of a lake she studied in Alberta.  A long term 

study would be required to learn about the cause, and nature of health concerns for Lochaber Lake. 

 

Figure 7. Cyanobacteria (blue-green algae Microcystis sp) collected from Lochaber Lake in August 

2012. Shown left is part of a ‘colony’, made up of thousands of algae cells. Right is an image of the 

lake water at the community hall beach showing the particles of algae colonies in the water. 

Photographed by Dr. J. Buckland-Nicks, Dept. of Biology, St. Francis Xavier University. 
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Table 16. Microcystin LR (µg/L) in whole lake water samples at two near shore sites in Lochaber 

Lake taken in September 2012.  Canadian recreational water level guidelines and drinking water 

guidelines are from Health Canada, Environment and Workplace Health (2012). 

 

Site and date sampled Total Microcystin-LR µg/L 

 lake water  Recreational guideline Drinking water 

guideline 

Site 31B, Lamb’s Dock, 

Sept. 2, 2012 

0.34 Not to exceed 20 µg/L Proposed guideline 

suggests not to exceed 

1.5 µg/L 
Site 5B, Community 

Hall Beach, Sept. 8 

2012 

0.80 

 

e. Comparison of 1994 and 2012 Results 

There are limitations to comparing two years of data on lake water quality. Variations in sampling 

methods, analytical methods and weather conditions for example may affect the comparison. In 2012 the 

research team tried to follow similar methods of collection, used the same sites, (although some additional 

ones were added), and had samples analysed at certified laboratories. Analytical methods may have 

changed at the laboratories since 1994, however. The overall weather patterns were not compared 

between years, but the amount of rainfall appeared to be similar. With these qualifications, the following 

comparisons of water quality in 1994 and 2012 can be made. 

 The average amount of nutrients in Lochaber Lake did not change significantly between 1994 and 2012.  

Nitrogen and phosphorus throughout the lake remained similar, in fact phosphorus values were lower in 

2012. As noted below, phosphorus measurements must be interpreted carefully.  It is clear, however, that 

the lake continues to be considered an ‘oligotrophic’ lake with low nutrient levels.  

Chlorophyll a, which indicates algae, remained low but values did double from average August values of 

1.8 in 1994 to 3.5 in 2012. This increase is supported by the change in average transparency (Secchi 

depth) from 4.2 meters in 1994 to 2.9 meters in 2012. The researchers in 1994 did not observe a growth of 

cyanobacteria. The apparent discrepancy between the seemingly unchanging phosphorus levels, but 

change in the algal growth may be a reflection of the tricky nature of analyzing phosphorus. We did not 

measure phosphate, the form of phosphorus that algae use, and this level may have been different in 2012 

than in 1994. Lake phosphate levels are very difficult to measure. It is possible that nutrient enrichment in 

the north end of the Lake and warming summer water temperatures are combining to create the right 

conditions for growth of this algae.  
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Table 17. Comparison of trophic characteristics and surface water temperature of 

Lochaber Lake in August 1994 and August 2012. Samples taken on two dates in August 

at three center lake sites were averaged. Data from 1994 is from Taylor et al. 1995. 

 
 North 1C Centre 2C North 3C Whole lake 

 1994 2012 1994 2012 1994 2012 1994 2012 

Total nitrogen 

µg/L 

195 180 190 185 195 180 193 182 

Total phosphorus 

µg/L 

7.5 5.5 8.0 3.5 8.0 4.5 7.8 4.5 

Chlorophyll a 

µg/L 

1.7 4.3 2.0 2.9 1.8 3.2 1.8 3.5 

Secchi depth m 4.0 2.7 4.2 3.0 4.3 3.2 4.2 2.9 

Surface water 

temperature 
o
C 

      21.2 23.3 

 

Some other characteristics of the lake, such as pH, oxygen and conductivity, are similar to the 1994 

levels. One notable difference is the temperature of the surface water.  In 1994, the average surface water 

temperature in August was 21.2
o
C, while in 2012 it was 23.3

o
C.   Although more years of measurements 

are needed to declare this a trend, rising water temperatures could be related to a changing climate, and 

could help explain increasing algal levels and lower dissolved oxygen in the lake. 

It is difficult to compare levels of E. coli bacteria in the lake between 1994 and 2012 because the quantity 

of bacteria in a sample is related to rainfall events which vary from date to date (Taylor et al. 1995).  The 

researchers in 1994 noted that after rainfall the E. coli level at some sites increased, probably due to 

bacteria washed into the lake from the watershed.  Therefore, very high E. coli counts may be correlated 

with high rainfall at any one site.  However, if a comparison is made of average bacteria levels at each site 

between 1994 and 2012, we can conclude that: The amount of E. coli in the main inlet at the north end of 

the lake was considerably lower in 2012 than in 1994; the amount of E. coli in the two lake sites 

increased; and the amount of E. coli in the outlet stream also increased (Table18).  Importantly, the E. coli 

counts at the community hall beach (5b) increased considerably, as did E. coli at the outflow (11b). Two 

of the streams, 12B on the west side, and 15B (McNab’s Brook) remained unchanged or decreased.  
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Table 18. Average E. coli counts at Lochaber Lake sites in July and August, comparing 1994 and 

2012.  Samples were collected twice monthly for a total of 4 measurements at each site in each year. 

Data from 1994 is from Taylor et al. 1995.  

  

*No sample was processed on August 8 

** July 9 sample was >200 so 200 was used in calculation 

 

f. Conclusions from the Study  

Many characteristics of Lochaber Lake, such as general water chemistry, pH, dissolved oxygen and 

conductivity, are at normal levels for most of the lake and are not cause for concern. There are some 

findings, however, that are notable and of some concern. 

The surface water temperature is reaching over 23
o
C in the top four to six meters during summer. This 

high temperature, related to warming local temperatures, is above healthy levels for fish such as brook 

trout, which must move to cooler waters. High temperatures may also stimulate algal and bacterial 

growth.    

The amount of algae, in Lochaber Lake appears to be increasing.  This may be linked to the warming of 

surface water during the summer and possibly to increased nutrient inputs. Cyanobacteria, or blue-green 

algae, particularly Microcystis, is now growing annually during August and September, an occurrence 

that probably started in about 2005. In 2012, this cyanobacteria was shown to produce low levels of the 

toxin microcystin-LR. It is likely that the increasing levels of algae, including cyanobacteria, signal a 

change in the watershed such as warmer conditions, and increased nutrient inputs. 

There is no direct evidence, especially with the limits of analysis in our studies, to show that the nutrient 

levels in the lake have risen since 1994.  However, the study in 2012 revealed that both phosphorus and 

nitrogen are considerably higher in the north end of the lake than in the central basins. Evidence from the 

decrease in lake transparency and rise in cyanobacteria, suggests that the lake is becoming more nutrient 

rich. 

 E. coli levels were similar in some areas, and higher in others, in 2012 compared to1994.  Although  

most of the time E. coli levels were acceptable for recreational purposes such as swimming, occasionally 

approved recreational standards for E. coli were exceeded, for example at the community hall beach. At 

the community hall beach, the amount of E. coli can be expected to rise after rainfall events and may 

exceed the approved standard for recreational water at times during the summer. Both the inlet and outlet 

to the lake have shown high levels of E. coli which can also be expected to peak after rain events. Since 

some E. coli is present throughout the lake, the lake water is never acceptable for human consumption.  

 

 3B 

stream 

5B 

lake 

7B 

lake 

11B 

stream 

12B 

stream 

15B 

stream 

1994 527.5 7.5 7.5 58 141 89.5 

2012 131.3 144.3 30.7* 175.8** 16* 107.8 
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5.   ISSUES ARISING FROM THE 2012 STUDY 

a. Sources of Harmful Conditions 

The field research carried out for this study has shown that E.coli bacteria are present in Lochaber Lake at 

levels similar to or greater than in 1994. In certain circumstances and at certain times of the year this may 

be a cause for concern to the community. It has also shown that conditions in the lake, such as surface 

temperature, are changing and causing slightly increased algal growth during summer. The cyanobacteria 

Microscystis has, since just 2005, started to develop in the lake during August and September, producing 

low levels of toxin.  It should be emphasized that the current level of toxin was within safe standards for 

recreational use of the lake.   

