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The St. Lawrence River 
Under Study

The St. Lawrence River and its source, the Great Lakes, are Canada’s main
artery.

In the early days of New France, the St. Lawrence offered the sole means
of communication. In the 19th century, the River was known as the country’s
principal thoroughfare, and it was heavily travelled by ships carrying raw mate-
rials and imported finished goods. Ever since the opening of the Seaway in
1959, large vessels have been able to navigate all the way to Lake Superior, and
the St. Lawrence River has become North America’s most important commer-
cial waterway.

The banks of the River are an ideal location for manufacturers requiring
large amounts of water, and in 1981, these industrial plants consumed over 50%
of all the water taken from the St. Lawrence.

The valley created by the St. Lawrence has become Quebec’s agricultur-
al heartland, thanks to its more fertile soil and more temperate climate. Today,
the St. Lawrence Plain alone feeds half the population of Quebec.

With 4200 km of shoreline, the St. Lawrence is an incomparably rich
natural environment. Its highly diverse habitats include shallow lakes, reed beds
and marshes, and freshwater, saltwater and brackish zones. Naturally, such a
wide variety of habitats are home to an abundance of wildlife:  185 species of
fish, 20 species of marine mammals and about 100 species of birds, not counting
the 50 or so species that stopover here during migration. There are also more
than 1300 species of plants. The quality of life of these plants and animals, like
that of the people who live along the St. Lawrence, is dependent on the qua-
lity of the river water: approximately 46% of Quebecers draw their drinking
water directly from the River.

Lastly, since the St. Lawrence River is an essential part of many activities,
it has become the centre of an entire way of life and profoundly influences
Quebec culture.

FOREWORD
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Shipping, farming, industrialization and urbanization have placed the River’s
ecological balance under increasing pressure since the first settlers arrived, but
much more intensively since World War II. Today, the state of the St. Lawrence
is a cause for concern.

Deformed fish, endangered Beluga whales, toxic spills, wastewater and
more: Is the situation as alarming as the media seem regularly to report? How
does the River react to the pressures of the industrial society along its banks?

To assess the situation and take action where required, the Government
of Canada set up the St. Lawrence Centre (SLC) and, in conjunction with the
Quebec government, launched the St. Lawrence Action Plan in 1988.

The St. Lawrence Action Plan had a number of specific objectives,
including reducing by 90% the liquid toxic effluent discharged to the River by
50 industrial plants recognized as the most serious polluters, developing envi-
ronmental technologies, and conserving plants, wildlife and the ecosystem.

One of the SLC’s chief mandates was to produce a first state of the envi-
ronment report on the St. Lawrence River, with reference to its physico-
chemical, biological and socio-economic aspects.

Of course, scientists from universities, research institutes, government
departments and elsewhere had already been doing research on various aspects
of the St. Lawrence before the implementation of the Action Plan. Their efforts
were sporadic and very specific, however, so that to draw up a comprehensive
report on the state of the St. Lawrence all the available data had to be compiled
and synthesized.

All the findings of research conducted to date were assembled and, using a sys-
tematic approach, experts set out to paint a picture of the River as a whole and
to assess its state of health.

The resulting two-volume report synthesizes current knowledge of the
state of the St. Lawrence. The four parts of Volume 1 bring together informa-
tion of a scientific nature, while Volume 2 draws conclusions and assesses the
state of the river environment.

In addition to describing the physico-chemical properties of the River,
Part 1 of this volume defines the features used as a basis for dividing the St.
Lawrence into four sectors: the Fluvial Section; the Fluvial Estuary; the Upper
Estuary and Saguenay; and the Lower Estuary and Gulf. Part 2 analyses the bio-
logical characteristics of the River, and Part 3 deals with the various ways it
has been utilized for socio-economic gain.

The last part of Volume 1 describes the features most useful in assessing
the state of health of the River.

SYNTHESIS 
AND ASSESSMENT

A RIVER UNDER
OBSERVATION
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Volume 2 presents conclusions, discussing how they are interrelated, and
assesses the state of the St. Lawrence environment.

In drafting the state of the environment report, the authors not only
strove constantly for accuracy and rigour, but sought also to address the ques-
tions and the expectations of the public. To provide an even more direct
response to these questions and meet these concerns, a summary intended for
the general public is being issued at the same time as this more complete report.



SUMMARY

The St. Lawrence Ecosystem

PART 1: Physico-Chemical Aspects

PART 2: Biological Aspects

PART 3: Socio-Economic Aspects

PART 4: Method of Integration
and Main Results
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The St. Lawrence River–Great Lakes system ranks thirteenth among the
world’s hydrographic networks for the size of its drainage basin (1 610 000 km2)
and seventeenth for its length (3260 km from the western tip of Lake Superior
to Cabot Strait). This system drains over 25% of the world’s fresh water supply
and has a fundamental impact on the environmental processes of the North
American continent (Inland Waters Directorate 1990). The St. Lawrence ranks
sixteenth for its mean annual discharge (12 600 m3/s).

From Kingston, at the Lake Ontario outlet, the waters of the St.
Lawrence must travel close to 1600 km to reach the Atlantic Ocean and 
1900 km to reach the Labrador Sea (MER 1987; Figure 1.1). It is therefore
hardly surprising that the physico-chemical characteristics of the waters flowing
through this vast system change constantly in response to tributary inputs, mix-
ing with ocean salt water, seasonal changes or human activity. The majestic 
St. Lawrence is indeed one of the world’s unique waterways. 

Introduction
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Hydrologically and morphometrically, the St. Lawrence divides into four
distinct parts between Lake Ontario and the Atlantic Ocean: 1) the Fluvial
Section or main course, 2) the Fluvial Estuary, 3) the Upper Estuary (including the
Saguenay River), and 4) the Lower Estuary and the Gulf. Currents, tides, salinity
and physiography, among other things, differ from one of these four sectors to
the next.

The main course of the St. Lawrence flows 240 km through a highly industri-
alized region between Cornwall, Ontario and the outlet of Lake Saint-Pierre
(EMR 1975), coursing through rapids and lakes, around islands and islets, and
through the many development projects that turn the power of the tumultuous
waters into hydro-electric energy or allow heavy-tonnage ships to navigate once
inaccessible waters. Thanks to the seven locks of the St. Lawrence Seaway, ships
have been able to negotiate the 68-m drop between Lake Ontario and Lake
Saint-Pierre since 1959 (Brown 1959).

Between Brockville and Morrisburg, Ontario, the River is rarely more
than 2 km wide. It opens out thereafter for about 20 km before narrowing
substantially between Cornwall and Summerstown. Downstream of
Summerstown, the River opens out again, even more so this time, to form the
head of Lake Saint-François (Figure 1.2). This lake extends from Summerstown
to Salaberry-de-Valleyfield and is more than 35 km long. The downstream end
of the lake is more than 7 km wide. Because of the many hydraulic structures
built between 1912 and 1971 to harness the hydro-electric potential of the
26-m drop between Lake Saint-François and Lake Saint-Louis, the physiography
of the River at the Lake Saint-François outlet is now very different from what it
was in the early part of the 20th century (CSSA Consultants and
Environnement Illimité Inc. 1998). A large ship channel (25 km long, 1 km
wide and 8.2 m deep), the Beauharnois canal, was also excavated between 1930
and 1932 to accommodate sea-going vessels (McNaughton 1964).

1.1

1.1.1
THE FLUVIAL

SECTION

Physico-Chemical Characteristics
of the Four Sectors of the River
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The River runs for 80 km between Lake Saint-Louis and Lake Saint-
Pierre, flowing around more than one hundred islands of all sizes. The largest
are Montreal Island, Île Jésus, Île Perrot and Île Bizard. Montreal Island and Île
Jésus (475 and 240 km2, respectively) are the two largest islands in the Fluvial
Section. Around the Montreal area, the Ottawa and St. Lawrence rivers meet
through Lake des Deux Montagnes, Lake Saint-Louis, and in the des Prairies
and des Mille Îles rivers (Figure 1.3).

Some 50 km downstream of Montreal Island is the Sorel delta, with its
many islands and islets. Immediately downstream of the delta, the River opens
out for about 40 km to form Lake Saint-Pierre. An average 12 km wide, this
lake marks the downstream end of the Fluvial Section. Although slight vertical
oscillations in the water mass due to tide penetration have been registered as far
upstream as Montreal, tides do not have any real impact on the hydrodynamic
regime beyond Lake Saint-Pierre (Godin 1979).

In most parts of the lakes of this river sector (80%), the water is less than
6 m deep (SLC and Laval University 1991b). Depths do drop to 10 or 12 m in
flow channels, however, and the ship channel is maintained at a minimum depth
of 8.2 m between Montreal and Lake Ontario by dredging (Ministère du
Conseil Exécutif 1985). Flow is unidirectional (downstream) in this freshwater
stretch of the River, hence there is little friction in the water mass and no real
mixing of tributary waters (the Great Lakes and the Ottawa, Châteauguay,
L’Assomption, Richelieu, Yamaska and Saint-François rivers), which retain their
physico-chemical characteristics right to Donnacona, 40 km upstream of
Quebec City.
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The St. Lawrence Fluvial Estuary is 160 km long (EMR 1975). It runs from the
eastern end of Lake Saint-Pierre (Pointe-du-Lac) to the eastern tip of Île
d’Orléans (Figure 1.4). An almost straight waterway 3 to 5 km wide, the Fluvial
Estuary narrows at the historic cities of Trois-Rivières and Quebec, where it is
only 2 km and 870 m wide (at the Quebec City bridges), respectively
(SLC 1993b).

The main channel is generally 13 to 40 m deep between Trois-Rivières
and Quebec City, though there is a trough 21 m deep at Trois-Rivières-Ouest
and another 60 m deep at Quebec City (SLC and Laval University 1991b).
Where the channel is naturally less than 11 m deep, it is dredged to maintain a
corridor 240 m wide that allows sea-going vessels to reach Montreal port
(Massicotte 1993).

The River widens suddenly about ten kilometres downstream of Quebec
City, reaching 15 km across at the eastern end of Île d’Orléans. This is the only
large island in the Fluvial Estuary (200 km2) and forms a major obstruction in
the central bed of the estuary, dividing the water into two flow channels. The
main flow channel goes from 2.5 to 5 km wide (east-west) and runs along the
south shore. A 300-m wide corridor is dredged in this channel to maintain a
minimum depth of 12.5 m for sea-going vessels (Ministère du Conseil Exécutif
1985). The north channel is less than 10 m deep and is used only for pleasure
boating. 

1.1.2
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ESTUARY

ÎLE DE MONTRÉAL

0 13 km

Brossard

Boucherville

Longueuil

Varennes

Repentigny

Terrebonne

Laval

Montréal

Sainte-Thérèse

Deux-Montagnes

Oka

Hudson

Salaberry-de-
Valleyfield

ÎLE JÉSUS

Pointe-Claire

N

ÎLE
PERROT

ÎLE
BIZARD

Lac
Saint-Louis

Lac
Saint-François

Lac des Deux
Montagnes

Ottawa River

Riv.
des

Prairies

Riv. Châte
au

gu
ay

Canal de Beauharnois

Onta
rio

Qué
be

c

Riv.
des Mille Îles

Riv.
 L

'A
ss

om
pt

io
n

FIGURE 1.3
Montreal Island

and surrounding area



Physico-Chemical Aspects: Characteristics of the Four Sectors of the River6

Between Pointe-du-Lac and Portneuf, fresh water flows downstream
without current reversal. This means there is no major mixing of tributary
waters, which retain their own properties (temperature and physico-chemical
characteristics) all the way to Portneuf.

Downstream, between Portneuf and Quebec City, tidal influence in-
creases gradually, causing current reversal at flood tide and greater mixing. The
water remains fresh, however, until the eastern end of Île d’Orléans 
(salinity < 2‰).

The St. Lawrence Upper Estuary begins at the eastern tip of Île d’Orléans and
runs 150 km (EMR 1975) to the mouth of the Saguenay River (Figure 1.5). It
is an average 17 km wide, covers some 3277 km2 (SLC and Laval University
1991b) and harbours some fifty scattered islands and islets, of which the largest
are those of the Îles aux Grues archipelago, Île aux Coudres, the Kamouraska
islands, Île aux Lièvres and Île Verte (SLC 1993b).

The bathymetry of the Upper Estuary is quite complex. There are three
flow channels generally more than 10 m deep, one of which crosses the River
north-south between Île aux Coudres and the Îles aux Grues archipelago
(Figure 1.6). At Saint-Siméon, depths of more than 100 m have been recorded
in a trough about 50 km long. 

The Upper Estuary is the real transition zone between the freshwater
and saltwater environments. This is where the waters of the St. Lawrence and its
tributaries mix with salt water from the Atlantic Ocean, which penetrates into
the Gulf and the Lower Estuary. The mixing of fresh and salt water, driven by
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high-intensity currents, is accompanied by sediment resuspension, which gen-
erates a great deal of turbidity between Île d’Orléans and Île aux Coudres. But
the force that really dominates the mixing process in the Upper Estuary is the
tide (see subsection 1.2.1.2).

In this report, the Saguenay Fjord is treated as part of the Upper Estuary,
though in many ways it is a system in its own right: it is 100 km long, has
troughs as much as 275 m deep and a sill at its entrance that isolates the water
masses of the Saguenay and their organisms from the main channel of the
St. Lawrence. 

Two physiographic elements mark the upstream end of the Lower
Estuary and play a major role in the estuarine hydrodynamic processes discussed
in Chapter 1.2: the Saguenay estuary, a fjord that runs as much as 275 m deep;
and the Laurentian Channel, an underwater valley of more than 380 m deep
terminating at either end in a sill scarcely 25 m deep (Figure 1.7). 

The St. Lawrence turns into a vast body of water (12 600 km2) averaging 42 km
across between Tadoussac and Pointe-des-Monts, the last 230-km stretch of the
estuary (EMR 1975) (Figure 1.8). Maximum width of the Lower Estuary is
62 km, at Baie des Anglais, near Baie-Comeau. The estuary empties into the
Gulf, an even more immense body of water (195 000 km2), really a semi-
enclosed sea (SLC and Laval University 1991b).
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FIGURE 1.6
Bathymetry of the Upper Estuary
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FIGURE 1.7
Confluence of the Saguenay and the St. Lawrence

Source: Drawing from SLC and Laval University, 1991b.
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Downstream of Tadoussac, the Laurentian Channel plunges rapidly to a
depth of 350 m (slope = 1:50) and generally remains more than 300 m deep
thereafter. Near Cabot Strait, at the downstream end of the channel, the water
is sometimes more than 500 m deep (Figure 1.9). Elsewhere in the Gulf, depths
range from 100 to 400 m, except on the shelf off the Îles de la Madeleine,
which is rarely more than 70 m deep.

The islands of the Lower Estuary are small and rather unobtrusive, while
some of the islands in the Gulf are very large. Anticosti Island, a veritable isth-
mus 240 km long and 60 km wide between Jacques-Cartier Strait and the
Laurentian Channel, is the largest island in the St. Lawrence. Then there are the
Îles de la Madeleine, Bonaventure Island and Percé Rock, the Mingan archi-
pelago and the Sept Îles archipelago.

Circulation and mixing of water masses in the Lower Estuary and the
Gulf are complex processes affected by many factors, including the tide, baro-
metric pressure, air temperature, winds, local freshwater inflows, bathymetry,
coastal relief and earth rotation. In the summer, three water masses of different
temperatures and salinity levels are superposed. In the winter, only two such
water masses are superposed (Dunbar et al. 1980).
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FIGURE 1.9
Bathymetry of the Gulf of St. Lawrence

Source: Dunbar et al., 1980.
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Mean annual discharge of the St. Lawrence River increases from 7800 to
16 800 m3/s between Cornwall and Baie-Comeau because of input from its
main tributaries. The largest tributaries are the Ottawa, Saguenay, Manicouagan,
Saint-Maurice and aux Outardes rivers (Figure 1.10). The relative contribution
of each waterway to the total discharge of the St. Lawrence varies enormously
on a seasonal and interannual basis because some of the rivers are controlled to
generate electricity or to allow shipping traffic. In addition, because the
St. Lawrence flows southwest-northeast, ice breakup does not occur simultane-
ously in the spring in all tributaries; it proceeds from south to north. 

These fluctuations in flow coupled with tides, weather systems, bathym-
etry and topography affect flow velocity, local and regional circulation patterns,
sediment transport and mixing of water masses. The sections that follow
describe the hydrologic and oceanographic processes that take place in the
St. Lawrence. 

Between 1975 and 1987, the St. Lawrence discharged an average 8200 m3/s of
water at the Lake Saint-François outlet (station 92415001 - CSSA Consultants
and Environnement Illimité Inc. 1988). However, there is no natural seasonal
variation in discharge between Cornwall and Lake Saint-Louis because input
from the Great Lakes is controlled by a management plan drafted by the
International St. Lawrence River Control Board. 

In other words, both the water level in Lake Ontario and the amount leaving
the lake are determined by criteria developed to ensure, among other things, a
minimum level at Montreal port, safe navigation, maximum hydro-electric
capacity and elimination of extreme levels that could disturb Lake Ontario lake-
side communities or facilities. Discharge at the Lake Ontario outlet has been
controlled by Regulation Plan 1958-D since 1966.
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FLUVIAL

HYDROLOGY
AND SEDIMENT
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1.2.1.1
Discharge, water levels

and currents

Water Circulation
and Sediment Dynamics



FIGURE 1.10
Mean annual discharge of the St. Lawrence between Cornwall and Baie-Comeau

Source: SLC, 1993b, based on data from MENVIQ, 1992.
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Figure 1.11 shows monthly variations in discharge recorded at the outlet
of Lake Saint-François between 1975 and 1987. Discharge is lowest between
November and March. Unlike the natural cycle of rivers in the province of
Quebec, however, there is no pronounced winter low water with sudden,
massive flooding beginning some time between late April and late May. 

Eighty percent of the discharge of the St. Lawrence River at Montreal
comes from the Great Lakes and 16% comes from the Ottawa River. During
spring flood, however, the Ottawa River sometimes contributes as much as 50%
of the discharge because it is only partially regulated (SLC and Laval
University 1991b).

Mean annual discharge of the St. Lawrence is 9700 m3/s at the mouth of
Lake Saint-Pierre. At Quebec City, it is more than 12 000 m3/s, and by the
time it reaches the Saguenay River, where the Lower Estuary begins, it has
reached 16 000 m3/s (Figure 1.10). Discharge fluctuates tens of thousands of
cubic metres per second over the annual cycle depending on relative inflows
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from the tributaries between Cornwall and Pointe-des-Monts. Not only is the
St. Lawrence River itself regulated at the outlet of Lake Ontario and at the
stretch between Lake Saint-François and Lake Saint-Louis, but many of its tri-
butaries – the Saint-Maurice, Saguenay, Betsiamites, aux Outardes and
Manicouagan rivers – are controlled to generate electricity (Schafer et al. 1990;
Koutitonsky and Bugden 1991).

In a recent study, Koutitonsky and Bugden (1991) statistically computed
the total discharge of the St. Lawrence at Pointe-des-Monts between 1950 and
1984. According to this study, minimum monthly discharge is generally in
February (13 282 m3/s ± 1377 m3/s), and maximum monthly discharge is in
May, during spring breakup (23 641 m3/s ± 3812 m3/s). Interestingly, monthly
extremes during the study period occurred in months other than February and
May: the minimum extreme was in April 1951 (9744 m3/s) and maximum
extreme in June 1974 (34 600 m3/s).

The study also showed that mean annual discharge of the St. Lawrence at
Pointe-des-Monts ranged from 12 570 m3/s (1965) to 19 588 m3/s (1974); the
mean for the period as a whole was 15 892 ± 4114 m3/s. If the entire Gulf of
St. Lawrence is included as well, these values increase to 14 196, 32 370 and
18 972 m3/s, respectively. Compared to other large rivers around the world,
the St. Lawrence River has a mean annual discharge far smaller than that of 
the Amazon (174 890 m3/s), the Zaire (38 970 m3/s) and the Yangtze
(32 180 m3/s) rivers (Figure 1.12), and about comparable to that of the Lena,
(16 100 m3/s), the Mississippi (12 820 m3/s) and the Ganges (12 480 m3/s).

The Fluvial Section is practically unaffected by tides and only slightly
affected by low-pressure systems. Though these variables play a primary role in
estuarine hydrodynamic processes, they are less critical in the main course of the
River, where currents and water levels are modulated by fluctuations in flow.
These are in turn controlled by the regulation of Lake Ontario inputs as well as
flow and level management operations for Hydro-Québec’s Beauharnois and des
Cedres power plants. 

According to CSSA Consultants and Environnement Illimité Inc. (1988),
monthly variations in mean water level in Lake Saint-François were minimal
between 1975 and 1986 (about 0.04 m). Mean monthly extremes differed by
about 0.13 m, with the largest deviations (0.20 m) occurring in December and
January. 

In Montreal port, fluctuating levels associated with river discharge
(0.05 to 0.15 m) are superimposed on fortnightly oscillations of about 0.20 m
(Godin 1979). These oscillations are associated with propagation of astronomic
tides in the estuary, discussed in detail in subsection 1.2.1.2. 



FIGURE 1.12
The St. Lawrence compared to other large rivers

Source: Adapted from SLC, 1993b.
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Between Cornwall and Portneuf, water flow is unidirectional; that is,
the water always flows downstream. Upstream of Lake Saint-Pierre, flow veloc-
ity generally ranges from 0.30 to 1.00 m/s, though in lakes and bays current
velocities of less than 0.10 m/s have been recorded (Figure 1.13). Velocities and
water levels are highest during the spring flood, when input from unregulated
tributaries causes discharge downstream of Montreal to double.

Tidal influence increases between Portneuf and Île d’Orléans. Down-
stream of Portneuf, it is strong enough to cause current reversal during flood
tide. The combined action of the tide and the river discharge creates powerful
currents (0.6 to 3.0 m/s in the channels) as well as energetic mixing of the
waters of tr ibutar ies of the St. Lawrence, till then distinctly separate
(Figure 1.14) (Frenette et al. 1989). Research at Laval University’s water research
centre (CENTREAU) has demonstrated the general behaviour of St. Lawrence
tributaries downstream of their points of confluence (Verrette and Aubert 1977).
Upstream of Donnacona, tributary waters in the St. Lawrence River retain their
physico-chemical characteristics (temperature, conductivity, turbidity, colour,
etc.), making it easy to distinguish them from one another. 

The forces of attraction exerted by the moon and the sun on the earth cause
periodic oscillations of ocean water masses. These oscillations are called astro-
nomic tides (Forrester 1983). Tide waves that penetrate into the St. Lawrence
Estuary from the Atlantic Ocean and the Gulf generate fluctuations in water
level (vertical fluctuations) and in currents (horizontal fluctuations) dominated
by semidiurnal harmonic components (two cycles per day). The waves amplify
as they move up the estuary, until they reach Île d’Orléans on the south shore
and Île aux Coudres on the north shore (Godin 1979). The waves are also dis-
torted as they amplify because of bed friction and narrowing of the river cross-
section downstream to upstream (Figure 1.15).

Tide range is greatest at the eastern tip of Île d’Orléans – 6.9 m at spring
high tide (Fisheries and Oceans 1992a) – decreasing gradually upstream of Île
d’Orléans until Lake Saint-Pierre. Mean tide range is 4.1 m at Quebec City, but
spring tide range can be as much as 5.8 metres.

Upstream of Quebec City, the tide rises fast but ebbs slowly (El-Sabh
and Murty 1990), distorting the waves and creating the impression of a sawtooth
signal. These semidiurnal tides have a real impact as far upstream as Lake Saint-
Pierre (Godin 1979). Upstream of Lake Saint-Pierre, however, daily fluctua-
tions in water level disappear, giving way to fortnightly fluctuations of about
0.20 m (Figure 1.16). By Trois-Rivières, low-frequency waves, caused mainly
by the nonlinear interaction of the main semidiurnal lunar component M2
(period = 12.42 h) and the main semidiurnal solar component S2 (period =
12.00 h) are the dominant factor in the amplitude of daily water level fluctuations. 

1.2.1.2
Tides



FIGURE 1.13
Flow velocity between Cornwall and Île aux Coudres

Source: Adapted from Frenette et al., 1989; 1 Hydro-Québec, 1983; 2 Comité d’étude sur le fleuve Saint-Laurent, 1978.
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FIGURE 1.14
Main water masses between Cornwall and Quebec City
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At Quebec City, tide flow is substantial (55 000 m3/s) (SLC and Laval
University 1991b), four and one-half times the mean river flow (12 100 m3/s)
(SLC 1993b). At ebb tide, the two flows together can generate an instantaneous
flow up to 75 000 m3/s and flow velocities of 3.0 m/s (Verrette 1990). At
Montmagny, total mean flow (river and tidal) is estimated at 90 000 m3/s (SLC
and Laval University 1991b).

Astronomic tides are clearly one of the main variables that must be con-
sidered to gain an understanding of physical and biological processes between
Portneuf and Tadoussac. Extremely dynamic flow conditions and pronounced
fluctuations in water level provoked by the tides place stress on marine and
riparian flora and fauna and their habitats in this stretch of the estuary.

The St. Lawrence Upper Estuary is a transition zone between fluvial
(fresh water) and marine (salt water) environments. Here, tidal currents (and
wind) cause mixing of the waters of the main St. Lawrence tributaries; between
Cap Tourmente and Tadoussac, these waters further mix with salt water from
the Gulf (Ouellet and Cerceau 1976). Salinity rapidly increases from 2‰ to 20-
25‰ between Cap Tourmente and Île aux Coudres, and then to 25-30‰ at
Tadoussac (Ghanimé et al. 1990). The fairly pronounced water stratification in
this stretch of the estuary fosters propagation of internal tides, observed in the
Pointe-au-Pic region (Muir 1979), as well as downstream of the Saguenay.
These tides are a major component in the internal wave field of the Upper
Estuary. 
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Because of the high tides of the St. Lawrence Upper Estuary, vast inter-
tidal zones (submerged at high tide and emergent at low tide) have developed
between Île d’Orléans and Rivière-du-Loup. The tides have a major impact on
the biological environment, and they also affect people who live along or who
use the shores of the estuary as well as those who navigate its waters. The 
estuary has a reputation as one of the world’s most difficult waterways to navi-
gate, largely because of the high tides, which are particularly dangerous between
Portneuf and Saint-Jean-Port-Joli, and the frequent bad weather – violent
squalls (sudden, violent wind storms with heavy rain) and dense fog.
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1.2.1.3
Ice cover

From mid-December to early April, a period of about three and one-half
months, the St. Lawrence is covered with ice, drastically altering flow condi-
tions and energy exchanges between the atmosphere and the fluvial and estu-
arine environments. The ice cover not only affects the natural environment, it
also makes it difficult for ships to travel the St. Lawrence into the interior of the
North American continent. Before the advent of the powerful ice breakers that
have ploughed the ice-covered waters of the St. Lawrence in recent decades,
navigation stopped completely during the winter months. 

As mentioned, the St. Lawrence flows southwest-northeast. The mouth
of the River is about four degrees latitude (440 km) north of the head. This
promotes ice jams during spring breakup, especially in the downstream end.
This is not unusual in Quebec, since almost all the tributaries on the south
shore of the St. Lawrence flow southeast-northwest.

Ice jams form when blocks of ice pile up or large quantities of frazil (ice
crystals with adherent properties) accumulate under the ice cover on a river,
considerably reducing cross-section of the waterway at the site of the ice jam. In
spring, the sudden dramatic increase in flow at the headwaters generally pro-
vokes dynamic breakup of the ice, which gives way under the enormous pressure
of the water. The large volume of water thus injected into the river must get to
the mouth, and if it encounters an ice jam along the way that refuses to give, it
will overflow the banks of the river, flooding riparian zones and leaving devas-
tation in its wake. Different methods are used to break up resistant ice and pre-
vent flooding, depending on the waterway and the nature and size of the ice
jam.

Because discharge is regulated at the Lake Ontario outlet, the spring
flood of the St. Lawrence River is now much smaller than it was under natural
conditions. Inflows from tributaries between Lake Saint-Louis and Quebec
City nonetheless provoke a 5000- to 6000-m3/s increase in discharge at Quebec
City between mid-March and early May (Tee 1990). And the risk of ice jams
remains, especially at the head of Lake Saint-François (frazil jams) and between
Montreal and Quebec City, particularly at the Portneuf dock and around the
Quebec City bridge and occasionally at the head of Lake Saint-Pierre (Michel
1976; Frenette et al. 1989).

Between Montreal and Quebec City, ice is typically frazil crystals that
form in the Lachine rapids (Michel 1976). Downstream, the frazil agglomerates,
forming slush and sometimes causing the major ice jams described above.
Between Quebec City and Kamouraska, ice generally covers 60 to 90% of the
River and drifts over the entire width of the channel. In this stretch of the
St. Lawrence, giant ice floes as much as 600 metres in diameter can be
observed. From Kamouraska to the mouth of the Saguenay River, the navigable
channel of the St. Lawrence is generally free of ice.
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There are two main modes of solid transport in a waterway: the coarsest material
moves within a few grain diameters of the bed by bedload transport; and the
finest material becomes suspended and travels with the water. Particles of inter-
mediate size are transported in a mixed mode, called saltation, moving in short
hops, sometimes along the bottom, sometimes in the water (Leeder 1982). To
this must be added the mechanical action of ice, which reshapes shoreline and
can transport large quantities of coarse as well as fine material, especially where
tides are substantial (Brochu 1961; Brodeur 1987a, 1987b; Dionne 1971, 1981a,
1981b, 1983, 1984, 1987, 1988a, 1989).

The suspended solids load in a waterway, also called the solid discharge,
depends mainly on three factors: the availability (quantity) of sedimentary
material, the type of material (particle size, nature, density and cohesion) and
the sediment-carrying capacity of the flow stream (which depends on flow
velocity). In a river such as the St. Lawrence, these factors are highly variable,
and the solid discharge accordingly varies upstream to downstream depending
on tributary input and season. Sediment load is estimated at 500 000 to
1 000 000 tonnes per year at the Great Lakes outlet, 4 800 000 t/a at Trois-
Rivières and more than 6 700 000 t/a at Montmagny (Frenette et al. 1989). As
for seasonal variations, studies of the Châteauguay River show that monthly
solid discharge is less than 100 000 t in winter but climbs to almost 700 000 t
during flooding (April).

Because of the size of the St. Lawrence and the complexity of the sedi-
mentary processes that take place there, most studies to date have dealt with
local or regional sediment dynamics in the River or the estuary. Few studies deal
with the St. Lawrence as a whole. In this respect, the study by Frenette et al.
(1989) is definitely the most complete work to date on the St. Lawrence
between Cornwall and Montmagny. Frenette et al. (1989) deal with three gen-
eral topics: sediment quantity, sediment quality and sediment dynamics. 

The St. Lawrence River is characterized by its sources (the Great Lakes
and the tributaries), its sediment budgets (input and output), the environment
dynamics associated with the different hydrological and hydrodynamic regimes,
sediment physico-chemical behaviour, sediment quality in the aqueous phase,
settling areas and their persistence, dredging, and links between settling areas and
sources of contamination. 

Zones of potential erosion, solid transport and sedimentation can be
identified by characterizing a waterway’s hydrodynamic regime. Such zones
change with the season and with flow hydrodynamics (river discharge, tide,
winds and ice). Spring floods and strong autumn winds are especially critical
because during these periods floor dynamics are more pronounced, often caus-
ing erosion and sediment resuspension. In shallow areas, the presence of macro-
phytes increases the summer deposition (sedimentation) rate of suspended solids

1.2.1.4
Sediment transport
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by diminishing flow velocities (Lorrain et al. 1993b). Simulations performed
for the Archipel project demonstrated that floods play a crucial role in condi-
tions at the outlets of the fluvial lakes of the St. Lawrence, because they deter-
mine whether sedimentation, equilibrium or entrainment of solids will occur
(Frenette et al. 1989). Under mean flow conditions, for example, between
400 000 and 500 000 t of material are deposited in Lake Saint-Louis every year;
in years of above-average runoff, however, this figure can drop to 40 000 tonnes.

More recently, Carignan et al. (1993) estimated the volume of material
deposited annually in Lake Saint-François, Lake Saint-Louis and Lake Saint-
Pierre at 90 000, 47 000 and 160 000 tonnes, respectively, and the masses of sus-
pended solids (mobile masses) circulating in the lakes and transported by the
current at 2 400 000, 1 900 000 and 3 013 000 t/a, respectively.

In the Fluvial Section and the Fluvial Estuary, velocities are generally
greater than 0.30 m/s in the centre of the River, in the main flow channels.
Such velocities inhibit sedimentation of fine particles (Figure 1.17), which tend
to settle instead in sheltered areas, bays, aquatic plant beds, harbours and mari-
nas, where velocities are often less than 0.10 m/s (Frenette et al. 1989). The
increase in flow velocities during flooding appreciably diminishes the size of
zones with high sedimentation potential.

Water residence time (transit time) in the river reach between Cornwall
and Portneuf is relatively short. The waters take four to seven days to make the
trip if they travel through the ship channel, given its flow characteristics. Close
to the shoreline, transit times of the waters of the different tributaries of the
St. Lawrence may be several hours to several days longer. Residence times in the
channels of Lake Saint-François, Lake Saint-Louis and Lake Saint-Pierre are
relatively short, 32, 12 and 20 hours, respectively (Frenette et al. 1989). On
either side of these channels, where velocities are much slower, residence times
are as high as 12, 1.9 and 3.2 days in Lake Saint-François, Lake Saint-Louis and
Lake Saint-Pierre, respectively (Carignan et al. 1993).

Downstream of Portneuf, the current reverses during flood tide, and
hence residence time must be estimated from residual velocity (net velocity over
a tidal cycle). This gives a residence time of two days for the river stretch
between Portneuf and Île d’Orléans. However, because flow velocities are fast
during most of the tidal cycle, sedimentation is only possible during a few hours
of the cycle – during slack high tide.

Prevailing winds in the St. Lawrence River corridor blow along the lon-
gitudinal axis of the River and most often come from the southwest (21% of the
time) or the northeast (18% of the time), depending on the season. The size of
the waves generated by these winds depends on fetch and on wind duration and
intensity (see subsection 1.2.2.1). Mean wind speed during storms is estimated
at 40 km/h, which can generate waves more than 2.0 m high in the ship 
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channel and 0.5 to 1.4 m high in the shallow waters of Lake Saint-François,
Lake Saint-Louis and Lake Saint-Pierre (Frenette et al. 1989). In these lakes,
bottom currents associated with waves cause bed erosion where the water is
less than 2.5 m deep and the bed is composed of silt and where water is less than
1.8 m deep and the bed is of sand. However, macrophytes (aquatic plants rooted
in the substrate) are abundant where the water is less than 3 m deep, and since
they diminish wave and current energy, there is less erosion than if the plants
were not present. Summer deposition rates of fine particles are also higher
wherever macrophytes are found. As subsection 1.2.2.4 shows, the wind plays a
major role in shoreline erosion in the Lower Estuary and the Gulf of St.
Lawrence. 

Figures 1.18, 1.19, 1.20 and 1.21 show the nature of the bottom in the
Fluvial Section and the Fluvial Estuary. As these figures indicate, most of the
unconsolidated fine material (silt) is found in the basins on either side of the
main flow channels, where sand and gravel concentrate. The basins constitute
less than 30% of lake floor areas: 10% of Lake Saint-François; 27% of Lake
Saint-Louis; and 9% of Lake Saint-Pierre (Carignan et al. 1993).

The St. Lawrence River itself generally contributes little to the increase
in its suspended solids load because of its morphology and the nature of the
floor, where Champlain Sea clays dominate (Frenette et al. 1989). According to
Carignan et al. (1993), about 70% of the suspended solids load carried by the
St. Lawrence at Quebec City comes from Quebec tributaries. 
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FIGURE 1.18
Sediment in the Fluvial Section and Fluvial Estuary

Source: Adapted from Frenette et al., 1989.
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FIGURE 1.19
Nature of sediment collected at 100 stations along the north shore of Lake Saint-Pierre

in 1986 (divided into three classes based on median particle diameter)

Source: Adapted from Sylvestre et al., 1992; based on data from Hardy et al., 1990a.
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Table 1.1 shows suspended solids concentrations in different parts of the
St. Lawrence between the Lake Ontario outlet and Cap Tourmente. As the
table shows, values gradually increase upstream to downstream, mainly because
of input from tributaries of the St. Lawrence (Frenette et al. 1989). According to
Frenette et al. (1989), the nature of the suspended solids in the St. Lawrence is
for all practical purposes unknown. A few samples collected from Lake Saint-
Louis during flood periods indicated the suspended solids were 70% clay and
30% silt. During low water, the particles are mainly from the fine and very fine
(finer than clay) fractions and in colloidal phase, and hence are unlikely to settle.
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The suspended solids load in the St. Lawrence River at Quebec City is
3.5 to 6.5 million tonnes per year, depending on the author consulted
(Holeman 1968; Frenette and Verrette 1976; Yeats 1988; Frenette et al. 1989).
Of this, 140 000 t (2.2%) derives from municipal wastewater and 120 000 t
(1.8%) from industrial wastewater (Asseau 1992d). Sediment load is also affected
by seasonal variations in hydrodynamic characteristics; it is estimated that 60 to
70% of the total load is transported in the spring, 15 to 25% in the fall, 15% in
the summer and 5% in the winter (Frenette et al. 1989). Sediment transport
downstream of Île d’Orléans is discussed in subsection 1.2.2.4. The Cap
Tourmente area is of particular interest to sedimentologists because it is near the
maximum turbidity zone. The contact of fresh and salt water in this part of the
St. Lawrence provokes particle flocculation (agglomeration), and suspended
solids concentrations can reach 200 and even 400 mg/L (d’Anglejan 1981).

There is little sediment accumulation in the Upper Estuary; suspended
solids transported by the River cross through this sector and settle only in the
Laurentian Channel. Considering the total mass of transportable suspended
solids (suspended matter and temporary sediment deposits) of the Upper Estuary
(4.3 million tonnes) and the solid discharge at Quebec City (estimated at 3.6 to
6.5 million t/a), passage time of suspended solids in the estuary varies between
8 and 14 months (Milliman and Meade 1983; Frenette et al. 1989). A significant
input deficit is found (factor of 2.5 to 4) in comparing the amount of accumu-
lated sediment in the Laurentian Channel (over 16 million t/a) with its solid dis-
charge, even when the contribution of eroding intertidal flats (500 000 t/a) is
included (d’Anglejan 1990). This discrepancy in the sediment budget may cast
doubt on the hypothesis of system equilibrium or on our capacity to assess
mean inputs and outputs, or point to sediment recycling or to major fluctua-
tions in inputs over time (Milliman and Meade 1983). Ice covering the
St. Lawrence during the winter is also responsible for substantial transport to the

Place Concentrations (mg/L)

Kingston 1 – 2

Lake Saint-François 4 – 5

Lake Saint-Louis 7 – 8

Lake Saint-Pierre 9 – 13

Quebec City 16 – 20

East end of Île d’Orléans 25 – 70

Maximum turbidity zone 200 – 400

Sources: Frenette et al., 1989; Frenette and Verrette, 1976.

TABLE 1.1
Suspended solids concentrations between Kingston and Cap Tourmente



Physico-Chemical Aspects: Water Circulation and Sediment Dynamics34

Gulf of suspended solids derived from erosion and reworking of the shoreline.
Fine material sticks to the ice that forms on the intertidal flats and is then trans-
ported with the ice when it drifts and melts. A number of studies discuss the
role of ice in sedimentary processes in the Fluvial Estuary (Brochu 1961;
Dionne 1981a, 1984, 1987). These studies demonstrate that spring ice drift in
regions subject to tides causes millions of tonnes of sediment to move towards
the Gulf. This is discussed in greater detail in subsection 1.2.2.3. 

Maintenance dredging of the St. Lawrence ship channel gives an indirect
indication of bedload sediment transport. Between 1983 and 1991, about
280 000 m3 of sediment was dredged annually from the river bottom between
the Great Lakes and Montmagny, 40 000 m3 from Lake Saint-Pierre alone
(Olivier and Bérubé 1993).

Even assuming that the real suspended solids load of the St. Lawrence has
been underestimated and that the estimates (3.5 to 6.5 million t/a) should be
doubled, the solid discharge of the St. Lawrence is still far less than that of the
Ganges (1450 million t/a), the Amazon (850 million t/a), the Brahmaputra
(730 million t/a), the Indus (435 million t/a) or the Mississippi (300 million t/a)
rivers and comparable to that of the Po and Ob (15 million t/a), the Don (4.2
million t/a) and the Rhine (2.8 million t/a) rivers.

The Gulf of St. Lawrence and the estuary are not large enough to generate
independent astronomic tides. The tides in these water bodies are thus co-
oscillating tides with the Atlantic Ocean (El-Sabh and Murty 1990). These tides
propagate cyclonically (counterclockwise) around two amphidromic points
(points at which no variation in water is perceptible), one east of Nova Scotia
(diurnal tides, one cycle a day) and the other west of the Îles de la Madeleine
(semidiurnal tides, two cycles a day). Figure 1.22 shows co-amplitude (dashed)
and co-phase (solid) lines for the tides of these amphidromic systems; amplitudes
(ranges) are in metres and phases in degrees. 

These amphidromic systems generate mixed tides (tides with major diurnal and
semidiurnal components) whose nature and range vary appreciably from one
spot to the next in the Gulf (Figure 1.23). At Shediac Bay, New Brunswick, for
example, tides are mixed diurnal with a mean range of 0.8 m, whereas in
Harrington Harbour, Quebec, they are mixed semidiurnal with a mean range of
1.5 m (Fisheries and Oceans 1992b).

The tide is mixed semidiurnal in the northern part of the Gulf, but
becomes semidiurnal when it enters the Lower Estuary, running first along the
north shore (Figure 1.22). Mean range is 2.3 m at Sept-Îles and only increases
0.7 m between there and Pointe-au-Père, where it is 3.0 m (Fisheries and
Oceans 1992a). As mentioned in subsection 1.2.1.2, there is a dramatic increase

1.2.2
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1.2.2.1
Tides, currents

and waves
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FIGURE 1.22
Semidiurnal and diurnal

amphidromic systems
in the Gulf of St. Lawrence

Sources: Koutitonsky and Bugden, 1991, adapted from Farquharson, 1970.
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in tide range in the Île d’Orléans region and the tide waves are distorted as they
move into the Fluvial Estuary. 

Tide range also increases dramatically as the semidiurnal tide propagates
into the Saguenay between Tadoussac and La Baie, where maximum range is
6.8 m at spring tide and 4.3 m at mean tide, comparable to the tides at Saint-
François on Île d’Orléans. Tide ranges are slightly smaller at Chicoutimi – 6.3 m
at spring tide and 3.8 m at mean tide (Fisheries and Oceans 1992a). A tide
wave generated near Cabot Strait takes close to one day to reach Lake Saint-
Pierre.

The impact of the barotropic tides (waves without a component induced
by fluid density differential) on the abrupt slope at the end of the Laurentian
Channel near Tadoussac produces internal waves which propagate back towards
the Gulf (Therriault and Lacroix 1976). These semidiurnal internal waves
(period = 12.42 h) are of the Poincaré type and have a wave length of about
60 km; the diurnal waves (period = 23.93 h) are Kelvin waves (Koutitonsky
and Bugden 1991).

In addition to fluctuations in water level, astronomic tides generate hor-
izontal currents of varying velocity. In the ocean, where the water is thousands
of metres deep, these currents are no more than a few centimetres per second.
Along the coast, however, the same tides generate much stronger currents, as
much as 3 m/s in the Quebec City area.

Researchers agree that tides generate horizontal currents of 0.15 to
0.20 m/s in the Gulf (Farquharson 1970; Godin 1979). In channels and straits,
current velocity can reach 0.50 m/s. Simulations using mathematical models
yield values of 0.25 m/s or less for the Lower Estuary, except around Tadoussac,
where they reach 1.0 m/s (El-Sabh and Murty 1990).

Waves generated by direct action of the wind on the surface of a water
mass (called wind waves) are determined by three main factors: wind intensity
(speed), duration of blowing in a specific direction, and fetch (distance over
which the wind blows unimpeded). If these three factors are known, then
empirical and semi-empirical methods can be used to compute the specific
height (mean of largest one-third of all waves) of the waves that will be gener-
ated, and statistical methods can be used to compute return periods for these
waves (Wiegel 1964; Bascom 1980).

Because of the weather systems affecting the Gulf of St. Lawrence and its
tremendous size, waves can be very large in the Gulf. Significant wave height
observed depends on local and regional weather conditions, the position of 
the observer and the time of year. According to climatological charts of the
St. Lawrence (Vigeant 1984), the Îles de la Madeleine region is one of the 
gulf areas with the highest monthly occurrence rates throughout the entire
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open-water period for waves more than 2 m high (Vigeant 1984). As Figure
1.24 shows, percentage occurrence always exceeds 12%; highest occurrence
rates were from October to December (30 to 40%) and lowest in June and July
(< 15%).

A number of authors have studied wave characteristics in the Gulf of
St. Lawrence, developing models to calculate height and occurrence of charac-
teristic waves (Quon et al. 1965; Ploeg and Ashe 1971; Ouellet and Llamas
1979). The studies show that waves 2 m high are likely to be encountered
between 5 and 40% of the time, depending on the season (open water) and the
location. Once a year, waves about 5 m high can be observed, and an exceptional
storm can generate waves as much as 7 m high.

Needless to say, such wave characteristics make for perilous high seas.
Violent storms occur in November and December. The below-freezing air tem-
peratures that often accompany such storms pose an additional hazard: ship hulls
then ice over rapidly when the prow is hit by the waves and the ship, weighted
down by ice on the top sides (the part of the hull out of the water), becomes less
stable and more likely to capsize. The history of the Gaspé and the Maritime
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provinces is, unfortunately, replete with such tales. Many ships have succumbed
under similar circumstances. 

Storm waves pose problems not only for sailors. They can also have a drama-
tic impact on shoreline erosion and sediment transport. A single violent storm,
for example, can have a greater impact on a sedimentary formation (dune, sand
bar or tombolo) than months of average conditions, because water generally
accumulates with such storms and the wave action generated is therefore often
at a much higher level than normal sea level (Lepage and Lucotte 1986; Lepage
and Savard 1992). Longshore currents associated with such storms cause resus-
pension of fine sediments, and sometimes even sand, and their transport over
long distances.

Wind waves eventually cause mean water level to rise. This rise in water
level is called the storm wave. Wind waves are particularly destructive because
they attack a portion of the shoreline that is not generally in contact with water.

Upstream of Anticosti Island, mean wave height diminishes gradually,
because the narrowing of the estuary starting at Pointe-des-Monts reduces the
fetch of the northwest and southeast quadrants. Only winds blowing along the
longitudinal axis of the estuary – that is, northeast-southwest – can blow over
distances of several hundred kilometres and hence generate high waves. In the
Fluvial Estuary, especially in the Petite-Rivière-Saint-François and Quebec City
regions, upwellings and currents foster formation of short sawtoothed waves
when winds blow against these currents. This type of wave is particularly diffi-
cult for small vessels to negotiate.

The Gulf of St. Lawrence forms a physically integral oceanographic unit. The
encounter of water masses from the continent and the Atlantic Ocean in this
vast body of water generates highly complex phenomena affected by factors as
diverse as wind, tides, variations in atmospheric pressure, river discharge, density
gradients, the rotation of the earth (Coriolis effect) and basin topography. Time
and space scales of these phenomena range from very small (turbulence, micro-
structures and waves), through mesoscale (tides, inertial motion and storms) and
synoptic (eddies and geostrophic frontal currents) to seasonal and interannual
(flow, ice cover and thermocline). Even secular-scale phenomena (global warm-
ing and sea-level rise) can have a significant impact in a water body the size of
the Gulf (Lapel 1989).

Koutitonsky and Bugden (1991) offer an excellent review of these phe-
nomena, focusing in particular on synoptic (days to months) variability of water
mass circulation. According to these authors, the Gulf of St. Lawrence responds
to the forces acting on it like an estuary with outflow of lighter waters near the
surface and penetration of Atlantic waters in deeper layers. 

1.2.2.2
Water mass circulation

and internal fronts
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The waters of the St. Lawrence River tend to flow along the south shore
of the Lower Estuary, penetrating the Gulf of St. Lawrence through the
Laurentian Channel. The Atlantic waters penetrate at depth through the Cabot
Strait and at intermediate depths through the Strait of Belle Isle (cold waters of
Labrador and the North Atlantic). The water masses of the Gulf are highly
stratified. A permanent cold (-1 to 2°C), salty (32 to 33‰) layer 60 to 125 m
thick rests on a warmer (2 to 5°C), slightly more salty (33 to 35‰) layer 200 to
400 m thick (Figure 1.25).

The structure of the thermocline (steep vertical temperature gradient)
varies with the season. As surface water warms up in the summer, an upper
layer as much as 30 m thick with salinity ranging from 27 to 32‰ is formed
(Koutitonsky and Bugden 1991). In the Northumberland Strait, maximum
temperature of this upper layer is 18°C; in the Strait of Belle Isle it is 12°C
(Figure 1.26). Researchers have studied seasonal temperature and salinity varia-
tion of the surface of the Gulf using tens of thousands of measurements taken
between 1860 and 1982 (Weiler and Keeley 1980; Bugden et al. 1982; Vigeant
1987). Figures 1.26 and 1.27 show the general pattern of salinity and tempera-
ture variations according to data from these studies.
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Meteorological forces are a major source of kinetic energy (energy
acquired by a body put into motion by the action of an external force) in the
Gulf of St. Lawrence. Winds and large-scale fluctuations in atmospheric pressure
play a determinant role in water mass circulation. From December to April,
strong winds associated with a low pressure centre over the Atlantic Ocean blow
from the north and northwest. From June to October, weaker winds blow from
the northeast in the northwestern part of the Gulf and the estuary, but from the
southwest in the southern part of the Gulf, generating cyclonic (counter-
clockwise) surface water movement.

Circulation in the Gulf of St. Lawrence and the Lower Estuary is estuar-
ine. Density currents driven by freshwater flow and affected by climatic condi-
tions interact with the topography of the system and are modified by Coriolis
force (Koutitonsky and Bugden 1991). In addition, currents generated by
astronomic tides create intense mixing zones in the Strait of Belle Isle, around
the Îles de la Madeleine, west of Jacques-Cartier Strait, in Northumberland
Strait and at the head of the Lower Estuary.

Though simultaneous current measurements gulf-wide have yet to be
made, researchers have sketched circulation patterns for the upper water layer
from data collected over several decades (Trites 1972) and from geostrophic calcu-
lations (El-Sabh 1976). The only major differences in the sketches obtained
with the two methods are several eddies 20 to 100 km in diameter yielded by
the geostrophic calculations. According to Koutitonsky and Bugden (1991),
these eddies last only a few days, though they do reform continuously.

One of the main features of the water circulation pattern in the Gulf of
St. Lawrence is the Gaspé current, which originates at the head of the Lower
Estuary, runs along the Gaspé coast to Cape Gaspé and eventually dissipates on
the shelf off Îles de la Madeleine (Figure 1.28). Discovered in 1895 by Dawson
(1913), this baroclinic coastal jet (comprising a velocity component induced by
fluid-density differentials) is driven into the Gulf by the discharge of the St.
Lawrence Estuary. The Gaspé current achieves its highest intensity (1.0 m/s)
along the Gaspé peninsula, where it is about 15 to 20 km wide in the top 40 to
50 m of the water column (Tang and Bennet 1981). The current is periodically
affected by instability events, which have been documented recently by satellite
images and mathematical modelling (Tang 1980; Mertz et al. 1988; Mertz and
El-Sabh 1989a, 1989b; Ingram and El-Sabh 1990). Some of the disturbances are
apparently triggered by wind pulses affecting the Bas-Saint-Laurent and the
Gaspé peninsula.

Figure 1.28 shows the cyclonic path of the gulf waters and the estuarine-
like exchanges in Cabot Strait and the Strait of Belle Isle, the outflow of lighter
surface water along the right sides of the passages and the inflow of saltier waters
at depth along the left sides. As mentioned, giant eddies are regularly observed
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between Pointe-des-Monts and the western tip of Anticosti Island (cyclonic
eddies) as well as in the Lower Estuary, between Rimouski and Pointe-des-
Monts (anti-cyclonic eddies) and between Les Escoumins and Rimouski
(cyclonic eddies). Generated by regional wind conditions, these eddies in turn
generate cross-currents running north at Île du Bic and south at Pointe-des-
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Monts (El-Sabh 1979; Ingram and El-Sabh 1990; SLC and Laval University
1991b).

Bugden (1981) estimated water volume, salt and heat fluxes between the
different regions of the Gulf of St. Lawrence. According to him, 80% of the
water transported in the upper 50 m of the Gaspé current is upwelled from the
50-100 m layer, 71% of which originates in the northwestern gulf and 9% in the
Lower Estuary. Of the remaining 20%, 17% is due to surface recirculation from
adjacent regions of the Gulf and 3% to fresh water discharged by the
St. Lawrence. Bugden’s transport estimates also show no significant recirculation
from the Îles de la Madeleine shelf to the northeastern gulf. Trites (1972) esti-
mated that fresh water residence time in the Gulf of St. Lawrence is about six to
eight months.

Oceanographic processes at the upstream end of the Lower Estuary of the
St. Lawrence are particularly interesting. Depth decreases rapidly between Les
Escoumins and Tadoussac, at the end of the Laurentian Channel, and the bottom
profile promotes upwelling of cold water from the intermediate layer, which is
rich in nutrients and planktonic organisms (Ingram 1975; Therriault and
Lacroix 1976; Greisman and Ingram 1977; Reid 1977). In the process, internal
tides are generated at the pycnocline (steep vertical density gradient). Fronts
(steep horizontal density gradients) have also been observed close to slack high
tide (Ingram 1976, 1985).

The strong tidal currents around Tadoussac force mixing of the upwelled
waters with those of the St. Lawrence and the Saguenay. As a result, dense, cold
water is found almost permanently at the surface near the head of the Lower
Estuary. Mixing intensity in this area varies appreciably, however, with river
discharge, fortnightly tides, synoptic winds and other processes that are not yet
well understood (Koutitonsky and Bugden 1991; Lebel et al. 1983).

The ice that covers a body of water in winter plays a major role in the physical
and biological oceanographic processes that take place there. Energy exchanges
between atmosphere and surface water, for example, are singularly affected by
ice. Horizontal and vertical water mass exchanges are also affected a great deal,
and this in turn has impacts for the transport of nutrients and planktonic organ-
isms. The opacity of the ice, and especially of the snow covering it, reduces
the amount of light that reaches the water, limiting plankton production in
winter.

Ice conditions in the St. Lawrence River have therefore received consid-
erable attention in recent decades (Forward 1954; Brochu 1960; Matheson
1967; Forrester and Vandal 1968; Ingram et al. 1969; Farmer et al. 1970; Black
1972; Michel and Bérenger 1972; Markham 1973; Pounder et al. 1973; Michel
1976; Campbell et al. 1977). A common finding is the high year-to-year vari-
ability of ice conditions in the Gulf and the estuary (Koutitonsky and Bugden

1.2.2.3
Ice cover
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1991). Ice formation, type, drift and melting depend on stochastic (random and
unpredictable) meteorological (air temperature, and wind speed and direction)
and oceanographic (current speed and direction of surface currents, and con-
vection in the upper layer) variables.

The concept of a “glaciologic winter”, defined from freezing degree-
day plots, is used to determine mean dates of ice formation and melt (Michel
and Bérenger 1972). In the Lower Estuary and the Gulf of St. Lawrence, these
dates give only an indication of conditions that are probable in winter. In fact,
year-to-year variation in climatic and hydrologic conditions is such that the
Gulf, at a given date, may be completely iced over or completely free of ice
(Markham 1973).

Figure 1.29, taken from Koutitonsky and Bugden (1991), nonetheless
shows mean ice formation and melt dates according to Environment Canada
(Ice Forecasting Central). As the figure shows, ice formation generally begins in
the Lower Estuary and the southwestern part of the Gulf and then gradually
moves east toward Cabot Strait. Ice formation begins in Cabot Strait about two
months after the Lower Estuary starts to ice over. At the end of the winter, ice
melt begins in Cabot Strait, at the head of the Lower Estuary and along the
Basse-Côte-Nord (end of March). The melt gradually extends to the centre
and the northern part of the Gulf; the Strait of Belle Isle is free of ice around the
third week of May.

Mean thickness of the ice cover on the Gulf of St. Lawrence is about
0.30 to 0.50 m, and maximum thickness is 0.75 to 0.90 m (Campbell et al.
1977). Ice plays a major role in sediment dynamics by protecting the coast from
abrasive wave action (see subsection 1.2.2.4). In spring, ice floes transport sedi-
ment from the estuary to the Gulf, and they also cause surface sediment erosion
in intertidal zones and shallows as they are carried away by flood tides.

As mentioned in subsection 1.2.1.4, most studies to date on sedimentary
processes in the St. Lawrence Estuary deal only with local or regional phenom-
ena. However, both d’Anglejan (1990) and Drapeau (1990) provide recent
reviews of estuarine dynamics from Île d’Orléans right to the Gulf.

The principal agents of nearshore sediment dynamics in the St. Lawrence
Upper and Lower estuaries are tides, waves and ice, all of which vary with sea-
son and location. The migratory stopover of geese in the Cap Tourmente area
also plays a role. In addition, the regional sediment budget has been affected by
hydrologic modifications of a number of Côte-Nord tributaries for the genera-
tion of hydro-electricity (Drapeau 1990).

Seaward from Île d’Orléans to Pointe-des-Monts, tide range diminishes
but wave height increases (see subsection 1.2.2.1). Nearshore dynamics are thus
tide-dominated at the head of the Upper Estuary, where tidal marshes abound,
and wave-dominated at the mouth of the Lower Estuary, where sandy beaches
are common. Throughout the estuary, the combination of these two factors

1.2.2.4
Sediment transport
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produces an environment typical of the St. Lawrence, with sediment that is less
well sorted and more dispersed than in estuaries where tides are less pronounced
(Drapeau 1990, 1992).

Figures 1.30 and 1.31 show the distribution of surface sediment deposits
in the Upper Estuary and in the Lower Estuary and the Gulf (see also Loring
and Nota 1973). Given existing flow conditions in the St. Lawrence River, sed-
iment inputs to the Upper Estuary form only a minor deposit, covering no
more than 10% of the floor; most of the fine sediment is exported to the Lower
Estuary and the Gulf (d’Anglejan 1990). Protected basins in harbours of the
St. Lawrence River also often constitute sedimentation areas. According to
Drapeau and Fortin (1978), Fortin and Drapeau (1979), d’Anglejan and Ingram
(1982), Ouellet and Sérodes (1984) and Troude and Ouellet (1987), the har-
bours of Berthier-sur-Mer, Île aux Coudres, Gros-Cacouna, Rivière-du-Loup,
Cap-à-l’Aigle, Rimouski, Matane and Baie-Comeau all trap sufficient sediment
for periodic dredging to be required. Between 1983 and 1991, 280 000 m3 of
sediment was dredged annually in the Lower Estuary and the harbours of the
Gulf of St. Lawrence as part of maintenance programs (Olivier and Berubé
1993).

The maximum turbidity zone in the Upper Estuary is of great sedi-
mentological interest. Contact between fresh and salt water causes particle 
flocculation (agglomeration), and suspended solids concentrations in this zone
are about 200 to 400 mg/L. Downstream of the maximum turbidity zone, the
suspended solids level drops rapidly to less than 5 mg/L at Rivière-du-Loup
and less than 2 mg/L at the Saguenay River (d’Anglejan 1981).

In the Upper Estuary, there is substantial sediment exchange between
the intertidal zones and the deeper channels. Studies at both ends of the maxi-
mum turbidity zone show that intensity and position of maximum turbidity are
closely associated with this type of exchange (d’Anglejan et al. 1981; Lucotte
and d’Anglejan 1986). Sedimentation on the flats of Cap Tourmente, the south
shore and the shores of the Montmagny islands is fostered in summer by plant
growth (mainly Scirpus americanus) and tides, which tend to bring fine sediment
accumulated offshore in late winter to the flats.

In the fall, colonies of migrating Greater snow geese invade the tidal
marshes of the Upper Estuary and feed on Scirpus rhizomes, stripping the
marshes of all above-ground vegetation. The result is massive erosion of sedi-
ment accumulated during the summer, an estimated 4500 t per tide cycle
(Drapeau 1990). The sediment is then transported upstream and deposited in
the Île d’Orléans channel, only to be transported back towards Cap Tourmente
once again during the spring flood, completing the annual sediment cycle in
this area. A similar cycle was noted at all intertidal flats between Saint-Vallier and
L’Islet-sur-Mer frequented by geese in the fall.

The main tributaries of the St. Lawrence downstream of Quebec City 
– the Saguenay, Betsiamites, aux Outardes and Manicouagan rivers – play a 
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primary role in nearshore sediment dynamics in the Lower Estuary. Under nat-
ural conditions, these rivers contributed a great deal of sediment to the St.
Lawrence. All are regulated, however, for the generation of hydro-electricity,
and the long-term effects of this are not yet completely understood.

The main consequence of the control structures built along the Saguenay
River since 1926 has been to triple the minimum monthly winter discharge.
The control structures do not, however, seem to have had much impact on
spring flood (Schafer et al. 1990). Regulation of the aux Outardes River com-
pletely eliminated the spring flood; discharge is now controlled at 560 m3/s, or
one-fifth of the spring flood (2700 m3/s) under natural conditions. Though
the banks of the estuary are now eroded by mean currents greater than those
that prevailed under natural conditions, the Saguenay is today considered
responsible for a loss, not an input, of sediment (Long 1983; Cataliotti-Valdina
and Long 1984; Hart and Long 1990).

The ice that forms in early winter protects the intertidal zones of the
St. Lawrence. The shores of the estuary would otherwise be severely eroded by
waves generated by violent winter winds (Drapeau 1990). The opposite occurs
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at the end of winter; drifting ice during breakup transports sedimentary material
and erodes intertidal zones and shallow areas. 

Dionne (1981a, 1981b, 1984, 1985b, 1988b) and Troude and Sérodes
(1988) examined the role of ice in the sediment budget of the Upper Estuary
and Lower Estuary. They demonstrated that spring ice drift in areas subject to
tides causes major sediment transport towards the Gulf. For example, ice annu-
ally transports towards the estuary one-quarter of the sediment accumulated
over the summer in the Cap Tourmente intertidal zone; that is, 50 000 t
(Drapeau 1990). Dionne (1984) estimated that 3.4 3 106 t of sediment was
exported by ice, a figure that d’Anglejan (1990) considers too high. From the
estuary as a whole, ice exports an estimated several million tonnes of sediment
(Dionne 1981a).

Ice also transports an impressive quantity of boulders and large rocks.
Dionne (1988b) mentions that ice-rafted boulders weighing 15 to 20 t and
measuring more than 2 m in diameter are common in the Rimouski area. The
largest ice-rafted boulder found was more than 7 m long and weighed more
than 175 tonnes Most of the boulders in the intertidal zone of the south shore
of the estuary are of Precambrian origin, which suggests they were ice-rafted
from the north shore since the south shore of the Upper Estuary and the Lower
Estuary is composed of Appalachian sedimentary rock, whereas the north shore
is bordered by the Precambrian Shield (Drapeau 1990). Ice drift and melt pro-
motes concentration of the boulders in the mid-tide zone and in the lower por-
tion of the intertidal zone (Guilcher 1981).

Besides transporting sedimentary material, spring drift ice in the estuary
also erodes the shoreline – especially the intertidal flats, where grooves and cir-
cular depressions have been observed (Dionne and Brodeur 1988a, 1988b;
Dionne 1971, 1985a, 1988a). These erosional scars rarely run more than 0.50 m
deep. In the Gulf, ice floes pile up on top of one another, sometimes forming
mounds several metres thick which can scrape the bottom and dig fairly deep
furrows in the surface sediment. Calculations performed for the northwest coast
of the Îles de la Madeleine show only a slight probability (once in 180 years)
that furrows 4 m deep could be dug in water 15 m deep (SNC Inc. 1985).
Furrows about 1 m deep are, however, much more common.



The morphology of the St. Lawrence shoreline derives mainly from the geo-
logical substrate of Quebec, which divides into three units: the Canadian Shield,
the Appalachians and the St. Lawrence Lowlands. The Canadian Shield covers
about 92% of the province of Quebec, the Appalachians just over 5% and the
Lowlands less than 3%.

The north shore of the St. Lawrence downstream of Quebec City is in
the Grenville province, the youngest of the four tectonic provinces of the
Canadian Shield found in Quebec (Figure 1.32). This rock formation acquired
its characteristics about 955 million years ago, and its geological layers have
undergone substantial metamorphism (Landry and Mercier 1983). The forma-
tion includes metasediment (quartzite, crystalline limestone, amphibolite and
paragneiss), metavolcanics, igneous rock (anorthosite, granite, diorite, syenite
and gabbro), orthogneiss and pegmatite.

The Appalachians stretch from the Eastern Townships (Estrie) right to
Cape Gaspé, forming the entire Gaspé peninsula as well as the south shore of
the St. Lawrence downstream of Quebec City (Figure 1.32). The Appalachians
are composed of sedimentary and volcanic rock that underwent metamorphism
during the Palaeozoic era (225 to 570 million years ago). Their evolution is
considered highly complex (Landry and Mercier 1983).

Separated from the Appalachians by Logan’s Line, the St. Lawrence
Lowlands shape the riverscape from the Great Lakes to Île d’Orléans (Figure
1.32). The Lowlands are formed of early Palaeozoic rock (Cambrian and
Ordovician, 450 to 570 million years old) resting unconformably on
Precambrian bedrock with a horizontal deposit of sandstone, limestone,
dolomite and shale as much as 2900 m thick between Montreal and Quebec
City (Landry and Mercier 1983). Anticosti Island and the Mingan islands in
the Gulf of St. Lawrence are composed of Palaeozoic sedimentary rock similar
to that of the St. Lawrence Lowlands.

1.3

The Shoreline
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In other words, an observer travelling down the River would see differ-
ent types of shoreline, depending on whether the stretch of river was part of the
St. Lawrence Lowlands, the Canadian Shield or the Appalachians. Surrounding
environmental characteristics (currents, tides, water salinity, type of soil and
vegetation) are also very important; they define the typical riparian environ-
ments of the different fluvial and estuarine sections.

There are some 4200 km of shoreline along the St. Lawrence from the
Great Lakes to the Gulf, and 55 000 ha (in 1980) of wetlands (SLC and Laval
University 1991a). Four types of plant associations cover 85% of the wetlands of
the St. Lawrence: aquatic grass beds, Scirpus marshes, Spartina salt marshes and
seagrass beds. 
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The wetlands of the St. Lawrence are highly productive areas that har-
bour abundant and diversified flora and fauna (see Part 2: Biological Aspects).
These littoral ecosystems fulfil essential environmental functions. They also help
to protect the shoreline by attenuating the erosive action of currents and waves.
Because they retain nutrients and sediment, they offer abundant food for flora
and fauna. They are also natural water treatment plants, because of the filtration
and bioreduction activities of the millions of microorganisms that live in them
(Pelletier et al. 1990; SLC and Laval University 1991a).

Between 1945 and 1976, slightly more than 3649 ha of wetlands between
Cornwall and Matane were lost due to a variety of activities (farming, filling
operations, industrial activities, housing developments, excavation and services)
(Dryade 1981). The impacts of wetland destruction cannot be ignored; local dis-
appearance of floral and faunic species generally results.

Numerous beaches grace the shores of the St. Lawrence and the
Saguenay. Between Cornwall and the Îles de la Madeleine, there are some
150 beaches (Figure 1.33). Once used for swimming and other water sports
(water skiing, pedal boating, etc.) and underwater activities, many of these
beaches have been abandoned because of the poor quality of the water (Cadrin
1990) or because infrastructures do not comply with government standards. In
1987, the Ministère de l’Environnement du Québec’s monitoring network
included 15 authorized beaches (SLC 1993b), counting both sites at Cap-Saint-
Jacques; by 1992, this number had risen to 21.

The shoreline of the St. Lawrence between Cornwall and Trois-Rivières was
shaped in the absence of major tides. This river stretch runs through the plains
of Montreal and Lake Saint-Pierre. The Montreal plain is a clay plain with ter-
races formed of sedimentary rock covered by deposits of clay, sand, gravel and
boulders (SLC and Laval University 1993). The Lake Saint-Pierre plain is com-
posed of regularly flooded low banks and low swampy terraces. At the head of
the lake is a complex network of islands, islets, bays and swamps: the Lake Saint-
Pierre archipelago (Sorel delta).

In the Portneuf area, the banks of the Fluvial Estuary are characterized by wide
rock platforms generally composed of schist of early Palaeozoic formations
(Dionne and Brodeur 1988a). These rock formations are sometimes slightly
deformed (Neuville, Donnacona and Grondines) and sometimes highly folded
with near-vertical slopes (Sainte-Croix and Saint-Antoine-de-Tilly). About 10%
of these platforms are composed of sandstone and limestone.

Downstream of Portneuf, the banks of the St. Lawrence are subject to
tides, which cause major fluctuations in water level as well as current reversal.
Seaward, the size of the estuary increases and the banks are accordingly subjected
to more and more dynamic conditions, dominated by wave action and major
weather disturbances.

1.3.1
THE FLUVIAL

SECTION

1.3.1.1
Geomorphology
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1.3.1.2
Erosion

and sedimentation

1.3.2
THE SALTWATER

REACHES

A wide raised platform dominated by high rocky cliffs marks the site of
Quebec City. Downstream, along the north shore of the Upper Estuary, there
are broad intertidal flats and cliffs of schist and limestone in the Île d’Orléans
area.

Figure 1.34 shows typical zonation of the banks of the Fluvial Estuary. In
this stretch of the St. Lawrence, intertidal flats are sometimes as much as 1600 m
wide. Rocky platforms (700 to 800 m wide) are flat and almost horizontal,
with a mean slope of less than one degree, and often end in steep cliffs 20 to
50 m high. 

The banks of the Fluvial Section have frequently been altered by roads,
walls, dikes, breakwaters or dams built to meet urban, industrial or agricultural
needs. These protective or development structures have altered the dynamic
equilibrium of the shoreline. For example, shoreline erosion may intensify if
vegetation on a strand is destroyed by farmland development. Tidal flats and
swamps can disappear when water regulation or channelling structures are built.
Harbour facilities modify water circulation and disturb erosion and sedimen-
tation processes.

In 1980, there were 33 110 ha of aquatic grass beds, many of them
upstream of Lake Saint-Pierre, in the part of the St. Lawrence not affected by
tides. These beds include a lower zone which is permanently submerged under
fresh water and an upper zone which is occasionally submerged during floods
(SLC and Laval University 1991a).

Subsection 1.2.1.4 gives a detailed description of erosion, transport and sedi-
mentation processes in the Fluvial Section. Dionne and Brodeur (1988a) main-
tain that shaping of the rocky shores of this river stretch and the rock platforms
of the Fluvial Estuary dates back to the last interglacial stage (100 000 to
130 000 years ago) because glacial scour and striations have been found on these
erosion surfaces. In addition, glacial deposits from the Middle Wisconsinian
(30 000 years ago) have been found on the insides of these paleo rock 
platforms.

The rock platforms have also been altered in recent years by waves, cur-
rents and periglacial processes (frost shattering and drift-ice action), among other
things. Shoreline frost shattering plays an effective role in cliff retreat whereas
waves, currents and ice help to evacuate rock debris (Brodeur 1987a).

Downstream of Quebec City, the shores of the St. Lawrence Estuary belong to
different geological provinces; the south shore is composed of Appalachian sedi-
mentary rock, while the north shore is bordered by the Precambrian Shield.
Interestingly, however, half of the boulders in the intertidal zone of the south
shore of the Upper Estuary are of Precambrian origin, suggesting they have
been ice-rafted from the north shore (Drapeau 1990).
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Between Quebec City and Pointe-au-Boisvert, some 50 km downstream of
the Saguenay River, the north shore is composed mainly of rocky scarps.
Between Pointe-au-Boisvert and Baie-Comeau, sandy flats predominate (SLC
and Laval University 1993). Seaward along the Côte-Nord, large deltas dotted
with rocky islands connected by sand bars are found at river mouths. Around
the Mingan islands and on the north shore of Anticosti Island, erosion has cut
into palaeozoic strata and fashioned cuestas of great beauty. 

Landward, the south shore of the Upper Estuary is bordered by steep
clayey cliffs and cliffs of schist and sandstone. Intertidal flats are bordered by
marine terraces with relatively flat upper surfaces. Seaward, along the Gaspé, the
coast is rocky and dominated by huge seacliffs. Intertidal flats here are sometimes
covered with sand, sometimes with gravel. Along the coast of Chaleur Bay,
barachois, beaches and sand bars are typically found. The low cliffs here are
made of sandstone. In the Lower Estuary and the Gulf, the beaches are typically
marine, not estuarine, because wave energy is stronger than usual for an estuarine
environment (Drapeau 1990).

1.3.2.1 
Geomorphology

Legend: Diagram showing shore zones and coastal features

1. 30-m terrace cut in shale 2. Active cliff (shale) 3. Talus slope 4. Beach 5. Intertidal platform (shale) 
6. Ice-drifted boulders 7. Transverse spit 8. Platform scoured by a boulder with furrow at the back and a
push ridge in front 9. Boulder barricade at low tide levels 10. Ice-scoured furrow 11. Unconsolidated
deposits in the lower tidal zone 12. Low tide level in spring 13. Mean low tide 14. Lowest low water level
(autumn).
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Both shores of the Upper Estuary are bordered by intertidal salt marshes.
Between Île d’Orléans and La Pocatière, Scirpus marshes dominate, covering
slightly more than 5126 ha. The highest concentration of such marshes
(3030 ha) is in the area that includes the Cap Tourmente and Montmagny flats,
the north channel of Île d’Orléans and the Île aux Grues archipelago (SLC and
Laval University 1991a). Here, the tide range is greater than anywhere else in
the St. Lawrence, and the Scirpus marshes grow on wide (500 to 1500 m), gently
sloping (0.25° to 0.50°) flats bathed by brackish water, the middle zone of the
flat covered by marsh vegetation dominated by American bulrush and the lower
zone bare mudflat.

Downstream of La Pocatière, Spartina salt marshes replace the Scirpus
marshes, covering 4418 ha — 1202 ha along the north shore of the estuary,
3031 ha along the south shore and 185 ha around Île aux Coudres and Île Verte
(SLC and Laval University 1991a). These salt marshes consist of a succession of
rockweed mudflats and Spartina alterniflora (saltwater cord grass) beds in the mid-
dle zone and of Spartina patens (saltmeadow grass) beds and Marelle beds in the
upper zone (see Part 2: Biological Aspects).

Seagrass beds dominate downstream of Pointe-des-Monts, covering close
to 4167 ha of the Côte-Nord, the shores of the Gaspé peninsula and the Îles de
la Madeleine (SLC and Laval University 1991a). The lower zones of these
marshes are generally lagoonal environments partially closed off by a sand bar
and affected by tides of less than one metre. Eelgrass communities grow in the
lower zone and plants suited to high-saline environments in the middle and
upper zones.

Isolated in the middle of the Gulf of St. Lawrence, the Îles de la
Madeleine have a landscape shaped by wind and sea. The islands are in the centre
of a sediment basin, the carboniferous Maritimes basin, formed during the
Permo-Carboniferous Period 230 to 350 million years ago (Watts 1972).
Following a series of marine transgressions, major carbonate and evaporite (salt)
deposits formed, and beds of red sandstone covered the entire Pennsylvanian
basin. Sediment deposits run as much as 9 km deep under these islands. In addi-
tion to the red sandstone deposits, currents and waves in the Gulf have caused
sand deposits several metres thick to accumulate around the islands, forming
long beaches much prized by tourists.

The Îles de la Madeleine are rocky outcroppings connected to one
another by double bar tombolos that form a number of lagoons tens of square
kilometres long and no more than 10 m deep. Ocean beaches are composed of
medium-grained sand (0.35 mm), but the sand within and bordering the
lagoons is slightly finer (0.18 to 0.25 mm).
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Subsection 1.2.2.4 gives a detailed description of erosion, transport and sedi-
mentation processes in the Upper and Lower estuaries of the St. Lawrence.
These processes, driven mainly by tides, waves and ice, vary seasonally and land-
ward to seaward.

Between Île d’Orléans and Pointe-des-Monts, tide range decreases but
wave height increases. As a result, shoreline dynamics are tide-dominated at the
head of the Upper Estuary and wave-dominated at the mouth of the Lower
Estuary. Tidal marshes are thus numerous landward in the Upper Estuary
whereas sand beaches are numerous seaward. The combination of these two
factors makes the St. Lawrence a unique environment (Drapeau 1990).

There is substantial exchange of sediment between the intertidal zones
and the deeper channels of the St. Lawrence Estuary, as the annual sedimenta-
tion-erosion cycle on the Cap Tourmente flats clearly demonstrates (Drapeau
1990). Shoreline sediment dynamics of the St. Lawrence Upper and Lower
estuaries are mainly affected by semidiurnal tides, fortnightly tides (neap-spring
tide cycle), waves and ice. These factors control trapping of suspended materi-
al in the intertidal zone and schorre erosion (Dionne 1981a, 1981b, 1984,
1985b, 1988b; Troude and Sérodes 1988). Flocks of migrating Greater snow
geese also play a major role in the sedimentary processes in the landward part of
the Upper Estuary. 

The fall stopover of migrating Greater snow geese, for example, results in
the export of 4500 t of sediment per tide cycle from the Cap Tourmente area
alone (d’Anglejan et al. 1981; Lucotte and d’Anglejan 1986; Drapeau 1990).

Ice also plays a major role in shoreline sediment dynamics, protecting
intertidal zones in early winter and transporting and eroding sediment at the end
of the winter. Drifting ice in spring causes millions of tonnes of fine sediment as
well as a quantity of large boulders to move towards the Gulf (Dionne 1981a,
1981b, 1984, 1985b, 1988b; Troude and Sérodes 1988). Spring drift ice erodes
the banks of the estuary, and ice scars generally less than 0.5 m deep have been
observed in intertidal marshes (Dionne and Brodeur 1988a, 1988b; Dionne
1971, 1985a, 1988a).

1.3.2.2
Erosion

and sedimentation



More than half the population of Quebec lives along the shores of the
St. Lawrence River and uses its waters for recreation and drinking. For a long
time, the River was believed capable of almost unlimited self-purification, and
large quantities of microorganisms and chemicals (some highly pathogenic or
toxic and others less so) were dumped into the River starting from colonization.
Even today, substances harmful to living organisms are discharged daily to the
River in industrial and urban effluents or by diffuse agricultural sources.

Many of these substances contaminate sediment, threaten the survival of
certain animal and plant species, deteriorate the quality of raw water which
serves as drinking water after treatment, and jeopardize other common uses of
water such as fish consumption and swimming. 

In a system such as the St. Lawrence, water quality is defined in terms of the use
made of the water. Water quality criteria differ depending on whether the water
is for public consumption, industrial supply, for recreation, for agricultural activ-
ities or a habitat for aquatic organisms.

Quality criteria have been established for each of the main physico-
chemical and microbiological parameters that indicate water quality. These were
divided into six main categories: physico-chemical parameters, major ions,
nutrients, inorganics (metals), organics (pesticides, for example), and microbio-
logical parameters.

Since there are so many variables in each category, organics and inor-
ganics in particular, choices must be made about which variables to measure.
Only 30 to 50 of the hundreds of known variables can be monitored, mainly
because of the limits of existing analytic methods. 

Three uses of water are considered in this report: direct human con-
sumption, water-contact recreation and aquatic-life support (chronic toxicity).
Table 1.2 shows water quality criteria for these uses for the main variables 

1.4

1.4.1
WATER QUALITY

PARAMETERS

Water Quality
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Quality criteria (mg/L)

Direct human Recreational Aquatic life
consumption water(a) (chronic toxicity)

Variable (HWC 1993) (MENVIQ 1990a) (MENVIQ 1990a)

Fecal coliform (number/100 mL) 0 200 –
Turbidity 5.0 NTU (AC) 10.0 NTU(b) –
Sodium 200.0 (AC) – –
Barium 1.0 1.0 50
Sulphates 500.0 (AC) – –
Manganese 0.05 (AC) 0.5 –
Iron 0.3 (AC) – 0.3
Nickel(c) – 0.25 0.056 9 water hardness = 30

0.184 0 water hardness = 120
Chlorides 250
Copper 1.0 (AC) 1.0 0.002 water hardness < 60

0.002 8 water hardness = 120
Cobalt 0.005
Zinc 5.0 (AC) 5.0 0.038 2 water hardness = 30

0.123 7 water hardness = 120
Lead 0.01 0.05 0.000 7 water hardness = 30

0.004 water hardness = 120
Chromium 0.05 0.05 0.002
Cadmium 0.005 0.01 0.000 44 water hardness = 30

0.001 3 water hardness = 120
Arsenic 0.025(d) 0.05 0.05
Vanadium – – 0.014
Aluminum – – 0.087 (no effect if 6.5 < pH < 9.0)
Phosphorus – 0.03(e) 0.03(e)

Heptachlor 0.003 heptachlor + – 0.01 – 10–3 (f)

heptachlor epoxide
·DDT + metabolites 0.03 – 1.0 – 10–6

Endosulfan – – 2.0 – 10–5

Chlordane 0.007 – 6.0 – 10–6 (f)

Dieldrin 0.000 7 – 1.9 – 10–6 (f)

(aldrin + dieldrin) 
PCBs – – 1.0 – 10–6 (g)

Endrin – – 2.3 – 10–6 (f)

Molybdenum – – 1
Aldrin See dieldrin – –
Acenaphthene(h) 0.003
Mirex – – 1.0 X 10–6

Naphthalene 0.029
Benzo(a)pyrene 0.000 01 –

(a) For protection of bathers, drinking water criteria for certain toxic substances are listed as recreational water criteria; these criteria are given for information purposes
only (MENVIQ, 1990a).

(b) CCME, 1992.
(c) Maximum acceptable concentration for drinking water.
(d) Interim maximum acceptable concentration.
(e) Criterion to prevent eutrophication of watercourse. 
(f) Criterion recommended for marketing of edible fish.
(g) Criterion to protect terrestrial wildlife that depend on the aquatic environment.
(h) MENVIQ, 1993a, interim criterion.

Legend. AC: Aesthetic criteria. –: No criteria for this use. NTU: Nephelometric turbidity units.

TABLE 1.2
Quality criteria for three uses of fresh water
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measured in fresh water in the St. Lawrence between 1985 and 1993. Direct
human consumption criteria are used to assess water for consumption by human
beings without prior treatment. Criteria for primary-contact recreational water
are meant to prevent risks to human health as a result of direct contact with
water, as in swimming or windsurfing. Aquatic life (chronic toxicity) criteria
indicate contaminant concentrations to which aquatic organisms and their pro-
geny may be exposed indefinitely with no adverse effects (MENVIQ 1990a).

Water quality criteria are based on acute and chronic aquatic toxicity
data obtained in the laboratory for species at different levels in the food chain.
According to the Ministère de l’Environnement du Québec (MENVIQ 1990b),
procedures are based on the assumption that the effects of a substance as measured
on a species in an appropriate laboratory test will be reproduced on the same
species under similar natural conditions. However, the species studied and the
conditions in the laboratory are not necessarily the same as those found in the
River. One must bear in mind that scientific knowledge and sampling and
analysis techniques are constantly changing, which makes long-term tracking of
certain parameters difficult. Thus, it is now possible to detect variables that
could not be measured with yesterday’s methods, and quality criteria have been
modified in light of ecotoxicological discoveries. For many variables, however,
no criteria have yet been established. It takes considerable resources and time to
develop water quality criteria, and new chemicals are constantly being created
by industry as well as by accidental mixing of substances. In addition, the criteria
were developed for individual contaminants, not for a combination of contam-
inants (which is what is encountered in the natural environment), and do not
take into account possible synergism or antagonism between contaminants.

The physico-chemical characteristics of water include turbidity, suspended solids
content (total unfiltered residue), pH, temperature and conductivity. 

Conductivity (electrical) is one of the variables that can be used to distin-
guish water masses in the St. Lawrence River. Once they reach the St.
Lawrence, tributary waters are forced downstream along its banks. Two adjacent
masses of water with very different characteristics flow side by side for some-
times long distances. Thus, to characterize the water of the St. Lawrence River
between Cornwall and Quebec City, we must study each water mass of which
it is composed. 

The St. Lawrence River has five main and nine secondary water masses
associated with its main tributaries (Verrette 1990). The five main water masses
are a) the waters of the Great Lakes (upstream and downstream of Montreal), b)
the waters of the Ottawa River, c) mixed waters of the Ottawa and
L’Assomption rivers and the Great Lakes east of L’Assomption River (Ottawa-
north shore mix), d) mixed waters of the south shore tributaries and the Great
Lakes (Great Lakes-south shore mix), and e) the waters of the Quebec City

1.4.1.1
Physico-chemical

characteristics
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region. The nine secondary water masses are those of the Saint-Louis,
Châteauguay, L’Assomption, Richelieu, Yamaska, Nicolet, Saint-Maurice,
Bécancour and Jacques-Cartier rivers.

Data used in this chapter to assess the quality of fresh water in the
St. Lawrence River come from federal and provincial sampling stations in the
different water masses of the St. Lawrence (Table 1.3).

Conductivity is an indicator of water mineralization rate, which is associated
with major ions (see subsection 1.4.1.2). The green waters of the Great Lakes
are highly mineralized and their conductivity is about 300 µS/cm. The brown
waters of the Ottawa River, however, are not as conductive (80 µS/cm), indi-
cating less mineralization (Table 1.4). Intrusion of salt water starting east of Île
d’Orléans, provokes an increase in conductivity; in the Upper Estuary, therefore,
conductivity values indicate the degree of mixing of ocean and fresh water
(Poisson et al. 1980).

Apparent colour, turbidity and suspended solids (SS) are closely related
variables. Apparent colour depends on dissolved coloured matter and suspended
solids. Turbidity is also highly affected by SS. Values for all three of these vari-
ables are much lower in the green waters of the Great Lakes and the Great
Lakes-south shore mix than they are in the brown waters of the Ottawa River
and the Ottawa River-north shore mix. Water from the Canadian Shield – that
is, from the Ottawa and L’Assomption rivers – has more colour because con-
centrations of organic substances such as humic acid (derived from decaying
vegetation) are higher than in the waters of the Great Lakes. The waters of the
Great Lakes, on the other hand, contain fewer suspended solids because the
lakes – especially the deep ones such as Lake Ontario, which is the source of the
St. Lawrence – promote sedimentation. Between 1982 and 1984, mean SS con-
tent at the Lake Ontario outlet was 1.4 mg/L (Sylvestre et al. 1987).

The range of fluctuation in water temperature in the St. Lawrence system is
substantial, close to 28°C (Rondeau 1993). Table 1.4 lists mean values for four
seasons, for information purposes only. The Great Lakes water mass is slightly
colder than the Ottawa River water mass.

Of the variables mentioned, only turbidity restricts use of water for pur-
poses of direct human consumption or for water-contact recreation. 

Water naturally contains many ions, among them calcium (Ca++), magnesium
Mg++), potassium (K+), sodium (Na+), chlorides (Cl-), sulphates (SO4

-) and
bicarbonate (HCO3

-) ions. In fresh water, carbonate (CO3
-), calcium and sul-

phate ions dominate. In sea water, chloride and sodium concentrations are
highest, followed by sulphates and magnesium. Water “hardness” depends main-
ly on calcium and magnesium content and is expressed as a function of calcium
carbonate concentration (CaCO3). Water hardness has an inverse effect on

Conductivity

Temperature

1.4.1.2
Major ions
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Station Type Period Station Type Period

Great Lakes – upstream of Montreal Great Lakes – downstream of Montreal
QU022MC9007 Fed. 1985-1990 QU022OD9026 Fed. 1985-1990
QU02MC9205 Fed. 1985-1990 QU02OJ9017 Fed. 1985-1990
QU02OA9028 Fed. 1985-1990 QU02OJ9027 Fed. 1985-1990
QU02OA9031 Fed. 1985-1990 Les Grèves – vertical 100 Fed. 1991
Cornwall – centre vertical 200 Fed. 1991 Les Grèves – vertical 600 Fed. 1991
Cornwall – north vertical 355 Fed. 1991 Port Saint-François – vertical 390 Fed. 1991
Cornwall – south vertical 28 Fed. 1991 00000093 Prov. 1990-1993
00000115 Prov. 1991-1993 00000112 Prov. 1991-1993
00000072 Prov. 1990-1993 00000111 Prov. 1991-1993
00000108 Prov. 1991-1993 00000090 Prov. 1990-1993
00000110 Prov. 1991-1993 00000087 Prov. 1990-1993
00000109 Prov. 1991-1993 00000086 Prov. 1990-1993
00000113 Prov. 1991 00000075 Prov. 1990-1993
00000114 Prov. 1991-1993 00000074 Prov. 1990-1992
00000083 Prov. 1990 00000095 Prov. 1990-1993
00000084 Prov. 1990-1993 00000096 Prov. 1990-1993
00000085 Prov. 1990 00000073 Prov. 1990-1993
00000078 Prov. 1990-1993 Nicolet River
Great Lakes – south shore Nicolet Fed. 1991
QU02OD9020 Fed. 1985-1990 03010008 Prov. 1990-1993
Port Saint-François – vertical 65 Fed. 1991 03010009 Prov. 1990-1993
00000092 Prov. 1990-1993 Yamaska River
00000089 Prov. 1990-1993 Yamaska Fed. 1991
Jacques-Cartier River 03030023 Prov. 1990-1993
Jacques-Cartier Fed. 1991 Ottawa River – north shore
05080006 Prov. 1990-1993 QU02NG9019 Fed. 1985-1990
Bécancour River QU02OB9016 Fed. 1985-1990
Bécancour Fed. 1991 Les Grèves – vertical 100 Fed. 1991
02400004 Prov. 1990-1993 Port Saint-François – vertical 1170 Fed. 1991
Saint-Maurice River 00000081 Prov. 1990-1992
Saint-Maurice Fed. 1991 00000091 Prov. 1990-1992
00000094 Prov. 1990-1993 00000080 Prov. 1990-1993
05010007 Prov. 1990-1993 00000088 Prov. 1990-1993
Ottawa River 00000079 Prov. 1990-1993
QU02OA9002 Fed. 1985-1990 00000097 Prov. 1990-1993
Pointe Fortune Fed. 1991 Quebec City region
Ottawa Fed. 1991 QU02PE9066 Fed. 1985-1990
04310053 Prov. 1990-1991 QU02PH9063 Fed. 1985-1990
04310054 Prov. 1990-1993 Quebec City – vertical 200 Fed. 1991
04310002 Prov. 1990-1993 Quebec City – vertical 700 Fed. 1991
04330019 Prov. 1990-1993 00000121 Prov. 1993
04310056 Prov. 1990-1992 00000103 Prov. 1990-1993
04320001 Prov. 1990-1993 00000077 Prov. 1990-1993
04320006 Prov. 1990-1993 00000105 Prov. 1990-1993
04320012 Prov. 1990-1993 00000106 Prov. 1990-1993
04320014 Prov. 1990-1993 00000107 Prov. 1990-1993
04320015 Prov. 1990-1991 00000101 Prov. 1990-1993
04320016 Prov. 1990-1993 00000082 Prov. 1990-1993
04320017 Prov. 1990-1993 00000076 Prov. 1990-1993
04320018 Prov. 1990-1993 00000098 Prov. 1990-1993
04320019 Prov. 1990-1993 00000099 Prov. 1990-1993
04320021 Prov. 1990-1993 00000100 Prov. 1990-1993
04330001 Prov. 1990-1993 Saint-Louis River
04330006 Prov. 1990-1993 QU02MC9033 Fed. 1985-1990
04330011 Prov. 1990-1993 Saint-Louis Fed. 1991
04330012 Prov. 1990-1993 L’Assomption River
04330013 Prov. 1990-1993 L’Assomption Fed. 1991
04330014 Prov. 1990-1993 05220003 Prov. 1990-1993
04330015 Prov. 1990-1993 Richelieu River
04330016 Prov. 1990-1993 Richelieu Fed. 1991
04330018 Prov. 1990-1993 03040009 Prov. 1990-1993
04330020 Prov. 1990-1993

TABLE 1.3
Distribution and number of sampling stations in each water mass
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contaminant toxicity potential: the softer the water, the more toxic the contami-
nant may be. Hardness level of the Great Lakes water mass in the St. Lawrence
River is about 120 mg/L of CaCO3; the hardness level of the water masses of
the Ottawa River and the Ottawa River-north shore mix ranges from 30 to 
60 mg/L of CaCO3 (Table 1.5).

Water characteristics depend mainly on the geology of the ground over
and through which the water flows. The waters of the Great Lakes are thus
highly mineralized; that is, they contain high concentrations of the major ions,
because the lower basin of the Great Lakes is largely of sedimentary origin.
Sedimentary environments erode and leach more readily than nonsedimentary
environments and hence larger quantities of salts are generally found there.
Major ion concentrations in the waters of the Great Lakes are as follows:
36.3 g/L of calcium, 7.9 mg/L of magnesium, 10.8 mg/L of sodium, 1.4 mg/L
of potassium, 22.2 mg/L of chlorides, and 27.7 mg/L of sulphates. The
Canadian Shield, on the other hand, is largely formed of very hard metamorphic
rock that is less easily altered by the action of water, and hence the waters of the
Ottawa River are low in major ions: 8.3 mg/L of calcium, 2.1 mg/L of mag-
nesium, 3.0 mg/L of sodium, 0.8 mg/L of potassium, 4.3 mg/L of chlorides, and
10.5 mg/L of sulphates.

A close relative of water hardness, alkalinity is the concentration of carbonate
(CO3

2-) and bicarbonate (HCO3
-) ions and is often expressed as milligrams of

calcium carbonate (CaCO3) per litre of water. As for pH, it is the concentration
of hydrogen ions (H+) and is expressed as -log(H+). The pH of pure water is 7.
Sea water generally has a pH of more than 8. Alkalinity and pH thus indicate if
water is acid or basic. In the freshwater reaches of the St. Lawrence, the water

Great Lakes – Ottawa River –
Great Ottawa south shore south shore Quebec 

Variable Lakes River mix mix City region 

Conductivity (µS/cm) 305 (220) 80 (127) 272 (41) 171 (126) 244 (189)

Apparent colour 
(Pt-Co units) 13 (146) 62 (91) 56 (26) 86 (85) 48 (137)

Turbidity (NTU)* 1.4 (154) 4.2 (92) 6.4 (29) 8.6 (92) 6.0 (153)

SS (mg/L) 2.5 (154) 6.0 (92) 15.0 (29) 14.3 (91) 12.2 (153)

Temperature (°C) 13.5 (88) 14.6 (92) 14.0 (15) 14.2 (63) 12.7 (67)

*NTU: Nephelometric turbidity units.
( ): Number of samples.

Source: Adapted from Rondeau, 1993.

TABLE 1.4
Mean values of physical variables in the main water masses

of the St. Lawrence between 1985 and 1990

Alkalinity and pH
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1.4.1.3
Nutrients

masses of the Great Lakes have a mean alkalinity of 89.6 mg/L of CaCO3 and a
mean pH of 8.2, indicating slightly basic, buffered water (Rondeau 1993). The
water mass of the Ottawa River is not as rich in bicarbonate ions but is richer in
hydrogen ions: mean alkalinity is 19.2 mg/L of CaCO3 and pH is 7.4. 

None of the major ions is critical for the three water uses considered in
this report. Ions such as sodium, sulphates and chlorides can, however, affect the
appearance of water. These variables were thus included for assessment of water
quality for direct human consumption. 

Nutrients are substances used by aquatic plants to grow. The main nutrients
monitored are carbon in the form of total organic carbon (TOC), dissolved
nitrogen in the form of nitrites (NO2) and nitrates (NO3) and total phosphorus
(TP).

Because woody substances do not decompose readily, the waters of the
Canadian Shield contain larger quantities of humic matter (products of plant
decay) than the other water masses in the St. Lawrence and hence their TOC
content is higher.

Nitrite-nitrate means are similar in all water masses except the Ottawa
River water mass, where they are lower, and the water mass of the Great Lakes-
south shore mix, where they are higher, probably because of the farmland along
the south shore tributaries (Table 1.6). Désilets et al. (1988) reported a drop

Concentrations (mg/L)

Great Lakes – Ottawa River – 
Great Ottawa south shore north shore Quebec

Variables Lakes River mix mix City region 

Alkalinity 89.6 (154) 19.2 (92) 75.0 (29) 43.9 (92) 68.0 (153)
(mg/L of CaCO3)

Hardness 123.4 (153) 29.2 (92) 104.8 (29) 61.5 (92) 95.4 (153)
(mg/L of CaCO3)

Calcium 36.3 (153) 8.3 (92) 31.0 (29) 17.7 (92) 27.9 (153)

Magnesium 7.9 (154) 2.1 (92) 7.1 (29) 4.2 (92) 6.3 (153)

Sodium 10.8 (154) 3.0 (92) 10.7 (29) 7.2 (92) 9.6 (153)

Potassium 1.38 (154) 0.81 (92) 1.5 (29) 1.17 (92) 1.32 (153)

Chlorides 22.2 (154) 4.3 (92) 19.9 (29) 11.9 (92) 18.2 (153)

Sulphates 27.7 (154) 10.5 (92) 26.4 (29) 16.7 (92) 23.5 (153)

pH 8.2 (221) 7.4 (130) 8.1 (40) 7.7 (128) 7.9 (206)

( ): Number of samples.

Souce: Adapted from Rondeau, 1993.

TABLE 1.5
Mean concentrations of major ions in the main water masses

of the St. Lawrence between 1985 and 1990
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in NO2-NO3 in the Ottawa River in the mid-1980s which they attributed to
control of effluents from pulp and paper mills. Elsewhere, however, NO2-NO3

levels rose, especially in the Great Lakes basin (Chan and Perkins 1983) and in
the St. Lawrence, where NO2-NO3 levels increased an estimated 0.02 mg/L per
year between 1978 and 1988 (Cluis et al. 1990).

Total phosphorus levels are high in all water masses except that of the
Great Lakes. There are a number of point sources of phosphorus (such as the
Montreal Urban Community, the City of Laval and other municipalities), as
well as nonpoint sources associated with agricultural activities (spreading of fer-
tilizer and manure) that help to increase phosphorus concentrations, especially in
the L’Assomption, Yamaska and Nicolet rivers. Highest means are in the Ottawa
River-north shore mix, which is affected by many of these sources.

In aquatic environments, low phosphorus levels often restrict growth of
vegetation. In general, total phosphorus levels exceeding 0.030 mg/L promote
excessive growth of aquatic vegetation where currents are slow, and this makes
recreational activities less appealing. This variable was thus included for assess-
ment of water-contact recreation quality.

Metals commonly measured in water are aluminum (Al), cadmium (Cd), chro-
mium (Cr), copper (Cu), iron (Fe), manganese (Mn), nickel (Ni), lead (Pb) and
zinc (Zn).

Aluminum, chromium, iron, manganese and zinc concentrations are
higher in the waters of the Ottawa River than in the Great Lakes (Table 1.7).
Nickel concentrations are similar in all water masses. Cadmium and lead concen-
trations are regularly below detection limits, 0.0001 mg/L and 0.0007 mg/L,
respectively (Table 1.8).

Metals less frequently analysed, such as barium (Ba), beryllium (Be),
cobalt (Co), molybdenum (Mo), vanadium (V), lithium (Li) and strontium (Sr),

1.4.1.4
Inorganics

Concentrations (mg/L)

Ottawa River – Great Lakes –
Great Ottawa north shore south shore Quebec 

Variable Lakes River mix mix City region 

Total organic carbon 2.3 (96) 5.6 (19) 4.3 (49) 3.0 (20) 3.5 (111)

Dissolved NO2 + NO3 0.24 (154) 0.18 (87) 0.27 (92) 0.32 (29) 0.26 (153)

Total phosphorus 0.014 (82) 0.053 (81) 0.084 (64) 0.052 (14) 0.043 (72)

( ): Number of samples.

Source: Adapted from Rondeau, 1993.

TABLE 1.6
Mean nutrient concentrations in the main water masses of the St. Lawrence

between 1985 and 1990
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and metalloids such as arsenic (As) and selenium (Se) have also been measured in
the St. Lawrence River (Table 1.9).

Concentrations of all these rare metals, except for strontium and barium,
are lower than concentrations of the common metals discussed earlier.
Concentrations of barium, lithium, molybdenum and strontium are higher in
the green waters of the Great Lakes than in the brown waters of the Ottawa
River. 

All these metals, the common as well as the rare, come in different
proportions from two types of sources: the natural environment and human
activities. They are all present in the earth’s crust and they all migrate to the

Concentrations (mg/L)

Great Lakes – Ottawa River –
Great Ottawa south shore north shore Quebec

Variable Period Lakes River mix mix City region

Aluminum 1988-1990 0.061 (76) 0.313 (15) 0.421 (16) 0.76 (32) 0.435 (83)

Chromium 1986-1990 0.0009 (93) 0.0011 (19) 0.0031 (21) 0.0021 (50) 0.0021 (108)

Copper 1985-1990 0.0016 (166) 0.0022 (92) 0.0027 (31) 0.0037 (85) 0.0036 (156)

Iron 1985-1990 0.072 (167) 0.410 (91) 0.576 (31) 0.690 (85) 0.516 (157)

Manganese 1985-1990 0.0045 (129) 0.0201 (24) 0.0207 (26) 0.023 (65) 0.0189 (133)

Nickel 1986-1990 0.0011 (129) 0.001 (24) 0.0021 (26) 0.0016 (65) 0.0015 (133)

Zinc 1985-1990 0.0073 (165) 0.0111 (92) 0.0071 (31) 0.0090 (84) 0.0071 (157)

( ): Number of samples.

Source: Adapted from Rondeau, 1993.

TABLE 1.7
Mean concentrations of metals most frequently measured 

in the main water masses of the St. Lawrence between 1985 and 1990

Detection frequency (%)

Ottawa River – Great Lakes –
Great Ottawa north shore south shore Quebec

Variable Period Lakes River mix mix City region

Cadmium 1986-1990 13 (129) 25 (24) 46 (65) 54 (26) 53 (133)

Lead 1986-1990 29 (129) 54 (24) 65 (65) 65 (26) 71 (133)

( ): Number of samples.

Source: Adapted from Rondeau, 1993.

TABLE 1.8
Cadmium and lead detection frequency in the main water masses of the St. Lawrence
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aquatic environment in runoff or groundwater. All are also potentially present in
industrial waste, especially from the mining, metallurgy and inorganic chemicals
sectors, and can be found in discharges of some municipal outfalls. 

There are no strontium or lithium quality criteria for the uses selected for
study and hence these metals are not discussed in this report. Arsenic and sele-
nium are not discussed either, because data for these metals only cover the period
from 1985 to 1987, and concentrations recorded are far below criteria for the
three uses examined herein (Table 1.2).

Twelve metals – iron, nickel, copper, zinc, lead, aluminum, barium, cad-
mium, cobalt, chromium, molybdenum and vanadium – are used to assess water
quality for protection of aquatic life (chronic toxicity). Two parameters were
excluded from this study – manganese and beryllium – for two reasons: there is
no aquatic life (chronic toxicity) water quality criterion for manganese, and the
chronic toxicity criterion for beryllium applies only when water hardness level
is below 75 mg/L of CaCO3; that is, only in the Ottawa River and the Ottawa
River-north shore water masses. In three years of sampling, beryllium was rarely
detected (detection limit = 0.00005 mg/L) and not a single instance of
exceedance of the most severe beryllium criterion was recorded. To ensure
comparability of brown water and green water results, beryllium was excluded
from the study.

Concentrations (mg/L)

Great Lakes – Ottawa River –
Great Ottawa south shore north shore Quebec

Variable Period Lakes River mix mix City region

Arsenic* 1985-1987 0.0007 (65) 0.0004 (74) 0.0006 (10) 0.0005 (40) 0.0006 (43)

Barium 1988-1990 0.0223 (76) 0.0173 (15) 0.0227 (16) 0.0248 (32) 0.0234 (84)

Cobalt 1988-1990 0.0001 (76) 0.0002 (15) 0.0006 (16) 0.0005 (32) 0.0004 (84)

Lithium 1988-1990 0.0025 (76) 0.0007 (15) 0.0025 (16) 0.0020 (32) 0.0025 (84)

Molybdenum 1988-1990 0.0010 (76) 0.0002 (15) 0.0008 (16) 0.0005 (32) 0.0007 (84)

Selenium* 1985-1987 0.0002 (65) 0.0002 (74) 0.0002 (10) 0.0002 (40) 0.0002 (43)

Strontium 1988-1990 0.17 (76) 0.05 (15) 0.157 (16) 0.106 (32) 0.136 (84)

Vanadium 1988-1990 0.0004 (76) 0.0008 (15) 0.0045 (16) 0.0017 (32) 0.0020 (84)

*Metalloid.
( ): Number of samples.

Source: Adapted from Rondeau, 1993. 

TABLE 1.9
Mean concentrations of less frequently analysed metals and metalloids

in the main water masses of the St. Lawrence 
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1.4.1.5
Organics

Organochlorine pesticides

Seven variables are commonly used to assess direct human consumption
and water-contact recreational quality: copper, zinc, lead, barium, cadmium,
chromium and manganese. For information purposes only, drinking water qual-
ity criteria have been applied to recreational water, since the validity of recre-
ational criteria is currently under study (MENVIQ 1993a). Therefore, iron is
not among the variables considered for recreational water quality assessment
but nickel is. Other variables were not analysed because there are no criteria for
either of the two uses (Table 1.2). 

Table 1.10 shows the potential origin of the 13 metals selected to assess
the quality of fresh water for the three uses considered in this study. To give an
idea of the relative contribution of natural sources of the metals, Table 1.10 also
lists natural mean concentrations in 100% silt-clay sediment in Lake Saint-
Louis. Potential industrial sources were grouped by industry. Toxicity ratings of
10 metals are listed to indicate the risks they pose. These ratings were developed
by Entraco (1990) based on six modes of toxicity: carcinogenicity, hereditary
mutagenicity, teratogenicity, persistence, bioaccumulation and other adverse
effects (on terrestrial and aquatic organisms). A rating of w ³ 14 indicates a
substance is highly toxic, a rating of 7 < w < 14, indicates medium toxicity and
a rating of w ² 7 indicates low toxicity.

Organic chemistry is generally defined as the chemistry of substances that con-
tain carbon (C) and hydrogen (H). There are a multitude of organic substances.
Three categories are considered here: organochlorine pesticides (OCs), poly-
cyclic aromatic hydrocarbons (PAHs) and polychlorinated biphenyls (PCBs).

Organochlorine pesticides are entirely laboratory-manufactured substances that
are not naturally present in the aquatic environment. Organochlorine pesticides
were used extensively in the 1950s and the early 1960s to control harmful
insects. Use of organochlorine pesticides was restricted and in some cases
banned in the United States and Canada in the early 1970s because they persist
in the environment, are highly toxic and biomagnify in the food chain. Certain
pesticides, such as chlordane and endosulfan, are still permitted for very specific
uses.

Because they are hydrophobic, organochlorine pesticides are very difficult
to measure in water; methods that use large volumes of water are required to
obtain a measurable quantity of these pesticides. Such experimental methods
have rarely been applied in the St. Lawrence River. There is therefore little
information about these substances in the St. Lawrence.

Table 1.11 lists organochlorine compounds that have been analysed in the
St. Lawrence. Among these, dieldrin, endrin, heptachlor and heptachlor 
epoxide, mirex and aldrin have never been detected in the St. Lawrence. Three
substances – chlordane, DDT and its metabolites and endosulfan – are detectable
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in all water masses. Despite the near-complete ban on DDT since 1969, DDT
and its breakdown products (metabolites), which are just as toxic as DDT, are
found in higher concentrations than any of the other organochlorine pesticides.
This family of chemicals is highly persistent.

Polycyclic aromatic hydrocarbons (PAHs) are formed by incomplete combustion
of organic matter. Natural concentrations come from forest fires, volcanic
activity and diagenesis. However, a large portion of the PAHs present in the
environment comes from human activities (CCREM 1987). PAHs are released
during burning of fuel and incineration of waste. They enter the aquatic envi-
ronment through atmospheric deposition. They can also enter the aquatic envi-
ronment directly through accidental spills of crude oil, petroleum products or
creosotes.

PAHs are a diverse group of compounds containing two or more aroma-
tic nuclei (Figure 1.35). Data on the presence of PAHs in the environment are
far from complete and apply to only a few compounds.

Criteria for direct human consumption and for protection of aquatic life
have been developed for acenaphthene, naphthene and benzo(a)pyrene

Mean natural metal content
of 100% silt-clay sediment

Variable in Lake Saint-Louis (mg/kg) Industrial sector Toxicity rating

Aluminum NA 3, 5 12

Cadmium 0.17 2, 3, 4, 6 19

Chromium 67 2, 3, 4, 6 9

Copper 17 2, 4, 5, 6 13

Iron 41 358 2, 3 2

Nickel 36 2, 3, 6 22

Lead 14 2, 3, 4, 6 7

Zinc 93 2, 3, 4, 6 10

Cobalt NA 2, 5 7

Molybdenum NA 1, 5 24

Vanadium NA 1, 2, 3, 5, 6 (?) NA

Manganese 764 (?) NA

Barium NA (?) NA

NA: Not available.
(?): Unknown
Industries: 1) pulp and paper. 2) mining. 3) metallurgy. 4) surface treatment. 5) organic chemicals and petrochemicals. 6) inorganic chemicals.
Toxicity rating: ³ 14 = highly toxic; between < 14 and > 7 = medium toxicity; ² 7 = low toxicity.

Sources: Lorrain et al., 1994a (concentrations); Entraco, 1990 (industry data and toxicity ratings).

TABLE 1.10
Potential sources and toxicity ratings of metals measured

in the St. Lawrence between 1985 and 1990

Polycyclic aromatic
hydrocarbons
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Benzo (a) pyreneBenzo (a) anthracene

AnthraceneNaphthalene

FIGURE 1.35
Structure of certain PAHs

Source: CCREM, 1987.

Concentrations (ng/L)

Great Lakes – Ottawa River –
Great Ottawa south shore north shore Quebec

Variable Lakes River mix mix City region

Chlordane 0.33 (51) 0.212 (5) 0.484 (14) 0.429 (28) 0.352 (6)

DDT + metabolites 1.1 (51) 0.681 (5) 1.484 (14) 1.602 (28) 1.167 (6)

Dieldrin ND (51) ND (5) ND (14) ND (28) ND (6)

Endrin ND (51) ND (5) ND (14) ND (28) ND (6)

Hept + HE** ND (51) ND (5) ND (14) ND (28) ND (6)

Mirex ND (51) ND (5) ND (14) ND (28) ND (6)

Endosulfan 0.012 (51) 0.006 (5) 0.006 (14) 0.009 (28) 0.013 (6)

Aldrin ND (51) ND (5) ND (14) ND (28) ND (6)

*Experimental results: concentrations underestimated by a factor of 2.
**Hept + HE: heptachlor and heptachlor epoxide.

ND: not detected.

( ): Number of samples.

Source: Based on data from SLC, 1993a.

TABLE 1.11
Concentrations* of organochlorines 

in the main water masses of the St. Lawrence in 1991
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(Table 1.2). In 1991, acenaphthene was detected in the Ottawa River-north
shore water mass and, in concentrations one order of magnitude greater, in the
water mass in the Quebec City region (Table 1.12). Naphthene was detected in
all the main water masses of the St. Lawrence, whereas benzo(a)pyrene was
detected in all water masses except that of the Ottawa River.

Though polychlorinated biphenyls (PCBs) are no longer manufactured and
their use is now strictly controlled, these synthetic organics (Figure 1.36) are
highly persistent and are considered carcinogenic. PCBs biomagnify intensively
in the food chain, and water quality criteria have been set at very low levels,
sometimes below analysis detection levels. On the market in the United States
since 1929, PCBs were used until 1980 in the oils of electrical transformers
and capacitors, as well as in hydraulic fluids, lubricants, plasticizers, surface coat-
ings, printing ink and certain pesticides. Today they are used only in certain
equipment installed in Canada before July 1, 1980 (SLC 1990). Concentrations
of 13 of the 209 PCB congeners – aroclors 77, 101, 105, 118, 126, 138, 153,
169, 170, 180, 183 and 194 – were found in the main water masses of the River
in 1991. These aroclors account for about 25% of total PCB content. Mean
total PCB concentrations were thus estimated by multiplying the aroclor con-
centrations by four (Table 1.13).

Urban wastewater contains a wide variety of microorganisms. The vast ma-
jority of these microorganisms live only a few minutes or a few hours at most in
the sewage wastewater that transports them, since they mainly thrive only in the
digestive canals of their hosts. However, sewage water also contains pathogenic
bacteria and viruses. When the raw (intake) water used to produce finished
drinking water is of mediocre quality, there may be greater risks for those who
consume it (CCREM 1992). If the water source is protected, then it may be

Polychlorinated biphenyls

1.4.1.6
Pathogenic

microorganisms

Concentrations (ng/L)

Great Lakes – Ottawa River –
Great Ottawa south shore north shore Quebec

Variable Lakes River mix mix City region

Acenaphthene ND (51) ND (5) ND (14) 0.247 (28) 2.085 (6)

Naphthene 8.059 (51) 8.625 (5) 7.682 (14) 8.345 (28) 11.684 (6)

Benzo(a)pyrene 0.205 (51) ND (5) 0.264 (14) 1.025 (28) 0.458 (6)

*Experimental results: concentrations underestimated by a factor of 2.
ND: Not detected.
( ): Number of samples.

Source: Based on data from SLC, 1993a.

TABLE 1.12
Concentrations* of three PAHs in the main water masses of the St. Lawrence in 1991



possible to keep to a minimum the treatment required to obtain water suitable
for drinking. In recreational water, pathogenic microorganisms can cause 
infections. 

Fecal coliforms and streptococci are used as indicators of the possible
presence of pathogenic bacteria and viruses when assessing water for compliance
with direct human consumption and contact recreation water quality criteria.
Cultures are made from water samples, and depending on the number of organ-
isms obtained per 100 mL of water, different water treatments are advocated and
quality ratings are assigned to public beaches.

Fecal coliforms have been measured in all water masses since 1990.
Samples have been taken every month from May to October to determine the
microbiological quality of the water. Though sampling has been infrequent, the
data obtained were compared, for information purposes, to direct human con-
sumption and contact recreation water quality criteria. For water to be suitable
for drinking, it must not contain any fecal coliforms. When the coliform count
exceeds 100 per 100 mL of water, Health and Welfare Canada (1993) recom-
mends complete water treatment. Water used for primary-contact recreational

Physico-Chemical Aspects: Water Quality74

Concentrations* (ng/L)

Great Lakes – Ottawa River –
Great Ottawa south shore north shore Quebec

Variable Lakes River mix mix City region

Polychlorinated biphenyls 1.11 (51) 0.47 (5) 1.584 (14) 1.624 (28) 1.31 (6)

*Estimate derived by multiplying total concentrations of 13 of the 209 PCB congeners by four.
( ): Number of samples.

Source: Based on data from SLC, 1993a.

TABLE 1.13
Mean total PCB concentrations in the water masses

of the St. Lawrence in 1991

Clx Clx

FIGURE 1.36
General PCB structure

Source: CCREM, 1987.
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activities such as swimming and windsurfing may contain up to 200 fecal col-
iforms per 100 mL of water.

There are no microbiological water quality criteria for protection of
aquatic life.

MENVIQ (1993b) provides data on pathogenic microorganisms in water.

Two numerical quality indexes for general assessment of water quality were
adapted from Lamarche (1992). The first, the quality criteria exceedance index
(CEI), takes into account mean amplitude of exceedance of the quality criteria
of each variable (Ai), frequency of criteria exceedance expressed as a percentage
(Fi), and the number of variables considered (n):

CEI = [ · (Ai 3 Fi) ] / n

The higher the CEI, the poorer the quality of the water.

The second index indicates bacterial water quality only (fecal coliform
counts); it is based on frequency of exceedance of specific criteria for each use.

The three uses studied are direct human consumption, contact recreation
and protection of aquatic life. Two CEIs were calculated for each use, one for
inorganics (ICEI) and one for organics (OCEI). There are no OCEIs for recre-
ational water, because no organics criteria are available for this use. Frequencies
of exceedance of fecal coliform water quality criteria were calculated for direct
human consumption and recreational water. All these different CEIs are neces-
sary to avoid mixing of variables with very different properties, to ensure uni-
formity of data available and to gain a better understanding of the problems of
water quality. CEIs for different uses should not be compared, however, because
they are not obtained from the same parameters.

The variables selected for water quality assessment as well as quality cri-
teria for each use considered are shown in Table 1.14.

For each use investigated, in addition to calculating CEIs and fecal coli-
form criteria exceedance frequencies, a water mass map was drafted. Number of
classes on the map was determined using the rule of Sturge:

Number of classes = 1 + (3.3 log n)

where log n is a base-10 logarithm, and n is the number of pieces of
data. Class interval was determined by calculating the deviation between the
highest and lowest CEI value, then dividing this deviation by the number of
classes.

The most problematic stations for each use considered were identified as
follows: 

CEIproblematic station > mean CEI + standard deviation

1.4.2
FRESH WATER

QUALITY



For fecal coliform criteria exceedance indexes, problematic stations were
designated as those where exceedance frequency was 100% and mean fecal coli-
form count was more than 1000 per 100 mL.

Tables 1.15 and 1.16 show inorganics quality criteria exceedance indexes
(ICEIs) measured between 1985 and 1990, and fecal coliform quality criteria
exceedances between 1990 and 1993 in the different water masses of the
St. Lawrence River. 
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1.4.2.1
Direct human
consumption

ICEI (mg/L) OCEI (ng/L)

Aquatic life Direct human Contact Aquatic life Direct human
(MENVIQ consumption recreation (MENVIQ consumption

Variable 1990a) (HWC 1993) (MENVIQ 1990a) Variable 1990a) (HWC 1993)

Aluminum 0.087 – – Acenaphthene 3 000* –

Barium 50 1 1 Aldrin and dieldrin – 700

Cadmium 0.001 3 0.005 0.01
(0.000 44)

Benzo(a)pyrene – 10

Chlorides – 250 –

Chromium 0.002 0.05 0.05 PCBs 1 –

Colbalt 0.005 – – Chlordane 6 7 000

Copper 0.002 76 1 1 DDT and metabolites 1 30 000
(0.002)

Dieldrin 1.9 700

Iron 0.3 0.3 –
(aldrin and dieldrin)

Manganese – 0.05 0.5 Endosulfan 20 –

Molybdenum 1 – – Endrin 2.3 –

Nickel 0.184 0 – 0.25 Heptachlor 10 3 000
(0.056 9) (heptachlor + 

Lead 0.004 0.01 0.05
heptachlor 

(0.000 69)
epoxide)

Sodium – 200 – Mirex 1 –

Sulphates – 500 – Naphthalene 29 000 –

Turbidity – 5 NTU 10 NTU**

Vanadium 0.014 – –

Zinc 0.123 7 5 5
(0.038 2)

* MENVIQ, 1993a, interim criterion.
** CCREM, 1992.

–: No criteria for this use.

Note: – See Table 1.2 for hardness level corresponding to aquatic life criteria.

– “The turbidity of water should not exceed 5.0 NTU over natural turbidity when turbidity is low”, according to CCREM, 1992. Mean turbidity of water masses 
in the  St. Lawrence River is 5 NTU.

TABLE 1.14
Variables selected for calculation of water quality criteria exceedance indexes
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Water mass or tributary ICEI Number of samples

Great Lakes – upstream of Montreal 0.01 3157

Great Lakes – downstream of Montreal 0.11 906

Ottawa River 0.08 300

Ottawa River – north shore mix 0.32 628

Great Lakes – south shore mix 0.23 298

Quebec City region 0.21 1655

Saint-Louis River 0.91 195

L’Assomption River NA NA

Richelieu River NA NA

Yamaska River NA NA

Nicolet River NA NA

Saint-Maurice River NA NA

Bécancour River NA NA

Jacques-Cartier River NA NA

NA: Not available
Source: Based on data from SLC, 1993a.

TABLE 1.15
Direct human consumption inorganics criteria exceedance indexes 
in the water masses of the St. Lawrence between 1985 and 1990

Exceedance frequency (%)

Number > 0 > 10 > 100 > 1000
Water mass or tributary of samples coliforms coliforms coliforms coliforms

Great Lakes – upstream of Montreal 269 84 38 15 6

Great Lakes – downstream of Montreal 358 99.8 99 80 22

Ottawa River 1044 98 89 58 24

Ottawa River – north shore mix 251 95 93 85 45

Great Lakes – south shore mix 30 100 97 50 3

Quebec City region 377 94 88 58 2

Yamaska River 86 99 97 76 20

Richelieu River 93 98 97 75 11

Nicolet River 196 97 92 58 14

Saint-Maurice River 103 100 98 90 18

Bécancour River 96 100 99 60 6

L’Assomption River 96 99 99 93 42

Jacques-Cartier River 91 99 96 47 3

Saint-Louis River NA NA NA NA NA

NA: Not available.
Source: Based on data from MENVIQ, 1993b.

TABLE 1.16
Frequency of exceedances of direct human consumption fecal coliform criteria

in the water masses of the St. Lawrence between 1990 and 1993
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Concentrations of inorganics in untreated St. Lawrence River water do
not render it unfit for human consumption. Apart from turbidity, iron and man-
ganese, no exceedances were detected at any time during the study period
(1985 to 1990) (Figure 1.37). In fact, concentrations of most of the nine other
variables are far below direct human consumption water quality criteria. As for
exceedances of turbidity, iron and manganese criteria, the impact is aesthetic,
not toxic. High concentrations of iron and manganese will stain clothing, dam-
age plumbing and affect the taste of the water. On the basis of the turbidity cri-
terion (5 NTU), the upstream Great Lakes water mass, the Ottawa River water
mass and the downstream Great Lakes water mass are acceptable 99%, 85% and
75% of the time, respectively. Maximum turbidity of 5 NTU is permitted as
long as water disinfection is not compromised (HWC 1993). Highest ICEIs are
at the mouth of the Saint-Louis River and at one station on the north shore,
under Laviolette bridge, because turbidity and iron content are highest at these
spots.

Fecal coliforms were detected in almost all water samples analysed.
Frequency of exceedance of human consumption water quality criteria (0/100
mL) was more than 84% in all water masses (Figure 1.37). The water in the
River cannot therefore be consumed directly, without treatment, because of its
poor microbiological quality. The most problematic zones are the northern-
most station on the Boucherville transect; in the Montreal Urban Community
(MUC) plume on the south shore and downstream of Île aux Vaches; along
the entire transect under Le Gardeur bridge; in the Ottawa River-north shore
mix at Repentigny and Tracy; and in the water masses of the Saint-Maurice and
Yamaska rivers (Figure 1.37).

An OCEI for direct human consumption was calculated for 1991 only.
No exceedances of the five organic variables selected for the calculation (see
Table 1.14) were recorded in the St. Lawrence River, except for a concentration
of benzo(a)pyrene at the mouth of the Saint-Louis River.

Of the variables considered (Table 1.14), three have an impact on recreational
water quality: fecal coliforms, total phosphorus and turbidity. 

Between May and October, 1990 to 1993, frequency of exceedance 
of fecal coliform quality criteria for primary-contact recreational water
(200 f.c./mL) ranged from 18 to 80% (Table 1.17). This was a major problem
mainly between the east end of Montreal Island and Quebec City. Exceedance
frequency was more than 60% in five water masses (Figure 1.38): the Great
Lakes water mass downstream of Montreal (67%), the water mass of the Ottawa
River-north shore mix (78%), and the water masses of the Yamaska (62%
13 km upstream from the mouth), Saint-Maurice (80%) and L’Assomption
(78%) rivers.

1.4.2.2
Recreational water
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FIGURE 1.37
Exceedances of direct human consumption inorganics and fecal coliform criteria

in the water masses of the St. Lawrence River

Sources: 1 Based on data from SLC, 1993a. 2 Based on data from MENVIQ, 1993b.
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As for secondary water-contact recreation (sailing, fishing, canoeing,
etc.), frequency of exceedance of fecal coliform criteria (1000 f.c./mL) ranged
from 3 to 45% between 1990 and 1993 (Table 1.16). The two most affected
water masses were the Ottawa River-north shore mix (45%) and L’Assomption
River (42%).

Distr ibution and number of sampling stations greatly influence
exceedance frequencies per water mass, especially in the case of the St.
Lawrence River. Results for the Great Lakes water mass downstream of
Montreal are very much affected by results from stations of the Boucherville
transect (Figure 1.39), which were influenced by unconnected sewers during
sampling southeast of Montreal Island; exceedances were 100% and 77% at the
north and central stations. Water quality at the Lake Saint-François outlet and
along the Champlain bridge transect (Figure 1.39), on the other hand, is good
for water-contact recreation. Major exceedances in the Ottawa River-north
shore water mass are caused by the poor microbiological quality of the water
from the des Prairies (Figure 1.40, Pie IX bridge transect) and des Mille Îles
rivers (Figure 1.40, Le Gardeur bridge transect) and by treated MUC wastewater
discharged to the River without disinfection (Figure 1.38). This influence is
felt right to the Berthier-Sorel islands, as data from the north stations of the
Repentigny-Varennes and Tracy transects show (exceedance frequency was
100% at these stations) (Figure 1.39). In the water mass that runs along the
north shore, quality was worst at and immediately downstream of Trois-Rivières

Frequency of exceedance (%)
Water mass or tributary ( > 200 f.c./100 mL) Number of samples

Great Lakes – upstream of Montreal 18 179

Great Lakes – downstream of Montreal 67 249

Ottawa River 53 680

Ottawa River – north shore mix 78 154

Great Lakes – south shore mix 30 30

Quebec City region 31 251

Yamaska River 62 47

Richelieu River 30 48

Nicolet River 34 113

Saint-Maurice River 80 60

Bécancour River 31 51

L’Assomption River 78 50

Jacques-Cartier River 40 49

Source: Based on data from MENVIQ, 1993b.

TABLE 1.17
Frequency of exceedances of primary-contact recreational water fecal coliform criteria

in the water masses of the St. Lawrence between 1990 and 1993 
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Exceedances of primary-contact recreational water quality inorganicsand fecal coliform criteria 

in the water masses of the St. Lawrence River

Sources: 1 Based on data from SLC, 1993a.  2 Based on data from MENVIQ, 1993b.
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(Figure 1.39), with exceedance frequency at 80% in the water mass of the Saint-
Maurice River (Figure 1.39), which empties into the St. Lawrence at this point.
The contamination derived from the municipalities of Trois-Rivières and Cap-
de-la-Madeleine, whose wastewater was not yet optimally treated at the time of
sampling. The Trois-Rivières treatment plant was in fact commissioned in
January 1993 and is still in its break-in period. The contamination is also probably
caused by paper mills along the Saint-Maurice River. Fecal coliform counts
can include a large number of Klebsiella, often found in paper mill effluent.

The situation improves in the mixed water zone in the Quebec City
region, which begins at Portneuf; here exceedance frequency ranges from 19 to
69%, except at the Sainte-Foy intake, where it is 5%. In the transect south of Île
d’Orléans, fecal coliforms are numerous in the centre and along the south shore,
where exceedance frequencies are 69% and 63%, respectively (Figure 1.39).
The treatment plants of the Quebec Urban Community (QUC) were com-
missioned in March 1992, but do not yet comply with MENVIQ operating cri-
teria. The situation is slightly better at the mouths of the Richelieu, Nicolet,
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Bécancour and Jacques-Cartier rivers than it is in the Quebec City region;
exceedance frequencies here range from 30 to 40%. 

ICEIs for primary-contact recreational water cover total phosphorus, tur-
bidity and eight inorganics. Table 1.18 shows frequencies of exceedance of inor-
ganics quality criteria in each water mass between 1985 and 1990.

Frequency of exceedance of total phosphorus criteria (0.03 mg/L) was
30% in the Great Lakes water mass and much higher in the other water masses.
Phosphorus is not, however, considered toxic, though it can cause excessive
growth of aquatic plants. Between Cornwall and Quebec City, total phosphorus
concentration increases from about 0.010 mg/L to 0.040 mg/L. Downstream of
Montreal, the increase takes place mainly between Repentigny and Tracy and is
partly due to treated wastewater discharges from the MUC, untreated waste-
water discharges from the City of Laval, resuspension of sediment rich in phos-
phorus, and riverbank erosion caused by shipping. Phosphorus levels rise again
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FIGURE 1.40
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Note: des Prairies River is composed of the Ottawa River water mass.

Source: Based on data from MENVIQ, 1993b.
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1.4.2.3
Aquatic life

(chronic toxicity)

in Lake Saint-Pierre, because of input from tributaries that run through farm-
land, but this increase is much less marked than the increase just downstream of
Montreal.

As previously mentioned, the waters of the St. Lawrence are not very
turbid upstream of Montreal – neither the Great Lakes water mass nor the
Ottawa River water mass. Downstream of Montreal, turbidity increases along
both the north and the south shore, especially in the Lake Saint-Pierre region.
ICEIs are higher at two stations because phosphorus content is higher and tur-
bidity is greater at these stations – one at the mouth of the Saint-Louis River
and the other under Laviolette bridge, in the north transect, close to Trois-
Rivières. No exceedances of criteria for the eight inorganics measured were
detected in the waters of the St. Lawrence. Metal concentrations do not, there-
fore, constitute an obstacle to primary-contact recreational activities.

Table 1.14 lists variables and criteria used to assess water quality for aquatic life.
ICEIs for protection of aquatic life are listed in Table 1.19.

These indexes suggest quality trends (Figure 1.41). The water upstream of
Montreal is only slightly deteriorated, except at the mouth of the Saint-Louis
River where ICEI is highest. Downstream of Montreal, water quality deterio-
rates, especially along the north shore, and slightly improves or remains the

Water mass or tributary ICEI Number of samples

Great Lakes – upstream of Montreal 0.1 2571

Great Lakes – downstream of Montreal 0.07 741

Ottawa River 0.09 246

Ottawa River – north shore mix 0.23 514

Great Lakes – south shore mix 0.14 242

Quebec City region 0.13 1355

Saint-Louis River 0.67 161

L’Assomption River NA NA

Richelieu River NA NA

Yamaska River NA NA

Nicolet River NA NA

Saint-Maurice River NA NA

Bécancour River NA NA

Jacques-Cartier River NA NA

NA: Not available.

Source: Based on data from SLC, 1993a.

TABLE 1.18
Exceedance indexes of primary-contact recreational water inorganics criteria

in the water masses of the St. Lawrence between 1985 and 1990 
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same in the Quebec City region. This gradient matches the increase in sus-
pended solids concentrations upstream to downstream.

Five inorganics are responsible for these ICEI trends. Chromium, copper
and lead are potentially detrimental to aquatic life in the St. Lawrence. It is
important to remember that quality criteria for certain metals change depending
on water hardness, which can affect the bioavailability of the metal (MENVIQ
1993a). Metals such as copper and lead, for example, are a greater toxic hazard
in the brown waters along the north shore of the St. Lawrence, which are rela-
tively soft, than in the green waters of the south shore. As for aluminum and
iron, they are closely associated with suspended solids concentrations and cannot
cause chronic toxicity under the pH conditions found in the St. Lawrence.

The relatively high frequencies of exceedance of chromium, lead and
copper criteria pose a problem of potential toxicity. Figure 1.42 shows ICEIs
calculated for numerous stations in the transect along the St. Lawrence. As this
figure shows, water quality deteriorates gradually between Cornwall and Trois-
Rivières. Two major areas of degradation are evident. The first is downstream of
Montreal, after the confluence of the des Prair ies, des Mille Îles and
L’Assomption rivers and the St. Lawrence. Frequencies of exceedance of copper
and lead criteria are high in this zone. The second deteriorated zone is around
Sorel and affects the Great Lakes-south shore mix. Degradation here stems from

Water mass or tributary ICEI Number of samples

Great Lakes – upstream of Montreal 0.11 2598

Great Lakes – downstream of Montreal 0.52 754

Ottawa River 0.41 252

Ottawa River – north shore mix 1.24 528

Great Lakes – south shore mix 0.68 246

Quebec City region 0.76 1410

Saint-Louis River 1.33 175

L’Assomption River NA NA

Richelieu River NA NA

Yamaska River NA NA

Nicolet River NA NA

Saint-Maurice River NA NA

Bécancour River NA NA

Jacques-Cartier River NA NA

NA: Not available.

Source: Based on data from SLC, 1993a.

TABLE 1.19
Exceedance indexes for aquatic life inorganics criteria in the water masses

of the St. Lawrence between 1985 and 1990
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discharges of industries in the region, which have provoked exceedances of
copper and chromium criteria.

These findings must nonetheless be interpreted with caution: first, the
impact of chronic trace-metal toxicity on aquatic organisms is still not well
understood; second, the criteria do not take into account synergistic or antago-
nistic effects of mixtures of diverse substances; and third, the chromium, copper
and lead concentrations detected are close to detection limits, which makes the
results qualitative rather than quantitative.

As for organics, water quality results show the same upstream-
downstream gradient noted for inorganics in the five main water masses of the
St. Lawrence (Figure 1.41), without the north-south differential that stems, in
the case of the ICEIs, from a higher suspended solids concentration and softer
water on the north side. These two factors have less impact on OCEI, which is
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1.4.3
SALT WATER

QUALITY

1.4.3.1
Shellfish harvesting 

very low upstream of Montreal and increases in spots in the water masses down-
stream of Montreal. The most problematic stations are north of the Les Grèves
and Port-Saint-François transects.

No exceedances (OCEI = 0) of criteria for the ten organic variables
studied were detected in the water masses of the Saint-Louis, Saint-Maurice,
L’Assomption and Jacques-Cartier rivers (Table 1.20). In the water masses of the
Yamaska, Nicolet and Bécancour rivers, however, OCEIs were as high as those
calculated for the St. Lawrence downstream of Montreal (Figure 1.41), and the
water mass of the Richelieu River was not far behind. However, only a small
number of samples were taken from each of these rivers. The variables respon-
sible for these trends in the St. Lawrence and its tributaries were PCBs and
DDT and its metabolites.

Only one saltwater quality monitoring network exists that can be used to assess
the bacterial quality of salt water: the network associated with shellfish culture
and harvesting.

When the water of a shell bed is contaminated by fecal coliform bacteria,
the shellfish living in the bed absorb and concentrate the bacteria. The bacteria
do not affect the shellfish, but they do make them unfit for human consump-
tion. In addition to coliform bacteria, a microscopic algae, Alexandrium excava-
tum, responsible for paralytic shellfish poisoning (PSP), is also found in certain
areas. Since water is the pathway along which pathogenic microorganisms enter
shellfish, classification of shellfish areas by contamination of the water circulating
in the area protects consumers.

Fecal coliforms serve as indicators of unhealthy conditions in the aquatic envi-
ronment because they are associated with intestinal waste from warm-blooded
vertebrates such as human beings. Fecal coliforms are thus indicators of conta-
mination. The most frequently encountered fecal coliforms are Escherichia,
Enterobacter and Klebsiella. The main species encountered in shellfish areas is
Escherichia coli (75 to 95% of fecal coliforms).

To assess water quality where shellfish live, sources of contamination that
might affect the study area must be inventoried. There are two main categories
of sources – point sources and nonpoint (diffuse) sources.

Point sources are confined sources of contamination that affect the
receiving environment in specific spots; effects of such sources can be isolated
and measured. Some examples of point sources are untreated municipal dis-
charges and discharges from pulp and paper mills and food processing plants.

Nonpoint sources of contamination are sources that are unconfined or
cannot be discerned: agricultural runoff, faulty septic tanks, animal fecal matter
and discharges of wastewater to the aquatic environment from boats.
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There are three main steps involved in studying water quality in shellfish
areas: sanitary surveys, hydrographic studies and bacteriological analyses. For
the last stage, the most probable number (MPN) multiple-tube fermentation
method is used to evaluate the number of bacteria in salt water and in shellfish.
This method is based on the principle of dilution to extinction. Decimal dilu-
tions of the sample are simultaneously analysed in tubes enclosing an environ-
ment that allows selective growth of the indicator organism the researcher
wishes to count (fecal coliforms). The results of the analysis are expressed as
the most probable number (MPN = number of coliforms per 100 mL) and are
based on probability calculations.

Three ratings are assigned to shellfish areas to indicate whether they are suitable
for shellfish harvesting: open, conditionally open and closed. These ratings
reflect the bacterial condition of the water in the area, existing and potential
sources of contamination, and to some extent, regional use of shellfish resources.

For an area to be open for harvesting, it must meet Canadian and U.S.
standards for water salubrity control in shellfish areas:

a) The area must not be contaminated by fecal matter or by harmful or
toxic substances to the point that consumption of the shellfish from the
area would be dangerous.

Water mass or tributary OCEI Number of samples

Great Lakes – upstream of Montreal 0.05 90

Great Lakes – downstream of Montreal 0.17 419

Ottawa River 0.05 50

Ottawa River – north shore mix 0.27 279

Great Lakes – south shore mix 0.22 140

Quebec City region 0.19 60

Saint-Louis River 0.00 20

L’Assomption River 0.00 10

Richelieu River 0.19 220

Yamaska River 0.30 240

Nicolet River 0.33 200

Saint-Maurice River 0.00 10

Bécancour River 0.41 15

Jacques-Cartier River 0.00 20

Source: Based on data from SLC, 1993a.

TABLE 1.20
Exceedance indexes for aquatic life organics criteria in the water

masses of the St. Lawrence in 1991

Standards
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Interpretation of results

Findings

b) Mean coliform count at any station must not exceed 14 fecal coliforms
per 100 mL of water.

c) No more than 10% of the counts at any station may exceed 43 fecal
coliforms per 100 mL of water.

d) In case of paralytic shellfish poisoning, toxin concentration must not
exceed 80 µg/100 g of shellfish flesh, and no other shellfish neurotoxins
must be present in detectable concentrations.

When these standards are not met at all, the area is rated closed.
However, a given sector may be closed temporarily when contamination
increases (in summer near campgrounds, for example). The area then receives a
conditionally open rating. 

In 1992, there were a total of 176 shellfish sites, 57 of them open, 34 condi-
tionally open and 85 closed. Water quality was permanently good in only
57 areas; in another 34 areas, water quality was temporarily good for shellfish
harvesting. Table 1.21 shows the results of the shellfish area classification.
Table 1.22 shows the number of sampling stations per region, the number of
stations where spatial median exceeded 14 MPN and the number of stations
where MPN exceeded 43 in more than 10% of the samples.

As the tables show, water quality is better around the Îles de la Madeleine region
and along the Côte-Nord than it is in the Gaspé and along the Bas-Saint-
Laurent. Along the Côte-Nord, for example, only 14 of a total 58 areas were
permanently closed. In the Gaspé, on the other hand, 40 of a total 58 areas
were permanently closed. Contamination of these closed areas was due largely
to municipalities with no wastewater treatment, extensive farmland in the
region and homes along the River with outdated sumps and septic tanks.

Area N-1.1.2, sampled in 1990 and 1991, shows the relation between
standards and area classification. Table 1.23 shows the results of 15 sampling
operations (from 29-06-90 to 25-10-90 and from 26-05-91 to 07-10-91) at 18
sampling stations in area N-1.1.2. The number of sampling stations can range
from 12 to 30, depending on contamination sources and past classification of an
area. Sampling is usually performed between May and October, when climate
conditions are worst for water quality.

Fecal coliform analysis of all indicator stations sampled showed that
spatial median exceeded 14 MPN only at station 7. However, more than 10% of
the samples exceeded 43 MPN (% > 43 MPN) at a number of stations in the
area. In addition, values were especially high during the fourth and sixth sam-
pling operations of 1991. This was because of very heavy rain on the day of
sampling and/or 24 hours before. Apart from station 7, where values exceeded
acceptance standards, bacterial water quality was, on the whole, healthy in the
area except following precipitation. This area was nonetheless closed for shellfish
harvesting.
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In other words, when bacterial results exceed standards during a particu-
lar sampling operation at a number of stations, precipitation or substantial har-
vesting of the area is assumed. This leads to an increase in contamination and
hence temporary closing of the area. This problem arises mainly during snow
melt, when heavy rains cause leaching of soils, and during the summer, when
tourists are plentiful along the banks of the St. Lawrence. This is why many
areas are temporarily closed from June to September.

A number of factors, then, are considered when a decision is made to
open or close an area: an area is not closed solely because standards are exceeded
at certain stations, since conditions prevailing at these stations may not affect the
shellfish bed. On the other hand, an area is sometimes closed even though only
one station is contaminated, if that station is right in the middle of a shellfish
bed.

The waters of the St. Lawrence cannot be consumed untreated because of their
poor bacterial quality. No restrictions need be imposed, however, because of
concentrations of the inorganics investigated, though the water must be treated 

Region Open Conditionally open Closed Total

Îles de la Madeleine 20 1 5 26

Bas-Saint-Laurent 5 3 26 34

Gaspésie 4 14 40 58

Côte-Nord 28 16 14 58

Total 57 34 85 176

Source: Based on data from Environmental Protection Branch, 1992.

TABLE 1.21
Classification of shellfish areas by region (1992)

Number of stations Number of stations
with a spatial where MPN exceeded

Number of median exceeding 43 in more than 10%
Region sampling stations 14 MPN of the samples 

Îles de la Madeleine 203 3 31

Bas-Saint-Laurent 422 132 204

Gaspésie 804 257 470

Côte-Nord 1039 32 152

Source: Based on data from Environmental Protection Branch, 1992.

TABLE 1.22
Standards exceedance and number of sampling stations by region (1992)

1.4.4
MAIN POINTS

Fresh water
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Date 1990 1991

June July Aug. Sept. Oct. May June July Aug. Sept. Oct.

29 10 28 13 24 1 18 6 25 26 17 15 12 22 7 Spatial

Sampling
operation 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 Median % > 43 MPN 90 perc.

Station

1 13 49 2 5 8 79 1 1 8 2 1 2 12 1 79 5.0 20 79

2 3 1 2 1 1 46 1 1 2 1 1 1 14 1 130 1.0 13 46

3 2 2 8 2 1 1 1 1 13 2 5 1 70 1 130 2.0 13 70

4 1 1 1 2 1 2 1 1 5 – – – – – – 1.0 0 2

5 8 2 2 1 1 11 1 7 7 3 1 1 540 1 2 401 2.0 13 540

6 13 1 13 11 5 1 1 8 8 5 15 2 240 1 240 8.0 13 240

7 11 22 33 14 8 49 1 33 8 1 49 79 220 2 540 22.0 33 220

8 13 1 2 8 1 2 1 18 13 – – – – – – 2.0 0 13

9 1 1 8 2 1 1 1 1 1 – – – – – – 1.0 0 2

10 5 1 5 2 1 1 11 1 1 1 1 2 110 1 49 1.0 13 49

11 1 2 1 1 5 2 2 1 5 1 2 1 130 1 17 2.0 7 17

12 2 1 2 1 1 1 1 1 2 1 1 1 130 1 240 1.0 13 130

13 2 1 2 1 1 1 1 1 2 1 1 1 5 1 2 1.0 0 2

14 1 2 1 1 1 1 1 1 1 – – – – – – 1.0 0 1

15 7 1 5 7 1 1 5 5 4 1 23 1 8 1 33 5.0 0 23

16 5 1 1 1 2 1 1 2 1 – – – – – – 1.0 0 2

17 1 1 1 5 1 1 1 1 1 1 1 1 5 1 2 1.0 0 5

18 2 1 1 1 1 2 1 1 1 – – – – – – 1.0 0 2

*Zone ZN06, Pointe aux Vaches flat, Haute-Côte-Nord.

Source: Based on data from Environmental Protection Branch, 1992.

TABLE 1.23
Bacteriological water quality results in area N-1.1.2*
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to reduce turbidity and concentrations of iron and manganese for aesthetic
considerations that could interfere with use of the water for drinking. 

No restrictions due to inorganics need be imposed on use of the water
for primary-contact recreation, either. The presence of fecal coliforms does,
however, restrict such activities mainly between the east end of Montreal Island
and Quebec City: standards were heavily exceeded in five water masses. 

Five substances pose a potential chronic toxicity risk for aquatic life: cop-
per, chromium, lead, DDT and PCBs. ICEIs and OCEIs (aquatic life, chronic
toxicity) showed similar water quality trends. Water quality is less than good at
the entrance to the St. Lawrence system (in the Great Lakes water mass as well
as the Ottawa River water mass), deteriorates downstream of the urbanized area
around Montreal, especially in the mixed waters along the north shore, and
then improves slightly in the mixed waters of the Quebec City region. This
trend seems consistent with increases in turbidity and in suspended solids con-
centrations and with areas where the water is softer. 

To properly assess the quality of fresh water in the St. Lawrence, each of
the main water masses of which it is composed must be monitored: the Great
Lakes, the Ottawa River, the Great Lakes-south shore mix, the Ottawa River-
north shore mix and the Quebec City region waters. The two mixed water
masses require special monitoring, because they are most affected. The Ottawa
River-north shore mix is especially sensitive, because the water is relatively soft.
Station distribution has a substantial impact on findings; the study area must be
well covered. The mouths of the main tributaries must also be monitored,
because their entrances into the St. Lawrence gradually modify its water quality.

Some metals were not examined for this report because there are no data
on their concentrations in the St. Lawrence, despite their toxic potential. There
is little data about asbestos, cyanide, antimony, mercury and silver, because of
difficulties sampling and obtaining analytical measurements. Other substances
must also be monitored, in particular volatile substances, phenols and other
PAHs.

The information that comes from measuring concentrations of toxic sub-
stances in the water must not, however, be overestimated. This information
must be supported by studies of effects on the environment and on users of the
environment – in particular human beings and aquatic organisms.

The number of stations where bacteriological standards for shellfish harvesting
were exceeded in 1992 was highest in the Gaspé and Bas-Saint-Laurent regions.
Because of this contamination, among other reasons, 40 shellfish areas were
closed in the Gaspé and 26 in the Bas-Saint-Laurent. As for organics and inor-
ganics, the quality of the marine environment for other uses, such as aquatic life
and contact recreation, cannot be assessed for lack of information.

Salt water



Sediment is an essential component of aquatic ecosystems because it provides
a niche for benthic organisms and for many other species with a sediment-
associated stage of growth. Benthic organisms are at the bottom of a food chain
composed of higher organisms that live in the water column and in different
compartments of the aquatic ecosystem. They thus constitute a pathway for
contaminants from sediment through the food chain right to human beings.
By evaluating sediment quality, we increase our knowledge of the aquatic envi-
ronment.

Heavy metals as well as a number of hydrophobic and lipophilic organic
substances in the environment have a marked affinity for dissolved and particu-
late organic matter and for iron and manganese oxides in oxygenated environ-
ments. Organic substances as well as iron and manganese oxides tend to adsorb
onto fine solid particles (< 63 µm). Hence, there is often a very close negative
correlation between particle size and contaminant concentrations. In addition,
the transport of suspended solids in aquatic environments causes contaminant
dispersion. Depending on physiographic, hydrologic and hydrographic features
of the waterway, contaminants can be transported long distances. This means
contaminant sources can have a local, regional or a wide-ranging impact. 

Though the St. Lawrence River is by definition a zone of transport of
continental waters to the ocean (Frenette and Frenette 1992), there are
nonetheless small areas within the River where hydrodynamic conditions and
physiographic characteristics promote the sedimentation of fine suspended solids
to which contaminants bind. Hydrodynamic conditions and physiographic char-
acteristics vary from one site to the next as well as from one season to the next
at the same site. These seasonal and spatial variations affect the physico-chemical
characteristics of sediment because of changes in suspended solids composition.
Sediment has a solid, an aqueous (40 to 60%) and a vapour phase (up to 13% of

1.5

Sediment Quality
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the aqueous phase, Lorrain et al. 1994). The properties of these phases are rep-
resented by gradients that vary from one site to the next and also within a 
single site.

To account for this spatial variability when assessing contamination of
the sediment of the St. Lawrence, a spatially representative sampling method
must be used. Several studies of the chemical properties of sediment have been
conducted since the early 1970s. Some of the studies focus on specific geo-
chemical problems and use data from only a small number of stations. Others
incorporate data from a large number of stations in an attempt at a more general
sediment characterization. Only a few studies of the Fluvial Section (Sloterdijk
1985; Champoux and Sloterdijk 1988; Hardy et al. 1990 and 1991; Lorrain et
al. 1993b; Lorrain and Jarry 1993) use sampling methods and resolutions suitable
for spatial data interpretation; these studies were used in drafting subsection
1.5.2.2. For the River as a whole, including the Gulf (subsection 1.5.2.1), results
obtained with a variety of sampling and interpretation methods had to be used
because so few studies cover this ground.

In the main course of the River (between Cornwall and Trois-Rivières),
potentially contaminated fine sediment accumulates on either side of the main
ship channel (Figure 1.43) (Sloterdijk 1985; Champoux and Sloterdijk 1988;
Hardy et al. 1990 and 1991; Lorrain et al. 1993b). More specifically, permanent
accumulation zones are located where the water is more than 4.5 m deep
(Carignan et al. 1993). This does not exclude sediment accumulation at shal-
lower depths, but such sedimentary deposits are probably transitory and sedi-
ment input and erosion are in equilibrium (Carignan et al. 1993). Shoreline
erosion in several spots clearly shows this is not true everywhere along the
River, but the input from such erosion is probably small (Frenette and Frenette
1992). Building of harbours, marinas and jetties can also result in accumulation
zones, just as the remobilization of dredged sediment and its disposal in unstable
areas can, depending on sediment particle size, cause sediment transport and its
subsequent accumulation in distant areas.

Because of the physiography of the St. Lawrence River, 60 to 90% of its
discharge is routed through the channels of the fluvial lakes and the St.
Lawrence Seaway. This lotic zone covers less than 25% of the total area of the
fluvial lakes, and hence flow velocities in the more vast areas on either side of
the channels are much slower. So much slower, in fact, that there is little lateral
mixing of water masses, provoking preferential transport of sediment through
the side areas (Sloterdijk 1985; Lorrain et al. 1993b). With the help of spatial
concentration-distribution models that highlight high concentration zones in a
given area (Figure 1.44), this peculiarity was used to connect the presence of
certain contaminants in sediment to nearby sources. Comparison of mean
and/or median concentrations in the north and south parts of the River can also
show the presence of nearby sources of contamination.
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5.1
3.4
2.7
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1.9
3.2
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0.14 - 1.66
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47 000
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235
140
402
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176
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249

BATHYMETRY AND SEDIMENT ACCUMULATION ZONES1 IN THE FLUVIAL LAKES

CHARACTERISTICS OF THE FLUVIAL LAKES

* Areas where flow velocity is < 0.3 m/s

** Areas where flow velocity is > 0.3 m/s

*** Areas where depth is > 4.5 m. 
These areas are included in lateral zones

FIGURE 1.43
Sedimentation of the fluvial lakes

1. Sediment generally accumulates at sites that are deeper than 4.5 m and located outside of the main channel. These zones are shown in medium blue in the above maps.

Source: SLC, 1993b, based on data from Carignan et al., 1993.
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Many studies conducted over the last two decades have demonstrated
that sediment is a major reservoir for contaminants (Eisenreich and Hites 1987;
Förstner and Wittman 1983). A sophisticated picture of sediment stability has
been developed from numerous observations. In fact, sediment is far from stable:
even in accumulation zones, a sedimentary environment is a dynamic one, vul-
nerable to any number of disruptive processes. For one thing, sediment often
constitutes an anoxic environment because of the mineralization of organic mat-
ter via denitrification and methanogenesis. This change in condition – from an
oxic to an anoxic environment – provokes a number of chemical trace-metal
association and dissociation reactions, for example, which can lead to contami-
nant remobilization between the solid and the aqueous phases, ending in new
equilibrium conditions. The new conditions in turn provoke either formation
of new complexes that fix the trace metals in the sediment or concentration gra-
dients that allow trace-metal diffusion through the sediment-water interface. In
the latter case, however, geochemical flux is very weak in sediment of the
St. Lawrence (Huerta-Diaz et al. 1993).

Moreover, the microbial activity associated with mineralization of organic
matter can also provoke the remobilization of organic contaminants following
destruction of the substrate to which they were fixed, as well as dechlorination
of organochlorines and transformation of certain substances into metabolites
that are sometimes more toxic than the parent compound. Preliminary results of
a study of sediment in Lake Saint-François suggest the biotransformation of
PCB congeners rather than dechlorination (Planas et al. 1992). Other physical
disturbance factors (particle remobilization by waves, currents or bioturbation)
or biological factors (microbial activity, metabolism, sediment transformation
and microenvironment formation) can also cause contaminant remobilization or
transformation.

Apart from sediment resuspension by waves and currents, disturbance
factors mainly affect the active surficial sediment layer in net accumulation
zones. Mean thickness of the layer mixed in the short term (< one year) is
3.3 cm; this is also the layer affected by bioturbation and physical processes
(Carignan et al. 1993a). This is not to suggest, however, that 3.3 cm is the limit
of the vertical penetration of benthic organisms; it is just that mixing associated
with such penetration is minimal at greater depths. This mixed layer is impor-
tant to the dynamics of sediment-bound contaminants because of the possibility
of contaminant transport to the water column and up the food chain through
benthic organisms. Given sediment burial rates, long-term sediment residence
time in the active layer ranges from about one to eight years, depending on the
lake; in other words, residence time corresponds to sediment reaction period
following a change in input quality (Carignan et al. 1993).
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Interaction of the different chemical, biological and physical processes
within an ecosystem is complex, and arriving at a conceptual model of the
functioning of the sedimentary environment and its interactions with biota is
problematic. Such a model is nonetheless necessary to establish the relation
between degree of contamination and presence of contaminants. Accordingly,
measured contaminant concentrations in the environment are often compared
to quality criteria describing established potential effects of contaminants in cer-
tain environments. Such comparisons make it possible to classify degree of sed-
iment contamination and are part of the approach currently used in Quebec for
the management of contaminated sediment.

In the past, quality criteria were used to evaluate sediment quality before
authorization was granted for dredging projects designed to facilitate navigation
or for disposal of dredged material. Quality criteria are now used to evaluate the
quality of all sediment, dredged or not. Some methods of evaluating sediment
quality are specifically for certain contaminants, others are not; some are uni-
versally applicable, others are site-specific; some are for field analyses, others
are laboratory techniques; some take synergy or antagonism between contami-
nants into account, others do not. Ideally, the method should be adapted to
local conditions, which can influence contaminant bioavailability and potential
toxicity, and should be able to identify the effects of each substance as well as
integrate the effects of different substances. It should also allow determination of
the scope of the problem posed by any contaminant. 

With the help of the Screening Level Concentration Method, interim
quality criteria were developed for quality assessment of St. Lawrence sediment
from criteria traditionally used for dredging project authorization. Three levels
were defined (SLC and MENVIQ 1992a) (Table 1.24):

Level 1 – No Effect Threshold (NET): Contaminant concentration that
has no chronic or acute effect on benthic organisms. 

Level 2 – Minimal Effect Threshold (MET): Contaminant concen-
tration that provokes minor observable effects tolerated by the majority
of benthic organisms.

Level 3 – Toxic Effect Threshold (TET): Contaminant concentration
that is detrimental to the majority of benthic organisms.

The usefulness of these criteria is limited, since they are based on degree
of sediment contamination and co-occurrence of benthic species – that is, on
relations that are still poorly understood. In fact, the distribution of benthic
organisms in sediment is controlled by a number of other factors unrelated to
contamination, including food. The quantity of organic matter in sediment is
often represented by the percentage of total organic carbon (TOC), which is
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Criteria

Substance Level 1* Level 2 Level 3**

Extractable arsenic 3.0 7 17
Extractable cadmium 0.2 0.9 3
Extractable chromium 55 55 100
Extractable copper 28 28 86
Total mercury 0.05 0.2 1
Extractable nickel 35 35 61
Extractable lead 23 42 170
Extractable zinc 100 150 540
Total PCBs 0.02 0.2 1
Aroclor 1016 – 0.01 0.4
Aroclor 1248 – 0.05 0.6
Aroclor 1254 – 0.06 0.3
Aroclor 1260 – 0.005 0.2
Aldrin 0.0006 0.002 0.04
Total BHC – 0.005 0.1
a-BHC 0.0003 0.01 0.08
b-BHC 0.0002 0.03 0.2
g-BHC 0.0009 0.003 0.009
Chlordane 0.001 0.007 0.03
DDD and p,p-DDD 0.002 0.01 0.06
p,p-DDE 0.002 0.007 0.05
DDT 0.006 0.009 0.05
Dieldrin 0.0001-0.0008 0.002 0.3
Endrin 0.001 0.008 0.5
HCB 0.001 0.03 0.1
Heptachlor 0.0003 0.0003 0.01
Heptachlor epoxide 0.001 0.005 0.03
Mirex 0.0001 0.011 0.8
PAHs (high molecular weight) 1 – –
Benzo(a)anthracene 0.05-0.1 0.4 0.5
Benzo(a)pyrene 0.01-0.1 0.5 0.7
Benzofluoranthene 0.3 – –
Benzo(ghi)perylene 0.1 – –
Chrysene 0.1 0.6 0.8
Dibenzo(ah)anthracene 0.005 – –
Fluoranthene 0.02-0.2 0.6 2
Indeno(1,2,3 cd)pyrene 0.07 – –
Pyrene 0.02-0.1 0.7 1
PAHs (low molecular weight) 0.1 – –
Acenaphthene 0.01 – –
Acenaphthylene 0.01 – –
Anthracene 0.02 – –
Fluorene 0.01 – –
2-Methylnaphthalene 0.02 – –
Naphthalene 0.02 0.4 0.6
Phenanthrene 0.03-0.07 0.4 0.8

* When the lower limit of application of an analysis method is greater than Level 1 criterion, this limit should be used until advances in methodology drop the limit to Level 1.

**All criteria are expressed in micrograms per gram (µg/g) of dry sediment except for Level 3 of nonpolar organics, which are expressed in micrograms per gram of dry
sediment with 1% total organic carbon (TOC). To establish the quality criterion of a specific Level 3 nonpolar organic, the value shown in the table must be multiplied by
the percentage of TOC in the sample, to a maximum of 10% TOC. For example, the Toxic Effect Threshold of total PCBs in a sample containing 2% TOC is 1 µg/g x 2 = 
2 mg/g. Values below 10 have been rounded to one significant digit; those over 10 have been rounded to two significant digits.

Source: SLC and MENVIQ, 1992a.

TABLE 1.24
Interim criteria for St. Lawrence sediment quality assessment (adopted in May 1992)
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also used to standardize organic contaminant concentration results. However,
some studies have demonstrated that type, availability and quantity of food in
sediment have very little relation to organic carbon content (Watling 1991). In
addition, contaminant bioavailability also depends on type, physiological develop-
ment and growth stage of the benthic organisms. Since all these things vary
with location, independent of contaminant concentrations, the criteria may
turn out not to be applicable under field conditions.

Though the interim criteria are based on in situ co-occurrence of ben-
thic organisms and contaminant concentrations established from a large number
of measuring points (more than 400 stations), the approach nonetheless has its
limits, and the interim criteria are to be used for information purposes only. For
this report, the interim criteria have been used to assess sediment contamination
of the River as a whole by certain inorganics (subsection 1.5.2.1), of the fluvial
lakes by organics (subsection 1.5.2.2) and of the Montreal, Quebec City and
Trois-Rivières ports by organics and inorganics (subsection 1.5.2.3).

In most studies to date, inorganic contamination results are reported only
as total trace-metal concentrations (Sérodes 1978, Sloterdijk 1985, Champoux
and Sloterdijk 1988, Hardy et al. 1990). There is, however, a natural component
of trace-metal input that derives from chemical and physical weathering of soil
and rocks of different geology in the watersheds. The anthropogenic component
is added to this natural input. The natural component of trace metals can be
divided into two main parts: the extractable fraction and the mineral fraction.
Since anthropogenic metal input is mainly associated with the extractable frac-
tion, including the bioavailable phase, the size of the extractable fraction relative
to the mineral fraction depends on the amount of anthropogenic input as well as
the physico-chemical conditions of the environment. The use of total concen-
trations therefore leads to overestimation of contamination (Förstner and
Wittman 1983; Poulton et al. 1988). Since very few studies (Lorrain and Jarry
1993; Lorrain and Pelletier 1993; Huerta-Diaz et al. 1993) allow for the deter-
mination of extractable fractions of trace metals in sediment, sediment contam-
ination has been overestimated. However, given the scope of anthropogenic
input, the overestimation is generally slight (see subsection 1.5.2.1).

An alternative approach is thus suggested for assessment of inorganic con-
tamination of sediment and applied herein to the fluvial lakes (subsection
1.5.2.2). To obtain a representative and common basis for comparing results
from different studies, an anthropogenic enrichment factor (AEF) was used.
This factor makes it possible to quantitatively evaluate the direct anthropogenic
component from the relation between total concentrations and natural concen-
trations. The factor is determined as follows:

AEF = {anthropogenic input + natural input}______________________________
{natural input}
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1.5.1
PARAMETERS

1.5.1.1
Inorganics

Cadmium

Chromium

where {anthropogenic input + natural input} is the total measured concentra-
tion and {natural input} is the natural concentration calculated with regression
equations.

Natural concentrations were obtained from analysis of preindustrial-age
sediment (> 130 years) collected at a number of sampling stations in Lake Saint-
Louis (Table 1.25; Carignan et al. 1994; Lorrain et al. 1994a). To take into
account indirect variations in trace-metal concentrations due to the diverse
nature of sediment, the natural concentrations were expressed as a function of
clay content of the sediment (Lorrain et al. 1994a). 

These equations made it possible to calculate AEFs for all trace metals
except cadmium and lead, for which no relation could be established. AEFs for
cadmium and lead therefore consist of a simple ratio {Cd, Pb}adjusted:
{Cd, Pb}natural, where the measured concentration is standardized to sediment
with a 100% silt-clay content to eliminate the dilution effect of sand, which is
considered inert (Horowitz 1991). This is an interesting approach, because it
makes it possible to rank areas of the River according to the size of the anthro-
pogenic fraction. It cannot, however, be used to determine at what level envi-
ronmental contamination becomes problematic for benthic organisms, as the
quality criteria approach can.

The total form of seven traditionally analysed metals was selected to determine
St. Lawrence sediment quality. The seven metals are cadmium, chromium, cop-
per, mercury, nickel, lead and zinc. Interim quality criteria are available for the
extractable fractions of these metals – with the exception of mercury, for which
the total fraction was used (Table 1.24).

As Table 1.24 shows, No Effect Threshold criteria range from a few hun-
dredths of a microgram of metal per gram of sediment (mercury) to 100 µg/g
(zinc). This is because some metals are much more toxic than others. Hence,
criteria for copper, chromium, nickel, zinc and extractable lead are high, the
criterion for arsenic is intermediate, and criteria for cadmium and mercury,
considered highly toxic, are very low. 

Cadmium is almost as toxic as mercury; cadmium No Effect Threshold criterion
is 0.2 µg/g. Cadmium is transported to sediment through adsorption to or-
ganic matter and coprecipitation with iron, manganese and aluminum oxides.
Cadmium can also be released into pore water by oxide reduction. Cadmium
availability to organisms depends on pH, redox potential (oxidation-reduction
potential of the environment), water density and the presence of other com-
plexing agents. Studies suggest that cadmium has quite a long residence time in
tissue (Jaagumaji 1992).

Chromium is transported from the water mass to sediment by iron and man-
ganese oxides. Depending on redox potential, chromium can exist in a number
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of states, including the Cr+4 form, which is relatively soluble and is also the
most toxic form. To date there is no evidence of chromium bioaccumulation.

Copper is transported to sediment in association with organic matter and as
precipitates of hydroxides, phosphates and sulphides. In reducing sediment, cop-
per is immobilized in sulphide complexes. Copper is an essential micronutrient
that is readily accumulated by aquatic organisms. No evidence exists for bio-
magnification.

Mercury, when it occurs as methylmercury, is especially harmful to aquatic
organisms and human beings; it can harm the nervous system. Mercury accu-
mulates throughout the food chain, especially in predatory fish, and hence inter-
feres with harvesting of certain species of fish and shellfish.

Nickel is generally transported to sediment by coprecipitation with iron and
manganese oxides or by adsorption to organic matter. In the absence of oxygen,
nickel can form insoluble complexes with sulphides. Nickel can be bioaccumu-
lated by some organisms, though bioaccumulation factors decrease from algae to
fish.

Like cadmium, lead is transported to sediment mainly by coprecipitation with
iron and manganese oxides. Lead buried in reducing sediment can be released as
free ions in the dissolved phase or can form sulphides. Lead is bioaccumulated in
the Pb2+ form and in organic forms such as tetraethyl lead.

Copper

Mercury

St. Lawrence sediment* St. Lawrence sediment*

Sand (%): 21 (± 23) Sand (%): 0
Silt (%): 41 (± 12) Silt (%): 49 (± 4)
Clay (%): 38 (±15) Clay (%): 51 (± 4)
(mg/kg) (± s) (mg/kg) (± s) Schist**

Trace metal n = 20 n = 8 (mg/kg)

Cadmium 0.14 (0.1) 0.17 (0.04) 0.3

Chromium 58.7 (11.0) 67.0 (8.9) 90

Copper 14.0 (4.0) 17.3 (2.3) 45

Nickel 30.0 (7.0) 35.8 (4.2) 68

Lead 16.0 (3.0) 14.4 (2.1) 20

Zinc 77.0 (22) 92.6 (17.0) 95

Iron 34 471 (8 228) 41 358 (2 356) –

Manganese 643 (140) 764 (66) 850

Note: Concentrations in Lake Saint-Louis sediment were determined from core samples collected in 1992. 

Sources: Based on data from *Lorrain et al., 1994a; **Krauskopf, 1967.

TABLE 1.25
Comparison of mean natural concentrations of trace metals, iron and manganese

in Lake Saint-Louis sediment of different mean particle size and in schist

Nickel

Lead
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Hexachlorobenzene (HCB)

Zinc is transported to sediment by manganese and iron oxides in coarse sedi-
ment and by adsorption to organic matter in fine sediment. In the reducing
zone, zinc can be released as free ions. Zinc is an essential micronutrient. It has
been found to accumulate in some organisms though there is no evidence of
biomagnification. 

Sediment quality assessment criteria were developed for 38 organic contami-
nants, of which the most well-known are polychlorinated biphenyls (PCBs),
DDT, mirex, hexachlorobenzene (HCB) and the polycyclic aromatic hydro-
carbons (PAHs) (Table 1.24). These substances all have one thing in common:
concentrations at all effect levels are extremely small compared to metals, only a
few thousandths to a few tenths of a microgram per gram of sediment. Most of
these substances are not very soluble in water and are found mainly in sedi-
ment. Organics detected most often are described below. 

DDT was introduced in North America after World War II and was used mas-
sively and extensively. In 1982, the use of DDT in Quebec was restricted to
infestations considered critical, and authorization from the deputy minister was
required. In 1985, product approval was withdrawn in Canada. The DDT mol-
ecule is, however, quite stable and takes a long time to degrade. DDT’s main
metabolite, DDE, builds up in the fatty tissue of fish, birds and mammals,
including human beings. DDT is responsible for the thinning egg shells of many
birds, among them the Peregrine falcon (Falco peregrinus) and the Northern gan-
net (Sula bassanus), and hence interfering with their reproduction. A recent
study by Pham et al. (1993b) demonstrated that 32% of the DDT found in the
St. Lawrence comes from the Great Lakes, 33% from its tributaries, 4% from the
atmosphere and 31% from leaching and erosion of soils. Measurements were
taken over several months to measure degradation in sediment and observe the
role of the chemical form of DDT in degradation rate.

Mirex is a very persistent and highly toxic organochlorine pesticide. Its use has
never been authorized in Canada. Its presence in the St. Lawrence can only be
explained by transport through the aquatic environment by organisms capable of
concentrating appreciable quantities in their soft tissue and by adsorption onto
suspended material. American eel (Anguilla rostrata), which travels from Lake
Ontario and its tributaries (in U.S. territory) to the St. Lawrence, seems to be
the biotic or biological vector responsible. 

Hexachlorobenzene is a fungicide used to protect cultivated grains. Use of this
toxic compound has been restricted in Canada since 1971. Like most pesti-
cides, HCB accumulates in the tissue of fish, birds and mammals, particularly in
human beings, where it is found in mother’s milk. Current levels of HCB in the
environment do not pose a threat to health.

Zinc

1.5.1.2
Organics

DDT

Mirex
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Incomplete combustion of fossil fuels, wood and tobacco, incineration of
garbage, manufacture of steel and aluminum, and liquefaction and gasification of
coal all produce PAH emissions. There are over one hundred more or less toxic
PAHs, and they are found in high concentrations in certain industrialized areas
of the Great Lakes. In the province of Quebec, the areas of Montreal, Trois-
Rivières, Saguenay–Lac-Saint-Jean and Baie-Comeau are the biggest sources
of PAHs. The most toxic PAHs are benzo(a)pyrene, benzo(c)phenanthrene,
cholanthrene and 3-methylcholanthrene.

The presence of benzo(a)pyrene in sediment is associated with a high
rate of liver tumours in fish. In humans, inhalation of large quantities of this
toxic substance can cause cancer, mainly among workers exposed to it daily.

The manufacture, import and use of PCBs in new products has been banned in
Canada since 1980. The main sources of PCBs in Quebec are industrial waste,
leachate from contaminated sites and leaks from poorly sealed transformers. In
the St. Lawrence River, atmospheric input (from open burning of waste con-
taining PCBs) is also significant. Municipal incinerators and fires can, for exam-
ple, be potential sources of PCBs. PCBs have 209 congeners, highly stable
compounds that are therefore not very biodegradable. Of all the contaminants,
PCBs are the most persistent in the environment. PCBs concentrate in sus-
pended matter and in sediment, because they are not very soluble. They bio-
accumulate in the fatty tissue of aquatic organisms – plankton, macro-
invertebrates, fish and above all sea mammals. Some PCBs are suspected to have
teratogenic, mutagenic and perhaps even carcinogenic properties.

Dozens of studies conducted since the early 1970s – most of them focusing on
a particular area – have contributed to our knowledge of sediment quality in the
St. Lawrence River. The studies demonstrate that the type of contamination in
contaminated areas varies greatly depending on the year, the sources of conta-
mination and sediment geochemistry and size composition.

Figure 1.45, from Frenette et al. (1989), gives a general picture of sediment
dynamics and potential contaminant deposit and accumulation areas as well as of
zones contaminated by mercury, mirex, PCBs and PAHs. As the figure shows,
the floor is only contaminated in sedimentation areas where currents are weak
and fine material (silt-clay) covers the bottom. Floors of rock or gravel and con-
solidated Champlain Sea clay are not contaminated. Frenette et al. (1989) pin-
point highly contaminated areas: certain riparian zones of Lake Saint-François;
Valois Bay and the southern part of Lake Saint-Louis; the lesser La Prairie basin
and the area downstream of the decommissioned Verdun power plant; the Sorel
delta and the inlet to Lake Saint-Pierre; the mouth of the Saint-Charles River;
Cap Tourmente and the area around Île aux Oies.

Polycyclic aromatic
hydrocarbons (PAHs)

Polychlorinated biphenyls
(PCBs)

1.5.2
SEDIMENT

CONTAMINATION 

1.5.2.1
Throughout

the St. Lawrence



FIGURE 1.45
Maps showing sediment dynamics and potential contaminant deposition

and accumulation areas as well as zones contaminated by mercury, mirex, PCBs and PAHs

Source : Adapted from Frenette et al., 1989.
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The Fluvial Section

These findings are further investigated in a study by Olivier and Bérubé
(1993) on sediment quality and dredging in the St. Lawrence. In this study,
trends in surface sediment contamination by the total forms of seven trace
metals (cadmium, chromium, copper, mercury, nickel, lead and zinc) are iden-
tified by comparing contamination in 1976 with that observed between 1984
and 1989, whenever sufficient data were available. 

Values taken from Hardy et al. (1990 and 1991), Lorrain et al. (1993b)
and Lorrain and Jarry (1993) were compared with those of Sérodes (1978), with
no adjustment for flow or for sediment particle-size composition and geo-
chemistry. For the estuary, the Saguenay and the Gulf of St. Lawrence, data
from Barbeau et al. (1981), Loring (1975, 1978a, 1978b, 1979), Loring and
Bewers (1978), Gobeil and Cossa (1984), Gobeil and Silverberg (1989), Pelletier
and Canuel (1988) and Smith and Loring (1981) were used.

Total metal fractions were used rather than extractable fractions because
of a lack of data on measured concentrations of extractable fractions. Extractable
metal fractions would have been a better choice for assessing sediment contam-
ination, since only these fractions are bioavailable and hence liable to be detri-
mental to living organisms in the aquatic environment. In Lake Saint-François
and Lake Saint-Louis, extractable fractions constitute the major part of total
concentrations of copper, lead and zinc in surface sediment (80 to 95% accord-
ing to Huerta-Diaz et al. 1993; 67 to 81% according to Lorrain and Jarry 1993).
Note that a protocol for evaluating the bioavailability of metal in sediment is
now available (SLC and MENVIQ 1992b).

The predominance of extractable fractions is, however, a relatively recent
phenomenon. Huerta-Diaz et al. (1993) mention that increases in cadmium,
copper, lead and zinc concentrations since industrialization are essentially attrib-
utable to reactive forms of these metals. For example, extractable lead constitutes
about 20% of total lead in preindustrial sediment, compared to 80% in recent
sediment.

Surface sediment contamination is overestimated when total metal con-
centrations are compared to sediment quality criteria developed for extractable
fractions. The overestimation is, however, considered slight given the observa-
tions above.

The sediment of Lake Saint-François has been known to be contaminated since
the exhaustive sampling programs of 1972 to 1976 that allowed Sérodes (1978)
to draft a map of contaminated areas between Cornwall and Montmagny. In
1976, the lake outlet, on the north side, as well as the Saint-Charles River were
discovered to be heavily contaminated by cadmium, chromium, copper, 
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mercury, lead and zinc. Other contaminated areas of Lake Saint-François includ-
ed the area immediately downstream of Cornwall, the Lancaster basin, the area
south of Cornwall Island downstream of Massena and the southern part of the
Saint-Zotique basin. Lowest concentrations were recorded in the centre of the
lake, where levels were generally natural background. 

Median concentrations of copper, mercury, lead and zinc were higher
on the north side of the lake than on the south side, suggesting the north side of
the lake is more highly contaminated. In 1979 and 1981, Sloterdijk confirmed
the spatial variation in mercury contamination: contaminated sediment was dis-
tributed along the north shore and did not move across the lake to the south
shore (Sloterdijk 1985). This information coupled with knowledge of discharges
from Cornwall and Massena and of sediment quality near outfalls (Anderson and
Biberhofer 1992; Chan 1980; Kauss et al. 1988) made it possible to establish a
link between industrial discharges to the Cornwall area and trace-metal conta-
mination of sediment along the north shore of Lake Saint-François (Lorrain et
al. 1993b). The increase in concentrations downstream of the lake may have
derived from local sources or sedimentation in the Saint-Zotique basin. The
increase in the Saint-Charles River stemmed from local sources.

Contamination of surface sediment in Lake Saint-François declined drama-
tically between 1976 and 1989 (Table 1.26). In 1989, Lorrain et al. (1993b) and
Lorrain and Jarry (1993) noted a 34% drop in total mercury concentrations
along the north shore and a similar drop in concentrations of other trace metals
compared to the preceding decade (1979-1981); concentrations no longer
exceeded Toxic Effect Threshold quality criteria and many median concentra-
tions were close to natural background. The most dramatic improvements were
downstream of Cornwall and Massena and in the northern part of the Saint-
Zotique basin. Median concentrations on the north shore remained higher than
on the south shore, and in certain areas (downstream of Cornwall, the mouth of
the Raisin River, the shallows of the upstream one-third of the lake and the
Saint-Zotique basin) concentrations of some contaminants were higher than
the median for the lake. 

The decline in contamination is attributable to a dramatic reduction in
discharges to the Cornwall area following enforcement of regulations on indus-
trial wastewater and other measures implemented in the Massena region to
reduce inputs (Bureau and Sloterdijk 1992).

In Lake Saint-Louis, major contamination by cadmium, chromium, mer-
cury and nickel was evident by the end of the 1970s at the mouth of the Saint-
Louis River and south of Îles de la Paix. A close link was established between
mercury contamination of this area and industrial discharges to the Saint-Louis
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River (Sérodes and Talbot 1978). Valois Bay was also highly contaminated (cad-
mium, chromium, mercury and lead) by discharges from outfalls of the West
Island of Montreal (Keighan 1977; Malo and Gouin 1977) and inputs from the
Ottawa River (Champoux and Sloterdijk 1988).

Sediment characterization studies between 1984 and 1987 (Champoux
and Sloterdijk 1988; MUC 1988) also showed the Beaconsfield area as well as
the area north of Dowker Island, the Sainte-Anne outlet and the Vaudreuil out-
let to be highly or moderately contaminated by chromium, copper, mercury,
lead and zinc as a result of inputs from the Ottawa River (Champoux and
Sloterdijk 1988).

On the whole, sediment quality improved in Lake Saint-Louis between
1976 and 1985. The biggest improvement noted in 1984-1985 was at the
mouth of the Saint-Louis River, because of the reduction in industrial dis-
charges to the Beauharnois River and the pronounced natural sedimentation
there. Though contamination by cadmium, copper, mercury, nickel and zinc
decreased, in 1984-1985 the area was still nonetheless heavily contaminated by
most of the metals studied.

Sediment quality also improved between 1976 and 1985 south of Îles de
la Paix, in the centre of the lake and in Valois Bay, with the scope of the
improvement varying from one metal to the next and from one location to the
next. The biggest improvements were in cadmium, mercury and nickel. 

In the lesser La Prairie basin, unlike upstream, sediment quality deterio-
rated between 1976 and 1987. Chromium, lead and zinc contamination
increased appreciably, cadmium contamination decreased and copper, mercury
and nickel contamination remained stable. In other words, there was no uniform

Median concentration (µg/g)

Location Period Cd Cr Cu Hg Ni Pb Zn

Lake Saint-François 1976 7.00 64.10 36.90 0.19 33.80 18.00 133.00
1989 1.00 35.00 25.30 0.13 20.60 24.20 125.00

Lake Saint-Louis 1976 8.00 68.40 37.20 0.73 41.10 23.00 176.00
1984-1985 1.00 72.00 35.00 0.42 35.00 36.00 179.00

Lesser La Prairie basin 1976 9.00 73.00 55.30 0.46 48.40 48.00 315.00
1987 1.00 105.00 62.90 0.34 41.10 137.00 392.00

Montreal – Sorel corridor 1976 7.00 61.60 39.30 0.12 32.60 22.00 119.00

Lake Saint-Pierre 1976 6.00 71.00 33.00 0.07 32.70 15.00 114.00
1986 < 1.00 100.00 42.20 0.12 30.90 30.00 145.00

Source: Based on data from Olivier and Bérubé, 1993.

TABLE 1.26
Median concentrations of seven trace metals in sediment of the Fluvial Section
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contaminant distribution trend over the decade in the lesser La Prairie basin.
The chromium, copper, nickel and lead contamination of the sediment of the
lesser La Prairie basin merits special mention because it was quite substantial; in
1987, the lesser La Prairie basin was more contaminated by these metals than
any other part of the St. Lawrence, in particular at the mouth of the Candiac
outfall. 

Contaminant distribution patterns suggested that the main sources of
certain contaminants (mercury, lead, cadmium and nickel) were upstream,
whereas local sources were predominantly responsible for the chromium, copper
and zinc contamination. Hardy et al. (1990) emphasize the anthropogenic
nature of this contamination. The lesser La Prairie basin is located in a highly
urbanized and industrialized environment. In addition, its geographic location
and the low current friction promote accumulation of contaminated sediment
in the southeast part of Lake Saint-Louis.

The sedimentation areas of the Port of Montreal are contaminated by
most trace metals (Environnement Illimité Inc. 1990; Environnement Illimité
Inc. and Lavalin Environnement 1991, 1992; Lavalin Environnement [1991]
Inc. 1992). Of the three large ports of the Fluvial Section, Montreal port is the
most contaminated. Industrial as well as municipal discharges to this area con-
tinued between 1976 and 1987, since several industrial wastewater treatment
facilities as well as the south collector of the MUC were not yet operational. In
addition, large loads of trace metals were transported from upstream reaches of
the River (Asseau 1992b).

Further downstream, in the Sorel delta and Lake Saint-Pierre, the same
general trends as in the lesser La Prairie basin were noted between 1976 and
1986. Chromium, copper, lead and zinc contamination increased, cadmium
contamination decreased, and mercury and nickel contamination remained
stable. In 1986, Lake Saint-Pierre was on the whole slightly to moderately con-
taminated by trace metals, depending on the metal. The mouth of the Richelieu
River and the southern part of the Sorel delta and the lake in the effluent plume
from Sorel–Tracy industrial plants were much more contaminated than the rest
of the lake by all metals investigated, with the exception of cadmium. Hardy et
al. (1990) stress that this contamination is anthropogenic, identifying the Sorel-
Tracy industrial region and the Richelieu River as the main sources of contam-
ination of Lake Saint-Pierre – except for mercury contamination, part of which
comes from upstream.

There have been few studies of the physico-chemical characteristics of the
Fluvial Estuary, which runs from Pointe-du-Lac to downstream of Île d’Orléans.
Trends noted include an increase in copper, lead and zinc between 1976 and
1989, a decrease in cadmium and chromium concentrations and stable mercury
levels (Table 1.27). Apart from chromium, trends were the same at the mouth of

The Fluvial Estuary
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Information Supplement

TRENDS IN CONTAMINATION 
OF ST. LAWRENCE SEDIMENT 
BY SEVEN METALS

Toxic Effect Threshold
(TET) exceedance frequency is
the ratio of values exceeding
TET to the total number of
analyses, expressed as a percent-
age; it is used to identify sedi-
mentation areas that are most
contaminated and most affected
by toxic substances. Variations
in exceedance frequency over
time indicate changes in the
quality of the surface layer of
sediment. 

Since 1976, 5963 analyses of sediment
quality in the St. Lawrence have been conducted,
2618 in 1976 (the Fluvial Section and the Fluvial
Estuary only) and 3345 between 1984 and 1992
(all sectors of the St. Lawrence). The majority of
TET exceedances since 1976 were recorded in
the Fluvial Section (559/692, or 81% of ex-
ceedances). Seventy-five percent of TET
exceedances (161/215) between 1984 and 1992
were recorded in the Fluvial Section and the
Fluvial Estuary. Compared to the St. Lawrence as
a whole, exceedance frequencies are fairly low in
the Upper Estuary, Lower Estuary and Gulf.
However, in these latter three parts of the River,
sediment quality was analysed almost exclusively
around port facilities, and hence the analyses do
not shed light on sediment quality throughout the
area; at most they provide specific information on

the degree of water contamination around locali-
ties where industrial and port activities are carried
out.

Historical analysis of sediment contamina-
tion by the seven metals analysed generally shows 
a substantial decrease in heavy-metal contamina-
tion of surface sediment in the Fluvial Section
between 1976 and 1992 and low contamination
in the Fluvial Estuary. Chromium, copper, mer-
cury and nickel contamination are still, nonethe-
less, problematic in the Fluvial Section. Sediment
quality in the Upper Estuary, Lower Estuary and
Gulf is better than sediment quality in the fresh-
water parts of the St. Lawrence. However, the 
Upper Estuary acts like a sediment trap: the
largest portion of trace metals that end up there
come from the Fluvial Estuary, are adsorbed on 
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fine suspended matter in the maximum turbidity
zone and deposited on the bottom owing to
ambient conditions favouring sedimentation.
Little suspended matter escapes from this area to 
the Gulf. Sediment quality there ranges from very 
good to passable, except close to the shores of 

certain municipalities and around certain port
facilities, where marked sediment enrichment has
been observed.

Sources: Based on data from Olivier and Bérubé, 1993; Lorrain and Pelletier, 1993.
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the Saint-Charles River (which is not dredged) as in the North Channel of Île
d’Orléans (which is dredged regularly). 

Concentrations recorded between Pointe-du-Lac and Lévis were fairly
low. Contamination was moderate at Lévis and Lauzon and in the North
Channel. The Saint-Charles River estuary and the Louise basin, however, were
highly contaminated. Contamination of the Trois-Rivières area was due mainly
to inputs from the Saint-Maurice River (G.D.G. Environnement Ltd. 1990),
contamination of the mouth of the Saint-Charles River and the Lévis and
Lauzon shoreline derived from local sources (Procéan Inc. 1990), and contam-
ination of the North Channel stemmed from upstream and local inputs.

Parts of the Trois-Rivières port are highly contaminated by two of the
metals measured, chromium and zinc, though the contamination is local. The
main contaminated areas are the docking areas and zones where fine sediment in
contact with the waters of the Saint-Maurice River accumulate (G.D.G.
Environnement Ltd. 1990). The Trois-Rivières port, however, is much less con-
taminated than the ports of Montreal or Quebec City.

At the port of Quebec City, major contamination, mainly by cadmium,
copper and zinc, was discovered in the Saint-Charles River estuary and the
Louise basin (Procéan Inc. 1990, 1991a, 1991b, 1992a, 1992b).

Spatial contaminant distribution trends in the freshwater reaches of the
St. Lawrence show an increase in concentrations of most metals (chromium,
copper, nickel, lead and zinc) in Lake Saint-François in the lesser La Prairie
basin, where they reach maximum values, and then a gradual decline down-
stream. Highest median concentrations of mercury were detected in Lake Saint-
Louis, after which levels gradually decreased downstream, following the same
trend as the other trace metals. Spatial distribution of cadmium could not be
determined because the detection limit selected for some of the studies was 
too high.

Median concentration (µg/g)

Location Period Cd Cr Cu Hg Ni Pb Zn

Fluvial Estuary 1976 5.00 55.70 21.70 0.08 23.40 12.00 102.00

1985-1988 0.07 18.90 36.00 0.09 NA 58.00 193.00

NA: Not available.

Source: Based on data from Olivier and Bérubé, 1993.

TABLE 1.27
Median concentrations of seven trace metals in sediment of the Fluvial Estuary
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Loring (1978a, 1979), Loring and Bewers (1978) and Loring et al. (1983) pro-
vide a picture of the distribution of certain trace metals in recent sediment in
the St. Lawrence Estuary, the Gulf of St. Lawrence and the Saguenay Fjord.
According to these authors, the highest concentrations of chromium, copper,
nickel, lead and zinc are found in the pelites or muds of the Upper Estuary.
Seaward, concentrations decrease, as do natural and anthropogenic inputs of
suspended matter. 

The Upper Estuary acts as a sink for these metals: most of the trace
metals introduced come from the Fluvial Estuary, are adsorbed onto suspended
fine material in the maximum turbidity zone and are transferred to the bottom
wherever conditions are depositional. Little suspended matter escapes the Upper
Estuary seaward to the Gulf. Maximum deposition sites are a shallow depression
(10 m) along the north shore of the Upper Estuary 15 to 20 km downstream of
its head, and a deeper depression (up to 160 m deep) about 30 km seaward.
Concentrations considered high for this environment (Cu > 30 µg/g, Pb >
20 µg/g, Zn > 100 µg/g), but low compared to concentrations in the Montreal
area were detected in these depositional areas. Highest concentrations of the
three metals (202 to 348 µg/g of Zn, 41 to 83 µg/g of Cu, 63 to 154 µg/g of
Pb) were recorded in the fine sediment fraction at the mouth of the River;
lowest concentrations were detected 65 km downstream. Relatively low per-
centages of these metals (2 to 11% of Cr, 7 to 20% of Cu, 12 to 23% of Ni,
15 to 26% of Pb and 8 to 39% of Zn) are potentially bioavailable.

Table 1.28 lists mean concentrations in the Upper Estuary and in the
Saguenay Fjord. As the table shows, nickel concentrations are background in the
Upper Estuary, chromium, copper and lead concentrations show slight conta-
mination, and zinc concentration shows moderate contamination. In the
Saguenay Fjord, copper and nickel concentrations are background, chromium
and zinc concentrations indicate slight enrichment and lead concentration
shows moderate enrichment.

Gobeil and Silverberg (1989) noted lead concentrations increase from
deep sediment to sediment close to the surface in the Laurentian Channel. They
attribute the increase to the increased use of lead over the last century. Lead
constitutes more than 60% of airborne anthropogenic contaminants transported
long distances (Dolske and Silvering 1979). Two-thirds of the lead in recent
sediment is anthropogenic. Dolske and Silvering also noted a drop in lead con-
tent in surficial sediment and concluded that anthropogenic lead input has
declined over the last decade with greater use of unleaded gasoline.

Nearshore sediment was of good or passable quality in most sampled port
areas and outfalls of the Upper Estuary. Contamination (chromium and nickel)
was detected only at Montmagny, Isle-aux-Grues and Rivière-du-Loup (Table
1.29). The main sources of contamination were municipal and industrial dis-
charges, port facilities and marinas.

The Upper Estuary
and the Saguenay
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Surface sediment of the Saguenay Fjord was found to be seriously cont-
aminated by anthropogenic mercury discharged by a chloralkali plant. Between
1940 and 1962, mercury level increased from 0.1 to 14.4 µg/g; by 1962, it was
40 times natural background (Barbeau et al. 1981). With abatement measures to
reduce industrial discharges, mercury content of surface sediment in the inner
basin of the fjord dropped sharply from 4.0 µg/g in 1969 to 0.4 µg/g in 1971.
An estimated 105 000 kg of mercury accumulated in sediment of the fjord
between 1964 and 1976 (Loring et al. 1983), and a total of 120 000 kg accu-
mulated in the Saguenay system as a whole (Loring 1978b); most of the mer-
cury (70 to 90%) was trapped by organic matter.

Mercury contamination was especially severe in the upper part of the
fjord, where effluent from the chloralkali plant (in operation between 1947 and
1976) discharged. The outer basin, which is further downstream, acted as a
complementary sink, but it was less affected by the industrial activity. Nothing
comparable was found in the Lower Estuary or the Gulf of St. Lawrence. 

By 1983, more than seven years after the chloralkali plant had ceased
production, mercury concentration in surface sediment taken from the fjord
had dropped to moderate levels (0.2 to 0.8 µg/g). This is still nonetheless four to

Mean concentrations (µg/g) and standard deviations

Location Cr Cu Ni Pb Zn

Upper Estuary 92 ± 3.1 36 ± 8.5 27 ± 1.5 34 ± 4.5 185 ± 32

Saguenay Fjord 83 ± 10 27 ± 2.5 28 ± 4.6 47 ± 12.2 131 ± 32

Source: Adapted from Loring, 1978a, 1979.

TABLE 1.28
Mean trace-metal concentrations and standard deviations in pelites

of the Upper Estuary and the Saguenay Fjord between 1976 and 1978

Site Year Metal TET* criterion (µg/g) Concentration (µg/g)

Isle-aux-Grues 1988 Cr 100 140
Ni 61 83

Montmagny 1987 Cr 100 110

Rivière-du-Loup 1988 Cr 100 118
Ni 61 62

*Toxic Effect Threshold: concentration detrimental to most benthic organisms (SLC and MENVIQ 1992a).

Source: Olivier and Bérubé, 1993.

TABLE 1.29
Extremes recorded in Upper Estuary nearshore sediment 
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seventeen times the preindustrial concentration (Gobeil and Cossa 1984). In
addition, Pelletier and Canuel (1988) note the mercury is available to biota,
suggesting that sediment of the fjord constitutes a major reservoir for storage of
mercury that appears to be responsible for the persistent contamination of
organisms whose diet is linked to the sediment (Cossa 1990). 

Barbeau et al. (1981) noted an increase in anthropogenic copper (15%),
lead (40%) and zinc (15%) in the fjord between 1940 and 1976 (Table 1.30).
These trends were confirmed by Loring et al. (1983), who also noted that
anthropogenic cadmium increased to ten times natural background levels. Input
of these metals, unlike mercury input, has increased continuously since 1940,
suggesting major sources of the metals have not yet been depleted. These trends
were confirmed by Pelletier and Canuel (1988), who estimate zinc levels
increased 20% between 1972 and 1986. 

Moderate contamination by anthropogenic mercury (0.03 to 0.95 µg/g) was
detected in surface sediment of the Lower Estuary before 1975, its distribution
associated with the pattern of deposition of organic matter originating in the
Saguenay River (Loring 1975). Gobeil and Silverberg (1989) subsequently
noted a downward trend in concentrations; by 1987, mercury levels were 0.16
to 0.18 µg/g. Because of the low concentration gradient measured at the
water-sediment interface, Gobeil and Silverberg also concluded that in this
environment there is little transport of mercury out of sediment by diffusion.

Mercury levels measured in the Gulf of St. Lawrence are not high
(0.15 µg/g, on average), only a slight enrichment over natural background
levels. There is no clear distribution pattern for mercury in this environment,
nor any evidence that anthropogenic mercury has reached the Gulf of St.
Lawrence (Loring 1975).

Loring (1978a, 1979) measured concentrations of five other trace metals
and found that, on average, sediment in the Lower Estuary was slightly enriched
by chromium, lead and zinc, and sediment in the Gulf was slightly enriched by
chromium (Table 1.31). Other metals were generally at natural background

The Lower Estuary
and the Gulf of St. Lawrence

Concentrations (µg/g)

Period Copper Lead Zinc

Before 1940 5 - 30 5 - 38 24 - 116

After 1940 8 - 39 5 - 72 45 - 201

Source: Barbeau et al., 1981.

TABLE 1.30
Copper, lead and zinc concentrations in sediment of the Saguenay Fjord 

before and after commissioning of the Arvida chloralkali plant
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levels. The most marked enrichment by copper, lead and zinc was detected in
the fine sediment of the central valleys and certain shelves. Most sandy shelves,
apart from those north of Anticosti Island, are slightly contaminated by these
metals. 

As for spatial trends, total copper and zinc concentrations and, to a lesser
extent, lead concentrations in pelites decrease from the Upper Estuary seaward.
The opposite is true of nickel. Chromium levels are higher in the Lower Estuary
and the Gulf than in the Upper Estuary and the Saguenay Fjord, exceeding
Level 3 quality criterion in certain places.

The Lower Estuary is enriched by bioavailable copper, lead and zinc in
contaminated fine sediment that has escaped from the Upper Estuary and in
organic matter (contaminated by mercury as well) from the Saguenay Fjord.
This material settles in the deepest part of the Upper Estuary, from where it has
little chance of escaping. Bioavailable nickel and chromium come mainly from
the Upper Estuary (Loring 1978a, 1979).

At the few Lower Estuary nearshore stations for which data are available,
sediment quality seems, on the whole, good to acceptable – except in Baie-
Comeau, where high mercury levels were recorded. The contamination is local,
however, and may be associated with local industrial or port activities and dis-
charges from municipal outfalls.

In some places (Chloridorme, Gaspé, Newport-Point and Port-Daniel-
Est) cadmium levels are high in nearshore sediment of the Gulf (Table 1.32).
Nickel levels also exceed Level 3 criterion in places (Cap-Chat, Gascons, Gaspé,
Newport-Point) as does mercury (Sept-Îles).

The highest trace-metal concentrations were detected at the Gaspé dock
(Sandy Beach); here, concentrations of cadmium, nickel, chromium, copper,
lead and zinc were high, and probably associated with the presence of copper
ore in the sediment. Potential sources of mercury at Sept-Îles are municipal
wastewater discharges and port, mining, industrial, marina and fishing activities.

Mean concentrations (µg/g)

Location Chromium Copper Nickel Lead Zinc

Lower Estuary 99 ± 12.3 24 ± 7.2 33 ± 6.2 30 ± 8.0 115 ± 20

Gulf 87 ± 18.1 25 ± 9.6 36 ± 11.3 21 ± 5.5 84 ± 22

Source: Based on data from Loring, 1978a, 1979.

TABLE 1.31
Mean trace-metal concentrations and standard deviations in surface sediment

of the Lower Estuary and the Gulf of St. Lawrence between 1974 and 1978
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No potential sources clearly explain the exceedances (low for the most part) at
other municipalities.

In the Îles de la Madeleine, only two metals were detected in high con-
centrations, and these only in specific spots: cadmium in the Havre-Aubert port
and chromium in the Fatima port. All other measured concentrations were
either at or slightly above natural background.

Fine sediment in the fluvial lakes is generally contaminated by cadmium, cop-
per, lead and zinc though not by chromium or nickel, because anthropogenic
inputs of the latter two metals is small. Median AEFs for chromium and nickel
are in fact low, close to 1 in the sediment of Lake Saint-François and Lake
Saint-Louis (Table 1.33). Anthropogenic inputs of the other trace metals cause
enrichment by median factors of 2 to 4 in Lake Saint-François, 3 to 10 in Lake
Saint-Louis and 3 to 5 in Lake Saint-Pierre (Table 1.33). The highest AEFs are
for zinc and cadmium (except in Lake Saint-Pierre, because the cadmium data
for this lake had to be eliminated since the analytical method used had a detec-
tion limit that was too high). In addition, AEFs and trace-metal median con-
centrations for Lake Saint-Pierre are probably underestimated because there are
no data for the southern part of the lake, which is a Department of National

1.5.2.2
The fluvial lakes

Inorganics

TET*criterion Concentration
Site Year Metal (µg/g) (µg/g)

Baie-Comeau (Baie des Anglais) 1985 Mercury 1 1.21

Cap-Chat 1987 Nickel 61 81

Cloridorme 1985 Cadmium 3 10.1

Gascons (Chapados Creek) 1986 Nickel 61 72
1987 Nickel 86

Gaspé (Sandy Beach) 1986 Cadmium 3 35
Chromium 100 143

Copper 86 14 457
Nickel 61 111.4
Lead 170 14 700
Zinc 540 3 570

Newport-Point 1988 Cadmium 3 3.7
Nickel 61 76

Port-Daniel-Est 1987 Cadmium 3 5

Sept-Îles 1987 Mercury 1 5.7

Fatima 1988 Chromium 100 100.9

Havre-Aubert 1987 Cadmium 3 6

*Toxic Effect Threshold: concentration detrimental to most benthic organisms (SLC and MENVIQ 1992a).

Source: Olivier and Bérubé, 1993.

TABLE 1.32
Extremes recorded in nearshore sediment

of the Lower Estuary and the Gulf of St. Lawrence
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Defence firing range for testing shells. The risks of sampling in this part of the
lake, which includes more than half the total surface area of Lake Saint-Pierre,
explains the lack of data. However, the absence of permanent accumulation
zones (Carignan et al. 1993) and the coarseness of the sediment (Hardy et al.
1990) suggest that Lake Saint-Pierre is a more dynamic environment than the
lakes upstream. Sediment deposits may therefore be transient, making it difficult
to extrapolate long-term trends from values obtained in 1986.

In Lake Saint-François, adjusted concentrations for arsenic, selenium and
mercury as well as AEFs for nickel, copper and zinc are significantly higher on
the north side of the lake than on the south side, suggesting greater input from
local sources in the Cornwall area (Figure 1.46). Mercury, copper and zinc have
in fact been detected in industrial effluent from Cornwall (Anderson and
Biberhofer 1992). The higher arsenic, selenium and nickel values are harder to
explain, because these elements are not present in large quantities in industrial
effluent from Cornwall.

Lake Saint-Françoisa Lake Saint-Louisb Lake Saint-Pierrec

(1989) (1984-1985) (1986)

{Subst.}adj. {Subst.}adj. {Subst.}adj.

Substance AEF (mg/kg) AEF (mg/kg) AEF (mg/kg)

Cadmium* 4 (2.0) 0.8 (0.4) 11 (19) 1.8 (3.2) NA NA

Chromium 0.5 (0.4) 35 (23) 1 (0.5) 80 (37) 2.1 (1.9) 139 (127)

Copper 2 (0.8) 31 (14) 3 (2.5) 49 (33) 4 (2) 73 (75)

Nickel 2 (2) 21 (11) 3 (1.7) 40 (15) 3 (2) 39 (52)

Lead* 2 (1) 30 (14) 4 (2.5) 49 (36) 3 (4) 45 (56)

Zinc 4 (5) 153 (113) 5 (3.9) 285 (181) 5 (3) 263 (163)

Arsenic NA 5.7 (13) NA 7.2 (10.3) NA 5.5 (2.9)

Selenium NA 1.4 (2.3) NA 1.0 (0.7) NA 1.1 (1.1)

Mercury NA 0.2 (1.0) NA 0.5 (6.3) NA 0.2 (0.3)

·PCB ND 0.03 (0.4) ND 0.16 (0.06) ND 0.2 (0.3)

·PAH** ND 0.9 (1.7) ND 1.1 (2.9) ND 0.3 (1.7)

*AEFCd, Pb: Concentrations adjusted based on mean natural concentration in fine sediment (< 63 µm).
**PAHs: 19 congeners analysed in Lake Saint-François, 15 in Lake Saint-Louis and 5 in Lake Saint-Pierre.

NA: Not applicable; ND: Not determined.

Note: Adjusted concentrations for arsenic, selenium and mercury are listed because natural background levels required to calculate AEFs were unknown. 
Values in brackets are standard deviations. 

Sources: Based on data from a) Lorrain and Jarry, 1993; b) Champoux and Sloterdijk, 1988; c) Hardy et al., 1990.

TABLE 1.33
Median AEFs and adjusted concentrations of trace metals and some organics
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FIGURE 1.46
Comparison of trace-metal

AEFs and adjusted
concentrations in the

northern and southern parts
of Lake Saint-François (1989)

and Lake Saint-Louis 
(1984 to 1985)
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Adjusted concentrations of mercury and arsenic in Lake Saint-Louis are
significantly higher in the Îles de la Paix region (in the southern part of the
lake) than anywhere else in the lake (Figure 1.46). This difference is consistent
with the presence of sources of mercury and arsenic in the Beauharnois region
(Malo and Gouin 1977; Keighan 1977; Champoux and Sloterdijk 1988). Mean
AEFs for chromium, lead and zinc, on the other hand, are significantly higher in
the northern part of the lake. In the case of chromium, this is probably attrib-
utable to discharges of Montreal Island urban effluents, in the Valois Bay area in
particular (Champoux and Sloterdijk 1988). Since urban effluent does not con-
tain large amounts of lead (Malo and Gouin 1977; Keighan, 1977; Champoux
and Sloterdijk 1988), the only possible sources of these elements are the Ottawa
River or input from the Cornwall area. Lead and zinc input from the Cornwall
region is substantial (Anderson and Biberhofer 1992), and since some of the
water mass of the northern part of Lake Saint-François flows through the natural
riverbed between Coteau-du-Lac and Pointe-des-Cascades, it is possible for the
Cornwall input to have an impact as far downstream as Lake Saint-Louis.
Despite the presence of the brown waters of the Ottawa River in the northern
part of Lake Saint-Louis (Désilet and Langlois 1989), the contribution of the
green waters of the Great Lakes may be far from insignificant. In fact, conduc-
tivity and temperature profiles suggest stratification of the water column, with
the green waters flowing under a thin layer of brown water (Champoux and
Sloterdijk 1988; Carignan 1992). The seasonality and scope of this phenomenon
are, however, unknown.

Comparison of anthropogenic enrichment factors (AEFs) of sediment in the
fluvial lakes makes it possible to compare degrees of trace-metal contamination
of the lakes and to determine the relative anthropogenic input to downstream
areas. As Figure 1.47 shows, median trace-metal AEFs, with the exception of
those for zinc and lead, increase downstream. This increase may be due to the
addition of sources (Lorrain et al. 1993a).

Because AEFs could not be calculated for mercury, arsenic and selenium,
comparisons of these metals had to be based on adjusted concentrations. No
upstream-downstream differences in arsenic and selenium were noted, but
median mercury concentration was higher in Lake Saint-Louis than in the other
lakes (Figure 1.47). It seems, then, that mercury input to Lake Saint-Louis was
much greater than mercury input to Lake Saint-François. The only two known
sources of mercury upstream of Trois-Rivières are two chloralkali plants, one in
Cornwall and the other in Beauharnois. The same spatial distribution was also
reported by Cossa (1990) in a study of sources of contaminants in the River. 

Since sources of contamination are superimposed on one another, there
are two possible explanations for the stability of zinc, arsenic and selenium con-
centrations as one moves downstream: anthropogenic input may decrease down-
stream, which is unlikely since there are a number of sources along the main

Upstream-downstream
differences
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course of the River; or trace metal concentrations downstream may be under-
estimated, probably because of the lack of data for a large part of Lake Saint-
Pierre.

A number of organic substances have been reported in the sediment of the flu-
vial lakes. Since most organics are synthetic, their very presence indicates
contamination. The high number of below-detection level values for organo-
chlorine pesticides, chlorobenzenes and PAH congeners suggest contamination
by these substances is slight. Cossa (1990), however, established a close link

FIGURE 1.47
Comparison of trace-metal

AEFs and adjusted
concentrations in Lake

Saint-François (1989), Lake
Saint-Louis (1984 to 1985)

and Lake Saint-Pierre (1986)
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between the presence of organics and physiological problems of Beluga whales
in the St. Lawrence Estuary, suggesting that contamination by organics is more
severe than contamination by trace metals. Because so many of the measured
values are below detection limits, spatial distribution maps could not be drafted
to establish links with nearby sources of contamination. Concentrations 
measured in Lake Saint-François, Lake Saint-Louis and Lake Saint-Pierre are
comparable to those measured elsewhere in the St. Lawrence (Merriman 1987)
and stem mainly from Lake Ontario inputs and point sources along the St.
Lawrence (Comba et al. 1989, 1990). Chlorobenzene was reported absent from
sediment in Lake Saint-François (Lorrain and Jarry 1993) and by Merriman
(1987) in the rest of the river stretch between Lake Ontario and Lake Saint-
Louis. The proportion of p,p-DDE in the ·DDT found in sediment of the St.
Lawrence (Lorrain and Jarry 1993; Champoux and Sloterdijk 1988; Hardy et al.
1990) suggests residual input from sources that are far away. In fact, use of DDT
in agriculture has been banned since the mid-1970s (Pham et al. 1993b), except
for very specific cases, and the microbial degradation that generates p,p-DDE
thus probably took place where the DDT was originally applied. Though it is
difficult to interpret ·BHC and HCB results because so many of the measured
values are below detection levels, Comba et al. (1990) reported increases in
concentrations of these contaminants in the water column, attributing the
increases to local sources in the Massena and Montreal areas in the case of BHCs
and, for HCB, to local sources in the Cornwall and Massena areas. Apart from
PCBs and DDT derivatives, the low concentrations of other organics measured
in sediment is due to a low partition coefficient between water and particulate
matter (Comba et al. 1990).