The obvious next questions are:  what might be causing these potentially harmful conditions in the lake, 

and what, if anything, can the community do to prevent or reduce them or to mitigate their effects.  The 

field research carried out for this study has not sought to determine the specific cause or causes of the 

harmful inputs.  That would require additional investigation that is more the responsibility of government 

agencies charged with enforcing environmental laws and regulations. It is possible, however, to suggest 

broad sources of the problem, some of which may lend themselves to remedial action by individual 

residents or by the community acting together.   

The following discussion reviews the most likely potential sources, and suggests potential remedial 

actions.  The potential sources include: 

 Hillside erosion 

 Shoreline degradation 

 Use of lawn fertilizers 

 Use of detergents  

 Agricultural activities 

 Inadequate septic systems 

 Climate Change 

 

Hillside Erosion 

As noted earlier, historically the area around Lochaber was covered by Acadian Forest.  This heavy forest 

cover helped limit erosion on the steep hills around the lake.  The loss of forest cover during the early 

settlement period likely contributed to erosion and over decades to the carving out of ravines along the 

streams leading into the lake.  The natural re-forestation that occurred as farming declined in the early-to-

mid 20
th
 Century would over time have stemmed the erosion of the previous period had it been allowed to 

continue.  However, as noted earlier, during the second half of the last century there was extensive clear 

cutting around the lake, particularly on the higher slopes, and toward the end of the century extensive 
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clearing of forest cover on the lower slopes and shoreline was done to make room for homes and 

cottages.
8
 

The pattern of forestry around Lochaber Lake over the past two centuries has played an important role in 

the lake’s current ecology, particularly erosion of the surrounding hillsides.  The heavy run-off into 

Lochaber Lake experienced from rain-storms in recent years is attributable, at least in part, to the loss of 

forest cover on the slopes around the lake. 

It is beyond the scope of this report to assess the future of forestry practices around Lochaber Lake.  

However, an awareness that reduced forest cover on the kind of steep slopes found around the lake 

contributes to erosion and hence increased nutrient flow into the lake suggests that land owners should 

generally seek to minimize the removal of trees from their lands, particularly near watercourses. 

 

Shoreline Degradation 

As mentioned earlier, over the past 50 years or so, the number of residences along the shores of Lochaber 

Lake, both permanent and seasonal, has increased significantly. In many cases, this has been accompanied 

by the clearing of the forested or vegetated strips of land that originally bordered the lake.  These are 

called shoreline buffers.  These buffers play a number of critical roles in maintaining the health of lakes: 

Filter runoff:   Rain that runs off the land can be slowed and infiltrated in the buffer, which helps 

settle out sediment, nutrients and pollutants before they reach water bodies.  

Protect the bank from erosion:   Tree roots hold the bank soils together and stems protect banks by 

deflecting the cutting action of currents, waves, boat wakes and storm water.  

Absorb Nutrients:  Nutrients from fertilizers and animal waste that originate on land are taken up by 

tree roots.  Phosphorus and nitrogen are stored in leaves, limbs and roots instead of reaching the 

stream.  Phosphorus is the main nutrient of concern in many lakes.  There are three mechanisms of 

phosphorus removal in shoreline buffers:  

a. Deposition of phosphorus with sediment;  

b. Adsorption of dissolved phosphorus on to sediment particles;  

c. Uptake of phosphorus by vegetation.  

Perform effective flood control and storm water management: slowing the velocity of runoff, the 

shoreline buffer allows the water to slow and recharge the groundwater supply.  Groundwater enters 

the stream at a much slower rate and over a longer period of time than water that has traveled as 

surface water.  This helps control flooding and maintains stream flow during the driest times of the 

year (adapted from District of Muskoka Planning and Economic Development Department 2013). 

In view of the steep topography around Lochaber Lake, the role of the shoreline buffer is particularly 

important. 

Fortunately, the degradation of shorelines can be reversed.  In many jurisdictions, land-owners are 

learning about the importance and value of natural shorelines. They are clearing their land less, lawn-

                                                           
8  Information from Glenn Terris. 
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mowing less and planting native plants.  The following guidelines have been suggested for preventing or 

reversing shoreline degradation. 

Preservation:  For owners of lakefront properties, endeavour to retain a natural shoreline and 

design access to the lake in such a ways as to avoid shoreline damage.  Leave uneven, aged trees 

for long-term preservation. Remember that the roots of small shrubs protect and hold the roots of 

large trees. 

Naturalization:  Leave degraded shorelines alone to return to their natural state. Trim if necessary, 

but do not destroy lake vegetation. 

Enhancement:  Plant native species and remove non-native species. 

Restoration:  Plant cleared areas with native species (Government of Ontario
 
2000). 

  

Use of Lawn Fertilizers 

In addition to shoreline buffer degradation, the increase in residences along the shores of Lochaber Lake 

has been accompanied by the establishment of lawns and accordingly the use of lawn care products, 

especially fertilizers.  Many lawn fertilizers include phosphorous among their ingredients.   

All fertilizer and supplement products sold in and imported into Canada are regulated under the authority 

of the Fertilizers Act and Regulations, which is administered by the Canadian Food Inspection Agency 

(CFIA).  Pursuant to this Act and Regulations, all regulated products must be safe (with respect to human, 

animal and plant health, as well as the environment). 

The potential impact of fertilizers containing phosphorus on lake water quality depends, however, on how 

and when they are applied.  Phosphorous moves very little once it is in the soil, since it generally becomes 

tightly bound to soil particles. However, if fertilizer is applied to lawn surfaces, it can be washed into the 

lake through surface runoff and erosion processes.  As one government official put it, “If phosphorus is 

being spread very near the lake, every time there’s a good rainstorm there’s excess phosphorus leaving 

the shore land to get in the lake.” (Wisconsin Lakes Association  2013). 

Various jurisdictions across North America have recommended a range of responses to this problem, all 

of which can be considered by residents of Lochaber.  Some advise that, if applying fertilizers, use only 

the amount required and don’t apply them immediately before forecast rainfalls. Others advise that for 

new lawns, phosphate fertilizer should be incorporated 4 to 6 inches into the soil before seeding or laying 

sod.  For established lawns, the soil should be aerated with a coring tool before applying the fertilizer.  

Some jurisdictions advise residents to use only lawn fertilizer which is free of phosphates.  The way to 

know if a lawn fertilizer has no phosphates is to look at the formula on the box or bag and make sure the 

middle number is zero (i.e., 15-0-5 or 20-0-6).  Finally, some jurisdictions have gone so far as to ban the 

use of phosphorous to fertilize lawns altogether.    

 

Use of Detergents 

The water quality studies carried out in Lochaber Lake since the 1970s, including the 2012 study, have all 

found the presence of the mineral phosphorous, a recognized food source for algae. To put this in 

perspective, 1 lb. of phosphorous can grow 700 lbs. of algae, so a small amount of phosphorous can have 

http://www.wisconsinlakes.org/
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huge effects.  Two potential sources of mineral phosphorous in residential lakes like Lochaber are laundry 

detergent and dishwasher soap. (It is also used in cleaning products used to soften water and to reduce 

spotting and rusting.) 

Back in the 1960s, nearly all the detergents used in Canada and the United States contained high levels of 

phosphates. Phosphates, which contain phosphorous, are binding agents that suspend dirt in wash water 

so that the dirt rinses away.  Significantly, the treatment of household wastewater carried typically out by 

septic systems only removes a small amount of the phosphates from the wastewater, so most of the 

phosphates in detergents remain in the treated water that is released into the environment. In short, most 

of the phosphates contained in the detergents used by Lochaber residents go into the lake.   

Beginning in the 1970s, governments began enacting legislation banning or limiting the use of phosphates 

in laundry detergents.  This legislation generally exempted dishwasher detergents, however, which 

contained phosphorous levels of between 3.7 and 8.7 percent by weight.  In 1989, however, Canada’s 

federal government amended its Phosphorous Concentration Regulations, lowering the permitted levels 

of phosphorous in both laundry and dishwasher detergents to 2.2 percent.  In 2010 this was reduced 

further to 0.5 percent.  

Compared with the 1960s, the cleaning products used in Canadian homes today contain much lower 

levels of phosphorous, or even none.  Most laundry detergents nowadays contain no phosphorous. 

Dishwashing detergents, however, are still available in both phosphorous and phosphorous-free forms.  