Mirex found in the sediment of Lake Saint-François and Lake Saint-
Louis (Lorrain and Jarry 1993; Champoux and Sloterdijk 1988; Carignan et al.
1994) is transported from Lake Ontario, the only known source of mirex
(Holdrinet et al. 1978; Comba et al. 1993). Though there is no doubt that
mirex is present in sediment (Comba et al. 1993), values reported in character-
ization studies of surface sediment in the fluvial lakes may be overestimates
because of sample contamination (Lorrain and Jarry 1993). The degree of sample
contamination was, however, less than the measured contamination, suggesting
that mirex is indeed present. The sample contamination casts doubt on the
validity and representativeness of the results of the characterization studies.

The sediment of Lake Saint-François and Lake Saint-Louis is slightly
contaminated by ·PCB (·PCB = A1242 + A1254 + A1260); concentrations
exceeded No Effect Threshold criterion (SLC and MENVIQ 1992a) at 8% and
100% of sampling stations, respectively. Contamination is much greater in Lake
Saint-Pierre, where Minimal Effect Threshold (Level 2) criterion was exceeded
at 40% of the sampling stations (Table 1.34). In Lake Saint-François, ·PCB
concentrations are higher in the southern part of the lake than in the northern
part, due to sources in the Massena area (Anderson and Biberhofer 1992). In
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Lake Saint-Louis, no significant difference was noted between mean concentration
on the north side of the lake and mean concentration on the south side. Recent
work has made it possible to characterize ·PCB as a function of its congeners.
Despite the low concentrations, certain highly to moderately toxic PCB con-
geners such as congeners 77, 118 and 138 have been noted in Lake Saint-
François (Planas et al. 1992) and Lake Saint-Louis (Carignan et al. 1994; Lorrain
and Pelletier 1993).

The sediment of the fluvial lakes is slightly contaminated by PAHs; No
Effect Threshold criterion was exceeded at less than 8% of the sampling stations
in Lake Saint-François and was never exceeded in Lake Saint-Louis (Table 1.34).
Though few samples from Lake Saint-Pierre were analysed, many of the values
obtained were below the detection limit, suggesting this sediment is also only
slightly contaminated (Hardy et al. 1990).

Median ·PCB concentrations (corrected for coarse fraction dilution) in the
three fluvial lakes were compared. The significant difference between the median
concentration in Lake Saint-François and median concentration in Lake Saint-
Pierre suggests the presence of sources downstream of Lake Saint-François
(Figure 1.48). The significant gradient between Lake Saint-François and Lake
Saint-Louis and the lack of a gradient between Lake Saint-Louis and Lake

Criteria Number of stations > Percentage of 
(mg/kg) quality criteria exceedances

Organics NET MET TET NET MET TET NET MET TET

Saint-François (1989)*

·PCB 0.02 0.2 1 5 0 0 8 0 0

Light ·PAH 0.1 – – 5 0 0 8 0 0

Heavy ·PAH 1 – – 0 0 0 0 0 0

Saint-Louis (1984-1985)**

·PCB 0.02 0.2 1 17 0 0 100 0 0

Light ·PAH 0.1 – – 0 0 0 0 0 0

Heavy ·PAH 1 – – 0 0 0 0 0 0

Saint-Pierre (1986)***

·PCB 0.02 0.2 1 35 14 0 100 40 0

Light ·PAH 0.1 – – 0 0 0 0 0 0

Heavy ·PAH 1 – – 0 0 0 0 0 0

Note: The ·PAH values for Lake Saint-Pierre were obtained from five PAH congeners only. For the other lakes, 15 congeners were used.
1. NET: No Effect Threshold.  2. MET: Minimal Effect Threshold.  3. TET: Toxic Effect Threshold.

Sources: Based on data from *Lorrain and Jarry, 1993; **Champoux and Sloterdijk, 1988; ***Hardy et al., 1990.

TABLE 1.34
Exceedances of ·PCB and ·PAH quality criteria in surface sediment of the fluvial lakes

Upstream-downstream
differences
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Saint-Pierre suggests the PCB sources are at Lake Saint-François and Lake Saint-
Louis. The discrepancy between results obtained by Champoux and Sloterdijk
(1988), Hardy et al. (1990) and Lorrain et al. (1993b) may derive from the
methods used to calculate the three main aroclors (1242, 1254 and 1260),
whose sum gives ·PCB, since the analytical methods used to determine PCB
concentrations were comparable. 

There is little information on time trends in contamination of St. Lawrence
sediment. Studies to date have dealt mainly with the upstream part of the River
(Sérodes 1978; Lorrain et al. 1993b; Carignan et al. 1993). Barbeau (1989a,
1989b) tried to identify time trends in total suspended solids contamination by
compiling data collected between 1983 and 1988. It seems, however, that the
trends he identified reflect improvements in analytical techniques rather than
time trends. This means one must go back to the sediment itself to track trends
over time.

Lorrain et al. (1993b) noted a significant drop in mercury (34%) and
·PCB (89%) concentrations in surficial sediment between 1979 and 1989 
(Figures 1.49 and 1.50). Comparison of the series of values obtained in 1979

FIGURE 1.48
Comparaison of adjusted

median ·PCB concentrations
in Lake Saint-François (1989),

Lake Saint-Louis 
(1984 to 1985) 

and Lake Saint-Pierre (1986)
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with those obtained in 1989 at similar stations showed a drop of about 60% in
·PAH concentrations (Lorrain and Jarry 1993). However, the analytical method
used in 1989 differed from the one used in 1979, and this must be considered in
interpreting the differences.

Analysis of dated sediment sequences often helps to make up for a lack of
data on contamination trends in aquatic environments. The sediment provides a
record of changes in physico-chemical properties that can be deciphered with
proper subsampling and sediment dating techniques. The most recent findings
on sediment contamination trends come from two studies: Lorrain et al. (1994a)
gives profiles, or trace-metal AEF time trends, in sediment at six sites between
Cornwall and Trois-Rivières; and Carignan et al. (1994) gives profiles of organic
and inorganic contaminant concentrations at two sites in Lake Saint-Louis and
Lake Saint-François. Figure 1.51 shows AEF profiles at four sites between
Cornwall and Trois-Rivières. Figure 1.52 shows profiles of organic and inor-
ganic contaminant concentrations at two sites, one in Lake Saint-François and
the other in Lake Saint-Louis. 

Given the water flow regime and the geographic locations of the two
sites studied by Carignan et al. (1994), the concentration profiles probably indi-
cate contamination from the Great Lakes (Lorrain et al. 1994a). Concentrations
of trace metals dropped dramatically between the mid-1960s-early 1970s and
now, the exact amount of the drop varying from one metal to the next. The
decrease in lead concentrations corresponds to the gradual abandonment of
unleaded gasoline since the end of the 1960s. A comparable drop was noted at
a site in the Sorel delta, probably associated with urban runoff and inputs from
Montreal Island (Lorrain et al. 1994a). A drop in lead concentrations was also
noted at Contrecoeur, but it occurred much later, probably the effect of point
sources and sediment residence time in the St. Lawrence drainage basin.

AEF values for trace metals in Lake Saint-François sediment have been
relatively constant for the last 20 or 30 years. Downstream, however, trace-
metal AEF values have increased significantly with time, probably because
sources have been added downstream and anthropogenic input has increased,
except in the case of nickel and chromium. Lorrain et al. (1994a) reported that
there has been no serious contamination by nickel or chromium for 50 years.
The disparity of the concentration profiles of the other trace metals makes it
impossible to draw general conclusions about sediment quality trends in the
St. Lawrence as a whole because of the influence of local sources. AEF com-
parisons do, however, confirm that sediment quality upstream has improved
since either 1940 or 1970, depending on the site, whereas downstream
(Contrecoeur and the Sorel delta), it has continued to deteriorate (Figure 1.51).

Sediment was much more contaminated by organics (DDT and its deriv-
atives, mirex, HCB and PCB congeners) between 1958 and 1970 than it is now
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(Figure 1.52). Those were the years of maximum use and manufacture of these
substances in the United States (Oliver and Nicol 1982; Carignan et al. 1994).
In Lake Saint-François, concentrations dropped about 90% between 1970 and
1980; in Lake Saint-Louis, the drop occurred between 1960 and 1970.
Concentrations have remained relatively stable in both lakes for the last 10 or
20 years. Carignan et al. (1994) report that concentrations in Lake Saint-
François and Lake Saint-Louis are one-twentieth to one-fortieth those in Lake
Ontario sediment. This, coupled with the stable concentrations in the sedi-
ment of the fluvial lakes in recent years, supports the hypothesis that Lake
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FIGURE 1.51
AEF profiles of trace metals

in sediment of the
St. Lawrence River between
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Ontario sediment continues to be a major reservoir for contaminants and will
continue to be a major source of contamination of the St. Lawrence until the
contaminants are permanently buried. In other words, it will be several more
decades before contaminant concentrations in St. Lawrence sediment drop again
(Carignan et al. 1994).

The ports of Montreal and Quebec City are among the oldest in Canada. Built
in an era when there were no such things as environmental standards, these
ports were key elements in industrial and urban development. 

FIGURE 1.51 (cont’d)
AEF profiles of trace metals

in sediment of the
St. Lawrence River between
Cornwall and Trois-Rivières

in 1990
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At first just a port of call for ships travelling from Quebec City to
Montreal, the Trois-Rivières port eventually became a transit port rather than a
port serving the regional industrial economy.

All three ports nonetheless greatly fostered development of the sur-
rounding regions. Industrial and maritime activity were intense during the last
100 years, however, and both the water and the river floor in the Montreal,
Trois-Rivières and Quebec City areas were significantly degraded.

Though the turmoil of the industrial era profoundly marked the envi-
ronment in these port areas, a comparison of measured contamination levels
with those of other North American harbours shows the situation is not unique
(Protection Branch 1993a, 1993b).

The interim sediment quality criteria (NET, MET and TET) defined at the
beginning of this chapter were used to assess contamination of the floor in port
areas. For substances such as total organic carbon, oil and grease, and total PAHs
for which there are no interim criteria, the criteria suggested by Pelletier and
Bélanger (1990) were used. 

To assess the scope of contamination and integrate a large quantity of
data, sediment quality indexes were also used. The indexes cover organic and
inorganic substances. In 1989, four parameters were used to determine organic
contamination: total oil and grease, total organic carbon (TOC), polycyclic aro-
matic hydrocarbons (PAHs) and polychlorinated biphenyls (PCBs). Seven para-
meters were used to determine inorganic contamination: arsenic (As), cadmium
(Cd), chromium (Cr), copper (Cu), mercury (Hg), lead (Pb) and zinc (Zn).

Quality Index (QI) is the ratio of measured concentrations (concen-
tration i) to No Effect Threshold (NET or criterion i). The QI makes it possi-
ble to rapidly assess sediment quality in a given area using a whole set of
parameters (multiplicity) and hence to evaluate the condition of the study area.
If the index is equal to or less than 1, the sample is considered uncontaminated,
since this means measured concentrations are equal to or lower than a level that
does not affect benthic organisms and are thus close to natural background 
levels. 

k
· CONCENTRATION i

i = 1 CRITERION i
QI =

k

where k is the number of parameters considered.
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of port areas
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As Figure 1.53 shows, two areas of the Quebec City port and eight areas
of the Montreal port are highly contaminated by the parameters investigated.
The entire Trois-Rivières port seems to be less of a problem, since measured
concentrations there approached background levels in the St. Lawrence River.

Though quality indexes (inorganic and organic) are a simple and attrac-
tive tool for obtaining an overall estimate of contamination, they fail to highlight
parameters that far exceed the TET. In other words, sediment could be highly
contaminated (many times the TET) by a substance, and hence pose a threat to
benthic organisms, and nonetheless still have a low quality index if many of the
other parameters are at No Effect levels.

To overcome this difficulty, a second index was developed, the
Exceedance Index (EI). The equation used to determine quality index is also
used to determine exceedance index, but only concentrations (i) that exceed the
TET are included. Exceedance index can never therefore be less than 1. The
exceedance index gives weight to contamination intensity only when a para-
meter’s mean concentration exceeds the TET. In other words, the EI is not
affected by parameters in low, nontoxic concentrations which bring the QI
down. 

In addition, to be able to not only compare sites but also to rank them as
a function of contamination, another index, contamination class (CC), was
developed for ranking sites for multiplicity as well as intensity of contamination.
Contamination class is calculated as follows:

CC = nl (QI 3 EI)

where nl = natural log.

When no parameters at a contaminated site exceed the TET and an
exceedance index cannot therefore be calculated, then the EI is assigned the
minimal value of 1, so that CC is affected only by QI. To be more specific, con-
tamination class 0 indicates an environment that is slightly or not at all contam-
inated – an environment where mean concentrations of the parameters
measured approach background levels. The higher the CC of a site, the more
contaminated it is and the greater the risk to benthic organisms, since the pro-
gression is logarithmic.

Contamination class thus makes it possible to rank port areas with cont-
aminated sediment for the relative environmental danger they pose or the envi-
ronmental concern they raise and, above all, to quickly get a general picture of
site contamination. Table 1.35 lists mean concentrations of substances measured
in 1990, 1991 and 1992 in the different port areas.

These findings confirm the high contaminant concentrations measured in
the Montreal and Quebec City ports (of inorganics, in particular) and the rela-
tively low contaminant concentrations in the Trois-Rivières port. Table 1.36
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1.5.3
MAIN POINTS

lists calculated values of indexes used, and Figure 1.54 shows the rankings of all
port areas. Contamination classes of the port areas clearly show the deterioration
of sediment in the Montreal and Quebec City ports.

The 1992-1993 investigation of contaminated sediment resuspension in
the Montreal and Quebec City ports has, however, demonstrated that these
harbours are sediment sinks and that only a small portion of the contaminants
that settle there return to the River. 

In fact, in one particular area of the Quebec port (the outer Louise
basin), a recent layer (75 cm) of clean material was found covering the contam-
inated sediment, naturally containing it. 

Past characterizations of sediment in the Fluvial Section of the St. Lawrence
between Cornwall and Trois-Rivières showed the presence of synthetic organ-
ics as well as enrichment of fluvio-lacustrine sediment by trace metals, suggest-
ing contamination. Today, concentrations of organics are relatively low
(comparable to those at locations upstream in the international stretch of the

FIGURE 1.53
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As Cd Cr Cu Hg Pb Zn TOC O & G Tot. PAHs Tot. PCBs
Area (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (%) (%) (mg/kg) (mg/kg)

Trois-Rivières port

Kruger 1.24 0.33 22.75 44.00 0.12 8.10 146.60 0.44 0.34 1.59 0.01

Elevator approach 3.53 1.15 39.78 55.30 0.11 3.16 327.10 2.16 0.62 1.97 0.02

Sainte-Angèle excavation 2.00 0.29 66.37 47.70 0.09 12.50 159.40 1.59 0.07 0.23 0.01

CIP 0.42 0.36 17.99 21.30 0.22 10.50 79.60 5.41 0.93 1.25 0.02

Saint-Quentin Island marina 0.48 0.05 22.67 17.00 0.34 14.55 75.80 0.85 2.10 0.57 0.02

Wayagamack 0.60 0.03 19.23 13.52 0.18 3.54 91.20 0.91 0.38 2.83 0.10

Cap-de-la-Madeleine 0.93 0.03 46.04 22.40 0.05 2.43 62.20 0.28 0.04 1.35 0.01

Basilica 0.67 0.04 17.07 13.80 0.10 3.86 64.00 0.53 0.15 1.67 0.04

Sainte-Marthe 2.07 0.05 50.72 33.20 0.01 1.73 93.30 0.74 0.01 0.05 0.01

Quebec City port

Inner Louise basin 5.38 2.09 44.32 68.77 0.45 169.20 453.03 2.70 1.16 7.89 0.14

Outer Louise basin 3.36 1.12 55.35 63.10 0.24 53.57 372.16 2.16 1.21 1.25 0.08

Estuary, upstream 4.14 6.60 55.16 125.80 0.46 123.15 1286.91 5.60 6.33 7.50 0.45

Estuary, central 3.87 5.21 33.48 127.15 0.21 51.97 1382.85 10.01 3.53 2.03 0.22

Estuary, downstream 5.50 7.35 64.97 125.91 0.29 71.89 1715.50 3.94 2.17 1.02 0.17

Montreal port 

Bickerdike 7.54 5.77 91.14 191.79 2.61 225.71 1137.41 5.74 6.22 4.13 0.21

Marine terminal 9.68 8.07 112.62 234.65 1.42 287.03 967.54 7.40 9.60 10.96 0.63

Pier 1 13.70 5.46 113.84 247.26 1.52 345.26 1043.16 7.07 10.48 11.33 0.56

Jacques-Cartier basin 14.63 4.41 89.07 160.07 0.85 227.14 824.29 4.45 6.06 3.21 0.30

Clock basin 13.79 2.30 59.29 105.21 0.64 215.79 389.29 3.79 3.22 56.02 0.37

Elevator 4 13.88 4.71 72.67 682.78 0.65 222.78 798.00 2.85 4.03 6.53 0.21

Vickers basin 22.45 11.34 95.69 975.31 1.16 568.38 1990.77 3.67 6.22 14.57 0.49

Note: Values in bold are mean concentrations that exceed TET criteria and that were used to calculate exceedance indexes.
Analytical results from 1990, 1991 and 1992.

Source: Environmental Protection Branch, 1993.

TABLE 1.35
Mean concentrations of parameters measured in port areas
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River) and exceed quality criteria much less frequently. Enrichment factors for
some trace metals are also now relatively low, approaching one. Zinc and cad-
mium concentrations, for which AEFs are highest, are a more serious problem.
Overall, sediment contamination seems relatively slight. Concentration spatial
distribution patterns do, however, show the influence of local sources in the
province of Quebec. For example, the Cornwall and Massena areas are associ-
ated with mercury and PCB inputs, respectively, whereas the Beauharnois
region can be associated with mercury and arsenic inputs. Differences in ·PCB
concentrations suggest input, from the Lake Saint-François and Lake Saint-
Louis regions. Upstream, the influence of local sources seems to have remained 

Quality index Exceedance index
Area (multiplicity) (intensity)

Trois-Rivières port

Kruger 0.99 1.00

Elevator approach 1.83 1.00

Sainte-Angèle excavation 0.98 1.00

CIP 1.40 1.00

Saint-Quentin Island marina 1.25 1.00

Wayagamack 1.31 1.00

Cap-de-la-Madeleine 0.53 1.00

Basilica 0.73 1.00

Sainte-Marthe 0.48 1.00

Quebec City port

Inner Louise basin 4.88 7.18

Outer Louise basin 2.60 1.00

Estuary, upstream 9.27 11.70

Estuary, central 6.88 12.77

Estuary, downstream 7.68 19.48

Montreal port

Bickerdike 12.51 19.23

Marine terminal 14.39 15.11

Pier 1 13.83 14.36

Jacques-Cartier basin 8.75 10.30

Clock basin 11.13 21.36

Elevator 4 9.73 16.40

Vickers basin 19.52 23.29

Note: Values were calculated based on analytical results from 1990, 1991 and 1992.

Source: Based on data from Environmental Protection Branch, 1993.

TABLE 1.36
Quality and exceedance indexes for sediments in the port areas 

of Trois-Rivières, Quebec City and Montreal
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relatively stable for the last 20 to 30 years, whereas downstream (Contrecoeur
and the Sorel delta), sediment contamination by trace metals has been increasing
since the 1960s. A fraction of the input can be attributed to Montreal Island
urban effluents. 

Contrary to what some authors have reported in the past, sediment in the
fluvial lakes is not necessarily homogeneous, and permanent accumulation has
been noted at some sites. Sediment could, accordingly, become a source of con-
tamination of the surrounding environment through sediment resuspension and
the activity of benthic organisms. Though exceedances of quality criteria are
slight, the effects of the contaminants on living organisms are not well under-
stood. For example, contaminant concentrations suggest the estuary is only
slightly contaminated, yet there is a serious problem with contamination of
Beluga whales (see Part 2: Biological Aspects).

As for port areas, both the Montreal and the Quebec City ports are con-
taminated – by zinc, lead, copper and cadmium, in particular. However, since
both ports are sediment sinks, only a very small portion of contaminants that
settle there ever recirculate in the River.

FIGURE 1.54
Contamination classes
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An ecotoxicological assessment of sediment quality must make a deter-
mination of contaminant toxic potential and of the effects on living organisms,
especially benthos. Future studies should include an in situ ecotoxicological and
biological component to support the chemical values. In reality, the presence of
contaminants in sediment is not necessarily detrimental to biota. Certain intrin-
sic properties – including metal speciation, antagonistic or synergistic effects of
inorganics on one another, and biodegradation or transformation of organics in
particular – may have detrimental effects. To assess the impact of the presence of
contaminants in sediment, information on bioavailability is essential.

Determination of background levels in sediment of the St. Lawrence is
helpful for establishing a baseline. Natural backgrounds are not known for all
elements, however, and ways must therefore be found to determine them.
Regression equations based on particle-size distribution must be checked. In
addition, the impact of the chemical variability of the mineral layer from one
tributary to the next must be determined, as must the geology of the different
watersheds. With this in mind, natural backgrounds in sediment of the
St. Lawrence should be determined in conjunction with geochemical analysis of
the water and suspended sediment in the lakes and r ivers of both the
St. Lawrence Valley and maritime region. This information can also be used to
quantify anthropogenic inputs for characterization studies of the tributaries.

Detection limits of analytical methods used in the past to determine con-
centrations of organochlorine pesticides and other organics in sediment were
too high, and hence the study results do not provide much information. The
analytic methods must be revised and adapted, and the need to analyse a num-
ber of traditional substances and some of their congeners reconsidered – since
use of many of these substances is now banned or restricted. Efforts might also
focus on substances that have not been analysed, as well as on metabolites and
products of the degradation of organics, which are often more toxic than the
parent compound.

Determinations of trace-metal concentrations in sediment should cover
extractable phases since these fractions provide more information about the
anthropogenic fraction than do total fractions. Characterization studies should
also be designed for determination of the different phases of trace metals (speci-
ation), so that bioavailability of heavy metals can be determined. Analytical
methods of standardizing contaminant concentrations as a function of size com-
position and organic matter content of sediment should be further developed. In
addition, coating effect should be considered when determining trace-metal
content of the sand fraction of sediment.

Investigation of contamination trends and sediment dynamics shows
today’s sediment contamination relative to the past. The investigation should
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be completed to obtain information on mercury and other trace metals as well
as on organic contamination of accumulation areas in the Fluvial Section. This
work may make it possible to get a general picture of sediment contamination
over time in a given sector of the River. 



The manufacture and use of the more toxic chemicals such as PCBs, DDT,
dieldrin have been banned or strictly controlled in Canada for the last fifteen
years. However, elimination or depletion of a source of contamination does not
necessarily mean that the banned substance or substances disappear immediate-
ly from the environment. As a rule, toxic chemicals are persistent and remain in
nature long after they have disappeared from the market.

Liquid waste is detrimental to the flora and fauna of terrestrial and
marine ecosystems, and it is also hazardous to human health. An estimated
265 000 t of liquid waste containing oil, grease, sludge, solvents, acids, PCBs,
heavy metals, cyanide and other toxic substances is released annually into the
St. Lawrence and its tributaries (SLC 1990). Of the 12 000 Quebec plants that
discharged toxic matter in 1990, 2300 had a potential impact on water quality in
the River and its tributaries. Most of the waste considered dangerous (75%)
came from the Montreal area. 

Contaminants are transported from their discharge points in a variety of ways.
Substances discharged to the atmosphere from factory smokestacks can travel
very long distances before settling in an aquatic or terrestrial environment. Pham
et al. (1993a), for example, in a study of relative contributions of PAH sources to
contamination of the St. Lawrence, estimated in October 1990 that 52% of
PAH input was direct atmospheric input, 8% came from the Great Lakes, 17%
from Quebec tributaries and 23% from other sources. Contaminants in water
can travel in dissolved form or adsorbed to suspended matter and can contami-
nate sediment in deposition areas in the River. Most organic contaminants are
not especially water-soluble and are thus found mainly in sediment and adsorbed
to suspended matter. Dissolved organics can be transported to the atmosphere
when the water layer in contact with the air is agitated or warm (Barbeau
1989a). 

1.6

Toxic Inputs

1.6.1
ORGANICS
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Strategically located in the heart of the North American continent, the
Great Lakes have made a tremendous contribution to the explosive growth in
northeastern North America since the turn of the century. These immense
lakes contain 22 700 km3 of fresh water – that is, more than 25% of the fresh
water on the surface of the planet. The waters of the Great Lakes serve as a
water supply and are used for recreational activities (swimming and water
sports), shipping, and the discharge of municipal and industrial wastewater.
Today, the Great Lakes drainage basin harbours more than 13 000 industrial
and manufacturing plants and a population of more than 36 million, including
8 million Canadians. Less than 1% of the volume of water in the Great Lakes
flows annually in the St. Lawrence River.

It is estimated that more than 30 000 chemicals, 800 of them considered
dangerous, were used in 1990 in the highly industrialized and urbanized Great
Lakes basin. Moreover, 362 of these substances have been detected at least once
in the waters of the Great Lakes (Government of Canada 1991). In 1985, the
International Joint Commission (IJC) classified 11 of the most widespread con-
taminants as critical pollutants for the Great Lakes. Of these, eight are
organochlorines – PCBs, DDT and its metabolites, dieldrin, toxaphene, dioxins,
furans, mirex and hexachlorobenzene. One of the three other substances is a
PAH, benzo(a)pyrene; the other two, mercury and lead alkyl, are heavy metals.

Toxic organics are highly persistent liposoluble (fat-soluble) substances
dangerous to living organisms. They tend to accumulate in tissue, and concen-
trations increase up the food chain (biomagnification). Toxic organics are also
found in sediment, where they form deposits that can be resuspended when
the sediment is disturbed. 

Barbeau (1989a, 1989b) investigated transport of contaminants in water
and in suspended solids between the Great Lakes and Île d’Orléans (Figure 1.55).
This study found that most contaminants enter the St. Lawrence River at
Kingston in dissolved form, since mean suspended solids concentration at Wolfe
Island (20 km downstream of Kingston) is only 1.1 mg/L, with no substantial
inter- or intra-annual variation. Analyses of organics in whole water (particulate
phase plus dissolved phase) show winter levels are often higher than summer
levels. This is particularly true of PCB concentrations, which are six times high-
er in winter. According to Barbeau (1989), this is because transport to the
atmosphere is greater in summer, when the water is stratified and surface water
temperatures are higher; in winter, the cold ice-covered waters inhibit transport
to the atmosphere and promote concentration of organics on particles instead.

Barbeau (1989a, 1989b) demonstrates a downward trend in PCB, a-
BHC and g-BHC concentrations between 1983 and 1987. Concentrations of
the other organic contaminants were less than 10-6 mg/L in 1986 and 1987.
Contaminants in the dissolved phase were not analysed at Wolfe Island, but



FIGURE 1.55
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given the low concentrations on suspended matter, Barbeau concluded that
total phase values could be considered dissolved phase values. As for the partic-
ulate phase, the same remarks apply as for the total phase: concentrations were
higher in winter and there has been a downward trend since 1982. Only PCBs,
p,p-DDE, dieldrin and hexachlorobenzene were present in measurable concen-
trations in winter.

According to Kaiser et al. (1990), Lake Ontario contributes significantly
to total DDT, total BHC and dieldrin input. Particulate-phase concentrations
for these groups were 30 to 50 ng/g, but dropped to about 5 to 10 ng/g further
downstream, which is consistent with dilution caused by an increase in sus-
pended solids.

In a study of PCBs in the St. Lawrence River, Quémerais et al. (1994c)
demonstrate variation in PCB loads in 1991; these loads increased from
Cornwall to Quebec City as sediment load increased. A noted drop in PCB
loads in Lake Saint-Pierre in May 1991 was attributed to a decrease in the sus-
pended solids load. Kaiser et al. (1990) also noted an increase in PCB loads
between Cornwall and Quebec City in samples collected between 1985 and
1987; these authors attribute the increase to sources along the St. Lawrence. 

Quémerais et al. (1994c) estimate mean total-PCB concentration in the
St. Lawrence and its tributaries at 1.33 ng/L, which is equivalent to the mean
concentration in the Great Lakes since 1986 (L’Italien and Hedley 1992), but
lower than mean concentrations reported in the past for the St. Lawrence
(Kaiser et al. 1990; Germain and Langlois 1988).

Between Cornwall and Salaberry-de-Valleyfield, the St. Lawrence River is sub-
ject to local contaminant sources and contains areas favourable for sedimentation
of suspended solids. Concentrations of contaminants adsorbed to suspended
matter are low and values are very imprecise. At the time of Barbeau’s (1989a,
1989b) study, PCB content of some contaminated sediment was 10 µg/g, but it
was not possible to determine if maximum PCB concentrations were really
measured because too few samples were collected from this river stretch. For
most other contaminants, the whole water phase seems very similar to that at
Wolfe Island.

Agricultural activities are also a potential source of contamination.
Lemieux et al. (1992) demonstrate that diazinon, an organophosphorus insecti-
cide, and atrazine, a triazine used as a herbicide, increase between Cornwall
and Quebec City. In addition, loads of organochlorine pesticides such as chlor-
dane, total BHC and total DDT generally increase between Cornwall and
Quebec City (Quémerais et al. 1994a; Pham et al. 1993b), especially in the
spring.

Input from the Cornwall –
Valleyfield reach
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The highest concentration of industrial plants and mills (oil refineries, chemical
plants, metallurgical plants, pulp and paper mills, surface treatment plants, etc.)
anywhere on the St. Lawrence is found along this stretch of the River, includ-
ing 34 of the 50 plants targeted by the St. Lawrence Action Plan in 1988. In
addition, this stretch receives substantial inputs from the Ottawa River along
with the Richelieu, Saint-François, Yamaska, Nicolet and L’Assomption rivers.
Mean annual river discharge increases from 7300 to 10 500 m3/s (close to 45%)
in this river stretch because of these contributions. There is no significant mix-
ing in this reach; the different water masses retain their own characteristics
throughout.

The intense urbanization and industrialization of the Montreal Island and
Sorel areas, as well as the extensive agricultural activity along the St. Lawrence
and its tributaries, are likely sources of local increases in various contaminants
and of the appreciable increase in suspended solids in the downstream part of
this river reach. Analyses to date, however, show no massive discharges of con-
taminants different from those noted upstream of Valleyfield, which simply
underlines the gaps in our knowledge and the limitations of studies thus far.

Germain and Langlois (1988) demonstrate that PCBs, a-BHC and 
g-BHC are the main organochlorine contaminants in whole water in the
Valleyfield–Trois-Rivières stretch. Concentrations of these contaminants gener-
ally decrease upstream to downstream, and input is significant in the Montreal
area. Local sources of PCBs cause temporal variations in PCB concentrations.
Concentrations of a-BHC and g-BHC are comparable to those noted
upstream, if tributary-associated dilution is taken into account. Sampling of the
dissolved phase between Montreal and Trois-Rivières shows PCB concentra-
tions of about 1.5 ng/L, and PAH and phthalate concentrations exceeding
1 ng/L. In the particulate phase, sediment at the bottom of Lake Saint-Pierre
showed mean PCB and PAH concentrations similar to those measured in sus-
pended matter (Germain and Langlois 1988; Langlois and Sloterdijk 1989).

Quémerais et al. (1994c) and Pham et al. (1993a, 1993b) report whole
water values for a variety of organic contaminants. Quémerais et al. (1994c)
measured total PCB concentrations ranging from 1.6 to 1.9 ng/L in whole
water in this stretch of the River. Pham et al. (1993a) measured PAH concen-
trations (16 compounds) ranging from 15 to 30 ng/L, depending on the season.
Pham et al. (1993b) report total DDT values of 0.5 to 2.5 ng/L for this reach,
depending on the season. 

Effluents from a number of industrial plants along the Valleyfield – 
Trois-Rivières reach and targeted by the St. Lawrence Action Plan were recent-
ly analysed for toxic content (Envirolab 1989; Coderre and Lamoureux 1990;
Coderre et al. 1989; Fernandez and Dumouchel 1990). Sediment in the Trois-
Rivières port, as well as contaminant sources that might affect it (sewers, waste

Input from the Valleyfield –
Trois-Rivières reach
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snow, industrial discharges, port activities, dumping of dredged material, etc.),
were also characterized (Gilbert and Baribeau 1990). These studies showed that
different effluents can be sources of oil and grease, PCBs, PAHs, total halogens,
resin acids and heavy metals (subsection 1.5.2.3).

There are few contaminant-characterization studies of the waters of the River
between Trois-Rivières and Île d’Orléans or of discharges of industrial effluents
(Germain and Langlois 1988), with the exception of the Trois-Rivières port.
However, four targeted plants are located along this river reach and are potential
sources of contamination of the aquatic environment: Domtar Inc., Daishowa
Inc., Abitibi-Price Inc. (Beaupré mill) and Ultramar Canada Inc. Pulp and paper
mills dominate the region.

According to Barbeau (1989a), this river stretch cannot be properly char-
acterized for lack of data. Barbeau does note, however, that for more than 70%
of the year, suspended solids content is about 10 mg/L – ten times the sus-
pended solids content at Wolfe Island at the head of the St. Lawrence. The
increased mean annual volume of water flowing through the River (12 000 m3/s
at Quebec City), and the increase in suspended solids that are only slightly con-
taminated inevitably causes a drop in whole-water contaminant levels and a 
relative concentration of contaminants in the particulate phase.

Sediment quality in the Quebec City port was characterized in a recent
study (Procéan Inc. 1990); these results are discussed in subsection 1.5.2.3.

The River spreads out as it travels downstream in the Upper and the Lower
estuaries, and at the same time, the population grows sparser. Downstream of
Montmagny, there are only a few towns with more than 10 000 inhabitants
(Rivière-du-Loup, Rimouski, Matane, Sept-Îles and Baie-Comeau), though
there are also several large towns along the Saguenay (Alma, Chicoutimi and La
Baie). No less than 8 of the 50 targeted industrial plants are located around the
latter three towns. Four other targeted plants are located along this stretch of the
St. Lawrence, three paper mills – Donohue Inc. (in Clermont), F.F. Soucy Inc.
(in Rivière-du-Loup), QUNO Corporation. (in Baie-Comeau) – and
Reynolds Aluminum Company of Canada Inc. (in Baie-Comeau). According
to Malo (1978), these four plants account for more than 30% of the toxic input
to the Upper and Lower estuaries. 

Except in the Chicoutimi area, municipal and industrial discharges to
the Upper and Lower estuaries only cause local contamination and have much
less impact on the marine environment as a whole than do discharges to the
Montreal, Sorel, Trois-Rivières and Quebec City areas (Gear ing and
Pocklington 1990). Soucy et al. (1975) concluded that the areas affected by
contaminants in the Upper Estuary are mainly those where sediment accumulates
– along the Cap Tourmente flats, downstream of the North Channel of Île

Input from the Trois-
Rivières – Île d’Orléans

reach

Input downstream
of Île d’Orléans
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d’Orléans and around the islands in the Montmagny region. High concentra-
tions of PCBs, DDT and detergents have been recorded in these areas, which
are also particularly productive zones used as feeding and staging grounds for
many species of migratory birds.

Observations in the Saguenay basin show that the many contaminant
sources in this area have mainly resulted in sediment contamination by PAHs.
Heavy metals, mercury in particular, are also found in a range of concentrations
(Schafer et al. 1990).

Relative contributions of the sources of organic contaminants can vary markedly
depending on the physico-chemical properties of the contaminant (solubility
and volatility), as well as the intensity and type of human activity responsible for
contaminant release (agricultural, industrial, urban, etc.) Recent studies
(Lemieux et al. 1994, 1993; Pham et al. 1993a, 1993b; Proulx et al. 1993;
Quémerais et al. 1994a, 1994c, 1994d) have improved our knowledge of the
sources of certain organic contaminants in the St. Lawrence. Table 1.37 sum-
marizes the main findings.

The values listed in Table 1.37 come from measurements taken in spring,
summer and fall between 1990 and 1992. Means were weighted as a function of
seasonal flow (Proulx et al. 1993) during the open-water period. The compilation
by Barbeau (1989a) suggests, however, that concentrations of certain organic
contaminants can be appreciably higher in winter. Loads shown in Table 1.37
are thus estimates based on measurements from three seasons, excluding winter.

These results show a significant contribution from the Great Lakes and
the international stretch of the River in almost all cases. Mean contribution of
the Great Lakes for all organics is about 40%, close to that reported for trace
metals. This is slightly more than the contribution of tributaries in the province
of Quebec. This may be because the Great Lakes area is so highly industrialized,
and the population there is large and heavily concentrated around the lakes.
The Great Lakes contribute less sediment than do Quebec tributaries, but the
particles from the Great Lakes and the international stretch of the River are
generally more contaminated.

Pesticide input (DDT, BHC and diazinon) from the tributaries is gener-
ally high because farmland covers much of the tributary watersheds. 

Industrial organic input (from targeted plants whose effluents discharge
directly to the St. Lawrence River) is low, except for PCBs (22%). This is
because most of the organics covered by the study are pesticides and are there-
fore unlikely to be discharged by industrial plants. PAHs are a special case. The
mass balance shown in Table 1.37 was calculated for the Cornwall-Quebec City
reach. The aluminum smelters likely to discharge PAHs in their effluents, how-
ever, are mainly located downstream of Quebec City, and hence their discharges
were not included in the industrial contribution shown in Table 1.37.

1.6.1.1
Relative contributions

of sources
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The significant contribution of unmeasured sources (other sources) to
organic contamination of the River bears mention. The mean contribution of
this group – which includes resuspension of possibly contaminated sediment,
municipal effluents that discharge directly to the River, and direct atmospheric
input to the River – was around 30%. Atmospheric input is attributed to the
volatility of organic contaminants in the environment, direct atmospheric input
at the river surface and the generally substantial biological recycling of organic
contaminants.

The input from unmeasured sources was particularly high for certain
contaminants, including PAHs – for which atmospheric inputs are estimated to
be high (Pham et al. 1993a, 1993b) – as well as pentachlorophenols and tetra-
chlorophenols, which come from a variety of sources associated with wood
preservation (Quémerais 1994c). 

Loads (kg/a)*

Great Lakes and Targeted industrial
international plants discharging Exported to

stretch Tributaries directly to the River Other the estuary
(measured (measured at (measured sources (measured at 

Contaminant at Cornwall) the mouth) at the effluent) (deduced) Quebec City)

PAH 2298 (27%) 1943 (22%) 268 (3%) 4167 (48%) 8677 (100%)

Atrazine 1544 (58%) 256 (10%) 0 (0%) 854 (32%) 2654 (100%)

Diazinon 704 (39%) 558 (31%) 0 (0%) 537 (30%) 1799 (100%)

Pentachlorophenol 75 (26%) 79 (27%) 2 (1%) 135 (46%) 291 (100%)

DDT 162 (57%) 120 (42%) 0 (0%) 2 (1%) 284 (100%)

Chlordane 69 (71%) 25 (26%) 0 (0%) 3 (3%) 97 (100%)

PCB 29 (34%) 12 (14%) 19 (22%) 26 (30%) 85 (100%)

2,3,4,6 – tetrachlorophenol 18 (25%) 22 (31%) 0 (0%) 31 (44%) 72 (100%)

BHC 10 (54%) 8 (45%) 0 (0%) 0 (1%) 18 (100%)

Hexachlorobenzene 1 (9%) 1 (9%) – 9 (82%) 11 (100%)

Mean contribution** 40% 26% 3% 31% 100%

* Loads were determined from an estimate based on data for three seasons and weighted for seasonal flow.
** Arithmetic mean of the relative amount of each substance for a given source that does not consider toxicity of contaminants.

Note:
– Relative contribution (in brackets) is the percentage of the total load measured at Quebec City.
– Tributary contribution indicates the load from all tributaries studied between Cornwall and Quebec City (about fifty). Input was measured at the mouth and includes

input from industrial, municipal, agricultural and other sources from the entire watershed of each tributary. Other sources can include atmospheric input, municipal
effluents discharged directly to the River, biological recycling and resuspension of potentially contaminated sediment. DDT here is the sum of the congeners (o,p-DDT,
p,p-DDT) and their metabolites (DDD and DDE). PAH is the sum of 16 congeners, and PCB is the sum of 13 congeners. 

– There are 24 targeted industrial plants that discharge effluent directly to the River.

Sources: Based on data from Lemieux et al., 1994, 1993b; Pham et al., 1993a, 1993b; Proulx et al., 1993; Quémerais et al., 1994a, 1994c, 1994d.

TABLE 1.37
Absolute and relative contributions of sources of organic contamination

of the St. Lawrence River between Cornwall and Quebec City in 1991
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Assessment of the relative contributions of organic contamination of the
environment (Table 1.37) shows that a variety of sources are responsible. It is
difficult to identify a single major source of contamination of the St. Lawrence.
In reality, input is dispersed and comes from the many different sources identi-
fied here.

The Chimiotox Index was developed to assess reductions in toxic substances in
effluent from the 50 industrial plants targeted by the St. Lawrence Action Plan.
It is a theoretical indicator calculated from concentrations of toxic substances in
effluent, the toxicity of each substance and effluent flow rate. The Chimiotox
index was also applied to Quebec tributaries, so toxic inputs to the St. Lawrence
River from tributaries in Quebec could be determined and the most contami-
nated tributaries targeted. Toxic organic loads were calculated for each tributary
and each contaminant. The following contaminants were investigated: 16 PAH
congeners, PCBs, certain organochlorine pesticides (total chlordane, total BHC,
DDT and its metabolites), hexachlorobenzene, certain chlorophenols (pen-
tachlorophenol and 2,3,4,6-tetrachlorophenol), atrazine and diazinon.
Calculated toxic loads were then added up to obtain a Chimiotox index for
each tributary. Since contaminants investigated in the tributaries were different
from those investigated in industrial effluent, the tributary Chimiotox indexes
are not comparable with the industrial indexes. 

Fifty-one tributaries were sampled in the summer and then in the fall of
1991. The tributaries were sampled twice so that seasonal hydrological varia-
tions could be taken into account. A Chimiotox index was calculated for each
tributary and for each season (summer and fall). An estimated annual index was
determined based on the duration of each season: spring was accorded one
month, summer five, fall three and winter three. The annual Chimiotox index
is calculated as follows:

Chim.annual = 1/12 Chim.spring + 5/12 Chim.summer
+ 3/12 Chim.fall + 3/12 Chim.winter

However, since no samples were taken in spring or winter, the equation
was simplified for eight months:

Chimiotoxannual = 5/8 Chimiotoxsummer + 3/8 Chimiotoxfall

Table 1.38 shows calculated annual organic Chimiotox indexes as well as
mean annual discharges of the 51 tributaries.

Two tributaries stand out clearly from the rest: the Saint-Maurice and
Ottawa rivers. These are also the tributaries with the largest mean annual dis-
charges. The most contaminated rivers are the Saint-Maurice, Ottawa,
Richelieu, Saint-François, Chaudière, Batiscan and Yamaska rivers. Toxic loads
in these rivers exceed 100 000 toxic units. The main substances responsible for
the high Chimiotox indexes are PCBs and DDT and its metabolites, which

1.6.1.2
Tributary contribution 
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alone account for about 92% of the Chimiotox index (Table 1.39). The high
Chimiotox index of the Chaudière River is due to a very high toxic load of
DDT and its metabolites – 85% of the total toxic organic load.

Water and sediment are contaminated not only by organics but also by inor-
ganics found in industrial waste, such as silver, arsenic, cadmium, copper,
chromium, iron, manganese, mercury, nickel, lead and zinc. Some of these
metals (iron, for example), are naturally abundant in aquatic environments,
whereas others (such as lead), come mainly from industrial activity and are
found in high concentrations around discharge sites. Like organics, heavy metals
can contaminate the dissolved as well as the particulate phase of water, become

Mean Mean
discharge discharge

Tributary Organic CI (m3/s) Tributary Organic CI (m3/s)

Saint-Maurice 2 820 989 464.79 Gentilly 12 294 2.53

Ottawa 2 311 225 1 152.25 Bayonne 10 587 3.64

Richelieu 623 317 208.05 Châteauguay 10 443 6.74

Saint-François 238 672 61.49 Chicot (Berthierville) 9 269 2.08

Chaudière 126 482 21.04 Delisle 6 501 0.58

Batiscan 126 464 80.18 Mascouche 3 967 3.16

Yamaska 126 015 22.55 Petite riv. Yamachiche 3 763 0.57

Nicolet 91 782 9.82 Yamachiche 3 306 1.72

Bécancour 84 193 21.99 Raquette 3 237 0.09

Rouge 72 177 0.04 du Bois Blanc 2 816 0.34

Malbaie 72 168 26.19 du Chêne (Saint-Eustache) 2 559 0.83

du Nord 70 290 14.00 à Bélisle 2 525 1.52

Montmorency 70 097 17.70 Quinchien 2 263 0.03

Jacques-Cartier 63 862 38.16 la Chaloupe 1 901 1.42

Etchemin 56 682 6.13 Saint-Jacques 1 800 0.36

L’Assomption 52 698 27.55 aux Chiens (Rosemère) 1 431 0.40

Sainte-Anne 47 869 35.12 de la Tortue 996 0.46

du Loup (Riv.-du-Loup) 43 366 9.54 Saint-Louis 794 0.40

Portneuf 36 326 12.76 Saint-Charles (Varennes) 772 0.23

Saint-Régis (Cornwall) 31 388 19.95 à la Scie 677 0.25

Rigaud 27 572 0.36 Raisin 570 0.34

Saint-Charles(Quebec City) 24 512 2.82 Chicot (Saint-Eustache) 510 0.37

Salmon 19 235 11.76 Saint-Régis (Sainte-Catherine)483 0.28

Champlain 17 715 5.29 du Cap Rouge 422 0.55

Maskinongé 16 519 7.15 Beaudette 311 0.12

du Loup (Louiseville) 13 778 9.69

Sources: Based on discharge data from Couture, 1992; Pilon, 1992; Wegener, 1992; Bastien, 1992; and Chimiotox indexes from Pigeon, 1992; Proulx, 1993.

TABLE 1.38
Organic Chimiotox indexes and mean annual discharges

of 51 St. Lawrence tributaries in 1991

1.6.2
INORGANICS
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Tributary PAHs PCBs DDT HCB BHC Chlordane Atrazine Diazinon PCP TCP Total

Saint-Maurice (total) 880 546 108 2 139 309 161 552 44 358 0 89 618 0 3 2 820 989
Ottawa 36 449 485 1 703 496 0 212 34 719 178 123 085 2 12 2 311 225
Richelieu 7 235 187 101 401 237 310 178 16 143 69 11 043 0 1 623 317
Saint-François 1 858 68 907 147 855 191 58 9 103 398 10 300 0 2 238 672
Chaudière 6 13 060 107 367 10 13 2 413 1 3 612 0 0 126 482
Batiscan 637 37 093 82 285 0 50 3 320 3 3 076 0 0 126 464
Yamaska 1 234 25 101 93 429 48 18 2 590 207 3 388 0 0 126 015
Nicolet 222 13 000 75 207 6 16 1 993 6 1 332 0 0 91 782
Bécancour 143 9 755 72 413 0 0 1 158 3 720 0 1 84 193
Rouge 6 72 046 83 0 42 0 0 0 0 0 72 177
Malbaie 79 15 118 53 469 10 8 883 0 2 601 0 0 72 168
du Nord 0 17 932 48 035 0 12 1 106 1 3 204 0 0 70 290
Montmorency 1 6 203 57 318 0 9 994 0 5 569 1 2 70 097
Jacques-Cartier 14 16 233 41 282 46 22 1 642 1 4 621 0 1 63 862
Etchemin 90 6 570 47 269 7 3 963 0 1 780 0 0 56 682
L’Assomption 421 15 890 32 234 23 21 1 926 5 2 178 0 0 52 698
Sainte-Anne 9 12 628 30 692 24 12 1 004 0 3 500 0 0 47 869
du Loup (Riv.-du-Loup) 5 11 971 29 272 29 4 590 0 1 495 0 0 43 366
Portneuf 14 2 791 30 557 0 7 783 0 2 174 0 0 36 326
Saint-Régis (Cornwall) 0 4 588 24 263 0 4 497 0 2 036 0 0 31 388
Rigaud 22 6 913 17 497 3 3 669 12 2 453 0 0 27 572
Saint-Charles (Quebec City) 0 3 847 18 063 0 3 294 0 2 305 0 0 24 512
Salmon 11 2 529 14 790 0 5 364 3 1 533 0 0 19 235
Champlain 99 4 023 12 867 6 2 346 2 370 0 0 17 715
Maskinongé 22 3 720 12 150 5 5 249 0 368 0 0 16 519
du Loup (Louiseville) 0 4 089 9 187 10 2 289 0 201 0 0 13 778
Gentilly 2 5 608 6 406 0 1 152 0 125 0 0 12 294
Bayonne 0 1 520 8 711 0 3 125 1 227 0 0 10 587
Châteauguay 1 1 898 7 251 13 6 212 0 1 062 0 0 10 443
Chicot (Berthierville) 0 1 329 7 553 4 1 136 0 246 0 0 9 269
Delisle 0 1 158 4 643 12 4 281 2 401 0 0 6 501
Mascouche 0 1 508 2 246 0 10 38 0 165 0 0 3 967
Petite riv. Yamachiche 18 923 2 648 2 1 71 1 99 0 0 3 763
Yamachiche 0 574 2 596 1 0 62 0 73 0 0 3 306
Raquette 0 461 2 527 2 1 69 1 176 0 0 3 237
du Bois Blanc 5 505 2 222 2 0 32 0 50 0 0 2 816
du Chêne 4 426 2 012 0 4 38 0 75 0 0 2 559
(Saint-Eustache)

à Bélisle 3 333 2 062 0 1 46 0 80 0 0 2 525
Quinchien 6 1 185 1 009 0 0 22 0 41 0 0 2 263
la Chaloupe 0 333 1 498 0 1 28 0 41 0 0 1 901
Saint-Jacques 2 351 1 285 0 1 43 1 117 0 0 1 800
aux Chiens (Rosemère) 2 631 752 0 0 15 0 31 0 0 1 431
de la Tortue 3 232 658 0 0 37 1 65 0 0 996
Saint-Louis 90 265 388 0 0 13 0 38 0 0 794
Saint-Charles (Varennes) 4 178 529 0 0 9 0 52 0 0 772
à la Scie 3 164 456 0 0 12 0 42 0 0 677
Raisin 0 159 362 0 0 15 0 34 0 0 570
Chicot (Saint-Eustache) 3 136 357 0 0 7 0 7 0 0 510
Saint-Régis 0 151 304 0 0 5 0 23 0 0 483
(Sainte-Catherine)

du Cap Rouge 3 71 310 0 0 9 0 29 0 0 422
Beaudette 0 40 249 0 0 8 0 14 0 0 311

Sources: Based on data from Pigeon, 1992; Proulx, 1993.

TABLE 1.39
Calculated Chimiotox indexes for organics found in 51 St. Lawrence tributaries in 1991
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trapped in sediment accumulation zones and pose a risk to aquatic life and
human health.

In a study on transport of contaminants between the Great Lakes and Île
d’Orléans, Barbeau (1989a) reports on concentrations of heavy metals (chromium,
copper, nickel, manganese and zinc) measured at Wolfe Island by Environment
Canada. Though measurements taken prior to 1985 exist, it seems that not all
the data can be used because contamination of the ambient air in the analysis
laboratories caused analytical variability. Barbeau (1989a) states that existing data
on trace metals can, at best, serve as baseline data for the future.

In a study conducted in June 1987, Lum et al. (1991) measured concen-
trations of different metals in the dissolved phase at the Lake Ontario outlet.
Mean dissolved concentrations of cadmium, lead, zinc, copper and nickel north
and south of Wolfe Island, right at the outlet of the lake, were 23 and 41 ng/L,
29 and 35 ng/L, 0.451 and 0.491 µg/L, 0.34 and 0.15 µg/L and 0.95 and
1.12 µg/L, respectively. 

The stretch of river between Cornwall and Salaberry-de-Valleyfield resembles
the Niagara River and its basin; the waters continue to transport toxic sub-
stances from Lake Ontario without any major decline in concentrations due to
sedimentation or adsorption. According to Rondeau (1993), between 1986 and
1990 iron, chromium, aluminum and copper exceeded aquatic life criteria
(chronic toxicity) issued by the Ministère de l’Environnement du Québec
(1990). Exceedance frequency for all the metals was never more than 27%. In
the St. Regis River, on the other hand, the Ministère de l’Environnement du
Québec criteria were exceeded in the case of aluminum (100%) and iron (89%).
These two metals do not, however, seem to pose a problem because they are
particle-bound and hence not very bioavailable. 

In their study of June 1987, Lum et al. (1991) report that mean concen-
trations of cadmium, lead, zinc, nickel and copper were 18 ng/L, 20 ng/L,
0.437 µg/L, 0.81 µg/L and 0.89 µg/L, respectively, in this stretch of the River
in the dissolved phase; and 1.61, 83, 231, 77 and 117 mg/kg, respectively, in the
particulate phase.

Quémerais et al. (1994b) obtained the dissolved – and particulate – phase
concentrations (weight/volume) listed in Table 1.40 from seasonal sampling
between 1990 and 1992. Deviations are due to the sampling, which was per-
formed at a number of locations and during different seasons (excluding winter).

Interestingly, the two studies yielded similar values (except for dissolved
lead), despite the differences in sampling techniques, laboratories and analytic
methods. 

The Valleyfield – Trois-Rivières reach includes zones B and E near the north
shore and zones D and C near the south shore, according to distinctions

Input from the Great lakes

Input from the Cornwall-
Valleyfield reach 

Input from the Valleyfield –
Trois-Rivières reach
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established by Désilets and Langlois (1989). Rondeau (1993) reports 40%, 100%
and 54% exceedance of aquatic life quality criteria for iron, aluminum and lead,
respectively, between 1986 and 1990 in zone B, which is affected by the Ottawa
River. In zone C, fed mainly by the green waters of the Great Lakes, mean
concentrations of iron, aluminum and manganese were higher than in the
Cornwall-Valleyfield reach immediately upstream. Zone D, also fed by the
green waters of the Great Lakes, is affected by industrial waste from the south
shore of the River, particularly in the Sorel area. Concentrations of iron
(0.8 µg/L), nickel (3 µg/L) and lead (2.4 µg/L) are high (Rondeau 1993) in the
green waters of this area. Lamarche (1992) estimated that 60% of this input is of
industrial origin, 90% in the case of the lead. Industrial sources are responsible
for the high concentrations in the waters of Lake Saint-Pierre, where frequen-
cy of exceedance of aquatic life quality criteria is high. 

Lum et al. (1991) report that mean concentrations of cadmium, lead,
zinc, nickel and copper at the inlet and outlet of Lake Saint-Pierre in June 1987
were 11 and 12 ng/L, 13 and 11 ng/L, 0.939 and 0.494 µg/L, 0.58 and
0.67 µg/L, and 0.83 and 0.54 µg/L, respectively, in the dissolved phase; and
2.05 and 1.14, 78 and 32, 437 and 228, 121 and 55, and 61 and 51 mg/kg in
the particulate phase.

Quémerais et al. (1994b) report the following mean dissolved-phase and
whole-water concentrations, respectively, at Quebec City: cadmium, 0.012 and
0.032 µg/L; chromium, 0.042 and 1.71 µg/L; copper, 0.21 and 1.14 µg/L;
nickel, 0.67 and 1.47 µg/L; and lead, 0.034 and 0.58 µg/L. These concentra-
tions were found in samples collected between 1990 and 1992 in all seasons
except winter. The dissolved-phase values obtained for cadmium, nickel and
copper are a close match with those obtained by Lum et al. (1991), whereas
those obtained for lead differ. Lead, however, is a difficult element to measure,
especially in the dissolved phase.

Metal Dissolved phase (µg/L) Particulate phase (µg/L)

Cadmium < 0.001 - 0.01 0.01 - 0.02

Cobalt 0.03 - 0.12 < 0.05 - 0.21

Chromium 0.02 - 0.07 0.18 - 2.40

Copper 0.03 - 0.49 0.14 - 0.38

Nickel 0.34 - 1.23 0.05 - 1.63

Lead < 0.04 - 0.06 0.11 - 0.51

Zinc 0.02 - 2.17 0.73 - 1.54

Source: Quémerais et al., 1994b.

TABLE 1.40
Metal concentrations in the dissolved and particulate phases

in the Cornwall–Valleyfield reach between 1990 and 1992
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A few studies have looked at heavy-metal contamination of the river reach
between Trois-Rivières and Île d’Orléans (Cossa 1990; Procéan 1990; Rondeau
1993). These studies show that concentrations of the metals generally found
throughout the St. Lawrence (arsenic, cadmium, chromium, copper, iron, man-
ganese, mercury, nickel, lead and zinc) are fairly high in this reach. Data col-
lected from both sides of Île d’Orléans between 1986 and 1990 show high rates
of exceedance of aquatic life criteria (chronic toxicity) for iron (85%), aluminum
(100%), chromium (40%) and copper (30%) (Rondeau 1993).

A detailed study of cadmium showed that upstream of Quebec City, the
mean concentration of this metal was 0.015 µg/L. In 1985, mean concentration
of cadmium in suspended solids was 1.9 µg/g. A 1982-1985 study of seasonal
variations at Quebec City showed concentrations were highest during the
spring flood (Cossa 1990). In the dissolved phase, concentrations rose to about
0.015 µg/L. All of the metals discussed in the preceding paragraph were found
in the contaminated areas of the Quebec City port.

Lum et al. (1991) report that mean concentrations of cadmium, lead,
zinc, nickel and copper were 7 ng/L, 9 ng/L, 0.434 µg/L, 0.71 µg/L and
0.54 µg/L, respectively, in the dissolved phase at Saint-Nicolas, upstream of
Quebec City, in June 1987; and 1.04, 37, 256, 53 and 52 mg/kg, respectively, in
the particulate phase.

Quémerais et al. (1994b) measured the dissolved and particulate phase
concentrations (weight/volume) listed in Table 1.41 during seasonal sampling
between 1990 and 1992. Deviations derive from the fact that a number of sites
were sampled during different seasons (excluding winter). These values agree
with those obtained by Lum et al. (1991), though the values for cadmium in the
dissolved phase differ slightly.

Several authors have dealt with trace-metal contamination of the Upper and
Lower estuaries of the St. Lawrence (Soucy et al. 1975; Cossa 1990; Schafer
et al. 1990; Yeats 1990; Gobeil 1991). The earliest of these studies concluded in
1975 that there was no major heavy-metal contamination of sediment in the
Laurentian Channel. Sediment was sampled to a depth of 35 cm at three stations
between Tadoussac and Baie-Comeau (Gobeil 1991). The findings of this sam-
pling program are summarized in Table 1.42.

As Table 1.42 shows, no concentrations of the metals selected for sedi-
ment quality assessment (cadmium, copper, mercury, lead and zinc) exceeded
Toxic Effect Threshold (Level 3) criteria. The highest concentrations of copper,
mercury, lead and zinc did, nonetheless, exceed Minimal Effect Threshold
(Level 2) criteria (Table 1.42). In the estuary, mercury concentrations were gen-
erally less than 1.0 x 10-3 µg/L in 1984, whereas cadmium concentrations rang-
ing from 0.011 to 0.025 µg/L (dissolved phase) and 0.2 to 0.5 µg/g (particulate
phase) were measured (Cossa 1990).

Input from the Trois-
Rivières – Île d’Orléans

reach 

Input downstream
of Île d’Orléans
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There are many contaminant sources in the upstream part of the
Saguenay discharging heavy metals. Sediment in this area is shown to be cont-
aminated by mercury, lead and zinc (Cossa 1990; Schafer et al. 1990; Olivier
and Bérubé 1993). Mercury concentrations as high as 14.4 µg/g were mea-
sured in surface sediment of the inner basin of the Saguenay in 1962 (Olivier
and Bérubé 1993). In 1983, seven years after a chloralkali plant had shut down,
mercury levels in surface sediment ranged from 0.2 to 0.8 µg/g (Cossa 1990). In
the water column above this sediment, mercury concentrations measured in
1983 ranged from 2.2 to 2.9 x 10-3 µg/L (Cossa 1990). As for cadmium, con-
centrations in the waters of the fjord (whole phase) ranged from < 0.022 to
0.028 µg/L (Cossa 1990).

Metal Dissolved phase (µg/L) Particulate phase (µg/L)

Cadmium 0.01 - 0.02 0.01 - 0.04

Cobalt 0.01 - 0.15 0.10 - 0.81

Chromium < 0.01 - 0.13 < 0.05 - 3.02

Copper < 0.008 - 0.49 0.44 - 1.36

Nickel < 0.01 - 1.15 < 0.05 - 2.19

Lead < 0.04 - 0.17 0.22 - 0.79

Zinc < 0.5 - 2.76 1.12 - 4.56

Source: Based on data from Quémerais et al., 1994b.

TABLE 1.41
Metal concentrations in the dissolved and particulate phases 

in the Trois-Rivières–Île d’Orléans reach between 1990 and 1992

Metal Concentration (µg/g)

Aluminum 73 400 to 95 000

Cadmium 0.09 to 0.23

Copper 15 to 30

Iron 43 700 to 58 200

Manganese 730 to 5 720

Mercury 0.02 to 0.52

Lead 15 to 58

Zinc 111 to 182

*Between 0 and 35 cm. 

Source: Gobeil, 1991.

TABLE 1.42
Heavy metal content of surface sediment* 

in the Laurentian Channel between Tadoussac and Baie-Comeau
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To further our understanding of contamination of the St. Lawrence River, we
need to know how many main contaminant sources there are and how large
they are as well as the fates of contaminants in the system, their bioavailability
and their toxicity. There are, however, major gaps in our knowledge of these
four aspects. In particular, data is insufficient for accurate assessment of trace-
metal contamination of the River. 

The main sources of contamination of the aquatic environment are
municipal and industrial effluents as well as deposition of atmospheric emis-
sions from industrial plants and incinerators (Nriagu and Pacyna 1988). The
contaminants enter the Quebec part of the St. Lawrence through the interna-
tional stretch of the River at Cornwall, through tributaries downstream of
Cornwall and through industrial and municipal effluents discharged directly to
the River.

Attempts were made in two recent studies (Asseau 1992a, 1992b, 1992c
and 1992d; and Proulx et al. 1993) to determine the relative contributions of
the main contaminant sources. Tables 1.43 and 1.44 summarize and compare
the main results of these studies.

Asseau (1992a, 1992b, 1992c, 1992d) gives estimates of inputs from the
various sources. Table 1.43 summarizes the main findings of his study. 

The estimates were not all derived in the same way, however. At
Cornwall, metal loads were estimated in 1989 only. They were calculated from
extractable metal fractions measured at NAQUADAT (Environment Canada)
stations; the estimates take cross-river variability into account as well as seasonal
variations. Contaminant input from the Great Lakes and the international
stretch of the River (Kingston-Cornwall) was measured during six sampling
operations performed by Environment Canada at Cornwall between May and
November 1989. Tributary inputs include almost all tr ibutaries between
Cornwall and Quebec City as well as municipal and industrial inputs discharged
to Lake des Deux Montagnes, and the Mille Îles and des Prairies rivers. The
values reported by Asseau are based on concentrations measured by MENVIQ
and Environment Canada between 1984 and 1987. Grimard (1991), however,
reports contamination of water samples by metals (cadmium, chromium, cop-
per, nickel, lead and zinc) between 1984 and 1991. This problem, coupled with
high detection limits, makes it difficult to interpret the estimates Asseau gives for
the tributaries. Estimated municipal input is residential only and does not take
into account industrial effluent discharged directly to the municipal system.
Industrial input is the contribution of industrial plants targeted by the
St. Lawrence Action Plan between Cornwall and Quebec City. Loads were
estimated from data collected before 1988.

Proulx et al. (1993) independently estimated mean annual loads of seven
metals from the different sources. Table 1.44 summarizes the main findings of

1.6.2.1
Relative contributions

of sources
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Load (kg/a)*

Great lakes Targeted industrial 
and international plants discharging Exported to the 

stretch Tributaries directly to the River Other estuary 
(measured at (measured at (measured at sources (measured at 

Metal Cornwall) tributary mouths) the effluent) (deduced) Quebec City)

Cadmium 4 206 (39%) 3 282 (31%) 3 028 (28%) 162 (2%) 10 678 (100%)

Cobalt 43 690 (38%) 29 930 (26%) 1 607 (1%) 39 541 (35%) 114 769 (100%)

Chromium 363 606 (54%) 162 426 (24%) 149 033 (22%) –2 174 (0%) 672 891 (100%)

Copper 168 015 (25%) 159 088 (24%) 34 933 (5%) 312 460 (46%) 674 496 (100%)

Nickel 354 987 (63%) 119 090 (21%) 43 446 (8%) 45 791 (8%) 563 315 (100%)

Lead 51 135 (32%) 83 555 (52%) 3 338 (2%) 22 682 (14%) 160 710 (100%)

Zinc 599 010 (58%) 448 447 (44%) 350 388 (34%) –367 840 (–36%) 1 030 005 (100%)

Mean contribution** 44% 32% 14% 10% 100%

*Loads were determined from an estimate based on data for three seasons weighted for seasonal flow.
**Arithmetic mean of the relative amount of each substance for a given source that does not consider toxicity of contaminants.

Note:
– Relative contribution (in brackets) is the percentage of the total load measured at Quebec City.
– Tributary contribution indicates loads from all tributaries studied between Cornwall and Quebec City (about fifty). Input was measured at the mouth and includes inputs

from industrial, municipal, diffuse and other sources from the entire watershed of each tributary. Other sources can include atmospheric input, municipal effluent
discharged directly to the River, biological recycling and resuspension of potentially contaminated sediment.

– There are 24 targeted industrial plants that discharge effluent directly to the River.

Source: Proulx et al., 1993.

TABLE 1.44
Absolute and relative contributions of sources of inorganic contamination

of the St. Lawrence River between Cornwall and Quebec City in 1991

Load (kg/a)

Trace metal St. Lawrence at Cornwall Tributaries* Municipalities** Industrial plants***

Cadmium 13 452 93 705 1 414

Copper 261 908 1 726 398 32 690 151 469

Chromium 180 096 29 220 302 390

Nickel 235 402 247 019 93 869

Lead 57 115 992 786 57 509 23 011

Zinc 856 487 2 963 638 120 930 200 121

*Almost all tributaries between Cornwall and Quebec City as well as municipal and industrial inputs discharged to Lake des Deux Montagnes and the Mille Îles and des
Prairies rivers.

**Residential input, not including industrial effluents discharged directly to the municipal sewer system.
***Thirty-eight industrial plants targeted by the St. Lawrence Action Plan.

Source: Based on data from Asseau, 1992a, 1992b, 1992c, 1992d.

TABLE 1.43
Mean annual trace-metal loads between Cornwall and Quebec City
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this study. The Cornwall load represents the load from the Great Lakes and the
international stretch of the River measured at Cornwall, downstream of all
sources outside Quebec. Tributary load includes all inputs from 51 tributaries
between Cornwall and Quebec City, measured at their mouths, and including
industrial, municipal, agricultural and other sources throughout the watershed.
Industrial input is the sum of industrial loads discharged directly to the St.
Lawrence by the 24 targeted industrial plants between Cornwall and Quebec
City. These loads are based on characterizations of liquid effluents from indus-
trial plants targeted by the St. Lawrence Action Plan. The total is the metal
load exported to the estuary and measured at Quebec City. Other sources were
deduced by subtracting the sum of the measured loads from the total load
exported at Quebec City. The annual loads for Cornwall and the tributaries, as
well as the total exports measured at Quebec City, take seasonal and inter-
annual variations into account and integrate the findings of seasonal sampling
from the summer of 1990 to the spring of 1992. The industrial effluent charac-
terizations were performed at a specific time and do not take possible input
variations into account. In all cases, loads were estimated from total metal 
concentrations.

Asseau (1992a, 1992b, 1992c, 1992d) (Table 1.43) and Proulx et al. (1993)
(Table 1.44) give quite different estimates of annual loads at Cornwall, except
for lead. This may be because the estimates are not completely comparable. A
number of factors – including different sampling and analysis periods, the small
amount of data in both studies, the treatment of undetectable concentrations
and the method of estimating loads – may be responsible for the differences.

Proulx et al. (1993) and Asseau (1992a, 1992b, 1992c, 1992d) estimated trace-
metal inputs from the main tributaries between Cornwall and Quebec City.
With the exception of chromium, the values listed by Asseau (1992a, 1992b,
1992c, 1992d) are much higher (2 to 40 times) than those given by Proulx et al.
(1993). For the reasons already mentioned, it is difficult to interpret the data
provided by Asseau.

The problem of detection limits also arises with the data of Proulx et al.
(1993). However, in general, the contributions of a few major tributaries (the
Ottawa, Saint-Maurice, Richelieu, Yamaska, Saint-François, Batiscan and
L’Assomption rivers; Proulx 1993) account for most of the total tributary input,
and this minimizes the impact of detection problems in other tributaries,
depending on the season.

There is very little information about quantities of trace metals discharged
directly to the River by municipalities. Table 1.43 shows data compiled by
Asseau (1992a, 1992b, 1992c, 1992d) on municipal inputs of copper, lead and
zinc between Cornwall and Quebec City. These data suggest urban effluent
contributes little to contamination of the River. The values Asseau gives,
however, are probably underestimates, since they were obtained indirectly by

Annual loads

Input from the Great Lakes
and the international stretch

of the River

Input from Quebec
tributaries

Input from municipalities
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extrapolation from site-specific measurements taken by the Quebec Urban
Community (QUC) in typically residential basins. Hence, they indicate resi-
dential inputs exclusively and do not take direct industrial discharges to the
municipal system into account. In addition, the QUC data are for untreated
urban effluent. Estimates for riverside communities with wastewater treatment
facilities were obtained by arbitrarily cutting the estimated raw load in half. 

It is difficult to comment further on municipal input for lack of sufficient
data. More information is required.

Asseau (1992a, 1992b, 1992c, 1992d) and Proulx et al. (1993) give estimates of
the principal direct trace-metal input from 38 and 24 targeted industrial plants,
respectively. Asseau (1992a, 1992b, 1992c, 1992d) compiled the data for his
study from existing characterization analyses. Proulx et al. (1993), on the other
hand, give recent data, the results of characterizations of effluent from 24 indus-
trial plants between Cornwall and Quebec City performed for the St. Lawrence
Action Plan. In addition, Proulx et al. (1993) considered only effluent dis-
charged directly to the River; input from targeted industrial plants that dis-
charge to a tributary or which are located in a tributary watershed were
included with tributary loads. For these reasons, the estimates given by Proulx et
al. were used to establish a relation between industrial input and loads measured
at Quebec City between 1990 and 1992 and to assess the sources. 

The results obtained by Proulx et al. (1993) suggest that the Great Lakes and the
international stretch of the River supply between 25% and 63% of inorganic
contaminants exported annually to Quebec, depending on the metal. In other
words, the Great Lakes and the international stretch of the River are major
sources of trace-metal inputs; with some metals they are the main source of
inputs.

The determination of total inorganic contaminant input in whole water
from the Great Lakes and the international stretch is a starting point for estab-
lishing a contamination budget for the St. Lawrence. The anthropogenic frac-
tion constitutes a large portion of total concentration. Since this fraction can
vary, total concentrations serve as a preliminary estimate of what is potentially
bioavailable. Input from upstream of Cornwall (as measured at Cornwall) con-
stitutes 44% of the total metal load carried by the River at Quebec City and is
thus a major source of the metals investigated.

Estimates given by Proulx et al. (1993) suggest that the tributaries
together supply between 21% (nickel) and 52% (lead) of annual trace-metal loads
exported to the estuary at Quebec City. These data indicate that tributaries
contribute a large fraction (32% on average) of the annual trace-metal load in
the River. As with inputs from the Great Lakes and the international stretch of
the River, the anthropogenic portion of tributary inputs has remobilization

Industrial input

Assessment of sources
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potential, and the tributaries are a significant source of trace-metal contamina-
tion.

The industrial loads listed in Table 1.44 (Proulx et al. 1993) suggest that
industrial input is responsible for about 14% of the load measured at Quebec
City. Relative contribution varies depending on the metal: it is low for cobalt,
lead, copper and nickel, and more than 20% for chromium, cadmium and zinc.
The presence of inorganic chemicals plants may explain the chromium and cad-
mium values and metallurgical plants may be responsible for the zinc and chromi-
um. In all cases, however, these are preliminary estimates only, since many small
plants were not considered. Despite this, the results do indicate that targeted
industrial plants that discharge effluent directly to the River play an important if
not a major role in inputs of trace metals to the St. Lawrence River. Industrial
effluent tends to contain metals in dissolved form, and hence their input is most
bioavailable at effluent outlets. 

The mean inorganic contribution (10%) of unmeasured sources (other
sources) is less than the mean organic contribution (31%) of such sources. This
is probably because metals are less volatile in the environment than inorganics
and less susceptible to biological recycling.

In general, trace-metal inputs vary from one metal to the next. The Great
Lakes and the international stretch of the River are major, though not the only,
sources (44%) of loads exported to the estuary at Quebec City. Quebec tribu-
taries and targeted industrial plants contribute 32% and 14% of the metal load,
respectively. Sources of trace metals are dispersed, though the Great Lakes and
the tributaries are the major contributors. As for organics, the Great Lakes and
other sources are the main contributors, closely followed by the tributaries.
Industrial plants play a more important role in the inorganics load mass balance
than they do in the organics load mass balance. 

Loads of nine inorganics (cadmium, cobalt, copper, chromium, iron, nickel,
manganese, lead and zinc) were calculated for the same 51 tributaries for which
inorganic loads were estimated. Chimiotox indexes were calculated as explained
in subsection 1.6.1.2.

Mean annual discharges and calculated annual inorganic Chimiotox
indexes for the 51 tributaries are listed in Table 1.45.

Again, two tributaries stand out: the Ottawa and Saint-Maurice rivers.
These are the rivers with the largest discharges. In general, the greater the dis-
charge the higher the toxic load. Loads exceeding 5000 toxic units were found
in the following tributaries: the Ottawa, Saint-Maurice, Richelieu, Saint-
François, Batiscan, Yamaska and Bécancour rivers. The metals mainly responsible
for these loads are copper, chromium, iron and manganese (Table 1.46); these
metals alone account for an average 86% of the inorganic Chimiotox index.

1.6.2.2
Tributary contribution
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However, the significance of any particular metal in the Chimiotox index varies
a great deal from one tributary to the next.

According to the values given by Proulx et al. (1993), overall relative contribu-
tions of the sources are as follows:

Contribution
Source Type in 1991 (%)

Great Lakes and international stretch Diffuse 42

Tributaries in the province of Quebec Diffuse 29

Other unmeasured sources Diffuse and point 20

Targeted industrial plants Point 9

Mean Mean
discharge discharge

Tributary Inorganic CI (m3/s) Tributary Inorganic CI (m3/s)

Ottawa 119 958 1 152.25 Montmorency 517 17.70

Saint-Maurice 71 285 464.79 la Chaloupe 504 1.42

Richelieu 23 571 208.05 Petite riv. Yamachiche 504 0.50

Saint-François 12 614 61.49 du Chêne (Saint-Eustache) 501 0.83

Batiscan 7 3549 80.18 Salmon 495 11.76

Yamaska 6 946 22.55 Mascouche 391 3.16

Bécancour 6 664 21.99 Yamachiche 387 1.72

L’Assomption 3 805 27.55 Gentilly 341 2.53

Champlain 3 409 5.29 Saint-Charles (Varennes) 155 0.23

du Nord 2 651 14.00 du Cap Rouge 139 0.55

Malbaie 2 203 26.19 Rigaud 138 0.36

Nicolet 1 667 9.62 Delisle 135 0.58

Jacques-Cartier 1 587 38.16 à Bélisle 129 1.52

Portneuf 1 399 12.76 aux Chiens (Rosemère) 84 0.40

Bayonne 1 315 3.64 de la Tortue 69 0.46

Sainte-Anne 1 234 35.12 à la Scie 65 0.25

Chaudière 1 096 21.04 Saint-Louis 58 0.40

du Loup (Riv.-du-Loup) 1 062 9.54 Rouge 57 0.04

Maskinongé 1 057 7.15 Saint-Jacques 51 0.36

Saint-Régis (Cornwall) 958 19.95 Chicot (Saint-Eustache) 46 0.37

du Loup (Louiseville) 941 9.69 Raquette 32 0.09

Chicot (Berthierville) 926 2.08 Saint-Régis (Sainte-Catherine) 27 0.28

Châteauguay 920 6.74 Raisin River 24 0.34

Saint-Charles (Québec) 607 2.82 Quinchien 20 0.03

Etchemin 567 6.13 Beaudette 10 0.12

du Bois Blanc 566 0.34

Sources: Discharge data based on Couture, 1992; Pilon, 1992; Wegener, 1992; Bastien, 1992; and Chimiotox indexes from Pigeon, 1992; Proulx, 1993. 

TABLE 1.45
Inorganic Chimiotox indexes and mean annual discharges

of 51 St. Lawrence tributaries in 1991

1.6.3
TOTAL INPUT
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Tributary Cadmium Cobalt Chromium Copper Iron Manganese Nickel Lead Zinc Total

Ottawa 1 075 3 047 62 941 16 566 21 810 8 553 792 2 916 2 258 119 958
Saint-Maurice (total) 581 1 167 1 575 41 552 12 867 7 572 179 3 312 2 480 71 285
Richelieu 238 1 266 878 7 606 7 726 1 636 96 3 873 252 23 571
Saint-François 106 345 1 757 2 557 5 261 1 626 77 722 163 12 614
Batiscan 97 218 3 273 347 2 167 469 52 436 290 7 349
Yamaska 26 259 993 1 325 3 263 790 37 237 16 6 946
Bécancour 21 72 4 202 509 1 181 424 85 109 61 6 664
L’Assomption 32 143 20 1 507 1 486 432 10 150 25 3 805
Champlain 11 26 364 611 2 159 194 8 19 17 3 409
du Nord 22 72 335 433 1 191 308 8 234 48 2 651
Malbaie 28 117 0 686 615 628 5 3 120 2 202
Nicolet 20 68 87 594 542 278 5 53 20 1 667
Jacques-Cartier 99 97 0 313 675 326 3 33 41 1 587
Portneuf 76 86 0 365 632 124 8 31 77 1 399
Bayonne 5 37 183 272 734 39 3 26 16 1 315
Sainte-Anne 49 106 36 140 397 402 5 11 88 1 234
Chaudière 20 73 177 241 204 323 11 40 7 1 096
du Loup (Riv.-du-Loup) 18 42 0 196 227 525 2 21 31 1 062
Maskinongé 6 35 74 104 493 79 2 256 8 1 057
Saint-Régis (Cornwall) 41 60 0 121 374 225 6 37 94 958
du Loup (Louiseville) 18 36 71 270 362 112 2 39 31 941
Chicot (Berthierville) 3 15 128 89 602 58 1 19 11 925
Châteauguay 6 33 148 266 308 107 5 40 7 920
Saint-Charles (Quebec City) 6 12 1 53 275 242 2 5 11 607
Etchemin 9 37 0 109 88 310 3 8 3 567
du Bois Blanc 1 10 88 56 343 52 1 10 5 566
Montmorency 21 44 11 127 183 119 6 0 6 517
la Chaloupe 1 9 222 43 197 14 4 11 3 504
Petite riv. Yamachiche 3 13 38 117 285 33 1 8 6 504
du Chêne (Saint-Eustache) 2 11 86 71 246 28 2 51 4 501
Salmon 11 52 13 33 305 59 4 5 13 495
Mascouche 5 19 16 178 127 34 4 2 6 391
Yamachiche 10 15 26 98 160 76 1 1 0 387
Gentilly 4 15 37 46 173 51 1 6 6 341
Saint-Charles (Varennes) 1 3 34 21 80 9 1 5 1 155
du Cap Rouge 1 4 10 20 65 30 0 8 1 139
Rigaud 1 4 27 15 77 8 1 4 1 138
Delisle 1 7 23 31 50 16 1 5 1 135
à Bélisle 2 9 4 14 60 35 1 3 1 129
aux Chiens (Rosemère) 1 2 11 20 38 6 1 4 1 84
de la Tortue 1 3 7 21 24 6 0 6 1 69
à la Scie 0 1 2 6 18 36 0 2 0 65
Saint-Louis 1 2 4 14 27 6 0 3 1 58
Rouge 0 1 14 6 33 2 0 1 0 57
Saint-Jacques 0 2 5 15 20 5 0 3 1 51
Chicot (Saint-Eustache) 0 3 8 17 11 2 2 2 1 46
Raquette 0 1 5 3 15 7 0 1 0 32
Saint-Régis 0 1 0 13 8 3 0 1 1 27
(Sainte-Catherine)

Raisin River 0 2 0 3 9 8 0 2 0 24
Quinchien 0 0 5 4 9 1 0 1 0 20
Beaudette 0 1 0 2 3 4 0 0 0 10

Sources: Based on data from Pigeon, 1992; Proulx, 1993.

TABLE 1.46
Calculated Chimiotox indexes for inorganic contaminants

found in 51 St. Lawrence tributaries  in 1991
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These percentages are valid for the contaminants analysed by Proulx et al.
(1993); they are simple arithmetic means of contributions obtained per conta-
minant or class of contaminants. 

The two sources that contribute the greatest discharges and the largest sedi-
ment loads – the Great Lakes and the tributaries – are also the main sources of
toxic substances that contaminate the River. 

However, other unmeasured sources also play a major role. This means
greater attention must be paid to atmospheric input, municipal discharges, resus-
pension of potentially contaminated sediment and any other process liable to
introduce contaminants into the environment.

Targeted industrial plants also play a role, but a lesser one. Point sources
appear to contribute less to contamination of the St. Lawrence than do diffuse
sources. This is because effluent discharged by the targeted industries constitutes
only a very small percentage of the total discharge of the River at Quebec City.

Total Chimiotox indexes were determined by adding together the organic and
inorganic indexes already calculated (subsections 1.6.1.2 and 1.6.2.2). The trib-
utaries with the largest mean annual discharges also had the highest Chimiotox
indexes. Tributaries with total Chimiotox indexes of more than 100 000 toxic
units include the Saint-Maurice, Ottawa, Richelieu, Saint-François, Batiscan,
Yamaska and Chaudière rivers (Table 1.47)

The Saint-Maurice River has a Chimiotox index equivalent to that of
the Ottawa River, yet its discharge is only one-third that of the Ottawa.
Contaminant concentrations in the Saint-Maurice River may therefore be about
three times those in the Ottawa River. Though its discharge is small, the Rouge
River has a high Chimiotox index. Suspended solids concentrations are very
high in the Rouge River (44 mg/L in summer and 103 mg/L in fall) and since
most contaminants are particle-bound, contaminant concentrations are also high
in the Rouge. 

The sum of the Chimiotox indexes of the 51 tributaries investigated is
7.65 million toxic units. The top two tributaries (those with the highest
Chimiotox indexes) alone account for 5.32 million units, or 70% of the toxic
input to the St. Lawrence River. The top ten tributaries account for 6.87 mil-
lion units, or 90% of toxic input to the River, and the top 20 tributaries account
for 7.43 million units, or 97% of the toxic input to the River.

The toxic load of each contaminant is based on contaminant concentra-
tion in the environment, tributary discharge and the contaminant’s toxicity fac-
tor. Hence, for any given tributary, the relative contribution of any particular
contaminant to the Chimiotox index depends on the concentration of the con-
taminant and its toxicity factor (Ftox). In other words, a contaminant that is
present in low concentrations but has a high toxicity factor will have a major

1.6.3.1
Relative contributions

of sources

1.6.3.2
Ranking of tributaries
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impact on the Chimiotox index. DDT and its metabolites are a case in point.
These substances are considered highly toxic and their toxicity factors are there-
fore much higher than those of other contaminants. For example:

Ftox (o,p’-DDT) = 41.67 3 106

Ftox (PCB) = 12.66 3 106

Ftox (lead) = 314 

Mean Mean
discharge* discharge*

Tributary Total CI (m3/s) Tributary Total CI (m3/s)

Saint-Maurice 2 892 274 464.79 Gentilly 12 635 2.53

Ottawa 2 431 183 1 152.25 Bayonne 11 902 3.64

Richelieu 646 888 208.05 Châteauguay 11 363 6.74

Saint-François 251 286 61.49 Chicot (Berthierville) 10 195 2.08

Batiscan 133 813 80.18 Delisle 6 636 0.58

Yamaska 132 961 22.55 Mascouche 4 358 3.16

Chaudière 127 578 21.04 Petite riv. Yamachiche 4 267 0.57

Nicolet 93 449 9.82 Yamachiche 3 693 1.72

Bécancour 90 857 21.99 du Bois Blanc 3 382 0.34

Malbaie 74 370 26.19 Raquette 3 269 0.09

du Nord 72 941 14.00 du Chêne (Saint-Eustache) 3 060 0.83

Rouge 72 234 0.04 à Bélisle 2 654 1.52

Montmorency 70 614 17.70 la Chaloupe 2 405 1.42

Jacques-Cartier 65 449 38.16 Quinchien 2 283 0.03

Etchemin 57 249 6.13 Saint-Jacques 1 851 0.36

L’Assomption 56 503 27.55 aux Chiens (Rosemère) 1 515 0.40

Sainte-Anne 49 103 35.12 de la Tortue 1 065 0.46

du Loup (Riv.-du-Loup) 44 428 9.54 Saint-Charles (Varennes) 927 0.23

Portneuf 37 725 12.76 Saint-Louis 852 0.40

Saint-Régis (Cornwall) 32 346 19.95 à la Scie 742 0.25

Rigaud 27 710 0.36 Raisin River 594 0.34

Saint-Charles (Quebec City) 25 119 2.82 du Cap Rouge 561 0.55

Champlain 21 124 5.29 Chicot (Saint-Eustache) 556 0.37

Salmon 19 730 11.76 Saint-Régis (Sainte-Catherine) 510 0.28

Maskinongé 17 576 7.15 Beaudette 321 0.12

du Loup (Louiseville) 14 719 9.69

*Mean discharge over eight months.

Sources: Discharge data from Couture, 1992; Pilon, 1992; Wegener, 1992; Bastien, 1992; Chimiotox indexes from Pigeon, 1992; Quémerais, 1993. 

TABLE 1.47
Total Chimiotox indexes and mean annual discharges of 51 St. Lawrence tributaries in 1991
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At equal concentrations, the toxic load of o,p’-DDT is thus about three
times that of PCB and about 15 000 times that of lead. For example, calculated
toxic load of DDT and its metabolites in the Ottawa River is 1.7 million units,
or 70% of the Chimiotox index; calculated toxic load of these contaminants in
the Saint-Maurice River is 2.14 million units, or 74% of the total Chimiotox
index. It seems, then, that the toxicity factor plays a major role in the size of the
Chimiotox index and that certain substances such as DDT are determinant in
ranking tributaries. The toxicity factor is based on quality criteria issued by
MENVIQ (1990). For some contaminants, however, there are no quality criteria
and hence no toxicity factors – for example, certain PAH compounds such as
phenanthrene and pyrene, which nonetheless account for 47% of total PAH
concentrations (Pham et al. 1993a). In other words, the Chimiotox index used
here has a number of shortcomings and must be considered only as an indicator
and a work tool. It has, nonetheless, allowed us to identify the main tributary
sources of toxic inputs to the River.

Researchers at the St. Lawrence Centre have developed an index for evaluating
and comparing the potential toxic effects of industrial effluent on organisms
living in the receiving water. Like the Chimiotox index, the PEEP (Potential
Ecotoxic Effects Probe) makes it possible to characterize any effluent and hence
to make comparisons between industries, individual plants and even different
effluents from the same plant. Whereas the Chimiotox index gives information
about toxicity per se (toxicity factor and load) of an effluent, the PEEP index
provides information about the reaction of living organisms to toxic substances
contained in the effluent.

The PEEP index provides a common toxicity scale for assessing and
comparing effluent from the 50 industrial plants targeted by the St. Lawrence
Action Plan. The PEEP index also makes it possible to monitor effluent toxic-
ity over time and to evaluate the relative contribution of each effluent from a
plant to the overall toxicity of the final outfall. However, though it integrates all
ecotoxic phenomena, the PEEP index does not provide information on the
nature of the elements responsible for the effects observed. 

The strategy for evaluating and comparing effluent toxic potential relies
mainly on a set of bioassays (biological tests). By exposing a variety of aquatic
organisms (bacterial, algal and crustacean) typical of the three trophic levels
(decomposers, producers and consumers) to industrial effluent samples, bioassays
make it possible to measure the potential toxic effects of the effluents. Several
types and levels of toxicity are analysed (lethal, acute sublethal and chronic sub-
lethal).

The PEEP index integrates and quantifies the information collected
about the intensity of the toxic effects on aquatic organisms, the persistence of
the toxicity over time, the (multi)specificity of the toxic impact (number of

1.6.3.3
Toxic potential

of industrial effluents
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species affected by the effluent) and effluent flow rate. Effects cover all antago-
nistic, additive or synergistic phenomena (substance interactions).

Bioassays were selected on the basis of a variety of criteria (sensitivity,
cost, rapidity of response, trophic-level representativeness, toxicity limits, pro-
cedural standardization, etc.) and included the MICROTOX test, the Selenas-
trum capricornutum algal growth inhibition test, the Ceriodaphnia dubia
(microcrustacean) lethality and reproduction inhibition tests, and the geno-
toxicity SOS CHROMOTEST.

The results of these bioassays were integrated to give an index number
ranging from 0 to 10, the PEEP index. The higher the PEEP index (7 or more)
the greater the toxic impact on laboratory-tested organisms. A one unit increase
in PEEP index reflects a tenfold increase in toxic potential (logarithmic scale).
The formula for obtaining the PEEP numerical index is easy to use and inter-
pret and has a sufficiently flexible structure for the addition or withdrawal of
bioassays:

k
PEEP = log10 [1 + n ( S Ti / N) Q]

i = 1

where n is the number of responses indicating toxicity

k is the number of bioassays used

N is the maximum number of possible toxic responses

Ti is the bioassay results before or after biodegradation of the effluent sample

Q is the effluent flow (m3/h).

The “toxic print” (n 3 S Ti / N) – which integrates toxic strength and
persistence and the extent of trophic/specific toxicity – multiplied by effluent
flow (Q) yields the “toxic charge.” The toxic charge can be used to determine
relative toxic contribution of particular effluents in a specific group of efflu-
ents. Log10 of the toxic charge + 1 gives the final PEEP index value. Relative
toxic contribution of an effluent – its percentage contribution to the toxicity of
a group of effluents – can be obtained by eliminating the log function from the
formula.

The PEEP index was used between 1989 and 1992 to assess the toxicity
of 49 of the 50 industrial plants targeted by the St. Lawrence Action Plan. One
of the plants closed down before its effluent could be sampled. 

The results of these first effluent assessments (Table 1.48) indicate that the
pulp and paper industry has the greatest relative toxic potential (57.1%), fol-
lowed by the inorganic chemicals industry (39.1%), the metallurgy industry
(3.7%) and the organic chemicals industry (0.1%). PEEP indexes of 10 industrial
plants were at least 6: seven pulp and paper mills, two inorganic chemicals plants
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Plant PEEP

Pulp and paper mills (57.1%)

Canadian Pacific Forest Products Ltd., Trois-Rivières* 7.5
QUNO Corporation, Baie-Comeau 7.2
Stone-Consolidated Inc., Port-Alfred Division, La Baie 7.0
Daishowa Inc., Quebec City 6.1
Abitibi-Price Inc. (Beaupré mill), Beaupré 6.0
Donohue Inc. (Clermont mill), Clermont 6.0
Stone-Consolidated Inc., Wayagamack Division, Trois-Rivières 6.0
Domtar Inc. (Donnacona mill), Donnacona 5.8
Kruger Inc. (Trois-Rivières mill), Trois-Rivières 5.8
F.F. Soucy Inc., Rivière-du-Loup 5.7
Abitibi-Price Inc. (Kénogami mill), Jonquière 5.5
Cascades (Jonquière) Inc., Jonquière 5.5
Abitibi-Price Inc. (Alma mill), Alma 5.4
Domtar Inc. (Beauharnois mill), Beauharnois 4.8
Perkins Papers Ltd., Candiac 4.3

Inorganic chemicals plants (39.1%)

Tioxide Canada Inc., Tracy 7.5
Kronos Canada Inc., Varennes 6.9
Dominion Textile Inc. (Beauharnois finishing plant), Saint-Timothée* 5.6
Albright & Wilson America, Division of Tenneco Canada Inc., Varennes* 4.8
PPG Canada Inc., Beauharnois 3.8
Services T.M.G. Inc. (Niobec mine), Saint-Honoré 3.8
Expro Chemical Products Inc., Saint-Timothée 3.4
ICI Canada Inc., Bécancour 3.2
Héroux Inc., Longueuil 2.7
Pratt & Whitney Canada Inc. (plants 1, 2 and 5), Longueuil 2.3
Locweld Inc., Candiac 1.7

Metallurgy plants (3.7%)

Atlas Stainless Steel, division of Sammi-Atlas Inc., Tracy 6.6
Canadian Electrolytic Zinc Ltd., Salaberry-de-Valleyfield 4.6
Alcan Smelters and Chemicals Ltd. (Arvida, Vaudreuil and Saguenay smelters), Jonquière 4.3
Sidbec-Dosco Inc., Contrecoeur 4.0
QIT-Fer et Titane Inc., Saint-Joseph-de-Sorel 3.9
Noranda Minerals Inc. (CCR refinery), Montréal-Est 3.3
Canadian Reynolds Metals Company Ltd. (Baie-Comeau plant), Baie-Comeau 3.0
Aluminerie de Bécancour Inc., Bécancour 2.8
Reynolds Aluminium Company of Canada, Cap-de-la-Madeleine 2.2
Alcan Smelters and Chemicals Ltd. (Beauharnois smelter), Melocheville 2.0
Alcan Smelters and Chemicals Ltd. (Isle-Maligne smelter), Alma 1.9
Alcan Smelters and Chemicals Ltd. (Grande-Baie smelter), La Baie 1.3
Elkem Metal Canada Inc., Beauharnois* NA

Organic chemicals plants (0.1%)

Petromont Co. Ltd., Montréal-Est 4.5
Nacan Products Ltd., Boucherville 4.4
Monsanto Canada Inc., LaSalle 4.3
Petro-Canada Products Inc., Montreal 3.9
Petromont Inc., Varennes 3.8
Ultramar Canada Inc., Saint-Romuald 3.4
Coastal Petrochemical of Canada, Montréal-Est* 3.4
Shell Canada Products Ltd., Montréal-Est* 2.9
Commercial Alcohols Ltd., Varennes* 1.8
Wood Preservation Industries Ltd., Tracy 0.4
Nacan Products Ltd., Varennes –

*Plant that had ceased production in 1992. – Undetectable. NA: Not available.

Source: Costan and Bermingham, 1993.

TABLE 1.48
PEEP indexes of the 50 industrial plants targeted by the St. Lawrence Action Plan

and relative toxic potential of each from 1989 to 1992
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and one metallurgy plant. Table 1.49 shows PEEP indexes of cumulative loads
in each of the main stretches of the St. Lawrence River.

There are 27 industrial plants along the main course of the River and they con-
tribute 42.9% of the total toxic load of the 49 targeted plants studied.

PEEP indexes of the cumulative toxic loads contributed by the six plants
located in the Beauharnois and Lake Saint-Louis areas are 5.7 and 4.9, respec-
tively; that is, 0.4% and 0.1%, respectively, of the total toxic inputs of the 49 tar-
geted plants.

The PEEP index of the cumulative toxic load contributed by the 16
plants characterized in the Montreal-Varennes region is 6.9, or 6.7% of total
toxic input. This substantial contribution is due mainly to the Kronos plant,
which alone provides 6.6% of the toxic load.

The Lake Saint-Pierre region receives the highest cumulative toxic load;
PEEP index is 7.6, or 35.7% of total toxic inputs. Five plants discharge effluent
to this lake. The biggest contributors are the Tioxide (32.1%) and Atlas (3.6%)
plants.

The Fluvial Estuary receives the second highest cumulative toxic load, with a
PEEP index of 7.5, or 30.4% of total toxic inputs of the 49 plants. Of the
10 plants characterized along the Fluvial Estuary, the CPFP paper mill makes
the greatest contribution (26.4%). The Fluvial Estuary also receives significant
inputs from five other paper mills: Daishowa (1.1%), Abitibi-Price (1.0%), Stone-
Consolidated in Trois-Rivières (0.8%), Domtar (0.6%) and Kruger (0.5%).

The Upper Estuary and the Saguenay receive a cumulative toxic load with a
PEEP index of 7.1, or 10.7% of total toxic inputs. Of the 10 plants character-
ized discharging effluent in this river sector, the Stone-Consolidated mill in La
Baie contributes the most (8.5%), followed by the Donohue paper mill (1%).

Two plants discharge to the Lower Estuary and the Gulf a cumulative toxic load
with a PEEP index of 7.2, or 16.0% of the total toxic inputs of the 49 targeted
plants. The largest contribution comes from the QUNO plant (15.9%).

This first assessment of the ecotoxic potential of the 49 targeted plants is
based on the results of a sampling program conducted between 1989 and 1992.
The assessment has made it possible to identify plants whose effluent poses the
greatest danger to organisms in the receiving environment.

The ecotoxic potential of these effluents should be assessed regularly
using the PEEP index as a first step in monitoring their toxicity. In addition,
while the index integrates all antagonistic, additive and synergistic phenomena
of the toxic substances in an effluent, other synergistic reactions may be gen-
erated when the effluent comes in contact with the water in the receiving envi-
ronment. A similar index should be developed for the receiving environment

The Fluvial Section

Fluvial Estuary

The Upper Estuary
and the Saguenay

The Lower Estuary
and the Gulf
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1.6.4
MAIN POINTS

that can be used to monitor toxic discharges in the receiving environment itself,
and not just effluent toxicity. 

According to a 1991 estimate, 42% of total toxic inputs to the River (organics
and inorganics) come from the Great Lakes and the international stretch, 29%
comes from tributaries, 20% from other sources (including atmospheric input,
municipal discharges and resuspension of potentially contaminated sediment),
and 9% from targeted industrial plants that discharge effluent directly to the
River. The industrial plants, which are point sources, thus have less impact on
contaminant inputs to the River than do diffuse sources. This is because indus-
trial discharges are minuscule compared to the discharge of the St. Lawrence.

The following tributaries have total Chimiotox indexes of more than
100 000 toxic units: the Saint-Maurice, Ottawa, Richelieu, Saint-François,
Batiscan, Yamaska and Chaudière rivers. These are also the tributaries with the
largest mean annual discharges. 

Potential Ecotoxic Effects Probe (PEEP) measurements of organisms
exposed to an industrial effluent and not to the natural environment indicate
higher potential toxic effects for the pulp and paper and inorganic chemicals
sectors. Of the four sectors of the River, the Fluvial Section contributes the
most to the total toxic load of the 49 industrial plants, with 43% or 7.7 PEEP
units.

Industrial sector (number of industries)

PEEP of 
cumulative Relative 

Pulp and Inorganic Organic loads* of all contribution**
River sector paper chemicals Metallurgy chemicals industries (%)

Fluvial Section 5.0 (2) 7.6 (9) 6.6 (6) 5.0 (10) 7.7 (27) 42.9

Beauharnois – 5.6 (1) 4.6 (1) – 5.7 (2) 0.4

Lake Saint-Louis 4.8 (1) 3.9 (2) 2.0 (1) – 4.9 (4) 0.1

Montreal–Varennes 4.3 (1) 6.9 (5) 3.3 (1) 5.0 (9) 6.9 (16) 6.7

Lake Saint-Pierre – 7.5 (1) 6.6 (3) 0.4 (1) 7.6 (5) 35.7

Fluvial Estuary 7.5 (6) 3.2 (1) 2.9 (2) 3.4 (1) 7.5 (10) 30.4

Upper Estuary 7.1 (6) 3.8 (1) 4.3 (3) – 7.1 (10) 10.7
and Saguenay

Lower Estuary 7.2 (1) – 3.0 (1) – 7.2 (2) 16.0
and Gulf

*PEEP index values are the results of a sampling campaign carried out from 1989 to 1992 and cannot be added up. To obtain the PEEP index for the cumulative loads 
of all industrial plants in a river reach, the toxic charges of the plants were first added up and then the log of this total toxic charge was determined. 

**Relative contribution of a river reach is the sum of the toxic charges of the plants in the reach relative to the sum of the toxic charges of the 49 targeted industrial plants.

Source: Based on data from Costan and Bermingham, 1993.

TABLE 1.49
PEEP indexes of cumulative contaminant loads in each river reach, 

by industrial sector, and relative contribution (%) to total discharges



The Great Lakes-St. Lawrence River system is a highly complex hydro-
graphic network with lacustrine and fluvial characteristics at its upstream end
and oceanic characteristics at its downstream end. Together with its tributaries,
the system drains more than 25% of the world’s freshwater supply; its drainage
basin is the thirteenth largest in the world (1 610 000 km2). Mean annual dis-
charge is 12 600 m3/s at Quebec City, sixteenth in the world, and the entire
system is 3260 km long, from the western end of Lake Superior to Cabot Strait,
seventeenth longest in the world. It is thus impossible to give a complete picture
of the St. Lawrence on a simple map. We can at most indicate the main physi-
co-chemical variables characterizing the system (Figure 1.56). 

From Kingston, at the Lake Ontario outlet, the waters of the St.
Lawrence travel some 1600 km before emptying into the Atlantic Ocean and
1900 km before reaching the Labrador Sea. The physiographic and hydro-
graphic characteristics of the St. Lawrence change radically along the way, and
the river system thus divides into four distinct parts: 1) the Fluvial Section, or
main course, 2) the Fluvial Estuary, 3) the Upper Estuary (including the
Saguenay) and 4) the Lower Estuary and Gulf. Currents, tides, salinity and basin
shape are different in each of these four parts.

Between Cornwall and Baie-Comeau, the mean annual discharge of the
St. Lawrence increases from 7800 to 16 800 m3/s because of tributary input.
The largest tributaries are the Ottawa, the Saguenay, the Manicouagan, the
Saint-Maurice and aux Outardes rivers.

An observer travelling downstream along the St. Lawrence River from
Cornwall to the Gulf can see the striking physiographic and geologic changes
marking the different fluvial and estuarine parts of the river system. The St.
Lawrence eventually becomes so deep and wide that by Pointe-des-Monts it is
a veritable sea. This unusual physiography engenders complex phenomena

1.7

Integration and Conclusions

1.7.1
SYNTHESIS OF THE

PHYSICO-CHEMICAL
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FIGURE 1.56
Fundamental physico-chemical features of the St. Lawrence
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where river discharge, tides and weather events interact to generate local and
regional patterns of circulation, sediment transport and mixing of the different
water masses flowing in the St. Lawrence. The waters of the different tributaries
hardly mix at all in the Fluvial Section, but there is substantial mixing in the
Quebec City area, mainly because of tidal action. In the Upper Estuary and
Lower Estuary, upwellings of deep water, fronts, internal waves and cyclonic
eddies – all highly variable phenomena – are common.

Transport and accumulation of organic and inorganic contaminants in
the water and sediment of the St. Lawrence River depend on the hydrologic
and oceanographic variables mentioned above, as well as the inputs of different
contaminants, their physico-chemical properties and their persistence in the
fluvial or marine environment. 

There are four main sources of contaminants: the Great Lakes, the tribu-
taries, industrial effluent and other sources (mainly municipal effluent and
atmospheric inputs). The main contaminants in the water and sediment are
organics (PAHs, PCBs, mirex, DDT and HCB) and inorganics (heavy metals
such as cadmium, copper, iron, chromium, manganese, nickel, lead and zinc).
Depending on their physico-chemical properties, these contaminants are found
in dissolved or particulate phase in the aqueous environment and in sediment.
Certain contaminants are sometimes transported long distances from their dis-
charge points. The most contaminated areas between Cornwall and the Lower
Estuary are generally those where sedimentary material accumulates, such as
sheltered harbour areas and the sedimentation zones of Lake Saint-Louis and
Lake Saint-Pierre.

Quebec tributaries contribute a large fraction (32% on average) of the
annual trace-metal load in the River. The organics contamination stems from
the manufacture and use of toxic organics between 1950 and 1980. Many of
these substances (mirex, PCBs and DDT) are no longer used today, but they are
still found in sediment in lacustrine environments. Concentrations of these con-
taminants have, however, generally decreased in the last decade.

Understanding all the physico-chemical, hydrosedimentary and biological
mechanisms governing a system such as the St. Lawrence is a major challenge
for any expert in aquatic sciences. Over the last 100 years, scientists have been
slowly fitting together the thousands of pieces of the puzzle, one by one, and a
more and more accurate picture of the St. Lawrence is emerging – one that will
never cease to change of course as we learn more. To help us evaluate the health
of the River, we have developed a new method of integrating environmental
data (see information supplement entitled, “Method of integrating environ-
mental information”) based on methods already in existence. Considerable
effort was devoted to refining currently available tools in order to improve envi-
ronmental monitoring and permit regular and accurate diagnoses. To this end,

1.7.2
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the new method was used to select 14 characteristics of the St. Lawrence ecosys-
tem (see information supplement entitled, “Characteristics selected to evaluate
the health of the St. Lawrence River”) that can be used to assess the multiplic-
ity and intensity of the stresses to which the ecosystem is subjected and the
associated effects. Of the 14 characteristics selected, three are physico-chemical:
sediment quality, St. Lawrence water quality and tributary water quality. The
main reasons for the selection of these characteristics are outlined below.

Information Supplement

METHOD OF INTEGRATING
ENVIRONMENTAL INFORMATION

The method used to synthesize physico-
chemical, biological and socio-economic knowl-
edge is the systemic approach, a way of
understanding and organizing knowledge that
highlights the structures, functions, processes,
evolution and organization of a system. First, a
deliberate effort was made 1) to identify all char-
acteristics of the St. Lawrence River system that
are important for diagnosing its health, and 2) to
identify the network of influences among the
characteristics. The Delphi method and an ana-
lytical tool – impact matrices – were thus used to
improve our understanding of how the system
works.

The systemic approach was applied to
knowledge of the St. Lawrence in three stages.
First, a multidisciplinary team of scientists worked
together to draft the first three parts of this report,
which synthesize physico-chemical, biological
and socio-economic knowledge of the St.
Lawrence River. Each of the three parts was then
reviewed by a scientist (or integrator) assigned to
integrate the knowledge and draw conclusions.

In the second stage, the team of three inte-
grators used the Delphi method to select the key
characteristics and identify the network of influ-
ences among them. The results were then validat-
ed with other members of the scientific
community. Not only is selecting the most rele-
vant characteristics no easy matter, but the num-
ber of characteristics used must be limited so that
a concrete and realistic diagnosis can be made. For
this purpose, four selection criteria were used:

1)The characteristic had to evolve in time
and space; it could not be a constant.

2)The characteristic had to be significant for
the River as a whole. 

3)The characteristic had to have a direct
impact on the fluvial ecosystem. 

4)The availability of historic data favoured
but did not exclude the selection of one
characteristic over another one. 

Once the characteristics were selected, a
matrix of known direct influences among the
characteristics was developed for each section of
the River and for the St. Lawrence as a whole to
better understand how the river system works.
Part 4 of this report gives further information on
this subject.



Sediment plays a major role throughout the river ecosystem, providing a niche
for benthic organisms and other species with a sediment-associated growth
stage. Benthic organisms are links in the food chain and serve as pathways for
transferring contaminants from sediments to higher trophic levels.

Transport of suspended solids contributes to contaminant dispersal.
Hydrodynamic and physiographic conditions in certain areas promote the depo-
sition of suspended fine material, to which contaminants are bound. 

As a result, organic and inorganic contaminants from such sources as
urban, industrial and agricultural effluents and the many tributaries of the St.
Lawrence are present in appreciable concentrations in most of the sedimentary
basins of the St. Lawrence (Lake Saint-Louis, Lake Saint-Pierre and port areas).
Though toxic inputs to the environment have declined steadily since the late
1970s, substances such as organochlorine pesticides, PCBs, PAHs and heavy
metals persist in sediment long after the sources of contamination have disap-
peared. The most recent studies do, however, show that sediment concentrations
of most contaminants have dropped in the last few decades. 
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Information Supplement

CHARACTERISTICS SELECTED TO EVALUATE THE HEALTH OF THE ST. LAWRENCE RIVER

TYPE CHARACTERISTIC

Biological Biodiversity
Natural environments and protected species
Condition of biological resources

Socio-economic Shipping
Modification of the floor and of hydrodynamics
Shoreline modifications
Urban wastewater discharges
Industrial wastewater discharges
Commercial fishing 
Sport hunting and fishing
Accessibility of the banks and River

Physico-chemical Sediment quality
St. Lawrence water quality
Tributary water quality

1.7.2.1
Sediment quality



This situation is encouraging, but the research must continue nonethe-
less. It is vital that we keep gathering data on spatial and temporal trends in
sediment contamination so as to gain a clearer picture of the relationship
between contaminated areas and pollutant sources and to better understand
toxic substance accumulation and elimination processes. With such knowledge,
more informed decisions can be made about the management of contaminated
sediment.

Water is essential to the survival of all living organisms – flora, fauna and human
beings. Water quality directly affects all ecosystem components, no matter what
their place or role. 

The quality of raw (untreated) water in the St. Lawrence can be defined
using indexes established for direct human consumption, contact recreational
activities and aquatic life. Water quality in the River varies greatly over the sea-
sons and from one location to another; and it is constantly changing as quality
criteria are adjusted based on new knowledge. 

Improvements have been noted in recent years. The number of urban
wastewater treatment plants is steadily increasing and many of the most pollut-
ing industrial plants have agreed to eliminate their discharges of toxic substances
while others have shut down altogether. This has, of course, had an effect on
water quality in the River, which must be monitored as regularly as possible in
coming years to detect signs of improvement, deterioration or stability.

Tributaries with sufficiently large discharges constitute water masses in the
upstream part of the St. Lawrence and were considered when the quality of the
main water masses in the River was assessed for different uses. However, the
tributaries of the St. Lawrence in general contribute toxic inputs to the River,
and this means water quality in the River will not improve unless water quality
in the tributaries also improves. Water quality must therefore be monitored reg-
ularly at tributary mouths in order to track temporal and spatial trends in this
variable, and hence associated effects on biological resources and uses of the
St. Lawrence. 

All the characteristics selected to evaluate the health of the St. Lawrence are very
much interdependent. Each characteristic can be viewed as a factor that disturbs
other characteristics of the River or, conversely, as being subject to disturbance
from one or more of those characteristics. The Delphi method, used to con-
struct the impact matrices, made it possible to identify and measure the scope of
the interactions among the selected characteristics. Here are the main conclu-
sions about the influences of and on physico-chemical characteristics depending
on the scale of the analysis. 

The analysis described in Part 4 of this report indicates that, of the three physi-
co-chemical characteristics selected, water quality at tributary mouths exerts
the greatest influence on other characteristics for the St. Lawrence as a whole.
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This characteristic has a direct impact on water and sediment quality in the St.
Lawrence as well as on the condition of biological resources and shoreline and
river access. The Fluvial Section and the Fluvial Estuary are the most affected
sections of the St. Lawrence. According to the analysis, tributary water quality
has no impact on biological resources. This is because only direct influences
are considered. In other words, tributary water quality affects water quality in
the St. Lawrence, which in turn places stress on biological resources. Since the
direct stress of St. Lawrence water quality is considered, the indirect stress caused
by tributary water quality is not.

In terms of impacts, St. Lawrence water quality follows close behind,
directly affecting three other characteristics: sediment quality, the condition of
biological resources, and accessibility of the banks and River.

By way of comparison, the physico-chemical characteristics occasion
more stress than the biological characteristics and less stress than the socio-eco-
nomic ones. 

Of the physico-chemical characteristics selected to evaluate the health of the
St. Lawrence River, two are affected or influenced by other characteristics
throughout the St. Lawrence: sediment quality is affected most, followed by
St. Lawrence water quality. In both cases, five characteristics have an impact.
Sediment quality is affected by St. Lawrence water quality, tributary water qual-
ity, changes in the river bed and hydrodynamics, urban wastewater discharges
and industrial wastewater discharges. St. Lawrence water quality is affected by
the same characteristics with just one difference: shipping replaces St. Lawrence
water quality. For both sediment quality and river water quality, the impact is
greater in the two upstream stretches of the river system than elsewhere.
Tributary water quality, on the other hand, is influenced mainly by the tribu-
tary’s own drainage basin and is not directly affected by other characteristics of
the St. Lawrence. This is why no impact on tributary water quality has been
noted.

Interestingly, river water quality and sediment quality both influence and
are influenced by other characteristics. They have therefore been termed
“hybrid” characteristics and are of particular interest for monitoring the health
of the St. Lawrence. 

Part 4 of this report discusses all the selected characteristics of the St.
Lawrence and their interactions in greater detail. The diagnosis of the health of
the St. Lawrence, based on the selected physicochemical characteristics among
other things, is described in Volume 2 of this report, The State of the St.
Lawrence.
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Four hundred years ago, the Basques and French came to this part of the
world to fill the holds of their ships with fish and whale oil. The icy waters of
the Atlantic, Newfoundland and the Gulf of St. Lawrence held many dangers
for the European navigators, but they had never seen waters so rich in marine
life. 

Later, settlers along the St. Lawrence River took it for granted that the
biological resources were inexhaustible. By the end of the 1800s, the great
whales were starting to show signs of decline after being hunted for decades in
every ocean in the world – though communities along the St. Lawrence prob-
ably did not notice much of a change. At Île aux Coudres, hundreds of belugas
were still caught in weirs set up on the tidal flats. From Saint-Roch-des-
Aulnaies to Blanc-Sablon, every respectable village had a dock and a flotilla of
fishing boats; year in, year out, they stuffed big barrels full of salted herring and
covered their flakes with cod drying in the sun. At Éboulements, herring and
capelin were fished only to be used as fertilizer, while in the fresh waters of the
St. Lawrence between Quebec City and Valleyfield, eel and sturgeon were
caught by the cartload and often sold for paltry sums.

By the mid-20th century, several signs of change were appearing. After
being hunted with dynamite and rifles for sport and for their oil and skins, the
Beluga whale vanished almost entirely from the Upper Estuary; Greater snow
geese, which are affected by conditions in the St. Lawrence during migration
and found only in the eastern part of the country, had already been decimated.
In the late 1950s, stocks of American shad and Striped bass declined signifi-
cantly, as did many other species. Smelt stopped biting at Montmagny and
amphibian populations decreased in the flood plain of Lake Saint-Pierre. After
barely thirty years, many resources people had thought would always be abun-
dant were disappearing; others showed signs of decline.

Introduction



Destabilization of stocks, priority, vulnerable and endangered species,
moratoria on commercial fishing, creation of protected areas: the vocabulary
used in this report would have been incomprehensible to earlier generations. For
many plant and animal species, the situation is critical. This is not to say that
damage to the St. Lawrence cannot be remedied. Many of the foundations of
the ecosystem are still relatively intact: the River has an adequate energy supply,
tributaries upstream and currents downstream still transport essential nutrients,
and the organisms at the base of the food webs are still there to take advantage of
these favorable conditions. This report will present current scientific knowl-
edge in an ordered fashion, examining the trophic levels that structure the bio-
logical resources, as well as their condition, starting in the upstream part of the
fluvial ecosystem and working downstream, moving from fresh water to salt
water. 

The organisms studied will be presented according to their place in the
food chain. The links among these organisms form the food web that circulates
matter and transfers energy by biochemical means between various organisms in
the St. Lawrence. 

Three kinds of organisms shall be described, based on their ecological
function. The first organisms include most chlorophyll-producing plants, such as
microscopic algae in aquatic environments and vascular plants in wetlands and
shore areas. Plant species are followed by consumers, organisms that are wholly
dependent on producers, which are the sole source of energy directly usable by
herbivores (primary consumers) or indirectly usable by carnivores (secondary
and higher consumers). Bacteria, yeasts, fungi and some protozoa are active
consumers at all trophic levels, releasing minerals from dead organic matter
(detritus, plants, excrement and cadavers) into the food web.

This report is organized by trophic level, from plankton to mammals and
from reptiles to birds. Examples are shown in Figure 2.1.

The purpose of this report is to overview the condition of biological
resources in the St. Lawrence River. There are, however, some gaps in our
knowledge, mainly because some resources are more socio-economically and
ecologically important than others, and researchers tend to focus on certain
types of problems. For instance, more studies have been done on one species of
marine mammal, the St. Lawrence beluga, than on the River’s 15 freshwater
species of reptiles and amphibians put together. This means that not all groups of
organisms will be covered in the same detail.

Since the physical and chemical conditions of the St. Lawrence change
significantly as one moves downstream, the River has been divided into four
hydrographic sectors. Each section will be described in terms of its biological
characteristics.

Biological Aspects: Introduction2



FIGURE 2.1
Examples of food chains in the St. Lawrence River

Source: Adapted from SLC, 1993.
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By virtue of its length and the fact that it traverses such a large part of the
continent, the St. Lawrence River changes its aspect many times. This is imme-
diately apparent to anyone observing the elms along the River near Valleyfield,
the Silver maple groves beside Lake Saint-Pierre and the spruce stands atop the
Charlevoix massifs. The changes are no less marked in the waters of the River
itself.

If it flowed from west to east, the St. Lawrence would not be character-
ized by such fascinating complexity. But the St. Lawrence flows to the north.
This apparent contradiction emphasizes how the River is enriched by each dif-
ferent area it flows through. It travels such a distance that it is never the same
season from one end to the other. The ground can be frozen solid at Grandes-
Bergeronnes while Crab apple trees are blooming around the Great Lakes.

Biogeographers have attached great importance to the gradual changes
along the St. Lawrence and have compiled long lists of the River’s plant and 
animal species. Addressing this complex issue, Ghanimé et al. (1990) suggested
the St. Lawrence be divided into biogeographic regions, with boundaries that
often correspond to hydrographic boundaries where physical factors such as
salinity, wetlands, type of sediment, winter water temperature and underwater
relief (bathymetry) impose major limitations on organisms. The four major
regions of the St. Lawrence described below are primarily defined by hydro-
graphic factors (see Part 1: Physico-Chemical Aspects).

The first region, the Fluvial Section, stretches from the Cornwall area,
just west of the Quebec border, to Lake Saint-Pierre (Figure 2.2). It includes
lakes Saint-François, Saint-Louis and Lake des Deux Montagnes as well as the
Ottawa, des Prairies and des Mille Îles rivers. There is no tidal influence in this
sector. There is a fairly wide flood plain, allowing for considerable develop-
ment of the shoreline wetlands that are important for living organisms. Often,
waters from tributaries flow into the Fluvial Section of the River but do not

Biological Characteristics
of the Four Sectors of the River

2.1



FIGURE 2.2
Hydrographic regions of the St. Lawrence
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Biological Aspects: Biological Characteristics of the Four Sectors of the River6

mix: instead, they run side by side and create striking ecological contrasts in a
single stretch of the River. The prevailing conditions at this latitude are con-
ducive to biological diversity and there are many different amphibian and fish
species. This is also the most urban and industrial region, with the greatest
attendant stresses: contaminants, encroachments and environmental degradation
of all kinds have a marked effect.

Between the outlet of Lake Saint-Pierre and Île d’Orléans, a new phe-
nomenon appears: a tidal current that gradually dissipates and finally vanishes at
Lake Saint-Pierre, but which regularly causes a fairly significant reversal of the
current, perceptible as far upriver as Portneuf. This is the Fluvial Estuary. Except
at Lake Saint-Pierre, the River flows between well defined and often steep
banks that provide little room for wetlands to develop. This section is charac-
terized by rapidly changing physical conditions (temperature, water depth, sus-
pended matter and speed of current). Though this phenomenon is less
pronounced than in the region upstream, human activity has had a major impact
and the environment is often highly contaminated.

The third region, the Upper Estuary, starts at Île d’Orléans and continues
to the mouth of the Saguenay River. This is a region of major transitions. The
physico-chemistry of the water varies greatly; a broad band of turbidity, the
maximum turbidity zone, marks the contact between fresh water and salt water.
The narrowing of the River strongly accentuates the effects of the tide and in
the upstream section, tidal range is greater than 6 m, which has a significant
impact on shoreline habitats and organisms. This section of the River also con-
tains the Saguenay Fjord, an enclave characterized by several biogeographic fea-
tures. The Upper Estuary is a major transition zone that has been much studied
by scientists.

The fourth region, the Lower Estuary and Gulf, is similar to the sea. Its
waters are highly stratified, very cold and very salty. The bathymetry changes
abruptly and the maritime influence becomes definite below Escoumins on the
north shore and Rimouski on the south shore. The water column is affected by
highly complex, high-amplitude internal waves. Many of the fish (mackerel,
cod), birds (such as Northern gannets, Razorbills, and Black-legged kittiwakes)
and marine mammals (such as whales, porpoises and seals) are migratory. The
Îles de la Madeleine and coastal zone of the Gulf of St. Lawrence are included in
this region.

This is the geographic framework (Figure 2.2) that will be used to review
the biological resources of the vast aquatic ecosystem of the St. Lawrence River,
from bacteria to the Blue whale. Depending on one’s point of view, the
Vallisneria plant beds of Lake Saint-François and Laminaria beds of Île du Bic
have as many differences as similarities: environmental conditions change
profoundly, as do the dominant species, communities and their forms and inter-
actions with humans.



Plankton is a heterogeneous group of organisms characterized by limited or
nonexistent mobility. Plankton consists of bacteria and yeasts, floating algae
(phytoplankton) and planktonic floating animals (zooplankton). It forms the
basis of the aquatic food chain. For the purposes of this discussion, the scarce
data available on floating vascular plants has been included in the section on
phytoplankton. Similarly, fish larvae, often called ichthyoplankton, are covered
in the section on zooplankton.

Bacteria and yeasts are essential components of any ecosystem. They are gener-
ally considered decomposers since their metabolic activity breaks down dead
organic matter and recycles its constituents. Some bacteria have a significant
impact on the productivity of a given environment. Paradoxically, there is almost
no information on the ecology of naturally occurring bacterial communities in
the St. Lawrence River. 

The abundance of organic matter in the River and estuarine ecosystems
leads us to believe that bacteria play a dominant role in the food chain. The dis-
charge of wastewaters into the St. Lawrence adds microbial flora to the River
and has been the object of much study, because disease-causing bacteria can
have a significant impact on human and animal health. Municipal wastewaters,
which are greatest downstream from the major urban centres of Montreal and
Quebec City, significantly affect water quality. L’Italien et al. (1991) showed
that for considerable distances downstream from Montreal area outfalls, bacte-
rial contamination far exceeded acceptable limits for drinking water supply and
recreational activities. 

One way of monitoring bacteria levels in water is to count coliform bac-
teria; this is generally done on a sporadic basis near beaches and municipal
intakes. Such counts can be used as indicators of fecal contamination (Burton
1991), but can not be used to assess the actual state of bacterial contamination of
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the environment. Many species of potentially pathogenic bacteria detected in
rivers and estuaries are considered natural members of the microorganic com-
munities characteristic of such habitats (Table 2.1).

Building major water treatment plants does not necessarily solve the
problem of bacterial contamination once and for all. In 1992, the Québec
Urban Community (QUC) opened two wastewater treatment plants. Once
these plants are equipped with auxiliary tanks to contain the storm waters that
are taxing their capacity, they will considerably lower levels of coliforms, strep-
tococcus and other microorganisms present in municipal wastewaters. The
Montreal Urban Community (MUC), which has had wastewater treatment
facilities since 1988, does not disinfect its effluents.

Until now, abundance, distribution, species composition and dynamics of
bacteria have been primarily examined in the context of water quality assess-
ment programs and almost no ecological studies of these organisms have been
done. However, in measuring the activity of heterotrophic organisms, Painchaud
and Therriault (1985) hypothesized that bacteria were divided into three distinct
ecological zones along the estuary’s salinity gradient: the freshwater zone (salin-
ity of 0.1‰), brackish water (salinity from 0.1 to 10‰) and salt water (salinity
greater than 10‰).

Dominant yeasts
Bacteria capable of initiating human disease (in order of importance)

Acinetobacter calcoaceticus Rhodotorula glutinis

Aeromonas hydrophila Candida spp.

Clostridium botulinum Cryptococcus albidus

Enterobacter cloacæ Rhodotorula marina

Flavobacterium meningosepticum Rhodotorula graminis

Klebsiella pneumoniæ Torulopsis famata

Legionella pneumophila Pullularia pullulans

Listeria monocytogenes Rhodotorula lactosa

Plesiomonas shigelloides Candida tenuis

Pseudomonas aeruginosa Candida muscorum

Vibrio choleræ Hansenula holstii

Vibrio parahaemolyticus* Debaromyces marama

Vibrio vulnificus* Rhodotorula aurantiaca

*Species found in brackish water only.

Sources: Grimes, 1991 (bacteria); Simard and Blackwood, 1971b (yeasts).

TABLE 2.1
Bacteria and yeasts of the St. Lawrence
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Simard and Blackwood (1971a, 1971b) reported high concentrations of
yeasts throughout the St. Lawrence, slightly higher than in the Great Lakes.
The same species (Table 2.1) were found in equal numbers in each stretch of the
River; R. glutinis accounted for almost half the yeasts sampled.

In the mid-1970s, several studies were conducted on the stretch between
Cornwall and Quebec City as part of a major survey of the condition of the 
St. Lawrence (Comité d’Étude sur le Fleuve Saint-Laurent 1978a). In general,
surveys showed good bacterial quality in the waters upstream from the Montreal
area and quality ranging from fair to poor downstream. The bacterial quality of
the des Prairies and des Mille Îles rivers was uniformly poor. These data of a 
strictly descriptive nature, and limited to pollution by fecal coliforms, could
serve as a basis for comparison in attempts to determine general and long-term
changes in bacterial pollution of the St. Lawrence. At the time of the studies,
bacterial pollution was considered to be very high near Sorel (Simard and
Blackwood 1971a, 1971b). In 1971, yeast concentrations appeared to be close-
ly linked to bacterial concentrations, because they rose downstream from major
urban centres and with seasonal temperature increases. Between May and
September 1968, these concentrations reached mean values of 480 yeasts per
100 mL in Lake Saint-Louis and 850 yeasts per 100 mL in Lake Saint-Pierre
(Simard and Blackwood 1971a, 1971b). The genus Rhodotorula was dominant in
both lakes. Highest yeast densities were measured in July and September. Lake
Saint-Pierre supported almost twice as many individuals as Lake Saint-Louis,
although the genera were almost identical. The increase in density in September
was much more marked in Lake Saint-Louis.

In the early 1970s, the microbiological quality of waters downstream from
Montreal was considered poor, especially in the Trois-Rivières, Donnacona and
Quebec City regions (Simard and Blackwood 1971a, 1971b; Pellerin 1975;
Delisle et al. 1978).

Since 1990, Painchaud (Department of Biology, Laval University) has
synoptically sampled total bacteria (epifluorescence microscope count) and total
coliforms at 10-km intervals between Sorel and Île aux Coudres. High fre-
quency (every 10 min.) fixed station sampling of these variables was also con-
ducted in the Quebec City area during a semidiurnal tidal cycle. Coliform
bacteria counts often peak at Quebec City, at a position corresponding to the
eastern diffuser (one of two) for wastewaters from the Quebec City area. This is
the area where Simard and Blackwood (1971a, 1971b) found the highest 
number of yeasts (mean value 1090 per 100 mL). However, these authors were
unable to attribute this occurrence to the discharge of domestic wastewaters.
Densities in July contributed 83% of the mean value, and total densities from
other months were similar to those obtained in the Fluvial Section. Commu-
nities were dominated by Rhodotorula and Candida. Bacteria counts were
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relatively low between Quebec City and Sorel, but peaked again in the Sorel
area. Point sampling indicated significant spatial variation in bacteria abundance.

Several studies on bacterial ecology have been conducted in the saline transition
zone (downstream from Île d’Orléans), with particular focus on bacteria fate and
the relative importance of their biomass in relation to phytoplankton biomass
(Painchaud and Therriault 1985, 1989; Painchaud et al. 1987, 1990). Several
characteristics of the bacteria population changed rapidly in this zone, from
upstream to downstream: total and specific heterotrophic activity and cell abun-
dance decreased, bacteria size increased, and the proportion of bacteria associ-
ated with particulate matter peaked in the silt plug, then decreased to zero
downstream from Île aux Coudres. These observations suggest that the fresh-
water bacteria community gradually declines and is replaced by a marine com-
munity. Painchaud et al. (1990) noted that laboratory research results suggested
freshwater bacteria grow well in salinities of up to 10‰. These findings are
corroborated by analyses of communities from the Fraser River (Canada) and by
observations of La Gironde Estuary (France). However, the yeast communities
found by Simard and Blackwood, (1971a, 1971b) at Rivière-du-Loup were
similar in number and kind to others identified upstream, with Rhodotorula and
Cryptococcus dominating, particularly in July. Mean concentration of yeasts in
this region was 650 per 100 mL, the same order of magnitude as concentrations
observed upstream.

There has been little research on the ecology of marine bacteria in the St.
Lawrence. Painchaud and Therriault (1985) described the distribution of hetero-
trophic organism activity in the Lower Estuary, where bacterial distribution and
dynamics are correlated with those of phytoplankton. This suggests that, as in
most marine ecosystems, bacteria essentially depend on organic substrates pro-
duced by phytoplankton for their metabolic needs and growth. Fecal coliforms
in shellfish sectors of the Côte-Nord, Gaspésie and Îles de la Madeleine are
regularly monitored (see Part 1: Physico-Chemical Aspects). The main envi-
ronmental factors affecting bacterial contamination in these areas, when it exists,
are precipitation, salinity, turbidity, water temperature and tributary flows
(Procéan Inc. 1990). There is little likelihood of significant bacterial contami-
nation except in very localized coastal areas, since the marine environment is
not favourable to the development or survival of coliform bacteria.

In the Lower Estuary, as in the Upper Estuary, the yeast community is
similar in density (560 per 100 mL) and genus to freshwater communities.
Rhodotorula and Pullularia dominate. Maximum yeast concentrations occur in
July and September. And once again, Rhodotorula species represent over half the
observed densities for each month (Simard and Blackwood 1971a, 1971b).

Biological Aspects: Plankton10
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Floating algae, whether free or attached to a substrate, are an important link in
the utilization and recycling of nutrients from natural and/or anthropic sources.
Their total biomass at any given time is often very low compared to the total
amount of carbon they fix, because of their small size and the high level of
grazing to which they are subject. It is therefore necessary to assess the impor-
tance of microflora in the annual cycle of organic matter production in the
St. Lawrence.

Except for a few studies on the abundance and composition of commu-
nities, little has been published on the ecology of phytoplankton in the Fluvial
Section. Almost nothing is known of their productivity, cycles, fate or their
position in the ecosystem structure and their role in its functioning. It is, how-
ever, possible to get a general idea of the main factors controlling the composi-
tion and biomass of phytoplankton in the St. Lawrence. Seasonal succession of
species generally follows the same pattern throughout the Fluvial Section.
Filamentous diatoms dominate from November to May, often forming biomass
peaks in spring and fall. In summer, biomass is low, but taxonomic diversity
increases over the summer with the addition of Chlorophycea, Cyanophycea
and Cryptophycea, small-sized and sometimes colonial species. The brown
waters of the St. Lawrence are characterized by a different species composition
and lower biomass than its green waters. Tributaries can add significant phyto-
plankton biomass to the River, especially if they drain watersheds with high
organic pollution. The transition from the riverine section to the tidal section
(downstream from Trois-Rivières) and the estuarine section (downstream from
Quebec City) also brings changes in taxonomic composition, type of seasonal
succession and species abundance. In short, the composition, biomass and
seasonal dynamics of St. Lawrence phytoplankton seem to vary spatially as a
function of the identity, distribution and mixing of principal water masses.

Although qualitative data is available on phytoplankton composition and
biomass, there are few quantitative studies, and only one on primary produc-
tion. More studies must be done on seasonal patterns and production sites to
determine whether phytoplankton produced in the River is retained locally or
whether the biomass is constantly exported downstream. Evaluating the reten-
tion and advection of phytoplankton is the first step toward estimating phyto-
plankton’s relative importance in the total annual picture for primary producers
in the St. Lawrence and their contribution to assimilation and transfer of con-
taminants in the food chain.

The lotic component (running waters) dominates in the Fluvial Section, even
where it widens into Lake Saint-François. This is not an ideal environment for
phytoplankton growth. Although light is superabundant and nutrients are read-
ily available and usually more than adequate, it is probable that the constant
turbulence of the water column, continual export of cells downstream and short
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residence times result in relatively low biological productivity. However,
although some taxonomic studies have been conducted, no direct measure-
ments are available. Mills et al. (1981) described the specific composition and
biomass of winter phytoplankton in a stretch of the international section of the
St. Lawrence. Cardinal (1961, 1964) and Alaerts-Smeesters and Magnin (1974)
studied the seasonal cycle of macrophytoplankton abundance and composition
in Lake Saint-François and Lake Saint-Louis. These studies have shown a phy-
toplankton community dominated by diatoms. Recent studies of Lake Saint-
Pierre (Jarry et al. 1992) have confirmed that diatoms dominated the
phytoplankton but shared this predominance with Chlorophycea and Cryp-
tophycea.

Research by the Comité d’Étude sur le Fleuve Saint-Laurent has estab-
lished the mean summer distribution of chlorophyll a (plant biomass can be
estimated from chlorophyll values since only plants have such pigments), pro-
duced a general idea of changes over time (between June and September) in
chlorophyll a abundance, and briefly described taxonomic composition (genera
only) and diversity (Provencher 1977; Keighan 1977). Concentrations of chloro-
phyll a ranged from 2 to 15 mg/m3 and reached maximum values in June
(13.5 mg/m3), decreasing until September (mean of 2.7 mg/m3). On a large
scale, the distribution of chlorophyll a was, all in all, fairly homogeneous and the
plot of variation over time was comparable in all freshwater sectors.

Lake Ontario is a potentially major source of lacustrine phytoplankton
for downstream transport. Winter biomass in the lake is about 200 mg/m3,
almost exclusively diatoms, which contributes to the general increase in spring
biomass (January to May) (Munawar and Munawar 1986). Phytoplankton diver-
sity in Lake Ontario began to increase in June. Over the summer, the abun-
dance of phytoflagellates (Chrysophycea, Cryptophycea and Dinophycea) and
green and blue-green algae increased steadily, resulting in a single annual bio-
mass peak in August with a maximum value of 800 mg/m3. 

The summer composition and biomass of phytoplankton in the interna-
tional stretch of the St. Lawrence, from Cape Vincent, at the outlet of Lake
Ontario, to Waddington, N.Y. (Figure 2.3), indicates that Lake Ontario does
indeed export significant quantities of phytoplankton cells downstream (Mills
and Forney 1982). In all, 104 phytoplankton species were identified over three
years of sampling (1976-1978). Diatomeae comprised 30 to 60% of the spring
biomass peak, while Cryptophyta represented 45 to 70% of summer biomass.
Mean biomass and chlorophyll a concentrations over the three years were on the
order of 100 to 250 mg/m3 and from 1 to 12 mg/m3, respectively. From June to
August 1978, the primary production rate rose from 650 to 4000 mg/m2/d C,
coinciding with the transition from spring dominance of diatoms and pyro-
phytes to summer ultraplankton dominance of Cryptophyta and Chrysophyta.

Biological Aspects: Plankton12



Also in August, biomass renewal time was shortest (0.25/d), and the P/B
(production/biomass) ratio reached its maximum (0.4 mg/m2/d C per mg/m2).
An upstream-downstream decrease in biomass and productivity was also noted
(Mills and Forney 1982). The seasonal succession pattern observed in the inter-
national stretch of the St. Lawrence appears to be similar to that documented in
Lake Ontario.

In Lake Saint-François, phytoplankton composition and abundance were
homogeneous at stations in the Seaway, suggesting that algae are transported in
the main channel water mass (Cardinal 1961). A qualitative study of the annual
cycle of composition of the fraction greater than 150 µm in size found 172
species of algae (Cardinal 1964), with several species new to Canada. Species
diversity was lowest (24 to 36 species) in winter (January-May) and highest (60
to 95 species) in summer (June-September). A seasonal succession pattern sim-
ilar to successions described earlier was evident. From January to April, chain-
forming diatoms (Tabellaria spp., Stephanodiscus binderanus) dominated
exclusively, sometimes forming significant planktonic blooms (Brunel 1956).
In May-June, diatoms were temporarily accompanied by Dynobryon sp., which
disappeared in July, leaving other species of colonial diatoms to dominate once
again (Fragilaria crotonensis and Asterionella formosa). From August to October,
large numbers of three Chlorophycea genera (Pediastrum, Ceratium and Eudorina)
were noted, but these disappeared in winter and were replaced by chain-form-
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ing diatoms. Since data collection and sample analysis were qualitative, it was not
possible to quantify seasonal variations in abundance or biomass. Nonetheless,
seasonal variation in phytoplankton composition appears to resemble that
observed upstream.

Where the green waters of the Great Lakes and the brown waters of the
Ottawa River join in the La Prairie basin and Lake Saint-Louis, the biomass and
composition of phytoplankton in each type of water were characterized (Roche
and Associates 1982). In both water masses, the seasonal cycle of chlorophyll a
concentration peaked once in the spring (March-April, 6 mg/m3) and once in
the fall (November, 4 mg/m3), with minimum concentrations in summer (1 to
2 mg/m3). Seasonal variations in density (< 50 to 725 cells/m3) and cell bio-
volume (< 50 to 475 mg/m3) followed a pattern identical to that of chlorophyll
a. In winter (November to May), all three methods of measurement showed
phytoplankton biomass to be lower in the brown waters of the Ottawa than in
the green waters from the Great Lakes, but no different in summer. As indicated
in studies of the River further upstream, colonial diatoms (Melosira spp.,
Fragilaria spp. and Tabellaria flocculosa) form the largest groups, especially in win-
ter and spring (March to June). In August and September, diatoms are replaced
in numerical importance and biomass by Cryptophycea (Rhodomonas spp. and
Cryptomonas spp.) and Chlorophycea (Ankistrodesmus spp., Coelastrum spp. and
Pediastrum spp.).

Composition and abundance of phytoplankton in the brown waters of
Lake Saint-Louis were studied from September 1970 to December 1971
(Alaerts-Smeesters and Magnin 1974). As in the preceding study, chain-forming
diatoms (Fragilaria crotonensis, Stephanodiscus binderanus, Melosira spp., Asterionella
formosa, Tabellaria quadriseptata) predominated from fall to spring, with seasonal
biomass peaks in March and August. Zygophycea (Mougeotia spp.) were also
abundant in fall and winter, but peaked in May. Over the summer (May to
November), Chlorophycea (Pandorina morum, Eudorina elegans, Pediastrum spp.)
became more abundant, reaching maximum biomass in July-August. Cyano-
phycea (Anabaena, Merismopedia, Oscillatoria and Coelosphaerium) appeared
abruptly and in huge quantities, varying considerably in abundance.

The same pattern of seasonal succession seems to continue proportionally
as one moves downstream. In Lake Saint-Louis, the spring (June) biomass peak
(cell biovolume) for chain-forming diatoms (Melosira, Fragilaria and Tabellaria)
had a mean value of 697 mg/m3 near Île Perrot (Provencher 1977). Provencher
also reported an increased abundance of Cryptophycea (Rhodomonas minuta)
and Chlorophycea (Ankistrodesmus spp.) in late summer and in fall.

At Lake Saint-Pierre, Provencher also observed how water type influenced
the biomass and structure of the related phytoplankton community (1976,
1977). Biomass (cell biovolume) concentrations sampled at stations in the brown



Biological Aspects: Plankton 15

waters (north shore) reached 860 mg/m3, while chlorophyll a concentrations
reached 10.38 mg/m3 (Figure 2.4). Corresponding values obtained at stations in
green waters (south shore) were 478 mg/m3 for cell biovolume and 9.6 mg/m3

for chlorophyll a (Provencher 1977, cited by Langlois et al. 1992).

In the Gentilly area, Contant and Lacoursière (1978) noted a biomass
peak in May (1800 to 2666 mg/m3). Summer biomass values (June-August)
were on the order of 200 to 500 mg/m3 (cell volume), increasing to 800 to
1335 mg/m3 in September. The largest portion of the biomass was comprised
of filamentous diatoms (Diatoma tenue var. elungatum, Cyclotella meneghiniana,
Melosira binderana). In summer and fall, the presence of resuspended periphytic
diatoms (Cocconeis spp.) and a colonial Chlorophycea (Pediastrum simplex) was
also noted.

These findings are supported by a larger-scale spatial study of five sites
between Cornwall and Trois-Rivières (Paquet et al. 1993). Monitoring of bio-
mass and taxonomic composition of phytoplankton (311 species) showed that
periphytic algae separated from their substrate only sporadically appeared in the
seston. Phytoplankton communities sampled from the same type of water had a
similar composition and seasonal biomass pattern in the upstream-downstream
axis. A biomass peak was observed in spring, with green waters supporting
higher phytoplankton biomass (cell volume: 1120 to 4300 mg/m3) than brown
waters (240 to 760 mg/m3). Diatoms dominated in green waters, while
Cryptophycea were more numerous in brown waters.

A sampling of 30 tributaries of the St. Lawrence between Lake des Deux
Montagnes and Quebec City (Provencher 1977) showed that the tributaries
also contributed to the phytoplankton biomass of the River (Table 2.2). Mean
summer biomass varies depending on physical environment, physico-chemical
parameters and degree of nutrient enrichment of each tributary, ranging from
59 mg/m3 (cell volume) in the Montmorency River to 6621 mg/m3 in the
Rigaud River (Provencher 1977).

The characteristic influence of the two major water masses and other tribu-
taries on the phytoplankton community appears, however, to fade away in the
tidal zone downstream from Trois-Rivières. Monthly sampling (July 1975 to
February 1976) at about 30 stations between Cornwall and Montmagny turned
up distinct phytoplankton communities in the sections upstream (fluvial zone)
and downstream (tidal zone) from Trois-Rivières (Provencher 1976). In sum-
mer, the phytoplankton community in the upstream section was more diverse
and supported a lower biomass than observed downstream; these differences
tended, however, to disappear in winter (February). Upstream, biomass peaked
once, in December (cell volume: 1589 mg/m3), while maximums were
observed in September (3645 mg/m3) and December (1827 mg/m3) down-
stream from Trois-Rivières. However, seasonal succession of groups corresponds

2.2.2.2
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FIGURE 2.4
Chlorophyll a, biomass and phytoplankton diversity in Lake Saint-Pierre in 1976

Sources: Adapted from Provencher, 1977, in Langlois et al., 1992.
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Biovolumes Sx Chlorophyll a Sx
Tributaries (mg/m3) (standard deviation) (mg/m3) (standard deviation)

Low productivity

Montmorency 59.0 7.0 1.6 1.3

Sainte-Anne 169.0 61.0 2.6 1.9

Jacques-Cartier 139.0 12.0 2.7 0.7

Saint-Maurice 194.0 156.0 3.2 2.4

Petite du Chêne 491.0 108.0 3.3 1.3

Du Loup 273.0 199.0 3.4 3.0

Maskinongé 112.0 6.0 3.5 2.8

Ottawa 257.0 17.0 4.1 3.1

Saint-Charles (Qué.) 649.0 131.0 4.2 2.0

Medium productivity

Champlain 250.0 42.0 4.7 5.1

Yamachiche 424.0 279.0 5.0 2.5

Portneuf 226.0 112.0 5.3 4.7

Richelieu 404.0 303.0 5.8 6.4

Châteauguay 423.0 287.0 6.6 5.3

Du Chêne 1579.0 241.0 6.6 1.2

Chaudière 1690.0 1246.0 6.6 6.4

High productivity

Bécancour 1658.0 1061.0 9.0 6.4

L’Assomption 662.0 281.0 9.2 12.5

Batiscan 128.0 23.0 9.3 13.3

Etchemin 1074.0 331.0 9.9 4.9

Gentilly 255.0 199.0 10.6 10.5

Saint-Louis 538.0 156.0 11.4 13.5

Saint-François 1897.0 78.0 12.3 13.0

Nicolet 1561.0 303.0 13.0 14.8

Delisle 568.0 33.0 15.8 8.9

Du Nord 1286.0 1541.0 16.4 22.8

Mascouche 797.0 223.0 16.8 13.0

Yamaska 506.0 482.0 26.1 9.7

Rigaud 6621.0 6425.0 39.7 51.9

Bayonne 3093.0 3690.0 58.6 99.1

Source: Provencher, 1977.

TABLE 2.2
Summer biovolumes and chlorophyll a levels in 30 tributaries of the St. Lawrence in 1976
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to patterns described earlier: diatoms generally dominate plankton composi-
tion, particularly from September to June. Dominance of filamentous diatoms
(Melosira and Fragilaria spp.) was reported many times over the fall, winter and
spring months. In the summer months, several species of Chlorophycea,
Cryptophycea (upstream from Trois-Rivières) and Zygophycea (Spyrogyra sp.,
downstream) accompanied the diatoms.

Abundance and species composition of summer phytoplankton in the Île
d’Orléans area have also been described by Cardinal and Bérard-Therriault
(1976) and Désilets et al. (1989), who observed a preponderance of diatoms, in
particular Skeletonema subsalsum.

In several areas, significant quantities of organic matter are discharged
into the St. Lawrence; this raised the possibility of eutrophication of the fluvial
environment. The Comité d’Étude sur le Fleuve Saint-Laurent (Delisle et al.
1978) studied this question and concluded there was no dissolved oxygen defi-
ciency in the River. Numerous measurements of chlorophyll a concentrations
between Sorel and Quebec City (low values oscillating between 2 and 5 µg/L,
Painchaud 1992) do not in any way indicate eutrophication. Only parallel mea-
surements of primary production, respiration and dissolved oxygen will permit
correct evaluation of the trophic condition of the St. Lawrence. No such studies
have been done to date. 

The transition of the phytoplankton community (size > 56 µm) from
the tidal zone (downstream from Lake Saint-Pierre) to brackish water (at
Montmagny) has been qualitatively described based on net sampling conducted
in October 1973 (Éco-Recherches Ltd. 1974). Of the 97 taxons found, diatoms
(57 species) were the most abundant, particularly colonial species (notably
Fragilaria capucina, Melosira granulata and Asterionella formosa). However, relative
abundance (700 to 65 000 cells per litre) and total number of species (4 to 25)
harvested at each station were not very high. Variability among stations was
such that no spatial pattern could be detected.

Changes in phytoplankton composition and biomass have been reported in the
region between Île d’Orléans and Île aux Coudres, where the estuarial transition
raises salinity from 0 to 10‰. Numbers of phytoplankton cells and concentra-
tion of chlorophyll a were generally lower than in the Fluvial Section (Cardinal
and Bérard-Therriault 1976; Painchaud and Therriault 1985; Painchaud et al.
1987). However, very high ratios of particulate organic carbon to chlorophyll a
(> 1000; Painchaud and Therriault 1985) indicated the presence of abundant
residues. This observation suggests that phytoplankton cells transported into
brackish waters could be in poor physiological condition, possibly because of
the stress of making the transition from fresh to brackish water. Flora were of
mixed composition, with freshwater species being gradually replaced by brack-
ish water species (Cardinal and Lafleur 1977).

2.2.2.3
Upper Estuary



Phytoplankton in the upstream portion of the Upper Estuary has been
described in terms of species composition, abundance and biomass. The com-
munity in the Upper Estuary is dominated by microflagellates (Désilets et al.
1989). Probably because of high turbidity and transition problems encountered
by freshwater species, phytoplankton species in the Upper Estuary are less abun-
dant and have a lower photosynthetic capacity than those in the Fluvial Section
and the Lower Estuary (Désilets et al. 1989; Painchaud and Therriault 1989;
Painchaud et al. 1990). The fate of freshwater phytoplankton in the saline tran-
sition zone is unknown, although it has been suggested that mortality may be
linked to inhibition of photosynthesis, flocculation of cells, osmotic shock, or
grazing (Painchaud et al. 1990). Whatever the reasons, the phytoplankton com-
munity becomes completely reorganized in the saline transition zone. Moreover,
this zone does not seem to be characterized by high primary production.

The phytoplankton community in the upper part of the Upper Estuary
(from Île aux Coudres to the Saguenay) is dominated by marine species, mainly
diatoms, although freshwater species are also present (Cardinal and Lafleur 1977;
Lafleur et al. 1979). This zone does not promote phytoplankton development:
cell abundance is low (Cardinal and Lafleur 1977; Lafleur et al. 1979; Fortier
and Legendre 1979; Demers and Legendre 1979), and chlorophyll a concentra-
tions relatively low (< 1 to 2 µg/L; Demers and Legendre 1981; Painchaud et al.
1987). Variability and factors controlling primary production in this zone were
studied in detail in the late 1970s, as were variations induced by fortnightly and
semidiurnal tidal cycles. The photosynthetic capacity of phytoplankton also
goes through endogenous circadian cycles that may be in phase with semi-
diurnal tidal cycles (Demers and Legendre 1979; Legendre et al. 1985).
Phytoplankton dynamics in this zone are controlled by turbidity and intense
vertical mixing, caused mainly by tides (Bah and Legendre 1985). Light, rather
than availability of nutrients, would be the main control factor. Since the mixed
layer is generally deeper than the layer where photosynthesis takes place
(Demers and Legendre 1981), phytoplankton development in that layer is lim-
ited, which explains the low phytoplankton abundance mentioned above. In
the Upper Estuary, phytoplankton ecology studies have focused on short- and
medium-term variability.

In the Saguenay Fjord, the strong thermohaline stratification that runs the
length of the fjord creates a superficial layer that is thin, relatively warm and has
low salinity (1 to 18‰), (Côté and Lacroix 1978). Seasonal (Côté 1981) and
short-term variations (Côté and Lacroix 1978, 1979b) in phytoplankton char-
acteristics in the fjord have been described. The low level of phytoplankton
production observed has been attributed to considerable freshwater input that
modifies the thickness and physico-chemical characteristics of the mixed layer,
promoting rapid downstream advection of phytoplankton biomass (Côté and
Lacroix 1979a; Cloutier et al. 1985).
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There is no question that phytoplankton in the Lower Estuary has been studied
the most. Therriault and Levasseur (1985) describe the spatial and temporal dis-
tribution of phytoplankton production and biomass over the mid- and long-
term (monthly and seasonal) and on a large scale. They divided the Lower
Estuary into four regions based on their respective spatial patterns of production
related to local hydrodynamic conditions: Region 1 corresponds to freshwater
outflow along the south shore of the estuary; Region 2 to the upwelling of
deep cold waters at the head of the Laurentian Channel; Region 3 to the fresh-
water plume from the Manicouagan and aux Outardes rivers; and Region 4 to
the near-gulf area, at the estuary outlet. Light and freshwater input were identi-
fied as the most important factors controlling primary production. On a short
time scale (fortnightly and semidiurnal), phytoplankton variability was observed
and interpreted in relation to stability of the water column, which itself is con-
trolled by fortnightly and semidiurnal tidal cycles (Sinclair 1978; Fortier and
Legendre 1979). The spatial structure of phytoplankton was associated with
winds and tidal currents (Levasseur et al. 1983). 

Generally speaking, phytoplankton reproduction is not limited by deple-
tion of nutrients, which are abundant, but by physical factors: water column sta-
bility, mean light intensity in the mixed layer, and temperature (Levasseur et al.
1984; Vandevelde et al. 1987). However, the situation at the head of the Lower
Estuary appears to be different, where phytoplankton development after an
upwelling event seems to be limited by depletion of nitrates and silicic acid in
the water (Levasseur and Therriault 1987). 

Some studies have been done of the species composition and structure of
the phytoplankton community, which is dominated by diatoms in the upwelling
zone (Levasseur and Therriault 1987). Elsewhere, microflagellates and diatoms
dominate alternately (Cardinal and Lafleur 1977; Levasseur et al. 1984;
Levasseur and Therriault 1987; Sinclair et al. 1980). However, the Lower
Estuary zone directly affected by the Manicouagan and aux Outardes rivers
favours the development of Alexandrium excavatum (formerly Protogonyaulax
tamarensis), a dinoflagellate responsible for paralytic shellfish poisoning
(Therriault et al. 1985; Cembella and Therriault 1988). Cembella et al. (1988b)
have suggested that cysts, detected in large numbers in sediments near the
mouth of the Manicouagan and aux Outardes rivers, could be the source of
Alexandrium for the entire Lower Estuary. 

One of the most interesting characteristics of phytoplankton production
dynamics in the Lower Estuary is that the cycle does not really start until June,
whereas downstream, in the Gulf, it starts in May or even April. However, the
Lower Estuary is vast; primary production is not uniform throughout but varies
in relation to turbidity and water column stability. The south shore region pro-
duces barely 30 grams of chlorophyll a per square metre per year. In the
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upwelling subregion, annual production is on the order of 90 g of chlorophyll
a/m2, while annual production in the region influenced by freshwater inputs
from the Manicouagan and aux Outardes rivers is on the order of 130 g of
chlorophyll a/m2 (Therriault et al. 1990). These values are comparable to but
do not exceed values obtained in other estuarine environments, such as Puget
Sound on the U.S. west coast and Long Island Sound, near New York.

Phytoplankton dynamics and control factors in the littoral zone have
been described by Demers et al. (1987). Seasonal changes in phytoplankton in
the littoral environment are similar to those observed in open water, but short-
term variations seem to be linked to wind conditions rather than fortnightly tide
cycles. Primary production and photosynthetic capacity are higher than in open
water, but biomass is lower because of grazing by benthic organisms, particularly
Mytilus edulis (Fréchette and Bourget 1985a, 1985b). Finally, the phytoplankton
of seasonal ice has been described by Demers et al. (1984). Phytoplankton of the
Lower Estuary has been examined across a broad spatial and temporal range
and its species composition has been abundantly described, although few studies
have addressed the structure of the community.

Current research efforts are concentrated on the Gulf, but earlier studies
more commonly concentrated on the Lower Estuary (de Lafontaine et al. 1991).
Primary production and abundance of chlorophyll a (April-November) have
been studied on a large scale (Steven 1974). Sévigny et al. (1979) examined
species composition, abundance and primary production in the northwest part
of the Gulf in summer, reporting a very clear dichotomy between the Gaspé
current (physically very dynamic, high biomass and production, superabundance
of nutrients, dominated by diatoms) and the Anticosti gyre (physically stable,
low biomass and production, low levels of nutrients, dominated by flagellates
and dinoflagellates). Platt (1972) also observed abundant phytoplankton in the
Gaspé current. However, de Lafontaine et al. (1981, 1984) reported that in
spring, phytoplankton biomass upstream from Anticosti Island (Anticosti gyre)
can exceed that in the Gaspé current. 

The toxic dinoflagellate Alexandrium excavatum is usually restricted to the
Gaspé coast and the Haute-Côte-Nord and does not appear in Chaleur Bay, the
Îles de la Madeleine or in the south and northeast part of the Gulf (Therriault et
al. 1985). Nevertheless, in 1988, paralytic shellfish poisoning appeared in the
southern gulf, and it is possible that the Gaspé current carried Alexandrium from
the estuary to the Gulf (Trites and Drinkwater 1991). Species composition of
phytoplankton in Chaleur Bay has been described in detail by Brunel (1962).
Phytoplankton production, biomass and community structure in Chaleur Bay
were analysed by Legendre and Watt (1970) and Legendre (1971, 1973). Off the
Îles de la Madeleine, the vertical structure and species composition of phyto-
plankton were studied by Vandevelde et al. (1987); inside the Grande Entrée
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lagoon, abundance, composition of flora, diversity and photosynthetic activity
were described and found similar to those in the Gulf and those observed before
establishment of a commercial mussel breeding operation (Roy et al. 1991). De
Lafontaine et al. (1991) divided the northeastern part of the Gulf into four
regions with distinct topographical characteristics and hydrodynamic regimes
(Figure 2.5). Region I, the northwestern gulf, is characterized by a permanent
gyre. The Gaspé current, which runs along the Gaspé peninsula, is Region II; a
frontal system marks the boundary between regions I and II. The distinction
between Region III (Chaleur Bay and the southern gulf) and Region IV, the
northeastern gulf, was drawn along the 200 m isobath.

The term “zooplankton” refers to all single- and multi-celled animals living in
the water column. The distribution of zooplankton is strongly associated with
the hydrodynamics and physico-chemical characteristics of water masses.
Although these organisms are capable of small-scale movement, their hori-
zontal displacement mainly depends on the movement of water masses. Never-
theless, several zooplankton organisms, such as euphausiids, engage in significant
diel vertical migrations on the order of tens and even hundreds of metres.
Ichthyoplankton, i.e., plankton that consists of fish larvae, is probably the most
studied category of zooplankton, because of the economic importance of fish.
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The area upstream from Lake Saint-Pierre was only studied in the early 1980s
(Loubier 1983). The studies, in the Montreal area, showed zooplankton com-
munities dominated by Rotifera (Notholca squamula, N. acuminata and Synchaeta
spp.). Cladocera and Cyclopoid copepoda were also observed.

In Lake Saint-Pierre, zooplankton were found in two types of habitats:
the flood plain and open water (Langlois et al. 1992). Some studies have inves-
tigated the zooplankton of the Lake Saint-Pierre flood plain in spring (Soléco
Consultants Inc. 1983; Bendwell and Associates Ltd. 1985). Zooplankton in
the flood plain are the main food source for small fish and juveniles of numerous
species that breed there. The main zooplankton species in the flood plain are
cyclopoid copepods, particularly Diacyclops bicuspidatus thomasi, and genera
Acanthocyclops, Mesocyclops, Macrocyclops and Eucyclops (Soléco Consultants Inc.
1983). Other abundant organisms are Cladocera Simocephalus expinosus, Daphnia
spp. and Rotifera. In general, most of the principal organisms in this temporary
or transitory habitat have one or several of the following characteristics: short
life cycles, great adaptability to conditions that often change within a few hours,
and ability to adapt to dry conditions by forming cysts (immature copepoda) or
eggs that resist dessication (Rotifera, Ostracoda, molluscs, Cladocera, insects).

In open water, the dominant species is again Diacyclops bicuspidatus
thomasi, accompanied by a large number of Cladocera (Bosmina longirostris and
Chydorus sphaericus), as well as some Calanoid copepoda (Diaptomus,
Limnocalanus and Eurytemora) (Tousignant 1976; Bendwell and Associates Ltd.
1985). 

Dur ing spr ing flood, zooplankton biomass in the flood plain
(40 175 mg/m3 in late May 1984) was more than 200 times the biomass sam-
pled at the same time in open water in the Fluvial Section (368 mg/m3)
(Bendwell and Associates Ltd. 1985). It may be that once the spring flood has
subsided, in June, littoral habitats (particularly aquatic plant beds and various
types of marshes) are as productive, and for much longer periods than the length
of the flood season. There is a great need for quantitative observations that
compare the productivity of littoral habitats, in order to develop an under-
standing of the relative importance of the various components (see Langlois et
al. 1992, for some preliminary data).

No information is available on ichthyoplankton between Cornwall and
Trois-Rivières, although many spawning sites have been identified in the
Montreal archipelago, the Boucherville archipelago and Lake Saint-Pierre.

Various studies of zooplankton and ichthyoplankton have been conducted
between Lake Saint-Pierre and the eastern tip of Île d’Orléans (Pinel-Alloul et
al. 1981; Tousignant 1974). It seems that this fluvial environment is not
conducive to retention of zooplankton populations, which are rapidly advected
toward the Upper Estuary. The small bays and other protected environments in

2.2.3.1
Fluvial Section

2.2.3.2
Fluvial Estuary
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this stretch are the only sites that support significant zooplankton communities,
mainly dominated by Rotifera. Distribution of fish larvae has not been docu-
mented (Ghanimé et al. 1990). One would, however, expect to find eggs and
larvae of Atlantic tomcod (Microgadus tomcod) in the stretch from Sainte-Anne-
de-la-Pérade to the Upper Estuary in the few days after the fish hatch in the
Sainte-Anne River at the end of winter (Couture et al. 1982). 

Studies of zooplankton in the Upper Estuary are relatively recent, if one
excludes the rudimentary taxonomic lists published before 1950 (Willey 1932;
Préfontaine 1936; Tremblay 1942). Since the early 1970s, several studies have
been conducted in the Upper Estuary (Bousfield et al. 1975; Gagnon and
Lacroix 1981, 1982, 1983; Courtois et al. 1982; Maranda and Lacroix 1983;
Dodson et al. 1989). 

In general, diversity and total abundance of zooplankton are low in the
Upper Estuary. Highest densities are observed in the maximum turbidity zone
downstream from Île d’Orléans, while densities are lowest to the west and south
of Île aux Coudres (Bousfield et al. 1975; Dodson et al. 1989). Zooplankton
abundance increases again further downstream (Runge and Simard 1990).

In the Upper Estuary, different zooplankton communities succeed one
another along the salinity gradient (Bousfield et al. 1975; Runge and Simard
1990). The maximum turbidity zone, located between Île d’Orléans and the
Montmagny archipelago, is characterized by freshwater species such as Cla-
docera Bosmina longirostris, harpacticoid copepods Ectinomosa spp. and the mysids
Neomysis americana (Bousfield et al. 1975). Dodson et al. (1989) also reported
high abundance of Gammarus spp. and Mysis stenolepis. At the saline front located
slightly downstream, the zooplankton community is dominated by the copepod
Eurytemora affinis. Lastly, the part of the Upper Estuary downstream from Île
aux Coudres, where salinity reaches 20 to 25‰, is dominated by copepods
Eurytemora herdmani and Acartia longiremis and, starting at Rivière-du-Loup,
Calanus firmarchicus, a copepod characteristic of salt water, becomes the domi-
nant taxon (Bousfield et al. 1975).

This species distribution was established on the basis of relatively short-
term studies, but small- and large-scale temporal variability in abundance and
composition of zooplankton in the Upper Estuary is clearly evident (Gagnon
and Lacroix 1981). 

Various studies of the Upper Estuary have shown the presence of several
species endemic to its upper part. These species (Eurytemora affinis, Ectinosoma
curticorne and Neomysis americana) maintain populations in the maximum turbid-
ity zone and complete all phases of their life cycle there, despite the net trans-
port of water downstream. The means by which they maintain their
position in the estuary is unknown, but may be linked to hydrodynamic
processes responsible for the accumulation of suspended matter in this section of

2.2.3.3
Upper Estuary
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the estuary and to vertical movements of zooplankton species (Gagnon and
Lacroix 1983; Dodson et al. 1989). Similar behaviour has been observed among
several species in major northern temperate estuaries such as Delaware Bay and
the Sacramento-San Joaquin Estuary, where permanent populations are main-
tained despite the difficult conditions created by net transport of water down-
stream (Runge and Simard 1990).

Between Île aux Coudres and the Saguenay Fjord, the two dominant
ichthyoplankton species are Capelin (Mallotus villosus) and Atlantic herring
(Clupea harengus). Although Capelin larvae are very abundant after hatching in
May and June (up to 10 ind./m3), they are rapidly exported toward the Lower
Estuary and Gulf of St. Lawrence (Jacquaz et al. 1977; de Lafontaine et al. 1981,
1984; Fortier and Leggett 1982, 1983, 1985). However, herring larvae spend
the entire season in this part of the Upper Estuary, which is an important her-
ring nursery ground (Able 1978; Fortier and Gagné 1990). Other species (sand
lance, Smooth flounder, Winter flounder) are also found in the ichthyoplankton
of this region, but in much smaller numbers (Powles et al. 1984).

Two studies investigated zooplankton in the Saguenay (Rainville 1979; de
Ladurantaye et al. 1984). In the inner basin of the fjord, dominant copepod
species are Oncaea borealis, Oncaea similis (two cyclopoids that are rare in the
St. Lawrence Estuary) and Microcalanus pygmaeus (Rainville 1979). Pseudocalanus
is more abundant than in the estuary, but never exceeded 3% of the total number
of copepods in the catch. In the first basin, near the mouth of the Saguenay,
zooplankton composition is very similar to that in the estuary, with species such
as Calanus, Acartia, Eurytemora and Oithona (Rainville 1979; de Ladurantaye et al.
1984). These authors conclude that the first basin has regular exchanges with
the St. Lawrence Estuary, while the inner basin is more isolated and has water
masses with arctic characteristics that support endemic populations of Micro-
calanus and Oncaea. In addition, this part of the fjord supports nine species of
Mysidacea, two of which (Mysis littoralis and Boreomysis nobilis) are considered
arctic or subarctic species (de Ladurantaye and Lacroix 1980).

Studies by Côté (1972), Ouellet-Larose (1973), Rainville (1979, 1990),
Rainville and Marcotte (1985), Simard (1985) and Simard et al. (1985, 1986a,
1986b) constitute the main body of research on the zooplankton of the Lower
Estuary. Copepods, which account for the largest share of the zooplankton of
this region, represented 79 to 90% of the catch between May and October
(Rainville 1979). In all, the catch included about thirty copepod species, the
most abundant being Calanus finmarchicus and C. hyperboreus, which alone
account for almost 50% of the zooplanktonic organisms. Other frequent species
were Acartia longiremis, Eurytemora herdmani, Microcalanus pygmaeus and Oithona
similis. A distinctive characteristic was the low quantity of Pseudocalanus, a genus
ordinarily characteristic of temperate oceans in most parts of the world. The

2.2.3.4
Lower Estuary and Gulf
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predominance of large forms of the Calanus genus is thus peculiar to the St.
Lawrence (Runge and Simard 1990).

Of the other zooplankton organisms, the most abundant is the ostracod
Conchœcia elegans (Rainville and Marcotte 1985); the level of abundance may
have been underestimated because of the sampling methods used. The
euphausiids Meganyctiphanes norvegica, Thysanœssa raschi and T. inermis are 
another very important group in the Lower Estuary. Three species were identi-
fied in aggregations up to 100 km long and from 1 km to 7 km wide along the
northern side of the Laurentian Channel (Simard et al. 1986a). In areas where
they were observed, these organisms represented up to 90% of zooplankton
biomass (Simard et al. 1986a, 1986b). This major aggregation of euphausiids dis-
tinguishes the St. Lawrence Estuary from other known estuarine systems
(Runge and Simard 1990). Other zooplankton such as chaetognaths, coelenter-
ates, ctenophores and larvaceans were reported in less than 10% of samples
(Côté 1972). This low representation is surprising but may be explained by the
fact that these organisms usually frequent deep waters, which were sparsely
sampled in the studies cited (Rainville and Marcotte 1985).

In light of the available studies, Runge and Simard (1990) conclude that
emigration and immigration of zooplankton dominate over the rate of produc-
tion in the Lower Estuary, which results in an aggregation of euphausiids and a
community dominated by large Calanus copepods. Unlike the Upper Estuary,
the Lower Estuary appears not to maintain any endemic population.

As far as ichthyoplankton are concerned, the Lower Estuary has a high
abundance of fish larvae, but no retention zone and no nursery areas have been
reported. The dominant species in spring is American sand lance (Ammodytes
americanus), comprising 85% of all larvae. In summer, the most abundant species
are Capelin (Mallotus villosus), Atlantic herring (Clupea harengus), redfish (Sebastes
spp.), Atlantic cod (Gadus morhua) and Four-beard rockling (Enchelyopus cim-
brius). Spatial distribution of larval stages and size distribution show that these
species are carried downstream along the southern shore (de Lafontaine 1990).
Abundance of ichthyoplankton is very low on the northern side of the Lower
Estuary, where coastal habitats suitable for spawning are rare. To summarize,
this part of the estuary is not a major retention zone for fish larvae, and species
observed come from populations distributed in the Gulf of St. Lawrence (de
Lafontaine 1990).

Several authors have proposed dividing the Gulf into zones delimited by
hydrodynamic processes and biological resources (Steven 1971; Dunbar et al.
1980; de Lafontaine et al. 1991). The approach here will be one suggested by de
Lafontaine et al. (1991), which divides the Gulf into four distinct zones (Figure
2.5) as described above in the section on phytoplankton of the Lower Estuary
and Gulf (Section 2.2.2).
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In general, copepods constitute over 75% of all zooplankton organisms in
all sectors. Other organisms present in significant numbers are Cladocera,
euphausiids and unidentified planktonic larvae and eggs (de Lafontaine et al. 1991).

The water of the Gaspé current, which runs along the Gaspé peninsula,
is warmer and richer in nutrients than the Lower Estuary. There is little data on
the zooplankton composition of this region (de Lafontaine et al. 1991).
However, recent studies have shown a concentration of larval stages of copepods
(nauplii and copepodites) 10 to 20 times greater than that observed in the
Anticosti gyre in the northwestern gulf. It seems that some copepod species
capitalize on the high phytoplankton biomass in the Gaspé current to reproduce.
According to these studies, the dominant species in the zooplankton community
of the Gaspé current would be Calanus finmarchicus. Pseudocalanus minutus,
Temora longicornis and Oithona similis were also reported. 

For ichthyoplankton, more data is available. Several studies have been
done in the past twenty years (Jacquaz et al. 1977; Able 1978; de Lafontaine et
al. 1981, 1984; Ouellet 1987). In general, sand lance larvae dominate in spring,
while Capelin larvae are most abundant in summer. Other species found in sig-
nificant numbers are cod, herring and Canadian plaice (Hippoglossoides platessoides)
(de Lafontaine et al. 1981, 1984; Ouellet 1987). These studies all showed
ichthyoplankton to be more abundant and diverse in the Gaspé current than in
the northwestern part of the Gulf.

Early studies of the Gulf suggested that the northwestern part of the basin
was dominated by species of Calanus (C. finmarchicus, C. glacialis and C. hyper-
boreus), while waters in the southern part of the Gulf were dominated by smaller
species, such as Temora and Tortanus (Willey 1919). Later studies support this
conclusion.

Another characteristic of the northwestern part of the Gulf of St. Lawrence
is the importance of euphausiids, which occur in quantity, as in the Lower
Estuary (Berkes 1976; Sameoto 1976, 1983; Simard et al. 1986a). Plankton
communities in this region are therefore very similar to those in the Lower
Estuary. Several studies have shown that fish larvae were less abundant in this
part of the Gulf than in the Gaspé current or Chaleur Bay (de Lafontaine et al.
1991). As in the Gaspé current, the sand lance dominates in spring, Capelin in
summer. Also, redfish (Sebastes) and Arctic shanny (Stichaeus punctatus) are found
in large numbers in this part of the Gulf in summer, but are not found in the
Gaspé current (Fortier et al. 1992). 

Zooplankton in Chaleur Bay were mainly studied by Laval University
researchers a number of years ago (Filteau 1951; Lacroix and Legendre 1964;
Lacroix and Filteau 1969, 1970, 1971). As throughout the Gulf of St. Lawrence,
copepods are the most abundant group. However, communities differ
depending on whether they are at the mouth or within Chaleur Bay. Near
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Grande-Rivière at the mouth of the bay, dominant species belong to genera
Calanus, Pseudocalanus and Oithona (Filteau 1951), while in the central part of
the bay, Calanus is still present but is outnumbered by Temora (Lacroix and
Filteau 1970). At the head of the bay, near the mouth of the Restigouche River,
the zooplankton communities are very abundant and dominated by small species
like Acartia clausi and Temora longicornis (Lacroix and Legendre 1964). Studies
have shown significant year-to-year variability in zooplankton abundance in
Chaleur Bay, and that variations in the different species were not always corre-
lated (Filteau 1951; Lacroix and Filteau 1970, 1971). No study has specifically
addressed other zooplankton organisms, except for fish larvae. It is generally
agreed, however, that Chaleur Bay is distinguished from other parts of the Gulf
by its abundance of fish eggs, which rival copepods in importance (de
Lafontaine et al. 1991).

The first ichthyoplankton studies in Chaleur Bay were conducted by
Bergeron and Lacroix (1963) and Lacroix and Bergeron (1964). Later studies
involved more complex sampling, making it possible to describe the spatial,
temporal and vertical distribution of ichthyoplankton (Lambert 1982; de
Lafontaine et al. 1984; de Lafontaine and Gascon 1990). In general, fish larvae
were more abundant and diverse than in the northwestern part of the Gulf but
similar in abundance and diversity to the Gaspé current (de Lafontaine et al.
1991). In all, 20 species were sampled in Chaleur Bay (Lambert 1982; de
Lafontaine et al. 1984). Few species are present in spring, and the sand lance and
Daubed shanny (Lumpenus maculatus) dominate the community. Ichthyoplankton
abundance and diversity maxima occur in June and July, with dominance by
larvae of Atlantic mackerel (Scomber scombrus), Capelin, cod and Radiated shan-
ny (Ulvaria subbifurcata) (Lambert 1982). Abundance of fish larvae has been cor-
related with zooplankton biomass in Chaleur Bay (de Lafontaine et al. 1984).

The presence of fecal coliforms is an indicator of discharged wastewaters. In
general, coliform concentrations are higher downstream from major urban
centres and major tributaries and may interfere with use of the River as a source
of drinking water and for recreational activities. Yeasts do not appear to be
influenced by salinity and are found throughout the river system in generally
higher quantities than reported for similar ecosystems elsewhere. Species com-
position of the plankton communities is based on the results of only a few studies.

Plankton flora in the St. Lawrence River are diverse and do not signifi-
cantly differ from flora in similar environments elsewhere (freshwater, estuarine
and marine environments). The quantity of nutrients and current velocity seem
to affect the biomass of freshwater communities (Fluvial Section and Fluvial
Estuary), while degree of salinity and amount of light available are preponderant
factors for the phytoplankton assemblage of the Upper Estuary. However, the
composition of communities in the Lower Estuary and Gulf is influenced by the

2.2.4
MAIN POINTS
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strength of tides and winds. Diatoms dominate, especially during the cold part
of the year (September to June). Synthesis of toxins by several algae, including
Alexandrium excavatum, and their transfer to humans by certain molluscs clearly
show the important role that this link in the food chain can play at levels other
than primary production. 

Zooplankton is characteristically dominated by Rotifera and Cyclopoid
copepoda in the freshwater community, while the Upper Estuary and particu-
larly the maximum turbidity zone show higher densities of Cladocera and
Harpacticoid copepoda. Downstream, in the Lower Estuary and Gulf, zoo-
plankton composition becomes increasingly representative of a marine environ-
ment. Except in bays, plant beds and some areas with stable current, the
zooplankton is continuously transported downstream, to such an extent that in
the Lower Estuary, emigration and immigration of zooplankton dominate over
the rate of production. There is, however, a lack of data on the contribution of
these organisms to the assimilation and transfer of contaminants in the food
chain, and on their contribution to energy exchanges in the ecosystem. 

In general, bacteria, phytoplankton and zooplankton seem to be well
represented in the fluvial ecosystem. Production and density of these three com-
munities correspond to expectations for this type of watercourse. Early studies
(which mainly focused on compiling lists of organisms) do not always reflect the
concerns of current research, which more often addresses the way in which
active processes function within the system. It is therefore often difficult to
compare results in order to assess changes in the plankton communities of the
St. Lawrence over the past 100 years.



Vascular plants are of crucial importance to the river ecosystem. In addition
to removing a number of contaminants from the water, either by direct uptake
into their tissues or by slowing currents and promoting sedimentation, they
help create the quasi-lacustrine environment necessary for plankton flora and
fauna to become established. Many fish take shelter in these plankton-rich
habitats, in turn attracting many species of fish-eating birds and mammals. There
are also close links between vascular plants and the waterfowl that depend on
them for food and nesting areas. About 1300 species of vascular plants (half of
Quebec’s vascular flora) are present in a one-kilometre-wide corridor on both
sides of the St. Lawrence (Gratton and Dubreuil 1990).

The many microorganisms that live in wetlands filter and purify water
and recycle organic matter. Wetlands decrease wave action and slow or deflect
currents, helping to protect the shoreline. This makes them ideal habitats for
fauna (insects, molluscs, amphibians, reptiles, fish, waterfowl and semi-aquatic
mammals) who use them for shelter, as food sources or to reproduce (SLC and
Laval University 1991). Given the importance of shoreline wetlands to the fluvial
ecosystem, serious efforts have been made to map and understand recent
changes to them. Studies using aerial photographs have provided a better appre-
ciation of habitat loss by encroachment over the years (Dryade 1981). Their
findings are discussed in detail in the sections covering individual sectors of the
River and in Chapter 2.5. 

In both fresh and salt waters, plant communities are often divided into
distinct zones paralleling the shoreline and reflecting the length of time each
community is submerged by tides. The longitudinal boundaries of these shore-
line communities do not always match those defined primarily by hydrographic
factors. However, certain features distinct to each of the four hydrographic
regions of the River can be identified (Figure 2.6). The Fluvial Section is char-
acterized by aquatic macrophyte beds, the Fluvial Estuary by Scirpus marsh, the
Upper Estuary by Spartina salt marsh, and the Lower Estuary and Gulf by entire-
ly marine vegetation (SLC and Laval University 1991).

2.3

Vascular Plants



Wetlands are composed of bands of vegetation associated with a moisture
gradient as one moves from the River toward dry land. These bands are known
as hydroseres. Hydrosere zonation differs in each section of the River, where
variations in substrate and water quality determine the composition of plant
communities.

Freshwater areas support macrophyte plant communities dominated by
floating-leaved or submerged plants (Jacques and Hamel 1982; Couillard and
Grondin 1986; Gratton and Dubreuil 1990). On the landward side, the fresh-
water plant communities are bordered by marsh. Dominated by herbaceous
vegetation, these habitats are flooded periodically to a depth of 2 to 3 m; during
the growing season, water levels range between 15 cm and 1 m. The soil may be
exposed in spots, showing mixed vegetation or bare mud. However, the water
table remains at root level throughout the growing season. Vegetation usually
grows in bands or mosaics, often dotted with water-filled openings that support
floating-leaved and submerged plants. Marshes may be deep or shallow. Upland,
they are bordered by wet meadows characterized by continuous plant cover,
rarely interrupted by water-filled holes. Water depth may reach 15 cm in spring
and fall, and even 30 cm in years with high floods. During the growing season,
the substrate is saturated with water and its surface exposed, except in shallow
depressions and drainage ditches. The diversity of plant species is usually greater
in meadows than in marshes (Auclair et al. 1973). Swamps are wetlands domi-
nated by woody plants that flood in spring. Stagnant or slow-moving surface
water occurs seasonally or for extended periods. There are two types of swamps:
shrubby and wooded. 

On stretches of shoreline with tidal action and salinity, only marshes and
wet meadows persist. The wetland boundaries are delineated by tide levels
between low and high water at spring tide. Macrophyte beds characteristic of
freshwater zones disappear completely to be replaced, in the submerged zone,
by mudflats that are bare or support only a few specialized species of algae, such
as Rockweed (Fucus).

Mapping studies conducted between 1980 and 1986 showed that wet-
lands of varying kinds covered almost 79 700 ha (Table 2.3), a considerable area.
However, the total surface area of the River is vast, and wetlands represent only
a small percentage of it. In August 1989, LANDSAT-TM satellite images
showed that, along a 10-km-wide strip of shoreline on both sides of the River
between Cornwall and Tadoussac, wetlands (estimated at 86 920 ha) repre-
sented only 4% of the total area (2 112 573 ha); aquatic habitats represented
23%; farmland 34%; urban zones and barren soil 8%; and forest land 31%
(Bouchard and Millet 1993). In the past ten years, increased human activity
along the St. Lawrence has made many demands on its shoreline. Projects asso-
ciated with port activities, residential uses, road construction and farm activities
have involved clearing large areas adjacent to the River (Bertrand et al. 1991). 
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FIGURE 2.6
St. Lawrence River wetlands

Source: Adapted from SLC and Laval University, 1991.
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Moreover, in the 1950s the ship channel was deepened to 10.5 m by
dredging to allow the passage of large ships. Waves created by the ships cause
water levels to fluctuate along the shores of some islands. The fluctuations may
reach 70% of variations measured during the spring flood, yet occur within a
single minute (Panasuk 1987, cited in Bertrand et al. 1991). In 1991 and 1992,
another method was used to map and delineate wetlands between Cornwall
and Montmagny. A 1-km-wide strip on both sides of the River was mapped by
remote sensing, using an airborne sensor (MEIS-II) at an altitude of 10 000 m.
The images obtained (in July and August 1990 for the Cornwall to Trois-
Rivières sector and in September 1991 for the Trois-Rivières to Montmagny
sector) were then categorized by computer (Aménatech 1991, 1992a, 1992b).
Results (Figure 2.7 and Table 2.4) show that macrophyte beds, marshes, wet
meadows and swamps comprise almost 30% (55 722.5 ha) of the shoreline strip.
More than half the wetlands (28 514.3 ha) are freshwater macrophyte beds.
However, these beds are not evenly distributed along the St. Lawrence but are
concentrated in lake areas with slower currents (Figure 2.7). Regardless of the
method used to estimate the size of different types of freshwater wetlands, the
largest portion of these wetlands always consists of aquatic macrophyte beds.

The greatest species diversity was identified in the Fluvial Section and
Fluvial Estuary, which contained 66% of all communities described in the liter-
ature, compared with 22% in the Lower Estuary and 12% in the Gulf (Gratton
and Dubreuil 1990). The higher salinity and more difficult conditions in tidal
areas (significant uprooting, sediment deposition, and heavy surface erosion by
moving blocks of ice in spring) contribute to the reduced number of commu-
nities downstream of the Fluvial Section. Several species in tidal zones have
deep underground root systems to withstand these mechanical agents.

Wetland areas (ha)

Total Macrophyte Wet
area (ha) beds Marsh meadow Swamp

Fluvial Section 63 000 30 260 12 600 7 540 12 600

Fluvial Estuary 7 760 0 5 500 2 020 240

Upper Estuary 4 180 0 2 130 2 050 0

Lower Estuary and Gulf 4 760 0 950 3 810 0

Total 79 700 30 260 21 180 15 420 12 840

Percentage (%) 38 27 19 16

Source: Adapted from Gratton and Dubreuil, 1990.

TABLE 2.3
Relative area of St. Lawrence wetlands between 1980 and 1986



To be designated priority, a plant or animal species must a) be generally recognized
as vulnerable or endangered in the St. Lawrence; b) regularly use the St.
Lawrence and have been designated vulnerable, threatened or endangered in
Canada by the Committee on the Status of Endangered Wildlife in Canada
(COSEWIC); c) be generally recognized as vulnerable or endangered in Canada
and be present along the St. Lawrence; d) be of economic value or not, use the
St. Lawrence regularly, and exhibit problems related to habitat or population
conditions (Groupe de Travail sur les Espèces de Faune et de Flore Prioritaires
du Couloir du Saint-Laurent 1990).

Species are added to or deleted from the priority list as new data is
acquired.

Of the 1850 vascular plant species indigenous to Quebec, 374 are now
likely to be considered endangered or vulnerable (Lavoie 1992). This status is
reserved for species found in no more than ten locations in Quebec that meet
seven additional criteria for inclusion in, or five additional criteria for exclusion
from the list (Lavoie 1992). According to Lavoie (1992), about 65% of these
species are found within a 1-km-wide strip along the shore on both sides of the
St. Lawrence River.

Under the St. Lawrence Action Plan, 246 species of vascular plants are
considered priority species. Of these, nine have been classified by COSEWIC.
Between 1984 and 1993, the number of threatened species increased from one
to three, and species considered vulnerable from two to six (COSEWIC 1993).
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Fluvial Section (1990) Fluvial Estuary (1991)

Type of habitat (ha) (%) (ha) (%)

Open water 65 305.7 58.0 62 431.7 86.8

Barren substrate 896.6 0.8 134.8 0.2

Macrophyte bed with
– submergent plants 25 223.2 22.4 2 828.9 3.9
– floating plants 462.2 0.4 – –

Marsh
– deep 4 479.6 3.9 3 383.9 4.7
– shallow 5 476.6 4.9 1 500.0 2.1

Wet meadow 5 600.9 5.0 375.8 0.5

Swamp
– shrubby 1 447.0 1.3 269.0 0.4
– wooded 3 680.6 3.3 994.8 1.4

Total 112 572.4 100 71 918.1 100

Sources: Adapted from wetlands mapped using MEIS-II airborne sensor images (Aménatech, 1991, 1992a, 1992b).

TABLE 2.4
Surface area of wetlands in a 1-km-wide shoreline strip in the Fluvial Section 

and Fluvial Estuary, identified by airborne remote sensing

2.3.1
SPECIES AT RISK



FIGURE 2.7
Map of wetlands from Cornwall to Montmagny, 1990 to 1991

Source: Based on data from Aménatech, 1991, 1992a, 1992b.
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FIGURE 2.7 (cont’d)
Map of wetlands from Cornwall to Montmagny, 1990 to 1991

Source: Based on data from Aménatech, 1991, 1992a, 1992b.

Note: Mapping was done by airborne remote sensing using MEIS-II and covers 1 km of shoreline between Contrecoeur and Montmagny; data used are from 1990 for the 
Contrecoeur–Trois-Rivières sector and from 1991 for the Trois-Rivières–Montmagny sector. 
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Of the 246 priority species of vascular plants, 108 are associated with the shore-
line wetlands of the St. Lawrence; 82 occur only within the wetlands (Table 2.5)
and 26 others are found landward of the wetlands, in open, forested, island and
marginal habitats (Bouchard and Millet 1993). Better inventories of distribution
and abundance are required before habitats and degree of degradation can be
fully identified. 

Allium canadense Fimbristylis autumnalis Proserpinaca palustris

Alnus serrulata Gentianopsis macounii Quercus bicolor

Arisaema dracontium* Gentianopsis victorinii* Ranunculus flabellaris

Armoracia lacustris Geranium maculatum Ranunculus longirostris

Aster laurentianus* Gratiola aurea Rhynchospora capitellata

Bidens discoidea Gratiola neglecta var. glaberrima Salix sericea

Bidens eatonii Iris virginica var. shrevei Saururus cernuus

Bidens heterodoxa Isoetes tuckermanii Scirpus clintonii

Cardamine bulbosa Juncus longistylis Scirpus heterochaetus

Carex atherodes Justicia americana** Scirpus smithii

Carex folliculata Lindernia dubia var. inundata Scirpus torreyi

Carex hostiana Lycopus americanus var. laurentianus Selaginella apoda

Carex lupuliformis Lycopus virginicus Sorghastrum nutans

Carex molesta Lysimachia hybrida Sparganium androcladum

Carex sartwellii Lysimachia quadrifolia Sparganium glomeratum

Carex typhina Najas guadalupensis Spiranthes lucida

Cerastium nutans var. nutans Onosmodium molle var. hispidissimum Torreyochloa pallida var. pallida

Chamaesyce polygonifolia Peltandra virginica ssp. virginica Triglochin gaspense

Cicuta maculata var. victorinii* Physostegia virgiana var. granulosa Verbena simplex

Cyperus engelmannii Platanthera flava Veronica catenata

Cyperus lupulinus ssp. macilentus Podostemum ceratophyllum Veronica peregrina var. peregrina

Echinochloa walteri Pycnanthemum virginianum var. Viola affinis

Elodea nuttallii virginianum Wolffia borealis

Elymus riparius Polanisia dodecandra ssp. dodecandra Wolffia columbiana

Epilobium ciliatum var. ecomosum Polygonum hydropiperoides var. Woodsia alpina

Eragrostis hypnoides hydropiperoides Woodsia oregana

Erigeron philadelphicus ssp. Polygonum punctatum var. parvum Woodsia scopulina
provancheri* Potamogeton illinoensis

Eriocaulon parkeri Potamogeton pusillus var. gemmiparus

Legend: Status according to the Committee on the Status of Endangered Wildlife in Canada: *vulnerable; **threatened.

Sources: Bouchard and Millet, 1993, based on data from Lavoie, 1992.

TABLE 2.5
Priority vascular plants in shoreline wetlands of the St. Lawrence



In temperate regions, net primary productivity of freshwater marshes is gener-
ally higher than in land communities (Auclair et al. 1976a). The few studies of
freshwater marshes along the St. Lawrence confirm this generalization.

Taking phytomass measured at the end of the growing season as an indicator of
primary productivity, a high productivity gradient is observed from open water
toward land. Primary production values are about five times higher in wet
meadows than in aquatic macrophyte beds (Table 2.6). Although there is no
information available on swamp productivity, it can be assumed that values in
swamps would be as high as in wet meadows. Of course, these measurements
account solely for aboveground phytomass; a significant percentage of aquatic
macrophyte phytomass is also contained in roots, rhizomes and bulbs (Good et
al. 1982). However, there is no information on belowground plant productivity
for wetlands in the freshwater part of the St. Lawrence.

The estimated productivity of aboveground phytomass at the end of the
growing season varies considerably from site to site (Table 2.7). Giroux and
Bédard (1988) also observed considerable variability within a single marsh. In
general, at the end of the growing season, meadows are characterized by greater
aboveground phytomass than marshes; both habitats are more productive than
aquatic macrophyte beds. Marsh dominated by Spartina alterniflora has a higher
phytomass than marsh dominated by Scirpus americanus. In addition, the below-
ground portion of marsh plants accounts for a larger percentage of total phy-
tomass than the aboveground portion (Table 2.7).
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2.3.2
PRODUCTIVITY OF
VASCULAR PLANTS

2.3.2.1
Biological productivity

Phytomass
Habitat Dominant species Site (g/m2 dry weight)

Macrophyte bed Vallisneria americana Lake Saint-Pierrea 138

Vallisneria americana Gentillyb 219

Vallisneria americana Lake Saint-Pierrec 97

Marsh Sparganium eurycarpum Lake Saint-Pierrea 508

Scirpus fluviatilis Lake Saint-Pierrea 436

Scirpus acutus Lake Saint-Pierrea 284

Scirpus and Equisetum Lake Saint-Pierred 845

Wet meadow Phalaris arundinacea Lake Saint-Pierrea 1096

Calamagrostis canadensis Lake Saint-Pierrea 528

Carex and Calamagrostis Lake Saint-Françoise 807

Sources: Based on data from a) Tessier et al., 1984; b) Lacoursière and Blanchard, 1976; c) Lavoie et al., 1991; d) Auclair et al., 1976a; e) Auclair et al., 1976b.

TABLE 2.6
Mean aboveground phytomass measured in freshwater communities 

along the St. Lawrence at the end of the growing season



More recently, remote sensing has been used to estimate the phytomass of
submergent macrophytes in the Lake Saint-Pierre and Sorel regions (Lavoie et
al. 1991). Phytomass was estimated at 26 540 t for all macrophyte beds, which
covered a total area of 274 km2 (97 g/m2).

Along the shores of Lake Saint-François, Auclair et al. (1976a, 1976b) measured
comparable mean daily productivities in a marsh and wet meadow (6.1 and
6.3 g/m2, respectively). However, the shorter growing season in marshes, attrib-
utable to longer flooding in spring, partially explains the differences in produc-
tion measured in these two habitats. It is important to note that water depth is
not in itself a limiting factor. Rather, limits on aquatic plants are imposed by
light penetration rate and temperature, which are both related to depth. The
effect of temperature was demonstrated in a marsh dominated by Scirpus and
Equisetum in Lake Saint-François, where maximum daily productivity (12.9 g/
m2) coincided with maximum temperatures in July (Auclair et al. 1976a).

Soil fertility and nutrient concentrations in water are two other important
factors that influence wetland productivity. Unattached floating plants, such as
Lemna and Spirodela, take up minerals from the water, while emergent plants like
Sparganium and Scirpus take them from the substrate. Submergent plants fall
between the two, taking up nutrients from both water and substrate. In Lake
Saint-François, Auclair et al. (1976a) established a positive correlation between
edaphic parameters, such as concentration of nitrogen, potassium, sodium and
calcium, and net aboveground primary production in a marsh dominated by
Scirpus and Equisetum. High stem density in some parts of the marsh encouraged
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Phytomass (g/m2 dry weight)

Dominant species Site Aboveground Belowground

Zostera marina Île Vertea 234

Zostera marina Côte-Norda 141

Scirpus americanus Montmagnyb 337 906

Scirpus americanus Cap-Saint-Ignaceb 237 475

Scirpus americanus Cap-Tourmentec 309

Scirpus americanus L’Ange-Gardienc 275

Scirpus americanus Giffardc 275

Scirpus americanus Beauportd 244 289

Spartina alterniflora Kamouraskac 366

Spartina alterniflora Kamouraskae 444

Spartina patens Kamouraskac 480

Sources: Based on data from a) Lalumière, 1991; b) Giroux and Bédard, 1988; c) Brind’Amour and Lavoie, 1984; d) Gilbert, 1990b; e) Deschênes and Sérodes, 1986.

TABLE 2.7
Mean above- and belowground phytomass measured in Fluvial Estuary communities

at the end of the growing season

2.3.2.2
Factors influencing

productivity
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accretion of nutrient-rich sediments. Moreover, decomposition of organic
matter in the litter contributed to higher productivity. As water depth increas-
es, sedimentation decreases and litter export increases, leading to lower produc-
tivity. To our knowledge, no studies have been conducted on the relationship
between the water’s physical and chemical properties and the productivity of St.
Lawrence wetlands. 

One last factor conducive to high productivity in the marsh habitat is
the negligible impact of herbivores (Auclair et al. 1976a). In general, detrivores
are the main consumers in the marsh trophic chain, though in St. Lawrence
marshes there are two exceptions to this general rule: Muskrat grazing on aquatic
macrophyte beds and Greater snow geese (Chen caerulescens atlantica) grazing on
Scirpus americanus (Giroux and Bédard 1987b).

In the estuary, only Scirpus americanus marshes have been studied to deter-
mine factors affecting variations in production. Giroux and Bédard (1987b) cal-
culated that Greater snow geese removed up to 62 g/m2/a of Scirpus americanus
rhizomes in the Montmagny bird sanctuary, where use was most intense. This
represented 2% of available belowground phytomass, or 59% of net annual
belowground production. After grazing, the authors measured a 62% difference
in net aboveground primary production of Scirpus americanus between fenced
plots where geese had been excluded and grazed plots. Interestingly, Giroux
and Bédard (1987b) observed that Scirpus americanus recovered rapidly – within
only two years – when grazing by geese was eliminated. This demonstrates that
significant dynamic processes are taking place among plants in this habitat, in
contrast to Spartina alterniflora marshes on the Atlantic coast of the United States
(Smith and Odum 1981), which may remain bare of vegetation for several years
after being disturbed by the same geese. 

At Cap Tourmente, Reed (1989) calculated that geese removed on aver-
age 74% of belowground phytomass. However, no increase or decrease in stem
density of Scirpus americanus was observed between 1971 and 1988, suggesting
the system was stable. At Montmagny, Giroux and Bédard (1987b) also con-
cluded that the system was stable, but at a level representing only about 60% of
potential marsh production. 

Total productivity of Scirpus americanus reached maximum values when
the soil contained a high percentage of sand (between 50 and 70%) (Giroux
and Bédard 1988). Sandy sites were usually characterized by monospecific stands
resulting in high aboveground phytomass and dense belowground phytomass,
with a high proportion of roots (> 30%), and substrates so firm they discouraged
grazing by geese. There was generally little sediment accretion on these sites,
and belowground productivity was not as high as on sites with silty and clayey
loams.
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The importance of nutrients in sediments was demonstrated indirectly by
Giroux and Bédard (1987a), who determined that sediment accretion accounted
for more than 40% of variations in aboveground production of Scirpus americanus
at Montmagny.

Scirpus americanus grows in fresh and brackish waters of up to 15‰ to
20‰ salinity (Deschênes and Sérodes 1985). The higher the salinity, the less
tolerant of prolonged submersion Scirpus becomes. At Saint-Roch-des-Aulnaies,
the lower margin of the Scirpus zone is submerged only 33% of the time, com-
pared to 87% of the time at Portneuf.

Scirpus americanus phytomass is usually greater in the middle part of the
marsh (Giroux and Bédard 1988). Longer submersion times at lower elevations
caused an increase in the production of ethylene, a chemical responsible for
increased aerenchyma formation and reduced plant growth (Seliskar 1988).
Lower phytomass in the upper part of the marsh, which is exposed for longer
periods, may be the result of greater use of the area by geese. Hence, a number
of biotic and abiotic factors influence the productivity of Scirpus americanus.
Considerable attention is being focused on this habitat, not only because of its
importance to Greater snow geese, but also because of its significant role in the
seasonal cycle of sedimentation of suspended matter and resuspension of sedi-
ments. Greater snow geese also play a significant role in that cycle (Sérodes and
Troude 1984).

The contribution of unicellular algae, principally diatoms, to littoral pro-
ductivity remains to be determined. Both the substrate itself and the above-
ground parts of Spartina and Scirpus support highly dynamic colonies of
microscopic marine plants, providing food for gastropods in particular. In the
freshwater plant communities of the Fluvial Section and its expansions, many
invertebrates use higher plants as shelter or substrate; communities in the down-
stream portion of the Upper Estuary and Lower Estuary are less diverse: strong
tides and the accompanying turbulence, great variability in exposure duration
and wide temperature variations limit these communities to a few remarkably
tolerant species.

Using remote sensing, Lavoie et al. (1991) measured a 77% decrease in sub-
mergent macrophyte phytomass between July and October in the Lake Saint-
Pierre and Sorel areas. Plant senescence and increased water flow associated
with fall precipitation contribute to the export of over 20 000 t of submergent
plants in this sector. Auclair et al. (1976a) found that nearly two-thirds of an-
nual production in Scirpus and Equisetum marshes was exported by the spring
flood; the remainder decomposed in situ, especially in summer. But in wet
meadows dominated by Carex and Calamagrostis, plant matter is not similarly
exported (Auclair et al. 1976b).

2.3.2.3
Plant production

exported downstream



Biological Aspects: Vascular Plants 45

Marshes play a significant role in nutrient recycling. Unfortunately, no complete
study of nutrient exchange among habitat components (soil, water, air) and
vegetation has been conducted in marshes bordering the St. Lawrence. Auclair
(1977, 1979) established that potassium and nitrogen were by far the most
important nutrients in marsh and wet meadow plants, and that their concentra-
tions were 20% to 30% higher in marsh plants than in meadow plants. In the
marsh on the south shore of Lake Saint-François, Equisetum fluviatile had the
highest concentrations of all nutrients (73.2 mg/g), while Phragmites communis
had the lowest (32.3 mg/g). Typha angustifolia, Scirpus fluviatilis, Scirpus validus
and Eleocharis palustris had intermediate values (Auclair 1979). Potassium con-
centrations in the soil correlated closely with concentrations found in tissues,
suggesting that potassium could be a limiting factor.

In the meadow adjacent to the marsh, Auclair (1977) measured higher
concentrations for Typha angustifolia (43.4 mg/g), followed by Calamagrostis
canadensis (34.4 mg/g) and all Carex species (26.3 to 37.4 mg/g). The relation-
ship between tissue nutrient concentrations and edaphic characteristics was less
apparent in the meadow. The incidence of fires seems to have a marked effect by
reducing the concentrations of principal nutrients in plants, suggesting that
nutrients are lost after a fire by volatilization, mineralization and runoff (Auclair
1977). In the same meadow, Auclair (1982) showed that total nutrient levels in
aboveground vegetation achieved 80% of maximum seasonal levels within the
first two weeks of growth, as a result of plants using significant belowground
reserves. Lastly, over 90% of nutrients contained in late-summer shoots were
retained in the litter over winter, then released by the action of decomposers and
taken up by early spring growth.

The only complete study of nutrients in estuarine marshes was conducted
at Beauport by Gilbert (1990a). The author first determined that 5.4 kg/ha of
orthophosphates and 5.5 kg/ha of ammonium nitrate in tidal waters were
trapped by vegetation and sediments. Gilbert then established that plants assim-
ilated 1.323 mg of nitrogen and 41 mg of phosphorus per kilogram of sediment.
The quantity of sediment per hectare contained in the root horizon could not
be established, but it is considerable, suggesting that plants must assimilate high
quantities of nutrients from sediments. It could therefore be concluded that
Scirpus americanus assimilates much greater quantities of nutrients (N and P) from
sediments than from water.

Because of their high productivity, marshes play an important role in the recy-
cling of metals. In a marsh in the Fluvial Estuary, Gilbert (1990a) found that the
rate of heavy-metal uptake was higher in Scirpus americanus than in Zizania aquat-
ica or Sagittaria spp. The author estimated that Scirpus americanus could incorpo-
rate up to 0.9, 2.4, 6.7 and 14.5 mg/m2/a of mercury, lead, copper and zinc,
respectively. Zinc and lead would be assimilated passively, while copper and
mercury would be assimilated actively.

2.3.2.4
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Gilbert (1990b) measured concentrations of mercury 11 times greater in plants
than in sediments and concluded that mercury accumulates in vegetation.
Concentrations of heavy metals are usually higher in the hypogeous (below-
ground) part of plants than in the epigeous (aboveground) part (Deschênes and
Sérodes 1986; Gilbert 1990b).

Saint-Cyr et al. (1992) calculated trace metal concentrations in aquatic
vegetation in Lake Saint-Pierre. Aboveground Vallisneria and Potamogeton
trapped some 0.5% to 4.0% of the metals analysed and present in lake water.
These amounts may seem small, but the beds in question comprise over
20 000 t of organic matter, part of which will be exported when the plants die.
The importance of metal transport and dispersion by this means cannot, there-
fore, be dismissed.

Wetlands are highly vulnerable to human activity. It has been estimated that
3649 ha of wetlands were destroyed between Cornwall and Matane from 1945
to 1976. Seventy-two percent (72%) of these losses were above Grondines, in
the Fluvial Section, while close to 17% were between Grondines and Baie-
Saint-Paul (Dryade 1981). Three-quarters of the losses occurred between 1945
and 1960, primarily as a result of farming and fill activities (Figure 2.8).

In addition to being subject to encroachment, shorelines are eroded by
wave action, which also causes loss of littoral habitats. Wave action is particularly
marked in the Sorel archipelago and around Montreal. Bertrand et al. (1991)
reported that close to 50% of the 224 islands in the St. Lawrence described by
Bélanger (1989) are affected by wave action. Their study (Bertrand et al. 1991)
showed that erosion is apparent along approximately 140 km of shoreline,
though in greatly varying degrees. A stretch of about 70 km is subject to heavy
erosion, leading to the loss of over 1.5 m of shoreline per year; a 30-km section
loses over 3 m/a of shoreline, while Île-aux-Sternes loses up to 10.5 m/a, and
has practically disappeared altogether. The other 70-km stretch loses 0.5 to 
1.5 m of shoreline annually. 

Erosion can be mitigated using natural methods, for example by estab-
lishing appropriate plant communities, or by artificial means, for example by
constructing breakwaters and reducing boat speeds. 

Although wetlands may be destroyed by human activity, they are also
degraded by natural agents. Ice is a mechanical agent that contributes signifi-
cantly to shoreline erosion, which may cause altered plant succession patterns.

Fresh water and lack of tides characterize this section of the River, which con-
tains 79% of the 79 700 ha of wetlands along the St. Lawrence. Almost half the
wetlands in this area consist of extensive macrophyte beds. The Lake Saint-
Pierre region is also comprised of 32 280 ha of wetlands, primarily wet meadows
and swamps in the flood plain (Gratton and Dubreuil 1990). These extensive
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wetlands owe their existence to the one- to two-metre drop in water levels in
summer, after the spring flood, which may last for several weeks. Although the
level of Lake Saint-François is controlled by a variety of artificial structures (see
Part 1: Physico-Chemical Aspects), spring floods affect several parts of the
hydrographic system, particularly Lake Saint-Pierre, where the flood plain may
be as much as several hundred metres wide on either side of the basin (Figure
2.9). Sporadic flooding may also occur in summer and fall after major rainfalls.

Most of the River’s littoral areas are occupied by Vallisneria americana beds
and wet meadows dominated by Phalaris arundinacea. Certain plant communities
are specific to this area: Nymphoides cordata, Chara sp., Nitella sp., Acorus calamus,
Celtis occidentalis, Quercus rubra and Salix rubens (Ghanimé et al. 1990). These
authors used data from several studies to define three phytogeographic regions in
this part of the River. The first is the stretch that includes the waters of the
Ottawa River and the Montreal archipelago, defined by exclusive communities
of Potamogeton perfoliatus, Lemna trisulca, Podostemum ceratophyllum and Sparganium
androcladum. The second region, characterized by the absence of Potamogeton,

Farming
(cultivated and

fallow)
(33.7%)

Land filling
(26.6%)

Construction for
homes (11.8%)

Clearing
(9.5%)

Construction
for infrastructures

and services
(9.2%)

Construction for industry
and trade

(7.8%)

Development for leisure
activities and recreation

(1.4%)

Total wetlands lost: 3649 ha

FIGURE 2.8
Loss of wetlands 

along the St. Lawrence 
from 1945 to 1976, 
by type of change

Source: Based on data from Dryade, 1981.
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Sparganium and Zizania aquatica var. angustifolia, as well as by the exclusive
presence of Carex lacustris, is located in the green waters of the River between
Cornwall and Lake Saint-Louis. The third phytogeographic region of the
Fluvial Section stretches from Repentigny to the first half of the Fluvial Estuary
(Grondines). This section of the River is characterized by exclusive commu-
nities of Salix eriocephala, Nuphar rubrodiscum, Scirpus heterochatus, Glyceria grandis,
Acer saccharinum and Rorippa amphibia. 

In their study of Lake Saint-Pierre fauna habitats, Benoît et al. (1987)
found that submergent macrophyte beds dominated 68% of wetland areas.
Submergent communities were also those most commonly found in shoreline
habitats studied. In decreasing order of importance, other habitats were wet
meadow dominated by tall grasses (6.6%), deep marsh with emergent narrow-
leaved plants (6.2%), shallow marsh dominated by Scirpus fluviatilis (5.2%) and
wooded swamp with Silver maple (4.5%). Lake Saint-Pierre has the largest and
most diverse wetland habitats in the St. Lawrence.

The hydrosere of the Fluvial Section (Figure 2.10) is dominated by
Vallisneria americana and Myriophyllum spicatum. Deep marshes are characterized
by the presence of Typha angustifolia L., Scirpus acutus, Scirpus fluviatilis and
Zizania aquatica, while shallow marshes generally contain Sagittaria latifolia and
Scirpus americanus. Calamagrostis canadensis, Phalaris arundinacea, Spartina pectinata
and Lythrum salicaria are the species most often found in wet meadows. Shrubby
swamps are dominated by several species of Salix, while wooded swamps are
characterized by Acer saccharinum.