Early versions of phosphorous-free dishwasher detergents were not always effective, but according to the 

Good House-keeping Research Institute, today’s products are “…not only acceptable, but better than 

those of many of the green products we’d previously tested.”
 
(Forte 2010). 

One step residents concerned about water quality in Lochaber Lake can take, accordingly, is to make sure 

the soaps and detergents they use, whether for laundry or dishwashing, are free of phosphorous.  In some 

markets, phosphorous-free products are displayed in a separate ecological or organic product section.  

Residents can also consider buying soaps and detergents that are biodegradable and made from plant 

enzymes rather than petroleum products. 

 

Agricultural Activity 

As noted earlier, both the 1974 and 1994 studies of Lochaber’s water quality identified runoff from local 

farms as a likely leading source of nutrients in the lake, particularly at its north end
 
(Taylor et al. 1995).  

As a result of the 1975 study, some farm practices were changed to reduce run-off from manure storage 

sheds.  The 1994 study concluded, however, that “…more intensive site-specific audits and sampling 

programs would be required to identify all individual impacts associated with farming activities in the 

watershed.”
 
(Taylor et al. 1995)  

Unfortunately, this conclusion has not, so far as is known, been acted upon.  However, at a provincial 

level, a study by Agriculture and Agri-Food Canada stated that for Nova Scotia during the period 1981 to 

2006,  

“Risk to water quality by nitrogen, phosphorus, coliforms and pesticides [from 

farming] all increased over this time, indicating more management may be 

necessary”. (Agriculture and Agri-Food Canada 2011) 
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Since 1995, farming activity around Lochaber has continued to decline.  In particular, a large farm at the 

north end of the lake has ceased its cattle operation.  A poultry operation, also at the north end of the lake, 

also closed.  Presumably, these changes will have removed these sources of nutrient input into the lake.  

However, without further research, it will not be possible to determine whether farming-related run-off is 

still contributing to nutrient levels in the lake.  Accordingly, it seems reasonable to renew the 

recommendation contained in the 1995 study: 

“Site-specific audits of agricultural properties to ensure farming practices are being 

undertaken in a manner that does not impact water quality.  Such practices to be considered 

should include but not be limited to:  manure management, livestock pasturing, fertilizer 

application, and erosion control.”
 
(Taylor et al. 1995)  

 

Inadequate Septic Systems 

In Lochaber today, household wastes are typically treated by in-ground septic systems. Properly installed 

and maintained, septic systems are very effective in treating and disposing of wastes.  However, when 

they are badly designed, installed or maintained, they can enable untreated or only partially treated 

household wastes to enter groundwater, either by seeping into ditches or streams or directly into the lake.  

Inadequate septic systems are frequently cited as a prominent source of coliform and other nutrients in 

lake water. 

In Lochaber, as in many other communities, the state of septic systems today is strongly determined by 

the history of development.  As noted earlier, prior to the mid 1900s many of the homes around Lochaber 

were set back from the lake, often by a considerable distance.  Seepage from outhouses or septic fields 

generally didn’t greatly affect the lake water.  Then, in the 1970s and onwards, cottages began to be built 

along the lakeshore. Often these were used for just a few weeks each year and accordingly were able to 

operate with just an outhouse or a very rudimentary septic system (i.e., a drum dug into the ground).  

More recently, however, many cottages have been upgraded and are being used for longer periods during 

the summer and early fall.  In many cases, this upgrading has included the installation of modern septic 

systems.   

In some cases, though, the old rudimentary systems have remained in place.  In the summer of 1994, the 

Nova Scotia government carried out a sanitary survey as part of its larger water quality study.  The 

following explains the purpose, method and results of that survey: 

The goal of the survey was to identify malfunctioning on-site sewage disposal systems.  

Approximately 100 of the permanent and seasonal residences around the Lake were 

inspected.  

Where possible the site inspection was carried out when there was someone present on the 

property.   A survey report was filled out at each visit.  There were twelve (12) suspected 

malfunctions (i.e. sewage or laundry waste discharging into a roadside ditch or ground 

surface).  Tracer dye was used to confirm suspected malfunctions.   At three (3) of the 

homes the dye was not recovered and therefore the disposal system was assumed to be 

operating properly.   At the remaining nine (9) residences dye was recovered, indicating 

malfunctioning systems.   
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Three (3) of these residences have since repaired or replaced their malfunctioning systems. 

Some of the seasonal residences have disposal systems which would not meet the required 

separation distance to the lake in the existing regulations.  However, results of the Lake 

sampling program indicate that bacteriological impacts appear to be minimal from these 

properties at this point in time
 
(Taylor et al. 1995). 

The report stated the following conclusion: 

The sanitary survey identified nine (9) residences with malfunctioning septic systems. Some 

of these sources appeared to be the cause of significant bacterial contamination in nearby 

watercourses (Taylor et al. 1995). 

As far as is known, the provincial government has not conducted any further surveys of septic systems in 

Lochaber since 1994.  It was not within the scope of the LCDA’s 2012 water quality study to carry out 

such a survey, not least because inspection of residential septic systems is a governmental responsibility. 

However, as the present study has identified the presence of coliform bacteria in lake waters nearby 

clusters of residences, the community may wish to consider calling on the provincial government to carry 

out another survey of septic systems, taking the current survey’s results into account in the selection of 

survey sites.   

Currently, in Antigonish County inspections of existing septic systems occur only when government 

authorities have reason to believe that there may be a problem, usually as the result of a complaint.  

However, citizens and municipal governments in some jurisdictions have taken the proactive step of 

instituting regular programs of inspections for septic systems.  One such program was established near 

Lake Huron in 2007 “…as a response to requests from property owners throughout the Township and 

designed to complement the existing water quality monitoring program.”  Under this program, every 

property with a septic system (including outhouses and pit privies) are inspected on a rotating basis over a 

six to seven year period.  The program is funded by a flat rate of $55, assigned to each eligible property 

on the annual taxes.
 
(Township of Huron-Kinross 2012) 

Finally, it may be suggested that it is in the interest of everyone who lives by Lochaber Lake and 

particularly those who boat or swim in the lake, to ensure that household waste, and especially sewage, is 

not entering the lake untreated.  It is first and foremost the responsibility of property owners to ensure that 

their septic systems are properly designed, installed and maintained.  

 

Climate Change  

There is no doubt that our global climate is changing. As discussed in Nova Scotia’s climate change 

action plan ‘Toward a Greener Future’, the average temperature of Earth is warming, and this is caused 

by the increasing amount of greenhouse gases, especially CO2, in the atmosphere (Government of Nova 

Scotia 2009). The report states that ‘the implications for Nova Scotia are sobering’. The average 

temperature in the province rose by ½
o 
C in the 20

th
 century, but is expected to rise another 2 

o
C to 4 

o
C in 

the 21
st
 century. Sea levels rose 25 cm in the past 100 years, but are expected to rise another 60 cm by 

2100; extreme rainfall events that occurred every 50 years, will now happen every 10 years; extreme 

storm surges that occurred only once in 100 years will be experienced every 10 years. 
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According to another report published by the Government of Nova Scotia (2005), increases in the 

intensity of precipitation, and rising temperatures, along with changes in climate patterns, will result in 

decreased water quality of surface water and underground water, from runoff, flooding, pollution, and 

evaporation. Spring rains, for example, may be more intense in April than May, and summers may be 

drier.  

Richard Zurawski, a well known meteorologist in Nova Scotia, explains in his book The Maritime Book 

of Climate Change (Zurawski 2008), that we should expect more precipitation, both from longer, wetter 

winters, and cloudy, rainier summers, along with stronger storms.  In contrast to the previous predictions, 

he suggests there will be slightly cooler summers and a later spring for the next few decades in Nova 

Scotia, because of the effect of melting Greenland ice water on the Gulf Stream which protects our 

relatively mild maritime climate. Although Zurawski does have a differing view on the future of maritime 

temperatures for the next century, he agrees that the intensity of rain and snow events, along with rising 

sea levels will have a major impact on Nova Scotia. 

What are the implications of the changing climate for the water quality, and for the recreational, and other 

uses of Lochaber Lake? 