Several plant communities may develop in each wetland (Couillard and
Grondin 1986); over 300 have been catalogued in the Fluvial Section (Gratton
and Dubreuil 1990). Table 2.8 lists the main littoral plant communities in the
four types of wetlands in the Fluvial Section.

The types of communities found in each habitat are determined by shore
topography, spring floods, physical and chemical properties of the water, water
depth, amount of shelter provided by the site and type of substrate (Auclair et al.
1973; Tessier et al. 1981, 1984; Vincent and Bergeron 1983). In macrophyte
beds, communities dominated by Vallisneria americana are observed at depths
ranging from 280 cm in spring to 80 cm in summer; communities of Myrio-
phyllum spicatum at depths ranging from 180 cm to 40 cm (Tessier et al. 1981).
Similarly, Lemnaceae communities are found in quieter waters than Vallisneria
(Jacques and Hamel 1982).

In marshes, Scirpus acutus communities are found at greater depths than
communities dominated by Scirpus fluviatilis (Couillard and Grondin 1986).
Upland in more sheltered areas are communities of Sagittaria latifolia, followed by
Sparganium eurycarpum at the upper demarcation of the marsh. Wet meadows are
often used as pasture for domestic cattle; this could influence the communities’
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Aquatic plant bed

Vallisneria americana c.*
Myriophyllum spicatum c.
Potamogeton pectinatus c.
Alisma gramineum c.
Nitella sp. c.
Chara sp. c.
Heteranthera dubia c.
Elodea nuttali c.
Nymphaea tuberosa c.

Marsh

Scirpus acutus c.
Scirpus americanus c.
Zizania aquatica c.
Sagittaria rigida c.
Sagittaria latifolia c.
Sparganium eurycarpum c.
Scirpus fluviatilis c.
Typha angustifolia c.

Wet meadow

Phalaris arundinacea c.
Lythrum salicaria c.
Calamagrostis canadensis c.
Spartina pectinata c.

Swamp

Cephalanthus occidentalis c.
Salix (shrubs) c.
Salix nigra stand
Salix fragilis stand
Willow stand with Salix x rubens
Maple stand with Rorippa islandica
Silver maple stand with Cephalanthus occidentalis
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Silver maple stand with Laportea canadensis
Maple stand with Matteuccia

FIGURE 2.10
Zonation of aquatic littoral vegetation in the Fluvial Section

Source: Gratton and Dubreuil, 1990.
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species composition, resulting in the appearance of such species as Agrostis alba
and Phleum pratense (Couillard and Grondin 1986). Fire may also be a determi-
nant in maintaining the stability of communities in wet meadows, preventing
invasion by shrubs like alder (Auclair et al. 1973; Jean and Bouchard 1991). In
the past hundred years, in the Lake Saint-Louis and La Prairie basin areas, sev-
eral hundred hectares of swamp dominated by Acer saccharinum have disappeared
(Gratton and Dubreuil 1990). Illegal clearing still continues in several swamps,
particularly in the Sorel archipelago and around Lake Saint-Pierre, but residual
areas of this habitat have not been precisely identified. On sites disturbed by
clearing, Populus deltoïdes and Ulmus americana have occasionally replaced Acer
saccharinum (Couillard and Grondin 1986).

Over 55% of the priority species in the St. Lawrence Action Plan are
found in the portion of the Fluvial Section lying in southwestern Quebec, the
northern limit for a number of priority species. Unfortunately, this is the sector
that has undergone the most change as a result of human intervention in recent
years. Priority species in the Fluvial Section include Elymus villosus, Justicia amer-
icana, Arisaema dracontium and Sporobolus heterolepis.

While certain species are considered rare and endangered, others have
been introduced from outside and are so successful they now pose problems.
Lythrum salicaria, Butomus umbellatus, Myriophyllum spicatum and Hydrocharis
morsus-ranae are good examples. Introduced from Europe in the early 1800s,

Aquatic macrophyte bed Marsh Wet meadow Swamp

Vallisneria americana Scirpus acutus Phalaris arundinacea Cephalanthus occidentalis

Myriophyllum spicatum Scirpus americanus Lythrum salicaria Salix (shrub)

Potamogeton pectinatus Zizania aquatica Calamagrostis canadensis Salix nigra

Alisma gramineum Sagittaria rigida Spartina pectinatus Salix fragilis

Nitella sp. Sagittaria latifolia Salix with Salix x rubens

Chara sp. Sparganium eurycarpum Acer with Rorippa

Heteranthera dubia Scirpus fluviatilis islandica

Elodea nuttallii Typha angustifolia Acer saccharinum with

Nymphaea tuberosa Cephalanthus occidentalis

Acer saccharinum with
Onoclea sensibilis

Acer saccharinum with
Laportea canadensis

Acer with Matteuccia

Source: Gratton and Dubreuil, 1990.

TABLE 2.8
Principal plant communities in the four major wetland types in the Fluvial Section
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the perennial Lythrum salicaria (Purple loosestrife) is considered harmful because
it tends to replace a number of indigenous plants, reduces species diversity and
decreases the value of the community to wildlife (Thompson et al. 1987).
Thompson and colleagues established that a single Lythrum plant could produce
up to 2.7 million seeds. In Quebec, the species is generally associated with wet-
lands dominated by Calamagrostis canadensis, Phalaris arundinacea and Spartina
pectinata, but it can also be found in shallow marshes in the company of Typha
spp., Scirpus spp. and Sparganium eurycarpum. The extent of the problem associ-
ated with Lythrum salicaria, especially its impact on indigenous communities,
has not been thoroughly assessed in Quebec, although it has been calculated that
22% of marshes and meadows on Lake Saint-Pierre have been invaded by the
plant (Gratton and Jean 1990). 

The first half of the Fluvial Estuary (from Trois-Rivières to Grondines) is very
similar to the River downstream of Montreal, which is characterized by the
exclusive presence of Salix eriocephala, Nuphar rubrodiscum, Scirpus heterochaetus,
Glyceria grandis, Acer saccharinum and Rorippa amphibia communities (Ghanimé et
al. 1990). However, from Portneuf to La Pocatière, water turbulence caused by
semidiurnal tides and the extremely abrupt salinity gradient in the eastern part
of the zone cause profound changes in littoral plant communities. Although
biological productivity remains high, several plant species disappear and bio-
logical diversity drops sharply. This section of the Fluvial Estuary is distinguished
from the preceding one by the marked absence of exclusively freshwater com-
munities, such as Scirpus validus, and by the presence of several brackish-water
species, such as Mimulus ringens var. colpophilus, Aster simplex var. estuarinus and
Deschampsia caespitosa var. intercotidalis.

The littoral landscape changes in the lower half of the Fluvial Estuary
(from Grondines to Montmagny), where the wetlands are 97% marsh and wet
meadow, freshwater macrophyte beds have completely disappeared and only a
few hectares of swamp remain (Aménatech 1992a).

According to Aménatech (1992a), remote sensing data show macrophyte
beds in the upstream part of the Fluvial Estuary (Figure 2.7). In the down-
stream section, these beds are replaced by Scirpus marsh (1752 ha). Overall,
aquatic macrophyte beds cover 30% of total wetlands in the Fluvial Estuary,
while Scirpus marshes cover 36% (Aménatech 1992b). The remaining wetlands
are divided between meadow (182 ha) and swamp (340 ha).

In the Quebec City area, Scirpus marshes, the kind most common in the
Fluvial Estuary, are invaded by flocks of Greater snow geese in early October.
Within a few days, trampling and grubbing by geese seeking roots and rhi-
zomes quickly raze the 3000 ha of habitat used. Huge mats of aboveground
vegetation uprooted by geese are carried away by the residual current, frequently
as far as the upper part of the Lower Estuary. Waterfowl use of macrophyte beds

2.3.5
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and marshes along the River is a significant factor in the export of organic
matter and minerals to ecosystems downstream.

Seven species endemic to this part of the River are on the St. Lawrence
Action Plan list of priority species. They are Gentian (Gentianopsis victorinii),
Water-hemlock (Cicuta maculata var. victorinii), Hedge-hyssop (Gratiola neglecta
var. glaberrima), American water-horehound (Lycopus americanus var. laurentianus),
Willow-herb (Epilobium sp.), Provencher’s fleabane and Indian wild rice (Zizania
sp.) (Gratton and Dubreuil 1990).

Marsh (2130 ha) and wet meadow (2050 ha) are about equally represented in
the Upper Estuary (Gratton and Dubreuil 1990). There are no swamps or fresh-
water macrophyte beds in this section of the St. Lawrence. The wetland surface
area is only half that of the Fluvial Estuary and a mere fraction (7%) of the wet-
land area in the Fluvial Section. 

Scirpus americanus marshes dominate the littoral habitat of the upstream
part of the estuary. The largest Scirpus marshes are at Cap Tourmente (about
218 ha), the Montmagny archipelago (377 ha), along the south shore at Cap-
Saint-Ignace and Montmagny (443 ha) and at L’Islet-sur-Mer (275 ha) (Robert
Hamelin & Associates Inc. 1991). In addition to freshwater communities, such
as Scirpus validus, saltwater communities appear (Salicornia europaea and Spartina
patens) (Ghanimé et al. 1990).

In Scirpus marshes, Scirpus americanus forms several types of communities
in association with Zizania aquatica var. brevis, Sagittaria latifolia, Eleocharis spp.,
Scirpus torreyi and Scirpus validus (Lacoursière and Grandtner 1971; Gauthier
1982; Giroux and Bédard 1987b; Gilbert 1990b). A micro-cliff ranging from a
few centimetres to more than a metre in height demarcates the upper limit of
this marsh and the lower limit of wet meadows dominated by Spartina pectinata
and Carex paleacea (Giroux and Bédard, 1988). Swamps are dominated by com-
munities of Alnus rugosa, Salix fragilis and Populus tremoloïdes. According to
Gratton and Dubreuil (1990), the upstream part of the Upper Estuary is 
characterized by a hydrosere with marsh dominated by Scirpus americanus
(Figure 2.11). 

The lower part of the hydrosere is usually a mudflat with no vascular
plants. Lacoursière and Grandtner (1971), Gauthier (1982) and Gilbert (1990a)
did, however, observe the presence of Najas flexilis, Potamogeton richardsonii and
Ruppia maritima in tidal flats at Île d’Orléans and Beauport. In the Upper
Estuary, prolonged submersion, twice-daily tides and higher salinity eliminate
floating-leaved and submerged plants that adapt poorly to such conditions. The
aquatic macrophyte beds so characteristic of the Fluvial Section are completely
absent.

The transition zone between the Fluvial Estuary and Upper Estuary is
characterized by very high quantities of suspended solids (Sérodes and Troude

2.3.6
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FIGURE 2.11
Zonation of littoral vegetation in a Scirpus americanus marsh 

in the upstream part of the Upper Estuary 

Source: Gratton and Dubreuil, 1990.
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1984). The marshes in this area are therefore good sites for sedimentation.
Sediment accretion starts in June with the appearance of aboveground marsh
vegetation, particularly Scirpus americanus. Sérodes and Troude (1984) measured
a sedimentation rate of up to 2 mm/d at Cap Tourmente. Maximum sediment
thickness is observed in September and ranges from 10 cm to 30 cm, depending
on the marsh and zonation. Greater accretion is generally observed in the mid-
dle part of the tidal flat. Summer sediment accretion is eroded in three or four
weeks, starting in mid-September, triggered by the removal of aboveground
vegetation by Greater snow geese. A further portion of the sediment is export-
ed by ice, while the remainder is eroded in April and May, when the bare marsh
is exposed to strong spring tides (see Part 1: Physico-Chemical Aspects). Wave
frequency and force during these two periods may lead to considerable erosion.

Dionne (1985) maintains that grazing by snow geese contributes to ver-
tical erosion in some Scirpus marshes. Removal of stems in the fall destabilizes the
sediment cycle by accelerating erosion during a period when waves and wind
action are strong. In addition, grubbing by geese creates holes over a large area,
thus exacerbating vertical erosion of the marsh (Giroux and Bédard 1987b).

Another effect of erosion is the retreat of the micro-cliff (Dionne 1985).
The impact of wave action is accentuated by lack of protection after removal of
aboveground vegetation by geese, contributing to erosion of the micro-cliff that
separates the Scirpus marsh from the meadow. Few quantitative data are available,
however.

In the downstream section of the Upper Estuary, the higher salinity gra-
dient causes a different type of hydrosere to develop (Figure 2.12). In bays
sheltered from wind and wave action, Zostera marina colonizes the lower part of
the hydrosere on gently sloping (² 0.1%) sites and fine substrates, forming stands
that may be exposed for a few hours a day during spring tides, and at most for
a few hours a month (Lalumière 1991). Fortunately, runoff from the marsh
keeps Zostera stems wet even while they are exposed, thus preventing this par-
ticularly sensitive plant from drying out.

At higher elevations (after any Zostera beds) comes the Spartina salt marsh,
generally characterized by low species diversity (Gratton and Dubreuil 1990). In
the section between La Pocatière and the Gulf, high salinity levels result in a
clearly maritime littoral vegetation. The main salt marsh communities are
Spartina alterniflora, as a monospecies or in association with Spergularia canadensis,
Salicornia europaea and Plantago maritima (Gauthier 1982; Brind’Amour and
Lavoie 1984). Upland are salt meadows characterized by Spartina patens, often in
combination with Spartina pectinata, Salicornia europaea, Plantago maritima, Festuca
rubra, Glaux maritima and Atriplex hastata (Brind’Amour and Lavoie 1984). A
large number of pools ranging from 10 m2 to 50 m2 and colonized by the
angiosperm Ruppia maritima and green algae (Enteromorpha) are scattered
throughout the Spartina patens zone. The pools are characteristic of this section
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FIGURE 2.12
Representative hydrosere of the downstream part 

of the Upper Estuary and Lower Estuary

Source: Gratton and Dubreuil, 1990.



of the St. Lawrence littoral habitat. The substrate in this zone is so compacted
and interwoven with a dense network of Spartina roots that it is surprisingly
resistant to the abrasive action of ice. Even Greater snow geese, well adapted to
digging for roots, are unable to break the surface (Bédard and Gauthier 1989).
The construction of dikes to reclaim marshland for agricultural purposes was
one of the major factors leading to the loss of about 1000 ha of natural habitat
in this part of the St. Lawrence (Reed and Moisan 1971; Gauthier et al. 1980).

The rare plant species designated priority in the Upper Estuary include
many endemic species, such as Gentianopsis victorinii and Zizania aquatica var.
brevis (Gratton and Dubreuil 1990).

In general, this section of the St. Lawrence is characterized by plant communi-
ties common to completely marine habitats. However, certain areas are distin-
guished by the absence of one or several saltwater communities. For example, on
the south shore of Anticosti Island there are no Spartina patens, Juncus balticus,
Scirpus maritimus or Elymus mollis communities, while in Chaleur Bay and the Îles
de la Madeleine, Juncus gerardii dominates the littoral vegetation. In the Lower
Estuary and Gulf, 80% of the wetlands are salt meadows (3810 ha), and the
remaining 20% salt marshes (950 ha). The hydrosere and plant communities of
the Lower Estuary are the same as those in the downstream part of the Upper
Estuary (Figure 2.12). These findings, however, cannot be compared with the
results obtained by the Aménatech (1992a, 1992b) remote sensing studies, since
those studies covered only the area between Cornwall and Montmagny. Gratton
and Dubreuil (1990) indicate that there are 19 species of rare plants in that sector. 

The Gulf coast is characterized by two hydroseres which are distinguished
according to type of substrate. On fine deposits in bay heads or deltas, the veg-
etation profile is quite similar to that of the Lower Estuary. However, the salt
marsh band dominated by Spartina alterniflora is reduced accordingly, while salt
meadows occupy a greater area (Figure 2.13). Salt meadows in the Gulf are
characterized by communities of Salicornia europaea, Plantago maritima, Carex
paleacea, Juncus balticus, Scirpus maritimus, Puccinella paupercula, Festuca rubra and
Spartina patens. The sand spits often found in these environments form lagoons
that provide shelter for Zostera marina (Gratton and Dubreuil 1990).

Coarser substrates, like the sands and gravels forming most of the Gulf
shorelines, support only salt meadows dominated by the grasses Elymus arenarius
and Ammophila breviligulata, and Cakile edentula from the mustard family.

Over half the wetlands in this section are on the shores of the Îles de la
Madeleine, and 39 rare plant species are considered priority species only in the
northern part of the Gulf (Gratton and Dubreuil 1990). Erigeron hyssopifolius
var. villicaulis is endemic to the shores of Anticosti Island.
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Vascular plants occupy a considerable area of the St. Lawrence River shoreline.
Their role in the ecosystem is essential to plankton, periphyton and aquatic
wildlife. Vascular plant communities provide shelter, food and reproductive sites
for many organisms. 

Furthermore, in our temperate regions the net primary productivity of
wetlands is generally higher than that of land communities. Fresh waters support
larger communities of vascular plants than do brackish or salt waters. In salt
water, tides coupled with erosion by spring ice appear to limit communities to
a few species. Wildlife activity also influences community structure, as shown by
the impact of Greater snow geese and sea urchins. Only the freshwater section
of the River supports aquatic macrophyte beds, while marsh and wet meadows
are found all along the shores of the St. Lawrence. Aquatic vegetation plays a
key role in nutrient cycles. During spring floods, almost two thirds of the pre-
vious summer’s production is exported downstream, a significant mechanism
for transport of nutrients downstream. 

Vascular plants also play an important role in purifying sediments by
assimilating contaminants. A number of plant species passively assimilate lead,
copper and zinc, and actively assimilate copper and mercury. Measurements of
mercury concentrations in some plants showed levels 11 times higher than those
in sediment. A Water celery (Vallisneria) or Pondweed (Potamogeton) shoot may
contain 0.5% to 4% more metals than surrounding waters. Clearly, aquatic vas-
cular plant communities play a positive role in the health of the St. Lawrence;
the communities appear vigorous and still able to carry out their role within the
ecosystem. 

However, changes to the St. Lawrence shoreline are the main factors
threatening vascular plant communities. Over half the wetlands lost between
1945 and 1976 were converted to agricultural or fill purposes. In addition, the
distribution and composition of plant communities is influenced by dredging,
filling and flood control. The flow of maritime traffic, which has been facili-
tated by such activities, has led to the disappearance of a significant number of
wetland areas.
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In this text, the term “benthos” refers to all aquatic species associated with the
river bottom. It includes periphyton, or attached algae, and zoobenthos, which
are bottom-dwelling invertebrates such as molluscs and crustaceans. Demersal
fish will be covered in the section on fish (Chapter 2.5). 

Benthic species differ substantially in terms of the energy they contribute
to the ecosystem. Algae are primary producers, while invertebrates occupy several
levels in the food chain. Some invertebrates, such as shellfish, are filter feeders,
while others, like the Seastar, are formidable predators. Most bottom dwellers
live at depths where there is not enough light for plants to survive. For nutrients,
these benthic organisms depend on matter that rains down from the surface
– phytoplankton cells, excreta and dead zooplankton or fish – and if the shore is
not too far removed, on detritus from aquatic or even terrestrial plants. The
benthos receives organic matter from the surface, circulates it within a complex
web of macroscopic and microscopic organisms and returns two products to
the river ecosystem: invertebrates that become food for predators, and minerals
freed by decomposition from organic matter. Circulation of organic matter is
crucial to the survival of the ecosystem. If inorganic nutrients were not resus-
pended in the water column and transported by currents to the surface, their
accumulation in sediments would empty surface zones of practically all nu-
trients, which would significantly decrease primary production in surface layers
(Barnes and Mann 1980).

Benthic species also vary in terms of their economic importance. This
becomes immediately apparent if one considers the commercial value of crabs,
lobsters, scallops, mussels and oysters compared to, for instance, tubificids. 

Benthic populations inhabit different parts of the river bottom. Some
species colonize the bottom in deep waters, others live on substrates in par-
tially exposed shore zones. In non-tidal fresh waters, two zones are always above

2.4
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water level: the epilittoral, which is not influenced by spray, and the supralittoral,
which is subject to spraying by waves (Figure 2.14). The area between highest
and lowest seasonal water levels is called the eulittoral zone. The next level, the
infralittoral zone, is often divided into three zones following the distribution of
aquatic plants: the upper infralittoral (emergent rooted plants), the middle
infralittoral (rooted floating-leaved plants), and the lower infralittoral (rooted
submergent plants) (Figure 2.14A). The eulittoral and infralittoral zones form
the littoral zone. The pelagic zone begins in open water beyond the littoral. It
consists of a profundal zone without vegetation (because of the total absence of
light), a photic zone where light is only 1% of its intensity at the surface, and an
aphotic zone where light is less than 1% of its value at the surface.

As in freshwater areas, the vertical profile of the estuary and Gulf can be
divided into different levels. The deepest part of the River is called the bathyal
or abyssal level. This zone is inhabited only by animals (such as molluscs, worms
and crustaceans); sunlight required for photosynthesis cannot reach these depths.
At the other extreme is the supralittoral zone, above the high tide level. The
space between these two extremes is divided into the following levels: mesolit-
toral (from the high tide mark to the low tide mark), infralittoral (from 0 to
25 m) and circalittoral (from 25 to 125 m) (Figure 2.14B). 

In general, the word periphyton is used only for benthic microalgae. However,
bryophytes, lichens and saltwater macroalgae will be included in this section in
our discussion of all algal communities associated with shore areas.

Non-vascular plants come in all shapes and sizes, from unicellular diatoms
to kelp (Laminaria), with its large “leaves”. Their physiological needs vary
depending on their class. Macroalgae (visible to the naked eye) are found mainly
in saltwater littoral environments. Species such as Chara and Nitella occupy the
freshwater shoreline of the St. Lawrence River. Unfortunately, little is known
about the River’s benthic microalgal communities, especially the saltwater com-
munities.

Bryophytes and lichens, which are also non-vascular plants, colonize the
banks of the River as well, but few species tolerate salinity. Exceptions to this
general rule are some mosses in genera Grimmia, Pottia and Ulata; also, some
lichens develop monocommunities on the rocky substrates in St. Lawrence
intertidal zones (Gratton and Dubreuil 1990). The range and importance of
bryophytes and lichens in the Fluvial Section are not known. Based on a few
studies, of which one-third date back more than ten years, Gratton and
Dubreuil (1990) note that close to 500 species of bryophytes (of 823 inventoried
in Quebec) and 178 species of lichens (647 in Quebec) are found in the Gulf.
Basically, these species were found in the Île du Bic park (125 bryophyte and
153 lichen species), Mingan Islands (186 bryophyte and 178 lichen species),
Anticosti Island (115 bryophyte species), Moyenne and Basse-Côte-Nord (155
bryophyte species) and in the Îles de la Madeleine (Gratton and Dubreuil 1990).

2.4.1
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These authors also noted that the only published botanical or ecological mate-
rial that mentions bryophytes comes from studies of the Gulf, and that few
other studies have been done on specific regions of the St. Lawrence Fluvial
Section. Some recent studies of lichens were conducted in the Gaspésie area and
Mingan islands. The most complete list dates back to 1977, and Gratton and
Dubreuil (1990) consider it outdated in terms of classification, nomenclature
and the number of lichen species listed. 

The search for indicators that can be used to gauge the health of the
ecosystem could lead to greater interest in bryophytes and lichen. Bryophytes
are excellent passive concentrators of radioisotopes and heavy metals – they are
twice as efficient as vascular plants. In Europe they are used for their ability to
bioaccumulate toxic substances in water. Experiments exploring this capacity are
being conducted in Quebec on the aquatic moss Fontinalis dalecarlica (Gratton
and Dubreuil 1990). Lichens are known to have very good potential as biocli-
matic indicators and integrators of atmospheric contaminants (Gratton and
Dubreuil 1990).

The enormous diversity of substrates and environmental conditions con-
ducive to growth of benthic microalgae makes the study of these organisms in
the St. Lawrence somewhat complex. Periphyton also exhibit temporal vari-
ability intrinsic to colonization, when cells migrate and grow on a virgin sub-
strate (a sprouting aquatic plant) or a substrate recently denuded by ice abrasion,
grazing or currents. Several studies have characterized the structure and biomass
of periphytic communities, sometimes comparing populations observed on dif-
ferent substrates, and have correlated variability with different water masses (see
Chapter 2.1).

Detailed studies on each section of the River suggest that the biomass and
composition of freshwater periphyton vary over space and time on a smaller
scale than phytoplankton. Environmental conditions (type of water mass, depth,
current, type of substrate) exert a marked influence on the abundance and com-
position of the microalgal benthic community (Ahmad et al. 1974; Rousseau
1983; Rousseau and Ferraris 1984; Himmelman 1991; Himmelman and
Nédélec 1990). Periphyton is periodically resuspended by wave action and sharp
increases in current flow. Its biomass varies greatly according to season, espe-
cially in shallow areas, dropping to almost zero in winter because of ice abrasion,
then increasing rapidly in spring and sometimes attaining high levels in summer.
Colonization of macrophytes is also closely connected to seasonal growth cycles;
microalgae colonize leaves as soon as they appear in spring, until fall senescence.

As with phytoplankton, the dynamic aspects of periphytic production
and colonization require further study. Laminar flow velocity and wave-related
turbulence have a significant impact on periphyton colonization of substrates
and on community stability and growth. Biological factors such as self-
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thinning at high densities, effects of grazers and interaction with aquatic macro-
phytes should also be investigated, since their contribution to spatial and tem-
poral variability has not yet been determined. Such data are necessary in order
to estimate the quantity of fixed carbon and assimilated contaminants in the
annual cycle of benthic microalgae in the St. Lawrence. The vast surfaces avail-
able for colonization, and the small size and high metabolic rate of benthic algae
would seem to suggest that their contribution to the transfer of contaminants in
the food chain could be considerable.

Because they are fixed, abundant and easy to sample, these organisms
could be useful integrators of habitat conditions – true biological indicators of
environmental conditions. As far downstream as Lake Saint-Pierre, the River’s
non-reversing currents and adjacent water masses create an ideal context for
analysis of the impact of contaminants and environmental conditions on algal
distribution (Cardinal 1990a). 

To our knowledge, studies of benthic microalgal communities in the St.
Lawrence focus on regions in the Fluvial Section and the Fluvial Estuary,
though studies of the latter are few. Environmental conditions influence com-
munity composition, but it seems that the entire freshwater section is fairly
homogeneous. There is no information on communities in the Upper Estuary.
This discussion will therefore address these three parts of the River together.

Qualitative sampling of summer periphyton (July-September) on buoys
in the ship channel from Cornwall to Quebec City indicated extensive spatial
homogeneity in the flora colonizing the buoys. The dominance of arborescent
Chlorophycea (Cladophora sp.), colonized by diatoms (Rhoicosphenia curvata), and
Cyanophycea (Lyngbya sp.) was noted at all stations (Provencher 1976). The
homogeneous community resulting from simultaneous colonization suggests
that spatial variability is low when colonization occurs on a single substrate in
identical light conditions (near surface) and fast currents.

Comparison of the composition of periphyton colonies on glass slides
immersed in the brown and green waters in Lake Saint-Louis showed that
species composition changed with the type of water (Table 2.9). 

Amblard and Couture (1989), who also used glass slides, found that a
community developing from mid-December to mid-January showed steadily
decreasing diatom dominance (70% Diatomeae, 15% Chlorophycea and 15%
Cyanophycea) with corresponding increases in other groups (45% Diatomeae,
35% Chlorophycea and 20% Cyanophycea). The proportion of Chlorophycea
in the community seemed to increase with community exposure to higher con-
centrations of effluent from the pulp and paper mills (at Clermont and La
Malbaie). After a week of colonization, algal biomass was 11 x 109 µm3/m2 on
control slides, increasing with effluent levels to 520 x 109 µm3/m2 in the outlet
with the highest load (10%).

2.4.1.1
Fluvial Section, Fluvial

Estuary and Upper
Estuary



Biological Aspects: Benthos 65

Results from studies using natural substrates are less conclusive. In studies
in the Projet Archipel, microflora colonizing rocks and aquatic macrophytes at
28 stations in the area around the Montreal archipelago were sampled 12 times
from April 1982 to March 1983 (Rousseau 1983; Rousseau and Ferraris 1984).
Samples showed 475 species of epilithic flora, which colonizes hard substrates.
Flora was characterized by Cyanophycea (blue-green algae), more frequent in
brown waters, Chlorophyta (green algae) and pennate diatoms (more frequent in
green waters). From the end of June to early December, blue-greens (Lyngbya
nordgardii) and three species of genera Oscillatoria dominated (in number).
Pennate diatoms, particularly the species Rhoicosphenia curvata and Diatoma vul-
gare, dominated the community from December to May. Total densities were
lower in winter (< 500 000 cells/m2 in the period from February to April).

In addition, green algae, such as Chara, Nitella and even Cladophora glom-
erata, dominated in the aquatic herbaceous vegetation (non-tidal wetlands) above
Lake Saint-Pierre (Lapierre 1992, in Bouchard and Millet 1993).

Other studies in the Projet Archipel showed that the composition of epi-
phytic flora (flora that grows on plants) sampled during the macrophyte growth
period (May to October) was similar to that of epilithic species (433 species).
However, the epiphyton was richer in the number of Chlorophycea species and
not as rich in diatoms. Total maximum densities of flora growing on aquatic
macrophytes were about 500 000 cells/m2, about four times less than maxi-
mum densities observed on rocks. Starting in August, plant beds in brown
waters were richer in microalgal species and supported a higher biomass than
beds in green waters. As with epilithic communities, blue-green algae 

Brown waters Green waters

Diatoms Diatoms

Cocconeis placentula Navicula cryptocephala

Achnanthes lanceolata N. anglia

Synedra pulchella Nitzschia linearis

Melosira granulata Fragilaria pinnata

Gyrosigma spenceri

Chlorophycea Chlorophycea

Cladophora glomerata Sirogonium strictum

Stigeoclonium spp. Spyrogyra sp.

Zygnema sp.

Mougeotia sp.

Source: Ahmad et al., 1974.

TABLE 2.9
Periphyton in brown waters and green waters in Lake Saint-Louis
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dominated (predominantly Lyngbya nordgardii) in early summer, followed by
pennate diatoms (Achnantes minutissima, Fragilaria vaucheriae, Synedra spp.) in late
summer. Epilithic and epiphytic communities both exhibited such spatial and
temporal variability that it was almost impossible to correlate composition of
samples with physical and chemical conditions measured at the same time. It is
highly probable that differences in depth, substrate, length of colonization and
current were significant enough to mask spatial and temporal variability or vari-
ability potentially induced by the presence of local sources of pollutants.

The biomass and composition of epilithic diatoms from six stations (at
depths of 10 to 30 cm) around Montreal were highly variable and showed few
signs of seasonal succession (De Sève and Goldstein 1981). From May
to November, total biomass hovered around 1 3 1012 µm3/m2 (maximum of
4 3 1012 µm3/m2); no algae were observed in winter. In Lake Saint-François,
raw data on periphyton composition from 40 samples (eight sites, five samples
per site) taken in the last fortnight of July 1989 showed strong spatial variability
in algal biomass and composition (Pinel-Alloul et al. 1991a). Genera with very
high biomass (> 50 g/g dry weight of macrophytes) were mainly Chlorophycea:
Spirogyra, Enteromorpha, Zygnema, Mougeotia, Oedogonium, Rhyzoclonium,
Cladophora, Hydrodictyon (green algae); Oscillatoria (blue-green algae) and Diatoms
vulgare linearis (diatoms). According to observations by Paquet et al. (1993)
between 1990 and 1992, mechanical agents periodically detached or tore these
species from their substrate, causing a considerable (but temporary) increase in
phytoplankton biomass in Lake Saint-Pierre and Lake Saint-Louis (Paquet et al.
1993). Contant and Lacoursière (1978) also noted large quantities of resus-
pended Cladophora spp. and periphytic diatoms in summer phytoplankton in
the Gentilly area.

Various factors influencing the vertical structure of benthic microalgal commu-
nities on the shores of the Lower Estuary were studied by Hudon (1982). Data
on macroalgae in the Lower Estuary and Gulf are relatively complete (Cardinal
1990a, 1990b). In all, 195 species have been identified, including 21 species
found only on the south shore of Chaleur Bay. The number of species in the
various divisions of large benthic algae is similar to inventories taken in Eastern
Canada (Table 2.10). Cardinal (1990a, 1990b) noted that some species are rare,
but it would be premature to call them endangered since several are at their
northernmost range in Quebec. The author also noted the almost total absence
of published data on the Basse-Côte-Nord downstream from Kegaska and on
Anticosti Island. Gauthier et al. (1980) have also investigated the upstream dis-
tribution limits of benthic marine algae in the estuary.

Very little is known about the dynamics of algal communities. However,
a study of the production of a mesolittoral benthic algae, Fucus vesiculosus, dom-
inant in the estuary, showed that it produced about ten times its own weight in
organic matter (106 g of chlorophyll per square metre) in eight months. This is

2.4.1.2
Lower Estuary and Gulf



three times higher per unit area than phytoplankton production in adjacent lit-
toral waters (30 g of chlorophyll per square metre per year; Breton-Provencher
et al. 1979). The authors estimated that only one-third of this organic produc-
tion is used to increase biomass – the rest enriches the environment. The role
these algae play in the estuarine economy is therefore highly significant. 

On the north shore, it has been noted that algal biomass gradually
decreases the further one moves downstream, probably because of grazing by
Sea urchins (Strongylocentrotus droebachiensis) that dominate downstream com-
munities; Sea urchins have been unable to adapt to lower salinities upstream.
Along the south shore also, algal biomass declines with higher salinity. The
decrease on the south shore would be related more to the negative effect of
turbidity on algal growth than to differences in grazing pressure. The estuarine
gradient has had no observed consistent effect on community parameters such as
species richness (number of species in a given community), the Shannon-
Weaver diversity index (H) (which takes into account the number of species and
their relative densities within the community) and H/Hmax. regularity parame-
ter (for the distribution of species density within the community). However,
algal richness, diversity and regularity increase toward the upstream part of the
Lower Estuary, then decrease in the Upper Estuary. The Sea urchin is therefore
a structuring agent in the infralittoral community. It is a voracious grazer that
feeds on most species of algae (Himmelman and Lavergne 1985), creating the
barren zones so characteristic of the infralittoral zone, and regulating algal abun-
dance in the Lower Estuary. It is only because Sea urchins cannot tolerate low
salinities and cannot successfully reproduce in the upstream section of the Lower
Estuary and the downstream section of the Upper Estuary that the highest levels
of algal diversity and biomass are found in those regions (Drouin et al. 1985).

Himmelman (1991) also studied community structure in the Mingan
Islands in the northwestern gulf. In the upper part of the infralittoral zone,
algae were restricted to a narrow band in shallow water; beneath this was a zone
inhabited by Sea urchins, with a few large algae and grazing-resistant calcareous
algae (Himmelman and Nédélec 1990). See Figure 2.15 for locations of sites in
the Lower Estuary and Gulf mentioned in the text.
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Green Chlorophyta Brown Phaeophyta Red Rhodophyta Total

Quebec coasts 60 (30) 68 (35) 67 (37) 195

Eastern Canada 86 (27) 116 (36) 120 (37) 322

Source: Cardinal, 1990a.

TABLE 2.10
Number and proportion of taxons in three major divisions of macroscopic 

benthic algae on the coasts of Quebec and Eastern Canada
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Vast homogeneous kelp beds (Laminaria) are observed on certain rocky
bottoms in the Lower and Upper estuaries, for example, along the south shore
of Île aux Lièvres and the northeastern tip of Île du Bic. At the latter site, bio-
logical production was high in summer and low in winter. Net annual produc-
tion was estimated at 40 g/m2/a (Anderson et al. 1981). Growth of these
primary producers on the Nova Scotia coast occurs mainly in winter, and on an
annual basis is only one-third the level observed at Île du Bic.

On the south side of the Lower Estuary and Gulf, intertidal communities
on rocky substrates were studied at four stations located in moderate flow 
conditions (epibenthic communities with average exposures to the stress of
physical factors such as tides) at Cacouna, Pointe Mitis, Ruisseau-à-Sem and
Cap-du-Petit-Gaspé (Archambault and Bourget 1983). The various stages of
plant succession were observed following natural perturbations (ice scouring)
and artificial disturbances (total or partial experimental denudation). In spring,
annual algae, mainly Ulotrichales and Ulvaceae, quickly colonize surfaces
scoured by ice; this is followed by a significant increase in Fucus species, pri-
marily Fucus vesiculosus, and to a lesser degree Ascophyllum nodosum. Dominance
of opportunistic species such as F. vesiculosus persists where disturbances are
strong and regular. When the community is less disturbed, the initial gap
between abundance of F. vesiculosus and A. nodosum narrows steadily and the
mature community is dominated by A. nodosum. Succession of colonizing
species and their abundance is also influenced by the time of year the distur-
bance occurs. A substrate denuded early in spring will be colonized mainly by
opportunistic species (Ulotrichales and Ulvaceae), while a substrate scoured in
late spring will be colonized mainly by F. vesiculosus.

Just as terrestrial plants are rooted in one spot and meet their needs by using
light energy, benthic organisms attach to a substrate and intercept floating food
particles to fulfil their energy requirements. The particles may be suspended
and transported over long distances and consist of living plankton or detrital
matter covered with bacteria. Like bivalves, suspension feeders filter water to
obtain food. Detrivores (amphipods, isopods and decapods) ingest organic
matter deposited in sediments and are usually fairly motile. There are also preda-
tors who hunt prey near the bottom. The zoobenthos is composed of a hetero-
geneous group of animals at different levels of the food chain.

There are few studies on the freshwater benthic fauna of the St. Lawrence
and, except for work by Levasseur (1977) and Vincent (1984), no study covers
the entire Fluvial Section. Some work has been done on certain stretches of the
River, with study areas of various scales. This includes studies by Magnin (1970)
on littoral benthic fauna of Lake Saint-Louis, Vincent (1984) on benthic com-
munities in Lake Saint-Pierre and Vincent (1979) on the structure of St.
Lawrence benthic communities between Lake Saint-Pierre and Île aux Oies.
However, benthic fauna has been most extensively studied in the Montreal area

2.4.2
ZOOBENTHOS
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(from Lake Saint-Louis to the Boucherville archipelago) as part of the Projet
Archipel (Ferraris 1984a, 1984b). Benthic fauna has also been thoroughly inves-
tigated in the area around the Gentilly nuclear power station, where members of
the Groupe de Recherche sur les Écosystèmes Aquatiques (GREA) at the
Université du Québec à Trois-Rivières conducted most of their studies on
spatial variation (Vincent and Vaillancourt 1978; Vincent 1981; Vincent et al.
1982; Vincent et al. 1991) and temporal variation (Vincent 1983; Vincent et al.
1983) and on the structure of benthic communities and phytophilous species
(invertebrates that mainly use aquatic vegetation, rather than the bottom, as
substrate). 

In the past, many of the studies on benthic fauna of the St. Lawrence
estuary mainly reported on species distribution (Whiteaves 1901; Préfontaine
1931; Larocque 1953; Bousfield 1956; Brunel 1970a, 1970b; Bousfield and
Laubitz 1972). More recently, however, studies of a more ecological nature have
been published (for a recent review of the literature, see Vincent 1990). But
only a few studies evaluate the importance of factors that control abundance and
distribution of benthic fauna over the entire ecosystem.

Despite major differences in oceanographic conditions in the Upper and
Lower estuaries and Gulf, certain biotopes recur in all three regions: littoral
zonation with bands of vegetation subject to variable periods of submersion,
substrates that are soft or rocky, and differences related to water depth. These
environmental factors act similarly in that they divide organisms and determine
distribution. The habitats, however, are not isolated from one another; they are
connected by water mass exchanges and by the organisms they shelter (Ardisson
and Bourget 1992). Tributaries also play an important role: the relationship
between freshwater flow and marine epibenthic fauna has been shown to be
nonlinear. Observed relationships differed depending on species and spatial scale,
but one generalization has emerged: intermediate flow values are associated
with low abundance, low biomass and low growth rates, while extreme flow
values (low and high) are associated with high abundance, high biomass and
high growth rates (Ardisson 1991). 

Some non-native species of tubificids and molluscs now dominate a number of
freshwater benthic habitats (Vincent 1984). Several populations of European
tubificid species, including Peloscolex ferox, Potamothrix moldiavensis, Potamothrix
hammoniensis and Stylodrilus heringianus have been found in the Great Lakes
(Brinkhurst and Jamieson 1971) and parts of the St. Lawrence (Vincent 1984).
Psammoryctides barbatus has recently been added to this list; it was first observed
in the Fluvial Estuary of the St. Lawrence and then in the downstream reaches
of the Fluvial Section (Vincent 1979).

Several freshwater molluscs have been introduced from Europe: Bithynia
tentaculata (Berry 1943), Pisidium amnicum and Sphaerium corneum (Brinkhurst et

2.4.2.1
Introduced species
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al. 1968; Clarke 1980). Propagation of Bithynia tentaculata and Sphaerium corneum
has probably had major repercussions on the populations of several other native
molluscs (Vincent 1984). 

In New York State, Harman (1968) showed that B. tentaculata could suc-
cessfully replace several indigenous species of gastropods. Another non-native is
Viviparus georgianus, recently introduced into the St. Lawrence, which now
dominates benthic communities in the downstream stretches of the Fluvial
Estuary (Vincent 1979). 

This indicates that the benthic fauna of the St. Lawrence has been pro-
foundly modified over the past century and that it is still changing. Several
recently introduced species, such as Viviparus georgianus and Psammoryctides bar-
batus, still appear to be expanding their range. To these we must now add the
Zebra mussel (Dreissena polymorpha), a small bivalve from the Black and Caspian
seas which, in a mere five years, has had a dramatic impact on the River. Likely
transported and discharged through ship’s ballast water, it was first identified in
southern Ontario in Lake St. Clair, between Lake Erie and Lake Huron. A year
later, it appeared in Lake Saint-François and has continued to spread. The high-
est densities are found in the Montreal and Quebec City areas (Figure 2.16). In
the stretch between Quebec City and Sault-au-Cochon (just below Île
d’Orléans), the number of individuals attached to navigation buoys, which were
examined when collected in the fall, was 751 ind./m2 in 1991 (Table 2.11).
Higher salinity levels downstream of Sault-au-Cochon prevent the mussel from
further expansion. It is feared, however, that the animal will come to dominate
upstream aquatic communities on hard substrates and will disturb the food web.
The species multiplies quickly and tolerates desiccation and temperature
extremes. Zebra mussels can cause considerable economic damage by lodging in
intakes and fouling maritime facilities. Data obtained in summer 1992 indicate
a general decrease in most stretches of the River, except in Lake Saint-François
and the Beauharnois canal. Also, recruitment was low in 1992; it is still too
early to know if this decline in the numbers of mussels colonizing buoys reflects
a long-term trend or if it is due simply to specific environmental conditions
that summer. Data from other studies that measured Zebra mussel densities from
1991 to 1992 at a number of benthic stations along the River from Cornwall to
Île d’Orléans (Table 2.12) generally indicated a rising trend during that period.

The extent of the imbalance created in aquatic communities by invasion
of exotic species is hard to measure. DesGranges and Thompson (1990) have
proposed biotic indices for benthic communities that make it possible to assign
values to disturbances. But these indices are abstract and are weakened by sub-
jective weightings. It is no simple matter to measure the extent of damage
caused by the invasion of the Zebra mussel.
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Certain areas of the River are conducive to colo-
nization by Zebra mussels due to calcium concen-
trations, pH level, water depth, currents and tem-
perature and substrate type. The La Prairie basin
and all around Île d'Orléans offer the rocky or grav-
elly bottoms and water depths suitable for Zebra
mussel colonies, although they can be found on
other substrates if other molluscs are present.
Factors limiting their spread and overpopulation in
the St. Lawrence are the absence of hard natural
substrates and the increased water salinity down-
stream of Île d'Orléans. However, another exotic
species, the Quagga mussel, has invaded the
River, and it is capable of colonizing sandy sub-
strates. It was sighted in 1992 in Lake Saint-
François and Lake Saint-Louis, and in the area of
Sorel.

Results of studies conducted between Baie-Saint-
Paul and Beauharnois by the St. Lawrence Centre
show that Zebra mussel densities grew between
1990 and 1991. The largest increases were record-
ed in areas between Quebec City and Sault-au-
Cochon (5778%), Donnacona and Quebec City
(3972%), and in the Port of Montreal (472%). 

ORIGINS AND INTRODUCTION

The Zebra mussel comes from the Caspian Sea. It was first observed in
North America in Lake St. Clair, Ontario, in 1988. It is thought to have been
introduced in 1985 from ballast water discharged from a European vessel.
The Zebra mussel was first noted in the St. Lawrence in 1989.

BIOLOGY AND ECOLOGY

The Zebra mussel, Dreissena polymorpha, is a freshwater bivalve mollusc.
It grows up to 4 cm long and has an average lifespan of three years. It is a
sedentary and filtering organism that lives on bacteria, plankton and waste
from particulate organic matter. A female can produce up to 40 000 eggs
per year.

Zebra mussels can colonize many different habitats. Larvae are carried by
currents to new locations. Since the adult lives attached to a hard substrate,
it is found on boat hulls, buoys, pipes, fishing nets, rocks, reefs or other
organisms like molluscs or crayfish. Zebra mussels live in colonies which
are sometimes very dense (300 000/m2 in Lake Erie). They have few
natural predators except for a few species of diving duck and shellfish-
eating fish.

ECOLOGICAL AND ECONOMIC IMPACTS

Since the introduction of Zebra mussels, a number of problems have arisen
in the Great Lakes.

Disturbances in the food chain: The mussels consume large amounts of
phytoplankton, which can disturb the food webs of other species and have

a negative impact on commercial and sport fishing. Zebra mussels affect
the reproductive success of fish that use reefs as spawning grounds
because they attach to and cover the reefs.

Transmission of toxins: Mussels quickly accumulate organic
pollutants in their tissues, to concentrations 180 000 times higher than
those in the environment. Because they concentrate water-borne toxins,
mussels could serve as bioindicators to control the quality of aquatic
environments. The toxins they accumulate can be transmitted to humans
who eat fish or duck.

Obstruction of municipal and industrial intakes and outfalls:
Obstruction by mussels can cause significant reductions in flow.

Nuisance for boaters and bathers: Mussels can obstruct the entry
of engine-cooling water on pleasure boats, causing engines to overheat.
The accumulation of sharp mussel shells on beaches can be a hazard to
bathers.

It is estimated that mussels will cause damage amounting to $4-5 billion in
Canada and the United States over the next decade, due to fishery losses
and costs associated with cleaning intakes and outfalls. Chlorination is the
only chemical method Canada permits for controling mussel proliferation.
However, every method has some impact on the environment. Biological
control methods are not well developed.

Zebra mussels are inedible because they are too small, give off an
unpleasant odour when they are cooked and have a disagreeable taste.

FIGURE 2.16
Mean densities of Zebra mussels attached to navigation buoys in 1991 

(number per square metre)

Sources: SLC, 1993, based on data from Doyon et al., 1992; Lapierre and Fontaine, 1994.
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Given the number of studies conducted, the size of the study area and the diver-
sity of habitats (lakes, rapids, plant beds, deep zones, fast and slow currents),
factors shaping benthic communities in the St. Lawrence will be discussed start-
ing with the basins and water masses around the Montreal archipelago, and end-
ing downstream at Lake Saint-Pierre. These regions make up the Fluvial
Section.

1990 1991 1992 
Regions (n/m2) (n/m2) 1991/1990 (n/m2) 1992/1991

Fluvial Section

Lake Saint-François 121.10 4.19 0.03 sd 58.30 13.91 ns

Beauharnois canal 0.85 0.41 0.48 ns 0.18 0.44 ns

Lake Saint-Louis 0.26 0.89 3.42 si 0.01 0.01 sd

Port of Montreal 0.86 377.90 439.42 si 12.52 0.03 sd

Longue-Pointe to Lake Saint-Pierre 0.01 0.27 27.00 si 0.04 0.15 sd

Lake Saint-Pierre 0.00 26.54 26.54 si 0.02 0.00 sd

Fluvial Estuary

Lake Saint-Pierre to Donnacona 0.03 0.68 22.67 si 0.01 0.01 sd

Donnacona to Quebec City 0.07 278.25 3 975.00 si 0.04 0.00 sd

Quebec City to Sault-au-Cochon 0.13 751.25 5 778.85 si 0.27 0.00 sd

Legend: si: significant increase; sd: significant decrease; ns: nonsignificant trend; n: number.

Source: Lapierre and Fontaine, 1994.

TABLE 2.11
Densities of Zebra mussels on navigation buoys from Lake Saint-François

to Sault-au-Cochon (1990 to 1992)

Comparative 1991 1992 
Regions depths (m) (n/m2) (n/m2) Trends

Fluvial Section

Lake Saint-François 5-7 (October) 64.00 143.20 si

Beauharnois 0-5 (July) 9.67 77.10 si

Fluvial Estuary

Port of Bécancour 1-7 (July) 18.50 1 675.10 si

Louise basin 0-10 (July) not measured 16 406.40 –

Île d’Orléans 3-5 (October) 430.00 29.70 sd

Legend: si: significant increase; sd: significant decrease; ns: nonsignificant trend; n: number. 

Sources: Lapierre et al., 1994; Lapierre, 1993.

TABLE 2.12
Densities of Zebra mussels collected at benthic stations along the River

between Cornwall and Île d’Orléans (1991 to 1992)

2.4.2.2
Fluvial Section
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The main benthic animals in Lake Saint-François are molluscs, crustaceans,
oligochaetes (worms) and Diptera larvae. Taxon distribution varied little from
station to station but more molluscs were observed at mid-lake stations than in
other parts of the lake and there were higher proportions of oligochaetes and
Diptera at upstream stations. The proportion of Oligochaeta (tubificids) seemed
to be higher at stations on the north shore than on the south shore. However,
since there was no information available on environmental characteristics (type
of habitat, substrate, depth, current, organic matter in sediments), it is difficult to
interpret the distribution pattern of the various taxons. The diversity index,
number of species in the catch and density were relatively high and varied little
among the stations (Levasseur 1977). More recently, Pinel-Alloul et al. (1991b)
suggested that benthic community structures are generated mainly by ecological
and physical and chemical processes. Plant beds, alkalinity, mineralization, water
colour, depth and substrate texture have a major influence on the community.

Benthic invertebrate and phytophilic communities in the Montreal area
(including Lake des Deux Montagnes, Lake Saint-Louis, the Lachine rapids and
La Prairie basin) were studied by Ferraris (1984a, 1984b) as part of the Projet
Archipel. The study identified 30 benthic and phytophilic communities (the
latter in submergent aquatic plants), each with its own distinct habitat. Habitats
were defined by location in the lake (macrophyte bed, open water), depth and
general water characteristics (brown, green, mixed), current flow, type of sub-
strate (hard, soft) and substrate texture. The reader will recall that two very dif-
ferent water masses meet in Lake Saint-Louis: the green waters of the St.
Lawrence and the brown waters of the Ottawa River (Figure 2.17).

The green waters are characterized by low amounts of suspended partic-
ulate matter, high mineralization and low nutrient levels. The brown waters,
however, are very turbid, with little mineralization and a high load of humic
acids (Désilets and Langlois 1989). (See Part 1: Physico-Chemical Aspects for
more information on the characteristics of these waters).

Tables 2.13 and 2.14 show data on the composition and major habitat
features of 26 of the main benthic and phytophilic communities in the Montreal
area, as well as the relative importance of each community in each basin. 

Diversity, whether measured by absolute number of species (species rich-
ness) or parameter H in the Shannon and Weaver diversity index, and density
(number and biomass of individuals per square metre), are always higher in plant
communities than in open waters. However, in both cases, distribution of ben-
thic organisms and community structure are correlated with the two major
water masses that meet at Montreal. The green waters from the Great Lakes
are distinguished from the brown waters of the Ottawa River by a) the distrib-
ution and abundance of certain species, such as Bithynia tentaculata, Asellus
aquaticus, and Hyalella azteca; b) the greater dominance of molluscs, particularly

Basins around
the Montreal archipelago
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TABLE 2.13
Preferred habitats of benthic fauna in basins in the Montreal region

Source: Ferraris, 1984b.

11.3%

50.0%

Green

Plant beds (H5: 14.0%) (50% of the area
bounded by the Varennes, Boucherville
and Sainte-Thérèse islands)

Soft-substrate habitats in open water (V4:
3.6%; V6: 2.5%; V9: 11.8%; V10: 9.6%;
V11: 10.0%)

34% of the basin

9.8%

19% (des Prairies River)
53% (des Mille Îles River)

Brown

DES PRAIRIES RIVER

Plant beds in slow-moving brown waters
(H1: 18.9%)

Deepwater habitats on coarse or clay
substrates (B8: 39.2%) (western end of des
Prairies River)

Shallow-water habitats (B7: 2.2%) (eastern
end of des Prairies River)

Shallow-water habitats on coarse substrates
(B4: 4.2%) (eastern and western ends of the
river, plus Terrebonne archipelago)

Shallow-water habitats (B7: 8.4%) (western
des Mille Îles River and Bois-Brillant
archipelago)

Deepwater habitats on coarse or clay
substrates (B8: 8.8%) (eastern and western
des Mille Îles River plus Terrebonne
archipelago)

21.4% (des Prairies River)
23.6% (des Mille Îles River)

ST. LAWRENCE RIVER
DES PRAIRIES AND DES

MILLE ÎLES RIVERS

11.5%

29.1%

Green and mixed

LACHINE RAPIDS

Plant beds in slow-moving mixed waters
(H3: 5.5%)

Plant beds in green waters (H5: 1.6%)

Soft-substrate habitats in fast-moving
green waters (V9: 6.3%; V10: 14.0%)

Hard-substrate habitats in fast-moving
green waters (V2: 11.6%)

LA PRAIRIE BASIN

Plant beds in slow-moving mixed waters
(H3: 6.3%)

Plant beds in green waters (H5: 15.7%)

Hard-substrate habitats in fast-moving
green waters (V2: 2.4%)

Soft-substrate habitats in shallow green
waters (V4: 7.2%; V9: 9.8%)

Soft-substrate habitats in deep green
waters (V6: 7.5%; V8: 0.3%; V10: 7.1%)

40% of the basin

LA PRAIRIE BASIN
(including the Lachine rapids)

34.6%

22.4%

Brown

Plant beds in slow-moving waters
(H1: 22.4%)

Soft-substrate habitats in moderate and
deep water (B5: 10.5%; B6: 16.1%; B7:
18.1%; B8: 0.3%)

(Vaudreuil Bay and eastern end of lake)
Soft-substrate habitats in shallow water
(B3: 3.7%; B4: 14.7%)
(western end of lake)

14% of the basin

Percentage of surface
area

Percentage of basin
area covered by plant
beds

Water type

Main habitats

Unknown habitats

34.0%

30.7%

Brown, green and mixed

Plant beds in slow-moving waters (H1: 4.7%;
H3: 3.4%; H4: 0.2%; H5: 22.4%)
(all lake bays)

Hard-substrate habitats in fast-moving
brown water
(B1: <0.1%)
(Dorion and Sainte-Anne rapids; Sainte-
Anne canal)

Habitats in moderate and deep brown
water
(B5: 1.6%; B6: 3.0%; B7: 2.8%; B8: 1.2%)
(Sainte-Anne canal)

Hard-substrate habitat in green water (V2:
0.3%)

Soft-substrate habitat in shallow green
water (V3: 0.8%; V4: 5.9%; V5: < 0.1%; V9:
1.5%)
(Maple Grove area)

Hard-substrate habitat in fast-moving green
water (V1: 0.5%;) (northern end of lake
upstream of the Lachine rapids)
Soft-substrate habitats in fast-moving green
water (V6: 2.9%; V8: 0.5%; V10: 1.5%) (near
the Beauharnois dam)

Habitats in shallow mixed water (M2: 3.7%)
(Pointe-des-Cascades rapids)

40% of the basin

LAKE DES DEUX MONTAGNES LAKE SAINT-LOUIS



Ferraris number
(1984a)

Characteristic
species

Substrate
type

Hard

WeakStrong

< 2 m

WeakStrong

Deep

B1

3.6

4 667

32

Trichopter

Ephemeropter

Manayunkia speciosa (Pol.)

Amnicola limosa (Gast.)

Gammarus fasciatus (Amp.)

A m p h i p o d

Oligochaete

G. fasciatus

A. limosa

Polychaete

M. speciosa

Silt
Sand/silt

and
Sand/clay

Sand/gravel

B2

3.1

7 994

27

B8

2.3

5 948

17

Chironomid

Oligochaete

Dicrotendipes sp. (Chi.)

Procladius sp. (Chi.)

Pseudochironomus sp. (Chi.)

A. limosa

M. speciosa

B3

3.9

7 984

37

Gastropod

Oligochaete

A. limosa

Bithynia tentaculata (Gast.)

Limnodrilus hoffmeisteri (Olig.)

Peloscolex ferox (Olig.)

B4

3.1

5 282

23

Brown

Soft

Open water

Dominant
groups

Richness

Mean density

Species
diversity

Water level

Current

Substrate

Type of water

Type of habitat

> 5 m

V5

2.5

28 487

42

Gastropod

Amphipod

B. tentaculata

A. limosa

G. fasciatus

Gastropod

Amphipod

Sphaeriid

Tubificid

B. tentaculata

A. limosa

G. fasciatus

G a s t r o p o d

B. tentaculata

Valvata tricarinata (Gast.)

Brachycentrus sp. (Tri.)

Sphaerium sp. (Pele.)

Clay

V9

3.3

3 190

22

V7

2.2

1 852

13

Gastropod

Pelecypod

B. tentaculata

Pisidium sp. (Pele.)

Brachycentrus sp.

V11

2.6

37 023

25

B. tentaculata

G. fasciatus

Sphaerium sp.

Pisidium sp.

Strong

Soft

Green

< 5 m

Sand/gravelSand

Gastropod

Pelecypod

Tubificid

V6

2.6

8 596

23

V8

3.5

12 150

28

Open water

Sphaerium sp.

Pisidium sp.

Immature tubificids
(Olig.)

G. fasciatus

A. racovitzaï racovitzaï

Pelecypod

Oligochaete

Amphipod

Isopod

> 3 m> 2 m < 5 m

Strong

Silt

Hard

B5-B6

2.8 (B5)  3.5 (B6)

1 112 (B5)  1 464 (B6)

15 (B5)  21 (B6)

Nematode

Pelecypod

Ephemeropter

G. fasciatus

A. limosa

Eliptio complanata (Pele.)

Tubificid

Pelecypod

Gastropod

Valvata sincera sincera (Gast.)

Asellus racovitzaï racovitzaï
(Isop.)

Procladius sp. (Chi.)

Helobdella stagnalis (Hir.)

Chironomid

Tricopter

Ephemeropter

G. fasciatus

Cricotopus sp. (Chi.)

Eukiefferiella sp. (Chi.)

B7

2.9

2 788

23

V2

2.7

2 184

14

Gastropod

Amphipod

B. tentaculata

G. fasciatus

V1

2.4

7 505

21

WeakStrong

Sand/gravel

Oligochaete

Gastropod

Amphipod

Isopod

Quistadrilus multisetosus
longidentus (Olig.)

Q. m. multisetosus

B. tentaculata

V. sincera sincera

G. fasciatus

A. racovitzaï racovitzaï

Asellus aquaticus (Isop.)

V3

2.8

43 458

28

Soft

Gastropod

Amphipod

Oligochaete

B. tentaculata

G. fasciatus

L. hoffmeisteri

P. ferox

V4

3.1

6 717

27

Green

Open water

Ferraris number
(1984a)

Characteristic
species

Substrate
type

Dominant
groups

Richness

Mean density

Species
diversity

Water level

Current

Substrate

Type of water

Type of habitat

Soft

Gastropod

Oligochaete

Chironomid

B. tentaculata

Naïs bretscheri
(Olig.)

Stylaria lacustris
(Olig.)

M1

3.1

8 939

28

Mixed

B. tentaculata

Sphaerium sp.

Gastropod

Pelecypod

V10

3.0

587

14

Oligochaete

Gastropod

Amphipod

Isopod

Chironomid

B. tentaculata

A. limosa

G. fasciatus

Hyatella azteca
(Amp.)

A. racovitzaï
racovitzaï

Lirceus lineatus
(Isop.)

M2

4.2

10 704

47

Hard

Strong ?

< 2 m > 8 m> 2 m

Silt SiltSilt

Open water Plant bed

Brown Green Mixed

Weak StrongWeak

B. tentaculata

Brachycentrus sp.
(Tri.)

Cricotopus spp.
(Chi.)

H4

2.7

41 202

41

A. limosa

G. fasciatus

H3

3.8

12 146

46

Pelecypod

Gastropod

Elliptio complanata (Pele.)

Sphaerium sp.

B. tentaculata

Probythinella lacustris (Gast.)

Procladius spp.

Coelotanypus (Chi.)

M3 and M4

3.5 (M3)  3.0 (M4)

5 137 (M3)  4 712 (M4)

29 (M3)  28 (M4)

M. speciosa

Coelotanypus sp.

B. tentaculata

Sphaerium sp.

Tribelos sp. (Chi.)

G. fasciatus

A. racovitzaï
racovitzaï

M5

3.1

9 443

30

Dicrotendipes (Chi.)

A. racovitzaï
racovitzaï

G. fasciatus

H. azteca

A. limosa

Ferrissia parallela (Gast.)

Gyraulus spp. (Gast.)

Physa gyrina (Gast.)

H1

3.9

22 325

47

H5

3.2

35 832

43

B. tentaculata

A. racovitzaï
racovitzaï

L. lineatus

TABLE 2.14
Preferred habitats of the main benthic invertebrate communities in the Montreal region 

Source: MLCP, 1984. Amp.: Amphipoda; Chi.: Chironomidae; Ephe.: Ephemeroptera; Gast.: Gastropoda; Hir.: Hirudinea; Isop.: Isopoda; Olig.: Oligochaeta; Pele.: Pelecypoda; Pol.: Polychaeta; Tri.:
Trichoptera.
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Bithynia tentaculata; c) higher densities; d) lower diversity (H); and e) lower
species richness. At the confluence of the two water masses is a mixed zone
with benthic communities whose characteristics reflect aspects of both the green
and brown water communities. Within each of the three water masses, greatest
differentiation in each community is generated by type of substrate (hard or
soft). Hard substrates in strong currents are dominated by caddisfly larvae
(Trichoptera), mayflies (Ephemeroptera) and midges (Chironomidae, Ortho-
cladiinae), while hard substrates in weak currents are inhabited mainly by
amphipods, gastropods and oligochaetes. In areas with soft substrates, depth and
substrate texture are the factors that best differentiate benthic communities. In
brown and mixed waters, diversity, density and species richness drop sharply in
areas deeper than 2 m. Stations at depth in the three types of water are charac-
terized by a high abundance of pelecypods (Sphaerium spp. and Pisidium spp.). 

The relative importance of the surface area of each habitat in the
Montreal region was evaluated (Table 2.13) based on the preferred environ-
ments of each benthic community (Table 2.14) and the numerical counts pro-
vided by Ferraris (1984a, 1984b). The most important habitats, in terms of
surface area and species number, are a) plant beds b) habitats on hard substrates
with strong currents and c) habitats at depths of less than 2 m in brown waters
and less than 5 m in green waters (Ferraris 1984a, 1984b).

Lake des Deux Montagnes, characterized by brown waters, is a fairly
homogenous environment. Plant communities cover 22% of the area, but habi-
tats on soft substrates predominate at average and deep levels in the eastern part
of the lake, and in shallows on soft substrates in the western end. A high per-
centage of the area of the des Prairies and des Mille Îles rivers is covered by plant
communities in slow-moving brown waters (Table 2.13). Open waters in the
two rivers are characterized by habitats on coarse substrates at shallow and deep
levels.

Lake Saint-Louis, at the confluence of the two water masses, has a high
diversity of habitats, as defined by Ferraris (1984a, 1984b). Habitats of plant
beds in slow currents cover 31% of the lake’s surface area, while habitats on
hard substrates, in the northern part of the lake, cover only a small area (1%).
Habitats in green waters occupy 13% of the lake area, in brown waters 8.6% and
in mixed waters 3.7%.

In the La Prairie basin, benthic communities characteristic of green
waters dominate over those in brown waters, because of the turbulence in the
Lachine rapids (Ferraris 1984a, 1984b). Percentages of typical habitats in the
basin are as follows: plant beds in mixed waters with slow currents (11.8%),
plant beds in green waters (17.3%), habitats in green waters on hard substrate
(14%) and on soft substrates at shallow (17%) and deep (14.9%) levels. The
green waters between the Lachine rapids and Repentigny are characterized by a
high percentage of plant communities, which cover 50% of the area bounded by



the Varennes, Boucherville and Sainte-Thérèse archipelagos, as well as by a high
percentage of open water habitats on soft substrates in fast currents.

The most complete data on this stretch of the River are provided by Levasseur
(1977), who studied the distribution frequency of the main benthic inverte-
brate taxons at 15 stations between the eastern tip of Île Sainte-Thérèse and
Berthier, and by Vincent and Vaillancourt (1980), who studied the spatial dis-
tribution of benthic leeches in relation to physical, chemical and biological
factors.

All stations in the upstream part of this stretch (Levasseur 1977) are
highly dominated by tubificids and none of them has a diversity index higher
than 2.00. From Lavaltrie to Berthier, crustaceans dominate at most stations
and the diversity index is greater than 2.00. For all stations, molluscs represent
only a small proportion of the community. Vincent and Vaillancourt (1980)
reported 11 different species of leech at 20 stations between Montreal and Sorel.
According to these authors, the chemical composition of the water does not
influence leech species distribution, which is correlated mainly with substrate
texture, depth, current speed and the presence of prey.

Two studies were carried out on benthic fauna in the Sorel archipelago and
Lake Saint-Pierre regions. One was by Levasseur (1977), who sampled in the
delta region of the Sorel archipelago, the other was by Vincent (1984), who
described benthic communities in the open lake waters based on sampling at
48 stations throughout the lake. 

In the Sorel archipelago region, there was a certain discontinuity in the
distribution frequency pattern of molluscs and tubificids: molluscs dominated at
all stations near the south shore, while in most stations in the mid-delta and
along the north shore, molluscs were replaced by tubificids. The same disconti-
nuity was observed in the diversity indices, which were relatively high on the
south shore and generally low at other stations. The Sorel archipelago appears to
be an ideal environment for several leech species, since 13 of the 18 species
inventoried in the St. Lawrence by Vincent and Vaillancourt (1980) are found
there. 

Vincent (1984) identified three groups of species in benthic communities
of Lake Saint-Pierre that showed correlations for substrate texture, levels of
organic matter in sediments and current speeds (Figure 2.18). Two sandy zones,
one south of the ship channel and one along the north shore of the lake, have
large populations of littoral fauna dominated by gastropods and pelecypods.
North of the mud flat that parallels the ship channel is a very dense commu-
nity (3000 to 12 000 ind./m2) dominated by oligochaetes and sphaeriids. This
region is surrounded by a muddy zone with a large population of chironomids.
According to Vincent (1984), the spatial distribution of benthos in Lake Saint-
Pierre, which is characterized by three groups of taxons associated with three
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groups of stations, is due to hydrodynamic and sedimentological conditions
caused by the juxtaposition of the ship channel and the shallows on either side
of it (Figure 2.18).

Crayfish are a food source for a number of fish species and therefore have
considerable ecological importance (Langlois et al. 1992). They are also impor-
tant to the commercial fishery in Lake Saint-Pierre, with catches of four to
eight tonnes per year, although the potential catch is estimated at 50 t/a. Both
species present (Orconectes virilis and O. limosus) are fished, but neither has been
the subject of detailed study. Langlois et al. (1992) mention that concentrations
of mirex (0.0085), PCBs (undetectable) and mercury (0.15 mg/kg) are lower
than maximum permissible levels for commercial fishing (2.0, 0.0 and
0.5 mg/kg, respectively).

Pelecypods (bivalve molluscs) are organisms of interest in studies of the
spread of toxic substances. Metcalfe and Charlton (1989) examined levels of
contaminants in freshwater mussels in Lake Saint-Pierre (Lampsilis and Elliptio)
and detected high levels of DDE, a DDT derivative. Their results seem to show
that Lake Ontario and Grass River contribute significantly to the presence of
DDE in the St. Lawrence. The authors also note that some mussels in lakes
Saint-François and Saint-Louis contained enough DDT to represent 20% to
40% of total DDT residues, suggesting recent use or poor elimination of DDT
in the lakes (Metcalfe and Charlton 1989). Others have also hypothesized that
DDE (or its precursor, DDT) could come from airborne sources from countries
in Latin America, where use of DDT is still permitted and is even widespread.

Vincent’s large-scale study of freshwater benthos (1979) made it possible to
examine large-scale spatial variability in the distribution frequency of the main
benthic species. The most common taxons in this section of the River were
tubificids (59%), gastropods (16%), sphaeriids (11%), chironomids (6%) and glos-
soscolecids (2%) (Vincent 1979). The mean number of taxons declines consid-
erably (from 21 to 14) as one moves from above to below Quebec City.
However, mean diversity, which ranges from 0.98 to 3.84 across all stations, is
higher in the upper reaches (2.70) than the lower reaches (2.40). Figure 2.19
shows the variation in density and frequency of principal taxons from the Lake
Saint-Pierre outlet to Montmagny (Vincent 1979).

Distribution of the 33 main benthic invertebrate species follows a very
clear longitudinal gradient in the Fluvial Estuary. The first 11 species listed in
part B of Figure 2.20 are mainly found upstream of Portneuf. The next
16 species are found in almost the entire Fluvial Estuary, while the last 6 species
appear only at stations downstream of Portneuf.

The most marked difference between the upstream and downstream
Fluvial Estuary is in the gastropods and oligochaetes. The species Bithynia ten-
taculata and Sparganophilus tamesis, which dominate these two groups upstream,
are replaced by Viviparus georgianus and Psammoryctides barbatus, two introduced
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species. This dominance undoubtedly reflects a stage in their colonization of the
St. Lawrence rather than the precise range of their preferred habitats.

As mentioned, small- and meso-scale spatial variability studies of the
main benthic communities were conducted in the Gentilly area by the GREA,
a group of scientists studying aquatic ecosystems. This region, which extends for
13 km between the Bécancour River and the town of Gentilly, is different from
other areas in the Upper Estuary because various natural and artificial barriers,
such as the Bécancour wharf, the Gentilly tidal flat and the Roches Point sill,
disturb the normal flow of the River and foster a diversity of benthic habitats.

In this area, the benthic taxons with the highest numbers of individuals
are Gastropoda (59%) and Sphaeriidae (17%), followed by Tubificidae (9%),
Glossoscolecidae (5%), Erpobdellidae (5%), Chironomidae (3%), Glossi-
phoniidae (1%), and Tricoptera (1%) (Vincent and Vaillancourt 1978). The most
common species are the gastropod Bithynia tentaculata (50%), the sphaeriid
Sphaerium striatinum (11%), the tubificid Limnodrilus hoffmeisteri (7%) and the
glossoscolecid Sparganophilus tamesis (5%). These four species represent 73% of
the benthos (in number). Vincent and Vaillancourt (1978) identified ten benthic
communities; species composition and spatial distribution vary depending on a
combination of abiotic factors such as depth, current and type of substrate. Four
main communities were identified based on the spatial distribution of the four
dominant species (B. tentaculata, S. tamesis, L. hoffmeisteri, S. striatinum). The
first three communities live in lentic waters (slow current), and their distribution
limits correspond to distribution limits for the littoral, sublittoral and deep water
zones. The fourth community, which is dominated by L. hoffmeisteri, is found in
lotic waters (strong currents) at much deeper levels than the other three com-
munities and is characterized by sediments that contain large amounts of organic
matter. Communities in lentic waters, with mean densities ranging from 373 to
1168 ind./m2, occupy 56% of the riverbed in the Gentilly area.

On one sampling expedition, Vincent (1981) examined small-scale spatial
variations in species distribution and differences in benthic community structure
at 33 stations. This study showed that the transversal microdistribution of species
and the benthic community structure is directly related, in decreasing order of
importance, to depth, percentage of mud and current speed.

Sampling throughout the year at six different stations in littoral and
infralittoral zones showed that variations in density, species richness and diversity
between stations were greater than variations between seasons. Density is the
only qualifier that shows seasonal changes in the littoral zone. According to
Vincent (1983), this is due to seasonal fluctuations in the abundance of the
dominant species, L. hoffmeisteri and B. tentaculata, caused by a) the arrival of
new generations, for L. hoffmeisteri or b) gastropod migrations from the bottom
to the plants most gastropod species inhabit in summer and fall. The author did
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not observe any significant frost-related effect on the profile of benthic 
communities in the year the study was conducted. However, as he notes, some
winters many gastropods are trapped in the ice and this would significantly
modify the benthic community structure (Vincent 1983; Vincent et al. 1983). 

The littoral zone is particularly well developed along the south shore of the
Fluvial Estuary, favouring the growth of several macrophyte species, which are
an ideal substrate for many benthic invertebrates (such as gastropods). Aquatic
plants start growing in May, which coincides with the reproductive period of
several gastropod species, thereby favouring a sharp increase in these popula-
tions. In August, gastropods constitute 92% of phytophilic fauna and their den-
sity varies directly in relation to the biomass of aquatic vegetation (Vincent et al.
1982, 1991). In the fall, phytomacrofauna density is 10 times greater than that of
benthic species. High densities occur because the many young B. tentaculata lay
their eggs on the macrophytes (Vincent et al. 1982). Lastly, Vincent et al. (1991)
did a two-year study comparing communities (density, diversity and structure)
of gastropods colonizing two different species of macrophytes (Vallisneria ameri-
cana and Myriophyllum exalbescens) at two different sites. This study showed that
intersite and interannual variations were greater than variations between plant
species. Thus, the type of plant being used as substrate did not influence the
density or structure of phytophilous gastropod populations. In short, greater
macrophyte abundance resulted in greater gastropod density. This suggests the
possibility of strong competition among species or within a single species for
food and space.

Temperature, amount of food and density have been identified as some of the
biotic and abiotic factors that could influence the population dynamics of dom-
inant species. For example, McMurray et al. (1982) and Vincent (1984) have
shown that for one tubificid species (L. hoffmeisteri), the arrival of an additional
generation in fall 1979, following a second reproductive period induced by a
significant rise in water temperature in October, had repercussions on the struc-
ture of benthic communities in the upper part of the Fluvial Estuary until 1982.
Among these molluscs, interannual variations in temperature can affect the age
of first reproduction and therefore total population (Vincent 1984). Experiments
conducted in natural environments have also shown that density and food
intake, as well as temperature, affect the growth of young generations and there-
fore the age of first reproduction, as well as adult fecundity (Gilbert et al. 1986;
Vincent and Gaucher 1983). 

Several samplings of benthic fauna have been conducted in the basins of the
Saguenay Fjord (Drainville et al. 1978; Brunel 1970b). An ecological study of
benthic amphipods (Gammaridae) in deep waters has also been conducted.
Drainville (1970) reported a few examples of typical arctic benthic fauna,
unknown south of Lake Melville in Labrador, supporting the hypothesis of an
arctic enclave in the Saguenay Fjord, “a relict fauna that once had wider distribution,
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but is today confined to the polar seas.” The 238 species identified by Drainville
et al. (1978) included 112 species of Crustacea and 47 species of Cnidaria. Most
species were characteristic of deep arctic waters (Schafer et al. 1990). Brunel et
al. (1980), in their study of the suprabenthic fauna of the fjord, found 34 species
of gammaridean amphipods whose frequency and abundance were higher in
the fjord than in the estuarine environment and Chaleur Bay. According to
Brunel et al. (1980), gammaridean species from the upstream muddy slopes
were predominately predators that were perhaps attracted by the abundant and
diverse assemblage of small copepods (zooplankton) which develop there. Schafer
et al. (1990) suggest, however, that this environment would be hostile to sever-
al species, because of anoxic conditions in the sediments created by organic
matter (wood debris) from the pulp and paper mills and accidental oil spills.

Except for some studies focusing specifically on the benthic fauna of the
fjord, few studies address this part of the River. Most deal with the marine
ecosystem as a whole – the Upper Estuary, Lower Estuary and Gulf. To avoid
repetition, discussion of the Upper Estuary is included in the next section on
the Lower Estuary and Gulf.

In 1956, Bousfield subdivided the Upper Estuary and Lower Estuary into four
ecological regions based on the species composition of littoral communities and
physical and chemical characteristics of the environment. In his pioneering
work, not only did he draw up lists of littoral organisms by locality, he also sug-
gested there was a strong transition zone on either side of a line connecting
Baie-Saint-Paul and Rivière-du-Loup. Later researchers expanded this investi-
gation to the whole estuarine and gulf region and also sought to understand
factors controlling the distribution of epibenthic organisms (Fradette and
Bourget 1980, 1981; Ardisson et al. 1990; Ardisson and Bourget 1991, 1992;
Ardisson 1991). 

Benthic organisms in the larval state attach themselves to moored navi-
gation buoys. The authors examined the buoy surfaces when the buoys were
retrieved for cleaning in the fall. In the process of examining some 200 buoys
per year from 1974 to 1985, they developed a profile of benthic epifauna distri-
bution over a large-scale marine system. Since the buoys are moored annually
from May to December and can be used for sampling of typical benthic or-
ganisms in coastline regions, and these studies cover an entire ecosystem, the
data obtained from the buoy samplings were used to examine the composition
of littoral benthic communities, variations in abundance and distribution of
dominant species, and the main factors structuring these communities. Results
must, however, be interpreted with caution since the buoys are artificial sub-
strates. Also, the collectors were not specifically designed for sampling of these
animals; the buoys present a uniform, smooth and vertical surface to colonizing
organisms. Because of these characteristics, it may be assumed that this sub-
strate is not suited to all epibenthic species; the buoys do not have the morpho-
logical diversity of “natural” substrates. In addition, since the buoys are cleaned
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each year, they give evidence of the colonizing abilities of the species that use
this substrate – at least during the summer – and do not necessarily reflect the
composition of permanent communities. Also, given the large surface area of
the buoys, the authors only examined the sites that presented, upon visual
observation, maximum biomass.

More than 68 species of benthic invertebrates were found on the buoys;
Ardisson et al. (1990) described the hierarchical organization and the ruptures or
breaks in the spatio-temporal organization of species abundance in this epiben-
thic community. Thirteen species (six motile and seven sessile) were consist-
ently present from year to year. However, the five dominant species included the
following: the hydroid Obelia longissima, the bivalves Hiatella arctica and Mytilus
edulis and the cirripedes Semibalanus balanoides and Balanus crenatus (Fradette and
Bourget 1980; Ardisson et al. 1990; Ardisson and Bourget 1992). These five
species constitute almost 95% of the biomass of littoral sessile organisms. The
following discussion is therefore based to a large extent on abundance data for
these species.

Ecological systems are structured temporally and spatially either by envi-
ronmental variables or biological activity. This is also true for the Lower Estuary
and Gulf. Highly variable physical and chemical factors set clear limits on the St.
Lawrence ecosystem, and these limits can be easily detected on a large scale.
Thus, as one moves from the Upper Estuary to the Lower Estuary and Gulf,
there is a general increase in the number of attached (sessile) species and non-
attached (motile) species and in the general abundance of animals in the com-
munity (Figure 2.21). While biomass values increase gradually toward the Gulf,
species richness (absolute number of species) rises in sharp steps from the Fluvial
Estuary to the Upper Estuary, from the Upper Estuary to the Lower Estuary and
from the Lower Estuary to the Gulf. Within each of these regions, species rich-
ness is remarkably homogeneous (Fradette and Bourget 1980). At the interface
of these regions, the hydrographic barriers are significant enough to block inva-
sion of some species from adjacent regions. For example, marine forms do not
penetrate the Lower Estuary any further than a transversal line that cuts the
estuary slightly downstream of the Saguenay (Bersimis and Rimouski). To this
general rule there are only two exceptions: Mytilus edulis and Balanus crenatus,
which both penetrate to slightly upstream of the Saguenay River. The outflow
of the Saguenay creates a strong transverse surface current that seems to advect
the larvae of species like Semibalanus balanoides and Obelia longissima toward the
south shore, where the Gaspé current originates, and then eastward. This sur-
face current barrier prevents species from penetrating the Upper Estuary. While
the larvae of Semibalanus balanoides and Obelia longissima remain near the surface,
the larvae of Balanus crenatus and Mytilus edulis inhabit deeper waters and are
therefore able to bypass this barrier, since they are found (with species such as
Obelia longissima and Clytia spp.) in the upwelling zones in the Upper Estuary
(Ardisson and Bourget 1992). Mytilus is even found as far upstream as
Kamouraska.
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Researchers have concluded that abundance patterns observed in the
estuary and Gulf, in addition to being spatially similar, are closely intercorre-
lated from year to year (Ardisson et al. 1990). The authors found an eight-year
period of variation in community structure; the amplitude of this temporal
cycle increased as the spatial scale decreased. These correlations are significant
for parts of the ecosystem as well as the ecosystem as a whole, indicating that
abundance and distribution of communities in one year depends on abundance
and distribution of communities the previous year. Using spatially constrained
clustering and ordination analyses, these authors also obtained six major bio-
geographic zones for epibenthic fauna. The boundaries of these zones varied
little from year to year (Figure 2.22).
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The biogeographic zones were further characterized in a study of the
density and biomass distribution of each of the five dominant species. Results
showed highest total biomass values in the Gaspé peninsula zones and the west-
ern Côte-Nord, with low biomass values in the other regions, i.e. the Mingan
Islands, Basse-Côte-Nord, Upper Estuary and Lower Estuary. In all regions,
the Blue mussel showed maximum biomass, except in the Mingan Islands and
Lower Estuary, where the hydroid Obelia longissima was the dominant species.

Further studies of larval dispersal and biological interactions (competition,
predation) are needed to elucidate other aspects of the spatial structure of ben-
thic communities. Despite this lack of information, it appears that spatial orga-
nization is determined at two levels: First, species react individually to changing
conditions in the environment; second, communities form when relative species
abundance changes. Thus the high biomass on the Côte-Nord and Gaspé
peninsula would be primarily related to higher summer temperatures in those
regions, and secondarily to food abundance (Fradette and Bourget 1981;
Ardisson and Bourget 1992). Other factors also come into play. In the Lower
Estuary, physical and chemical conditions fluctuate significantly, which tends to
drive down species abundance in this environment (Fradette and Bourget 1981).
As a result of high levels of advection downstream, larval recruitment in the
estuarine environment is difficult. These two factors have a negative effect on
epibenthic populations and lead to the differences mentioned above between
stations in the Gulf and stations further upstream, notably the decrease in species
number. Also, the resemblance between epibenthic communities in the Lower
Estuary and the Mingan region suggests that ecological conditions in the two
regions are similar. Research suggests that temperature and circulation of surface
waters, which are very similar in the two regions, favour the development of
almost identical communities. The Mingan region is characterized by an up-
welling of deeper waters, linked with surface transport of water masses toward
the Gulf (Lauzier and Bailey 1957). The effect of this circulation is to carry
larvae toward open waters; replacement waters originating in deeper strata also
tend to have lower populations of benthic invertebrates. The success of colonial
species, particularly the hydroid Obelia longissima, which can reproduce from
the budding of a few individuals, and the relative lack of success of species with
“individual” modes of colonization (for example, Balanus crenatus, Semibalanus
balanoides and Mytilus edulis) are probably related to these factors.

Data on annual distribution and abundance of epibenthic species give
only a partial picture of communities. Even when repeated for 12 consecutive
years, these observations have limited significance as long as they are not accom-
panied by measurements of biological productivity. Ardisson and Bourget (1991)
conducted such measurements of Mytilus edulis attached to navigation buoys at
sites shown in Figure 2.22. Mytilus edulis is by far the most abundant macro-
scopic species (in number and biomass) in the ecosystem. System-wide data on
changes in abundance (density/m2, biomass/m2) and maximum size (an indicator
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of maximum growth rate for a given region) for Mytilus edulis indicate that
highest values are always reached in the Gaspé peninsula area (Figure 2.23). The
relationships between production and maximum size, biomass, mean weight
per individual and abundance were calculated for one reference region, Baie de
Gaspé. Maximum size and biomass were the parameters best reflecting produc-
tion. Abundance and production estimates showed that the Gaspé peninsula
and western Côte-Nord regions were the most productive zones. The density-
dependent mortality of individuals in even-aged populations (self-thinning) was
studied in the Baie de Gaspé, the region showing the highest abundance and
growth rates of Mytilus edulis. The slope of this relation varied depending on in-
itial density and age classes considered, but results, when compared with the
theoretical value of the self-thinning model, suggest that the biomass observed
on buoys and the production estimates derived from them correspond to near-
maximal values (Ardisson and Bourget 1991). 

Data in Figure 2.23 show the Gaspé peninsula area and the western
Côte-Nord have the most productive benthic communities in the ecosystem
and suggest that farming of molluscs and other benthic suspension feeders
should be encouraged mainly in these coastal regions. Results also suggest that
for M. edulis, the epibenthic species with the highest biomass, realistic produc-
tion estimates could quickly be obtained from observations of biomass and max-
imum size in a given region. 

As in freshwater benthic communities, substrate and water depth play a
key role in the composition of littoral plant and animal communities in the
marine environment (Figure 2.24). Life cycle determines the type of substrate
an animal is associated with as an adult. The next section discusses benthic com-
munities associated with common substrates in the Lower Estuary and Gulf.

The abundance and distribution of epibenthic fauna on a rocky substrate can be
examined along vertical (tide level) and horizontal axes (estuarine gradients).
Bourget and Messier (1976) showed that, in samplings taken near the 20 loca-
tions on the north shore of the Gaspé peninsula, the upper intertidal zone is
dominated in number by small gastropods, L. saxatilis and L. obtusata, but den-
sities are low. There are also very few algae. In deeper waters, total density
increases, mainly as a result of the increased abundance of the Blue mussel.
Figure 2.25 shows the geographic location of sampling sites.

The biomass of intertidal taxon animal species in the south shore of the
Estuary, from Hâtée Bay to Pointe-au-Père, is relatively low; values at most sites
were below 20 g/m2. The maximum value of 47 g/m2 was reached in the lower
mesolittoral zone at Sacré-Coeur. However, biomass in the two regions between
Baie-des-Sables and Cap-Chat is considerably higher, with values often reaching
100 g/m2. The highest value, 200 g/m2, was observed east of Saint-Ulric. At all
sampling sites studied, biomass increased moving toward the lower mesolittoral
zone (Bourget 1994).

Intertidal
epibenthic community

on a rocky substrate



Biological Aspects: Benthos96

BCN:
ECN:

M:
WCN:

Basse-Côte-Nord
Eastern Côte-Nord
Moyenne-Côte-Nord
Western Côte-Nord

Anticosti Island
Gaspé peninsula
Lower Estuary

AI:
GP:

E:

Sites
sampled

M
a
x
im

u
m

 s
iz

e
  (

m
m

)

Sites
sampled

D
e
n

si
ty

 (
in

d
./

1
0
 m

2
)

Sites
sampled

B
io

m
a
ss

 (
g

/0
.0

1
 m

2
)

1 3 7 10 15 21 23 25 27 30 36 38 42 44 48 68 65 63 57 53 72 74 78 80 101

862 14 20 22 24 26 28 31 37 39 43 45 69 66 64 58 54 52 73 77 79 84

0

10

20

30

40

50

EGPAIWCNMECNBCN

862 14 20 22 24 26 28 31 37 39 43 45 69 66 64 58 54 52 73 77 79 84

1 3 7 10 15 21 23 25 27 30 36 38 42 44 48 68 65 63 57 53 72 74 78 80 101

0

4

8

12

16

20

24

EGPAIWCNMECNBCN

0

4

8

12

16

20

1 3 7 10 15 21 23 25 27 30 36 38 42 44 48 68 65 63 57 53 72 74 78 80 101

862 14 20 22 24 26 28 31 37 39 43 45 69 66 64 58 54 52 73 77 79 84

EGPAIWCNMECNBCN

Mean standard deviation

FIGURE 2.23
Abundance of Blue mussel

(Mytilus edulis) in the Lower
Estuary and Gulf

from 1975 to 1985

Source: Ardisson and Bourget, 1991.



Biological Aspects: Benthos 97

Pelecypods contribute substantially to total biomass at most sampling
sites. Between Baie Hâtée and Pointe-au-Père, pelecypods are responsible for
the few high biomass values observed and, at all sites between Baie-des-Sables
and Cap-Chat, they constitute over 75% of total biomass, at least in the middle
and lower mesolittoral zone. Gastropods, annelids and crustaceans contribute, in
decreasing order, to the remaining biomass. Biomass in the intertidal zone in the
upstream reaches of the Lower Estuary, between Baie Hâtée and Pointe-au-
Père, where M. edulis is not very abundant, is low. High biomass is observed
downstream in the Lower Estuary, between Baie-des-Sables and Cap-Chat,
where M. edulis is abundant.
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Archambault and Bourget (1983) described community succession on
the south shore of the Lower Estuary and Gulf. They observed that in spring,
when Fucus starts growing, Semibalanus balanoides are found in abundance and
Mytilus edulis to a lesser extent. The dominance of Semibalanus continues while
disturbances are strong and regular (this is also true for Fucus vesiculosus). A sub-
strate denuded in early spring will be colonized mainly by S. balanoides, while
one denuded in late spring will be colonized mainly by M. edulis. In the middle
mesolittoral zone, species are fewer, densities are lower, competition does not
occur and barnacles dominate. In the lower mesolittoral zone, Semibalanus is
dominated by mussels, density and species number are high and competition is
stronger. Succession in rocky intertidal communities is a slow process; in mature
relatively undisturbed communities, Ascophyllum nodosum and Mytilus edulis form
almost monospecific communities. This monopolization occurs only when the
habitat is undisturbed (by natural or catastrophic events) for a long time (more
than three years).

As with the epibenthic community, the type of substrate largely determines the
nature of the organisms that colonize it. Benthic infauna in soft substrates
(muddy-sandy) has been studied mainly on the south shore of the Lower
Estuary (Vincent 1990). The community is similar to Macoma-Mya communities
in subarctic habitats and includes the polychaetes Nereis virens and Nephtys caeca
and the gastropod Hydrobia totteni as subdominant species (Desrosiers and
Brêthes 1984). A community dominated by Mesodesma arctatum is also particu-
larly well-developed in the fine sand on the Lower Estuary’s north shore. Initial
studies mainly examined reproduction cycles (Macoma balthica: Lavoie 1970;
Lavoie et al. 1968; Harvey and Vincent 1989; Vincent et al. 1989; Mya arenaria:
Roseberry 1988; Jacques 1987; Nereis virens: Olivier 1989). More recently, studies
have been conducted on N. virens and N. caeca (Miron and Desrosiers, 1990;
Miron et al. 1991a, 1991b).

Vincent et al. (1987) and Harvey and Vincent (1989) identified the main
factors affecting intertidal populations of the mollusc Macoma balthica, common
in soft littoral substrates. Their studies showed that in the Lower Estuary, mor-
tality and annual shell growth rate increased with length of immersion. The
contribution to total fecundity and low annual variation in fecundity of animals
in the lower intertidal zone regulates interannual recruitment in the entire lit-
toral environment. The life cycle of Macoma balthica has also been studied in
detail (Harvey and Vincent 1990), as has production at small, meso (Harvey
and Vincent 1990, 1991) and large scales. This work showed that production of
shells, tissues and gametes in the population as a whole is largely ensured by
individuals at the lower mesolittoral level. Production varied greatly from station
to station but was higher on the Lower Estuary’s north shore than on the south
shore. The authors found no linear relationship between Macoma productivity
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and biotic factors (density) or abiotic factors (temperature, salinity, particle size)
in surface sediments.

Very few studies on infralittoral communities have been published, although
some studies on species interactions are available (Himmelman 1991). Our
information on infralittoral communities comes from the experimental work of
Himmelman et al. (1983b), observations by Himmelman and Lavergne (1985),
Himmelman (1991) and unpublished quantitative studies. To our knowledge,
only one study, by Himmelman et al. (1983a), on recolonization of rocky sub-
strates after removal of sea urchins, examined changes in the community over
time.

The infralittoral community was studied at six stations, three on the
north shore (Port-au-Saumon in the Upper Estuary, Anse aux Basques and Anse
Saint-Pancrace in the Lower Estuary) and three on the south shore (Cacouna,
Île du Bic and Les Îlets in the Lower Estuary). About 200 quadrats at depths
ranging from 5.3 m to 17.6 m were examined by divers, giving an overall pro-
file of the community (Table 2.15). Species number was consistently high at all
depths and the sharp salinity gradient between the furthest upstream (20‰) and
furthest downstream station (28‰) had no evident effect on community bio-
mass. However, mean density dropped from 400 ind./0.25 m2 downstream to
50 to 150 ind./0.25 m2 upstream.

The Sea urchin is the dominant grazer in these communities. It predom-
inated at most stations and had the highest biomass. Their grazing regulates
algal abundance in the Lower Estuary, and it seems that the Sea urchins’ lack of
impact on community structure in the Upper Estuary is solely due to an inabil-
ity to tolerate low salinity (Drouin et al. 1985).

Community organization in the northwestern gulf was also studied in
the Mingan Islands (Himmelman 1991). In the upper part of the littoral zone,
algae is restricted to a narrow band in shallow water. Below it is a vast zone
inhabited by Sea urchins that includes a few large grazing-resistant and calcareous
algae. In deeper water on rocky substrates, an increase in suspension feeders
was observed, with four types of predators: the gastropod Buccinum undatum;
four seastars, Leptasterias polaris, Asterias vulgaris, Crossaster papposus and Solaster
endeca; two crabs, Hyas araneus and Cancer irroratus; and a number of fishes. This
contrasts with communities of the northwestern Atlantic, since Northern lob-
ster (Homarus americanus) and Cunner (Tautogolabrus adspersus) were absent and
the Atlantic wolffish (Anarhichas lupus) was rare. Predators in the northern gulf
showed little preference for any particular habitat, since they were found in
both rocky and sediment zones.

Robert (1979) took samples at 73 circalittoral and bathyal soft-bottom stations
in the Lower Estuary and identified six mollusc communities. The benthic
communities were always more diversified at lower (< 75 m) than at greater

Infralittoral communities
on rocky substrates

Soft-bottom circalittoral
and bathyal communities



depths (> 75 m). For the Lower Estuary as a whole, stations with lowest diver-
sity were located at intermediate depths. South shore communities were quite
distinct from north shore communities. 

In a study conducted at a number of stations previously sampled by
Robert (1979), Massad and Brunel (1979) observed a certain correlation among
polychaete and mollusc communities. They also observed a) decreased diver-
sity with depth and higher proportions of mud in sediments; b) a general
decrease in polychaete abundance and diversity toward the Gulf. The studies by
Massad and Brunel (1979) and Robert (1979) attribute the high diversity at the
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Species (5) dominating
Number of species the community

Max. depth (m) No. of quadrats
of infralittoral of 0.25 x 0.25 m Inver- Freq. of Bio-

Location zone examined Algae tebrate appearance mass Density

Upper Estuary

Port-au-Saumon 17.6 53 26 137 17, 1, 5, 23, 29, 10, 5, 9,
3, 23 5, 30, 28 17, 19

Lower Estuary

Anse aux Basques 13.3 25 5 104 23, 35, 7, 23, 24, 23, 18,
4, 13 35, 4, 5 6, 24, 13

Anse Saint-Pancrace 13.9 32 6 141 23, 8, 13, 23, 24, 23, 24,
24, 6 25, 22, 13 6, 13, 18

Cacouna 10.7 40 30 93 17, 18, 23, 23, 34, 9, 11, 18,
16, 14 33, 2, 32 17, 16

Île du Bic 5.3 17 8 67 17, 8, 18, 23, 6 12, 18,
23, 26 35, 22, 6 23, 17, 1

Les Îlets 6.4 32 21 102 22, 23, 10, 23, 29 15, 23
21, 17 26, 27, 20 10, 21, 9

Legend. PORIFERA: 1 Haliclona sp., 2 Halichondria panicea (Pallas, 1766); HYDROZA: 3 Tubularia; ANTHOZOA: 4 Metridium dianthus (Ellis, 1786), 5 Tealia crassicornis
(Müller); AMPHINEURA: 6 Tonicella marmorea (Fabr., 1780), 7 Tonicella rubra (L. 1767); GASTROPODA: 8 Amaea testudinalis (O.F. Müller, 1776), 9 Lacuna vincta (Montagu,
1803), 10 Margarites helicinus (Phipps, 1774); PELECYPODA: 11 Crenella faba (O.F.Müller, 1776), 12 Crenella glandula (Totten, 1834), 13 Hiatella arctic (L., 1767), 14
Macoma balthica (L., 1758), 15 Mytilus edulis (L., 1758), 16 Yoldia myalis (Couthouy, 1838); POLYCHAETA: 17 Harmothoe imbricata (L., 1767), 18 Pectinaria granulata (L.,
1767), 19 Spirorbis spirillum (L., 1767); CRUSTACEA: 20 Cancer irroratus Say (1817); ASTEROIDEA: 21 Leptasterias groenlandica (Streenstrup, 1857), 22 Leptasterias polaris
(Müller and Troschel, 1842); ECHNOIDEA: 23 Strongylocentrotus droebachiensis (O.F. Müller, 1776); OPHIUROIDEA: 24 Ophiopholis aculeata (L., 1766); CHORDATA: 25
Ascidia sp.; PHAEOPHYCEAE: 26 Agarum cribosum (Mert.) Bory, 27 Alaria esculenta (l.) Grey, 28 Laminaria dilata (Hudson) Lamouroux, 29 Laminaria longicruris bach. Pyl.,
30 Laminaria saccharin (L.) Lamouroux; RHODOPHYCEAE: 31 Holacaccion ramentaceum (L.) J. Agar, 32 Odonthalia dentata (L.), Lyngbye, 33 Polysiphonia sp., 34
Polysiphonia urceolata (Lightf. exDillwyn) Grev., 35 Ptilota serra Kiltz.

Note: Community profile was obtained by sampling within a 0.25 3 0.25 m quadrat placed every metre along a transect perpendicular to the shore. The number of samples
obtained varied depending on location because the distance between the shore and bottom was not the same at all locations.

Source: Based on data from Bourget et al., 1991.

TABLE 2.15
Infralittoral epibenthic community structure at one location in the Upper Estuary

(Port-au-Saumon) and five locations in the Lower Estuary
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head of the Laurentian Channel and the lower diversity downstream to spatio-
temporal variations in productivity.

Ouellet (1982) studied a macrobenthic community in the Laurentian
Channel, giving an overall picture of the relative importance of the various
taxons in the community. Dominant taxons were Polychaeta (64.9%), Bivalvia
(15.8%), Amphipoda (8.15%), Sipunculoidea (4.3%) and Ophiuroidea (3.5%).
This study confirmed observations by Robert (1979) and Massad and Brunel
(1979) that indicated that species abundance and richness decreased toward the
Gulf. A change was also noted in trophic classes (neighbouring species that
share the same trophic level and resources) along the estuarine gradient. The
community at the head of the Laurentian Channel consists of a number of dif-
ferent classes, while downstream communities are suprabenthic detrivores that
move vertically within the water column. These are in turn gradually replaced
by more motile carnivorous and detrivorous organisms capable of horizontal
movement. 

In the Gulf, benthic communities in the Gaspé Strait, Gaspé Bay and
Chaleur Bay were also characterized. In Gaspé Bay, Brunel (1970a) identified
eight communities (three euryboreal communities associated with soft muds,
sands and mixed bottoms; two subarctic communities on muddy and muddy-
sand bottoms; and three arctic communities associated with cohesive mud, mud
with sand and pebbles, and mixed bottoms). Ledoyer (1975a, 1975b, 1975c)
identified three well-established groups in pure mud and sand; one group asso-
ciated with mud, sandy mud and muddy sand; and a fifth group of more limited
distribution living in sandy mud and muddy sands, not in zones that were solely
mud or sand. The study showed that depth, hydrographic characteristics and
substrate texture determined the type of community in the lower circalittoral
biotope.

Thus, studies of large-scale spatial variations of benthos in deep waters in
the Lower Estuary show that abundance and diversity decrease from the head of
the Laurentian Channel to the Gulf. An abundance gradient is also observed
within the region, in littoral and surface waters (for example on navigation
buoys). Benthic communities in Gaspé Bay and Chaleur Bay are chiefly corre-
lated with sediment texture, as well as hydrographic conditions and depth.

A complete list of commercially exploited species in the Lower St. Lawrence
Estuary was prepared by the Comité d’Étude sur le Fleuve Saint-Laurent,
(1978b). The discussion here will be limited to seven species harvested in the
Lower Estuary and Gulf: the Soft-shell clam, Snow crab, Northern lobster, Pink
shrimp, Whelk, Blue mussel and scallops.

Mya arenaria is the only intertidal species of commercial interest in the
region and it has been inventoried a number of times (Lavoie 1967, 1969, 1970;
Lamoureux 1977; Giguère and Lamoureux 1978). It has also been studied for its

Main commercially
exploited benthic resources
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potential for commercial exploitation (Brêthes and Desrosiers 1981). Several
basic studies have also been done on the growth of Mya arenaria (Jacques et al.
1984; Roseberry 1988; Vincent et al. 1988). The species is abundant in all bays
where soft substrates predominate; it prefers muddy and sandy bottoms where
burrowing is easy (SLC and Laval University 1992). Bourget and Messier (1976)
reported six clam beds on the south shore of the Lower Estuary at Baie-Hâtée,
Rimouski, Grand-Métis, Anse du Petit Mitis, Les Méchins and Baie-des-
Capucins. There are only two sizable beds, one at Rimouski (13.0 km2) and
one at Grand-Métis (4.8 km2), where the average density of commercially-sized
clams (> 5 cm) in certain places is greater than 100 ind./m2, usually in the
middle mesolittoral zone. Other smaller and less dense beds are found at Anse
du Petit Mitis, Baie-des-Capucins and Baie-Hâtée. Soft-shell clam populations
are few in the area between Pointe-au-Père and Pointe-Mitis (Figure 2.26). 

Whelk is particularly abundant at the infralittoral level at depths of 10 m
to 20 m. This crawler prefers gravelly or rocky substrates, but is also found on
muddy bottoms (Bourget and Messier 1976). An inventory of this resource
(Villemure and Lamoureux 1975) shows that Whelk abundance and mean size
increase in a downstream direction. The species is overharvested locally.
Exploited stocks recover slowly, for two reasons. First, dispersal does not occur
at the larval stage; eggs develop into juveniles in a capsule attached to the river
bottom. Second, initial rapid growth tapers off quickly; young individuals (often
the highest percentage of an overexploited population) cannot ensure adequate
reproduction (Villemure and Lamoureux 1975). This fishery is not affected by
paralytic shellfish poisoning since the foot of the animal, the part that is eaten, is
free of toxins.

To our knowledge, natural communities of Blue mussels (Mytilus edulis)
are not harvested commercially, since growth rates for individuals along the
Quebec shoreline are too low. There are, however, some producers, particu-
larly on the Îles de la Madeleine (Figure 2.27). The Blue mussel attaches main-
ly to rocky substrates or wood along the estuarine and gulf coasts.

In Quebec, two species of scallop are fished commercially, the Giant
scallop (Placopecten magellanicus) and Iceland scallop (Chlamys islandica). The main
scallop beds are located in the Îles de la Madeleine, Gaspésie, the Sept-Îles area,
around Anticosti Island and the Mingan islands. Beds in Chaleur Bay are sparse
and although some are commercially exploited, density is often at the limit
required for profitable operations. These swimming animals prefer areas with
hard substrates, such as gravel, rock or wood (SLC and Laval University 1992).

The main Pink shrimp (Pandalus borealis) beds are located in deep channels
in the northwestern Gulf of St. Lawrence, at depths ranging from 180 m to
330 m, on bottoms usually composed of fine silt and clay particles; however, this
species does not exhibit a marked preference for any particular type of substrate
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FIGURE 2.26
Abundance of main molluscs harvested for consumption

on the south shore of the Lower Estuary

Source: Adapted from Bourget and Messier, 1976.
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BLUE MUSSELS (Mytilus edulis)

Biology

The Blue mussel is a bivalve mollusc of the Mytilidae family. It is a bottom-dweller and obtains
nourishment by filtering suspended particulate organic matter through its gills. Blue mussels
attach to hard substrates no deeper than 10 m and live mainly in colonies. Growth is influenced
primarily by water temperature, water quality and the amount of food available.

Natural characteristics that facilitate mussel breeding

• Widely distributed along the shores of the St. Lawrence Estuary and Gulf.
• Withstands fluctuations in temperature and salinity.
• Feeds by filtration; no need to provide food.
• Gregarious habits make it possible to maintain high breeding densities.
• Attached (sessile) species, so no need for breeding baskets or cages, but artificial substrates

can be used.

In addition, the rapid growth and high tissue production of the cultivated Blue mussel make for
a relatively short production cycle; this results in a high-quality product with greater commercial
value than that of natural or “wild” mussels.

FIGURE 2.27
The St. Lawrence

and mussel breeding

Sources: SLC, 1993, based on data from Gilbert and Cantin, 1987; Desrosiers, 1991.
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(SLC and Laval University 1992). At these depths, water temperature ranges
from 4°C to 6°C annually (Labonté 1979). Given the lack of precise studies on
the causes of fluctuations in abundance of this swimming animal, the increase in
stocks has been attributed to regional decreases in shrimp predators such as cod
or redfish. However, no predator species has yet been identified as having a sig-
nificant and direct impact on the abundance of shrimp in the Gulf (Savard and
Boudreau 1993). 

The Snow crab (Chionocetes opilio), which walks on soft-bottom sub-
strates, is mainly caught on the north shore of the Lower Estuary and on the
northwestern and southwestern gulf coasts. Given quantities fished, some stocks
may be overharvested (sites between Sept-Îles and Mingan), while it is likely
other sites further east are less exploited (Lafleur et al. 1984). Overall, stocks in
the southwestern gulf would be more tolerant of exploitation than those on
the northern gulf coast (Lafleur et al. 1984). In terms of the biomass of benthic
resources, the Snow crab comes after shrimp. The biology of C. opilio in Eastern
Canada has been studied by Sainte-Marie and Hazel (1992). 

In Quebec, the main Northern lobster (Homarus americanus) fisheries are
in the Îles de la Madeleine, Gaspésie, Anticosti Island and on the northeast
shores of the Gulf. Lobsters prefer non-muddy bottoms; they are a walking
species. Lobster catches have been increasing steadily for a number of years and
populations generally seem to be doing well (Dallaire 1993). The reason for
the increase is unknown. Studies of lobster stocks are few and deal chiefly with
isolated populations. The following have been studied: populations in lagoons in
the Îles de la Madeleine (Munro and Therriault 1983), Anticosti Island
(Gauthier and Hazel 1991), and the north shore of Gaspé Bay (Boudreau and
Gauthier 1989). The study by Munro and Therriault (1983) highlights the
important role temperature plays in the migratory behaviour of lobster in the
lagoons of the Îles de la Madeleine. The authors concluded that the lagoons (not
now accessible by fishermen) are not a very significant reserve of commercially-
sized lobster for the Islands. An assessment of the lobster stock at Anticosti
Island suggested that abundances are decreasing from east to west on both sides
of that island (Gauthier and Hazel 1991). There are also indications that the
stock has been relatively underutilized since the fishery was reopened in 1966.
Fishing results and the high level of exploitation suggest that, for lobster, a high
number of recruits can be obtained from a small number of reproducers. On the
other hand, it may be that the small number of breeders destabilizes populations
and makes them more vulnerable to major fluctuations. 

To conclude, there are few estimates of commercially-exploited benthic
populations in the maritime St. Lawrence. 

The greatest restriction on mollusc harvesting comes from the presence of a
planktonic dinoflagellate algae, Alexandrium excavatum (formerly Protogaunyaulax
tamarensis). This algae synthesizes a poison (actually several toxic molecules are

Bacterial pollution, shellfish
poisoning and other

restrictions on use
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Information Supplement

MERCURY LEVELS 
IN SAGUENAY SHRIMP

De Ladurantaye et al. (1990) reviewed a number
of studies on contaminant levels in aquatic organisms in
the Lower Estuary and the Gulf of St. Lawrence. A
report on mercury concentrations in the flesh of shrimp
caught in the Saguenay Fjord reveals that only one out of
24 samples, or 4% of the shrimp sampled from the sport
fishery in the winter of 1988-1989, had a mercury level
exceeding the federal marketing guideline. The mean
permissible mercury level for this species was set at
0.33 mg/kg. However, most shrimp exhibit levels slight-
ly above this threshold.

Mercury levels in the flesh of Saguenay shrimp
followed a general downtrend between 1970 and 1988,
punctuated with a few slight rises. Whereas in 1970,
mercury concentrations were noted to be higher than 
9 mg/kg, in 1988, they stood at about 0.4 mg/kg, or just
above the federal marketing guideline for shrimp.

Mercury levels have nonetheless continued to decline at
about the same pace as in the early 1980s.

The mercury concentrations measured in the
flesh of Saguenay Fjord shrimp during the period 1987-
1989 are significantly higher than those observed in
shrimp caught on the Côte-Nord and in the Gulf of St.
Lawrence. The Saguenay levels also appear to be higher
than those found in other parts of the world, notably the
Gulf of Mexico and the Mediterranean Sea.

Mercury is the main chemical contaminant
responsible for the marketing restrictions on fishery prod-
ucts from the Saguenay Fjord.

Source: Based on data from De Ladurantaye et al., 1990.
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produced) which, when ingested when the mollusc is eaten by humans, may
cause muscular paralysis and even death (Prakash et al. 1971). The poison does
not seem to have any effect on the mollusc itself. In the Lower Estuary,
Alexandrium is found below the Saguenay on the north shore and below Trois-
Pistoles on the south shore (Figure 2.28). The zone between Trois-Pistoles and
Sainte-Flavie is only sporadically toxic, depending on the year, while below
Sainte-Flavie, toxicity is chronic. This zone is therefore permanently closed to
harvesting of intertidal molluscs. Studies by Therriault and Levasseur (1985),
Therriault et al. (1985), Cembella and Therriault (1988) and Cembella et al.
(1988a) support the hypothesis that development of Alexandrium blooms and the
accompanying toxic outbreaks are linked to significant freshwater inflows and
the increased water column stratification that results. Their research shows that
Alexandrium blooms are mainly restricted to the region affected by freshwater
flows from the Manicouagan and aux Outardes rivers and the Gaspé current
(Therriault et al. 1990). Since there is no way to control the algae, the only
practical approach is to continually monitor concentrations of toxins in shellfish. 

Above Sainte-Flavie, shellfish harvesting restrictions are chiefly due to
bacterial contamination, which is more episodic (see Part 3: Socio-Economic
Aspects). Bacterial contamination is usually caused by fecal coliforms from a
range of point and diffuse sources. Wastewaters from municipal sewage, indus-
trial effluents and marinas are point sources of contamination. Diffuse or non-
point sources are agricultural waste, human waste in the soil (cesspools), excreta
from aquatic animals and birds, and dredging operations. Point sources of con-
tamination can be controlled fairly easily, but diffuse sources are harder to
control. This is why continual monitoring of bacterial contamination of shell-
fish is once again the best way to make sure shellfish are safe to eat.

The species composition of periphyton is not very different from that in similar
ecosystems. Freshwater microalgae are sufficiently sensitive to water chemistry to
form different communities in brown waters and green waters. However,
microalgae are subject to high spatial and temporal variability in the physical
environment (especially at the microscopic scale), which often causes a corre-
spondingly high spatio-temporal variability in the microalgae. This variability
masks the effect that local contaminants may have on the composition of peri-
phytic flora. Given the vast colonization surface available to benthic algae and
their small size and high metabolism, their contribution to the transfer of con-
taminants in the food chain could be considerable; some marine algae increase
their weight tenfold in an eight-month period. Lack of historical data makes it
impossible to document modifications of communities after the introduction of
toxic substances to the River. 

Knowledge of zoobenthos composition is also scarce. Research has
mainly been conducted in lakes Saint-Louis and Saint-Pierre, the Montreal
archipelago, the Gentilly region and the Gulf. The origin of the water mass
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Note: The Îles de la Madeleine are considered free of contamination by Alexandrium excavatum.
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Some microscopic algae are toxic. The species Alexandrium excavatum,
formerly known as Protogonyaulax tamarensis, is the only toxic species of
Alexandrium found in significant numbers in the St. Lawrence. It is present
year-round in the Côte-Nord, the Gaspé and Îles de la Madeleine.

Depending on temperature increases, salinity
fluctuations, nutrient composition and currents, algae
multiply and concentrate in certain locations.
Bivalve molluscs, which are filter feeders, take in
and accumulate algal toxins; they can become
dangerous when eaten by humans. Other herbi-
vorous or carnivorous shellfish can also become
contaminated. About 30 cases of paralytic shellfish
poisoning are reported in Quebec every year,
due to carelessness by shellfish gatherers who
do not follow guidelines issued by Fisheries
and Oceans.

Possible
consequences
of shellfish
contamination

Risk to human health

Financial losses for
aquaculture

Alexandrium excavatum
(Illustrated by D. Beatty)

FIGURE 2.28
Contamination

of shellfish by algae

Sources: SLC, 1993, based on data from Larocque and Cembella, 1991; Fisheries and Oceans, 1983.
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(green or brown) and salinity determine the general species composition of
benthic animals, while duration of submersion, type of substrate, depth and
water temperature control the distribution of zoobenthos in each water mass. In
comparison to brown waters, the green waters are generally more oligotrophic
and support a higher benthos density, although the number of species is lower.
Crustaceans and molluscs dominate the zoobenthos in both fresh and salt waters.
However, the brackish waters of the St. Lawrence do not permit the establish-
ment of highly diversified benthic fauna. The introduction of several species
has significantly altered the distribution of benthic animals, and several such
species (Viviparus georgianus and Dreissena polymorpha, for example) are new-
comers that have not yet reached their distribution limits nor established stable
population densities. The presence of species of commercial interest, such as
the Soft-shell clam, Blue mussel, Whelk, scallops, Pink shrimp, Northern lob-
ster and Snow crab distinguish the Gulf from other parts of the River. There are
few abundance estimates for these species. Because of their feeding mechanisms
and their benthic location, shellfish take up contaminants from the water. These
contaminants may be of human origin (insecticides, herbicides and heavy
metals) or natural origin (toxins from Alexandrium excavatum).

It is clear that benthic populations play a key role as primary producers
and consumers in all food webs in the St. Lawrence. However, the equilibrium
of benthic communities is being threatened by changes to the shoreline and
the ship channel, as well as by the appearance of new species that have no
natural predators. 



Numerically speaking, fish are the largest group of vertebrates on the
planet. Over 10 000 freshwater, brackish water and saltwater species have been
identified in the world so far. In Canada, 1102 species of fish have been identi-
fied (McAllister 1990). In the Fluvial Section, the estuary and the Gulf of St.
Lawrence, there are 185 species: 87 freshwater, 80 saltwater and 18 diadromous
species, the latter being those which migrate between salt water and fresh water
(Ducharme et al. 1992). Most of these 185 species live in the Fluvial Section or
in the Gulf of St. Lawrence.

The present species composition of the ichthyofauna found in Quebec is
the result of many different factors. Long ago, an ice cap covered the whole of
the St. Lawrence. About 15 000 B.C. the ice began to recede, and various
species of freshwater fish from three ice-free regions, known as refugia, propa-
gated in the different drainage basins. To the west was the Mississippi refugium,
to the east the Atlantic coast refugium, and to the northwest the Yukon Valley
refugium (Hocutt and Wiley 1992). Over half the species of freshwater fish
now found in Quebec originated in the Mississippi refugium. There was prob-
ably a post-glacial dispersion of fish from the Atlantic refugium to the Gulf of
St. Lawrence. The existence of some relict Arctic species in the Saguenay Fjord
suggests that environmental conditions were very different over ten thousand
years ago in the estuary and the Gulf of St. Lawrence (Drainville 1970).
Subsequently, ecological factors such as climatic warming and interspecific com-
petition caused a restructuring of fish communities by reducing the abundance
of pioneer species (Dumont 1982).

In our time, the fish communities of the St. Lawrence have been sub-
jected to major changes, which are largely the result of human impacts on the
ecosystem. Four main stressors affecting fish populations have been identified.
The first is the presence of toxic substances in the ecosystem. Owing to their
position as consumers in the food web, fish bioaccumulate organic and 

2.5

Fish
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inorganic toxic substances in their tissues. These substances can have acute
effects, such as the death of the fish, or sublethal effects such as increased sus-
ceptibility to disease, congenital malformations or the eventual disappearance of
susceptible species (Plafkin et al. 1989; Girard 1993). The second stressor is the
physical changes to fish habitat caused by human activity. These changes have
strongly influenced the distribution of fish along the St. Lawrence.

As Table 2.16 shows, the repeated impacts on the banks of the River
affect all types of fish habitat, ranging from riparian environments often used for
spawning to deep environments where many species feed (Robitaille et al.
1988). However, some areas now enjoy protected status, chiefly as a result of the
creation of a number of wildlife areas and sanctuaries and resource conservation
parks. A third stressor is the harvesting of the various fish populations that,
when carried to excess, can cause fish stocks to dwindle. Striped bass, for
instance, a species that was a favourite with commercial and sport fishermen
before the 1960s, has now virtually disappeared from the St. Lawrence and its
estuary. The fourth stressor, the deliberate or accidental introduction of other
species, can have serious consequences for native fish populations. Introducing a
foreign species into the ecosystem increases the risk of new diseases, of greater
competition between species and of altering the gene pool of the native popu-
lations (Dumont et al. 1988a).

Area affected (ha)

Type of habitat

Type of change A B C D E F G H I J K L Total

Fill 742 1 007 462 180 276 303 870 180 140 160 253 0 4 573

Draining 415 990 3 223 0 10 0 0 0 0 20 0 1 661

Dredging 363 73 9 236 7 20 140 10 90 0 0 0 0 9 939

Dumping of 312 0 2 297 0 0 40 0 0 0 0 0 0 2 649
dredged spoil

Change in flow 7 3 110 0 20 60 20 60 0 0 0 0 280

Encroachment 35 0 1 0 200 122 118 220 0 310 0 0 1 006

Fill and change
in flow 86 42 354 0 124 0 100 0 0 0 20 22 748

Total 1 960 2 115 12 463 410 640 675 1 118 550 140 470 293 22 20 856

Legend: A: Submerged plant community; B: Riparian plant community; C: Deep water; D: Wet woodland or scrubland; E: Muddy foreshore or shore; F: Sandy foreshore or
shore; G: Rocky foreshore or shore; H: Estuary; I: Lagoon sand bar; J: Estuary sand bar; K: Saltwater plant community; L: Riparian plant community and deep water.

Sources: Bouchard and Millet, 1993, based on data from Gilles Shooner and Associates Inc., 1991b, 1988.

TABLE 2.16
Physical changes to fish habitats, 1945 to 1988: Area affected, by type

of habitat and type of change
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The impact of these four stressors is examined in the following sections
by major subdivision of the St. Lawrence: the Fluvial Section, the Fluvial
Estuary, the Upper Estuary, and the Lower Estuary and Gulf.

The ichthyofauna of the Fluvial Section is typical of fresh water. According to
Ghanimé et al. (1990), at least 80 species of freshwater fish have been reported
along the main course of the River. These authors have identified four major
biogeographic areas for fish in this section of the St. Lawrence.

The species of fish that live in at least three of these biogeographic areas
are listed in Table 2.17. The other 60 or so species that occur along the Fluvial
Section of the St. Lawrence are noted in Ghanimé et al. (1990).

From Cornwall to Lake Saint-Pierre, the St. Lawrence consists of a series
of fluvial lakes connected by short lotic stretches. This section of the River is
not subject to fluctuations in water level as a result of tidal action. The riparian
shoreline is low, however, and subject to spring flooding. The flood zone can be
quite extensive; the surface area of Lake Saint-Pierre, for instance, increases
from 40 000 ha to 68 000 ha (Burton 1991). At spring high water, many species
of fish leave the cold water of the St. Lawrence to spawn in the shallower,
warmer water of the flood plain. The incubation and hatching of the eggs and
the early development of the fry take place in the dense herbaceous vegetation
of flooded grassland and pastureland. Under optimal conditions of steady tem-
perature and a gradual fall in water level, the fry of the Northern pike, a species
that breeds in these environments, migrate to the River approximately one
month after spawning, when they are 30 to 40 mm in length (Massé et al.
1988). When the water recedes, forcing the fingerling pike to leave the dense
cover of terrestrial vegetation and make their way along drainage channels and
ditches to the River, the large specimens are less subject to predation and have
a better survival rate (Fortin et al. 1982).

Outside of spring flooding, the habitats most used by the ichthyofauna of
this part of the St. Lawrence are in the shallow bays and lacustrine areas where
the water temperature is higher than in the ship channel. At these spots where
the current slows, suspended solids tend to be deposited. These beds of sedi-
ment are highly productive environments because of the submerged vegetation
that grows on them. They provide shelter and a source of food essential to the
survival and development of many species of fish, particularly during the juve-
nile stage (Figure 2.29). The waters around the Lake Saint-Pierre archipelago,
which are typical of these lacustrine habitats, have been mapped by Benoît et al.
(1988) using a theoretical quality index based on various physical factors favour-
ing fish breeding, feeding and search for shelter (Figure 2.30). The results of this
mapping show that the islands offer a series of fish habitats of good to excellent
quality. Langlois et al. (1992) have reported that the group of islands at the
mouth of Lake Saint-Pierre (the Berthier-Sorel archipelago) provide a wide
variety of habitats (marshes, channels, flowing water) that can support a greater

2.5.1
FLUVIAL SECTION
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diversity of species of fish. In fact, this part of the lake has about a dozen more
species than the downstream part of the lake, where there are no islands. Island
environments are important because they increase the surface area of habitats
suitable for fish.

Before being altered by human activity, the Fluvial Section of the River
was home to a diversified ichthyofauna that included several species with a spe-
cialized diet, such as the Copper redhorse, or with strict habitat requirements,
such as the Muskellunge. This part of the St. Lawrence is used by all the species
given priority status under the St. Lawrence Action Plan (Table 2.18). The geo-
graphic distribution of some of these species, such as Atlantic tomcod,
American shad and Atlantic sturgeon, is generally more northern, and they are
only occasionally found in Lake Saint-Pierre. In contrast, the Copper redhorse,
for instance, is an endemic species of the St. Lawrence watershed that is now
found only between the Island of Montreal and Lake Saint-Pierre (Bouchard
and Millet 1993).

While some migratory species such as American eel and American shad
do frequent this part of the St. Lawrence, they are more commonly found in

Common name Latin name Preferred habitat

Smallmouth bass Micropterus dolomieui OW

Brown bullhead Ictalurus nebulosus BH

Carp Cyprinus carpio OW,PB,BH

Rock bass Ambloplites rupestris PB

Pumpkinseed Lepomis gibbosus PB

Walleye Stizostedion vitreum OW

Brook stickleback Culaea inconstans OW,PB

Lake sturgeon Acipenser fulvescens BH

Northern pike Esox lucius PB

Burbot Lota lota OW,BH

Muskellunge Esox maskinongy PB,OW

White sucker Catostomus commersoni BH,OW,PB

Longnose sucker Catostomus catostomus BH

Yellow perch Perca flavescens OW,PB

Spottail shiner Notropis hudsonius OW,PB

Brown trout Salmo trutta OW

Central mudminnow Umbra limi BH

Brook charr Salvelinus fontinalis OW

Shorthead redhorse Moxostoma macrolepidotum BH

Legend: BH: Benthic habitats; OW: Open water; PB: Plant beds.

Sources: Based on data from Scott and Crossman, 1974; Scott and Scott, 1988; Ghanimé et al., 1990; Langlois et al., 1992.

TABLE 2.17
Partial list of fish species found in the Fluvial Section
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waters affected by tidal action, where they are fished commercially. Generally
speaking, communities are dominated by sedentary species. Lake sturgeon is an
exception to the rule. Tagging of this fish has shown that the individuals that
gather at a small number of spawning sites, in the des Prairies, des Mille Îles and
L’Assomption rivers, come from feeding grounds located upstream (Lake Saint-
Louis) or downstream (Fluvial Section of the River as far as Lake Saint-Pierre)
(Dumont et al. 1988b). Studies conducted in Ontario suggest that Muskellunge
may have a similar behaviour; the spawning grounds used by individual fish,
year after year, are not necessarily the closest to the feeding grounds they oc-
cupy in the winter or summer (Crossman 1990).

Chemical pollution is one of the types of impacts suffered by fish habitats in the
Fluvial Section of the River. The Great Lakes and the St. Lawrence are pol-
luted by household, industrial and agricultural waste. Contaminant bioaccu-
mulation can endanger the health of the aquatic ecosystem and the health of
people who eat fish. Contamination of fish tissue is influenced by many factors,
including the size, age and sex of the individual fish and the type of species. In
addition, some contaminants have an affinity for certain tissues; for example,

Common name Latin name

ACIPENSERIDAE

Lake sturgeon Acipenser fulvescens

Atlantic sturgeon Acipenser oxyrhynchus

CATOSTOMIDAE

River redhorse* Moxostoma carinatum

Copper redhorse** Moxostoma hubbsi

CLUPEIDAE

American shad Alosa sapidissima

CYPRINIDAE

Brassy minnow Hybognathus hankinsoni

ESOCIDAE

Redfin pickerel Esox americanus americanus

Grass pickerel Esox americanus vermiculatus

GADIDAE

Atlantic tomcod Microgadus tomcod

OSMERIDAE

Rainbow smelt Osmerus mordax

PERCICHTHYIDAE

Striped bass Morone saxatilis

Legend: *Vulnerable species (COSEWIC); **Threatened species (COSEWIC).

Sources: Adapted from Bouchard and Millet, 1993, based on data from the Groupe de travail sur les espèces de faune et de flore prioritaires du couloir du Saint-Laurent, 1993.

TABLE 2.18
Fish species given priority status under the St. Lawrence Action Plan

2.5.1.1
Contamination

by toxic substances
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mercury builds up in the flesh while organochlorines accumulate in the adipose
tissues.

Contamination data compiled from a number of studies on biological
tissues show that in most animal groups, mercury concentrations can be up to
five times higher at the top of the food chain than at lower levels (DesGranges
and Thompson 1990). In the St. Lawrence Fluvial Section, mean mercury con-
centrations in the flesh of predator fish (Northern pike and Walleye) often
exceed federal guidelines for commercial sale, i.e., 0.5 mg/kg (Laliberté 1993).
The data also suggest that contamination is higher in the Fluvial Section of the
River than in the estuary or Gulf (DesGranges and Thompson 1990).

Mercury is the heavy metal that gives the most cause for concern in Lake
Saint-François, Lake Saint-Louis and Lake Saint-Pierre, based on the conclu-
sions drawn from the compilation and interpretation of the data for each of the
lakes (respectively, Armellin et al. 1994b; Armellin et al. 1994a; and Langlois et
al. 1992). Contamination data collected between 1984 and 1989 allow compar-
isons to be made between certain sectors of the St. Lawrence and between cer-
tain species (Figure 2.31). For the 1984-1987 period and also in 1989, the flesh
of Walleye and Northern pike from Lake Saint-Louis contained mean mercury
concentrations that exceeded the federal guideline for commercial sale (Figure
2.31). For Lake Saint-François and Lake Saint-Pierre, a drop in mercury con-
centrations was observed between 1984 and 1987 and in 1989 (Figure 2.31). In
the case of Yellow perch, the results of bioassays done between 1984 and 1989
(Figure 2.31) and in 1991 (SLC 1994) appear to indicate that mercury concen-
trations in the flesh are stable and that they even declined between 1984 and
1991. In lakes Saint-François, Saint-Louis and Saint-Pierre, mean mercury con-
centrations in 1991 were 0.13, 0.19 and 0.12 mg/kg, respectively (SLC 1994),
while the mean values for each of the lakes were the same or higher between
1984 to 1987 and also in 1989 (Figure 2.31). Furthermore, none of the Yellow
perch sampled in 1991 exceeded the federal guideline for commercial sale, as
the maximum mercury concentration measured in the flesh was 0.44 mg/kg.

Polychlorinated biphenyls (PCBs) were the most worrisome organic con-
taminants, considering the levels that exceed established limits for commercial
sale of fish (Langlois et al. 1992; Armellin et al. 1994b; and Armellin et al.
1994a). Though rarer now, PCB contamination levels that exceed the federal
guideline for commercial sale (2.0 mg/kg) have been reported in the flesh of
Northern pike, Walleye, White sucker, Brown bullhead, Lake sturgeon and
Burbot (Langlois and Sloterdijk 1989). Figure 2.32 gives the mean PCB con-
centrations in the flesh of Walleye, Northern pike, Yellow perch and bullhead
sampled in 1984 and 1989; none of the mean concentrations exceeded the fed-
eral guideline for commercial sale. Of the species and the rivers and lakes surveyed
(Figure 2.32), Lake sturgeon in Lake Saint-Louis have the highest mean PCB
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and Sloterdijk (1988).

Data from 1989

Exceeds federal guideline for
commercial sale (0.5 mg/kg)

Synthesis of data from 1984 to 1987*

Not available

Downstream from
Trois-Rivières
W:
NP:
YP:
BB:

0.50
0.38
0.26
0.23

Quebec City

W:
NP:
YP:

0.55
0.35
0.20

Lake Saint-François

W:
NP:
YP:
BB:

0.80
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NP:
YP:
BB:

Lake des Deux Montagnes
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0.73
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FIGURE 2.31
Mercury contamination of adult fish

Sources: SLC, 1993, based on data from Legendre and Sloterdijk, 1988; SLC, 1994.
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FIGURE 2.32
PCB contamination of adult fish

Sources: SLC, 1993, based on data from Legendre and Sloterdijk, 1988; SLC, 1994.
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concentration; because this species is a fatty fish, PCBs can accumulate more
easily in its tissues.

Mercury and PCBs figure among the best documented contaminants,
but many other potentially toxic substances can also build up in fish tissues.
The number and concentration of these substances vary with the areas sampled
and largely reflect the nature and source of industrial waste discharges. The fish
in Lake Saint-François, for instance, have higher levels of PCBs, DDTs, mirex,
arsenic, selenium and mercury than those in Lake Saint-Pierre; on the other
hand, organic compounds (chlordane, pyrene and chlorobenzene) discharged in
the greater Montreal area are found in Lake Saint-Pierre fish but not in fish
taken from Lake Saint-François (Langlois and Lapierre 1989).

The location of sources of pollution is not the only factor affecting the
geographic distribution of contaminants. Hydrodynamics and sedimentation
conditions also influence the quantity of contaminants to which a habitat is
exposed. Toxic substances tend to accumulate in the area of the Sorel archipel-
ago, for instance, because of a particle sedimentation rate on the order of
1 cm/yr compared with 0.15 cm/yr for Lake Saint-Pierre (Langlois et al. 1992).
As a result, a very large quantity of contaminants, including chromium, cadmium,
copper, iron, nickel, lead, zinc, polycyclic aromatic hydrocarbons (PAHs) and
various organochlorines, has accumulated around the islands. These substances
come from industrial areas just upstream (Tracy) and from the Richelieu River
(Hardy et al. 1991). It should be noted that the Sorel archipelago is a highly pro-
ductive breeding habitat (Therrien et al. 1990) and that the deterioration of
this habitat through contamination could have serious consequences for fish
species in this part of the St. Lawrence.

Fish habitat contamination and the full range of anthropogenic disturbances
have effects on fish at all levels of biological organization and can thus be
measured in a variety of ways (Adams 1990). The methods used to measure
these impacts can be grouped under the name “bioindicators.”

Chronic exposure to contaminants, whether through direct contact with
water or sediment or through ingestion of contaminated food, probably has
effects on fish communities. Many industrial plants are located along the Fluvial
Section of the St. Lawrence, and fish communities are no doubt significantly
affected by the high recurrence of a wide variety of environmental incidents:
accidental or deliberate spills of toxic substances, winter anoxia caused by heavy
biological oxygen demand, encroachment, etc. Such phenomena favour the
dominance, in these communities, of species with a high population turnover
(high fecundity, high mortality, early maturity) that recover quickly after an
episode of high mortality (Robitaille and Mailhot 1989). Populations of long-
lived species suffer from the effects of such episodes for a long time. The Lake
sturgeon living in Lake des Deux Montagnes, which were decimated in 1950 by

Bioindicators
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winter anoxia caused by paper mill effluent, still had, 30 years later, an age pyra-
mid typical of a slowly recovering population (Mongeau et al. 1982). The
natural mortality of St. Lawrence sturgeon between Montreal and Lake Saint-
Pierre has been estimated at 18% per year (Dumont et al. 1988b), compared
with 5% for a population of the same species living in a river or lake that is in
good condition (Priegel and Wirth 1975). Some species of fish seem to be
extremely sensitive to the degradation of their environment, and the decline of
sensitive species has an influence on the species composition of fish communi-
ties. Nevertheless, field studies establishing a link between the presence of con-
taminants and changes in population dynamics are rare because so many
variables must be taken into account.

The preliminary results of the comparative study done by Dumont (1992)
on the individual characteristics and dynamics of two Lake Saint-Louis Yellow
perch populations highlight differences between a population living in the rela-
tively unpolluted water of the north shore and another living in the highly con-
taminated area of the Îles de la Paix. Lower values for population density,
growth rate, health index and fecundity were observed for the latter group. The
differences between the two groups may well be due, at least in part, to major
differences in the concentrations of toxic substances in the two environments.

Some bioindicators, such as biochemical or pathological indicators of
stress, measure the sublethal effects of exposure to contaminants on individuals.
Moreover, since the more susceptible species are the first to disappear, it is tol-
erant fish that are generally the subject of studies on the sublethal effects of
contaminants. Extending the conclusions of the studies to all species therefore
entails a considerable risk of underestimating the magnitude of the impacts.

Mixed-function oxygenases (MFOs) are enzymes whose function is to
regulate the metabolism of steroid hormones and other endogenous substances
but that also have the capacity to facilitate the elimination of exogenous conta-
minants (Jimenez and Stegeman 1990). It is this latter capacity that enables
MFOs to serve as bioindicators. Increased MFO activity has been associated
with exposure to organic toxic substances in various species of fish, in many
regions of the world, both in laboratory experiments and in situ studies
(Jimenez and Stegeman 1990). Two studies – one done in 1989 and the other in
1990 – have focused on the MFOs measured in fish species common to the
Fluvial Section of the St. Lawrence. The first study was exploratory and 
concerned Brown bullhead, Northern pike and White sucker. The findings,
presented in Figure 2.33 (Langlois and Lapierre 1990), suggest that the White
suckers in Lake Saint-Louis are more affected than those in Lake Saint-François,
Lake Saint-Pierre and the estuary. The preliminary results appear to show that
MFO activity was generally higher for White suckers on the south bank than
for those on the north bank. In 1990 (Ménard et al. 1994) the data indicated
spatial heterogeneity of MFOs in Lake Saint-Louis: the Pointe Thibaudeau area
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(upstream from the mouth of the Saint-Louis River) appeared to be more con-
ducive to the induction of MFOs than the stations of the Îles de la Paix and
Pointe du Moulin (eastern tip of Île Perrot). The two studies have also helped
demonstrate the usefulness of MFOs as indicators, which show variations by
sampling time and species.

Histopathology is another one of the many bioindicators used.
Histological analyses of the liver and gills of fish have been conducted to assess
their degree of contamination. The analyses were done on Northern pike and
White suckers from Lake Saint-Pierre; the preliminary results indicate that
White suckers are affected more severely and in greater numbers than Northern
pike along the entire St. Lawrence Fluvial Section (Langlois et al. 1992).
However, the causal relationship between the observed values of these stress
indicators and the degree of exposure to pollutants has yet to be established. It
has so far not been possible to link the presence of external tumours (fibroma or
papilloma) in some species, notably Walleye and White sucker, to any specific
factor. The highest incidence of labial papilloma (20 to 27%) has been reported
in groups of White suckers swimming up agricultural tributaries on the south
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bank to spawn (Dutil et al. 1992). These tumours may be linked to the deteri-
oration of the aquatic environment in this area. However, before the trends
indicated by these results can be interpreted properly, more accurate data must
be gathered over a longer period.

Three types of fishing are carried out in the freshwater section of the St.
Lawrence: sport fishing, commercial fishing and subsistence fishing. In com-
parison with Quebec’s marine fishery, the landed volume in tonnes is small,
but freshwater fisheries are important locally. The catches of the three fisheries
differ considerably. The main fish landed by commercial fishermen are Lake
sturgeon, American eel, Brown bullhead, Yellow perch and sunfishes. Yellow
perch, pike, Walleye and bass are the species preferred by sport fishermen. The
composition of the landings of subsistence fishermen is not known exactly, but
Lake sturgeon, Yellow perch and Brown bullhead are among the species most
often caught. The size of the industry is discussed in the Socio-Economic
Aspects portion of this report.

Langlois et al. (1992) have reviewed the existing data on the population
status of several species of fish caught in Lake Saint-Pierre. The Brown bullhead
population seems to be stable; this fairly abundant species can support the cur-
rent rate of exploitation. The Yellow perch population is abundant and can sup-
port current harvesting, although it has characteristics typical of a population
that is compensating for substantial losses in numbers by high productivity and
rapid growth (Mailhot et al. 1987).

The mortality rate of Lake sturgeon in the Fluvial Section of the
St. Lawrence, between Lake Saint-Louis and Lake Saint-Pierre, is very high;
the poor state of the populations is the result of overfishing, habitat loss and
toxic substances in the environment (Langlois et al. 1992; Ducharme et al.
1992). In the Fluvial Section in general, Lake sturgeon populations are in trouble:
the Lake Saint-François population has been practically killed off while the Lake
des Deux Montagnes population is still in the process of recovering (Ducharme
et al. 1992).

The American eel population also appears to be in trouble. This species,
the third most-fished commercially in Lake Saint-Pierre (Langlois et al. 1992),
suffered a drop of close to 99% in its juvenile recruitment entering Lake Ontario
between 1985 and 1990. A number of hypotheses have been offered to explain
this decline, including fluctuations in the transport and survival of leptocephalus
larvae in the Sargasso Sea, increased mortality because of environmental conta-
mination, loss of habitat, overharvesting of the resource, and the presence of
obstacles that prevent fish from migrating upstream and downstream
(Castonguay et al. 1993). The complexity of the eel life cycle is the main
impediment to solving the problem. The St. Lawrence drainage basin is a crit-
ical habitat for the American eel, accounting for 19% of the area of the species’

2.5.1.2
Fishing
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freshwater distribution range. Moreover, the St. Lawrence eel stocks consist
almost entirely of females, reportedly representing 40% of all the females of the
species, and are amongst the most fertile. A sharp drop in their numbers in the
St. Lawrence could be symptomatic of a decline in the abundance of the entire
species, as the population is panmictic, i.e., all the eels gather together at sea and
breed without regard to individual origin (Castonguay et al. 1994a, 1994b).

Changes made to the flow pattern and banks of the St. Lawrence have reduced
the extent of spring flooding. The flow of the River is now regulated by a series
of control structures between Lake Ontario and Lake Saint-Louis, so that the
high-water rate of flow is now only 67% greater than the low-water rate of
flow, and the spring rise in water level is reduced as a result (Frenette and
Verrette 1976).

Riparian and aquatic habitats have suffered major encroachments, esti-
mated at over 2700 ha for the period from 1945 to 1984 (Robitaille et al. 1988).
These habitats have been lost as a result of the filling in or draining of these
environments, or the reduction in their flood period by systems of dikes, drains
and pumps. Using different investigation methods, Dryade (1981) estimated
that 3649 ha of all kinds of wetland had been lost between 1945 and 1976 (see
Part 1: Physico-Chemical Aspects). Bouchard and Millet (1993) have worked
out, from the data of Robitaille et al. (1988) and Marquis et al. (1991), that
between 1945 and 1988 approximately 9000 ha of fish habitat was altered 
(Table 2.19).

Encroachment by filling in aquatic habitats, chiefly in the Montreal area,
occurred at a swift pace during the construction of the St. Lawrence Seaway,
from 1954 to 1959, and then again when Île Sainte-Hélène and Île Notre-
Dame were expanded, from 1964 to 1967. Draining of flooded areas is usually
done to extend pastureland or to allow earlier seeding of crops that require a
long growing season. This type of disturbance occurs primarily in the Lake
Saint-Pierre and Sorel archipelago area.

These impacts reduce recruitment in species that use these habitats for
spawning and rearing their young. Figure 2.34 shows the location of spawning
sites of several species of fish in the St. Lawrence. Therrien et al. (1990) have
produced a directory of breeding grounds that shows the relative importance of
the various parts of the Fluvial Section of the River for this group of organisms.

Some structures designed to control flow rate or concentrate flow in the
ship channel seem to have had a major impact on the abundance of certain
species. One of the more obvious cases is that of the American shad, which
used to migrate from the Atlantic Ocean to the Ottawa River to spawn. The
construction of dams on its migration route and the building of the Seaway
seem to be the main causes for the decline of the species (Provost et al. 1984).
For similar reasons, the Lake sturgeon population of Lake Saint-François, cut off

2.5.1.3
Physical changes

to habitat
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from its spawning grounds by the Beauharnois dam, is now in danger of dying
out (Dumont et al. 1987).

The channeling of the St. Lawrence and the increase in ship traffic have
also affected aquatic communities in this part of the River. Lake Saint-Louis,
where a large population of Muskellunge lived until 1930 (Fry et al. 1941),
underwent in the following decades physical changes that radically altered its
aquatic vegetation. Two very different areas used to exist there: one with rapid
flowing water and another with a calmer flow over a clay-sand bed (Frère
Marie-Victorin 1934). Thirty years later, the two areas were considered to have
practically identical aquatic and riparian flora (Pageau and Lévesque 1964).
Aquatic vegetation invaded much of the lake after the ship channel was dredged,
leaving the channel itself as the only expanse of open water. This change seems
to have increased the surface area of habitats suitable for Northern pike by
encroaching on the habitats of Muskellunge. Moreover, channeling appears to
have eliminated many Muskellunge spawning grounds (Lebeau 1983).

Similar changes have been observed on both sides of the ship channel
around the Lake Saint-Pierre archipelago. The channeling of the St. Lawrence
streamlined the flow, so that the water of the channel no longer mixes much
with the water close to the banks (Frenette and Verrette 1976). Changes to the
thermal and sedimentary dynamics of these bodies of water have had a visible
effect on their aquatic vegetation; it is highly probable that these changes have
also had a profound impact on fish communities. In Lake Saint-Pierre, tagged
Yellow perch that have been recaptured have travelled long distances parallel to
the ship channel, but rarely across it (Leclerc 1987).

Area affected, by sector (ha)

Cornwall Outlet of Varennes From Contrecoeur 
to outlet of Lake Saint-Louis to to outlet of

Habitat Lake Saint-Louis to Varennes Contrecoeur Lake Saint-Pierre

Submerged plant community 351 1083 83 334

Riparian plant community 22 338 555 338

Deep water 719 1589 163 3526

Wet woodland or scrubland 127 14 – 99

Riparian plant community 
and deep water – 2 – –

Total 1219 3026 801 4297

Source: Bouchard and Millet, 1993, based on data from Gilles Shooner and Associates Inc., 1991b, 1988.

TABLE 2.19
Physical changes to fish habitats, 1945 to 1988: Area affected, by type of habitat,

in the Fluvial Section
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Information Supplement

THE AMERICAN EEL IN TROUBLED WATERS

After migrating to the St.
Lawrence as elvers, juvenile eels begin
to move upstream. While some of
them settle in the main riverbed, the
majority swim up tributaries, where
they remain until reaching sexual
maturity between the age of 10 and
12. A large proportion of juveniles that
undertake the upstream migration,
which lasts at least four years, end up in
Lake Ontario. A counting system at
the Moses Saunders dam near
Cornwall has recorded the alarming
downturn in the number of eels
migrating upstream: whereas 1 293 570
juveniles were counted in 1983, there
were only 11 533 in 1992. A drop in recruitment of
this magnitude points to a decline in the commercial
fishery of the St. Lawrence beginning in 1996, which
is when eels from the increasingly weaker cohorts that
migrated upriver between 1986 and 1992 will begin
their voyage back to the Atlantic. 

To what can the current decline be attributed?
Looking back through time, it is conceivable that the
low recruitment observed at the Moses Saunders dam
between 1986 and 1992 resulted from reduced spawn-
ing by the adult fish that migrated downstream
between 1980 and 1986. The average annual com-
mercial catch of St. Lawrence eels (from the River and
Lake Ontario) fell from 715 tonnes for the period
1975-1981 to 537 t for 1984-1991, a drop of 25%.
This figure does not take into account the 275-t
decrease in catches caused by the embargo Germany
imposed in 1982-1983 owing to high mirex concen-
trations in the flesh of eels from the St. Lawrence.
Nonetheless, owing to the big gap in fishing effort
data, which spans many years and the species entire
geographic range, we cannot conclude that excessive
fishing in the St. Lawrence is the primary cause of the
drastic decline reported since 1986.

No real link has been identified between the
start of the population decline and contamination of
eels by chemicals or habitat disturbances resulting
mainly from construction of the Seaway. A relationship
of this type seems unlikely, given the lengthy time lags
between these events and the observed decrease in eel
numbers. It is nonetheless possible that chemical and
habitat disturbances played a role in the decline, but
that their impact was delayed by a factor that remains
unknown.

A similar population decline has been noted in
the two eel species that spawn in the Sargasso Sea: the
American eel and the European eel. This would seem
to indicate that a more global cause may be involved,
such as oceanic changes that affected both species.
Oceanic changes would influence migration and
spawning by adults, as well as the transport, survival,
growth and development of eel larvae during their
migration toward the continent. After eel larvae are
born in the Sargasso Sea, they drift landward on the
Gulf Stream. In the 1980s, a slowing of the Gulf
Stream was observed. A slower current could hinder
the transport of larvae and cause the declines noted in
both eel species. Furthermore, the physical processes
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linked with larval transport may have been altered by
the global warming trend and associated oceanic
changes in the Northwest Atlantic.

Whatever the case may be, a clear link has not
been established between any of these possible causes
and the decline in eel populations. These causes are
difficult to verify, given the eels’ complex life cycle.
The decrease in eel numbers is likely due to a combi-
nation of factors acting in concert. While oceanic con-
ditions may be the primary cause, the other three
causes (contamination by toxic substances, habitat
alteration and excessive commercial fishing) may have
made matters worse by reducing the number of eels
that return to the Sargasso Sea to spawn. Little infor-
mation is available for evaluating the synergy of the
different causes and their respective contribution to the
decline in eel numbers.

Researchers believe that the decrease in eel
numbers may affect the entire Northwest Atlantic
stock. The species’ geographic range encompasses the
St. Lawrence, the Great Lakes and most of the tribu-
taries along the east coast of North America. The St.
Lawrence is home to a significant part of the stock’s
female contingent, which are the only eels that
migrate upriver. If, as feared, they disappear from the
contingent that reaches the Sargasso Sea over the next
decade, the entire Northwest Atlantic stock, which is
considered a single population, may be destabilized.
Although catches of American eels in the St. Lawrence
have fluctuated widely before, some experts see new,
worrisome signs in the current situation.

Sources: Castonguay et al., 1994a; 1994b.
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Spawning grounds of main species of fish caught
or of special interest
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N

SPECIES LOCATION OF SPAWNING SITES

CHARACTERIZATION OF SPAWNING HABITATS

Lake whitefish
Rock bass
Yellow perch
White sucker
Pumpkinseed
Northern pike
Brown bullhead
Black crappie
Northern sucker
Lake sturgeon
American shad
Walleye spp.
Channel catfish
Brook charr
Atlantic tomcod
Copper redhorse
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FIGURE 2.34
Characterization of spawning grounds of main fish species

between Cornwall and Montmagny

Sources: SLC, 1993, based on data from Shooner Inc., 1990.
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The speeding up of the current in the Seaway and the waves made by
passing ships seem to disturb the fish. Surveys have shown that sites exposed to
ships’ waves are much less used by fish than those protected against them (Massé
and Mongeau 1976). The wave action, by eroding the banks, can also destroy
the aquatic plant beds that are often important nursery areas.

The fish communities of the Fluvial Section now include several exotic species,
chiefly salmonids introduced into the Quebec part of the River or into the
Great Lakes for sport fishing. Some of them have established large populations
and compete with native species. The Rainbow trout, stocked in large numbers
around Montreal, seems to be expanding its range toward the estuary. It has
already colonized several rivers, where it has become a serious competitor with
Atlantic salmon (Salmo salar). Carp, a species introduced from Europe, is found
everywhere around the Montreal archipelago, and its proliferation may well
have had an impact on native species.

In the Fluvial Estuary, the tide is the most significant environmental character-
istic for fish communities. Owing to the funnel-shaped basin, the tide, which
comes in twice a day, has a maximum range of over 6 m at Quebec City and Île
d’Orléans. The rising tide also causes the current to reverse as far as Portneuf
and slows the flow of the River all the way to Trois-Rivières. These conditions
promote sedimentation of suspended solids and the creation of mud flats.

At ebb tide, the tidal flow combines with that of the River, and flow
gradually concentrates in the ship channel as the water level drops. These factors
push flow speeds up to 2.75 m/s, increasing the River’s capacity to carry sus-
pended solids. Over thousands of years, the St. Lawrence has thus dug its bed in
the sedimentary rock, so that there are now cliffs on either side that get pro-
gressively higher from Lake Saint-Pierre to Quebec City.

Resident species are less diverse here than in the stretch of the River
unaffected by the tides. On the other hand, the fish that can adapt to these
conditions are usually abundant, since biological productivity can be high, espe-
cially in areas where the waters mix and in the intertidal zone.

Table 2.20 lists species found in this part of the River. This list, based on
the work of Ghanimé et al. (1990) is only partial; readers who want more details
should consult the original list. Table 2.20 lists species that these authors found
associated with the two biogeographic regions corresponding to the Fluvial
Estuary (region I of the Fluvial Section and what they termed the Quebec City
region) (Ghanimé et al. 1990). Included on the list are several species whose
spawning grounds have been mapped in this part of the River (Figure 2.34)
and a few fairly frequent species from saltier waters. This last stretch of fresh
water is the upstream boundary of the penetration of brackish and saltwater
species such as Threespine stickleback, Blackspotted stickleback and Smooth
flounder. Sea lampreys and Silver lampreys have been seen. Some rare species,

2.5.1.4
Exotic species

2.5.2
FLUVIAL ESTUARY
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Common name Latin name Preferred habitat

Largemouth bass Micropterus salmoides OW
Smallmouth bass Micropterus dolomieui OW
American shad Alosa sapidissima OW
Gizzard shad Dorosoma cepedianum PB
American eel Anguilla rostrata OW,BH
White bass Morone chrysops OW
Striped bass Morone saxatilis OW
Brown bullhead Ictalurus nebulosus BH
Stonecat Noturus flavus BH
Channel catfish Ictalurus punctatus BH
White perch Morone americana OW
Rock bass Ambloplites rupestris PB
Carp Cyprinus carpio OW,PB,BH
Pumpkinseed Lepomis gibbosus PB
Golden shiner Notemigonus crysoleucas PB
Quillback Carpiodes cyprinus BH
Log perch Percina caprodes BH
Sauger Stizostedion canadense OW
Walleye Stizostedion vitreum OW
Rainbow smelt Osmerus mordax OW
Lake sturgeon Acipenser fulvescens BH
Banded killifish Fundulus diaphanus PB
Alewife Alosa pseudoharengus OW
Northern pike Esox lucius PB
Lake whitefish Coregonus clupeaformis BH,OW
Mooneye Hiodon tergisus BH
Sea lamprey Petromyzon marinus OW,BH
Longnose gar Lepisosteus osseus PB,BH
Burbot Lota lota OW,BH
Freshwater drum Aplodinotus grunniens BH
Black crappie Pomoxis nigromaculatus PB
Muskellunge Esox maskinongy PB,OW
Common shiner Notropis cornutus PB,OW
White sucker Catostomus commersoni BH,PB,OW
Longnose sucker Catostomus catostomus BH
Creek chub Semotilus atromaculatus PB,OW
Brook charr Salvelinus fontinalis OW
Fallfish Semotilus corporalis BH,OW
Yellow perch Perca flavescens PB,OW
Bowfin Amia calva PB,BH
Spottail shiner Notropis hudsonius OW,PB
River redhorse Moxostoma anisurum BH
Copper redhorse Moxostoma macrolepidotum BH
Rainbow trout Oncorhynchus mykiss OW
Brown trout Salmo trutta OW

Legend: BH: Benthic habitats; OW: Open water; PB: Plant beds.

Sources: Scott and Crossman, 1974; Scott and Scott, 1988; Ghanimé et al., 1990; Langlois et al., 1992.

TABLE 2.20
Partial list of fish species found in the Fluvial Estuary
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including Chinook salmon (Oncorhynchus tshawytscha), Lake trout (Salvelinus
namaycush) and Crucian carp (Carassius vulgaris), have also been reported in the
River (Ghanimé et al. 1990).

Several of these species, such as American shad, Striped bass and Atlantic
tomcod, only venture into this part of the River when migrating (Bouchard and
Millet 1993). These three species are also on the St. Lawrence Action Plan list of
priority species (Table 2.18).

Although the upstream part of the Fluvial Estuary is characterized by a
slowing of the current by the tides, the spawning grounds of several species of
fish that are common in the Fluvial Section of the River are located there
(Figure 2.34). Only half a dozen species spawn in the downstream part, the
area really affected by tidal action (between Grondines and Quebec City).

Few species can spawn in an environment where the physical conditions
(temperature, depth of water, suspended solids, speed of current) fluctuate so
quickly and sharply. That is why most fish migrate beyond the area influenced
by the tides to spawn. Several of the St. Lawrence’s tributaries around Quebec
City are inaccessible because the difference in level is too great or because dams
have been built since the 19th century. Most species migrate up the St.
Lawrence, beyond Quebec City.

Most species, including predatory fish, caught by fishermen throughout the
region have concentrations of toxic substances below the permissible limits for
commercially marketed fish. One case of severe contamination was that of eels
caught in the Fluvial Estuary (Dutil et al. 1985). Some authors have hypothe-
sized that eels are one of the vectors of contamination of the belugas in the St.
Lawrence (Béland et al. 1992; Hodson et al. 1992). In any case, the PCB con-
tamination of the eel population fell by 68% and its mirex contamination by
56% between 1982 and 1990 (Hodson et al. 1992). Furthermore, Figure 2.31
shows that only Walleye has mean mercury concentrations exceeding the guide-
lines for commercial sale (0.5 mg/kg). The Northern pike of this area seems to
be less contaminated than that of the Fluvial Section. PCB concentrations in the
flesh of Walleye, Northern pike, Yellow perch and Brown bullhead are the same
as in the fish examined in the preceding section (Figure 2.32); concentrations do
not exceed the federal guideline for human consumption (2 mg/kg).

Farming in the watershed of some tributaries has had a considerable
impact on at least one population of fish in the estuary. The enrichment of the
Boyer River (just downstream from Quebec City) through excessive spreading
of pig slurry increased the growth of filamentous algae on the river bed
(Robitaille and Vigneault 1990). This type of alga prevents Rainbow smelt eggs
from adhering to stones during spawning. The Boyer River was the main
breeding site of one of the four known stocks of anadromous smelt, that of the
estuary, and destruction of the site affects the abundance of the fish in a large

2.5.2.1
Contamination

by toxic substances
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part of its feeding grounds (Robitaille and Vigneault 1990). Other Rainbow
smelt populations (Chaleur Bay, Saguenay and Côte-Nord) seem to be in good
condition, however.

It should also be pointed out, in the light of the experience of recent
years, that the risks of environmental accidents along this part of the River are
chiefly associated with the transshipment of oil. Spills have occurred on a
number of occasions (see Part 3: Socio-Economic Aspects for more details),
despite all precautions. So far, such incidents have not affected critical fish habi-
tats. Nonetheless, a spill may one day occur with disastrous effects on certain
species or important habitats.

A certain amount of commercial and sport fishing goes on along this stretch of
the River because several species of fish migrate through it. American eel,
Atlantic sturgeon, American shad, Atlantic tomcod and Rainbow smelt account
for close to half of the annual landings of the two fisheries.

To obtain native species of fish, the Quebec Aquarium has fished with a
fixed net for six months of the year for the last 30 years (Robitaille et al. 1987).
Of the four species in Figure 2.35, the number of Walleye and Lake whitefish
caught has been stable or possibly increasing, while catches of Atlantic tomcod
and Rainbow smelt have been showing fairly clear signs of decline. The eco-
logical significance of these observations is not yet fully understood.

The most significant changes in fish communities of the Fluvial and Upper
estuaries occurred when the ship channel was widened and the Seaway was
built between 1954 and 1959, and when it was opened in 1960 (Robitaille et al.
1988). These changes affected a great many different environments, as Table
2.21 shows.

In the last two centuries the St. Lawrence’s natural channel had been
enlarged at some points to enable ships to pass through. This work was minor,
however, compared with that done in the 1950s, when millions of cubic metres
of rock were dynamited and removed to increase the size of the channel to
224 m wide and 10.7 m deep. These operations eliminated stretches of rapids
that had served as natural flow-control structures. The changes to the river bed
further streamlined the flow and concentrated up to 90% of it in the ship
channel at some spots (Frenette and Verrette 1976).

At the time when the channel was being widened, mass mortality of
Walleye, Lake sturgeon and Striped bass was reported (Vladykov 1959); com-
mercial fishermen complained, but to no avail (Labrecque 1993). Their fears
proved justified in the following years when changes occurred in the geo-
graphic distribution of landings of Striped bass, American shad, Atlantic stur-
geon and Atlantic tomcod, and later the total catches of each of the species
declined (Robitaille et al. 1988). The only anadromous fish that seemed, at the

2.5.2.2
Fishing

2.5.2.3
Physical changes

to habitat



time, to have been relatively unaffected was Rainbow smelt, which spawns in
the tributaries on the south shore of the St. Lawrence, just downstream from
Quebec City.

The most visible impact of ship traffic has been the death and injuries
reported for many fish, particularly in the early 1960s (Labrecque 1993). Along
a 12 km stretch of the River, breeding fish had to migrate upstream to their
spawning grounds via the ship channel; they were thus forced to swim close to
ships, exposing them to the danger of being sucked into the propellers.
However, the impact of passing ships on more fragile larvae, which travel along
the channel in the opposite direction and cannot swim as well, may have been
even more serious. From 1960, ship traffic at Quebec City increased rapidly to
reach over 11 000 ships per year in 1991, with most of them passing in the fall
(see Part 3: Socio-Economic Aspects). The shipping season has been extended,
and the ports of the St. Lawrence are now accessible as far as Montreal year-
round.

The Striped bass, whose feeding grounds were downstream and its breed-
ing grounds upstream from Quebec City, has disappeared in less than 10 years.
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The last young fish of this species were taken in a 1962 survey; no commercial
catch has been reported since 1965 (Robitaille and Ouellette 1991), although
some specimens are still occasionally recorded (Bouchard and Millet 1993).

The tomcod, on the other hand, seems to have maintained a large popu-
lation even after 1960, perhaps because it migrates in the winter, after the busy
season for ship traffic. However, it is now found only in the first tributaries on
the north shore to which it has access (Hart et al. 1991), whereas it used to be
fairly abundant on both banks and was fished as far as Lake Saint-Pierre
(Cuerrier 1966). Tomcod has shown sharp fluctuations in recent years in the
strength of its various year-classes (Mailhot et al. 1988).

The American shad population, which was already in trouble because of
the dams built around Montreal, also suffered a further drop in landings after
1960 (Provost et al. 1984).

Annual landings of American eel, a catadromous species, held steady at
around 300 t/a, primarily in the Quebec City and Île d’Orléans region, until
the late 1950s. From 1958, catches declined sharply near Quebec City, but rose
in Lake Saint-Pierre and in salt water (Robitaille et al. 1988). Between these
two locations, signs of mass mortality began to appear in 1960, with intensity
varying from year to year (Labrecque 1993). It was determined that the imme-
diate cause of the mortality was an imbalance of the osmoregulatory system: the
chloride cells of the gills, which are not supposed to begin excreting salts until
the fish reaches salt water, were being triggered into action too early, possibly
because physical obstacles slowed down the seaward migration of the fish (Dutil
1984).

Area affected (ha)

Outlet of From Beauport
Habitat Lake Saint-Pierre to Beauport to Cap-Tourmente

Submerged plant community 100 –

Riparian plant community 340 30

Deep water 3950 1134

Wet woodland or scrubland 130 26

Muddy foreshore or shore 200 7

Saltwater plant community 10 –

Riparian plant community and deep water 20 –

Total 4750 1197

Sources: Bouchard and Millet, 1993, based on data from Gilles Shooner and Associates Inc., 1991b, 1988.

TABLE 2.21
Physical changes to fish habitats, 1945 to 1988: Area affected, by type of habitat,

in the Fluvial Estuary
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The construction of the Seaway and its use for shipping have thus had
severe effects on the fish community of the Fluvial Section of the River and the
Upper Estuary, virtually eliminating its anadromous component. All the species
that used to migrate upstream of Quebec City have seen a sharp drop in their
abundance and distribution.

In comparison with the situation in the Fluvial Section described above,
encroachments on aquatic and riparian habitats along the Fluvial Estuary have
been few in number. The main habitat losses were caused by the creation of Île
aux Sternes (at the outlet from Lake Saint-Pierre) using dredged material, by the
construction of the Bécancour and Portneuf wharves, and by embanking along
the north shore, near Quebec City (Champlain Boulevard and the Beauport
flats) in the 1960s and 1970s (Robitaille et al. 1988).

The exotic species found in the Fluvial Section of the St. Lawrence also occur
in the Fluvial Estuary (Ghanimé et al. 1990). Rainbow trout, which appears to
be expanding its distribution range, and Carp are present in the estuary. Little
information is available about the impact of these exotic species on native
species, but their growth in the estuary could no doubt be seen as increased
competition with native species that have the same needs.

In this region of the St. Lawrence, shallow-water habitats form a narrow band
along the shore. Plant beds, though abundant in places, are exposed regularly,
thus limiting the opportunities for juvenile fish to use them for shelter or as
feeding sites (Dutil and Fortin 1983). The fish that harvest the resources of this
zone are continually forced to move because of changes in water level. Thus,
typically saltwater and brackish water species such as capelin, herring, flounder,
lumpfish and tomcod can be found everywhere in the Upper Estuary (Table
2.22). However, in this sector, fresh water and salt water mix completely on the
south shore, whereas on the north shore, upstream from Île aux Coudres, the
water remains partially stratified. Thus, in the northern area demarcated by a tri-
angle linking the eastern tip of Île d’Orléans with Île aux Coudres and Rivière-
du-Loup, typical freshwater species can be found, including Carp, Brown
bullhead, White sucker, Channel catfish, Walleye and Striped bass (Ghanimé et
al. 1990). The list of fish that Ghanimé et al. (1990) inventoried in the Upper
Estuary is shown in Table 2.22.

The fish communities in this stretch of the St. Lawrence are dominated
by migratory species. The most abundant fish, Rainbow smelt and tomcod,
spawn upstream from the area subject to tidal action. The larvae then swim
downriver to the partially stratified zone, between Île d’Orléans and Île aux
Coudres. They manage to remain in this part of the River and escape the tidal
currents (as do the Copepoda and the Mysidacea on which they feed) by
migrating vertically twice a day, according to the state of the tide (Ouellet 
and Dodson 1985; Laprise and Dodson 1989). After their metamorphosis,

2.5.2.4
Exotic species

2.5.3
UPPER ESTUARY
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the young fish move to coastal waters to finish their prereproductive growth
(Dutil and Fortin 1983). Other species, such as Atlantic herring, spawn around
Île aux Lièvres, upstream from the mouth of the Saguenay River.

In the Upper Estuary, water quality is generally better than in the Fluvial
Section of the River, with the following exceptions: in the immediate vicinity
of local industrial and domestic outfalls, in some sedimentation areas of the
Montmagny archipelago, and in the silt plug of the Upper Estuary. In this last
location, the pollutants found in particulate matter are stirred up by the tidal
currents, causing moderate contamination of organisms at the bottom of the
food chain, which could in turn expose their predators to bioaccumulation
(Gagnon et al. 1990).

2.5.3.1
Contamination

by toxic substances

Common name Latin name Preferred habitat

Freshwater

American eel Anguilla rostrata BH,OW

Brown bullhead Ictalurus nebulosus BH

Striped bass Morone saxatilis OW

Carp Cyprinus carpio BH,PB,OW

White sucker Catostomus commersoni BH,PB,OW

Saltwater

American shad Alosa sapidissima P

White perch Morone americana P

Capelin Mallotus villosus P

Rainbow smelt Osmerus mordax P

Threespine stickleback Gasterosteus aculeatus PB

Atlantic sturgeon Acipenser oxyrhynchus D

Alewife Alosa pseudoharengus P

Lumpfish Cyclopterus lumpus D

Atlantic herring Clupea harengus P

Greenland shark Somniosus microcephalus P

Sea lamprey Petromyzon marinus P,D

Silver hake Merluccius bilinearis D

Atlantic spiny lumpsucker Eumicrotremus spinosus D

Atlantic tomcod Microgadus tomcod P

Arctic cod Boreogadus saida P

Legend: BH: Benthic habitat; OW: Open water; PB: Plant bed; D: Demersal fish; P: Pelagic fish.

Sources: Based on data from Scott and Crossman, 1974; Scott and Scott, 1988; Ghanimé et al., 1990.

TABLE 2.22
Partial list of fish species found in the Upper Estuary
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Gagnon et al. (1992) studied the incidence of various types of abnormalities in
fish caught in 1991 in the Upper Estuary of the St. Lawrence. Their findings
show that 37% of the fish had opaque eyes and that 23% had parasites. Table
2.23 indicates the rate of occurrence of opaque eyes and abdominal cavity par-
asites in adult fish caught in late summer and fall (August to October) in 1991 in
the intertidal areas of the Upper Estuary of the St. Lawrence.

The incidence of opaque eyes is higher in freshwater fish, especially
Longnose sucker (90.1%), than in estuary fish like tomcod (29.5%) and coastal
marine fish. The rate of occurrence in estuary fish declines considerably in the
direction of flow of the River. In all species and at all sampling sites, the inci-
dence of this type of abnormality rose significantly over the monitoring period.
The phenomenon of opaque eyes develops in late summer and generally pro-
gresses in a downstream direction.

Parasites affect estuary fish the most – 35.5% of Rainbow smelt, for
instance, have parasites – followed by freshwater fish such as Longnose sucker
(24.7%). Coastal marine species rarely have parasites. As with opaque eyes, the
number of individuals with parasites rose substantially over the monitoring
period. The greatest incidence of parasites was recorded in the centre of the
Upper Estuary of the St. Lawrence.

Since most of the species in the Upper Estuary migrate, the local abundance of
each species varies from week to week, as commercial fishermen well know.
With fixed gear adapted to the tides, these fishermen used to make large sea-
sonal landings of American eel, Atlantic sturgeon, Striped bass, American shad,

Bioindicators

Species Opaque eyes Internal parasites*

Longnose sucker 90.1 24.7

Sauger 64.7 13.7

Walleye 66.6 0.0

Lake whitefish 80.0 0.0

Atlantic tomcod 29.5 23.8

Smooth flounder 28.2 14.7

Rainbow smelt 10.3 35.5

Winter flounder 5.0 2.5

Threespine stickleback 0.0 0.0

Grubby 0.0 0.0

*Nematodes and cestodes in the abdominal cavity.

Source: Gagnon et al., 1992.

TABLE 2.23
Percentage of adult fish having opaque eyes or parasites in their abdominal cavities, 

caught in the Upper Estuary of the St. Lawrence in 1991

2.5.3.2
Fishing
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Atlantic tomcod and Rainbow smelt. The Upper Estuary thus supports a varied
but low-volume fishery. It accounted for less than 10% of all landings in 1990,
the main species caught being American eel, with close to 200 tonnes (Fisheries
and Oceans 1991).

The construction of aboiteaus to reclaim marshland for farming was one of the
chief causes of the loss of approximately 1000 ha of natural habitat in this part of
the St. Lawrence (Reed and Moisan 1971; Gauthier et al. 1980). The physical
changes undergone by fish habitat in this section of the River from 1945 to
1988 are summarized in Table 2.24.

In the sea, the composition of fish communities and their abundance depend on
the availability of food in feeding areas, the number of breeding fish, and envi-
ronmental conditions such as temperature and salinity which limit use of some
areas and impose annual migrations on many populations. Breeding can be
affected by weather or oceanographic conditions at the time of spawning, incu-
bation or the larval stage.

The species of fish characteristic of the Lower Estuary and Gulf are listed
in Table 2.25. Included are species inventoried in over half of the eight biogeo-
graphic regions defined by Ghanimé et al. (1990) for this part of the St.
Lawrence. As many as 95 species of fish live in the Lower Estuary and Gulf
(Ghanimé et al. 1990), including 76 saltwater species (Ducharme et al. 1992).
Species such as Atlantic salmon, Atlantic herring, smelt, American eel,
Deepwater redfish, Atlantic cod, Canadian plaice, Witch flounder and Yellowtail

2.5.3.3
Physical changes

to habitat

2.5.4
LOWER ESTUARY

AND GULF

Area affected (ha)

Cap Tourmente Île aux Coudres 
Habitat to Île aux Coudres to Tadoussac

Submerged plant community 6 3

Riparian plant community 242 250

Deep water 943 169

Wet woodland or scrubland 4 –

Muddy foreshore or shore 1 52

Sandy foreshore or shore – 5

Rocky foreshore or shore – 8

Saltwater plant community – 3

Total 1196 90

Source: Bouchard and Millet, 1993, based on data from Gilles Shooner and Associates Inc., 1991b, 1988.

TABLE 2.24
Physical changes to fish habitats, 1945 to 1988: Area affected, by type of habitat,

in the Upper Estuary
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flounder (Limanda ferruginea) use the entire Lower Estuary and Gulf (Ghanimé et
al. 1990).

Other species, however, prefer either the north part or the south part of
the Gulf, which can be divided into two zones according to the species of fish
found there. The north zone is home to some 50 species, the main ones being

Common name Latin name Preferred habitat

Atlantic poacher Leptagonus decagonus D

Black dogfish Centroscyllium fabricii P, D

American shad Alosa sapidissima P

American eel Anguilla rostrata P

Goosefish Lophius americanus D

Capelin Mallotus villosus P

Shorthorn sculpin Myoxocephalus scorpius D

Snowflake hooker Artediellus uncinatus D

Rainbow smelt Osmerus mordax P

Atlantic halibut Hippoglossus hippoglossus D

Greenland halibut Reinhardtius hippoglossoides D

Lumpfish Cyclopterus lumpus D

Deep water sculpin Hemitripterus americanus D

Sea lamprey Petromyson marinus P, D

American sand lance Ammodytes americanus D

Atlantic snailfish Liparis atlanticus D

Atlantic mackerel Scomber scombrus P

Porbeagle Lamna nasus P

Ocean sunfish Mola mola P

Atlantic cod Gadus morhua D

Atlantic hagfish Myxine glutinosa D

Greenland cod Gadus ogac D

Basking shark Cetorhinus maximus P

Atlantic spiny lumpsucker Eumicrotremus spinosus D

Canadian plaice Hippoglossoides platessoides D

Witch flounder Glyptocephalus cynoglossus D

Winter flounder Pseudopleuronectes americanus D

Thorny skate Raja radiata D

Smooth skate Raja senta D

Atlantic salmon Salmo salar P

Deepwater redfish Sebastes mentella D

Atlantic warbonnet Chirolophis ascanii D

Legend: D: Demersal; P: Pelagic.

Sources: Based on data from Scott and Crossman, 1974; Scott and Scott, 1988; Ghanimé et al., 1990.

TABLE 2.25
Partial list of species of fish found in the Lower Estuary and Gulf
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Capelin, Greenland shark, Greenland halibut, Blennies (Lumpenus spp.) and
anadromous Brook charr. The south zone is inhabited by close to 40 species,
particularly Striped bass and White perch. Mackerel and Haddock (Mela-
nogrammus aeglefinus) are found primarily in the centre and eastern part of the
Gulf (Ghanimé et al. 1990).

Pelagic fish that are at the lower levels of the food web, such as American sand
lance, Capelin and Atlantic herring, feed on zooplankton or small invertebrates.
Characteristic of such high productivity areas as the mouth of the Saguenay,
the northeastern part of the Lower Estuary (as far as Pointe-des-Monts, east of
Baie-Comeau), the area north of the Gaspé peninsula and the stretch of water
from Chaleur Bay to the Îles de la Madeleine (Figure 2.36), these pelagic fish
can be very abundant and form dense schools that attract predators – either
fish, birds or marine mammals.

Herring and Capelin swim in schools in the open waters of the Gulf in
search of food. Other pelagic species like mackerel winter at sea and return to
the Gulf in the summer to feed and spawn, forming large schools of several
thousand fish (SLC and Laval University 1992). The areas used by mackerel are
the same as those frequented by herring and Capelin (Figure 2.37).

Very few exchanges between populations seem to occur, even though
the feeding and wintering grounds of many of them overlap. Among Atlantic
herring, in particular, there are many subgroups, some of which spawn in the
spring (around Île aux Lièvres in the Upper Estuary, for instance) and others in
the fall, but they do not mix even though they occupy adjacent areas.

Although our knowledge of biological communities and the fish that are
part of them is still incomplete, it is likely that coastal habitats, especially some
lagoons and sheltered bays, are important environments for aquatic animals.
Beds of several varieties of algae in the intertidal and infralittoral areas, clearly
stratified according to the period of emergence, the penetration of light or their
exposure to waves, are grazed on heavily by benthic organisms, which them-
selves fall prey to birds or saltwater fish. Some coastal habitats are used season-
ally by pelagic fish such as herring or Capelin, which like to spawn there
because of favourable substrate and environmental conditions.

These coastal environments are also used as summer growth habitats or as
migration routes by diadromous populations of American eel, Rainbow smelt,
Atlantic tomcod, Alewife, Brook charr and Atlantic salmon, species which
spend part of their life cycle in freshwater tributaries.

All deep-water marine environments harbour particularly interesting
relict artic fauna species. In this boreal zone, they have found the environmen-
tal conditions conducive to their survival (Drainville 1970).

Pelagic fish
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In the Gulf, Atlantic cod is probably the high-trophic-level demersal species
that has been fished the most, to the point of total stock depletion. It is an
opportunistic species that can feed on a wide variety of organisms (fish, shellfish,
molluscs, worms) at all depths (from 5 m to 600 m), as long as temperature
conditions are right for it (Lear 1984).

Cod is typical of the north Atlantic, living in coastal waters north and
south of the Laurentian Channel, as far as the edge of the continental shelf.
Nonetheless, the highest densities are seen on the coastal plateaus and banks,
where several other species of groundfish, such as Greenland halibut, Atlantic
halibut, Canadian plaice and Witch flounder, are also found (Figure 2.38).

Water temperature affects the distribution and movement of cod and sev-
eral other species of marine fish. Some populations migrate several hundred
kilometres between their spawning, feeding and wintering grounds. For ex-
ample, the Atlantic cod, which spends the summer along the Côte-Nord in
water less than 100 m deep, winters southwest of Newfoundland, in the deep
water of the Laurentian Channel, where the temperature is between 2°C and
4°C. Similarly, the cod of the Gaspé peninsula and the Îles de la Madeleine
leave the Gulf to spend the winter off Cape Breton Island (Lear 1984). Redfish
follows an identical migration pattern, spending the summer in the Gulf of St.
Lawrence and the winter around the Cabot Strait (CAFSAC 1993).

The nature of the substrate and the depth are two other factors that play
an important part in the distribution of groundfish. When the water is less than
100 m deep, some fish like Shorthorn sculpin, Yellowtail flounder and redfish
prefer, respectively, rocky, sandy or muddy bottoms. Cod and Atlantic halibut
are not as strict in their substrate preferences, although they do seem to avoid
hard bottoms. Witch flounder is found only on muddy bottoms, at depths
greater than 200 m (Table 2.26).

N
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Mackerel summer migration routes

Capelin feeding area

Herring spawning grounds

Capelin spawning and
wintering grounds

100  km0

FIGURE 2.37
Herring, Capelin

and mackerel habitats

Sources: SLC and Laval University, 1992, based on data from Roche Associates Ltd., 1984.

Demersal fish
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The vast majority of studies of marine fish concern fisheries manage-
ment. Very little is known about unharvested species in the estuary and Gulf
(Scott and Scott 1988). The information below is based on fish stock estimates.
For some years now, the mortality rates of demersal fish on the Atlantic coast of
Canada, including those of the Gulf, have been very high, and the adult biomass
is now the lowest ever observed (CAFSAC 1993). Since the 1980s, the mortal-
ity of juveniles (smaller than recommended harvesting size) has increased as a
result of ocean climatic conditions, predation, competition, disease or fishing
(discarding of fish). Several year-classes produced during the 1980s were thus
smaller than average. Since 1990, moreover, the temperature of the Gulf has
fallen appreciably (2°C), and this has affected growth (Bugden 1991). The
dwindling cod biomass cannot be attributed entirely to overfishing. Several fac-
tors have likely contributed to the decline: changes in migration patterns, a
reduction in the geographic distribution range, an increase in natural mortality
owing to harsh climatic conditions, poor feeding and increased predation by
seals and other predators (Fisheries and Oceans 1994). In the Gulf, 60% of cod
die each year as a result of fishing or natural causes (CAFSAC 1993). In 1993,
these fisheries were closed off the Newfoundland coast, as 15% of fish caught
were too small. Similar, but less serious problems have been seen in the Gulf: the
spawning biomass has hit a 20-year low (CAFSAC 1993). In this part of the
St. Lawrence, populations of several other fish species have also been assessed:
There are signs of recruitment problems in Haddock, Pollock (Pollachius virens)
and White hake (Urophycis tenuis), and their populations seem to be in trouble;
populations of Canadian plaice and Yellowtail flounder show a certain degree of 

Greenland halibut

Atlantic cod

N

0 100 km

FIGURE 2.38
Distribution of halibut

and cod

Sources: SLC and Laval University, 1992, based on data from Roche Associates Ltd., 1984.
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stability with fairly low numbers; there are large yearly fluctuations in popula-
tions of redfish, Greenland halibut and Atlantic halibut (CAFSAC 1993).

Except for some environments contaminated by industrial waste – chiefly the
Saguenay Fjord and Baie des Anglais, on the north shore of the Lower Estuary
(Bertrand et al. 1988) – fish habitats of the estuary and Gulf are much less con-
taminated by industry than are those of the Fluvial Section of the St. Lawrence.
The body of water’s dilution capacity and current action help reduce the impact
of industrial waste discharged upstream. It is feared, however, that toxic sub-
stances carried to the ocean by rivers and streams or dumped directly into the
sea will accumulate and eventually contaminate these habitats, too. In the case of
cod, De Ladurantaye et al. (1990) showed that from 1987 to 1989, mercury
levels were much higher in the flesh of cod caught in the Saguenay River
(0.64 mg/kg), compared with those caught on the Côte-Nord (0.01 mg/kg) or
in the Gulf (0.01 mg/kg).

In addition to the pollutants originating in the Great Lakes and the
St. Lawrence, there are risks of spills of oil and other toxic substances. These
risks are heightened in the estuary and Gulf because they together form a sort of
inland sea where navigation conditions are difficult, especially during autumn
storms (SLC 1990).

Commercial fishing in the Gulf is intensive and highly diversified. Most of the
fish caught are demersal species, cod being the prime one. In 1990, cod and
redfish accounted for 70% of the total quantity of fish caught, or approximate-
ly 35 000 tonnes. The main species fished in the Lower Estuary and Gulf in
1990 are given in Table 2.27.

2.5.4.1
Contamination

by toxic substances

2.5.4.2
Fishing

Substrate Depth (m)

0- 100-
Species Muddy Sandy Gravelly Rocky 100 200 > 200 Region

Shorthorn sculpin x x Northern gulf

Atlantic halibut x x x x Northern gulf and
Lower Estuary

Greenland halibut x x x Entire Gulf and
Lower Estuary

Yellowtail flounder x x Southeastern gulf

Atlantic cod x x x x Entire Gulf

Canadian plaice x x x x and Lower

Witch flounder x x
Estuary

Winter flounder x x x

Deepwater redfish x x

Sources: Adapted from SLC and Laval University, 1992, based on data from MENVIQ, 1988; Roche Associates Ltd., 1984; Anderson and Gagnon, 1980.

TABLE 2.26
Habitats of demersal fish
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From the early 1500s, the abundance of Atlantic cod on the Grand Banks
and in the Gulf attracted European fishermen, and some of them gradually
settled in villages along the coast. So long as fishing remained a small-scale activ-
ity, landings were relatively stable. During the 20th century, however, the fishery
became industrialized. The use of larger vessels and the development of more
efficient fishing gear and sophisticated fish detection equipment have increased
yields. Fishing has become a competitive business, with each crew seeking to
increase its share of the authorized landings in a given area.

This fierce competition has pushed harvesting beyond the optimum level
that theoretically would allow stable reproduction of new fish and a sustained
yield. For example, landings of the largest stock of Gulf cod were greater than
the total catch recommended by the Canadian Atlantic Fisheries Scientific
Advisory Committee (CAFSAC) between 1977 and 1984 and exceeded
100 000 t from 1982 to 1984 (see Part 3: Socio-Economic Aspects). After 1984,
catches began to decline each year and never reached the quota set, even though
it was constantly revised downward. The age structure of this stock suggests
that its recovery will be a very lengthy process, as the year-classes that will be
recruited to the fishery in the next few years will be weak (CAFSAC 1993).

The migration of some stocks out of the Gulf complicates harvesting
management and sharing of the catch between groups of fishermen. In the case
of salmon, interception of the stock on feeding grounds or migration routes,
from Greenland to Newfoundland, kept river return rates low for some

Commercial fishery

Species Tonne %

Groundfish

Cod 22 284 45

Redfish 12 260 25

Flounder 2 791 5.6

Greenland halibut 2 104 4.3

Other (White hake, Atlantic halibut,wolffish, lumpfish, skate) 402 0.8

Pelagic and estuary fish

Herring 6 267 13

Mackerel 1 971 4

Eel 416 0.8

Capelin 317 0.6

Other (smelt, salmon, walleye, pike, bass) 420 0.9

Total 49 487 100

Source: Based on data from Fisheries and Oceans, 1991b.

TABLE 2.27
Main commercial species caught in 1990 in the Lower Estuary and Gulf
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Information Supplement

THE RETURN OF THE ATLANTIC SALMON

The Atlantic salmon, prized for its flesh and
high market value, as well as its large size and com-
bative nature, has long been at the centre of a tug-of-
war between commercial and sport fishermen.
Competition between these two groups became
increasingly fierce in the 1960s with the sharp decline
in the stock. By 1972, the species’ situation was so
alarming that the Quebec government ordered a halt
to all commercial fishing around the Gaspé peninsula.
The main hypothesis put forward to explain this
decline was excessive commercial harvesting of
Canadian salmon in the icy waters off the west coast of
Greenland. In the early 1970s, the international fleet
operating on the high seas there was removing more
than 2000 tonnes of Atlantic salmon annually, of
which a large proportion originated from Quebec

rivers. In 1982, the commercial fishery was reopened
on a trial basis, but it soon became clear that the
resource was severely depleted. Commercial fishing
was thus banned again, this time indefinitely, and the
ban was extended to the north shore of the Lower
Estuary and part of the Haute-Côte-Nord.

In 1983, all the countries sharing the resource
negotiated an agreement which led to a drastic reduc-
tion in high seas fishing and the establishment of a
modest quota for Greenland, the only country per-
mitted to keep harvesting the species. As well, the
North Atlantic Salmon Conservation Organization
(NASCO) helped to impose a moratorium in the
commercial fishery in Newfoundland and reduce fish-
ing activity in Labrador. In 1992, Quebec began buying
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back all the remaining commercial fishing permits on
the Moyenne-Côte-Nord; that is, between Sept-Îles
and Natashquan.

Prospects for the future are good, however,
especially for anglers, since the Quebec government
has decided to allocate most of the salmon to them.
Even if subsistence fishing, which is limited to Native
peoples, continues to be the primary type of salmon
fishing, it is anglers who will catch the most salmon.
Analyses have suggested that this type of harvesting
injects eight to ten times more money into the region-
al economy than the commercial fishery does.
Moreover, in the sport fishery there is almost no risk
of overharvesting. With more than 115 salmon rivers
and an annual catch of over 20 000 fish on 93 of the
rivers in 1992, the sport fishery generated major eco-
nomic spinoffs for nearby regions. Between 1966 and
1992, the sport fishery in the Gaspé posted the largest
salmon catches on average, compared with the Côte-
Nord and Anticosti Island, where the condition of
salmon stocks remained worrisome. The commercial

catch, which stood at 19 363 fish in 1992, will even-
tually be transferred to the sport fishery, thereby dou-
bling its net potential.

Despite its complex life cycle, the Atlantic
salmon may be one of the easiest species to manage.
Spawners can be counted singly, and the economic
benefits of exploiting the resource are distributed at
the local level, thus encouraging its protection. Our
present knowledge of the species’ needs is satisfactory.
Although it is evident that considerable effort must go
into managing the resource, there is every indication
that the Atlantic salmon will make a strong comeback.

Sources: Based on data from Fisheries and Oceans, 1991; Caron et al., 1993.

20 years. International and interprovincial agreements were required to allow
several populations of this species to recover.

Recently, a working group (Sinclair et al. 1991) has noted the lack of
information on most species and most stocks. Our knowledge of recruitment
and the proportion of catches thrown back into the sea is seldom sufficient to
allow us to assess the condition of the populations.

Some coastal or lagoon habitats have been altered (Table 2.28), often by adding
rock to stabilize sandy shorelines exposed to wave, wind and current action.
On the Îles de la Madeleine, Baie du Havre aux Basques lagoon was cut off
from the sea when a road was built in the late 1950s. Other similar changes
have affected lagoons and bays around the Gaspé peninsula.

A very different type of threat could also affect fish populations in this part of
the St. Lawrence ecosystem. Experimental studies have shown that larval fish
that fed on the alga Alexandrium excavatum died from exposure to the toxins it
releases. Some researchers believe that this phenomenon has had a significant
impact on the stocks of some species of fish, especially since the frequency and
duration of the blooms of this alga have increased over the last two decades
(Gagné 1993).

2.5.4.3
Physical changes to

habitat

2.5.4.4
Toxic algae
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2.5.5
MAIN POINTS

The ichthyofauna of the St. Lawrence consists of some 185 species. They can be
divided into three major groups: freshwater species, marine species, and diadro-
mous species, which are sometimes freshwater, sometimes marine, depending
on the stage of their life cycle. Fish occupy a generally high level in the food
chain. As a result, they are subject to contamination by the toxic substances in
the St. Lawrence, and several species show substantial accumulations in their
tissues (American eel, Northern pike, etc.).

The abundance of a species in a given region of the St. Lawrence often
depends on local environmental factors and the requirements of its life cycle. As
a general rule, fish are fairly sensitive to environmental changes resulting from
human activity; from 1945 to 1988, these changes affected close to 21 000 ha of
fish habitat. Fish share the different habitats according to their biological prefer-
ences, with some spending most of their time on the river bottom and others
living chiefly in open water. Still others are associated primarily with plant com-
munities or the great “forests” of seaweed that in places cover the seabed of the
Lower Estuary and Gulf. Local environmental conditions, such as temperature
and amount of food available, influence the migration of fish populations over
great distances (cod and halibut are two examples). Some species, such as
Atlantic salmon, American shad and American eel, must migrate between fresh
water and salt water as part of their life cycle. The physiology of these fish
changes to adapt to the new environmental conditions they meet in the course
of their migrations in the St. Lawrence and beyond. The presence of these
migratory species in the various biogeographic regions of the River varies with

Area affected (ha)

Tadoussac to Pointe-des-Monts to
Habitat Pointe-des-Monts Havre-Saint-Pierre Îles de la Madeleine

Deep water – 100 170

Wet woodland or scrubland 10 – –

Muddy foreshore or shore 80 300 –

Sandy foreshore or shore 130 400 140

Rocky foreshore or shore 110 1000 –

Estuary 150 400 –

Lagoon sand bar – 100 40

Estuary sand bar – 400 –

Saltwater plant community 80 200 70

Total 560 2900 420

Sources: Bouchard and Millet, 1993, based on data from Gilles Shooner and Associates Inc., 1991b, 1988.

TABLE 2.28
Physical changes to fish habitats, 1945 to 1988: Area affected, by type

of habitat, in the Lower Estuary and Gulf
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the seasons, but when they are present, they constitute a large part of the 
biomass.

Fresh water and salt water account for the largest number of species, with
over 80 each, while brackish water (the Upper Estuary) is home to only about
20 species, generally the most euryhaline of the fauna of the other two regions.
Contamination by toxic substances declines in a downriver direction, though it
generally rises again just downstream of urban and industrial centres. The species
found in the Lower Estuary and Gulf are less contaminated than those in the
Fluvial Section and Fluvial and Upper estuaries. Similarly, the Lower Estuary
and Gulf have been relatively spared the effects of human activity, with 80% of
the fish habitat thus affected being in the freshwater part of the St. Lawrence.

Historically, the St. Lawrence has always supported a high-yield fishery;
species such as eel, American shad, Lake sturgeon, bullhead, Yellow perch, cod,
Pollock and flounder have long been fished. For several years now, however, a
sharp decline in the catches of most of these species has been noted. Some
species such as Lake sturgeon, Atlantic cod and American eel are considered to
be in trouble. In many cases, these declines can be attributed at least in part to
overfishing and the poor state of the environment.



Amphibians and Reptiles

Amphibians and reptiles are second-order consumers, and may be herbivo-
rous or carnivorous. Adult turtles eat insects (larvae and adults), molluscs, cray-
fish, frogs and fish (Bonin 1991a, 1991b). Turtles and snakes frequently compete
with fish for food, but because of their low population densities probably have
little or no effect on the abundance of prey. Adult frogs generally eat insects,
though Bullfrogs can also eat crayfish (Bonin 1991a). In their turn, both
amphibians and reptiles are the prey of a number of upper-level predators, such
as birds (herons and gulls), mammals (Raccoons and Striped skunks) and some
carnivorous fish, including pike. Not enough information is available on the
population densities and biology of amphibians and reptiles in the St. Lawrence
to determine the importance of their ecological role in the river ecosystem.
However, considering that they are a basic component of the diet of many
upper-level carnivores, more knowledge of them, and especially of their capac-
ity to accumulate contaminants, would give us a clearer picture of how the
contaminants migrate toward the upper levels of the food web of the St.
Lawrence ecosystem.

Since amphibians go through a freshwater larval stage that produces adults
with both terrestrial and semiaquatic capabilities, they are closely associated
with wetland habitats, as are most of the reptiles of the St. Lawrence. Our
knowledge of amphibians and reptiles is essentially limited to surveys conducted
in the study area and based on a few reports. They seem to have very specific
habitat requirements (Ghanimé et al. 1990), making them potential environ-
mental indicators, though a few of the species have very extensive distribution
ranges. Seven of the 30 inventoried species have been given priority status under
the St. Lawrence Action Plan (Table 2.29), while the Spiny softshell turtle has
been designated “threatened” by the Committee on the Status of Endangered
Wildlife in Canada since 1991 (COSEWIC 1993).

2.6
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The density of amphibian populations seems to be governed primarily by
human activity. Any loss of wetland is a corresponding loss in their potential
habitat. The results of studies on their contamination by insecticides seem to be
contradictory. Only very low PCB levels and no traces of mirex were found in
the Northern leopard frog population studied by Lévesque and Pomerleau in
1986 (cited in Langlois et al. 1992). The following year, however, Benoît et al.
(1987, in Langlois et al. 1992) observed that pesticide use was one of the factors
causing a decline in the number of salientians in the Lake Saint-Pierre section of
the St. Lawrence.

The reptile species along the St. Lawrence are primarily turtles and
snakes. Most turtles occupy specific areas, whereas snakes have very wide distri-
bution ranges. Reptiles lay their eggs on land, usually close to the water; as a
result, structures designed to control water levels may reduce the density of
these populations by flooding their territory. A number of studies reported by
Bonin (1991a) show that hydraulic structures, changes to the riverbank and
intensive use of the shoreline for recreational purposes can threaten the repro-
ductive capacity and even the survival of such species as the Map turtle.
Controlling the water level could affect the survival of turtles in three ways:
flooding their nests through abnormal variations in water level; reducing the
number of egg-laying sites through diminished wave action and spring flooding,
which allows vegetation to invade the banks; and reducing the amount of dis-
solved oxygen in the water by eliminating rapids (Bonin 1991b). Use of the
shore for recreational purposes can also harm turtles by reducing the number of
accessible egg-laying sites (Bonin 1991b). Islands and other hard-to-reach areas
are thus potential refuges for the species. An increase in the number of predators

Common name Latin name

Amphibians

Pickerel frog Rana palustris

Northern chorus frog Pseudacris t. triseriata

Reptiles

Brown snake Soreria dekayi

Northern water snake Nerodia sipedon

Map turtle Graptemys geographica

Spiny softshell turtle* Apolona spinifera

Blanding’s turtle Emydoidea blandingi

*Threatened species, according to the Committee on the Status of Endangered Wildlife in Canada (COSEWIC).

Sources: Bouchard and Millet, 1993, based on data from the Groupe de travail sur les espèces de faune et de flore prioritaires du couloir Saint-Laurent, 1993.

TABLE 2.29
Amphibian and reptile species given priority status under the St. Lawrence Action Plan
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may also be a cause for concern to the survival of many species. Bonin (1991b)
notes that the adult Spiny softshell turtle has few predators but that its eggs,
and no doubt its young as they leave the nest, often fall prey to such predators as
the Raccoon (Procyon lotor), the Striped skunk (Mephitis mephitis), the American
crow (Corvus brachyrhynchos) and various species of gull. Bonin (1991a) cites
several studies on various species of turtle which demonstrate that the presence
of herbicides, pesticides, heavy metals and PCBs in the water can jeopardize the
species’ survival. For example, a high percentage of deformities and a low hatch-
ing success rate in the Snapping turtle are apparently related to PCB contami-
nation.

This section of the St. Lawrence is home to the greatest number of amphibians
and reptiles (Figure 2.39). All species associated with the River are found in
this area, with the exception of one amphibian, the Dusky salamander (Des-
mognatus fuscus), and two reptiles, the Leatherback turtle (Dermochelys coriacea)
and the Spotted turtle (Clemmys guttata). The Montreal and Lake Saint-Pierre
archipelagos have the greatest diversity of species.

The two amphibian species most characteristic of the freshwater stretch
of the St. Lawrence are the Northern leopard frog and the Mudpuppy (Bider
and Matte 1991). The Northern leopard frog, abundant in wetlands along the
St. Lawrence, is harvested commercially in the Lake Saint-Pierre area at an esti-
mated rate of 85 000 frogs per year (Marcotte 1981; Paquin 1982; Leclair 1985).
The two other species harvested in the area are the Green frog and the Bullfrog,
though only 1500 and 7500 individuals, respectively, are taken annually
(Langlois et al. 1992). The Bullfrog is caught chiefly for personal consumption,
while the two other species are shipped live to various laboratories. Two
amphibians – the Pickerel frog and the Northern chorus frog – have been given
priority status under the St. Lawrence Action Plan. However, preliminary data
indicate that the two species are seldom found along the St. Lawrence (Flageole
1991; Leclerc 1991).

Generally speaking, reptiles are not very abundant in the St. Lawrence.
The species most frequently observed are the Painted turtle and the Snapping
turtle. Three species have been given priority status: the Map turtle, the Spiny
softshell turtle and Blanding’s turtle. The three, all at the northeast limit of their
distribution range, are found near Montreal, along a section of the River heav-
ily exposed to the stresses of urbanization and industrialization. Surveys have
given us a more detailed picture of the situation for the Map turtle (Bonin
1991a) and allowed us to take preliminary measures to protect its habitat. By
contrast, data on the Spiny softshell turtle (Bonin 1991b) and Blanding’s turtle
(Matte 1989) are still fragmentary, and further research is required.

The Common garter snake is seen fairly often on the St. Lawrence flood
plain, where it hunts for frogs. Two species of garter snake have been given

2.6.1 
FLUVIAL SECTION



0 10

N

20 km

Mudpuppy (Necturus maculosus)*
Eastern newt (Notophtalmus viridescens)
Blue-spotted salamander (Ambystoma laterale)
Yellow-spotted salamander (Ambystoma maculatum)
Two-lined salamander (Eurycea bislineata)
Four-toed salamander (Hemidactylium scutatum)
Eastern redback salamander (Plethodon cinereus)
Spring peeper (Hyla crucifer pseudacris)
Tetraploid grey treefrog (Hyla versicolor)
Northern chorus frog (Pseudacris triseriata)
Wood frog (Rana sylvatica)
Northern leopard frog (Rana pipiens)
Pickerel frog (Rana palustris)
Green frog (Rana clamitans)
Mink frog (Rana septentrionalis)
Bullfrog (Rana catesbeiana)

Snapping turtle (Chelydra serpentina)*
Musk turtle (Sternotherus odoratus)
Painted turtle (Chrysemys picta)*
Map turtle (Graptemys geographica)*
Wood turtle (Clemmys insculpta)
Spiny softshell turtle (Apalona spinifera)*
Blanding's turtle (Emydoidea blandingi)
Common garter snake (Thamnophis sirtalis)*
Northern water snake (Nerodia sipedon)
Redbelly snake (Storeria occipitomaculata)
Brown snake (Storeria dekayi)
Smooth green snake (Opheodrys vernalis)
Ringneck snake (Diadophis punctatus)
Milk snake (Lampropeltis triangulum)

1
2
3
4
5
6
7

10
11
12
13
14
15
16
17
18

A
B
C
D
E
G
I
J
K
L
M
N
O
P

Species occasionally seen along the
St. Lawrence, but only in the freshwater section.

AMPHIBIANS REPTILES

*

Montréal

Laval

Lac
Saint-Pierre

Trois-Rivières

3
13
A

14

6
7

14
E
G

10
11
13
16
18
A
C

1
2
3
4
7
P

15

FIGURE 2.39
Distribution of sightings of amphibian and reptile species

in the Fluvial Section

Source: Based on data integrated up to 1992, from MENVIQ, 1992.



priority status because of their rarity: the Northern water snake and the Brown
snake. The Northern water snake is aquatic and intimately associated with the
riparian environment; we need more data on its abundance and population
trends. By contrast, the Brown snake is much more terrestrial. It is found par-
ticularly on Île Perrot, where its habitat is little affected by the St. Lawrence.

The Fluvial Estuary supports fewer amphibian and reptile species than the
Fluvial Section of the River (Figure 2.40). Though it is a freshwater zone, its
banks are colonized by only twelve species of amphibian and seven species of
reptile. Tidal action does limit populations, however.

In this section of the River, which is characterized by a mixture of fresh and salt
water, the decline in species diversity is even more pronounced (Figure 2.41):
only nine species of amphibian and four species of reptile occupy the wetlands
along the River. Among the reptiles, only snakes remain; turtles, so plentiful in
the Fluvial Section, are completely absent here. The composition of the River’s
fauna changes between the Fluvial Estuary and the Upper Estuary, as the Brown
snake and the Northern leopard frog – not found in the Fluvial Estuary – 
reappear. There is one new addition in this stretch: the Dusky salamander.
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2.6.2
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The same species of frog found in the Upper Estuary are also found along the
shores of the Lower Estuary and Gulf. This section differs from the Upper
Estuary in that salamanders (the Eastern redback and the Dusky) and two garter
snakes (the Brown and the Redbelly) disappear, while the Leatherback turtle,
absent from the Upper Estuary, reappears (Figure 2.42). The Leatherback turtle
is the only species that lives in a marine environment; it visits the Gulf occa-
sionally (Bider 1988), and sporadic sightings are reported near the Îles de la
Madeleine and on the Côte-Nord (Figure 2.42). The northern climate seems to
affect the distribution of amphibians and reptiles, which are cold-blooded
organisms. Only the Green frog can be found downstream from Tadoussac, on
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the north bank; according to Figure 2.42, it is seen only at Baie-Comeau. The
Gaspé peninsula, however, is home to five of the seven species found in the
study area (Figure 2.42). Bider (1988) notes that a huge population of Mink
frogs was inventoried on Anticosti Island.

Amphibians and reptiles, two classes of cold-blooded organisms, include a
number of species which reach the northern limit of their distribution range in
Quebec. This no doubt explains why the number of species inventoried along
the banks of the River gradually declines as we move downstream. However, we
do not know very much about the distribution of amphibians and reptiles. It is
not clear whether the observed presence or absence of some species is attribut-
able to a combination of specific environmental conditions, or is simply an
effect of inadequate sampling. The exact role of amphibians and reptiles in the
food chains of the St. Lawrence is virtually unknown, and thus the impact
of their contamination on the upper levels of the food chain has not been
documented.
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There is a tremendous variety of bird life in wetlands, and since the St.
Lawrence is the largest body of water in southern Quebec, it is not surprising
that it is extremely valuable to birds; close to 115 species of birds that frequent
aquatic habitats breed and feed on the River, 38 of them along the Fluvial
Section. The River provides many highly diverse habitats for waterbirds. The
various species of waterfowl along the banks of the St. Lawrence use all the
River’s resources: some, like mergansers and loons, are fish eaters, while others,
like the Northern pintail (Anas acuta) and the Mallard (Anas platyrhynchos), are
insect and seed eaters; the Greater snow goose (Chen caerulescens) and Canada
goose (Branta canadensis), are herbivores. Some species, such as teals and gold-
eneyes, are fairly omnivorous, and several – eiders and scoters, for example – eat
molluscs or crustaceans. Figure 2.43 illustrates the importance of the seasons to
waterfowl along the St. Lawrence; most species visit its banks in only one or two
seasons.

Waterfowl are not the only birds living along the River; there are also
many species of shorebirds, such as rails, plovers, sandpipers and the Common
moorhen (Gallinula chloropus). These birds generally forage for insects and small
molluscs and crustaceans in the littoral zone. Halfway between the shoreline
and open water, herons and bitterns, common in all the bays sheltered from
waves and wind, hunt for small fish and amphibians that pass within their reach.
The Belted kingfisher (Ceryle alcyon) also feeds easily along the entire shoreline.
Since many species of insect lay their eggs in wetlands, a number of insect-eat-
ing birds, such as swallows, martins, flycatchers, wrens and larks, look for them
there. Sparrows are also drawn by the abundance of seeds and insects in the
marshes and wet meadows. The omnivorous Red-winged blackbird (Agelaius
phoeniceus) and Common grackle (Quiscalus quiscula) find a wide 
variety of food in these environments. Very widespread, and expanding in fresh-
water areas, Ring-billed gulls (Larus delawarensis) are omnivores increasingly
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associated with urban settings. Last, the River is also home to raptors with
varied diets: the Osprey (Pandion haliaetus) feeds exclusively on fish, and the
Bald eagle (Haliaeeteus leucocephalus) feeds on fish, ducks, gulls and deer carcasses,
while falcons, kestrels and hawks eat small birds and rodents.

Several species are regular summer residents, present along the St.
Lawrence for some months during the breeding season and often migrating
long distances for the winter. Since their stay lasts several consecutive months
and is on a regular basis, these birds are considered migratory nesters. The
Greater snow goose and several species of diving ducks, however, only stage
briefly along the River in migration.

Adequate population data are only available for very few species along the
St. Lawrence. Even in the case of waterfowl, which have been surveyed aeri-
ally a considerable number of times (Lehoux et al. 1985), the information is
generally too sporadic or too imprecise to reveal clear population trends. Surveys
of the Greater snow goose and some species of colonial waterbirds are con-
ducted regularly, however.

The Greater snow goose is probably the species that dominates and best
symbolizes the bird life of the St. Lawrence, on account of both its abundance
during the spring and fall migrations and its economic importance; it is the
fourth most important game species along the St. Lawrence (Lehoux et al.
1985). The population was approximately 2500 birds at the turn of the century
(CWS and Atlantic Flyway Council 1981). In the late 1960s, recreational hunt-
ing management measures were implemented along with a policy to protect
the species’ habitats on the St. Lawrence. These measures have led to a spectac-
ular recovery of the population since then; in the spring of 1992 and 1993,
over 400 000 Snow geese were counted (Reed 1993) (Figure 2.44). The popu-
lation’s strong growth, which began in the late 1960s, seems to be continuing,
although there have been two periods of relative stability (1974-1983 and 1988-
1991). The Greater snow goose is certainly the bird for which the most accurate
population estimates are available, thanks to aerial photographic surveys. These
counts have probably become less reliable since 1985, however, as the flock is
now larger and more widely scattered throughout the St. Lawrence Valley in
spring, making thorough photographic coverage impossible.

At the same time as the population has been increasing, two other things
have been happening. First, the spring range of the species has been expanding,
initially from the Upper Estuary to the Lower Estuary (Gauthier et al. 1988),
then more recently toward the Lake Saint-Pierre region (Gauthier et al. 1992).
Second, Snow geese have been making increasing use of farmland in spring,
causing major damage locally to forage crops. In fall, they still remain confined
largely to the marshes of the Upper Estuary, probably because of strong hunting
pressure (Bédard et al. 1986; Bédard and Lapointe 1991).

2.7.1 
POPULATION

TRENDS OF MAIN
SPECIES
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The Canada goose (Branta canadensis interior) is another member of the
subfamily Anserinae that also stages in the St. Lawrence Valley during the spring
and fall migration. The best estimates enabling us to determine trends for this
population are those from winter surveys conducted in the U.S. and, in the last
few years, breeding sites in northern Quebec. Although there was a growth
trend during the 1970s, the population stabilized in the 1980s, falling signifi-
cantly in recent years (Bortner et al. 1991). Winter inventories are skewed,
however, by a resident population of Canada geese that seems to be expanding
in the northeastern U.S. (Hestbeck 1991). If resident Canada geese are sub-
tracted from the winter surveys, a steady drop can be seen in Quebec’s breeding
population, and this trend has been confirmed by recent annual censuses. For
example, recent spring counts have shown a decrease in the numbers of Canada
geese on the south shore of Lake Saint-Pierre, along with a considerable increase
in the Greater snow goose population.

In the late 1970s, surveys conducted by the Canadian Wildlife Service
(CWS) determined that the spring population of Canada geese frequenting the
River was 160 000 (Lehoux et al. 1985), with over half of the geese concen-
trated around Lake Saint-Pierre. The total Quebec population of the species was
then calculated to be about 875 000 birds (CWS and MLCP 1986). Given the
nature of the flow of migration and movements of the Canada goose in spring,
it is possible that spring surveys underestimate the total number of spring
migrants in the St. Lawrence Valley. In fall, the number of Canada geese count-
ed is much lower and the birds range more evenly through the Ottawa Valley
and all the way to the Gaspé peninsula (Lehoux et al. 1985).