The temperature of the lake water is one concern. If the local climate cools a bit, as suggested by 

Zurawski, then temperatures in Lochaber Lake may be similar to the early 1990’s, with lake surface 

temperatures in summer no warmer than the 21 
o
C of 1994. This would be good news, at least for the time 

being. However if local temperatures stay in step with average Earth temperatures, as predicted in reports 

from the Government of Nova Scotia, then warmer summer temperatures in Lochaber Lake and its 

streams, may cause a loss of suitable fish habitat and increased algal growth. Changes in the algae 

community, including cyanobacteria could be expected.   

One result of climate change that seems certain is that there will be an increasing intensity of rain events, 

and that these storms will be more frequent. The increased quantity, and intensity of runoff will impact 

water quality by adding more nutrients such as phosphorus, to the lake, more bacterial contamination 

from farms and poorly maintained septic systems, and more sediment from runoff, affecting water clarity 

and fish habitat. The long-term outcome of this nutrient enrichment could be more algal growth, and 

possibly an increase in other lake organisms. Shoreline topography will change more quickly, and as 

erosion intensifies, owners of lakeside properties may be inclined to armour the shores and stream banks 

with rock, causing unintended but negative effects on habitat for young fish, birds and other aquatic life. 

Erosion of road and driveway surfaces will also increase. These effects are already being noticed by 

Lochaber Lake residents, especially where culverts direct water under roadways. Land owners will need 

to plan for improved erosion control and to reduce the impact of large volumes of runoff.  The importance 

of proper, well maintained septic systems (modernized where necessary) will increase, if we are to 

prevent lake water from being contaminated during heavy rain events. 

 

b. Carrying Capacity of the Lake 

Lochaber is not the only lakeside community in Nova Scotia to face the challenge of ensuring continued 

lake water quality. An instructive case from which Lochaber can learn and benefit comes from Kings 

County’s experience in contending with threats to the water quality of Lake George and Aylesford Lake, 
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two lakes popular with cottagers for over three generations
 
( MacIntyre ND). As occurred in Lochaber, in 

the mid 1970s health officials had to close public beaches at Lake George because of high coliform levels 

found in the lake water.  The cause, it was concluded, was cottage development, in particular the failure 

or absence of private septic systems along the lakeshore.  In response, cottage owners organized 

themselves and, working with the provincial government, initiated a process that within a matter of years, 

had returned the lakes to health.   

Initially, in 1983 the Nova Scotia Environmental Control Council ruled that “…the Province should place 

a moratorium on development on the east side of Aylesford Lake. [It] advised that the moratorium should 

remain in effect at least until a tool was developed for predicting water quality impacts.” (MacIntyre 

ND). It was recognized that in dealing with the inevitable and ongoing tension between development and 

environmental protection, municipal governments faced with the need to make decisions are too often left 

without objective scientific means of gauging impacts, and are faced instead with political or emotional 

arguments.  For this reason, Kings County decided to explore a new approach to planning developed in 

the Muskoka and Rideau regions of Ontario.  Specifically, the Municipality of Kings County, working 

with Lake George and Aylesford Lake cottagers and with the federal and provincial governments, began a 

project to develop a “lake capacity model.”  This model was adopted by the Municipality in 1997.  It may 

be explained as follows: 

“Since the cumulative effect of development over time has the potential to reduce water 

quality relative to set objectives, Council has chosen to limit total cottage development 

where necessary, so that water quality remains within acceptable limits.  Chlorophyll a 

concentration in lake water is an indicator of trophic state and the parameter which Council 

decided to use for the statement of water quality objective.” (MacIntyre ND) 

The model begins by establishing the total permissible level of chlorophyll a given lake can withstand 

without degrading the quality of the water.  It then estimates how much phosphorus a typical resident puts 

into a lake annually.  Together, these enable the model to make an objective prediction of how many 

residents a given lake can “carry.” 

By 1997, the Municipality had modeled and set water quality goals for 18 of the more than 45 lakes in 

Kings County.  In addition, the County adopted a variety of land use planning regulations designed to 

protect lakes, including those related to building setbacks, restrictions on “alteration of land levels” in the 

setback area, limitations on the removal of vegetation in the setback area, etc.  

As noted earlier in this report, Lochaber’s population is growing, unlike many other areas in the province.  

Both permanent residences and cottages are increasing in number.  In the absence of a ‘lake capacity 

model” of the kind adopted by Kings County, there is no way to know whether the lake’s health is at risk 

from development or not.  However, the results of this study, in particular signs of changing nutrient 

levels, point to the need for caution.  It is suggested that the LCDA consider encouraging the Municipality 

of Antigonish to explore the adoption of such a carrying capacity model. 

In a report of the Kings County experience, it was pointed out that the opportunity to develop and refine 

the carrying capacity model, to establish land use controls and to implement public education program, 

were substantially helped by “the fact that we are not in crisis” (MacIntyre ND). The same can be said for 

Lochaber. While development has thus far been gradual, there is a reasonable prospect that over the next 

decade or two the pace of development could increase as large tracts of land around the lake come up for 
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sale.  The fact that a land use planning process has just recently begun for the southwest area of 

Antigonish County that includes Lochaber, affords an opportunity to consider the carrying capacity model 

approach, while “we are not in crisis.”  

c.  The Future of Fish Resources 

As noted earlier, the critical water factors for Lochaber’s trout population are temperature, pH and 

nutrients.  The study found, first, that the average surface water temperature in August 2012 was 23.3
o
C, 

two degrees higher than in 1994.  This temperature was uniform down to between 4 and 6 meters. 

Recalling that trout thrive in temperatures between 14° and 18°C, this finding would be reason for concern 

if further research found it to be a trend. It would point to increased importance of cooler waters available 

to fish in shaded streams and in the near-shore waters.   

Second, the study found that pH levels in Lochaber Lake were comparable to those in 1994 and generally 

within the acceptable level for trout habitat.  A few sites were found to be slightly low (acidic) however, 

including the mouth of Hulbert Brook which had an average pH of only 6.53.  Recalling that acceptable pH 

levels for lake water in Canada are between 6.5 and 9.0, this 

suggests that this important spawning brook is slightly 

acidic. 

Third, the study shows that Lochaber Lake falls into the 

category of oligotrophic or low productivity lakes.  Average 

nutrient levels did not change measurably between 1994 and 

2012 although, as indicated by the appearance of blue-green 

algae, there appears to be some nutrient enrichment in the 

north end of the Lake, possibly encouraged by the warming 

summer water temperatures.   

The low level of nutrients in Lochaber Lake imposes a 

fundamental limitation on its potential to produce fish.  Yet, 

as suggested earlier, the historic evidence suggests that fish 

levels were higher in earlier times, perhaps prior to the 

1980s.  This raises the questions: why? And what, if 

anything, can residents do to recover the lake’s earlier glory 

as a must-go fishing destination?   

This study shows that water quality in the lake per se is not 

currently a significant limiting factor on fish populations.  However, rising water temperatures in the lake 

strata preferred by trout and in the streams necessary for spawning, egg production and juvenile survival, 

as well as near shore habitat which fish depend on as a source of shade and protection, could help account 

for decreasing populations. This, more than climate change, is an issue amenable to local action. While 

this study did not include a detailed look at Lochaber Lake’s streams or shoreline vegetation, a few 

observations are instructive.  First, it is evident that development around the lake has reduced the amount 

of shoreline vegetation. The construction of Highway 7 in the late 1950s brought the road closer to the 

lake in places on the eastern side and residents report that it resulted in a significant change in rain run-off 

and shoreline characteristics.  Residential and lake shore development since then (especially on the 

western side) has had a similar effect.   
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Second, it seems probable that, as with so many other lakes in Nova Scotia, the streams feeding into 

Lochaber Lake were negatively affected by logging practices in the past.  To give just one example, it is 

known that McNabb’s Brook used to be dammed in the spring so the timber harvested nearby could be 

floated down to the lake. This practice, which may well have been followed in other Lochaber streams, 

would have caused damage to the streams and the habitat they provide for fish, gouging out rocks and 

logs used as shelter and increasing siltation harmful to the hatching of fish eggs. 

Both of these issues are amenable to mitigation.  Steps related to shoreline vegetation have been 

suggested in an earlier section.  As for stream habitat, community organizations across Nova Scotia and 

elsewhere have established restoration projects.  These include such measures as debris removal, 

installing “digger” logs and boulders for cover, clearing historic pools, bank stabilization, and streamside 

planting of trees, shrubs and natural grasses.  In some communities “Adopt-a-Stream” projects have been 

established.  