Note:  Where no bar appears, the data were unavailable.
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Two species of duck on the St. Lawrence are particularly noteworthy:
the American black duck (Anas rubripes) and the Common eider (Somateria mol-
lissima). The abundance of the eastern population of American black duck
dropped over 50% between the 1950s and the mid-1980s, and Quebec popula-
tions were similarly affected. There are probably a number of causes for the
decline, including habitat loss (disappearance of marshes) and conversion to
farmland, competition with the Mallard and overhunting (Ankney et al. 1987;
Conroy et al. 1989). Severe hunting restrictions in effect for the last 10 years or
so may have helped slow this decline. Winter surveys conducted in the U.S.
show that numbers have been relatively stable for several years now (Bortner et
al. 1991), while surveys in northern Quebec during the breeding season show a
downward trend over the last five years (Bordages 1994). There are no data
available on the stability of American black duck populations that breed or stage
along the St. Lawrence, but the small population that overwinters at the mouth
of the Saguenay River appears to have been stable since the 1970s (CWS and
MLCP 1986; Savard 1990).

Increased monitoring in sanctuaries on the Basse-Côte-Nord has helped
curb poaching (egging and spring hunting) of the Common eider, long known
to be the major factor in the stagnation of colonies since the turn of the centu-
ry and the decline since the 1960s and 1970s. In the sanctuaries surveyed, the
number of nests went from 2410 in 1982 to 14 548 in 1993 (Chapdelaine et al.
1994).

The Ring-billed gull is another species that has expanded at lightning
speed throughout the Great Lakes–St. Lawrence system since the 1970s and
1980s (Mousseau 1984). The first breeding pair in southern Quebec was sighted
in 1953 in Montreal; in the early 1980s, there were 43 000 (Mousseau 1984),
then 95 000 by the late 1980s and 125 000 in 1991 (Brousseau 1993). The
colonies are concentrated mainly around Montreal (70% of the total population)
and Quebec City (19%). Human activity – through the creation of artificial
nesting sites (islands made of dredged material) and new sources of food (agri-
culture, urban refuse) – is largely responsible for the proliferation of the species
(Mousseau 1984). Gulls are increasingly being accused of being a public nui-
sance, chiefly flocking in public places and fouling beaches with their drop-
pings. Lévesque et al. (1993) have shown that high concentrations of gulls may
have negative effects on the quality of beaches, but that beach management
measures can mitigate them.

A knowledge of birds leads to a better understanding of the processes that gov-
ern ecosystems, and their presence or movement as colonies or in groups per-
mits verification of populations. Their abundance can also provide information
on environmental stresses, changes in habitat, habitat quality or the functioning
of an ecosystem.

Abundance and diversity
of indicator species
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Birds are often at a high level in the food chain, and therefore can serve
to detect signals from within it. Overfishing of cod populations in the North
Atlantic (including the Gulf of St. Lawrence) – which encouraged an over-
abundance of forage fish, in turn leading to higher productivity in marine birds –
is a good example (Montevecchi 1993). A higher number of seabirds does not,
in this case, indicate an improvement in the environment but rather a state of
disequilibrium brought on by overfishing of one type of fish.

In addition, the mobility of birds enlarges the area of spatial analysis used
to identify the origins of environmental stresses (Fox et al. 1991). The St.
Lawrence Valley and Great Lakes basin are sites used extensively by a large com-
munity of nesting and migratory birds. Migrators are ideal indicators of sources
of contamination or changes to habitat, since any effects are reflected in popu-
lation and productivity changes, or even in the use of sites traditionally visited
during migration. The Greater snow goose, for example, uses the St. Lawrence
Valley in an entirely different way than it did 40 years ago, due to changes in
farming methods: the current success of this bird may be explained in part by
these changes (Gauthier et al. 1992).

On the other hand, knowing that the range of certain species (notably
ducks) depends on the capacity of their habitats to support them (Lehoux et al.
1985) and on changes to those habitats, it is possible to interpret and monitor
the evolution of those ecosystems. Scoters, for example, have been successfully
used to locate herring spawning sites in some parts of the River (Bédard 1995).
It would not be surprising to note changes in the distribution of goldeneyes and
scaup once they have detected colonies of Zebra mussels, on which they feed.

Bird species and populations provide indications of habitat quality and
long-term changes that occur there, since the lifespan of certain species is usu-
ally long (at least among seabirds). In this respect, studies of Northern gannet in
the Gulf of St. Lawrence and particularly on Bonaventure Island, which include
a detailed study of their productivity (hatching and fledgling success) and cont-
amination (Chapdelaine et al. 1987), showed the value of seabirds in tracking
the evolution of environmental stresses which can take years to eliminate. The
abundance of a species, or its movement, gives researchers an indication of
changes in an environment.
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Information Supplement

BLACK DUCKS AND MALLARDS IN
NORTHEASTERN NORTH AMERICA

Winter inventories of waterfowl conducted in
the United States since 1955 show a marked decline in
the number of Black ducks observed in the Atlantic fly-
way, which passes over the St. Lawrence River. Between
1955 and 1988, numbers dropped by 44%, from an aver-
age of 398 117 in the period 1955-1960 to 222 375 in
1981-1988. 

There may be several explanations for the decline
of the Black duck in relation to the Mallard. The Black
duck has lost many habitats to urban development, while
the Mallard seems to adapt more easily to habitats altered
by human intervention. Introduction of the Mallard into
northeastern North America, where the Black duck
dominated, has led to interbreeding between the two
species, resulting in fertile offspring that have the domi-
nant genetic characteristics of the Mallard. 

Has recent colonization of northeastern North
America by Mallards affected present Black duck popula-
tions? Before 1900, Mallards were seldom sighted in
northeastern North America. In the 1920s, the Mallard
started to become more and more common in the
Northeast. The expansion of its range into this region
between 1900 and 1950 was probably a result of human
modification of the environment, which created habitats
suitable for Mallards.

The Black duck and Mallard are genetically sim-
ilar; the Black duck is probably a direct descendent of the
Mallard. The Mallard population in the Northeast was
probably segregated from western populations by re-
peated glaciation during the Pleistocene period. Through
natural selection, this population gradually evolved into
the species now called the Black duck. The duration of
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2.7.1.1
Rare and threatened

species

There are a number of species of threatened and vulnerable birds in Quebec. Of
the 17 species so designated in the wake of a 1989 report (Robert 1989), 14 are
found along the St. Lawrence. This is hardly surprising, since it is the most
highly urbanized and industrialized area in the province, and habitat loss has
been the most serious there. Most species now considered to be threatened or
vulnerable have declined to varying degrees in the past few decades, and 11 of
them were placed on the list of priority species under the St. Lawrence Action
Plan (Table 2.30).

The threatened species are the Loggerhead shrike (Lanius ludovicianus),
Bald eagle, Piping plover (Charadrius melodus), Caspian tern (Sterna caspia) and
Roseate tern (Sterna dougallii) (Robert 1989). In Quebec, the last three species
are found solely along the St. Lawrence. The Piping plover’s breeding habitat,
sandy beaches, is still threatened by human disturbances, despite conservation
measures. The Roseate tern and Piping plover are also threatened across the
rest of the continent. The Caspian tern was fairly abundant at the end of the last
century, but has suffered a great deal from human disturbances, especially
egging. All recent reports of breeding of the Loggerhead shrike, a species that
has been declining for as yet unknown reasons both in Quebec and across
North America (Robert and Laporte 1991), have come from the St. Lawrence
Valley.

So far, efforts to aid the recovery of threatened species have concentrated
mainly on the Piping plover and the Peregrine falcon (Falco peregrinus).
Moreover, although the decline of most species of birds of the St. Lawrence is to
some extent related to human activity, the exact causes are often hard to deter-
mine or to counteract in the short term (for example, pesticides).

The loss of riparian habitat, and particularly wetlands, as a result of
urbanization and the expansion of farming is surely the greatest threat to bird

the separation was not great enough, however, for the
Black duck to evolve into a completely different species
from the Mallard. The two species share similarities in
feeding mechanisms, courtship display patterns and size
and structure; only the habitat occupied differs.

Will the Black duck become extinct as a species
distinct from the Mallard? In areas where the two species
are in contact, there seems to be a strong correlation
between declining numbers of Black ducks, increasing
hybridization between the two species and the increase in
the number of Mallards in eastern North America since
the early 20th century. 

Other factors, including loss of habitat and over-
hunting, may also have played a role in the decline of
the Black duck in northeastern North America. If the
Black duck’s habitat is altered or disappears due to human
modifications of the environment, this species may disap-
pear with it.

Sources: Based on data from Heusmann, 1974; Rusch et al., 1989.
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populations along the River (CWS and MLCP 1986). In some cases, restoration
measures are possible. One of the best examples is found in the islands of the
Fluvial Section. Their isolation and the protection they provide against a 
number of terrestrial predators make the islands ideal nesting sites for many
birds, especially colonial species and waterfowl. Although farming and cottaging
have transformed the plant cover of many islands, thus reducing their appeal to
birds, it may be quite possible to restore several of them (Bélanger 1989). Given
the small surface areas concerned and new restoration techniques (Bélanger et
al. 1989), restoration, or even the creation of new islands, seems to be a promis-
ing form of habitat development for the future.

Recreational hunting accounts for most of the harvest of birds along the
St. Lawrence. In Quebec, over 54 000 hunting permits for migratory birds were
sold in 1990, and approximately 575 000 waterbirds were shot (Legris and
Lévesque 1991). According to Lehoux et al. (1985), 65% of migratory birds
killed in Quebec are taken along the St. Lawrence. The American black duck,
Mallard, Green-winged teal (Anas crecca) and Greater snow goose are, in decreas-
ing order of importance, the most hunted species along the River (Lehoux et al.
1985). The proportions killed vary by region, however. Dabbling ducks and
diving ducks dominate upstream of Quebec City, the Greater snow goose is
the most commonly hunted species in the Upper Estuary, and sea ducks are
the most hunted in the Lower Estuary and Gulf.

Hunting, when well regulated, does not endanger waterfowl populations.
But even though there are no quantitative studies that would make it possible to

2.7.1.2
Harvesting

Common name Latin name

Peregrine falcon*** Falco peregrinus ssp. anatum

Horned grebe Podiceps auritus

Least bittern* Ixobrychus exilis

Red-headed woodpecker Melanerpes erythrocephalus

Loggerhead shrike** Lanius ludovicianus

Piping plover*** Charadrius melodus

Bald eagle Haliaeetus leucocephalus

Yellow rail Coturnicops noveboracensis

Roseate tern** Sterna dougallii

Caspian tern* Sterna caspia

Sedge wren Cistothorus platensis

Committee on the Status of Endangered Wildlife in Canada (COSEWIC) status: *Vulnerable; **Threatened; ***Endangered.

Sources: Bouchard and Millet, 1993, based on data from the Groupe de travail sur les espèces de faune et de flore prioritaires du couloir du Saint-Laurent, 1993 and
COSEWIC, 1993.

TABLE 2.30
List of St. Lawrence Action Plan priority species
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determine with any accuracy the effect of hunting on a waterfowl population,
monitoring of the population and fine-tuning of regulations help strike a
balance.

A review of statistics on migratory birds shot in Quebec gives clues to
population trends. A comparison of the most recent data, which are from 1990
(Legris and Lévesque 1991), with those from the late 1970s (Lehoux et al. 1985)
shows that hunter tolls of Wood duck (Aix sponsa), Mallard and Green-winged
teal have risen, while those of Gadwall (Anas strepera), Common goldeneye
(Bucephala clangula), Greater scaup (Aythya marila) and especially Blue-winged
teal (Anas discors) have fallen. Although interpretation of these statistics can only
be speculative, it nonetheless suggests that particular attention should be paid to
these species and their management.

The Greater snow goose is an unusually interesting case. Although its
populations continue to grow, the hunter kill along the St. Lawrence ranges
from 30 000 to 60 000 birds, depending on the year, such that the proportion of
birds taken from the population is always decreasing (Reed 1990). In order to
achieve a balance between production and the annual kill, daily bag limits for
the species were raised from six to eight in 1992. The highly gregarious behav-
iour of the species severely limits opportunities for hunting, which takes place
mainly on the edges of sanctuaries or staging areas (Bédard 1988).

Poaching and egging are other forms of harvesting the birds along the St.
Lawrence. Poaching is obviously hard to estimate, although it seems to become
more common closer to the Gulf. Spring hunting and egging have often been
cited as major factors in the decline of seabird populations around the Gulf of
St. Lawrence (Chapdelaine and Brousseau 1991). These activities, which take
place during the breeding season, usually have a catastrophic impact on popula-
tions. Increased protective measures and efforts to educate school children
(Blanchard 1984), especially in isolated communities, have helped curb this
trend in the last 10 years, although it has not been eliminated completely.

The gathering of eiderdown is a major commercial activity in eider
colonies of the St. Lawrence Estuary (Reed 1986). Although it may disturb
them, it does not seem to have a negative impact on Common eider popula-
tions when it is done carefully using proven techniques.

A number of toxic substances in the river water are a threat to wildlife, and
birds, because of their place in the food chain, are particularly vulnerable.
Assessment and monitoring of the extent of wildlife contamination is ex-
tremely complex, given interspecies differences in resistance and ability to
counter the toxic effects of chemicals, spatial and temporal variations in the dis-
tribution of contaminants, bioaccumulation and the fact that birds are mobile,
often travelling considerable distances and possibly becoming exposed to a wide

2.7.2
CONTAMINATION
OF POPULATIONS
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range of contaminants in unknown concentrations. This last obstacle can be
overcome by using nestlings, which provide a better picture of local contami-
nation.

Up until now, most toxicological data on birds of the St. Lawrence have
been gathered secondarily in studies of other aspects of the biology of popula-
tions. Studies of contaminants have usually dealt with organochlorine pesticides
(chiefly DDT and its metabolites) and PCBs, because they cause thinning of
eggshells and a drop in the hatching success rate. In the Great Lakes, contami-
nation of waterbirds had reached such high levels by the late 1960s that entire
populations – of Double-crested cormorants (Phalacrocorax auritus), for exam-
ple – had disappeared from huge areas. The survivors had congenital malfor-
mations and their populations, like those of the Black-crowned night-heron
(Nycticorax nycticorax), were severely reduced. The situation never got that seri-
ous on the St. Lawrence. One available study is on the DDT contamination of
Northern gannet eggs on Bonaventure Island (Chapdelaine et al. 1987). In the
1960s, very high levels of DDT were associated with low hatching success and
a drop in the size of the colony, while a decrease in contamination levels during
the 1970s and 1980s, after DDT was banned, was associated with higher hatch-
ing success and growth of the colony (Figure 2.45). A 1979 study of DDT and
PCBs levels in Great blue heron eggs found greater contamination in colonies
on the St. Lawrence than in continental colonies and highlighted an inverse
relationship between eggshell thickness and contamination levels (Laporte
1982). In any case, no negative effect on productivity was measured. In 1978,
Chapdelaine and Laporte (1982) found higher DDT and PCB levels in
Razorbill (Alca torda) eggs in colonies of the Upper Estuary than in those of the
Gulf, but found no relationship between contamination levels and eggshell
thickness or productivity (number of chicks fledged).

DesGranges and Thompson (1990) reviewed the published and unpub-
lished data on the contamination of wildlife species on the St. Lawrence.
Concentrations of organochlorine pesticides, PCBs, mercury and lead ex-
ceeded the standards of the Canadian Food and Drugs Act in several species of
birds, especially fish eaters. Problems with small sample sizes, different goals
among researchers and a lack of repetition of measurements in time or space
complicated the statistical processing of the data and made interpretation diffi-
cult (DesGranges and Thompson 1990). Migration makes it even harder to
interpret the contamination levels observed in birds, because some contami-
nants may be accumulated outside the St. Lawrence watershed, especially in
areas where organochlorine pesticides are still in widespread use.

Braune and Rodrigue (1993) reported that in the 755 specimens of 27
species of ducks and geese sampled in 1988 and 1991, the highest concentra-
tions of PCBs (1 to 18 mg/kg, by wet weight) and DDE (1 to 2 mg/kg) in
muscle were found in diving ducks, especially mergansers and Oldsquaw
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(Clangula hyemalis) in northern Quebec. Preliminary findings from a limited
number of samples indicate that along the St. Lawrence and its tributaries, con-
centrations are generally lower than in northern Quebec (Table 2.31), and sim-
ilar to those found elsewhere in northern and southern Canada. Because the
samples were so small, however, these trends need to be confirmed.

It is therefore hard to generalize about the contamination of birds on the
basis of data at hand. Because of the well-known phenomenon of biomagnifi-
cation up the food chain, species at the top, such as the fish eaters (herons, cor-
morants, loons, etc.) or meat eaters (raptors), are at the greatest risk. In
waterfowl, there is a tendency for species like mergansers, Oldsquaw, scaups,
goldeneyes and scoters, which feed on benthos, to accumulate greater concen-
trations than plant-eating species (Table 2.31). Geese and dabblers such as the
American black duck, Mallard, Gadwall, teals and Wood duck tend to accumu-
late the lowest concentrations in their muscles. What is more, since contami-
nants become increasingly diluted as they move away from the industrial centres
of the Great Lakes and southern Quebec, the risks of contamination to popula-
tions might be expected to decrease farther downstream. Nothing could be 
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further from the truth. Because contaminants are carried downstream by the
River and from southwest to north by winds, and because there are additional
sources of contamination downstream, estuarine populations appear to be the
most highly contaminated (Pearce et al. 1989).

One very particular contamination problem is the lead poisoning of
ducks through ingestion of shot they find at the bottom of marshes. The harm-
ful effects of this type of poisoning have been well documented in the U.S.
(Lemay et al. 1989). A sampling of gizzards of ducks and geese killed by hunters
in 1987 and 1988 showed that the areas of Lake Saint-Pierre, Montreal and
especially the Outaouais exceeded the acceptable limit of 5% of individuals with
at least one lead pellet (Lemay et al. 1989). Scaups, and to a lesser extent, dab-
blers, were the most heavily contaminated. The authors felt that the situation
was so serious that they recommended considering the possibility of banning
lead from cartridges in these areas, as has been done in a number of American
states. In Quebec, there are plans to prohibit cartridges containing lead shot in
national wildlife areas in 1996, and throughout the province in 1997.

Northern Quebec St. Lawrence

Number of Level Number of Level
samples (mg/kg) samples (mg/kg)

PCBs, PCBs, 
Species Hg DDE Hg PCBs DDE Hg DDE Hg PCBs DDE

Mergansers 12 17 0.91 1.27 0.27 9 9 0.86 0.24 0.04

Canada goose 8 15 < 0.05 < 0.01 < 0.01 1 1 < 0.08 < 0.01 < 0.01

American black
duck 4 5 0.20 0.1 0.03 12 15 0.08 0.03 < 0.01

Oldsquaw 5 6 0.17 3.09 0.40 1 2 0.13 0.47 0.10

Mallard 4 4 0.12 0.02 < 0.01 6 6 0.07 0.02 < 0.01

Wood duck 1 1 < 0.05 < 0.01 < 0.01 2 2 0.07 < 0.01 < 0.01

Goldeneyes 1 1 0.42 0.16 0.04 10 6 0.30 0.11 0.02

Scoters 2 6 0.15 0.14 0.03 10 10 0.24 0.19 0.01

Scaups 5 6 0.10 0.21 0.03 12 12 0.14 0.08 0.02

Snow goose 5 10 < 0.05 < 0.01 < 0.01 3 5 < 0.05 < 0.01 < 0.01

Northern pintail,
Gadwall 5 6 0.11 < 0.01 < 0.01 2 4 < 0.07 0.02 < 0.01

Teals 1 2 0.10 < 0.01 < 0.01 2 2 0.17 < 0.01 < 0.01

Source: Braune and Rodrigue, 1993.

TABLE 2.31
Mean levels of mercury, PCBs and DDE in muscles of waterfowl in northern Quebec

and along the St. Lawrence, 1988 and 1991
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DesGranges and Thompson (1990) suggested setting up an ecotoxicological
network of bioindicators consisting of a number of species. These indicator
species would be sampled systematically in time and space to determine the
state of the ecosystem as a whole. A selected species must meet several require-
ments: it must accumulate contaminants and be sedentary, abundant and easy to
capture, and permit detection of significant statistical changes not only in local
contamination sources, but also in the widespread pollution in the receiving
environment (DesGranges and Thompson 1990). This technique has been
widely adopted elsewhere, and is suitable for resident birds like the ardeids
selected as indicator species in the U.S. on the Gulf of Mexico. Some birds may
also serve as global bioindicators, and over the long term teach us about changes
in concentrations of organochlorine compounds in the oceans of the world,
for example. Locally, most adult migratory birds would not make reliable indi-
cators, since they are expected to reflect the state of a system they belong to for
less than half the year. On the other hand, after their spring migration, several
species feed actively as they get ready for breeding. This means that the contents
of eggs could reflect contamination in the adults’ food. The young are more
representative of local contamination and are therefore worth monitoring.

The eggs of the Double-crested cormorant are already being used as a
bioindicator. Since 1972, eggs of this species on Île aux Pommes (in the Lower
Estuary) have been sampled to determine PCB levels (Busby 1993). The find-
ings set out in Figure 2.46 show that after peaking around 1976, levels decreased
steadily, to a point that is no longer considered a threat to the reproduction of
the population. Even 1976 levels did not approach those seen in the eggs of
Great Lakes populations. The downward trend in recent years is corroborated by
the detection of fairly low concentrations of PCBs in the eggs of the same
species gathered on other estuary islands. PCB levels varied between 1.32 and
5.01 mg/kg (mean of 3.39 ± 0.8 mg/kg) on islands of the Upper Estuary, and
between 1.10 and 4.01 mg/kg (mean of 2.37 ± 0.3 mg/kg) on islands of the
Lower Estuary (Rodrigue 1993).

In setting up an ecotoxicological monitoring network, initial tests must
focus on indicator species’ exposure to contaminants such as lead, mercury, cad-
mium and arsenic (metals) and organochlorine pesticides such as PCBs, PCDDs
and PCDFs (organic substances). The Tree swallow (Tachicineta bicolor), a species
that feeds on invertebrates and lives near sources of contamination, would serve
to monitor contaminants in emerging insects. Other species are assessed for
their interest in the monitoring of regional contamination. The Common eider,
a marine mollusc eater, would indirectly provide information about contami-
nation of suspended matter, while several other species that feed on inverte-
brates and fish would allow us to monitor contaminants in nektonic organisms
of varying age, size and diet. These include the Black tern (Chlidonias niger), the
Common tern (Sterna hirundo), the Herring gull (Larus argentatus), the Double-

Contamination of some
indicator species
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crested cormorant (Phalacrocorax auritus), the Black-crowned night-heron
(Nycticorax nycticorax) and the Great blue heron (Ardea herodias), colonial birds
that feed in wetlands or on the River itself. In the case of the Great blue heron,
the Black-crowned night-heron, the Common tern and the Tree swallow 
– migratory semi-aquatic birds – studies focus on hatchlings, which are more
representative of river contamination. 

DesGranges (1992) decided that the Black guillemot was the species that
best meets the criteria listed above (accumulation of contaminants, sedentary,
easy to find). Given its extremely local distribution, however, he suggests using
the Common tern and the Great blue heron as additional bioindicators.

Each of these species gives us some of the information we need, an aspect
of contamination, but none of them provides an overview of the status of bird
life. What is needed is to delve more deeply into the relationships between the
degree of contamination of these species and the environment, spatial and tem-
poral variations and the comparison with control populations in relatively
unpolluted environments. Furthermore, although it is quite legitimate to con-
centrate on fish-eating species, since they are at the top of the food web, it may
be desirable to include a few species that have different diets. For example,
Savard (1990) reported that of four species of ducks that winter at the mouth of
the Saguenay, the Oldsquaw, a species that eats mainly benthic invertebrates,
consistently had the highest levels of contaminants. Rodrigue et al. (1992) tried
an experimental approach that involved releasing domesticated ducks into nat-
ural environments. When they recaptured the birds several days or weeks later,
they could estimate the rate at which the ducks had absorbed various contami-
nants. They found that the birds very quickly accumulated high levels of
organochlorine compounds and PCBs.
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Desgranges et al. (1994) completed a second series of tests on an ecotox-
icological monitoring network, which employed physiological biomarkers
(proteins, enzyme system, vitamins and hormones) to gain information on the
health of living organisms in the River. Their study focused on the Great blue
heron and the Black-crowned night-heron. Some of the biomarkers used indi-
cated exposure to certain contaminants and warned of potential toxicity prob-
lems, including induction of mixed-function oxygenases, metal-binding
proteins, porphyrins, vitamin A and thyroidal hormones. Other biomarkers,
such as inhibition of ALA-D and DNA adducts, may indicate further toxic
stress that could have more long-term effects on organisms.

Other bioindicators and other species should still be evaluated before
arriving at a definitive choice of health indicators for the river ecosystem. Other
indicators, including metabolic profiles of the blood of juveniles, reproduction
and surveys of Great blue heron populations, give an indication of the general
condition of individuals and populations of this representative species, which
reflects the St. Lawrence’s aquatic ecosystems.

Salinity limits the parts of the River that can be used by birds. The same fresh-
water species are found from Cornwall to Quebec City, as well as the 38 species
encountered all along the St. Lawrence (Ghanimé et al. 1990). That is why
birds that use the Fluvial Section and the Fluvial Estuary have been dealt with
together in this section.

Great blue heron colonies are located mostly near feeding sites, in wood-
lands generally inaccessible to humans and ground predators. At the beginning
of the 1990s, end-of-summer populations of Great blue heron in Quebec were
estimated at 25 000 birds (DesGranges 1995). One-third of this population is
linked to the 36 active heronries in the St. Lawrence system (DesGranges and
Desrosiers 1995) (Figure 2.47). These colonies, which vary in size from year to
year, include a few dozen nests, sometimes as many as 50 (there are currently
nine colonies along the St. Lawrence), mostly in the swampy parts of lakes in
the estuary and Gulf. One heronry on Lake Saint-Pierre, with more than 1000
nesting pairs, is the largest known colony of this species on Earth (DesGranges
and Desrosiers 1995). Although 28 of the 64 heronries surveyed to date along
the St. Lawrence have been abandoned, an expansion of the Great blue heron’s
nesting area in the Fluvial Section has been noted, as well as an increase in the
size of colonies, particularly in the freshwater portion of the River (DesGranges
and Desrosiers 1995) (Figure 2.47).

Lake Saint-François, just downstream from Cornwall, is one of the most
important bodies of water in southern Quebec; the abundance of islands,
marshes and submerged plant beds make it an excellent environment for water-
fowl and wading birds (Lehoux et al. 1985). Lake Saint-François is home to
large concentrations of diving ducks in migration (Figure 2.43), chiefly scaups

2.7.3
FLUVIAL SECTION

AND FLUVIAL
ESTUARY
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(Aythya spp.) (Lehoux et al. 1985). Farther downstream, at Lake Saint-Louis,
there are still many good waterfowl habitats, despite encroachments on the
riparian environment: the Îles de la Paix, the Chateauguay common, Saint-Jean
Creek and Île Saint-Bernard.

One of the birds on the St. Lawrence Action Plan list of priority species
is the Least bittern (Ixobrychus exilis). This wading bird breeds only in the St.
Lawrence lowlands and the southwestern Appalachians. It is found in cattail
marshes, but also among bulrushes, common reeds, sedges and other aquatic
plants between Cornwall and Quebec City.

Between Montreal and Lake Saint-Pierre, a string of islands (the
Boucherville, Varennes, Verchères, Contrecoeur and Berthierville archipelagos)
surrounded by submerged plant beds offer great nesting potential for birds, and
particularly ducks, especially the Gadwall and Northern pintail (Bélanger 1989).
Lake Saint-Pierre is the largest freshwater wetland along the St. Lawrence by
surface area (Burton 1991), making it a site of primary importance to birds. It is
a favourite site of waterfowl in migration: over 15 000 dabbling ducks, 50 000
to 70 000 Canada geese and at least 100 000 Greater snow geese are found
there at the height of spring migration (Langlois et al. 1992) (Figure 2.43).
Several species of duck nest around the lake as soon as the water begins to
recede, with the Northern pintail by far the most dominant species (Benoit et
al. 1987). A number of birds that are rare in Quebec also visit this area, notably
eagles, Redhead (Aythya americana) and Yellow rail (Coturnicops noveboracensis).
Lakes Saint-François and Saint-Louis are used by over 10 000 Common mer-
ganser (Mergus merganser) and Common goldeneye during the cold season
(Lehoux et al. 1985).

Generally speaking, the Fluvial Section is home to all the freshwater
species that use the St. Lawrence. It is characterized by species associated with
wetlands such as cattail marshes (Ghanimé et al. 1990). This is the case of the
Pied-billed grebe (Podylimbus podiceps), Wood duck, Redhead, Common
moorhen (Gallinula chloropus), Wilson’s phalarope (Phalaropus tricolor), Black tern
(Chlidonias niger), Sedge wren (Cistothorus platensis) and Marsh wren (Cistothorus
palustris). The Pied-billed grebe, Green heron (Butorides virescens), Wood duck,
Redhead and Black tern are exclusive to these areas. The Fluvial Section forms
the western boundary of the spring migration corridor of the Greater snow
goose and eastern limit of the breeding range of the Least bittern, Common
moorhen and Sedge wren. It is also the eastern boundary of the fall migration
corridor of the Canvasback (Aythya valisineria) in Quebec (Ghanimé et al. 1990).

The Peregrine falcon, a priority species under the St. Lawrence Action
Plan, can now be spotted almost everywhere along the St. Lawrence, from
Cornwall to Baie-Comeau. Its main breeding sites are along the Fluvial Section
of the River, down to Quebec City. Thanks to repopulation efforts, there 
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are now more than 100 breeding pairs in Quebec, several of them in the
St. Lawrence corridor.

The greatest diversity of waterbirds is probably found in the Upper Estuary,
where the considerable tidal range and large amount of sedimentation con-
tribute to the high productivity of the coastal marshes. This is a major concen-
tration area for Greater snow goose (especially at Cap Tourmente in autumn)
and American black duck. The flats of the Upper Estuary are visited by many
shorebirds in fall, and close to half the shorebirds counted on the St. Lawrence
were found here (Maisonneuve et al. 1990). The main sites used are at
Beauport, Montmagny and Baie-Saint-Paul. Although 20 different species were
counted, the Semipalmated sandpiper (Calidris pusilla) was the one most often
observed.

In migration, an abundance of scoters (Melanitta spp.), as well as several
species of shorebird, can also be seen around the islands of the Upper Estuary.
Maisonneuve et al. (1990) reported the presence of over 10 000 Black-bellied
plovers (Pluvialis squatarola) around Îlet Rouge at the mouth of the Saguenay in
fall, which could amount to over one-third of the total population of eastern
North America. Later visits found no plovers at this location, however, so the
concentration seen may have been exceptional (Savard 1994). Large concentra-
tions of Black-legged kittiwakes (Rissa tridactyla) have also been sighted around
Îlet Rouge (Chapdelaine 1994).

This area is home to several colonial species, including five associated
with salt water: the Red-breasted merganser (Mergus serrator), Black-legged kit-
tiwake, Razorbill (Alca torda), Black guillemot (Cepphus grylle) and Common
eider (Somateria mollissima). The deterioration of several island habitats of the
Common eider and an epidemic of a bird parasite (Pasteurella multocida) on Île
Blanche, the second biggest colony of the Upper Estuary, contributed to a drop
in breeding populations in the early 1980s. Recent habitat development, espe-
cially on Île Blanche, may reverse these population trends over the next few
years (Bédard 1993).

The Upper Estuary forms the eastern limit of the breeding range of the
Wilson’s phalarope and of the continuous breeding range of the Gadwall, a
species that is expanding its distribution. It is also the western limit of the range,
during migration or wintering, of the Brant (Branta bernicla) (spring migration),
Barrow’s goldeneye (Bucephala islandica), Oldsquaw, Whimbrel (Numenius phaeo-
pus) and Hudsonian godwit (Limosa haemastica) (fall migration), Purple sand-
piper (Calidris maritima) (in winter) and jaegers (Stercorarius spp.) (fall migration).
As this is a transition zone between fresh water and the open sea, species rich-
ness is particularly great, with both freshwater and saltwater species present
(Ghanimé et al. 1990).

2.7.4
UPPER ESTUARY
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At the far end of the Upper Estuary, several marine species, such as sea
ducks and alcids, become abundant (Lehoux et al. 1985). On the south shore,
Spartina marshes, the largest of which are near Isle Verte, are used for nesting by
several species of birds, mainly the American black duck (especially during chick
rearing) and the Sharp-tailed sparrow (Ammodramus caudacutus) (Gilbert 1981).
The importance of the Isle Verte marsh was acknowledged with the creation of
the Baie-de-l’Isle-Verte National Wildlife Area and its international recognition
as a RAMSAR site. There are also several colonies of waterbirds and seabirds
– gulls (Larus spp.), Razorbills, Black guillemots, herons (Ardea and Nycticorax)
and Common eider – in the nearby islands.

The bird life of this area at the mouth of the Saguenay River is also very
similar to that of other parts of the River with a marked salinity gradient.

Ghanimé et al. (1990) divided seabirds into two distinct groups. The first
includes those that feed on the open water and breed in large coastal or island
colonies, including the shores of Anticosti Island and the Îles de la Madeleine:
the Leach’s storm-petrel (Oceanodroma leucorhoa), Northern gannet (Morus bas-
sanus), Great cormorant (Phalacrocorax carbo), Common murre (Uria aalge),
Thick-billed murre (Uria lomvia), Atlantic puffin (Fratercula arctica) and Black-
legged kittiwake. The second group consists of species that frequent almost
exclusively the pelagic part of the Gulf of St. Lawrence. This bird community
includes pelagic species, such as the Northern fulmar (Fulmarus glacialis), shear-
waters (Puffinus spp.) and the Wilson’s storm-petrel (Oceanites oceanicus), which
are summer visitors mainly from the southern Atlantic, jaegers and the Sabine’s
gull (Xema sabini) during their fall migration (Ghanimé et al. 1990).

Figure 2.48 illustrates the diet of seabirds, by type of species: coastal
(No. 1), pelagic (No. 2) and shore (No. 3).

The north shore of the Gulf is rocky with no marshes. As mentioned ear-
lier, there are several seabird colonies in this area: eiders, alcids, larids, cor-
morants and Leach’s storm-petrels (Chapdelaine and Brousseau 1991). The
Common eider breeds there abundantly, and close to 20 000 pairs were counted
there in the early 1980s, in five main colonies (Chapdelaine et al. 1986). The
Gulf ’s breeding population is dispersed on several islands along the north shore,
from Sept-Îles to Blanc-Sablon (Chapdelaine et al. 1986). The size of this popu-
lation recently jumped: in the Côte-Nord sanctuaries, the number of pairs
went from 2400 in 1982 to 8500 in 1988 (Chapdelaine and Brousseau 1991).

The small American black duck population that winters at the mouth of
the Petites Bergeronnes River seems to have remained stable at about 3000 birds
since the 1970s (CWS and MLCP 1986; Savard 1990).

During the 1980s, most other species of colonial seabirds breeding on the
north shore of the Gulf increased as well, especially the alcids and the Double-

2.7.5
LOWER ESTUARY

AND GULF
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crested cormorant (Chapdelaine and Bédard 1993). These species seem also to
have benefited from improved measures to protect the Common eider against
poaching. The greater abundance of their chief prey, Capelin and sand lance,
caused by declining stocks of predators like cod, also seems to have contributed
to the growth of alcid populations (Chapdelaine and Brousseau 1991).

Double-crested cormorant populations breeding in the islands of the
St. Lawrence Estuary also grew significantly (annual growth rate of up to 11%)
in the 1970s and 1980s, to 14 600 pairs in 1986 (Bédard et al. 1993). The resur-
gence of cormorant colonies on the wooded islands caused serious deterioration
of the plant cover on a number of them, to the point that in 1989 the Ministère
du Loisir, de la Chasse et de la Pêche (MLCP) set up a program to limit the
population of the species in the Upper and Lower estuaries to 10 000 pairs by a
variety of means.

Scoters and Oldsquaw are also abundant on the north shore of the Gulf
during migration (Lehoux et al. 1985). The sole nesting site of the Caspian
tern in Quebec is on Île à la Brume on the Basse-Côte-Nord, where
Chapdelaine and Brousseau (1991) counted only 15 birds in 1988; this number
had dropped to 5 in 1990 and to a single bird in 1992 (Chapdelaine 1993).

There is very little diversity among the birds of the rocky Gaspé coast.
Scoters and Oldsquaw are the most abundant species (Lehoux et al. 1985). On
the east coast of the Gaspé peninsula, there are over 40 000 Oldsquaw in winter
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(Lehoux et al. 1985). To ornithologists, the most interesting site in the region is
undoubtedly Bonaventure Island, home to the largest Northern gannet colony
in North America (numbering more than 24 000 pairs in 1989).

The Îles de la Madeleine in the middle of the Gulf are extremely impor-
tant to shorebirds in fall. The largest flocks of migrating shorebirds in the entire
St. Lawrence system gather in the lagoons of Baie du Havre aux Basques; over
20 000 birds of 17 species have been counted there (Maisonneuve et al. 1990).
The site is especially important to the Semipalmated sandpiper, Short-billed
dowitcher (Limnodromus griseus) and Hudsonian godwit. The centre of the Gulf
is also used by several species of pelagic birds, mainly Procellariiformes (shear-
waters, fulmars and storm-petrels) in summer and jaegers in autumn, but little is
known about the abundance and distribution of these species. There are no
more than 76 Piping plovers left in Quebec, and all of them breed in the Îles de
la Madeleine (Laporte 1993). The Roseate tern is also limited to the Îles de la
Madeleine, and there were only two breeding pairs in 1990 (Fradette 1992).
Although fairly common during its spring and fall migrations, the Horned
grebe only breeds in the Îles de la Madeleine, and there were a mere 15 active
nests in 1990; it is the only site in eastern North America where the species
nests regularly (Fradette 1992). That is why these last three species are on the St.
Lawrence Action Plan’s list of priority species.

Because of the harsh winter conditions (temperature and ice cover, for
example) along the St. Lawrence, the diversity of birds begins to drop dramati-
cally in November. Yet two areas are still very important to waterbirds at this
time of year: the mouth of the Saguenay and the Moyenne-Côte-Nord. Over
30 000 ducks (Oldsquaw, goldeneyes and Bufflehead [Bucephala spp.] and
American black duck) winter at the mouth of the Saguenay (Savard 1990). Very
high tides and strong currents keep the water here free of ice, a condition which
is essential to these winter residents. Nonetheless, the extremely harsh winters
and the small ice-free areas make these duck populations particularly sensitive to
any deterioration in their habitat, and especially to an accidental oil spill. It is
important to note that this area is the wintering ground of almost the entire
small population of Barrow’s goldeneye in eastern North America (Savard
1990). Along the Moyenne-Côte-Nord, over 150 000 Common eider gather
around Anticosti Island and the Mingan islands (Bourget et al. 1986). The
Common eider that winter in the Mingans and around Anticosti Island amount
to about one-third of all the birds of this species overwintering in the eastern
part of the continent (Bourget et al. 1986). The population is composed of two
different races: S. m. dresseri, which breeds in the Gulf (although part of the
population winters farther south) and S. m. borealis, which breeds on the
Labrador coast and in Hudson Strait (Reed et al. 1986). Anticosti Island is also
a refuge for another of the St. Lawrence Action Plan’s priority birds, the Bald
eagle. In fact, most of the recent reports of nesting Bald eagles in Quebec are
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from Anticosti Island (Robert 1989). The spectacular fall migration of over
8000 birds of prey that pass through the Tadoussac dunes is also worth men-
tioning (Savard 1994).

Vast numbers of birds feed and breed on the banks of the St. Lawrence.
Although they are often away for part of the year, they occupy an important
place in the ecosystem, since they are usually at the top of the food chain, espe-
cially raptors and fish eaters. Some populations live along the banks of the River
all year round, but most head farther south for the winter. Some species (scot-
ers, Oldsquaw, Brant and a few diving ducks) only rest and feed along the River
before continuing on their annual migrations.

Depending on their diet and position in the food chain, birds may be
highly vulnerable to contamination by toxic substances. This contamination
may result in low reproductive success. Because they fly such long distances, it is
very difficult to determine the origin of the contaminants to which they are
exposed. Studies of the birds of the St. Lawrence generally show that popula-
tions, although still contaminated, are much less so than they were in the 1960s.
As a general rule, concentrations of contaminants measured in birds along the
River have never reached the levels seen in the birds of the Great Lakes; that is
probably why several populations (Northern gannets, Double-crested cor-
morants) appear to have expanded since the 1980s, when they were most
highly contaminated. Moreover, in birds that use the river banks (Great blue
herons and Razorbills), contamination of upstream populations by DDT and
PCBs is higher than that of downstream populations. What is more, not all
species seem to be affected the same way. In some birds, like the Razorbill,
there is no relationship between the degree of contamination by DDT and
PCBs and the thickness of their eggshells or their productivity, while in others
(Great blue heron), an inverse relationship has been shown between DDT and
PCB concentrations and eggshell thickness, but not productivity.

Birds are also sensitive to the loss of wetland habitats. Many species like to
nest on the islands and shores of the St. Lawrence. The creation of sanctuaries
and the implementation of habitat protection policies have helped several pop-
ulations recover, chiefly those of the Greater snow goose and the Common
eider.

2.7.6
MAIN POINTS



The mammals of the St. Lawrence can be divided into two groups: semi-
aquatic mammals and marine mammals. Our knowledge of the two groups dif-
fers as much as the environments in which they live. While there is no literature
specifically on the semi-aquatic mammals living in or along the St. Lawrence, far
more has been written about the marine mammals of the Lower Estuary and
Gulf. Some aquatic mammals are highly efficient meat and fish eaters, while
others skim the surface of the water to gather large amounts of plankton.
Thanks to their mobility, they are able to alter the energy flow of the ecosystem
appreciably. Because these mammals generally occupy the upper levels of the
food web, they are highly vulnerable to toxic contamination of the water,
wildlife and plant life of the St. Lawrence. Semi-aquatic mammals are either
herbivorous or carnivorous, eating plants, small fish, amphibians, turtle eggs and
young mammals. Some, like the Beaver and Muskrat, transform their physical
environment to suit their needs, often drastically altering the habitat of many
other wetland species.

Because little information is available, these species cannot be discussed accord-
ing to the parts of the River they inhabit. The only information available comes
from studies on stretches of the Fluvial Section.

According to Ghanimé et al. (1990), the distribution ranges of the
American mink (Mustela vison), Muskrat (Ondatra zibethicus) and Otter extend
along the full length of the St. Lawrence. The Beaver (Castor canadensis), on
the other hand, makes too little use of the River to help in defining biogeo-
graphic zones along the Fluvial Section. These species live chiefly in the fresh-
water wetlands of the St. Lawrence, primarily in the greater Montreal area and
Lake Saint-Pierre. Though not part of the aquatic environment in the strictest
sense, they nevertheless depend on it for their food and protection. The group
includes species with very diverse diets. Some are basically carnivorous: mink,
for instance, eat primarily small mammals, but also fish, birds and insects.

Mammals

2.8

2.8.1
SEMI-AQUATIC

MAMMALS
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Others, such as Muskrat, are mainly herbivorous (Mousseau and Beaumont
1981). The Raccoon (Procyon lotor) will eat crayfish, frogs and turtle eggs, bivalve
molluscs or wild fruit. By contrast, many species such as the Striped skunk
(Mephitis mephitis), the Red fox (Vulpes vulpes) and other mammals are active
predators of turtle eggs, so much so that they are held partly responsible for the
decline in Spiny softshell turtle and Map turtle populations (Bonin 1991a,
1991b).

The Muskrat is probably the mammal most characteristic of wetlands
along the St. Lawrence. Blanchette (1987) reports that 55% of Muskrats taken in
Quebec are caught along the River between Cornwall and Lake Saint-Pierre,
the area with the greatest potential for Muskrats in Quebec. Muskrat lodges
made of such plants as Typha spp. and Scirpus spp. are easy to spot, and the animal
can have a very noticeable impact on marsh vegetation (Auclair et al. 1973).
The open areas created by Muskrats in marshes are prime waterfowl habitats.
Muskrat hunting is a major activity around Lake Saint-Pierre. Langlois et al.
(1992) noted that almost 22 000 Muskrat pelts were taken in the 1984-1985 sea-
son. In the 1988-1989 season, 27 000 pelts were reported taken. The Muskrat
population therefore does not appear to be threatened (MLCP 1992). In south-
ern Quebec, the Muskrat breeds two or even three times per year, producing an
average of six young per litter (Parent 1974), a further advantage in its survival.
As a result, this species has a remarkable annual renewal rate of 85%, ensuring a
sustained harvest (Parent 1974).

Muskrats are essentially herbivorous, feeding chiefly on Broad-leaved cat-
tail (Typha latifolia), bulrushes (Scirpus spp.), Reed phalaris (Phalaris arundinacea),
sedge (Carex spp.), Pickerelweed (Pontederia cordata) and Giant bur-reed
(Sparganium eurycarpum). In winter their diet consists mostly of floating and sub-
merged aquatic plants and the submerged portion of emergent plants. If unable
to find sufficient plant food, Muskrats will turn to eating animals, including
fish, amphibians, reptiles and molluscs. Under extreme conditions, they may
even turn to cannibalism (Mousseau and Beaumont 1981). Young Muskrats can
fall prey to numerous other vertebrates, including pike (Esox spp.), Snapping
turtles (Chelydra serpentina), many canids, and some birds of prey, such as the
Great horned owl (Bubo virginianus), the Northern goshawk (Accipiter gentilis)
and the Bald eagle (Haliaeetus leucocephalus) (Mousseau and Beaumont 1981).
Mink is the Muskrat’s main predator, a fact that explains the parallel distribution
ranges of the two species. Mink also occupies a wide diversity of wetland habi-
tats, including streams, rivers, lakes, freshwater and saltwater marshes and coastal
areas virtually everywhere in Canada (Environment Canada et al. 1991). In
fresh waters, the size of the mink population reflects the abundance of perma-
nent wetland habitats with extensive shorelines and emergent vegetation (Envi-
ronment Canada et al. 1991).
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Historically, trapping has been a major activity in the Montreal area.
Traps set for Muskrats can also catch minks, weasels, rats, field mice, skunks,
marmots and Raccoons (Parent 1974). In 1986, studies conducted as part of
Projet Archipel showed that the Montreal archipelago supported diverse and
abundant semi-aquatic fauna despite the area’s urbanization (Table 2.32).

The data in Table 2.32 should be interpreted with caution, however.
First, the trapping is not always constant, and it cannot be assumed that all
animals other than Muskrat are reported. Moreover, trappers who do report
their catches may have used a territory extending beyond the banks of the St.
Lawrence. Nevertheless, these statistics can be regarded as theoretical maxima
for trapping in the Montreal archipelago (André Marsan and Associates 1986).

To our knowledge, only Langlois et al. (1992), in their review of the lit-
erature on Lake Saint-Pierre biological communities, have integrated the biol-
ogy of semi-aquatic mammals into the St. Lawrence ecosystem. On the basis of
several sources, these authors report that at least 23 species of mammal have
been recorded in the Lake Saint-Pierre archipelago. Besides small rodents (voles,
mice, shrews, etc.), bats, Muskrats, Raccoons, Beavers, Fishers (Martes pennanti),
Snowshoe hares (Lepus americanus), Striped skunks and Ermine (Mustela erminea),
among other mammals, are found in these island environments. In addition,
Red foxes, Coyotes (Canis latrans), White-tailed deer (Odocoileus virginianus) and
Moose (Alces alces) are occasionally seen in the wooded and swampy areas of the
islands.

Since these species eat plants and animals of the St. Lawrence, they may
well be affected by the contaminants found therein. We do not know of any
study that has examined the effect of pollutants on semi-aquatic mammal com-
munities of the St. Lawrence. However, research has been done on mink and
Otter populations in the Great Lakes (Environment Canada et al. 1991). Mink

Area Muskrat Mink Beaver Raccoon Otter

Lake des Deux Montagnes 875 10 28 121 1

Lake Saint-Louis 2 729 13 29 74 0

La Prairie basin 2 878 22 41 141 6

Rivière des Mille Îles 2 518 14 97 76 4

Rivière des Prairies 636 4 33 24 1

Island of Montreal 2 690 34 197 146 8

Total 12 325 96 424 582 20

Source: André Marsan and Associates, 1986.

TABLE 2.32
Average number of semi-aquatic mammals recorded in the shoreline municipalities

of the Montreal archipelago between 1980 and 1984
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is regarded as one of the mammals most sensitive (if not the most sensitive) to
PCBs; PCB concentrations of 0.3 to 5 mg/kg in the food of farmed adult mink
can cause breeding problems, while concentrations of 3.6 to 20 mg/kg can kill
them. Paradoxically, populations of Otter, which gets virtually all its food from
the aquatic environment, have not shown any problem that might be related to
the presence of PCBs in the environment, although the PCB and mercury
levels found in Otters in a given region have always been higher than those
found in mink in the same regions; Otters do not seem to be affected by the
contamination (Environment Canada et al. 1991). Wild mink and Otters have,
however, been found dead of mercury poisoning near rivers known for their
high mercury levels (Environment Canada et al. 1991). No studies on the effects
of other contaminants have been found. Because of the River’s capacity for
dilution, contaminant levels are probably lower than they are in the Great Lakes,
but remain high enough to affect these species.

Habitat loss is another major factor that affects the densities of semi-
aquatic mammal populations. The species depend on marsh and swamp habitats
for their survival. As we saw in Section 2.3, a significant amount of these habi-
tats has been lost since 1945. Fortunately, island environments still provide sanc-
tuaries for the animals, no doubt because access to them is more difficult. The
Muskrat population is also very sensitive to changes in water level, since their
burrows or lodges may be left under water.

Twenty species of marine mammals – 14 cetaceans and 6 pinnipeds – are found
in the marine ecosystems of the estuary and Gulf of St. Lawrence (Table 2.33).
Of these species, three are considered priority species under the St. Lawrence
Action Plan: the Harbour seal, the Harbour porpoise and the St. Lawrence bel-
uga. Moreover, COSEWIC classified the beluga as an endangered species in
1983, and the Harbour porpoise a threatened species in 1990 (COSEWIC
1993).

Several species have extensive distribution ranges throughout the region,
notably the Grey seal, the Harbour seal, the Harbour porpoise, the White-sided
dolphin, the Minke whale, the Fin whale and, to a lesser degree, the Humpback
whale and the Blue whale. Distribution of cetaceans depends mainly on avail-
ability of food, but distribution of other marine mammals depends on other
factors, such as water temperature, ice cover and, in the case of pinnipeds,
breeding requirements.

Marine mammals are near the top of the food chain. Odontoceti, or
toothed whales, are carnivores, as are seals. They eat chiefly fish and crustaceans;
some, like the Killer whale, will even attack birds and other marine mammals.
Mysticeti, or baleen whales, eat crustaceans and fish (Figure 2.49).

2.8.2
MARINE MAMMALS
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Latin name Common name Status Summer range

Cetaceans

Odontoceti

1. Delphinapterus leucas St. Lawrence beluga* Resident Upper Estuary

2. Phocoena phocoena Harbour porpoise** Resident Upper Estuary, Lower Estuary
and Gulf

3. Lagenorhynchus acutus Atlantic white-sided dolphin Resident Lower Estuary and Gulf

4. Lagenorhynchus albirostris White-beaked dolphin Occasional Lower Estuary and Gulf

5. Globicephala melaena Long-finned pilot whale Seasonal Central and southern Gulf

6. Orcinus orca Killer whale Seasonal Northeastern Gulf

7. Hyperoodon ampullatus Northern bottlenosed whale Occasional Southeastern Gulf

8. Physeter macrocephallus Sperm whale Occasional Lower Estuary and Gulf

Mysticeti

9. Balaenoptera musculus Blue whale*** Resident Northern Lower Estuary,
northern Gulf

10. Balaenoptera physalus Fin whale*** Resident Lower Estuary and Gulf

11. Balaenoptera borealis Sei whale Possibly present; Eastern Gulf
no recent reports

12. Balaenoptera acutorostrata Minke whale Resident Upper Estuary, Lower
Estuary and Gulf

13. Megaptera novaeangliae Humpback whale*** Seasonal Northern Lower
Estuary and Gulf

14. Balaena glacialis Right whale Possibly present; N/A
no recent reports

Pinnipeds

15. Halichoerus grypus Grey seal Resident Upper Estuary, Lower
Estuary and Gulf

16. Phoca vitulina Harbour seal Resident Upper Estuary, Lower
Estuary and Gulf

17. Phoca groenlandica Harp seal Resident Lower Estuary,
northern and central Gulf

18. Phoca hispida Ringed seal Occasional Northern Gulf

19. Crystophora cristata Hooded seal Seasonal Northern and central Gulf

20. Erignathus barbatus Bearded seal Occasional Northern Gulf

21. Odobenus rosmarus Walrus**** – –

COSEWIC status: *Endangered; **Threatened; ***Vulnerable.
N/A: Not available.
****: Extinct.
–: Not applicable.

Sources: Kingsley, 1995 (Cetaceans); Hammill, 1995 (Pinnipeds); COSEWIC, 1993.

TABLE 2.33
Abundance and distribution of cetaceans and pinnipeds 

living in the St. Lawrence Estuary and Gulf 



Definition:  Cetacean (from the Greek ketos, large fish):  any of an
order of marine mammals having a fish-shaped body with finlike forelimbs
and absent or vestigial hind limbs and that is perfectly adapted to aquatic
life.

CETACEANS

Odontoceti (from the Greek odous, tooth, and ketos, large fish):
whales that feed by seizing prey with their teeth; also called “toothed whales.”

Mysticeti (from the Greek moustax, mustache, and ketos, large fish):
whales that feed by straining small organisms from the water through
their baleen plates; also called “whalebone whales” or “baleen whales.”

Harbour
porpoise*

(Phocoena
phocoena)

1.5

1.5

Fish,
crustaceans

4.5 kg/d

3 - 6

40 - 80 kg

40 - 60 kg

ODONTOCETI

Mean
weight

-

-

Common
name

(species)

Mean
length
(m)

Diet

Mean dive
time
(minutes)

Mean dive
time
(minutes)

3 - 8
(max. 20)

15 - 20
(max. 50)

6 - 8

Mean
weight
(t)

Mean
length
(m)

7 - 8

7 - 8

6 - 8

12

13

20 - 40

20 - 40

Humpback
whale*

(Megaptera
novaeangliae)

Common
name

(species)

Minke whale

(Balaenoptera
acutorostrata )

fish,
crustaceans

fish,
crustaceansDiet

MYSTICETI

24 - 25

24 - 25

80 - 130

80 - 130

Blue whale*

(Balaenoptera
musculus)

small
crustaceans
(krill) 5 t/d

10 - 15

*The Committee on the Status of Endangered Wildlife in Canada
(COSEWIC) has classified the beluga as an endangered
species, the Harbour porpoise a threatened specie, and the
Blue whale, Fin whale and Humpback whale as vulnerable
species.

The beluga is the only species that spends the entire year in the
St. Lawrence. The other species pass through, coming to feed in
the St. Lawrence before undertaking their southern migration.

The Sperm whale is only occasionally seen in the St. Lawrence:
three were sighted in Jacques-Cartier Strait in 1988 and two off
Tadoussac in 1991.  The Killer whale is seldom seen in large
numbers; a family of four is sighted each year along the Basse-
Côte-Nord.

St. Lawrence beluga*

(Delphinapterus
leucas)

3.6 - 4.2

3 - 3.6

fish, crustaceans,
approx. 25 kg/d

10 - 15

~ 640 kg

~ 400 kg

Long-finned pilot
whale

(Globicephala
melaena)

6

4.8

squid and
occasionally fish,

34 kg/d

5 - 10

3.8 t

1.8 t

Killer whale

(Orcinus
orca)

9

7

fish, birds,
marine

mammals,
molluscs

1 - 4

8 t

4 t

Atlantic white-sided
dolphin

(Lagenorhynchus
acutus)

2.4

2.2

squid and fish

not determined

130 - 230 kg

130 - 230 kg

5 - 15

21 - 25

21 - 25

40 - 50

40 - 50

fish,
crustaceans

3 t/d

Fin whale*

(Balaenoptera
physalus)

FIGURE 2.49
Characteristics of cetaceans commonly sighted in the St. Lawrence

Sources: SLC, 1993, based on data from Fontaine, 1988; Fisheries and Oceans, 1988; Environment Canada, 1989.
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Ten to twelve thousand years ago, at least six species of cetacean (including the
Narwhal) and four species of pinniped (including the Bearded seal) used to
inhabit the area now occupied by the Lower Estuary and Gulf of St. Lawrence,
as shown by the discovery of their fossilized remains in the sediment of the
Champlain and Goldthwait seas (Harrington and Occhietti 1988). The distrib-
ution range of these species extended west of Ottawa, into what was then eco-
logically the edge of the Canadian Arctic. Climatic warming and continental
uplift led to changes in the distribution ranges and perhaps also in the abun-
dance of these marine mammals. It was not until much later that excessive com-
mercial harvesting of some species by hunters of European origin, both locally
and throughout the north Atlantic, led to their decline and in some cases 
disappearance.

The Basques, contemporaries of Jacques Cartier, came to hunt belugas
and Right whales on the north shore of the Gulf and estuary, between Labrador
and the mouth of the Saguenay (Turgeon 1991). Three Right whales were
sighted in the Gulf in 1976 and one in 1981 (Lien 1992). A few other species
seem to swim unpredictably upriver towards the estuary on occasion. A
Northern bottlenosed whale was found at La Pocatière in September 1940
(Beaugé 1941). There has been only one other sighting, in the Îles de la
Madeleine in 1987 (Béland et al. 1992). A pod of Long-finned pilot whales, a
species rare in Gaspésie but more common in the Îles de la Madeleine and near
Prince Edward Island, became stranded at Trois-Pistoles before 1950. A few
dozen whales were seen off Les Escoumins in 1985 and Pointe-des-Monts in
1989 (Michaud 1990). The three most common species of seal seem to have
always had large populations, despite the continuous, intense hunting so well
documented in the late 18th century.

At present, no cetacean of the St. Lawrence is harvested commercially,
though pinnipeds are hunted commercially; the Harp seal is the most commer-
cially harvested in all parts of the Gulf (including the western coast of
Newfoundland, the Côte-Nord and the Îles de la Madeleine). From 1989 to
1994, an average of 2600 permits were issued throughout the territory, and an
average of 7600 culled annually (Fisheries and Oceans 1993). Other seals are
hunted, but not on a regular basis (Hooded, Grey, Bearded and Harbour seals).
Although commercial hunts are limited, the hunting of seals is linked directly to
their potential responsibility in the depletion of fish stocks. However, no precise
information is available on the quantity of fish consumed by seals. While it is
assumed that the biomass of prey consumed by cetaceans and pinnipeds is con-
siderable, we do not have sufficiently accurate data about their numbers to esti-
mate their real energy needs. As a result, there is no valid estimate of the degree
of direct competition (for the same prey) and indirect competition (food chain
impact) between marine mammals and the commercial fishery in the St.
Lawrence.

2.8.2.1
State of marine

mammal populations
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Two links between commercial fishing activity and marine mammals
must be noted, however. The first is transmission of the Sealworm (Pseu-
doterranova decipiens), a parasite for which the Grey seal in particular is apparently
a major intermediate host (Templeman 1990). While the parasite poses no dan-
ger to humans, it reduces the market value of the fish it infests. Secondly, the
by-catch of pinnipeds and cetaceans in fishing gear may be a cause for concern
with respect to both marine mammal conservation and fisheries management.
Though the impact of this cause of death has not been estimated for all species
in the territory, a survey of marine mammals found dead on the banks of the St.
Lawrence over the last 10 years or so has revealed that human activity, and par-
ticularly entanglement in fishing gear, is the chief cause of mortality in species
other than the beluga (Béland et al. 1992). These catches have a definite impact
on Harbour porpoises, as hundreds of them are caught in gill nets each year in
the Lower Estuary and Gulf of St. Lawrence.

As in seas throughout the world, the tissues of marine mammals in the
St. Lawrence are contaminated by a wide variety of organic and inorganic toxic
substances (Béland et al. 1992) (Table 2.34). Three organochlorines are among
the contaminants with the highest concentrations in the environment: poly-
chlorinated biphenyls (PCBs), dichlorodiphenyltrichloroethane (DDT and its
derivatives) and mirex (which is unique to the Great Lakes and St. Lawrence
system). Two metals, mercury and lead, are also among the toxic substances
with the highest levels. One property of organochlorines is the ability to pene-
trate fatty tissues in solution. Since marine mammals build up large reserves of
fat, especially in their peripheral tissues, they accumulate large quantities of
organochlorines. As a rule, organochlorine levels are lower in females and
increase with age in adult males. The production of milk with an extremely
high fat content would explain why the tissues of the females examined are less
contaminated than the tissues of the males; the unfortunate corollary of this
difference in the sexes is that females appear to transfer a significant toxic load to
their young. Interspecific differences are significant. In cetaceans there seems to
be an inverse relationship between total organochlorine concentrations and
body size. Diet, time spent in the most contaminated areas of the St. Lawrence
and basic metabolic rate are the factors advanced to explain this relationship
(Béland et al. 1992).

Metals accumulate in the kidneys, liver and muscles, and the total mer-
cury load increases with age in several St. Lawrence species, including the be-
luga. According to Béland et al. (1992), of the 34 belugas analysed from 1988 to
1990, 5 were younger than 10 years old, 13 were from 10 to 20 years old and 16
were over 20 years old. Mercury concentrations in the belugas ranged from
0.07 mg/kg (wet weight) to 97.66 mg/kg. Average mercury concentrations
increased from 0.58 mg/kg for belugas under 10 years old, to 21.64 mg/kg 
for 10- to 20-year-olds and 41.76 mg/kg for those over 20 years old. Low 

2.8.2.2
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concentrations of cadmium found in belugas (between 0.03 and 0.385 mg/kg
(wet weight), do not seem to be cause for alarm. Cadmium concentration
ranges from 0.06 mg/kg (belugas under 10 years old) to 0.11 (10- to 20-year-
olds) and finally, 0.16 mg/kg (belugas over 20 years old).

The St. Lawrence beluga exhibits much greater contamination by
organochlorines and heavy metals than other marine mammals in the River
and the Arctic beluga (Table 2.35). Many contaminants are transferred to the
young through intrauterine transfer and breast milk, and contamination pro-
gresses throughout the life of both sexes. The tissues of St. Lawrence belugas
exhibit lesions and frequently malignant tumours not found in other marine
mammals of the River; the lesions and tumours (glandular intestinal epithe-
lioma, mammary gland epithelioma, salivary gland epithelioma, carcinoma of
the bladder, etc.) are either unique to the St. Lawrence beluga, or are much
more common in the St. Lawrence beluga than in other cetaceans examined in
other parts of the world. The lesions are the most significant causes of death
observed in this unharvested population.

Concentration Concentration
(mg/kg wet weight) (mg/kg wet weight)

n PCB DDT Mirex n Mercury Cadmium

Mysticeti

Blue whale 2 0.6 - 1.3 0.7 - 4.6 0.1

Fin whale 3 0.6 - 2.6 0.7 - 4.6 0.1 2 0.02 - 0.28 0.41

Minke whale 5 0.6 - 10.2 0.7 - 4.6 9 0.02 - 5.82 0.58

Odontoceti

Northern bottlenosed whale 1 1.13 0.07

Beluga 9 14.5 - 89.2 3.95 - 123 0.19 - 2.66 35 0.38 - 210.71 < 0.001 - 0.4

White-beaked dolphin 4 8.3 - 35.7 6.5 - 21.5 0.2

Long-finned pilot whale 2 19.1 - 29.4 5.9 - 24.7 4.0 2 2.84 - 5.07 0.66 - 1.66

Harbour porpoise 9 5.1 - 53.6 2.0 - 30.6 0.5 9 0.82 - 6.38 1.13

Pinnipeds

Harbour seal 11 5.1 - 58.7 1.7 - 30.6 3.2 10 0.47 - 6.72 0.02 - 5.41

Harp seal 3 1.3 - 3.8 0.7 - 6.8 0.2 1 9.24 2.10

Grey seal 5 0.7 - 58.1 0.9 - 25.5 0.6 5 0.34 - 77.2 0.02 - 0.21

Note: PCBs, DDT and mirex were taken from the animals’ fat; metals were taken from their liver. Organochlorine samples were taken from pinnipeds between 1983 and
1989, and from other groups between 1983 and 1990, with the exception of belugas, which were examined between 1986 and 1987. Metal concentrations were assessed
in the mammals from 1983 to 1990, except in the case of belugas, for which tests ran from 1981 to 1987.

Sources: Adapted from Béland et al., 1992; Muir et al., 1990; Wegemann et al. 1990.

TABLE 2.34
Contaminants in some marine mammals of the St. Lawrence



Biological Aspects: Mammals192

Overall, contaminants levels in St. Lawrence marine mammals are com-
parable with or lower than those found in coastal marine mammals elsewhere in
the world. Only the Harbour seal, Beluga whale and Harbour porpoise have
contamination levels high enough to raise questions about possible effects on
their survival or breeding capacity. Autopsies performed by Béland et al. (1992)
on St. Lawrence marine mammals other than the beluga reveal the same causes
of death as elsewhere in the world. Direct human impact (injury as a result of
shooting or collision) and entanglement in fishing gear account for half of all
cases. Most lesions seen are bacterial infections.

The beluga could serve as an indicator species, by virtue of both its geo-
graphic position – straddling the Atlantic and the St. Lawrence and its tribu-
taries – and its position at the top of the food web. In a way, its varied diet
(Banfield 1975) constitutes a qualitative synthesis of a broad range of local and
migratory marine resources. In the Upper Estuary and Lower Estuary, principal
contaminants are transported by pelagic rather than benthic organisms (Dalcourt
et al. 1992); eels from the Great Lakes appear to act as an important vector in
the process. Béland et al. (1992) report that the consumption of eels migrating
from Lake Ontario, for just a short period each year, could account for all of the
mirex in the St. Lawrence beluga population. (mirex has not been used much in
Canada; its main source is chemical-synthesis plants in New York State.) The
drop in mirex and PCB levels in eels from Lake Ontario since 1982 thus repre-
sents a reduced risk of contamination for the beluga (Hodson et al. 1992), espe-
cially since no mass eel deaths have been reported for some time, though the

Concentration (mg/kg wet weight)

Canadian Arctic St. Lawrence

Number of individuals 74 9

PCBs 0.31 - 6.73 14.5 - 89.2

DDT 0.18 - 9.73 3.95 - 123

Mirex ND - 0.06 0.19 - 2.66

Number of individuals 94 35

Mercury 0.01 - 48.56 0.38 - 210.71

Cadmium 0.008 - 25.88 < 0.001 - 0.400

Lead < 0.0003 - 0.31 0.001 - 0.57

Selenium 0.25 - 23.32 0.73 - 81.91

Note: Organochlorine values measured between 1986 and 1987, and heavy metal values measured between 1981 and 1987 (converted into wet weight values using a dry
weight/wet weight conversion factor of 3.748).

Sources: Adapted from Béland et al., 1992; Muir et al., 1990; Wagemann et al., 1990.

TABLE 2.35
Contaminant concentrations in the St. Lawrence beluga and the Canadian Arctic beluga
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number of juvenile eels going through the Cornwall eel ladder has also
declined. A true indicator would provide a more rapid response, however;
because of its long life span, the beluga needs a considerable time lag before it
reflects the condition of its environment. Another drawback is that it cannot
conveniently be sampled at regular intervals in order to assess the state of the
environment.

The condition of the beluga has inspired major efforts to restore the
health of the St. Lawrence. The species is now protected by strict regulations in
the summer. However, its fate is linked to issues that extend well beyond the
area it inhabits. The beluga has become a worldwide symbol of the conservation
of wildlife populations and their environment.

By definition, marine mammals do not inhabit the freshwater parts of the St.
Lawrence, though individuals which appear to have become lost are sometimes
sighted there in the summer. Over the last 10 years, for instance, Harbour seals
have been seen as far upstream as the Port of Montreal; Minke whales are regu-
larly sighted in the Fluvial Section, as far upstream as Verchères. Two Fin whales
became stranded on Île aux Grues (Béland et al. 1992) and another at Cap
Tourmente (Béland et al. 1987). However, these species are specific to the salt-
water section of the River.

According to Ghanimé et al. (1990), two species of marine mammal – the bel-
uga and the Long-finned pilot whale – inhabit the Upper Estuary of the St.
Lawrence, upstream from the mouth of the Saguenay. Two other species – the
Minke whale and the Harbour porpoise – can also be found near the mouth of
the Saguenay. The Harbour porpoise eats Pollock and mackerel and generally
lives in pods of 10 to 15, but can sometimes be seen in groups of as many as 200
individuals (Bouchard and Millet 1993). Belugas and Harbour porpoises have
been classified as endangered and threatened species respectively by the
COSEWIC; they are also on the St. Lawrence Action Plan list of priority species.

During the summer months, belugas prefer the Lower Estuary (Figure
2.50) and especially the Upper Estuary, which they share with Harbour seals,
Grey seals and Harp seals. In the winter, the beluga population disperses down-
stream as far as an area demarcated approximately by a line connecting the
Mingan Islands, Anticosti and Gaspé Point. The Harbour seal is found as far
upstream as Île aux Coudres; it frequents coastal areas and will sometimes swim
up some rivers and streams. Harbour seals live in small isolated herds. Our lack
of knowledge about this species is one of the reasons it has been given priority
status.

The beluga was probably hunted by Native people from the time they
first arrived on the banks of the St. Lawrence, as evidenced by specimens found
at archaeological sites at Île Verte (Tremblay 1992) and Grandes-Bergeronnes
(Tassé 1992). At Grandes-Bergeronnes, beluga remains bear witness to hunting
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activities that took place five thousand years ago. French settlers later hunted
the beluga regularly for its oil and skin. The harvesting became excessive in the
early part of this century; from 1932 to 1937, the Quebec government paid
bounties to hunters to kill 1826 belugas (Vladykov 1944). This number is four
times the size of the current population, now estimated at 450 to 500 individu-
als. To support that harvesting rate, the population must have been somewhere
between 5000 (Reeves and Mitchell 1984) and 10 000 (Béland et al. 1988) bel-
ugas at the end of the 19th century. The population now appears to be stable; all
the aerial surveys conducted between 1973 and 1992 to determine distribution
have estimated the number of belugas to be approximately 500 (Michaud 1990;
Kingsley and Hammill 1991; Kingsley, 1994).

At the same time, the beluga’s distribution range has shrunk. Historically,
belugas have been sighted occasionally as far upstream as Trois-Rivières
(Relations des Jésuites 1662-1663), and regularly as far as Quebec City (from
the 17th century [Heriot 1813] to the 1930s [Vladykov 1944]). They were seen
frequently as far downstream as the Mingan islands and farther east (at least
from the 19th century until 1925-1930 [Dupont 1980]). In summer, the popu-
lation is now concentrated in the St. Lawrence Estuary, between Rivière-
Portneuf and Rimouski downstream and the Loups Marins flats upstream, with
incursions into the Saguenay as far as Saint-Fulgence. A few belugas are occa-
sionally sighted beyond these limits: some have been seen in Northumberland
Strait, near Cape Breton Island, and carcasses have been found at Kegaska
(Basse-Côte-Nord), Chandler (southeast coast of the Gaspé peninsula) and on
Prince Edward Island. The contraction of their distribution range is probably
the result of a decline in numbers rather than a loss of so many habitats over
such a vast territory.

St. Lawrence belugas appear to exhibit fewer differences at certain well-
determined genetic sites than Arctic belugas (Helbig et al. 1989); however, there
is no sign of any potentially harmful consanguinity.

The literature of the 16th to 20th centuries contains many references to sight-
ings of marine mammals that are no longer, or only very rarely, found in the
Lower Estuary and Gulf. For example, two Narwhals were seen off the eastern
tip of Anticosti Island between 1896 and 1902 (Schmitt 1904); since then, there
has been only one unconfirmed sighting, in 1989 (Michaud 1990). At the turn
of the century, Killer whales were regularly reported at the mouths of the rivers
along the Côte-Nord (Schmitt 1904), and five were found stranded at
Montmagny in 1918 (Dupont 1980); in more recent times, only two pods have
been reported: 4 whales in the Mingan islands and 11 in the northeastern Gulf
(Wenzell and Sears 1988). The small population of Bearded seals in
Newfoundland and southern Labrador has now disappeared (Ray et al. 1982).
The Walrus, which so astonished Jacques Cartier in 1534, was hunted from the
very beginnings of the colony in Gaspésie (on Bonaventure Island) in 1591

2.8.2.5
Lower Estuary and Gulf 
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(Le Bulletin des recherches historiques 1930), in Chaleur Bay in the 17th and
18th centuries (Cooney 1832) and in the Îles de la Madeleine from the 16th
century (Hubert 1926) until it was exterminated in the second half of the 19th
century. This species is still found in the eastern Canadian Arctic and sometimes
strays as far as the Gulf of St. Lawrence.

The northern part of the Gulf and Lower Estuary is a highly productive
environment owing to seasonal change and the upwelling of deep water as a
result of gyres, channel topography and wind patterns (see Part 1: Physico-
Chemical Aspects). Rorquals find concentrations of euphausiids, shrimp and
young fish (sand lances, Capelin and mackerel) in this environment. Blue whales
inhabit Jacques-Cartier Strait, and over 200 different individuals were sighted
between 1983 and 1988. Dolphins and pinnipeds of the St. Lawrence are essen-
tially fish eaters, and most likely depend on a small number of groundfish,
including cod, as well as herring and Capelin. Capelin is almost the only prey
found in the stomachs of Harp seals hunted in winter in the Gulf and Lower
Estuary (Murie and Lavigne 1991). Some species, like the beluga and Grey seal,
are mainly opportunists (Vladykov 1944, 1946). The rarity of some prey in the
Gulf and Lower Estuary would explain why species with specialized diets, such
as the Sperm whale, pilot whale and Northern bottlenosed, are seldom seen.
(The Sperm whale found beached in the Îles de la Madeleine had nothing but
squid in its stomach).

The size of some populations in the Gulf is well known. There are approxi-
mately 400 000 Harp seals, 6000 Hooded seals and 61 000 Grey seals (Hammill
1995).

Although several species of seal are dispersed throughout the Gulf, and
most can occasionally be spotted virtually anywhere in the Gulf, some major
areas are occupied primarily by certain associations of species. According to
Ghanimé et al. (1990), the Harbour seal and the Grey seal are typical of the
island areas and reefs along the north shore of the estuary and Gulf; there is
also a principal Harp seal whelping area in the eastern part of the Gulf
(Ghanimé et al. 1990).

In winter, three species of seal use ice floes for whelping. The Grey seal
whelps between late December and mid-February in the eastern and southern
parts of Northumberland Strait (Amet Island), in St. George’s Bay (Nova Scotia)
or at Corps-Mort (Îles de la Madeleine). The Harp seal whelps between the
third week of February and mid-March, in two main areas: a section of the
Gulf about 70 km northwest of Cap-aux-Meules (Îles de la Madeleine), and
west and east of Harrington Harbour. Hooded seals are born in the latter half of
March, between Prince Edward Island, Cape Breton Island and the Îles de la
Madeleine.

Pinnipeds
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In early spring, Harp seals and Hooded seals leave the Gulf for the North
Atlantic, although a number of them, mostly Harp seals, remain dispersed
throughout the northern Gulf and Lower Estuary.

A large Grey seal population remains in the Gulf and Lower Estuary year-
round. Some exchanges take place with Atlantic populations, however, espe-
cially that of Sable Island, off Nova Scotia: several biologists have found tags
from Sable Island seal pups on islands of the Upper Estuary. The species is par-
ticularly visible on some ledges where seals haul themselves out of the water,
especially on the eastern tip of Anticosti Island and Île aux Perroquets (Mingan
Islands), at Forillon (Gaspé peninsula), Kouchibougouac (New Brunswick) and
Grande-Entrée (Îles de la Madeleine), as well as in the Lower Estuary (Île du
Bic) and Upper Estuary (Île Blanche and Île aux Fraises).

The northeastern Atlantic Grey seal population, to which the St.
Lawrence population belongs, is thought to be expanding, as are Harp seal
populations (Hammill 1995). There are no data available to help determine
population trends in the Harbour seal. Subpopulations could be threatened
wherever the habitat has been drastically altered over the last 50 years; competi-
tion from the Grey seal may also play a role.

The Harbour seal is a year-round resident of the Gulf, Lower Estuary
and downstream part of the Upper Estuary, areas where it breeds solitarily in
May. Small herds of 20 to 25 seals are easily spotted at several places, including
the eastern tip of Île aux Lièvres, Île Blanche, Île du Bic, the Métis reefs,
Forillon Park, Grande-Entrée (Îles de la Madeleine) and many beaches around
Anticosti Island.

Between April and May, and when ice forms in November or December, the
area between the Strait of Belle Isle and the mouth of the Saguenay is a pre-
ferred habitat of Blue, Fin, Minke and Humpback whales (Mysticeti) and of
dolphin herds containing mostly White-sided dolphins. Herds of Harbour por-
poises are also seen, but appear to be just passing through. The few confirmed
sightings of Killer whales, Sperm whales and Right whales have also been made
here, as well as unconfirmed sightings of Narwhals (Lower Estuary) and Walrus
(Basse-Côte-Nord).

In summer, the southern Gulf, which includes the shallower areas of the
Îles de la Madeleine and Prince Edward Island shelves, is inhabited by a variety
of Mysticeti and both large and small herds of Long-finned pilot whales, White-
sided dolphins and Harbour porpoises. This is the only part of the Gulf where
mass strandings, involving pilot whales, White-sided dolphins and, more rarely,
Sperm whales, are reported. A Northern bottlenosed whale was also reported to
have beached there. Sixteen Sperm whales were reportedly found beached on
the Basse-Côte-Nord in 1975-1976 (Sears 1993).

Cetaceans
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Little has been written about the composition of herds of marine mam-
mals in the deeper waters of the eastern part of the Laurentian Channel and
Cabot Strait, but it is possible that more specifically Atlantic species – such as the
Northern bottlenosed whale, Sowerby’s beaked whale and the Sei whale
(Balaenoptera borealis), sighted off Newfoundland and Nova Scotia – are more
frequent there than is generally thought. The same is true of the Sperm whale,
five of which were found stranded between 1982 and 1985, but which are vir-
tually absent from sighting reports for the same period. This leads Béland et al.
(1987) to believe that there is a population of Sperm whales in the Gulf of St.
Lawrence larger than the small number of sightings would indicate.

Little effort has been made to determine the size of cetacean populations
in the St. Lawrence, except in the case of the beluga.

Although the nomenclature of mammals that inhabit the St. Lawrence and its
shores is fairly well known, neither the distribution nor the ecology of well-
defined populations along its banks has been documented. Some semi-aquatic
mammals (such as Beavers and Muskrats) can actually transform their physical
environment to suit their needs, and may also be ecologically significant, since
they are often efficient predators of fish and of bird, amphibian and reptile eggs
(e.g. skunks, minks and Raccoons), or efficient herbivores (e.g. Muskrats). Very
little is known about the species’ distribution, and the same can be said of their
contribution to the food web. They are known to be susceptible to some con-
tamination, though findings from the Great Lakes show that the degree of sen-
sitivity to contamination by toxic substances varies from species to species.
Semi-aquatic mammals are also fairly vulnerable to water level fluctuations
caused by human activity.

Although over 20 marine mammal species (14 cetaceans and six pin-
nipeds) are present in the St. Lawrence, only the sizes of certain populations are
known, notably Harp seals, Hooded seals and belugas. Too little is known about
marine mammals’ population size, nutritional needs and preferred prey to deter-
mine their place in the energy cycle of the ecosystem with any accuracy. Some
of the species at the top of the food chain are also efficient plankton eaters and
powerful predators that eat not only fish and crustaceans, but birds and other
mammals. Autopsies of marine mammal carcasses found on the banks of the St.
Lawrence have shown that most of the animals, though found far from major
sources of toxic contamination, were affected by toxins. However, Harp seal
populations do not appear threatened and may even be growing (Hammill
1995), while belugas, though designated endangered, appear stable. In fact, since
1973, the number of beluga calves accompanying their mothers has shown signs
of growth (Kingsley and Hammill 1991), which may signal a slight improvement
in their situation. In any case, decreases in toxic substance concentrations in the

2.8.3
MAIN POINTS
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waters of the Great Lakes and the River are only reflected over many years in
these long-lived populations.

Precise information on the actual situation of other marine mammals
(notably cetaceans) is not available. However, their distribution is linked to the
availability of food, as well as other important factors. Ice flows in the Gulf, for
example, have a major impact on some pinnipeds such as the Harp seal, Hooded
seal and Grey seal, serving as whelping sites and refuges from predators. Water
temperature, habitat changes caused by humans, intra- and inter-species com-
petition and contamination by toxic substances must be accounted for when
considering the survival of marine mammals.



The St. Lawrence ecosystem is immense, and any attempt to provide an
overall picture of the river must necessarily leave out many details. We have
nonetheless tried to bring together on one map some of the key biological
characteristics identified in this part of the report (Figure 2.51). Observations
show that differences between the four major sections of the St. Lawrence
ecosystem are so great that each section must be dealt with separately. A small
number of powerful physico-chemical factors govern the distribution of organ-
isms and communities: tide, salinity, suspended solids and stability of the water
column are the major ones. But that is not all. Abrupt changes in the distribu-
tion and interaction of these factors mark natural boundaries between each of
the four sections. From several standpoints, the St. Lawrence is actually four
rivers in one.

Only a brief summary of the main features of the biological communities
could be presented on the map in Figure 2.51. Another feature, which could
not be illustrated on the map, should be mentioned: there is enormous biolog-
ical diversity in the living communities upstream (the river corridor, with a
mixture of lotic and lentic environments) and downstream (marine environ-
ment). In the two intermediate sections of the River – the Fluvial Estuary and
Upper Estuary – biodiversity declines because of adverse physical conditions,
including tide, steep salinity gradient, high turbidity, and various combinations
of the three. This decline (estimated in absolute number of species or using
standard indicators) is evident in virtually all the groups studied, but particular-
ly in bacteria, vascular plants of the littoral zone, zooplankton, benthic inverte-
brates and fish.

A summary of the biological resources of the St. Lawrence shows that
researcher interest in these resources is uneven. The current level of knowledge
is indicated in Table 2.36 by means of a numerical scale.

2.9

Integration and Conclusions

2.9.1
SYNTHESIS OF 

THE BIOLOGICAL
CHARACTERISTICS
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These assessments are subjective, and comparisons should not be drawn
between them. The technical literature on the benthos of the lakes around the
Montreal islands or on the marine mammals of the St. Lawrence is considerable,
but much of it is simply descriptive. The literature on the benthic organisms of
the Lower Estuary, by contrast, is often very specialized and encompasses very
thorough, detailed studies of dynamic problems, such as population or the fac-
tors governing the distribution of shoreline forms. Within a given group, ultra-
specialized studies may exist on some biological aspects, while nothing at all
may have been published on other aspects. This is the case for fish: we know a
great deal about the degree of contamination by various toxic substances, but
very little about mortality factors and recruitment mechanisms. Still, these
assessments of the availability of information do allow us to make a number of
observations: we have virtually no knowledge of the bacteria, the reptiles and
amphibians or the semi-aquatic mammals of the River as a whole, the benthos
of the Upper Estuary, the algae of the Fluvial and Upper Estuary, or the phyto-
plankton of the Fluvial Estuary. The groups about which we know most are
marine mammals, fish, birds and vascular plants, since a large number of bio-
logical studies have been conducted on them.

Part 4 of this report provides details on the method used to select environmen-
tal characteristics for assessing the River’s state of health. The information sup-
plement entitled, “Method of integrating environmental information” presents
the key elements. Three of the fourteen characteristics selected (see information
supplement entitled, “Characteristics selected to assess the health of the St.
Lawrence River”) focus on the biological aspects of the St. Lawrence: biodi-
versity, natural environments and protected species, and the condition of

Group Fluvial Fluvial Upper Estuary Lower Estuary
Section Estuary and Saguenay and Gulf

Bacteria 2 2 3 3

Phytoplankton 3 3 2 1

Algae 2 3 3 2

Vascular plants 1 1 2 2

Zooplankton 2 2 3 1

Benthos 1 2 3 2

Fish 1 1 2 1

Reptiles, amphibians 3 3 3 3

Birds 2 2 1 1

Mammals N/A N/A 1 2

LEGEND: 1. The information published on this group of organisms, though incomplete, is sufficient to provide an overview of the state of the populations; 2. Information is
available, but covers only one aspect of the group’s biology or only a small number of stations; 3. Information is nonexistent or out of date; N/A: not applicable.

TABLE 2.36
Summary of the state of knowledge of the various biological resources 

of the St. Lawrence, by river section

2.9.2
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CHARACTERISTICS
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DETERMINE 
THE STATE OF THE

ST. LAWRENCE



FIGURE 2.51
Fundamental biological features of the St. Lawrence
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biological resources as reflected in their abundance and degree of contamina-
tion. The main reasons for the selection of these characteristics are outlined
below.
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Information Supplement

METHOD OF INTEGRATING
ENVIRONMENTAL INFORMATION

The method used to synthesize physico-
chemical, biological and socio-economic knowl-
edge is the systemic approach, a way of
understanding and organizing knowledge that
highlights the structures, functions, processes,
evolution and organization of a system. First, a
deliberate effort was made 1) to identify all char-
acteristics of the St. Lawrence River system that
are important for diagnosing its health, and 2) to
identify the network of influences among the
characteristics. The Delphi method and an ana-
lytical tool – impact matrices – were thus used to
improve our understanding of how the system
works.

The systemic approach was applied to
knowledge of the St. Lawrence in three stages.
First, a multidisciplinary team of scientists worked
together to draft the first three parts of this report,
which synthesize physico-chemical, biological
and socio-economic knowledge of the St.
Lawrence River. Each of the three parts was then
reviewed by a scientist (or integrator) assigned to
integrate the knowledge and draw conclusions.

In the second stage, the team of three inte-
grators used the Delphi method to select the key
characteristics and identify the network of influ-
ences among them. The results were then validat-
ed with other members of the scientific
community. Not only is selecting the most rele-
vant characteristics no easy matter, but the num-
ber of characteristics used must be limited so that
a concrete and realistic diagnosis can be made. For
this purpose, four selection criteria were used:

1) The characteristic had to evolve in time
and space; it could not be a constant.

2) The characteristic had to be significant for
the River as a whole.  

3) The characteristic had to have a direct
impact on the fluvial ecosystem.  

4) The availability of historic data favoured
but did not exclude the selection of one
characteristic over another one. 

Once the characteristics were selected, a
matrix of known direct influences among the
characteristics was developed for each section of
the River and for the St. Lawrence as a whole to
better understand how the river system works.
Part 4 of this report gives further information on
this subject.



Biodiversity is a pivotal and fascinating aspect of any living community.
Intuitively, a high value for any one of the parameters used to measure biodi-
versity would seem to indicate an ecosystem that is in a good state of health,
while a lower value would seem to indicate a deterioration of biological inter-
actions within the ecosystem. Unfortunately, the relationship between biodi-
versity and ecosystem health is not as simple as it might appear. Biologists do not
agree on the concept of biodiversity itself, nor on the methods that can be used
to assess it. However, they do agree unanimously on its importance as an aspect
of living communities (Magurran 1988).

The concept of biodiversity embraces a number of quite different
notions. However, when the Rio Convention was signed in June 1992, many
countries, including Canada, agreed on four parameters for its assessment:

a) Genetic variety and variability: Variety of the genetic components found
in representatives of a species. A diversified genetic capital provides
greater potential for adaptation and better resistance to environmental
stress.
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Information Supplement

CHARACTERISTICS SELECTED TO EVALUATE THE HEALTH OF THE ST. LAWRENCE
RIVER

TYPE CHARACTERISTIC

Physico-chemical Sediment quality
St. Lawrence water quality
Tributary water quality

Socio-economic Shipping
Modification of the floor and of hydrodynamics
Shoreline modifications
Urban wastewater discharges
Industrial wastewater discharges
Commercial fishing 
Sport hunting and fishing
Accessibility of the banks and River

Biological Biodiversity
Natural environments and protected species
Condition of biological resources

2.9.2.1
Biodiversity



b) Species variety and variability: Variety of organisms found at a specific
location.

c) Ecosystem variety and variability: Variety of integrated associations of
animate and inanimate resources functioning within a defined physical
environment, such as a major river.

d) Ecosystem process and function variety and variability: Variety of such aspects
as chemical cycles, waste degradation, nitrogen fixing and pollination.

The concept of biodiversity thus has several distinct facets, each of which
is interesting in its own right. The ones most appropriate for describing the
state of the ecosystem must be specified. For instance, the absolute number of
animal or plant species can diminish within a given community, and there is a
vast array of measurements for determining such a decline. But the diversity of
a given community cannot be quantified simply by measuring the number of
species it comprises: the relative abundance of the species is just as revealing.

The invasion of a community by one or more exotic species introduced
accidentally or deliberately also has an indisputable impact on biodiversity.  Such
contamination may be difficult to detect using traditional indicators. If the struc-
ture of the community is not disturbed, the ecological effects of a not particu-
larly aggressive invasion may even be impossible to detect.

An imbalance in the proportion of species, in relation to their position in
the food web, could also constitute a major change in biodiversity that would
require special measurement methods. Later (in Part 4 of this report), we will
come back to the choice of parameters and measurement methods, but for the
moment we will discuss the ecosystem locations and components which, in
our view, best lend themselves to biodiversity monitoring.

All the biological communities of the St. Lawrence are influenced by
exotic organisms. Whether introduced deliberately (e.g. the Common carp and
Brown trout) or accidentally (e.g. the Zebra mussels introduced into the Great
Lakes from ships’ ballast water), some of the organisms have grown at a tremen-
dous rate. Others have made a more unobtrusive, yet perhaps as insidious, inva-
sion. As we have seen, benthic invertebrate communities in the river corridor
are dominated by exotic species. By pushing aside native species, they have dras-
tically altered the food webs and competition relationships that had structured all
living communities in the St. Lawrence over thousands of years. The epibenth-
ic communities found on unconsolidated beds and on hard beds seem to be
most suitable for assessing the consequences of these invasions. The structure of
aquatic riparian plant communities is also modified by invading exotic species.
Some, such as loosestrife, are so aggressive that their proliferation threatens the
survival of existing plant communities.
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Natural communities also appear to become less diverse and less abundant
with the cumulative effects of all the stresses on the environment. Among the
organisms present, fish appear to be highly sensitive to dredging, shipping and
the loss of shoreline habitat to encroachment (Marquis et al. 1991). Monitoring
of changes in various parameters within these populations thus helps to provide
a complementary view of changes in biodiversity. 

A number of animal and plant species are so contaminated that some sci-
entists question whether they can survive: the Beluga whale and certain
American eel stocks are two examples. In 1993, no fewer than 246 species of
vascular plant, 3 species of mammal, 11 species of bird, 5 species of reptile,
2 species of amphibian and 11 species of fish were given priority status under
the St. Lawrence Action Plan. Some of these species were also given a desig-
nated status by the Committee on the Status of Endangered Wildlife in Canada
(COSEWIC). Annual trends in the number of vulnerable priority species, par-
ticularly among vascular plants, have been increasing steadily (Figure 2.52). This
type of information may be used to pinpoint problems that have an impact on
species diversity within communities.

In conclusion, we must broaden our knowledge of biodiversity in order
to be able to evaluate the health of the St. Lawrence River more effectively. By
maintaining biodiversity, we will help to sustain the biological resources and
uses of the River for both present and future generations. Since the biodiversity
of communities has many facets, we will provide more precise recommendations
about those we believe should be monitored regularly in Part 4 of this report.
The quality of available data was important in the selection of these facets.

Some of the environmental problems of the St. Lawrence may be attributed to
the loss of biological resources. The protection of natural environments and
species consists essentially of taking measures to help re-establish a biological
resource that is chronically or temporarily in a state of imbalance. Generally
speaking, such measures seek to curb the stresses on those resources and their
environment. They sometimes take the form of legislation respecting the
resource itself (e.g. the establishment of quotas, bans on harvesting, or establish-
ment of harvesting seasons) or its habitat (e.g. prohibition on building or
restricted access). One of the most effective ways to protect a threatened bio-
logical resource is to create protected areas. The areas are shielded from the
direct impact of human activity, and this gives biological resources a chance to
recover. The Canadian and Quebec governments own some 3000 km2 of pro-
tected land along the St. Lawrence, over half of which consists of islands (Figure
2.53). However, the assignment of a legal status to a habitat, an environment, a
stretch of shoreline or some other ecological unit does not instantly eliminate
the threats to the area in question and to its flora and fauna. While the creation
of a park may well protect against harassment, overharvesting and encroach-
ment on the habitat of some species, as well as increase public awareness, it is
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FIGURE 2.52
Annual change in number of species of fauna and flora with COSEWIC-designated status
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FIGURE 2.53
Protected natural shoreline environments, from Montreal to Blanc-Sablon
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FIGURE 2.53 (cont`d)
Protected natural shoreline environments, from Montreal to Blanc-Sablon
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not a panacea for all the difficulties facing the resident species. Problems of con-
tamination caused by various external sources must be addressed through com-
plementary measures.

Governments (and in some cases non-government organizations) can
assign a wide range of statuses to a territory. There are significant differences
between the definitions of a provincial wildlife preserve, a national wildlife area,
a provincial park, an ecological reserve and a national park (marine or other-
wise). Simple summation of the surface area of protected land would not pro-
vide an accurate reflection of the degree of protection given to biological
resources. The total land area must be weighted by such factors as the level of
protection provided, the rarity or interest of the resource to be protected, and
the extent of intervention permitted under applicable administrative measures.
This issue will be addressed in Part 4.

Still, the protection status assigned to resources does to some degree
reflect the probability of their survival and provides an assessment of the gener-
al state of the ecosystem. This biological characteristic is thus in a class by itself.
Instead of sometimes being a stress and sometimes an effect, in a recognized
range of interactions with other characteristics, the degree of protection afford-
ed to resources provides an indication of the importance society attaches to
their continued health.

In all the earth’s ecosystems, the populations of all animal and plant species are
constantly changing, with or without human intervention. Nonetheless, the
population dynamics (recruitment vigour, optimization of reproductive effort,
etc.) of a given species can be a useful indicator of environment quality. In
marine communities, for instance, the decline of the Atlantic cod should favour
the survival of forage fish species, which in turn should favour the survival of
birds that feed on them. Clearly, the population dynamics of a single species can
hardly be interpreted as an accurate measurement of the condition of the
ecosystem as a whole. However, weaknesses observed simultaneously in several
species in a given community are revealing signs, which must be taken serious-
ly. The decline in the stocks of virtually all reptiles along the main course of the
River suggests a common factor is at work. The inexorable decline of many
species of fish also suggests the existence of one or more common causes. In
itself, the phenomenon says a great deal about the condition of the St.
Lawrence.

In many cases, the abundance of organisms is closely related to their state
of health. It has been observed that a drop in the size of individual specimens
and an increase in their contamination by toxic substances often accompany a
decline in numbers. It would thus be impossible to track changes in the ecosys-
tem by focusing solely on abundance or resource quality.
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The assessment of fish stocks remains a difficult problem. In most cases,
stocks are estimated indirectly on the basis of the relationship between fishing
effort and yield, to which a recruitment estimate is added. When effort and
yield measurements are precise, this technique is satisfactory. For the commercial
fishery, however, measurements are obtained from the fishermen themselves;
they are thus subject to criteria other than scientific rigour, making it difficult to
compare results. Only by adjusting harvesting levels as a function of stocks and
recruitment, independent of the fishermen, can we hope to estimate the harvest
in a more systematic manner. In fresh water, some species, such as Yellow perch
and bullhead, have a strong resistance to harvesting; some scientists believe these
species cannot be overfished. By contrast, species such as Lake sturgeon and
Atlantic sturgeon are highly susceptible to overfishing, which they are current-
ly being subjected to in the St. Lawrence. Without some knowledge of recruit-
ment, it is very difficult to evaluate the stocks of these species and regulate
catches in the medium and long term.

Aquatic birds constitute another key group of easily surveyed organisms.
The Northern gannet of the Gulf (Bonaventure Island) and several aquatic
species (Great blue heron, Black guillemot) of the Upper Estuary seem to be
reacting to two changes in environmental conditions: (a) a decline in the levels
of toxic substances in most of their prey, and (b) a resurgence in the abundance
of forage fish. However, these birds are not associated exclusively with St.
Lawrence ecosystems, and furthermore abandon the River totally for a signifi-
cant part of the year. Nonetheless, the results of regular surveys of these thriving
species, if correctly interpreted, would enable us to produce a more compre-
hensive profile of the abundance of biological resources in the fluvial and estu-
arine environment. Since many birds are at the top of the food chain, they can
yield useful information on environmental stresses, alterations in the environ-
ment and habitat quality and even the functioning of a given ecosystem.

Contaminants that build up in tissues, such as organochlorines, pene-
trate into the food web along a fairly complex path: water and sediment, ben-
thic algae or aquatic plants, unicellular algae, suspended solids, benthic and
planktonic invertebrates, juvenile fish, adult fish, birds and/or mammals. It is
therefore essential that levels of contamination in various St. Lawrence species
be evaluated in order to arrive at a clearer picture of the River’s health.

The most unpleasant side of the River’s environmental deterioration is
manifested in an increased incidence of malformations and tumours in some of
its inhabitants. Belugas show such symptoms of continuous environmental stress,
and their precarious condition, both in terms of numbers and health, has prob-
ably contributed more than any other factor to awakening public opinion to the
problems of the St. Lawrence. The number, variety and prevalence of tumours
(approximately half of those detected are malignant) reflect the poor quality of
the water and food webs on which the beluga depends. Half of all the tumours
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described in marine mammals for which autopsy results have been published
were found in St. Lawrence belugas (Béland et al., 1992). The beluga, which
can live over 30 years, is a very effective integrator of the toxic contamination
history of the St. Lawrence basin; however, its chronic exposure to a wide range
of toxic substances (including PAHs and many organochlorines such as PCBs,
mirex, DDT and its residues) makes any etiology impossible. The beluga’s long
life span and the impossibility of taking regular samples in all strata of its popu-
lation seriously limit its usefulness as an environmental indicator.

Malformations are seldom reported among aquatic birds occupying the
same geographic region during the summer, even in colonies where regular
observations are made by experts. Assays of the various contaminants suspected
of causing immunological problems in the beluga are also regularly conducted in
several species of fish-eating bird. This points up the value of studying such
bird species as a means of assessing the general state of health of the St.
Lawrence.

From the water or sediment that supports them, aquatic plants can extract small
amounts of toxic metals and immobilize them in their tissues. When the plants
die, these elements are carried downstream in the detritus or remain in the sed-
iment when their root tissue decomposes. In the course of dredging, which is
essential to allow the passage of ships, large amounts of solid matter is dumped
into the water, often radically altering the spawning grounds of certain fish.
Wastewater discharge by towns and cities has an impact on the uses shoreline
residents can make of water downstream from the outfall. There can be no
doubt that all the characteristics chosen to assess the health of the St. Lawrence
are interdependent to a great extent. Thus, a given characteristic may sometimes
be considered a stressor, and sometimes a stressed, or affected, unit. Below we
will examine these interactions for the three biological characteristics; biodiver-
sity, natural environments and protected species and the condition of resources.

The biological characteristics selected have little impact on the other character-
istics of the St. Lawrence, with a few exceptions. Natural environments and
protected species affect biodiversity, since the choice of a site may be guided by
biodiversity considerations related to that location (low or high biodiversity, or
biodiversity representative of a given stretch of the River). This characteristic
can also have a considerable influence on either improving or decreasing access
to the River. While the creation of an ecological reserve restricts access, a recre-
ational park has the opposite effect. This characteristic also has an impact on the
condition of biological resources because the protection granted helps to main-
tain habitats and the species living in them by reducing the pressure exerted on
them. Finally, this characteristic has an influence on sport hunting and fishing.

As one might expect, the condition of biological resources can have a
very strong impact on commercial fishing, and to a lesser extent, on sport fishing
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and hunting. This link is obvious if you think about the collapse of the
American eel fishery in the late 1970s, when mirex contamination levels in this
species made it unfit for export. Still, it is not known for sure whether, in the
present context, the condition (that is, the abundance and degree of contami-
nation) of biological resources has an influence on biodiversity. This is plausible,
however, since species like the American eel may have suffered drastic popula-
tion declines as a result of physiological reactions induced by certain contami-
nants; the disappearance of American eels has altered the composition and
diversity of fish communities. Revealing, albeit not surprising, interactions are
noted when one examines the condition and abundance of resources and har-
vesting by sport fishermen and hunters. The level of chemical substances in the
tissue of sport fish like Walleye and perch strongly influence their consumption. 

As for biodiversity, it has a direct influence on the condition of resources,
particularly in the Fluvial Section and the Fluvial Estuary. For example, the
appearance or disappearance of a species could either modify the food chain or
an interspecific relationship.

This type of assessment also shows that biological characteristics exert
little or moderate stress when compared with physico-chemical or socio-
economic characteristics.

For the River as a whole, the condition of biological resources, that is their
abundance and degree of contamination, is the biological characteristic that is
influenced to the greatest extent. With the exception of urban wastewater dis-
charges and accessibility of the banks and River, all the other characteristics of
the St. Lawrence system have an impact on the condition of biological
resources.

Since each section of the River was analysed separately to determine the
number and intensity of influences among the characteristics, it is possible to
compare the condition of any one sector directly to an other. Generally speak-
ing, for the selected biological characteristics, the two upstream stretches of the
River are much more affected than the downstream sectors, and strong interac-
tions are observed primarily in the upstream sections. 

Lastly, it should be noted that the condition of biological resources is
both influential and influenced. As such it is considered a “hybrid” charac-
teristic, and is of special interest for use in monitoring the St. Lawrence
environment.

In Part 4 of this report, all the characteristics of the St. Lawrence and the
influence they exert on one another are described in more detail.

The assessment of the health of the St. Lawrence River, established with
reference to biological characteristics, among others, is presented in Volume 2 of
this report, The State of the St. Lawrence.
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Since the settlement of North America by Natives, the St. Lawrence River
has played, and continues to play, a major role in the social and economic lives
of the peoples living along its banks. It has been variously a route opening up
the continent to settlers and traders, and a purveyor of raw materials, food and
energy. While the St. Lawrence has been a leading contributor to the rise in the
local standard of living over the past 150 years, it has in turn been substantially
altered by the urbanization and industrialization brought by social and economic
development.

To be sure, the St. Lawrence, while considered one of the world’s major
rivers, does not have the most populated banks, or the most polluted water
(Figure 3.1). For example, in 1982, the Yangtze river basin in China was home
to some 340 million people and 160 000 factories, receiving 12.7 billion cubic
metres of domestic and industrial waste daily, of which 83% was untreated.
Metropolitan Montreal, the main urban area on the St. Lawrence with just over
3 million inhabitants, is nowhere near the size of London (6.8 million) on the
Thames, Paris (8.7 million) on the Seine, Cairo (8.5 million) on the Nile, or
Buenos Aires (9.9 million) on the Rio de la Plata. The St. Lawrence may not be
the most disturbed of these great rivers, but it is subjected to substantial stresses
nonetheless.