 

6. COMMUNITY BASED STEWARDSHIP AND MONITORING 

 

Stewardship and Monitoring in 2012 

One of the goals of the Lochaber Lake Water Quality Study was to develop a community monitoring and 

stewardship program, by actually involving local volunteers. In the course of the 2012 study a good start 

was made to achieving this goal. To begin with, planning for the project was carried out by volunteer 

members of the LCDA’s Sustainable Development Committee. They applied for funds, hired a student, 

helped organize the collection and analysis of samples, and assisted with field work. Members of the 

committee wrote much of the report, and developed the recommendations, with professional assistance 

when needed.  

John Lamb (chair) 

Leslie Buckland-Nicks (project manager) 

Paul McClung 

Martha Brown 

Alison Lee 

Cindy Murphy 

Glenn Terris 

Lisa Schuyler 

John Quinn 

Dave Brown 

 

The committee decided that it would be beneficial to hire a summer student to help with the project.  

Mike Arnott, a student in Aquatic Sciences from St. Francis Xavier University who participated in lake 

sampling and analysis was crucial to the project as the extensive bi-weekly sampling and processing of 

samples was much more than could be managed by volunteers. Mike also worked on a brochure dealing 

with shoreline protection, prepared graphs and tables of results and wrote up sections of the water study. 
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A number of community residents were also trained in the use of the Wet Pro kit, developed by the 

Community Based Environmental Monitoring Network (CBEMN). This kit, which consists mainly of a 

YSI Probe, can be borrowed from the CBEMN by trained volunteers, to monitor parameters such as pH, 

conductivity, temperature and dissolved oxygen in the streams, rivers and lakes in their community. Three 

volunteers, Cindy Murphy, John Quinn, and Leslie Buckland-Nicks completed several hours each of 

online training, followed by a day in the field under the guidance of a trained scientist to learn the skill 

necessary to collect useful data. These three local volunteers are now qualified to help develop a 

monitoring program, and to borrow the WetPro Kit from CBEMN. 

Finally work was begun by the summer student to develop a stewardship brochure, intended to engage 

and educate community residents on best practices to protect the quality of Lochaber Lake. Currently, the 

brochure is in the process of being adapted to suit the local community by volunteers from the LCDA 

Sustainable Development Committee. 

Stewardship and Monitoring: Plans for the Future 

While it is neither necessary nor practical to carry out a full water quality study every year, carrying out a 

limited program of monitoring on an annual basis is both practical and necessary if the community wishes 

to act as a responsible steward of the Lake. The following lists the elements of a useful and achievable 

program of community monitoring.  

1. Annual Lake Monitoring: The purpose is to track changes in surface water temperature, and water 

transparency during the months of July and August. The noted increase in surface water  

temperature since 1994, and the decrease in transparency flag these areas as important to track on 

an annual basis for at least the next 5 to 10 years. Surface water temperature may be expected to 

rise as global temperatures increase, with impacts on fish habitat and aspects of water quality 

including algal growth. Transparency, as measured by a Secchi disc, will give a reasonable 

indication of algal growth, as these two parameters correlate well if measurements are taken 

under the correct conditions. These would be measured bi-weekly during July and August from 

the three centre lake sites, requiring a motor boat and two volunteers. Equipment needed would 

be a thermometer and Secchi disc. 

 

2. Detailed Lake Monitoring : The purpose of a more detailed monitoring (similar to the 2012 

study), done every ten years, is to track long term changes in the quality of water in Lochaber 

Lake. Parameters such as chlorophyll a, dissolved oxygen and pH would be measured. This 

would build on the 1994 and 2012 surveys the lake. 

 

3. Establish a Lochaber Weather Station: This could be set up at or near the Sylvan Hall, and be 

used to monitor local temperature and precipitation. It would be done in collaboration with the 

Earth Sciences Department of StFX.  

 

4. Monitoring for Cyanobacteria and Toxin. The purpose is to follow the quantity of cyanobacteria 

of the type called Microcystis, that was noted to have appeared in recent years in Lochaber Lake. 

Most importantly, the quantity of toxin microcystin-LR should be measured. Samples would be 

collected on one date, from two or three locations, at the peak of the ‘bloom’, usually in August. 

They would be sent to the ALS Laboratory for analysis of the toxin Microcystin LR, and for 
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counts of cell number. This study would be done for five years, to determine annual variation in 

the amount of the blue-green algae, and if toxin production is a health concern for lake users. The 

sampling bottles required for this project are provided by the ALS Laboratory. Funds would be 

required for shipping of samples and for analysis. Collaborating on this project with scientists 

from, for example, St. Francis Xavier University would help ensure a thorough and well done 

study in an important area of lake quality. 

 

5. Development of Educational Materials: The purpose of developing brochures on good practices 

for lake users, would be to help Lochaber residents become stewards of the lake; to improve and 

maintain the lake’s water quality; and to preserve the integrity of the lake as an ecosystem. 

Brochures could be developed on topics such as: maintenance of septic systems; preventing 

shoreline erosion; and preserving habitat for birds. 

 

 

6. Other Suggested Projects: If the opportunity arises to collaborate with another organization such 

as St. Francis Xavier University, the St. Mary’s River Association, or NS Dept of the 

Environment, or NS Department of Fisheries, the following are some ideas of topics of interest to 

the LCDA and residents of Lochaber Lake.  

 

 

a. Fish habitat enhancement 

b. Evaluation of stocking program, and fish stocks 

c. Lake core sample analysis (cores have been taken but not analysed) 

d. Assess need for septic system and waste water disposal improvements 

e. Assess shoreline habitat for fish and birds 
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7. RECOMMENDATIONS 

 

Based on the findings of this study, the following actions are recommended: 

 

1) The community should systematically monitor cyanobacteria (blue-green algae) levels during 

August, preferably in partnership with the N.S. Department of Environment. These 

cyanobacterial growths probably produce some level of microcystin-LR toxin.  It should be noted 

that methods for purifying water such as boiling will not remove microcystin-LR from water. If 

cyanobacteria levels are ‘low’, as in 2012, then toxin levels are not of concern. However, if a 

bloom develops, it would be wise to contact the N.S. Department of Health and advise lake users 

of the potential health concern.  This process could include, for example, training a monitoring 

steward to identify cyanobacteria and collect water samples for monitoring; 

 

2) The community should explore measures to protect the north end of the lake from nutrient inputs, 

as it is the area most vulnerable to increased algal growth (eutrophication). This could follow the 

recommendation of the 1994 study to undertake, “Site-specific audits of agricultural properties to 

ensure farming practices are being undertaken in a manner that does not impact water quality.  

Such practices to be considered should include but not be limited to:  manure management, 

livestock pasturing, fertilizer application, and erosion control.”; 

 

3) Lake users should be aware of the precautions to take to prevent illness from ingesting E. coli in 

lake water. Swimmers and parents should be aware that swimming areas, especially near the 

north end of the lake, may have E. coli levels above the acceptable limits for recreation, after 

rainfall events, or during warm periods in summer. These levels may vary on a daily basis, so 

regular sampling may not be beneficial. Caution should be exercised; the water is at no time 

acceptable for drinking purposes; only when properly treated (e.g. with UV light), should users 

feel confident that lake water is suitable for drinking; 

 

 

4) The LCDA should actively encourage residents to ensure proper maintenance and where 

necessary upgrading of their septic systems.  Further, where particular concerns exist, the LCDA 

should consider calling on the provincial government to carry out inspections of septic systems, 

taking the current study’s results into account in the selection of survey sites;   

 

5) Residents should take steps to preserve and where necessary to restore healthy shoreline 

vegetation on their properties;   

 

6) Residents should minimize the removal of trees from their lands, particularly near water-courses; 

 

7) The community should consider the range of options set out in this study for reducing or 

eliminating the input of fertilizers into the lake water; 

 

8) Residents should make sure that the soaps and detergents they use, whether for laundry or 

dishwashing, are free of phosphorous, and also consider buying soaps and detergents that are 

biodegradable and made from plant enzymes rather than petroleum products; 
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9) The community should seek opportunities in the forthcoming land use planning process to 

identify land use practices that will help prevent runoff of soil and fertilizers from agricultural 

lands, shoreline properties and up-hill residential developments.  This should include 

consideration of appropriate standards for the installation of hill-side driveways; 

 

10) The LCDA should encourage Antigonish County to adopt a “carrying capacity model” for lakes 

in the County, and to require its use in the development of land use plans; 

11) The community should undertake a study of the main trout feeder streams (Hulbert Brook, 

MacNab’s Brook, North River St. Mary's -inflow and outflow - and Gusset Brook) and where 

necessary initiate a stream restoration project, possibly taking an “Adopt-a-Stream” approach, 

designed to improve stream habitat for fish and possibly to reduce the amount of silt being carried 

into the lake; 

12) The LCDA should implement ongoing monitoring, including the following: 

 Annual volunteer monitoring of critical indicators (including cyanobacteria and toxins) as 

explained in the section on Community Based Stewardship and Monitoring; 

 Detailed lake monitoring every 10 years as explained in the section on Community Based 

Stewardship and Monitoring; 

 Establish a Lochaber weather station; 

 Other suggested projects:  

 

a. Fish habitat enhancement; 

b. Evaluation of the existing stocking program, and fish stocks; 

c. Lake core sample analysis; and 

d. Bird habitat study. 

13) The LCDA should prepare educational materials about lake water issues, including steps to help 

protect the lake, and distribute these materials widely to Lochaber residents. 
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9. APPENDICES 

 
Appendix A:  Methods 

Several certified laboratories were used.  St. Martha’s Hospital Bacteriology Laboratory and the 

Aberdeen Hospital Bacteriology Laboratory completed early measurements of Total Coliform MPN.   

Maxxam Analytics Laboratory in Bedford, the Nova Scotia Department of Agriculture Laboratory in 

Bible Hill, and the QEII Environmental Services Laboratory provided most other analysis, as explained 

below. The ALS Laboratory in Winnipeg, Manitoba analyzed water for Microcystin LR.  In the early 

stages of the project, analysis was started at the laboratories of the Biology Department of St. Francis 

Xavier University for MPN of coliforms, and chlorophyll a. Once funding was established and the use of 

certified laboratories became affordable , this process was ended.  

 Trophic Characteristics 

The Maxxam Analytics Laboratory was used to measure total nitrogen (N) and total phosphorus (P) 

levels.  Bottles were supplied prior to sampling. Water was collected for N and P at chemistry sampling 

sites using a sampling arm. The sampling arm bottle was rinsed three times before retrieving a sample. 

The sample was taken at a depth of 0.5 meters, poured directly into the laboratory bottles and stored in a 

cooler with ice.  In June and July, P levels were below the detection limit for the method used by Maxxam 

laboratory (below .03 mg/L).  August samples for P were sent to a partner laboratory in Ontario; therefore 

detectable phosphorus results began on August 8.  

Water was collected at Chemistry sites (1C, 2C and 3C) for chlorophyll a analysis. Two to three litres 

were sampled from a depth of 0.5 metres using the sampling arm, and poured into 1 litre Nalgene bottles 

which were stored in a cooler. Within 24 hours the samples were filtered onto Glass Fiber filters, under 

vacuum, which were then stored, wrapped in foil at -20 C. The volume filtered varied, according to the 

amount of water that started to clog the filter. The volume for each sample filtered was recorded.  After 

all samples were collected in late August, the filters were delivered to the QEII Environmental Services 

Laboratory for analysis. 

A standard Secchi disk was used to record a “Secchi disk depth.” A Secchi disk was lowered into the 

water until the black and white panel was no longer distinguishable,   then the depth was noted. The 

Secchi depth was taken at all three chemistry sites. 

Physical Parameters 

The pH was taken with a “Hanna HI 38314 membrane pH meter.” The pH was calibrated every 2 weeks.  

The concentrations of dissolved oxygen were measured with an YSI Model 58 Dissolved Oxygen Meter.  

However, due to calibration issues with the D.O. meter, any D.O. measurements before August 8, 2012 

were inaccurate. 

Electrical conductivity was measured using an YSI model #63-100. The probe was placed fully 

submerged at 0.5 meters.  Conductivity was measured in microsiemens.  

Temperature was measured at 0.5 meters using a YSI model #63-100. The probe was placed fully 

emerged.  
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Precipitation was measured at the west side of Lochaber Lake by Lochaber resident Paul McClung, using 

a rain gauge (Table 2). 

Bacteria 

Water samples for bacterial analysis were collected using a sampling arm. The sampling arm bottle was 

rinsed out three times at the location before retrieving the water sample at 0.5 meter depth.  All water 

analysis were kept cold, and analyzed within 24 hours. 

 Bottles were delivered to the Department of Natural Resources on Beech Hill Road, Antigonish Nova 

Scotia. From there they were sent to the Agricultural College in Truro for analysis of Most Probable 

Number (MPN) of total coliforms and of E.Coli.  All bottles were supplied by the Department of Natural 

Resources.  

Cyanobacteria (Blue-green Algae) and Microcystin-LR 

In August, a growth of algae was observed by residents in the surface water of Lochaber Lake.  Water 

samples were taken for microscopic observation and for Chlorophyll a on August 23 from Site 31B. 

Microscopic analysis was done at the St.F.X Biology Department. When the alga was identified as a 

Cyanobacteria (blue-green algae) of the group Microcystis, two samples of lake water were collected on 

September 2nd from Site 31B and on September 8 from Site 5B for Microcystin LR analysis. About 100 

mls of surface water were collected from near shore, in plastic bottles of commercial bottled water that 

had been emptied of their contents then refilled with lake water. The samples were frozen the same day 

and sent to ALS Laboratory for microcystin-LR analysis. 
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Appendix B: Tables 

Table 1. Characteristics of lakes of different trophic levels (modified from Wetzel 1983). 

 Oligotrophic Mesotrophic Eutrophic 

Total phosphorus (µg/L) 

mean 

range 

 

8.0 

3.0-17.7 

 

26.7 

10.9-95.6 

 

84.4 

16-386 

Total nitrogen (µg/L) 

mean 

range 

 

661 

307-1630 

 

753 

361-1387 

 

1875 

393-6100 

Chlorophyll a (µg/L) 

mean 

range 

 

1.7 

0.3-4.5 

 

4.7 

3-11 

 

14.3 

3-78 

Secchi Transparency (m) 

mean 

range 

 

9.9 

5.4-28.3 

 

4.2 

1.5-8.1 

 

2.45 

0.8-7.0 

 

 

 

Table 2. Range of acceptable levels for selected lake parameters. 

 Acceptable level Source 

pH 6.5-9.0 CCME (2012) 

Dissolved Oxygen No lower than 6 mg/L (warm water) and  9.5 

mg/L (cold water) for early life stages 

CCME (2012) 

Conductivity No greater than 250 µs/cm CBEMN (2012) 

E. coli (recreational) 200 E. coli/100 ml (sample of 5) 

400 E. coli/100 ml (single sample) 

Health Canada (2012) 

E. coli (drinking water) None detectable/100 ml Health Canada (2012) 

Microcystin-LR Recreational water not to exceed 20 µg/L 

Drinking water not to exceed 1.5 µg/L 

Health Canada (2012) 
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Table 3. Sampling sites on Lochaber Lake with description and geographic coordinates. Sites, 

except those marked *, are the same as used in 1994 by Taylor et al. 1995. Sites 30B, 31B, 32B and 

33B were added in 2012.  

Site Description Coordinates 

1C Mid-lake basin near north end just south of island N45° 26’ 23.4  
W062° 01’ 44.0 

2C Mid-lake basin near centre of lake  N45° 23’ 41.0  
W62° 02’ 17.6 

3C Mid-lake basin near south end N45° 23’ 41.0 
W62° 02’ 17.6 

5B Northeast shore at community hall beach  N45° 27’ 21.6 
W 062° 00’ 47.5 

7B Northeast shore at mouth of  Hulbert Brook by hay field N45° 26’ 42.0 
W062° 01’ 02.91 

13B Southwest shore, Newsome’s Dock, stream runs under dock (1994 

site approximately) 
N45° 24’ 09.4 check 
W062° 02’ 28.8 

14B Southwest shore; near R. Myers N45° 24’ 24.1 check 
W062° 02’ 19.6 

20B Northwest shore off dock, across from  Hennie de Caluwe N45° 27’ 26.3 
W062° 00’ 57.0 

30B* Northwest shore of lake, beside cottage, south of O’ Leary , away 

from streams 
N45° 26’ 39.4 
W062° 01’ 21.8 

31B* Centre west side, near Lamb’s dock, in sheltered cove, north of 

stream with erosion 
N45° 26’ 01.9 
W062° 01’ 45.8 

32B* Field next to Dunphy’s cottage, away from stream  N45° 25’ 14.2 
W062° 01’ 56.9 

33B* Southeast shore, gravel beach by wooded area, away from streams 

and cottages 
N45° 23’ 56.4 
W062° 02’ 10.2 

34B* Centre east shore,  beach by stream mouth , near Sugar Bowl Road  N45° 24’ 39.9 
W062° 01’ 41.1 

3B Stream called North St. Mary’s, main inflow to lake, sampled 

downstream of bridge 
N45° 23’ 41.0 
W62° 02’ 17.6 

11B Stream called North St. Mary’s, outlet to lake, sampled upstream of 

bridge 
N45° 22’ 56.3 
W062°02’ 34.6 

12B Unnamed Stream, sampled downstream of bridge N45° 24’ 03.8 
W062° 02’ 28.9 

15B Stream called MacNab’s Brook, sampled downstream of bridge N45° 24’ 57.4 
W062° 01’ 58.0 
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Table 4. Rainfall (mm) collected at west Lochaber Lake from June 6 to August 27. Data was 

collected by Paul McClung using a rain gauge. Main sampling dates are indicated ** and shaded.  

Date June July August 

1  0 25 

2  645 25 

3  0 0 

4  0 0 

5  0 0 

6 11 0 0 

7 0 129 5 

8 0 0 **0 

9 8 **0 0 

10 5 0 0 

11 **0 0 4 

12 0 0 9 

13 0 0 0 

14 0 0 0 

15 0 0 0 

16 0 0 0 

17 0 0 0 

18 0 4 0 

19 0 0 0 

20 0 0 0 

21 0 0 0 

22 0 0 0 

23 0 **0 0 

24 11 0 0 

25 **0 89 0 

26 38 0 0 

27 9 0 **0 

28 0 0  

29 0 12  

30 0 0  

31 NA 0  
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Table 5: Total Nitrogen (µg/L) in centre lake sites and north inlet of Lochaber Lake in 2012.  

 1C 2C 3C 3B 

inlet 

June 11 260 230 220 330 

June 25 240 230 240 460 

July 9 220 220 220 420 

August 8 200 200 200 490 

August 27 160 170 160 NA 

Average 220 210 210 425 

 

 

 

Table 6: Total Phosphorus (µg/L) in Lochaber Lake in August and October 2012. Samples were not 

collected at all sites on each sampling day. 

 1C 

Centre 

north 

2C 

Centre 

middle 

3C 

Centre 

south 

3B 

North 

inlet 

5B 

North 

shore 

20B 

North 

shore 

31B 

Centre 

west 

33B 

South 

east 

August 8 7 3 5 10     

August 27 4 4 4      

October 9     6 5 ND* 

(<2) 

ND* 

(<2) 

Average 5.5 3.5 4.5      

*ND means less than the Reportable Detection Limit of 2 µg/L 
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Table 7. Chlorophyll a µg/L in Lochaber Lake from June to August 2012 in centre lake sites. Only 

selected samples were analysed.  

  1C 2C 3C 31B Average 

11-Jun   1.6     

25-Jun   2.7     

23-Jul   1.6     

8-Aug 4.9 2.8 4.0  3.9 

23-Aug    3.7  

27-Aug 3.6 3.0 2.4  3.0 

 

 

Table 8: Secchi Depth (m) in Lochaber Lake 2012. Average is 3.3 m, ranging from 2.5 m to 4.5 m. 

 1C 2C 3C Average 

June 11 4.5 4.0 3.7 4.07 

June 25 3.0 3.8 3.0 3.27 

July 9 2.5 3.6 3.7 3.27 

July 23 3.0 3.2 3.3 3.17 

August 8 2.5 2.5 3.1 2.7 

August 27 2.8 3.4 3.3 3.17 

Average 3.05 3.42 3.35  

 

 

Table 9. Summary of trophic characteristics of Lochaber Lake at centre lake sites during August 

2012.  

 North 1C Centre 2C South 3C Lake average 

Total nitrogen µg/L 180 185 180 182 

Total phosphorus µg/L 5.5 3.5 4.5 4.5 

Chlorophyll a µg/L 4.3 2.9 3.2 3.5 

Secchi depth (m) 2.7 3.0 3.2 2.9 
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Table 10: pH levels in surface waters of Lochaber Lake and streams during 2012. The average pH 

for all samples was 6.86, ranging from 6.12 to 7.35. 

 1C 2C 3C 3B 

inlet 

5B 7B 11B 

outlet 

12B 

stream 

14B 15B 

stream 

33B 

June 11 6.73 6.72 6.82 6.76 7.09 6.12 7.26 6.82    

June 25 6.86 7.47 6.98 7.32 7.27 6.95 7.22 7.33    

July 9 6.6 7.03 7.33 7.03 7.16 6.65 6.71 6.98    

July 23 6.69 7.09 6.83 7.05 7.02 6.53 6.81 7.12   6.6 

August 8 6.52 7.12 6.57 6.37 6.83 6.4 7.19 7.07 6.42 6.43 6.89 

August 27 6.48 6.63 6.7 7.02 7.2 6.5 7.76 7.38 6.67 6.9 6.86 

Average 6.65 7.01 6.87 6.93 7.1 6.53 7.16 7.12 6.55 6.67 6.78 

 

 

 

 

Table 11:  Surface Temperature (
o
C) in Lochaber Lake during 2012. 

 1C 2C 3C 3B 

stream 

5B 7B 

 

11B 

outlet 

12B 

stream 

14B 

 

15B 

stream 

33B 

June 11 14.3 14.3 14.1 14.7 15.4 14.5 17.4 11.2  12  

June 25 17.8 17.5 17.3 18 18.2 17.8 18.8 13.2  14.1  

July 9 21.3 21.7 21.4 17 21.7 21.1 21.3 14.6  16.3  

July 23 22.4 22 21.6 17.9 22.9 22.5 22.8 15.1  15.5 22.1 

July 31    15.4 21.4 22.5 22.3 13.6 22.7 15 23.6 

Aug 8 23.5 22.9 22.4 19.1 24.7 23.7 22.8 16.5 22.7 18.5 22.6 

Aug 27 23.9 23.5 23.3 18.7 25.7 24.2 24.3 15.9 23.7 17.2 23.5 
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Table 12: Dissolved Oxygen (mg/L) in surface water of Lochaber Lake and streams on August 8, 

2012.  

 Dissolved  Oxygen mg/L 

1C 7.1 

2C 8.2 

3C 8.2 

3B Stream 4.3 

5B 5.9 

7B 5.4 

11B outlet 8 

12B Stream 8.7 

14B 7.5 

15B Stream 6.8 

33B 8 

 

Table 13: Conductivity (µS/cm) in Lochaber Lake during 2012.  

 1C 2C 3C 3B 

inlet 

5B 7B 11B 

outlet 

12B 

stream 

15B 

stream 

June 11 59.5 71.4 64.9    76.9   

June 25 41.6 67.1 35 24 81.9 80.8 53.9 130 36.8 

July 9 54.8 55.9 38.7 79 55.4 52.3 52.4 64.9 26.4 

July 23 57.5 75.4 75.5 129.9 54.9 57.8 54.2 263.9 36.6 

August 8 42.2 58.6 41.7 123.2 60.5 41.8 58.3 160.1 39.3 

August 27 41.5 56.8 59.5 112.9 61.6 58.1 59.7 216.8 44.6 

Average 49.52 64.2 52.55 93.8 62.86 58.16 59.23 167.14 36.74 
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Table 14. Conductivity (µS/cm) in extra lake shore and stream sites on July 31, 2012. Weather was 

calm and sunny with a light breeze. Water flow in streams was low. 

Site 5B 7B 20B 30B 31B 32B 14B 

Conductivity 

uS/cm 

56.2 56.2 55.4 55.8 57.0 56.3 56.0 

Site 13B 33B 34B 3B 

Inlet stream 

15B 

stream 

12B 

stream 

11B 

outlet 

Conductivity 

uS/cm 

56.7 57.9 58.4 85.0 28.0 64.1 38.0 

 

 

 

Table 15: Numbers of E. coli bacteria (Most Probable Number, MPN E. Coli ) in Lochaber Lake and 

stream sites in 2012. 

 3B 5B 7B 11B 12B 13B 14B 15B 20B 30B 31B 32B 33B 34B 

July 9 145 56 89 >200 43   25       

July 23 144 29 3 276 3   387       

July 31 387 11 59 29 11 19 16 22 10 8 19 26 29 13 

Aug 8 192 387  186   2 12       

Aug 27 44 105 6 41 2  2 7 3 2 22 21 1  
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Table 16. Microcystin-LR (µg/L) in whole lake water samples at two near shore sites in Lochaber 

Lake taken in September 2012.  Canadian recreational water level guidelines and drinking water 

guidelines are from Health Canada (2012). 

Site and date sampled Total Microcystin LR µg/L 

 lake water  Recreational guideline Drinking water guideline 

Site 31B, Lamb’s Dock, 

Sept. 2, 2012 

0.34 Not to exceed 20 µg/L Proposed guideline 

suggests not to exceed 1.5 

µg/L Site 5B, Community Hall 

Beach, Sept. 8 2012 

0.80 

 

 

Table 17. Comparison of trophic characteristics and surface water temperatures of Lochaber Lake 

in August 1994 and August 2012. Samples taken on two dates in August at three center lake sites 

were averaged. Data from 1994 is from Taylor et al. 1995. 

 North 1C Centre 2C North 3C Whole lake 

 1994 2012 1994 2012 1994 2012 1994 2012 

Total nitrogen µg/L 195 180 190 185 195 180 193 182 

Total phosphorus 

µg/L 

7.5 5.5 8.0 3.5 8.0 4.5 7.8 4.5 

Chlorophyll µg/L 1.7 4.3 2.0 2.9 1.8 3.2 1.8 3.5 

Secchi depth m 4.0 2.7 4.2 3.0 4.3 3.2 4.2 2.9 

Surface water 

temperature 
o
C 

      21.2 23.3 

 

 

Table 18. Average E. coli counts at Lochaber Lake sites in July and August, comparing 1994 and 

2012.  Samples were collected twice monthly for a total of 4 measurements at each site in each year. 

Data from 1994 is from Taylor et al.1995.  

 

*No sample was processed on August 8 

** July 9 sample was >200 therefore 200 was used in calculation 

 3B 

stream 

5B 

lake 

7B 

lake 

11B 

stream 

12B 

stream 

15B 

stream 

1994 527.5 7.5 7.5 58 141 89.5 

2012 131.3 144.3 30.7* 175.8** 16* 107.8 
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Appendix C: General Chemistry 
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Appendix D: Dr Barry Taylor’s Plankton Study of Lochaber Lake 

My Biology 472 class has sampled Lochaber Lake across from Brendan Murphy’s house in the second 

week of September every year since 2001 (except 2007, when I was on sabbatical).  Samples were taken 

at mid-lake (depth 22 m) with a plankton net at 2-m depth intervals to 12 or 14 m.  Of course the validity 

of numerical estimates can be questioned because of student (and instructor) inexperience and varying 

weather conditions.  Generally, accuracy of both sampling and analysis is better in more recent years.  

Nevertheless, general trends, especially concerning the presence or absence of species in conspicuous 

numbers, should be reliable. 

Microcystis was first observed in the lake in 2005.  I remember this because I had not seen it before and I 

had to look it up.  If it were present before that, it must have been in very low density or we would have 

noticed.  Microcystis has been present in varying densities every year since.  We observed a massive 

bloom in 2009 (up to 3500 colonies L
-1

), but in other years the peak densities were apparently over by 

September.  Microcystis often appears in the top 2 m and in a denser peak at the metalimnion, around 12 

m.  I notice a parallel trend in the disappearance of the colonial green alga Volvox, which was enumerable 

before 2008 but never since. 

The table below summarizes the data.  I include a column of copepod densities to indicate the range of 

varIation in a common member of the plankton. 
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Table 1.  Densities of plankton (numbers/L) in top 12 m of Lochaber Lake, according to student 

estimates in early September.  Range represents approximate variation over 2-m depth intervals.  

Double counts in some years are 2-3 d apart. Not present means not seen or too few to 

enumerate. 

Year Microcystis colonies Volvox Copepods 

2004 not present 1-3 5-25 

2005 2-6 

2-12 

present 

present 

1-10 

5-20 

2006 10-100 10-25 20-35 

2007 ----- no data ----- 

2008 1 not present 40-60 

2009 1000-2700 

1800-3500 

not present 50-150 

2010 1-4 not present 0-6 

2011 20-40 not present 40-60 

2012 2-12 not present 5-10 
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Appendix  E:  The Project Team 

Mike Arnott  

Mike Arnott was hired by the LCDA to serve as Water Quality Analyst for the current study.  In the fall 

of 2012 he began his last year at St.F.X. with a double major in Aquatic Resource Management and 

Public Policy. His role in this study was to collect water samples bi-weekly and measure the lake’s water 

quality (i.e. pH, temp, conductivity, D.O. etc). He was in charge of coordinating sampling times with 

volunteers, dropping off water samples at the lab, and was involved in the writing process of the final 

report.  

Leslie Buckland-Nicks 

Leslie Buckland-Nicks is a member of the LCDA’s Sustainable Development Committee, and was very 

involved in planning, running and writing up the results of the current study. Leslie is a biologist who 

works as a Laboratory Instructor for the Department of Biology at St. Francis Xavier University. She has 

a BSc in Zoology from the University of Alberta, and has done field and laboratory research on lake 

algae. She worked in Alberta on writing sections of the Atlas of Alberta Lakes, and for the St. Mary’s 

River Association for two years on the River Specific Management of Atlantic Salmon project. She and 

her family own a small property and cabin near Lochaber Lake.  

John Lamb 

John Lamb has lived in Lochaber since retiring in 2008.  Prior to coming to Nova Scotia he served as 

Assistant Deputy Minister of Environment in the Government of Nunavut (GN).  He is the chair of the 

LCDA’s Sustainable Development Committee.  

Paul McClung 

Paul McClung, a long-time resident of Lochaber, was a volunteer who assisted Mike Arnott on most 

sampling days on Lochaber Lake.  He was also in charge of recording precipitation levels on the lake. 

Paul’s knowledge of the Lake was also a great asset to the study on many occasions. Paul worked for the 

Nova Scotia Museum from 1972-76, on Lake surveys and analysis of invertebrates, and worked for 

Department of  Fisheries and Oceans from 1976 to 2006 as a Conservation and Protection Supervisor for  

Halifax, Arichat & Sherbrooke. 

Dr Barry Taylor 

Barry Taylor is Associate Professor of Biology at St. Francis Xavier University. His Freshwater Ecology 

class studies Lochaber Lake every September. Dr. Taylor provided laboratory space for Mike Arnott, and 

equipment for the lake research. He also contributed financially to the project, especially to the water 

analysis, and provided important advice and guidance during the study.  
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Glen Terris 

 Glen Terris, a resident of Lochaber, volunteered his time and boat on sampling days to drive Mike Arnott 

and volunteers to the 3 mid-lake chemistry sites.  He played an important role in the study, as his 

knowledge of the lake and boating skills made sampling days go very smoothly. 

Glenn Terris is currently District Supervisor for the Nova Scotia Department of Natural Resources in 

Sherbrooke.  Originally from Cole Harbour, he graduated with Honours from the Maritime Forest Ranger 

School in Fredericton N.B. in 1985. After gaining experience in a number of lumber companies, he joined 

the Nova Scotia Department of Natural Resources in 1992, moving up in the department in the years since 

then.  He has received advanced training in and been professionally responsible for enforcement of laws 

and regulations pertaining to forest management.  He has worked closely with woodlot owners in eastern 

Nova Scotia for a number of years, and is knowledgeable of the many issues relating to responsible 

management of rural lands in the province.   He has lived with his family on Lochaber Lake for over 20 

years, and is actively involved with the community.    
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