Since the stresses arising from the socio-economic activities characteristic
of the St. Lawrence can affect the general state of the River, it is essential to take
the socio-economic aspects into consideration in order to derive a comprehen-
sive profile of the St. Lawrence. Moreover, by monitoring some of these char-
acteristics, we can describe changes over time in relation to the collective use
that is made of this heritage resource.

This part therefore reviews the socio-economic characteristics of the
St. Lawrence River so that this information can be incorporated into the 
overall body of knowledge and a diagnosis made of the state of the River. At the

Introduction
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St. Lawrence: One of the
most important commercial
waterways in the world. In
1988, 19 000 vessels sailed
the River, carrying 111 million
tonnes of merchandise, 21%
of which was classified as
dangerous goods.

Fraser: One of the
world's greatest
salmon rivers.
Between 1981 and
1986, an average of
15.6 million salmon
from five different
species were
caught commer-
cially each year.

Mississippi:The
Mississippi basin
drains 41% of U.S.
territory. It drains the
extensive Midwest
farmlands, where
75% of corn and 60%
of soya crops in the
U.S. are grown.

Amazon:
The 300 000 km2

floodplain (varzeas) is
flooded for 6 to 7 months
each year and is the most
fertile region in the
Amazon basin. The
estuary discharges
6300 km3/year of fresh
water into the Atlantic, or
20% of all fresh water in
the biosphere.

Rhine:  In 1986,
91% of municipal
and industrial
wastewater released
into the Rhine was
treated, compared
with 77% in 1980.

Paraná:  In 1988,
more than 60 hydro-
electric generating
stations were
operating on the
Paraná. The Itaipu
power station, the
world's largest, is
180 m high and has
a capacity of
12 600 MW.

Nile:  In 1989, the population of the Nile basin
was about 108 million.  The Nile delta
(23 000 km2) was home to 96% of the
population of Egypt. This represents 50 million
inhabitants, or 2174 per km2. In the year 2000,
the population of Egypt is expected to reach
70 million.

Ganges:  In 1984,
62% of the Ganges
basin was cultivated
and seven million
hectares of farmland
were irrigated by
18 major canals.
Some 1.15 million
tonnes of chemical
fertilizer and
2600 tonnes of
pesticides were used
for agriculture alone.

Volga:  The Volga basin
produces almost one-
half of total landings
from the inland waters
of the former USSR, and
some 85% of the world's
sturgeon catch.

Danube:  One of Europe’s most important waterways, of which 2588 km
are navigable.  In 1985, 20 Danube ports posted cargo traffic of more
than one million tonnes. The Danube flows through eight countries.
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Other major riverside cities:

Hamburg, Germany (Elbe):  pop. 1 617 800

Kinshasa, Zaire (Zaire):  pop. 2 444 000

London, England (Thames):  pop. 6 755 000
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  1.   Budapest
  2.   Buenos Aires
  3.   Cologne
  4.   Gorky
  5.   Kanpur
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10.   Vancouver
11.   Wuhan
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St. Lawrence

Yangtze:  In 1982, the
population of the basin was
340 million (35% of the
population of China),
160 000 industrial plants were
established in the basin in
50 major cities, 12.7 billion m3

of industrial and domestic
effluent was released into the
river, and 83% of industrial
effluent was untreated.

FIGURE 3.1
The St. Lawrence compared with other major rivers

Source: SLC, 1993.



same time, we shall take stock of our knowledge gaps in socio-economic mat-
ters as they relate to the River. Indeed, with the exception of transportation and
fishing activities, most statistical and administrative data are not collected with
reference to the St. Lawrence specifically, so the opportunities for analysis and
synthesis are more limited.

After a brief description of the four sectors of the River, we analyse the
human activities directly associated with the River: shipping, energy produc-
tion, commercial fishery, and recreation and tourism. We then look at human
activities along the River: urbanization, industry, farming, and the conservation
network.

Socio-Economic Aspects: Introduction 3



3.1

As in Part 1, the River has been divided into four sectors: the main course or
Fluvial Section, the Fluvial Estuary, the Upper Estuary and Saguenay, and the
Lower Estuary and Gulf.

The Fluvial Section, stretching 225 km from Cornwall to the eastern
end of Lake Saint-Pierre (Figure 3.2), is where most of the population and
economic activity along the River are concentrated. Metropolitan Montreal
alone today has more than 3 million inhabitants, or almost 50% of the popula-
tion of Quebec.

From where it leaves Lake Saint-François, the St. Lawrence has been har-
nessed in order to generate hydro-electricity. Quebec’s first manufacturing
industries set up along the River in this sector to take advantage of the hydraulic
energy and the abundant labour force. The Lachine Rapids, which were an
impediment to shipping in the early days of New France, spurred the develop-
ment of the port and city of Montreal. The entire main course of the River is
also conducive to freshwater commercial and sport fishing and to waterfowl
hunting, which takes place primarily on Lake Saint-Pierre. Finally, the rich
farmlands in this sector are used predominantly for forage crops and corn.

The Fluvial Estuary, which stretches 160 km from Trois-Rivières to the
eastern end of Île d’Orléans, is substantially less populated than the previous
sector, but has two major urban areas nonetheless: Trois-Rivières and Quebec
City. The latter boasts a fairly diversified manufacturing sector, albeit much
smaller than Montreal’s, with government services representing the foundation
of its prosperity. Quebec City also has a deepwater port (15 m water depth at
low tide) that is open year-round and was long the most important port in
Canada. As for Trois-Rivières, its location at the confluence of the Saint-
Maurice River and St. Lawrence has always played a major role in its develop-
ment. Between these two cities, the St. Lawrence agricultural plain offers fertile
land that is used for growing forage crops and for intensive production of 
livestock, such as pigs.

Socio-Economic Characteristics
of the Four Sectors of the River
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The Upper Estuary runs almost 200 km between Île d’Orléans and the
mouth of the Saguenay, and includes that impressive river. The main centre of
economic activity is Jonquière–Chicoutimi, to which hydro-electric power
attracted a significant aluminum smelting industry, and consequently a major
source of pollution. The picturesque scenery of this sector has led to the growth
of recreational and tourism activities, particularly on the north shore, in the
Charlevoix region. On the south shore, farming is still practised, and there is
manufacturing activity in such towns as Montmagny and La Pocatière. 

The Lower Estuary, stretching from Tadoussac to the Gulf, is quite sim-
ply huge. This area, relatively unpopulated in relation to its boundless shoreline,
is used essentially for its natural resources. Where fishing led to the establishment
of villages on the Gaspé peninsula and Côte-Nord, the towns of Sept-Îles and
Baie-Comeau sprang up because of iron ore mining and logging. This area is
also a special region for nature-lovers, and its vastness is conducive to the devel-
opment of tourism activities associated with the observation of natural scenery
(Mingan archipelago and Percé) and certain wildlife species, such as marine
mammals at the mouth of the Saguenay and gannets on Bonaventure Island.



3.2

The St. Lawrence has always been used for the transport of commercial
goods. Today, the River links Quebec ports to each other, but above all to the
ports of the Great Lakes and the entire Atlantic seaboard. This makes the
St. Lawrence River one of North America’s most important waterways for 
shipping. 

The ports discussed here are used for shipping, essentially where commercial
cargo is handled; the harbours where fishing products are landed are dealt with
in Section 3.4. 

Along the St. Lawrence there are some 40 commercial ports which can
accommodate vessels of varying sizes and types, from barges to very large
300 000-tonne bulk carriers. The port structure is quite complex, and manage-
ment of these ports is split among several agencies (Figure 3.3). The ports of
Montreal, Quebec City, Trois-Rivières, Sept-Îles and Port-Saguenay come
under the Canada Ports Corporation. These ports are extremely important,
since they received 55% of all traffic on the St. Lawrence in 1992 (Canadian
Coast Guard 1993). The ports of Montreal and Quebec City have local port
corporation status, which gives them a substantial degree of autonomy, where-
as the other three are divisional ports managed by the Canada Ports Cor-
poration. 

The Canadian Coast Guard, through its Harbours and Ports Branch,
manages a network of some 50 harbour facilities, including 25 commercial ports
on the St. Lawrence. These are primarily ports of local significance used for
supplying small municipalities, most of which are located along the estuary and
the north shore of the Gulf. Total tonnage handled in 1992 in these 25 com-
mercial ports was 1.7 million tonnes (t), compared with 60 million for the five
ports in the Canada Ports Corporation network (Canadian Coast Guard 1993).

3.2.1
PORTS

Shipping
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The ports of Gros-Cacouna, Sandy Beach and Rimouski are the busiest
in the harbours and ports network, with the tonnage handled there accounting
for more than 60% of the traffic in the network’s 25 commercial ports. 

The Port of Bécancour is under the jurisdiction of the Quebec govern-
ment, specifically the provincial Ministère de l’Industrie, du Commerce et de la
Technologie. The Port of Valleyfield belongs to the municipality of Valleyfield.
Finally, a number of port facilities are owned by private interests, as is the case
with Port-Cartier and Forestville. Some ports, including Sorel, Baie-Comeau,
Matane and Havre-Saint-Pierre, have both private and public installations. 

Twelve of the 40 ports in Quebec may be considered of major impor-
tance, since the tonnage handled there exceeds one million tonnes (Table 3.1).
Of those twelve ports, three lie on the Fluvial Section of the River (Montreal,
Contrecoeur and Sorel), three on the Fluvial Estuary (Quebec City, Bécancour
and Trois-Rivières), one on the Upper Estuary and Saguenay (Baie-des-Ha!
Ha!), and five in the Lower Estuary and Gulf (Port-Cartier, Sept-Îles, Baie-
Comeau, Havre-Saint-Pierre and Cap-aux-Meules). 

For most of these ports, international traffic represents more than 50% of
tonnage handled. For the ports of Sorel and Havre-Saint-Pierre, international
traffic accounts, respectively, for only 30% and 2% of tonnage handled.
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Tonnage Number Length of Number
handled of berths of arrivals

Port in 1992 (t) berths (m) in 1991**

Port-Cartier 21 423 331 5 1 217 601

Sept-Îles 19 093 864 7 1 785 663

Montreal/Contrecoeur 17 471 212 113 18 900 2 710

Quebec City 15 926 941 31 9 500 1 457

Baie-Comeau 6 801 055 11 1 920 682

Sorel 4 365 086 10 1 640 268

Baie-des-Ha! Ha! 
(Port-Alfred) 3 916 328 4 947 193

Havre-Saint-Pierre 2 545 213 3 353 164

Bécancour 1 579 371 5 1 123 118

Trois-Rivières 1 411 588 16 2 666 150

Cap-aux-Meules 1 379 026 – – 103

*Tonnage > 1 000 000 tonnes.
**Arrivals can include vessel movements within the same port. 

Sources: Canadian Coast Guard, 1993, 1991; Ferland, 1993; Statistics Canada, 1993, 1992.

TABLE 3.1
Characteristics of the main* ports on the St. Lawrence



Titanium ore, which is processed in Tracy, accounts for the majority of activities
in both those ports (MTQ 1993b).

The Quebec part of the St. Lawrence navigable waterway is split into four sec-
tions: a natural seaway consisting of the Lower Estuary, between the Gulf and
Les Escoumins; a ship channel divided into two sections, the first from Les
Escoumins to Quebec City consisting of a natural channel for the most part and
a dug, maintained channel in the Île d’Orléans sector, and the second, from
Quebec City to Saint-Lambert consisting throughout its length of a dug, main-
tained channel; the St. Lawrence Seaway (Saint-Lambert to Cornwall) consist-
ing of an entirely dredged channel whose water level is regulated by locks; and
finally, the Saguenay, whose seaway consists of a natural channel from its mouth
up to La Baie and a dug, maintained channel along its upper stretch as far as
Chicoutimi. Table 3.2 shows the width, guaranteed minimum water depth at
low tide, and approximate maximum vessel capacity of each of these sections. 

The physical constraints imposed by the depth of the channel, and there-
fore the usable water depth, limit the size of the vessels plying the different sec-
tors of the River. The usable water depth consists of the available water level less
the under-keel clearance factor. This factor, expressed as a certain number of
centimetres of water depth, represents the margin necessary for vessels to
manoeuvre safely, and depends on their size. While tonnage as such is not a
limiting factor, generally speaking vessels of more than 150 000 t deadweight do
not sail farther upriver than Quebec City, since that sector is physically accessi-
ble only to lighter vessels. Because of seasonal water level variations and the
tidal nature of this sector, a number of large vessels, particularly tankers (3-5% of
trips) have made trips with a draft exceeding the guaranteed minimum water
level as published on the marine charts. This is primarily the case for the North
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Guaranteed Maximum
minimum water depth vessel

Section Width (m) at low tide (m) capacity (t)*

Gulf–Les Escoumins > 300 > 15.0 > 150 000

Saguenay > 300 > 15.0 70 000

Les Escoumins–Quebec City 300 12.5 150 000

Quebec City–Saint-Lambert 240 11.0 60 000

Saint-Lambert–Cornwall 60 8.2 25 000

*Corresponds to deadweight, i.e., total permissible weight taken on by a vessel: passengers, crew, cargo and fuel.

Source: SLC and Laval University, 1991b.

TABLE 3.2
Characteristics of the St. Lawrence navigable waterway

3.2.2
RIVER

NAVIGATION 



Traverse, where vessels with a draft of more than 15.2 m can, by using a
favourable tide, cross a channel whose guaranteed water depth at low tide is
12.5 m (Figure 3.4).

In 1991, 87% of vessels plying the River were under 50 000 t dead-
weight, and 94% of the vessels could travel up to the Saint-Lambert lock, since
their draft was less than 11 m (Canadian Coast Guard 1993). 
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With its winter ice cover and narrow, winding channel, sailing the
St. Lawrence River requires an intimate knowledge of the navigable waterway.
Thus, mariners have to use a pilot in order to diminish the risk to shipping. On
the River and in the Gulf, tidal currents can be as fast as 4-6 knots (7-11 km/h).
Wind speed varies considerably, going up to 50 knots (100 km/h). Rain, and in
particular fog and snow, can bring visibility down to zero for hours at a time. 

Despite the difficulties for navigation, the River is very busy. In 1991, the
Canadian Coast Guard recorded 10 461 trips by commercial vessels in the waters
of the Gulf and River, not including the 867 passenger vessels and thousands of
pleasure craft (Canadian Coast Guard 1993). The sector of the River between
Cacouna and Sept-Îles was the most travelled, with 6953 trips by commercial
vessels in 1991. The Montmagny–Cacouna stretch was the least travelled,
although it still had 5312 trips by vessels. The sectors from Cornwall to Trois-
Rivières and from Trois-Rivières to Montmagny saw 6813 and 6175 trips by
vessels, respectively, over the same period.

Responsibility for managing this traffic lies with the Canadian Coast
Guard’s Vessel Traffic Services (VTS). The VTS system enables the Canadian
government to follow the movements of all commercial vessels active on the
River, to trigger an alarm in the event of a casualty, and to co-ordinate com-
munications during search and rescue activities.

All commercial vessels longer than 20 m have to comply with the regu-
lations on Vessel Traffic Service zones, obtain transit clearances and provide the
information required, such as the content of their cargo, sailing conditions in
their sector, their final destination, and any malfunctions affecting them. 

For 1990, port activities on the St. Lawrence generated more than 13 000 direct
jobs; moreover, consumer spending by workers holding those jobs supported
more than 11 500 induced jobs. In all, this represents $1.2 billion in earnings.
Furthermore, economic activity generated by port activities on the St. Lawrence
amounted to $1.8 billion for the firms and government agencies involved in
those activities (Canada Ports Corporation 1991). 

Close to 100 million t of merchandise is handled yearly in St. Lawrence
ports. The Lower Estuary and Gulf sector accounts for more than 50% of this
tonnage, followed by the Fluvial Section of the River, the Fluvial Estuary and
the Upper Estuary (Figure 3.5). Since 1984, the relative share of tonnage han-
dled by each of the four sectors of the River has remained the same.

Tonnage handled in the 12 main ports of the St. Lawrence held steady
between 1990 and 1991 (104.2 and 104.3 million t), but fell by 8% in 1992
(95.9 million t). This decline was due to various factors, including the recession,
the weak iron and steel market and the economic difficulties experienced by
Russia, which severely limited its grain imports (MTQ 1993a). Note also that
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3.2.3
ECONOMIC

IMPORTANCE 



the five main ports in Quebec (Port-Cartier, Sept-Îles, Montreal, Contrecoeur
and Quebec City) accounted for 77% of this tonnage. 

The main forms of cargo transportation are dry bulk, liquid bulk, and
containerized or non-containerized general merchandise. Bulk is the most com-
mon form on the St. Lawrence, since such products as iron ore, grain and petro-
leum products can be carried (Ministère du Conseil Exécutif 1985). Some
merchandise conveyed by ship cannot be handled in bulk form owing to its
fragility, shape or volume. This merchandise is grouped together under the
heading of general merchandise. The container system is a beneficial solution for
handling general merchandise. This is the system used to carry without risk
such fragile cargo as electronic equipment or perishable goods. Dry bulk
accounted for 74% of merchandise carried in 1991, liquid bulk for 14%, non-
containerized general merchandise for 7%, and containers for 5% (Canadian
Coast Guard 1993). 

In 1992, total merchandise handled in St. Lawrence ports amounted to
97.2 million t, consisting primarily of iron ore (34.6%), grain (20.5%), petro-
leum products (15.8%), titanium ore (4.9%) and containerized goods (6.0%)
(Canadian Coast Guard 1993). 

The Port of Montreal is Canada’s largest container port and the only one
of that type on the St. Lawrence. Barely 10 years ago, containers accounted for
only 10% of the tonnage handled at the Port of Montreal. Today, the figure is
one-quarter of all traffic in that port. The Port of Montreal’s international links
are primarily with Europe. Traffic to and from the port on the North Atlantic
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has almost doubled since 1978, from 10.3% of container traffic on the North
America–Western Europe route to 17.9% in 1991. In addition to the 5.5 million t
of containerized goods, the Port of Montreal handles close to 4.5 million t of
petroleum products annually, as well as substantial quantities of grain, iron and
non-containerized general merchandise.

The Port of Quebec is a dry and liquid bulk port, where the main prod-
ucts handled are grain, iron ore and petroleum products. Large ocean-going
vessels of up to 150 000 t deadweight can sail as far as 1300 km up the St.
Lawrence from the Atlantic to the deepwater Port of Quebec (SODES 1992). 

The ports of Baie-Comeau, Port-Cartier and Sept-Îles are essentially
devoted to cargo handling. Baie-Comeau and Port-Cartier unload grain from
the Canadian Prairies and U.S. Midwest via lake barges (lakers), store it in their
silos, and then load it onto ocean-going vessels destined for Russia, the Middle
East and other parts of the world. At Baie-Comeau, the port is also used to
receive raw materials required by local industry (in particular, alumina) and to
ship finished products (aluminum, and pulp and paper). Port-Cartier and Sept-
Îles receive iron from Labrador and ship it onward to either the steel mills on the
Canadian and U.S. Great Lakes or to countries across the Atlantic. 

The Port of Baie-des-Ha! Ha! (formerly Port-Alfred) is primarily used for
handling the merchandise necessary to produce aluminum (alumina, bauxite,
green coke and fluorite) and also for transporting timber and newsprint. The
Port of Trois-Rivières has remained quite important for handling forest products
and grain, in addition to having been recently awarded the contract to load
alumina for the Deschambault aluminum smelter. At Bécancour, the port is
used to supply plants in the industrial park with raw materials. Various products
are handled there, including alumina and bauxite. Finally, the Port of Sorel is
used for shipping iron and Canadian grain to overseas markets.

Like a number of other economic activities, shipping can alter the state of the
St. Lawrence. Aside from the artificialized shoreline that results when port facil-
ities are built, spills of hazardous products, wave action, deballasting, dredging
and ocean dumping represent the main environmental risks associated with
shipping.

In 1992, 17.4 million t of dangerous goods were handled in St. Lawrence
ports (Canadian Coast Guard 1993). According to the classification adopted by
the UN, hazardous materials belong to the following categories: explosives,
compressed gas, flammable liquids, flammable solids, oxidizers and organic per-
oxides, poison and infectious substances, radioactive materials, corrosives and
other substances not belonging to those categories but representing sufficient
risk to justify regulation (CANUTEC 1993). The amount of marine traffic and
the large quantity of dangerous goods carried increase the risk of spills in certain
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sectors of the River where navigation is more difficult, in particular the North
Traverse, the Cap-Santé region, Sainte-Croix and the Montreal region (SLC
1990a), and at certain times, such as when the weather is bad, or when there are
ice jams or floating ice. 

Between 1978 and 1988, the Canadian Coast Guard counted 307 spills of haz-
ardous products in the waters of the St. Lawrence (Canadian Coast Guard
1989). Considering that some 115 000 vessels plied the River during that peri-
od, it may be estimated that one vessel in 375 was involved in a spill. The main
cause of these spills was human error, which was behind 73% of the 307 spills,
whereas 10% were due to mechanical failure. The vessels with the most inci-
dents were ore carriers (35%), general cargo ships (34%) and oil tankers (19%).
Of those 307 spills, 56% occurred in the ports of Montreal and Quebec. Note
that 86% of the petroleum products handled in the River corridor passed
through those two ports.  

The number of polluting spills reported each year can depend on the
extent to which people are aware of the problem. Today, the public is more
likely to report a spill than in the past. The most recent statistical data (1991-
1993) used to follow trends in accidental spills of oil or other hazardous chem-
icals from ships provide an incomplete picture of the impact of spills. The data
used come from pollution incident reports compiled by the Canadian Coast
Guard (Laurentian Region), via its Alert system. With the exception of the
average tonnage and the source of the spill (a vessel or a land-based or unknown
source), we have no other data on the nature and impact of these spills. They
can occur during transshipment of oil or chemical products or during bunker-
ing operations. Illegal discharges may also take place during vessel deballasting,
for instance. 

The polluting spill (or incident) reports listed in 1991, 1992 and 1993
indicate that the number of polluting incidents involving ships went from 61 in
1991 to 97 in 1992 and 75 in 1993, whereas incidents involving an unknown or
land-based source went from 34 in 1991 to 83 in 1992 and 78 in 1993. The
majority of incidents reported concerned accidental oil spills. The average quan-
tity of oil spilled by ships rose from 255 gallons in 1991 to 340 gallons in 1992
and 475 gallons in 1993, an 86% increase in three years (Canadian Coast Guard
1994). 

For the Brander-Smith panel, shipping petroleum products and chemicals
by tanker indisputably represented the most serious risk (Public Review Panel
on Tanker Safety and Marine Spills Response Capability 1990). However, the
number of tanker trips between Sept-Îles and Montreal gradually fell from 2435
to 1968 between 1988 and 1991. The decrease is even greater for tankers car-
rying only chemical products, which dropped from 298 to 200 (Canadian Coast
Guard 1993). 
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A serious risk of spills is associated with the transportation of oil for the
Ultramar refinery at Saint-Romuald, opposite Quebec City. The tonnage of
crude oil handled in Quebec City from 1988 to 1991 was 4.8, 4.2, 5.5 and
4.4 million tonnes, respectively (Statistics Canada 1992b). For the Brander-
Smith panel, conveying this crude to Quebec City represents by far the highest
risk for the River. Large oil tankers use the River’s maximum depth at high tide,
and this restricts the margin of manoeuvre in the event of technical problems.
For instance, the water depth at high tide is only 16.5 m, and a fully loaded
150 000 tonne tanker requires a water depth of 15.5 m; if it experienced navi-
gation problems, such as engine failure, for more than three hours, it would
likely run aground.

In this context, we can say that the ecological health of the St. Lawrence
partly depends on how the shipping of petroleum and other hazardous products
on the River is managed (MTQ 1993a). 

The Canadian aids to navigation system, for which the Canadian Coast
Guard is responsible, does much to offset the difficulties of sailing on the River
and prevent spills. Some 588 fixed aids (beacons and navigational range markers)
and 677 floating aids (buoys) make up the network of short-range aids placed at
the disposal of mariners plying the waters of the St. Lawrence. In addition, the
ship channel is sounded regularly and dredged when necessary. 

All commercial vessels currently in service also have to be equipped with
certain modern electronic navigation instruments, whether to facilitate naviga-
tion by radar near land and in narrow channels or to determine their exact
position on the chart, even in thick fog or on dark nights. A number of regula-
tions under the Canada Shipping Act (RS 1985, c. S-9), such as the Classed Ships
Inspection Regulations and the Dangerous Goods Shipping Regulations, also help
make sailing on the St. Lawrence safer.

Finally, more than 200 licensed pilots specially trained to minimize the
chance of unfortunate incidents on the River are also available. Between
Montreal and Quebec City, all Canadian vessels longer than 68.58 m with a
capacity of more than 1500 net registered tonnage, as well as all foreign vessels
more than 30.48 m in length, are obligated to have one of these pilots on board.
Between Quebec City and Les Escoumins, pilots are mandatory on vessels over
2000 net registered tonnage and more than 79.33 m in length for Canadian
vessels and 30.48 m for foreign ships. By far the majority of commercial vessels
on the St. Lawrence, aside from ferries and fishing craft, have to use these sailing
professionals. 

Wave action (lapping) is a source of stress for the riparian environment that
occurs when vessels sail in narrow areas. In certain erosion-prone areas, wave
action associated with ship speed, tonnage and type contributes to the erosion of
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banks less than 1.5 km from the channel. To reduce erosion, speed limits have
had to be imposed in some places (SLC 1990a).

In defence of the shipping industry, however, we should add that the
regular passage of vessels in wintertime reduces the formation of ice jams on the
River. In the old days, ice jams led to frequent flooding of homes and farmland
in areas like Lake Saint-Pierre. 

Watertight compartments, known as ballast tanks, which surround the hulls of
ships and can be used for carrying liquids, are filled with water in order to sta-
bilize vessels when they are not fully loaded. This ballast water comes from the
four corners of the globe and can contain undesirable organisms (bacteria, sin-
gled-celled algae, fish, molluscs and plant seeds) which are discharged into the
St. Lawrence during deballasting. The Zebra mussel and Quagga mussel were
introduced in this way. 

The Zebra mussel was introduced into the Great Lakes in 1985.
Appearing in the St. Lawrence in 1989, this mollusc is now to be found virtu-
ally throughout the freshwater sector. Since the arrival of this mussel in Ontario,
the food chains of several species of fish have been disturbed, and damage to
commercial and sport fishing has ensued. Furthermore, by attaching inside the
water intake pipes of municipalities, industrial plants and hydro-electric facilities,
Zebra mussel populations have substantially reduced rate of flow (MLCP 1992).
It is estimated that the economic cost of this mussel’s introduction to North
America (reduced fisheries and costs of cleaning water systems) will be in the
order of $4 or $5 billion over the next decade (International Joint Commission
and Great Lakes Fishery Commission 1990). As for the Quagga mussel, it is
hard to gauge the problem at present, since this species only appeared in the
Great Lakes in 1991.

On May 1, 1989, guidelines were issued by the Government of Canada
to eliminate the introduction of such species in the waters of the Great Lakes
and the St. Lawrence. These instructions will shortly become regulations. The
U.S. is expected to impose similar regulations. According to checks made by
federal authorities during 1992, more than 90% of vessels on the Great Lakes are
already complying with the new standards.

Most of the dredging in the River between Montreal and Quebec City was
carried out from 1844 to 1970. The water depth in the ship channel was
increased from 4.3 to 10.7 m, and its width from 46 to 240 m. This work, and
dredging to build port facilities, had a major environmental impact on the flu-
vial ecosystem and led to physical changes to habitats. Table 3.3 illustrates the
scope of the changes sustained by fish habitats from 1945 to 1988 following
dredging and dumping activities or changes in flow necessitated primarily by the
construction of port facilities. The scope of dredging activities has now dimin-
ished considerably, and most of the work is merely aimed at maintaining the

Socio-Economic Aspects: Shipping 17

3.2.4.3
Deballasting

3.2.4.4
Dredging



ship channel, access channels and port infrastructures, so the impact of dredging
is substantially less important than in the past.

Between 1983 and 1991, some 5.5 million cubic metres (m3) of sedi-
ment was dredged from the St. Lawrence, especially in the Fluvial Estuary and
Lower Estuary (Table 3.4). The largest volumes of sediment dredged during
that period were taken between Quebec City and the mouth of the Saguenay
(Sectors I and J), the Îles de la Madeleine (Sector M) and the north shore of
the Lower Estuary and Gulf (Sector N) (Figure 3.6). Several sites were dredged
at least five times between 1983 and 1991. At eight of these sites, the average
volume dredged each year topped 10 000 m3. In order of volume, these are:
North Traverse, Batiscan, Rivière-du-Loup, Rimouski, Lake Saint-Pierre,
Millerand, Bécancour and Pointe-Basse (Olivier and Bérubé 1993).

Dredging activities contribute to altering the bottom and the hydrody-
namics of a river. When they are carried out in an area where the sediment is
contaminated, negative impacts may result for the aquatic environment through
the resuspension of sediment and contaminants (Olivier and Bérubé 1993).
Depending on the location of the dredging sites, the increased turbidity of the
water during dredging can have a temporary negative impact (BAPE 1992).
The discharge of dredged material also contributes to the creation of wildlife
habitats, such as Île aux Sternes opposite Trois-Rivières. That site, which has
been classified an ecological reserve since 1981, was created artificially in 1965
with dredged material.

Environment Canada, in co-operation with Fisheries and Oceans and
the Ministère de l’Environnement du Québec, issued interim criteria in 1992
for evaluating the quality of sediment. This publication provides criteria for
evaluating sediment under three impact levels: No Effect Threshold (NET),
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Fluvial Fluvial Upper Lower Estuary
Section Estuary Estuary and Gulf Total

Dredging* 4 749 4 204 576 410 9 939

Deposition of dredged
materials** 1 234 778 477 160 2 649

Flow changes*** 120 – – 160 280

Total 6 103 4 982 1 053 730 12 868

*Dredging for the construction and maintenance of the Seaway (Cornwall–La Prairie), port installations, marinas and shipyard slipways.
**Deposit of materials dredged in open water or confined areas (Îles de la Madeleine).

***Any change in flow owing to a structure or backfill. This is mostly caused by dams, wharves, bridges and power lines.

Source: Bouchard and Millet, 1993, based on data from Gilles Shooner and Associates Inc., 1991, 1988.

TABLE 3.3
Surface area of fish habitat altered by dredging

and flow changes from 1945 to 1988 (ha)
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Minimal Effect Threshold (MET) and Toxic Effect Threshold (TET). Sediment
classified in the first two levels can be discharged in open water provided the
dumping does not degrade the quality of the receiving body of water, as might
happen in the case of a physical change in habitats (SLC and MENVIQ 1992).
In the vast majority of cases, sediment meets those criteria and is discharged in
open water as far as 40 km away from the dredging site. The main discharge sites
currently used are in the centre of Lake Saint-Pierre, and at Cap-de-la-
Madeleine, Saint-Pierre-les-Becquets, and three sites south of the North
Traverse (south of Île Madame, Cul de lac Brûlé and Sault-au-Cochon).

The situation is the same in the Gulf, although the discharge of dredged
material downstream of Anticosti Island is considered ocean dumping and is
therefore subject to the Canadian Environmental Protection Act. On average, 21
ocean dumping permits for the Gulf are issued each year by Environment
Canada. All the permits issued between 1970 and 1990 were used for dumping
dredged material, except for one which applied to fish waste. A dumping permit
is issued when the quality of the material meets the standards established by the
regulations and the environmental impact of the proposed dumping has been
evaluated on the basis of factors aimed at protecting human life and marine
biological habitats as well as legitimate uses of the sea. An average of 88 000 m3

of dredged material is dumped each year. Some 100 sites off the Basse-Côte-
Nord, Gaspésie and the Îles de la Madeleine have been used since 1976 
(Figure 3.7).

Shipping is an important economic activity for the development of all four sec-
tors of the River, and for Quebec as a whole. Nevertheless, this activity brings
with it the risk of pollution in the event of a major spill of hazardous products,

Upper Estuary Lower Estuary
Year Fluvial Section Fluvial Estuary and Saguenay and Gulf

1983 9 000 335 023 268 621 711 879

1984 1 860 159 570 101 515 376 039

1985 0 141 971 79 572 276 249

1986 19 600 199 546 40 545 206 095

1987 25 333 194 029 75 855 124 408

1988 112 683 374 825 116 524 289 717

1989 14 834 187 747 70 918 136 186

1990 82 577 102 935 58 100 165 026

1991 32 694 215 928 82 233 72 416

Source: Based on data from Olivier and Bérubé, 1993.

TABLE 3.4
Annual volume of materials dredged, by sector, from 1983 to 1991 (m3)

3.2.4.5
Ocean dumping

3.2.5
MAIN POINTS
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Almost all waste dumped into the St. Lawrence
(downstream of Anticosti Island) is dredged material from
the routine dredging of ports and ship channels. This
sediment is comprised mostly of sand or silt that is

harmless to the environment. It is estimated that less
than 5% of the sediment dumped into the River is
contaminated with oils, greases, synthetic organic
compounds or heavy metals.
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OCEAN DUMPING PROFILE FROM 1976 TO 1990

All permits issued were for ocean dumping of dredged materials,
except one for the dumping of fish.

Average number of permits issued each year = 21

Average volume of waste dumped each year = 88 244 m3

(excluding 1980, 1981 and 1982*)

Total volume of waste dumped = 5 207 858 m3

Total number of dumping sites = 99

* 1980 through 1982.

For these three years, a record volume of sediment was dumped at sea, for a
total of 4 148 926 m3, an average of 1 382 975 m3 each year. Some 95% of this
sediment came from construction work on a wharf and development of a ship
channel in the Grande-Entrée lagoon in the Îles de la Madeleine. Most of the
marine sediment excavated was used to shore up two small islands in this lagoon.

CÔTE-NORD
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CANADIAN ENVIRONMENTAL PROTECTION ACT
(CEPA)

Since 1987, ocean dumping activities have been subject to
the CEPA (1988, c. 22), a statutory instrument of
Environment Canada. Ocean dumping, according to Part VI
of the CEPA, is “the deliberate disposal at sea from ships,
aircraft, platforms or other anthropogenic structures,
including disposal by incineration, of any substance, or the
disposal of any substance by placing it on the ice in any area
of the sea...” The disposal of waste at sea in Canadian
territorial waters is regulated by a permit system
administered by Environment Canada’s Environmental
Protection Branch.

Factors which must be considered in granting an ocean
dumping permit concern the:
– Characteristics and composition of the substances to be

dumped
– Characteristics of the dumping site and method of deposit
– Possible effects on marine life and other uses of the sea
– Availability of alternative methods of waste treatment or

elimination.

OCEAN DUMPING ADVISORY COMMITTEE

This scientific committee brings together experts from
Environment Canada (Environmental Protection Branch)
and Fisheries and Oceans. It evaluates ocean dumping
activities and makes recommendations to the Regional
Director, Environmental Protection, who is responsible for
granting dumping permits.

Committee mandate

– To evaluate ocean dumping proposals from private and
government agencies in the region

– To clarify the terms and conditions for granting permits
under the Canadian Environmental Protection Act

– To determine scientific and technical research
requirements for effective enforcement of the Act in
Quebec

– To establish a monitoring program for this activity at sea.

FIGURE 3.7
Ocean dumping in the St. Lawrence from 1976 to 1990

Source: SLC, 1993, based on data from Environmental Protection Branch, 1990.



in particular part of the 15 million tonnes of petroleum products carried on the
River each year. Different measures have, however, been taken to minimize this
risk and ensure the safe transport of such products.

Aside from the risk of spills, wave action and deballasting associated with
shipping are also sources of stress for the St. Lawrence ecosystem. But the scope
of these stresses is hard to quantify, and few data are available to monitor trends.
Finally, maintaining the ship channel for vessel traffic has meant the dredging of
400 000 to 600 000 m3 of sediment each year since 1989.
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Whether owing to the abundant availability of water, used to generate
hydro-electricity or cool thermal power stations, or the proximity of the main
consumer markets, the St. Lawrence and its shoreline are associated with a series
of activities in the energy sector. Among these are generation, transmission and
distribution, as well as processing of energy commodities.

The hydraulic power of the St. Lawrence has been harnessed to generate elec-
tricity. In 1991, the 17 electric power stations along the River and the Saguenay
represented an installed capacity of 4489 megawatts (MW), or 13% of available
electric power in Quebec (Figure 3.8). Thirteen of these generating stations
belong to Hydro-Québec and four to private firms (including Alcan, which
owns three). These power stations are of two types: hydro-electric (6) and 
thermal (11).

The six hydro-electric generating stations use water from the St. Lawrence or
Saguenay to produce electricity. In 1991, they had a capacity of 3095 MW, or
69% of the electricity generation associated with the St. Lawrence and Saguenay,
and 11% of Quebec’s hydro-electric output. With its 1652 MW of power,
Beauharnois power station provides 53% of the hydro-electricity produced by
the St. Lawrence.

Three hydro-electric dams have been built on the St. Lawrence at
Beauharnois, Les Cèdres and Rivière-des-Prairies to supply water to the tur-
bines at those three locations. The dams substantially altered the river bed and
the flow of the River when they were built, and four retention basins were
formed below Beauharnois (Lasserre 1989). In the case of the Beauharnois dam,
84% of the river flow was diverted to meet that structure’s water requirements,
leading to changes in hydrodynamic conditions between Lake Saint-Francois
and Lake Saint-Louis, and in the movement of migratory fish (Lake sturgeon
and American eel).
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The 11 thermal generating stations in operation along the St. Lawrence
have a capacity of 1393.3 MW. Gentilly II is the largest in this category, with
685 MW of power. The Tracy conventional thermal power station ranks 
second, with 600 MW. The nine other diesel-powered thermal generating sta-
tions have a combined capacity of 108.3 MW (Hydro-Québec 1992).

The conventional and nuclear thermal power stations were built along
the St. Lawrence because of their substantial cooling water requirements. Thus,
Gentilly II draws 130 m3 of water per second from the River, a negligible quan-
tity since the River’s rate of flow at that point is approximately 10 000 m3/s.
The Tracy power station takes 60 m3 of water per second from the River, and
the rate of flow is virtually the same there as at Gentilly (Trussart 1992).

These two power stations discharge the same volume of water as they
withdraw, but the evacuated cooling water is warmer than on intake – 10°C
warmer at Gentilly and 8.6°C warmer at Tracy (Trussart 1992). Environmental
monitoring conducted around Gentilly II between 1980 and 1987 led to the
following conclusions as to the impact of thermal discharge on the aquatic envi-
ronment. First, no significant variation was observed in the physico-chemical
elements studied: dissolved oxygen, conductivity, pH, total alkalinity and 
turbidity. Second, analysis of data gathered between 1980 and 1986 on the ben-
thic species used as an indicator (Faucet snail, or Bithynia tentaculata) showed
substantial variations in populations. In 1979, populations of the indicator var-
ied between 1100 and 1800 individuals per square metre, whereas in 1985 only
8 to 143 individuals were observed per square metre. Third, it was seen that cer-
tain species of fish, such as White sucker, avoided the warmer water but that
other species, such as Channel catfish, were drawn to it. Far more species and
individuals were counted in the thermal discharge zone of influence (Tessier
1990).

In addition to discharging warm water, Gentilly II evacuates 30 m3 of
water each day that is used for cleaning and rinsing contaminated objects and
includes leachate from the radioactive waste storage area. The main contami-
nants discharged in this way are cobalt 60 and tritium (MENVIQ 1988a).

The diesel-powered thermal generating stations have no direct effect on
the state of the St. Lawrence since they use air as a coolant, but their impact on
the air may indirectly affect the river water (Trussart 1992).

More than 50 overhead transmission lines cross the St. Lawrence River.
Quebec’s harnessable hydro-electric potential (gauged at about 50 000 MW, of
which some 20 000 can already be economically developed) could eventually
require three new lines to cross the River (MER 1992b). Any crossing of the
River presents serious problems: it cannot be crossed easily owing to its width in
certain sectors (Lake Saint-Pierre, and east of Île d’Orléans), the density of the
local population, and the aesthetic and heritage values assigned to it, and also

3.3.1.2
Distribution



owing to the minimum overhead clearance (50 m) which must be provided
beneath the conductors to permit the free movement of vessels at any time of
year (Hydro-Québec 1988).

In addition to the overhead transmission lines, since 1990 a 450-kV line
has run under the River between Grondines and Bois-des-Hurons, the final
link in the Radisson–Nicolet–Des Cantons line. While overhead lines can have
a negative visual and heritage impact and potentially increase the risk of colli-
sion, direct impact sources from the tunnel crossing are non-existent (BAPE
1987). Furthermore, some links between terra firma and islands in the River,
notably the island of Montreal and Île Perrot, are provided by underwater cable.
Three cables supply Île d’Orléans at Ange-Gardien; three cables link Île aux
Coudres to the Charlevoix coast; one cable links Île Verte at the municipality of
Isle-Verte and, finally, two cables supply Île aux Grues from the
Montmagny–Cap-Saint-Ignace grid (Figure 3.8).

In addition, 52 196 capacitors and 157 transformers in Hydro-Québec’s
system in Quebec contained PCBs in 1985. On January 1, 1993, following the
PCB action plan, 3475 capacitors and two transformers still contained PCBs: it
should have all been removed from Hydro-Québec equipment by January 1,
1995. Only one of the transformers is in the St. Lawrence corridor, but there
are 1500 capacitors in the Montreal region. The estimated risk of contamination
is very low, however, since these capacitors are sealed, they are all in power sta-
tions or substations and, in the event of perforation, the leak would be limited
to a few litres (Beaulieu 1993).

Quebec is not an oil producer, and it relies exclusively on imports for its supply
of crude oil. In 1991, 99.4 million barrels of crude were imported, 64.3%
of it by pipeline (essentially the Portland–Montreal pipeline, since the
Sarnia–Montreal line was abandoned in 1991). The rest, some 35 million 
barrels, or 35.7% of crude oil delivered to Quebec, came by tanker (MER
1992a). For the environmental impact of carrying petroleum products by sea
and the risks of environmental contamination associated with a major acciden-
tal spill, the reader should refer to Section 3.2.4.

There are three oil refineries on the banks of the St. Lawrence, two in
east-end Montreal (Petro-Canada and Shell) and the third at Saint-Romuald
(Ultramar) (Figure 3.9). These provided employment for 1156 people in 1989
(LGL Ltd. 1990). In 1991, they had a refining capacity of 328 000 barrels per
day, whereas in 1971 the daily refining capacity of the Quebec oil industry was
578 000 barrels. This drop in refining capacity is a result of the closure of several
Montreal refineries, owing to falling demand for petroleum products, especial-
ly gasoline on the Quebec market, and the loss of part of the Ontario market to
refineries west of the Ottawa River.
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In 1992, these three refineries discharged 27 850 m3 of wastewater into
the River daily. This water contained 74.5 kg of ammonia nitrogen, 160 kg of
oils and greases, 743 kg of suspended solids, 4.4 kg of phenols and 1.3 kg of
sulphides (Table 3.5).

While these quantities remain high, it should nonetheless be noted that
they have been reduced considerably since 1975. Thus, the volume of waste-
water fell from 545 to 127 litres per barrel of refined crude oil between 1975
and 1990 (MENVIQ 1993). In addition, between 1988 and 1992, discharge of
sulphides, oils, suspended solids, phenols and nitrogen from the three refineries
was reduced by 70%, 64%, 64%, 66%, and 61%, respectively. Section 3.7 deals
with the toxicity of industrial effluent, including waste from the three refineries.

Several million litres of oil is stored in the 39 oil depots along the St.
Lawrence. The Bas-Saint-Laurent–Gaspésie and Côte-Nord regions alone
account for 22 of the 39 oil depots (Figure 3.9). The effect of these depots on
the quality of the St. Lawrence is primarily aesthetic. Since 1991, according to
the Oil Products Regulations, all newly built oil tanks must be equipped with a
retention tank so that spills or overflows and surface runoff can be contained,
thereby minimizing the risks of leaks or spills into the environment (Berrouard
1994).

Initially, the owners of tanks installed before 1991 had until July 11, 1994,
to register them with the Quebec Ministère des Ressources Naturelles.
Subsequently, they will have to modify their systems so as to comply with the
requirements of the Oil Products Regulations. Problems of leaks from these tanks
can therefore still occur, possibly contaminating the soil, the water table and
potentially the River. No data are currently available as to the frequency and
volume of leaks in the past.
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Refinery

Shell Petro-Canada Ultramar Total
Characteristics 1988 1992 1988 1992 1988 1992 1988 1992

Wastewater (m3/day) 12 860 9 700 16 700 10 780 6 440 7 370 36 000 27 850
Ammonia nitrogen (kg/day) 16 13.5 155 43 19 18 190 74.5

Oils and greases (kg/day) 160 36 199 78 88 46 447 160

Suspended matter (kg/day) 963 206 401 325 718 212 2 082 743

Phenols (kg/day) 5.6 0.3 6.1 2.9 1.4 1.2 13.1 4.4

Sulphides (kg/day) 1.0 0.2 2.2 0.5 1.1 0.6 4.3 1.3

Sources: Bouchard, 1992 (1988 data); Villeneuve, 1994 (1992 data).

TABLE 3.5
Discharge from oil refineries in 1988 and 1992
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Finally, as of December 31, 1991, there were 6052 gas stations in Quebec,
many of which were in municipalities along the St. Lawrence (MER 1992a).
These stations can have a polluting effecton the St. Lawrence if the tanks leak.
In 1990-1991, 139 (or 21%) of the spills in the Montreal and Lanaudière region
were caused by leaks in above-ground or underground tanks (MENVIQ 1993).
In order to counter this risk, underground tank owners have to replace them
after 25 years with anticorrosive steel tanks. The objective is to change 90% of
underground tanks by January 1, 1998 (Blanchet 1993).

With the exception of natural gas from a deposit in Saint-Flavien (Chaudière–
Appalaches region), all natural gas consumed in Quebec (5.5 billion m3 in 1991)
comes from Alberta (MER 1992b).

Natural gas from Alberta is brought via the Trans-Canada Pipelines sys-
tem, whose main line runs across Saskatchewan, Manitoba and Ontario to
Toronto, and then along Lake Ontario and the St. Lawrence as far as Montreal.
The gas pipeline, which used to end in Montreal, has twice been extended, up
to Saint-Augustin, along the north shore of the River (Figure 3.10) in the early
1980s, and toward Saguenay–Lac-Saint-Jean in 1984.

Between Cornwall and Quebec City on the north shore and Sorel on the
south shore, numerous riverside municipalities are served by the distribution
network. In addition, a line runs beneath the River from Trois-Rivières to sup-
ply the Bécancour industrial park. A storage tank at Pointe-du-Lac holds
11 million m3 of natural gas. In addition, a proposed extension of the network,
which has received approval from the provincial natural gas board, should link
Quebec City with Saint-Agapit in 1995. The river crossing should be built by
directional drilling under the river bed, thus limiting the environmental impact
(Durand 1993).

The main environmental risk posed by the existing network is the poten-
tial for an explosion which could do considerable local damage (MENVIQ
1993).

The hydro-electric and thermal generating stations along the St. Lawrence and
Saguenay have a total installed capacity of almost 4500 MW, or 13% of Quebec’s
available power. It is when the River is used for energy generation that the
environmental impact of the energy sector is the most marked. On the one
hand, hydro-electric dams alter the aquatic ecosystem and the hydrodynamic
conditions. On the other hand, conventional and nuclear thermal power stations
use large volumes of cooling water whose discharge raises the water temperature
locally. No new construction of such installations is anticipated, however, and in
the absence of changes to existing facilities, the environmental impact should
not change.

3.3.3
NATURAL GAS

3.3.4
MAIN POINTS
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Other factors associated with the energy sector, including shipping of
petroleum products by tanker, overhead transmission line rights-of-way, and
wastewater discharged from refineries, can also affect the state of the River. In
this report, the environmental impact of the energy sector is covered under
other issues, such as shipping and industrial wastewater discharge. Tanker trans-
portation of petroleum products represents a pollution risk, and wastewater 
discharged from Quebec refineries is a major, albeit declining, source of pollu-
tion.



In their accounts, the first European explorers made frequent references to
the abundance of fishery resources in the northwest Atlantic and the St.
Lawrence River. Now, however, at the end of the 20th century, the situation of
both freshwater and saltwater fish species is altogether different.

The freshwater fishing area, which stretches from Cornwall to the eastern tip of
Île d’Orléans, can be divided into six sectors: Lake Saint-François, Lake Saint-
Louis, the La Prairie basin, Lake Saint-Pierre, Trois-Rivières and Quebec City
(Figure 3.11).

In 1991, 108 commercial fishing licences for freshwater species were
issued to St. Lawrence River fishermen by the Ministère de l’Agriculture, des
Pêcheries et de l’Alimentation du Québec (Johnson 1991). Fishermen in the
Lake Saint-Pierre area held 42 of these licences (Demers 1992).

It is difficult to quantify the economic importance of this activity. In the
Lake Saint-Pierre region, the economic spinoffs of all fishing-related activities
combined (fishing, processing and distribution) have been estimated at $5.7
million, with 135 person-years of employment (Auclair et al. 1991). In a region
like Lake Saint-Pierre, which has 35 670 employed people, this amounts to less
than 1% of total employment. Nonetheless, the economic importance of com-
mercial freshwater fishing may be quite significant for the municipalities where
it is centred.

Between Cornwall and Île d’Orléans, fishermen caught and landed 965 t
of fish in 1992, down by 180 t from 1986. Lake Saint-Pierre has the highest
landings, with 575 t in 1992, or 60% of total freshwater catches. Trois-Rivières,
with 221 t, ranks second, followed by the Quebec City (57 t), Lake Saint-
François, (56 t), La Prairie basin (36 t) and Lake Saint-Louis sectors (20 t)
(Figure 3.11).
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While over 20 species are fished commercially, four of them alone
account for nearly 85% of landings, namely Brown bullhead (255 t), Yellow
perch (238 t), Lake sturgeon (211 t) and American eel (116 t) (Johnson 1991).
The decrease in catches of American eel reflects the serious decline in its pop-
ulation. Since 1983, the number of juveniles that have run upstream toward
Lake Ontario, a traditional rearing area, has plummeted by 99%, with the figures
gradually decreasing from 1 293 600 to 11 500 individuals in 1992. Major
declines in catches can be expected in coming years. The Lake sturgeon popu-
lation is also declining; the sturgeon in the stretch between Lake Saint-Louis and
Lake Saint-Pierre have a high mortality rate, which can be attributed to inten-
sive commercial fishing and illegal harvesting, and a high natural mortality rate
that may be linked to the heavily polluted waters there (Dumont et al. 1987).
Brown bullhead and Yellow perch stocks are abundant and their populations
are either stable or growing (MENVIQ 1993).

Some sectors are more favourable to these species than others. For exam-
ple, Lake sturgeon catches in Lake Saint-Louis, Lake Saint-François and the La
Prairie basin, respectively, comprise 86%, 78% and 67% of total catches. In the
Lake Saint-Pierre sector, Brown bullhead predominate with 39% of landings,
followed by Yellow perch, with 34%. In the Trois-Rivières area, Lake sturgeon
(20%), Yellow perch (19%) and American eel (19%) are the main species har-
vested. In the Quebec City sector, American eel (47%) and Lake sturgeon (27%)
catches are predominant (Johnson 1991).

Lake Saint-Pierre is the main commercial freshwater fishing sector in the
St. Lawrence corridor, but it is here that catches are declining. Between 1986
and 1992, landings fell from 822 t to 575 t, or 30% (Table 3.6). Brown bullhead
and Yellow perch are the two main species taken. During this period, Brown
bullhead landings tumbled from 376 t to 224 t. Despite this downward trend,
however, in 1992 the Lake Saint-Pierre commercial fishermen’s co-operative
had opened its processing plant.

Commercial fishing on Lake Saint-Pierre is also characterized by sub-
stantial discards, particularly of Brown bullhead and Yellow perch. In 1992,
catches of these species that were kept and brought to shore totalled 224 and
196 tonnes, while 265 t of bullhead and 117 t of Yellow perch were returned to
the water. These discards may be attributable partly to catches of non-
commercial size fish or poor market conditions. Although the ecological con-
sequences of this situation are not known, the mortality rate associated with
these discards is thought to be much lower than it is in the mobile gear marine
fishery. For 1992, the total volume of discards on Lake Saint-Pierre is estimated
at 561 t, compared with 623 t for the six sectors combined (Table 3.7).

In 1992, the landed value of freshwater species caught in the St.
Lawrence River was estimated at $3.2 million: $1 742 002 for Lake Saint-Pierre,
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$794 149 for Trois-Rivières, $266 773 for Quebec City, $217 312 for Lake
Saint-François, $136 386 for the La Prairie basin and $80 713 for Lake Saint-
Louis (MAPAQ 1993).

The bait fishery is also part of the commercial freshwater fishing sector;
however, the use and possession of live fish as bait is authorized only in south-
western Quebec and in the St. Lawrence River (Mongeau 1985). In 1981, on
Lake Saint-Louis, for example, 15 fishermen held licences to catch fish for bait
(Mongeau 1985). The harvest on Lake Saint-Louis is larger than the average 
figure for the entire Montreal region (Dumont 1991). Most bait fish is caught 
in the fall and then sold to ice fishermen in the winter (Mongeau 1985).

Sector Retained catches Discards

Lake Saint-Louis 20 < 1

Lake Saint-François 56 < 1

La Prairie basin 36 2

Lake Saint-Pierre 575 561

Trois-Rivières 221 56

Quebec City 57 4

Total 965 623

Source: Johnson, 1991.

TABLE 3.7
Retained catches and discards (in tonnes) in Quebec’s

commercial freshwater fishery in 1992

Species 1986 1987 1988 1989 1990 1991 1992

American eel 73.0 50.7 44.7 57.0 53.4 50.4 43.4

Brown bullhead 376.4 348.9 335.0 227.1 197.7 188.4 223.8

Channel catfish 13.0 13.2 9.0 7.7 13.3 14.2 7.5

Sunfish 38.0 33.1 39.4 37.4 33.8 36.7 23.6

Lake sturgeon 93.2 129.2 54.5 57.4 69.1 72.8 64.9

White sucker 1.2 14.7 14.4 7.3 3.0 4.8 4.6

Yellow perch 221.7 207.6 238.9 216.1 177.5 193.3 195.6

Crayfish 4.8 5.1 7.7 8.7 7.4 7.5 8.8

Other 0.6 5.4 0.3 7.2 5.2 17.5 3.3

Total catch 821.9 807.9 743.9 625.9 560.4 585.6 575.5

Source: Johnson, 1991.

TABLE 3.6
Commercial fishing on Lake Saint-Pierre:
Landings from 1986 to 1992 (in tonnes)
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The annual harvest consists primarily of the following species, in declining order
of importance: Yellow minnow, Silver minnow, Emerald shiner and Spottail
shiner (Mongeau 1985). In 1979, the bait fishery generated gross annual rev-
enues in the order of $50 000, or $6000 per fisherman per year (Mongeau
1985).

The marine fishery in the St. Lawrence River stretches from the eastern tip of
Île d’Orléans to Blanc-Sablon on the north shore and encompasses Chaleur
Bay on the south shore. This area is divided into four sectors: St. Lawrence,
Côte-Nord, Gaspésie and Îles de la Madeleine (Figure 3.12), which together
count some 50 fishing harbours.

The marine fishery makes a marginal contribution to the Quebec econ-
omy, equivalent to less than 1% of the gross domestic product. Nonetheless, it is
an extremely important sector at the local level. Marine fishery-related activities
generate nearly 10 000 seasonal jobs for a total labour force of 136 000. Of this
total, 74 000 people, or 54%, are unemployed. The fishery provides 80% of
total employment on the Basse-Côte-Nord, 46% in the Îles de la Madeleine and
25% in Gaspésie (MAPAQ 1993).

In 1992, there were 5431 commercial fishermen in Quebec’s marine
fishery, with 45% of them in Gaspésie, 30% on the Côte-Nord, 23% in the Îles
de la Madeleine and 2% in the St. Lawrence. During the same year, the Quebec
fleet consisted of 2388 registered vessels, down by 2.4% from 1991; this decline
was due solely to the reduction in the fleet of vessels under 35 feet, which still
make up 75% of the Quebec fleet. Of these vessels, 42% had their home port in
Gaspésie, 38% on the Côte-Nord, 19% in the Îles de la Madeleine and 2% in
the St. Lawrence sector (Fisheries and Oceans 1993b).

The fish processing industry is of primary importance as well. In 1992,
the industry had a work force of 4698 and processed 42 000 t of marine prod-
ucts with a value of nearly $200 million (Fisheries and Oceans 1992). In the
same year, there were 60 processing plants in the maritime region: 32 in
Gaspésie, 18 on the Côte-Nord and 10 in the Îles de la Madeleine. The pro-
cessing industry also included 43 plants located in Montreal and Quebec City
(Fisheries and Oceans 1993b).

In 1992, however, the Quebec fishing industry had to grapple with
declining resources (Table 3.8). The volume of landings stood at 70 413 t, a
drop of 28% compared to 1987. This decline was mainly attributable to the
groundfish sector, where catches had dropped by nearly 26 000 t in five years.
By contrast, landings of pelagic species and molluscs and crustaceans were rela-
tively stable during this period, with the exception of Snow crab catches, which
declined.

3.4.2
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Species 1984 1985 1986 1987 1988 1989 1990 1991 1992

Groundfish

Cod 37 573 41 865 34 274 31 189 26 906 25 927 22 284 19 094 16 135

Halibut 10 22 97 31 31 7 1 2 1

Redfish 13 855 9 268 9 917 14 848 16 904 16 354 12 260 16 166 14 486

Atlantic halibut 67 132 206 156 178 168 254 205 116

Canadian plaice 2 290 3 042 3 571 4 739 3 476 2 556 2 165 2 162 1 925

Witch flounder 162 357 481 645 348 376 153 202 183

Winter flounder 138 65 442 384 260 689 450 459 446

Other flounder species 65 3 4 23 21 72

Greenland halibut 1 510 2 018 6 241 10 673 7 043 4 723 2 104 1 586 2 692

White hake 485 346 470 723 382 391 315 425 458

Atlantic wolffish 26 20 67 75 41 45 61 53 21

Other 9 158 100 292 151 35 26 59 154

Subtotal 56 190 57 296 55 866 63 755 55 724 51 273 40 096 40 434 36 689

Pelagic and estuary species

Herring 2 888 3 342 3 860 5 640 5 057 3 271 6 267 3 940 3 846

Mackerel 2 231 2 178 3 004 2 753 3 662 2 252 1 971 3 256 3 480

Eel 302 344 318 396 348 364 416 425 312

Salmon 65 78 89 110 91 81 74 38 79

Smelt 48 76 53 24 135 141 114 171 92

Capelin 180 345 227 67 377 1 487 317 241 912

Other 18 63 75 49 37 70 232 302 374

Subtotal 5 732 6 426 7 626 9 039 9 707 7 666 9 391 8 373 9 095

Molluscs/crustaceans

Softshell clams 299 722 820 465 560 557 641 529 441

Hardshell clams 29 15 64 40 62 59 53 49 113

Mussels 4 5 15 22 27 76 88 60 69

Scallops 1 102 1 304 1 171 1 977 1 366 2 436 3 572 2 522 2 692

Whelks 305 160 652 1 300 597 135 430 871 872

Lobster 1 875 2 137 2 268 2 659 2 532 3 203 3 331 3 493 3 835

Shrimp 5 278 6 539 6 689 7 714 8 174 9 586 9 636 9 488 8 211

Snow crab 12 766 15 301 14 761 10 172 8 827 6 037 6 976 7 982 8 262

Other 291 283 6 16 616 405 130 31 134

Subtotal 21 949 26 466 26 446 24 365 22 761 22 494 24 857 25 025 24 629

Total 83 871 90 188 89 938 97 159 88 192 81 433 74 344 73 832 70 413

Source: Based on data from Fisheries and Oceans, 1988, 1990, 1992, 1993b.

TABLE 3.8
Landings (in tonnes) by species in Quebec, 1984 to 1992
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Geographically, Gaspésie has the highest volume of landings at 33 568 t,
followed by the Îles de la Madeleine with 23 608 t, the Côte-Nord with 12 505,
and, lagging far behind, the St. Lawrence sector with 746 t (Figure 3.12).

Nearly 30 species are harvested commercially. In 1992, as in 1991,
Atlantic cod was still the main species caught in terms of volume, with landings
of 16 135 t (down by 15.5%), followed by redfish with 14 486 t (down by
10.4%), Snow crab with 8262 t (up by 3.5%) and shrimp with 8211 t (down by
14.4%) (Fisheries and Oceans 1993b). Thanks to favourable market conditions,
in 1992 landed value rose by 3.3% on a year-over-year basis to $88.9 million,
despite a 4.7% decline in the quantity of fish caught. 

In terms of value, lobster ranked first owing to a substantial increase in
both catches (9.8%) and landed price (30.2%). Thus, with a landed value of
$26.4 million (up by 42.7%), lobster accounted for 30% of the value of the
entire industry’s catches in 1992. Snow crab came next, with a landed value of
$18.2 million (down by 11.5%), then cod with $13.7 million (down by 9%) and
shrimp with $12 million (down by 12.9%). These four species alone account for
80% of the total landed value. Among the other important species – that is,
those with a landed value of over $2 million – Greenland halibut registered an
increase of 48% ($3.2 million) in landed value, and scallops 7% ($3 million). By
contrast, the value of redfish catches declined by 8% ($3.7 million) (Fisheries
and Oceans 1993b).

Although partly offset by a rise in landed price, the decrease in ground-
fish landings had a major impact on the groundfish fleet (Figure 3.13). Some
fishermen withdrew from the fishery, some shifted their fishing effort from
groundfish to other species, such as pelagics, and some simply saw their earnings
from groundfish decline in favour of other species (Lauzier et al. 1993). Hence,
between 1987 and 1991, the number of fishing enterprises deriving most of
their livelihood from groundfish fell from 786 to 404, or 49%. This drop is pri-
marily attributable to enterprises using fixed gear, or more specifically, vessels
under 35 feet, some of which were only operating part time.

As for the mobile gear fleet, eight fishing enterprises have withdrawn
since 1989, which is when the enterprise-based quota allocation system was
introduced. The rationalizing effect produced by the program when it made
quotas transferable may well explain the reduction in the fleet (Lauzier and
Chamberland 1992).

The fish processing industry in the maritime regions has also been affect-
ed by the drastic decline in the resource. The overcapacity in the industry is
clearly reflected in the average capacity utilization rate for fish plants, estimated
at 45% (MAPAQ 1993).
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Among groundfish species, cod has always ranked first in terms of the quantity
of fish caught and its landed value in Quebec. Nonetheless, cod landings have
varied owing to the combined effects of numerous climatic, biological, socio-
economic and technical factors.

Cod catches in Quebec fell sharply between 1971 and 1976 and then
shot up between 1977 and 1981 after the 200-mile limit was established.
Although they held steady over the following four years, they have been in free
fall since 1985. The 1992 catches were comparable to the lowest levels posted in
the 1970s (Figure 3.13).

There are two cod stocks in the Gulf: the southern one (4T-4Vn) and the
northern one (4PS-3Pn). They are harvested by fishermen in Quebec and the
four Atlantic provinces, as well as by the French fishing fleet. Both of these
Gulf cod stocks have declined sharply since 1983, reducing the number of fish
available for harvesting in 1993 to the lowest level seen since the advent of quo-
tas for these stocks (ie., since 1976 for the northern Gulf stock, and since 1974
for the southern stock) (Revéret 1991).
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For the southern Gulf of St. Lawrence stock, the total allowable catch
(TAC) fell from over 60 000 t in the early 1980s to 43 000 t in 1992. In 1993, a
further reduction of nearly 70% was imposed and the TAC tumbled to 13 000 t.
In the northern Gulf, the TAC shrank from 100 000 t ten years earlier to a
mere 35 000 t in 1991 and 31 000 t in 1993 (Fisheries and Oceans 1993c). In
the southern Gulf, the cod biomass was thought to be at its lowest level since
about 1950, fish weight relative to age was below average, there had been no
sign of improvement in recruitment, and fishing mortality was probably high, far
exceeding the target level (CAFSAC 1993).

In view of this situation, fishery authorities announced a moratorium on
cod fishing on September 1, 1993. As regards the northern stock, its numbers
were very low, probably the lowest they had been in 20 years, and fishing mor-
tality was much higher than the target level (CAFSAC 1993).

The growing scarcity of cod stocks in the Gulf can be explained by var-
ious factors, the most plausible of which are as follows: overfishing by Canadian
midshore and offshore trawlers, overestimation of the biomass as a result of mis-
reporting of catches by Canadian fishing enterprises, and unusually cold water
temperatures and other environmental factors (MAPAQ 1993). While it may be
difficult to evaluate the separate impact of these potential causes, it is clear that,
given the current condition of stocks, the cod fleet’s harvesting capacity vastly
exceeds the available resource, and the fishing industry, particularly the ground-
fish sector, needs to undergo radical restructuring.

Quebec’s aquaculture industry is still in its infancy, producing 1500 t of product
per year, or about 8% of the total for Canada (MENVIQ 1993). Freshwater
trout farming accounts for nearly 90% of this total production. In the St.
Lawrence, aquacultural activities are quite limited in scope, being confined to
the maritime sector and to only two species: Blue mussels and Atlantic salmon.

In 1991, there were ten Blue mussel growers: two in Gaspésie, six in the
Îles de la Madeleine and two on the Basse-Côte-Nord (Desrosiers 1991). The
only commercial Atlantic salmon farming operation is located in Gaspésie, on
the Chaleur Bay side. In 1992, 60 t of salmon and 87 t of Blue mussels were
produced (Johnson 1991).

The aquaculture situation is not very rosy, however. Quebec mussel
farming has not been as successful as anticipated, mainly because of technical
problems which have made this kind of operation a risky investment (Johnson
1991). Like mussel culture, salmon farming entails numerous technical adjust-
ments. In Quebec during several months of the year, Atlantic salmon culture is
plagued by adverse weather conditions. The cold water temperature slows
growth so much that the fish take an extra year to reach market size. In addition,
because of ice in winter, floating pens cannot be used year-round, so the fish
have to be reared in silos, despite the fact that the commercial feasibility of this
method has not been proven. In this context, given the large capital outlays

3.4.3
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required for infrastructure and the high operating costs, fish cannot be pro-
duced at competitive prices (MAPAQ 1993).

However, in 1992 promising preliminary results were obtained in two
experimental projects: sea ranching of salmon and scallop rearing on the seabed
at suitable sites (MAPAQ 1993).

The fishery resource is a renewable natural resource which, given a stable
ecosystem, should permit optimum sustainable harvesting without reducing
stock size. In practice, however, commercial fishing can affect aquatic ecosystems
in various ways. The most obvious is intensive harvesting, which can lead to a
reduction in the size of individual fish and, eventually, an overall decline in the
stock, followed by restrictions or bans on harvesting certain species. The situa-
tion of cod partly illustrates this.

Another aspect relates to the effects that fishing gear may have on the
ecosystem. Fishing methods that rely on fixed or drift nets may have negative
impacts on other marine resources, such as mammals and sea birds. Likewise,
gear that is dragged over the bottom may alter the seabed and thus adversely
affect the food chain. It is difficult, however, to have a clear picture of the over-
all impact of fishing on ecosystems because this issue has not been studied in
depth.

Discarding of fish is a routine practice that can have far-reaching effects as
well, since it causes a high mortality rate and thus may be detrimental to future
recruitment (Cliche and Côté 1984). The practice can be attributed to both
economic and regulatory factors. From an economic standpoint, fishermen are
not interested in landing species that do not have economic potential or an
established market structure. As regards the regulatory aspect, catches of juvenile
fish are a common occurrence in the Gulf of St. Lawrence (Martin 1990). The
penalties levied on landings of juvenile fish explain why discarding is so wide-
spread. To reduce catches of juveniles, trawlers are required to move to a differ-
ent area when the proportion of fish under 41 cm in their landings reaches 15%
based on average weight. Nonetheless, discards are estimated to represent
between 10% and 11% of total catches (Fisheries and Oceans 1993c). As men-
tioned earlier, even less is known about the ecological consequences of the 
discards that occur in the commercial freshwater fishery.

In 1989, fish processing plants in Quebec produced nearly 40 000 t of
waste; an estimated 70% of such waste is recovered (MAPAQ 1990). Four dif-
ferent reclamation methods are employed: producing meal for animal feeds;
crushing and freezing waste for use in animal feeds; composting; and direct
application of waste on farmland.

The unrecovered waste amounts to some 12 000 t, of which 15% is
dumped into the sea (1800 t) and the rest buried in landfill sites if the soil is suit-
able. The primarily rocky terrain of the Côte-Nord makes waste burial difficult.

3.4.4
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Where landfill disposal does not comply with basic rules for protecting the envi-
ronment, serious problems can arise, such as unpleasant odours and contamina-
tion of adjacent bodies of water, although the effects are not long-lasting. While
the impact that such landfill sites have on the coastal marine environment is
not known, the River itself is not affected to any great extent (MAPAQ 1990).

Commercial freshwater fishing is a marginal economic activity in the St. Lawrence
corridor. The total catch is nearly 1000 tonnes of fish, of which 85% is Brown
bullhead, Yellow perch, Lake sturgeon and American eel. While the first two
species have a stable population, the Lake sturgeon and American eel popula-
tions are in decline. Lake Saint-Pierre is the main fishing sector, with 60% of
landings.

By contrast, commercial marine fishing is a mainstay of the economy in the
Gaspésie, Îles de la Madeleine and Basse-Côte-Nord regions. Nonetheless,
resources are declining, as is evident in the 27% drop in landings between 1987
and 1992. The mollusc and crustacean sectors are bearing up well, particularly
lobster, which experienced an upsurge of over 40% in landed value in 1992.
The groundfish sector, on the other hand, is in an unprecedented crisis. Cod
stocks have seen the most drastic decline, and their collapse led to the closure of
this fishery in the southern Gulf on September 1, 1993. The groundfish sector
needs to be completely restructured, and this will have a ripple effect on the
entire regional economy.

3.4.5
MAIN POINTS
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The St. Lawrence River, with its magnificent landscapes, numerous historic
sites, rich natural heritage and remarkable expanses of water, has outstanding
potential for recreational and tourism activities. At present throughout Quebec,
recreation and tourism generate more than $3 billion in economic spinoffs
annually. The River serves as an important catalyst in this sector, since most of
the tourism and recreational services and infrastructures are concentrated along
its banks (Government of Canada 1991).

The quality of life associated with both tourism and recreation along the St.
Lawrence is essential to Quebec’s economic and social development. People
have an ever greater need to be in a healthy environment, in beautiful, pleasant
surroundings with abundant opportunities for recreation. In this sense, the River
and its banks represent a key asset that Quebecers and visitors alike are begin-
ning to rediscover. This is partly reflected in the wide variety of festivals linked
to the River (Figure 3.14), the redevelopment of the old ports of Montreal,
Quebec City and Trois-Rivières, and the creation of the Parc des Îles on Île
Notre-Dame (Government of Canada 1991).

Boating is becoming more popular every year. The quest for adventure and the
desire to get back in touch with nature have made recreational boating so pop-
ular that some 40 000 craft now ply the majestic waters of the St. Lawrence
throughout the summer. For these mariners, the River’s many tributaries and
islands and its varied shoreline dotted with industrial centres and quaint villages
make sailing on it anything but monotonous. Sailboats and motorboats can nav-
igate almost every part of the waterway, alongside cruise ships and freighters. 

In Quebec, recreational boating began in the 19th century, primarily in
the form of competitions among small craft owners in the main harbours of the
St. Lawrence. Although the initial impetus for these races was the competition
itself, the social aspect became increasingly important: “Even before the 1860s,
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FIGURE 3.14
Festivals linked to the River in 1991

Source: SLC, 1993, based on data from Quebec festival society, 1990.
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the carefully planned regattas of the timber towers (sailing and rowing races) and
of the Quebec Rowing Club (mostly rowing competitions) were already widely
popular events.” (Roche and Associates 1983).

The advent of the gas-powered motorboat in the early 20th century
breathed new life into pleasure boating. This type of vessel eventually became
more popular than the sailboat, and both the number of sailboats and sailing
trips on the River declined steadily until the early 1980s.

The main impediment to pleasure boating in its early days was the short-
age of mooring places; this situation prompted a boom in marine infrastructure,
such as recreational harbours (marinas), wharves and launching ramps, helping
to revitalize the River, especially along its Fluvial Section, or main course
(Figure 3.15).

In 1988, there were 88 marinas and 75 wharves scattered along the banks
of the St. Lawrence, with 52 of the marinas and 30 of the wharves situated
along the main course of the River. In 1987, there were also 175 launching
ramps, 104 of which were found along the main course (Table 3.9). This figure
represents an increase of over 75% between 1982 and 1987. In 1987, 65% of the
launching ramps inventoried belonged to private organizations, 22% to the fed-
eral government, 4% to the province and 9% to municipalities. Just over one-
third of the 339 riverside municipalities had at least one launching ramp (MLCP
1987b).

The number of pleasure craft on the St. Lawrence illustrates the scope of
this activity. In 1988, a Canadian Coast Guard survey put the number of boats at
38 146, or 6.5% more than in 1983. This figure included dinghies (sailboards,
sailing dinghies, sailboats with a retractable keel), keelboats (sailboats with a per-
manent keel and usually a motor and cabin), multihull vessels (sailboats with two
or three hulls and with or without a cabin), traditional open craft (for example,
rowboats, rubber dinghies with oars or a motor, canoes, kayaks, pedalboats,
seadoos, pontoon boats), as well as conventional closed craft (motor-powered
vessels that have a deck, with or without a cabin). Of the vessels surveyed,
59.5% were based along the Fluvial Section of the River, 28.1% along the
Lower Estuary, and the rest along the Fluvial Estuary (9.9%) and the Upper
Estuary (2.5%) (Canadian Coast Guard 1988).

Motor and oar-powered boats accounted for 80% of the craft surveyed
and sailboats 20%. Seventy-five percent of the vessels were less than 5.5 m long
and 77% were traditional craft, primarily the open type (Canadian Coast Guard
1988).

Surveys conducted by the Canadian Coast Guard have shown that the
largest increase (27%) in the number of sailboats occurred between 1983 and
1988. This upsurge can be attributed mainly to the small number of sailing
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vessels covered in previous surveys. Vessels 12 m- to 20 m-long posted the
largest increase between 1983 and 1988, totalling 383 in 1988. Special events
such as the gathering of Tall Ships in Quebec City in 1984 probably sparked this
enthusiasm for sailing, since a considerable upturn in dinghies and multihull
boats was observed in the same period.

The River is an ideal setting for a variety of recreational activities, such as wind-
surfing, kayaking and canoeing; however, these amenities are now in jeopardy
and some leisure activities that depend directly on water quality have even been
banned at a number of sites because of pollution.

Swimming first became popular when tourists and the well-to-do flocked
to waterfront and resort areas. Every suitable swimming location was used in the
early days, from bays and coves to relatively sandy beaches, and people even
swam off town and commercial wharves.

Around 1930, numerous public beaches were established on the sandy
shores of the St. Lawrence River, while major resorts and recreation centres
sprang up featuring beaches and water sports. Port Saint-François in the munic-
ipality of Saint-Jean-Baptiste-de-Nicolet was a popular spot. A lot of people
also frequented Garneau Beach under the Quebec City bridge at the mouth of
the Chaudière River, where there were floating docks (Média Science 1991).

As public fascination with the waterfront grew, so did summer homes
and cottages. Unfortunately, however, vacation and resort facilities degrade the
environment, pollute the water, destroy the beauty of the aquatic environment,
and above all, convert the shoreline into private property. In the past, resort
construction was subject to very little control, sometimes leading to sprawling
development with negative consequences for land use planning and the envi-
ronment. Cottages built in flood plains, particularly in the Sorel islands, illustrate
this situation (Auclair et al. 1991). This haphazard type of development
occurred chiefly in the Fluvial Section of the River and the Fluvial Estuary
owing to the proximity of large urban centres. Even today, with all the different

3.5.1.2
Water sports

Fluvial Fluvial Upper Lower 
Section Estuary Estuary Estuary and Gulf Total

Ramps (1987) 104 15 12 44 175

Marinas (1988) 52 7 12 17 88

Wharves (1988) 30 10 19 16 75

Total 186 32 43 77 338

Sources: Based on data from MLCP, 1987b, 1982; Canadian Coast Guard, 1988.

TABLE 3.9
Launching ramps, marinas and wharves along the St. Lawrence



means of transportation available, distance is still a primary determinant of loca-
tion.

During the 1970s, the River’s importance as a focus of recreational activ-
ities declined considerably, particularly with regard to activities involving direct
contact with the water. Prior to 1970, there were about 150 swimming areas
scattered all along the St. Lawrence and the Saguenay. Although no up-to-date
inventory of swimming areas exists, about 20 beaches are currently covered, on
a voluntary basis, by the Ministère de l’Environnement du Québec beach mon-
itoring program (Figure 3.16). Among the different reasons for the decreased
interest in water sports, degradation of the bacterial water quality caused by
massive wastewater discharges from urban areas and tributaries played a prime
role in driving people from beaches and reducing participation in such activities
(Cadrin 1990).

Like boating, sport fishing is attracting an ever increasing number of participants.
In 1986, 21% of Quebec residents engaged in sport fishing at least once during
the year. Sport fishing in the St. Lawrence, albeit important from a recreational
and economic standpoint, has been hampered by numerous constraints related
mainly to water quality, contamination of fish flesh, reduced access to the
resource, and competition among commercial and sport fishermen (Média
Science 1991).

Sport fishing in the St. Lawrence is a fairly important activity both social-
ly and economically (Figure 3.17). Between 1983 and 1988, an average of
200 000 fishermen participated annually in the sport fishery, for a combined
fishing effort of 2.4 million days and a total harvest of 3260 t of fish. The St.
Lawrence fishery accounts for 18% of sport fishermen and 16% of sport fishing
effort in Quebec, but only 9% of fish caught. These catches nonetheless amount
to more than double the volume of commercial freshwater catches, which
totalled 1420 t in 1985 (Mailhot 1990).

It is difficult to determine the economic value of sport fishing; however,
in 1986, sport fishing in the Lake Saint-Pierre region alone generated direct
expenditures estimated at $5 million (MLCP 1987a) and economic benefits of
$70 million (MLCP 1988).

Fishing effort is greatest in the main course of the River, especially on
Lake Saint-Louis. The Montreal sector alone accounts for 85% of the total
number of fishermen, 83% of fishing effort and 80% of the freshwater catches in
the River. It has some extremely productive areas and an abundance of aquatic
fauna, consisting of about 95 species (Comité directeur pour la mise en valeur
du Saint-Laurent 1989). Moving toward the Fluvial Estuary, diversity decreases
rapidly, and migratory species such as the Atlantic tomcod and Rainbow smelt
become the main catch. Nonetheless, fishermen focus mainly on a handful of
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3.5.1.3
Freshwater sport fishing
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species, in particular, Northern pike, Yellow perch, Muskellunge and Atlantic
tomcod.

Sport fishing consists primarily of angling from shore or from small craft.
In the Upper Estuary and Lower Estuary, however, a great deal of fishing still
takes place from wharves, although less than a few decades ago because of the
disappearance of Striped bass, the significant decline in Rainbow smelt, and the
closure of a number of disused wharves (Mailhot 1990).

Although no figures are available on mollusc harvesting, which compris-
es Softshell and Hardshell clams and mussels, this activity is considered of prime
importance in locations near shellfish areas. Of the 174 areas examined in the
Lower Estuary and the Gulf, 52% are open to harvesting, albeit sometimes only

conditionally; the molluscs in the other areas are considered unfit for human
consumption owing to bacterial contamination and other factors (Figure 3.18).

Ice fishing has become a very popular activity. In the early days, for Natives
and newcomers alike, winter fishing was an essential way of obtaining food for
survival; however, when other means of subsistence were found, this type of
fishing declined. Ice fishing has made a comeback over the past 20 years and is
now a social activity with substantial economic spinoffs. The ice fishery in the
Sainte-Anne-de-la-Pérade region, for example, is well known to Quebecers.

The rapid increase in ice fishing, which on the Saguenay was reflected in
the sharp rise in the number of shacks from 227 in 1979 to 1521 in 1991
(André Talbot and Associates 1991), has spawned a variety of events such as the
ice-fishing festival at Sainte-Rose-du-Nord. Ice fishing is also popular in the
Montreal region and on Lake Saint-Pierre.

FIGURE 3.18
Shellfish areas 
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In the Montreal archipelago, the number of ice-fishing sites surveyed
rose from 72 in the early 1970s to 125 in 1985. This well-organized activity is
supported by a network of outfitters (26 in 1990), fishermen and bait fish mer-
chants (111 and 26, respectively, in 1990). In a 1990 study, 17 ice-fishing 
outfitters indicated that they had 525 rental shacks to manage and 1000 pri-
vately-owned shacks to install and maintain. In the Montreal region, Yellow
perch is the main species harvested, accounting for over 90% of landings and
economic spinoffs probably in excess of $15 million per year (Tremblay and
Dumont 1990).

The constraints on the sport fishery are primarily linked to the destruction of
habitats and spawning grounds, bioaccumulation of toxic substances in the food
chain and reduced access to the River for sport fishing enthusiasts.

In general, the deterioration in water quality and in aquatic habitats along
the River has had deleterious effects on some 30 species of fauna (SLC and
Laval University 1991a) and on fish catches. The most significant losses have
been noted in the Fluvial and Upper estuaries, affecting game species like
Striped bass, Atlantic salmon and Rainbow smelt. The Copper redhorse, River
redhorse and Grass pickerel are threatened as well (Government of Canada
1991).

The Striped bass was nearly wiped out in the late 1960s, mainly by
dredging work which destroyed spawning areas. Similarly, a sharp drop in
Rainbow smelt catches was observed between 1963 and 1988. Back then, peo-
ple fished for Rainbow smelt from wharves, in the spring, when the fish were
spawning in the Ouelle and Boyer rivers, and in the fall. The decline in the
Rainbow smelt stock on the Côte-du-Sud is attributable to the loss of the most
important spawning area in the Boyer River, caused by agricultural pollution
and bridge work on Highway 20. Today, only wharves in the Upper Estuary at
localities like Charlevoix, Kamouraska and Rivière-du-Loup are still used for
Rainbow smelt fishing in the fall.

Atlantic salmon used to be present as far upstream as Sainte-Anne-de-la-
Pérade (Média Science 1991). However, as a result of overfishing and hydro-
electric dam construction on tributaries of the St. Lawrence, the stocks declined
so drastically that there are no longer any salmon rivers upstream of Baie-Saint-
Paul, except for the Jacques-Cartier River, where restoration work has been
undertaken. The Lake whitefish population appears to be increasing now after
suffering a considerable decline earlier. By contrast, Rainbow smelt and Atlantic
tomcod stocks appear to be shrinking (Government of Canada 1991).

To counter the decline in fish populations, measures were implemented
to stock the River with popular game species; for example, more than
140 000 fish (Brown trout, Rainbow trout, Muskellunge) were introduced in
the Montreal area (MLCP 1991a). In addition to stocking, restoration of the

3.5.1.5
Constraints 

on sport fishing
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natural environment should help to boost fishery potential as it has for salmon.
However, the complexity and scope of the different habitat protection regula-
tions complicate the task of conserving and enhancing the fishery resource
(Comité directeur pour la mise en valeur du Saint-Laurent 1989).

Moreover, fish caught in the River, whether in the sport or the com-
mercial fishery, provide a clear indication of the far-reaching contamination of
the St. Lawrence. As a rule, piscivorous (fish-eating) species accumulate the
largest amount of toxic substances. As well, concentration levels are known to
increase with the size of the individual fish (Laliberté 1992). Studies on Walleye,
Northern pike, Brown bullhead and Yellow perch have revealed high PCB,
lead, PAH, chlordane and BHC levels. In the case of Northern pike and
Walleye, mercury concentrations exceeding the most stringent Canadian
marketing guidelines (0.5 mg/kg) have been found, particularly in specimens
caught in the Fluvial Section and the Fluvial Estuary (see Part 2).

The Government of Quebec publishes the Guide de consommation du pois-
son de pêche sportive en eau douce (guide to eating freshwater sport fish), which
gives advice on consumption frequency according to the species, the size of
the fish and the location in the River where they are taken (MSSS and 
MENVIQ 1993). Figure 3.19 shows that the restrictions on consumption were
relatively stable between 1992 and 1993. In certain cases, restrictions were eased
– this is the case for Walleye and Smallmouth bass in the Quebec City–Trois-
Rivières sector, where the recommendation was raised to a maximum of four
meals per month from two. During this period, Yellow perch were under the
most severe restriction in the Lake Saint-Louis sector.

Based on the available data, a comparison of the five sectors shows that
the three sectors located farthest upstream are covered by the most severe
restrictions. Little data exist on the restrictions for the Trois-Rivières and
Quebec City sectors.

Bacterial contamination also affects mollusc harvesting in the Lower
Estuary and the Gulf, since many of the shellfish areas are situated near urban
centres and wastewater outfalls. As mentioned earlier, 48% of these areas were
closed in 1992 on account of bacterial contamination and other problems.

The use of some sites by both commercial and sport fishermen has
sparked conflicts, particularly in a context where both groups are competing for
an increasingly scarce resource. Fully 50% of sport fishermen feel that harvesting
by commercial fishermen on Lake Saint-Pierre is affecting the sport fishery
(MLCP 1987a). Nonetheless, Yellow perch are fairly abundant in this lake and
even tolerate the combined commercial and sport fishing operations fairly well.
In actual fact, it is the way these two uses are managed that may be provoking
conflicts.



55
Socio-Economic Aspects: Recreational and Tourism Activities

Private ownership of riverside property, by farmers, municipalities, indus-
trial plants and cottagers, makes some areas off limits to fishermen. As a result,
areas to which they have ready access may come under greater pressure.

Hunting is a traditional activity that is still carried out along the River, with
waterfowl being the predominant game. Muskrat trapping and frog harvesting
for food are other activities worth noting.

Bird life along the St. Lawrence is highly varied, with over 260 species
flocking regularly along the River and 115 species closely linked to fluvial habi-
tats (Ghanimé et al. 1990). However, migratory birds are hunters’ favourite
kind of game. According to 1985 estimates, 372 683 birds were taken in the
St. Lawrence corridor, including nearly 47% in the Fluvial Section of the River,
24% in the Upper Estuary, 17% in the Fluvial Estuary and 12% in the Lower
Estuary and the Gulf (Lehoux et al. 1985). Dabbling ducks accounted for 54%
of the harvest, diving ducks 22%, geese and Canada geese 15%, and sea ducks
10% (Figure 3.20).

3.5.1.6
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Information Supplement

LEAD SHOT CONTAMINATION 
OF WATERFOWL ALONG 
THE ST. LAWRENCE

The ingestion of shot from hunting rifle
cartridges is a major source of lead contamina-
tion in aquatic birds. A typical cartridge used
in waterfowl hunting contains several hundred
pellets of lead, most of which end up in the
environment, especially in wetlands. Birds can
be poisoned as a result of ingesting these pel-
lets, which remain in their gizzards for up to
one month. Following ingestion, lead accumu-
lates rapidly in bony tissue and becomes stable.
Lead poisoning, also called saturnism, can
cause digestive, circulatory and nervous system
disorders, and may even lead to death. Dabbling
ducks (Mallard, Black duck, teal, etc.) are the
most vulnerable to lead poisoning. Lead poison-
ing in waterfowl is likely to occur in areas of
intensive hunting because shot accumulates on the
bottom of marshes and swamps there. 

A study by the Ministère du Loisir, de la
Chasse et de la Pêche (1987-1988) on the quanti-
ty of lead shot found in gizzards of waterfowl in
Quebec showed that, in three out of ten regions,
dabbling ducks (Mallard, Black duck, teal, etc.)
had lead concentrations above 5%, meaning that
the ducks may show symptoms of lead poisoning. 

Two of these regions – Trois-Rivières (8.4%) and
Montreal (6.8%) – are near the St. Lawrence and
are, moreover, characterized by the most inten-
sive waterfowl hunting.

The species with the highest rates of inges-
tion are also the most heavily harvested ones
(Mallard, Black duck and hybrids of these two
species). Approximately 10.5% of the gizzards of
Mallards, Black ducks and hybrids of the two
species sampled in the Trois-Rivières region con-
tained at least one lead pellet. In the Montreal
region, 8.9% of the gizzards of this group of
species contained at least one pellet; however, in
this region, 47% of the ducks that had ingested
lead shot were from Venise-en-Québec, near Lake
Champlain, whereas in the Trois-Rivières region,
most of the ducks were taken in a narrow strip of
land along the St. Lawrence where hunting effort
is greatest.

In riparian areas, the percentage of diving
duck gizzards (scaups, goldeneyes and mergansers)
containing lead was 7.1% for the Bas-Saint-
Laurent–Gaspésie–Îles-de-la-Madeleine, 5.2% for 
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the Saguenay–Lac Saint-Jean region, 4% for
Montreal, 3.8% for Trois-Rivières, 0.6% for 
Quebec City and 0% for the Côte-Nord. Diving 

ducks appear to be naturally resistant
to lead poisoning, given that high lead
concentrations in the blood or bones
are not associated with weight loss or
other symptoms of lead poisoning. In
general, geese, Canada geese and sea
ducks contained very low lead levels
in their tissues.

In a Canada-wide study done
in 1988-1989, lead contamination in
waterfowl was assessed by examining
the wings of young ducks taken by
hunters. In Quebec, 2408 Mallards
and Black ducks (dabbling ducks) and
259 Ring-necked ducks (diving duck)
were examined. High lead levels (10
mg/kg and over in bone) were found
in 19% of the dabbling duck speci-
mens (Mallards and Black ducks) and
in 50% of the Ring-necked ducks.
Sectors character ized by intensive
hunting (500 hunter-days and over)
and high lead concentrations (10
mg/kg and over) are likely to exhibit
lead poisoning problems. In Quebec,
the areas are the following: an area
near Gaspé, the southeastern tip of
Lac-Saint-Jean, Baie-Comeau, and
the banks of the St. Lawrence from Île
d’Orléans to the Ontario border.

Sources: Based on data from Lemay et al., 1989; Kennedy 
et al., 1993.

0

2

4

6

8

10

Côte-
Nord

Bas-Saint-
Laurent –
Gaspésie–
Îles-de-la-
Madeleine

Saguenay–
Lac-

Saint-Jean

Quebec
City

Trois-
Rivières

Montreal

Pe
rc

en
ta

g
e 

o
f 

g
iz

za
rd

s 
co

n
ta

in
in

g
at

 le
as

t 
o

n
e 

le
ad

 p
el

le
t

Note: Dabbling ducks considered here include: Mallard, Black duck +
Mallard, Black duck, Gadwall, American wigeon, Green-winged
teal, Blue-winged teal, Northern shoveler, Northern pintail and
Wood duck.

Diving ducks considered here include: Redhead, Canvasback,
Greater scaup, Ring-necked duck, Common goldeneye, Barrow's
goldeneye, Bufflehead, Ruddy duck, Common merganser, Red-
breasted merganser and Hooded merganser.

The figure in brackets indicates the number of samples.

(318)

(915)

(374)

(1152)

(379)

(324)

(44)

(115)

(622)

(42)

0      0
(154) (58)

Dabbling ducks
Diving ducks

Rate of lead shot ingestion in dabbling ducks and
diving ducks during the hunting season, by
riverfront administrative region (1987-1988)

Source: Based on data from Lemay et al., 1989.



N

B
(68%)

D
(12%)

G
(16%)

B
(26%)

D
(22%)

S
(50%)

G
(2%)B

(38%)
D

(17%)

S
(31%)

Havre-Saint-Pierre
Sept-Îles

Baie-Comeau

Gaspé

Rimouski

S
(4%)

0 25 50 km

B
(57%)

D
(29%)

S
(9%)

G
(5%)

B
(47%)

S
(5%)

G
(38%)

B
(65%)

D
(21%)

S
(8%)

G
(6%)

B
(44%)

D
(39%)

S
(9%)

G
(8%)

D
(10%)

B = Dabbling ducks, D = Diving ducks, S = Sea ducks, G = Geese and Canada geese
Example : (16%) ® % of total waterfowl harvest along the St. Lawrence that occurs in that sector.

MONTREAL TO
TROIS-RIVIÈRES

(31%)

TROIS-RIVIÈRES TO
QUEBEC CITY

(17%)

UPPER AND MIDDLE ESTUARY
(24%)

Cornwall

Laval

Montréal

Trois-Rivières

St. Lawrence River

La Malbaie

Rivière-du-Loup

S
aguenay

R
iv.

Rimouski

CORNWALL TO
MONTREAL

(16%)

Québec

B

D

G

S

Dabbling
ducks

Diving
ducks

Geese and
Canada
geese

Sea ducks

9

11

4

7

Black duck
Mallard

Green-winged teal
Northern pintail
Blue-winged teal

Other species

Lesser scaup
Common goldeneye

Greater scaup
Ring-necked duck

Other species

Greater snow goose
Canada goose
Other species

Surf scoter
Black scoter
Oldsquaw

Common eider
Other species

Average % of
total waterfowl

harvest between
1977 and 1981

Most
harvested

species

Number of
species

harvested

MAIN SPECIES HARVESTED ALONG THE RIVER

17.8
11.3

9.2
4.5
4.0
6.8

5.4
5.2
4.1
2.3
5.3

9.0
5.4
0.2

2.2
2.1
1.9
1.8
1.5

Group

HUNTERS IN QUEBEC
The number of migratory bird
hunting permits kept rising until
1980, when they totalled 75 178.
 Between 1980 and 1987, the sale
of permits declined steadily,
reaching 55 124 in 1987, with only
1% of this number issued to
residents from outside Quebec.

HARVEST IN QUEBEC
Between 1984 and 1987, 530 000
waterfowl were harvested annually
on average, primarily dabbling
ducks (314 000, or 59%), diving
ducks (113 000, or 21%), geese
and Canada geese (70 000, or
13%) and sea ducks (32 000, or
6%). Nearly all Snow geese are
taken along the St. Lawrence, as
are 65% of the ducks harvested
in Quebec.

N
0 100 km

GASPÉSIE
AND

CHALEUR
BAY
(3%)

Anticosti
Island

LOWER
ESTUARY

(7%)

CÔTE-NORD
(2%)

G
(14%)

FIGURE 3.20
Waterfowl hunting

Source: SLC, 1993, based on data from Lehoux et al., 1985;  Dickson, 1989.



Socio-Economic Aspects: Recreational and Tourism Activities 59

Hunting generates economic spinoffs on the order of $87 million
(Comité directeur pour la mise en valeur du Saint-Laurent 1989); however, the
number of migratory bird hunting permits declined steadily between 1980 and
1987, dropping from 75 178 to 55 124 (Dickson 1989). In a spirit of conserva-
tion, work has been undertaken to rebuild waterfowl populations that are at
risk and maintain other populations at satisfactory levels (Comité directeur pour
la mise en valeur du Saint-Laurent 1989).

Trapping has historically played a key role in Quebec’s economic development,
and even today makes a fairly substantial contribution. Although no precise fig-
ures on habitats and stocks exist, Muskrat is the main species trapped, account-
ing for roughly 29% of the fur pelts sold in 1991-1992. More than half of this
harvest takes place in the St. Lawrence River corridor, which contains some
high-potential trapping areas, such as the Sorel and Berthier islands, and the
Lavallière, Saint-François and Maskinongé bays (Comité directeur pour la mise
en valeur du Saint-Laurent 1989). Trapping activity has decreased considerably
in recent years owing to the sharp drop in fur prices; the number of pelts sold in
Quebec plummeted from 562 270 in 1986-1987 to 199 730 in 1991-1992
(MLCP 1993).

A study has shown that between 25% and 30% of Canadian and American
tourists were drawn to Quebec by its outdoor recreation opportunities
(Ministère du Conseil Exécutif 1985). The number of cruises is on the rise,
and parks, National Wildlife Areas and migratory bird sanctuaries represent
good drawing cards for tourism, as well as means of protecting natural heritage.
With its outstanding natural scenery, the St. Lawrence attracts every type of
tourist, and maintaining the River’s integrity may be an important tool for
regional development.

Passenger vessels on the St. Lawrence play a key role in three different spheres:
international cruises, boat excursions and ferry crossings. Lengthy cruises and
boat excursions are essential products for showcasing and developing the rich
tourism potential of the St. Lawrence by providing “unique contacts with one
of the world’s greatest rivers, its natural heritage and the human settlements
along its banks” (Tittley 1992).

The longer-duration cruise industry, that is, cruises including at least one
overnight stay, can be divided into international and domestic cruises. Inter-
national cruises are those in which the vessels either depart or arrive at foreign
ports. On the St. Lawrence, most international cruises either originate in New
England or they are transatlantic (Figure 3.21). Two main ports are used for
cruises – Montreal and Quebec City. Montreal generally serves as an arrival or
departure point, and Quebec City as a stopover.

3.5.1.7
Trapping

3.5.2
TOURISM ROLE OF

THE RIVER

3.5.2.1
Cruise tourism
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Cruises on the St. Lawrence

Source: Adapted from The Economic Planning Group of Canada and Daniel Arbour and Associates, 1991.
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After a few years of stagnation, international cruises are now on the
upswing, and the number of trips to ports on the St. Lawrence is rising stead-
ily. Stopovers brought a total of 51 000 passengers to the River in 1991, versus
35 000 in 1990. In the Port of Montreal, passenger traffic increased from 35 000
to 45 000 between 1990 and 1991 (Ports Canada 1991). This clientele is essen-
tially of foreign origin; Canadians make up only 6.4% of the total number of
passengers. The economic spinoffs from cruise-related activities as a whole are
estimated at $20 million (The Economic Planning Group of Canada and Daniel
Arbour and Associates 1991).

Boat excursions also constitute a tourism product that has been well estab-
lished for a number of years but is somewhat unstable. Nearly 30 companies
operate excursions on the St. Lawrence, using more than 50 vessels. They cover
a full range of activities: short boat tours, nature- and whale-watching excur-
sions, dinner and entertainment cruises, overnight cruises, port infrastructure
tours, and cruises of islands, panoramic sites and well-known resort and vacation
spots, as well as package tours (The Economic Planning Group of Canada and
Daniel Arbour and Associates 1991). This multiplicity of activities “stems both
from the diversity of amenities the St. Lawrence offers and vessel operators’
truly imaginative approach to creating new products” (Tittley 1992). In some
regions, like the Charlevoix, boat excursions are so popular that they some-
times serve as the main reason for tourist visits.

More than 600 000 people took boat excursions in 1989. The bulk of
clients, or 76%, were from Quebec, and half of them lived near the boarding
points. Hence, this is essentially a local market (The Economic Planning Group
of Canada and Daniel Arbour and Associates 1991), which registered economic
spinoffs of $13 million in 1990 (SODES 1992).

In locations where bridges cannot be built, ferries provide an excellent
vantage point from which tourists can observe certain stretches of the River. 

On the St. Lawrence, there are 21 ferries, 14 of which operate on a sea-
sonal basis: four in the Fluvial Section of the River, two in the Fluvial Estuary,
five in the Upper Estuary and 10 in the Lower Estuary (SLC 1993). They play
a key role in supporting tourism.

Ecotourism is a recently developed, non-consumptive activity focused primar-
ily on the environment. It provides an essentially ecological approach to recre-
ation and tourism on the St. Lawrence. In Quebec, 22% of Quebecers have
gone on at least one nature-watching excursion and 40% have engaged in var-
ious types of observation during trips for other purposes. In 1987, an estimated
$634 million was spent on observing, photographing, studying and feeding 
animals (CCE 1990a).

Ecotourism



Ecotourism centres primarily on marine mammal-watching, especially
whale-watching in the Lower Estuary (Figure 3.22), as well as bird-watching at
Cap Tourmente and on Bonaventure Island. Saltwater invertebrates, such as
Starfish and Green sea urchins, also spark keen interest among nature watchers.
With a view to eliminating or at least reducing the risk of disturbance and
harassment of marine mammals, Beluga and cetacean protection regulations are
enforced on the River.

In addition to marine fauna, natural landscapes are a key focus of eco-
tourism activities. Although no specific information is available on this topic, the
St. Lawrence is undeniably a popular tourist destination for this type of obser-
vation. The River offers an astounding mixture of hydrographic and geomor-
phologic characteristics, heritage, and human activities. The River’s immense
size, fluvial and maritime character, varied shoreline and diversity of flora and
fauna explain the powerful attraction it exerts on people, not to mention the
beautiful landscapes which enchant tourists and riverside residents alike.

From the St. Lawrence, people can observe a diversity of interesting land-
scapes. Where the River widens in stretches of the Fluvial Section, banks are
generally low and swampy, providing a habitat rich in vascular plants.

The cliffs that flank the Fluvial Estuary, rising in height near Quebec
City, distinguish this part of the River from its Fluvial Section. Because of the
cliffs, few swampy riparian habitats are found there.

Beyond Île d’Orléans, the landscape changes abruptly and the north bank
is characterized by promontories which give the eastern shore of the Charlevoix
part of its special charm. Visitors have a much broader field of vision as they
travel away from the eastern tip of Île d’Orléans, where the River is 15 km
wide, toward Tadoussac, where it widens to 25 km.

In the Lower Estuary, which begins east of Île Verte on the south shore
and off Tadoussac on the north shore, the St. Lawrence widens, reaching a
width of 90 km near Sept-Îles. Off Rimouski, the banks, although composed of
high cliffs, can barely be seen from the middle of the River, giving sailors a
foretaste of the sea.

For Quebec, the River and the riparian environment represent an out-
standing component of natural heritage, and a source of great wealth, both in
terms of ecological diversity and conservation areas. The fluvial sector
(Montreal, Sorel), the Montmagny islands, the Côte-du-Sud, the Côte-de-
Beaupré, and the islands of the Bas-Saint-Laurent are popular areas for nature-
watching, particularly waterfowl. As well, the swampy shoreline areas and cliffs
offer an array of unique geological characteristics and plant life. In short, the
River’s unique heritage holds something of interest for everyone.
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The creation of “windows” on the River and the conservation network
which we will discuss later may help to promote the River’s recreation and
tourism potential. However, there are relatively few places from which to view
the River, considering the immense size of the St. Lawrence and its diverse
landscapes (Table 3.10).

Despite this exceptional potential, various factors, such as residential and
industrial development, road infrastructure and incompatible new buildings,
impinge on the integrity of the river landscape. Nowadays, the difficulty of
integrating structures such as power lines into the natural landscape is raising
people’s awareness of landscape values. The choice of a sub-fluvial route for the
Radisson–Nicolet-des-Cantons power corridor illustrates this growing attach-
ment to landscape values. The degraded aesthetic quality of some traditional
marine infrastructures is hardly an enticement to frequent the river banks.
Similarly off-putting is the sight of polluted water near municipal and industrial
outfalls and around the mouths of tributaries like the Yamaska River, which
receive agricultural runoff. Floating debris, discoloured and cloudy water, and
blooms of algae and aquatic plants also constitute a blight.

The River offers a wide range of activities – pleasure boating, swimming, fresh-
water sport fishing, ice fishing, waterfowl hunting, cruises and ecotourism – all
of which point to its substantial recreation and tourism potential. However,
swimming and consumption of sport fish, among other activities, are affected by
bacterial and chemical contamination of the River. The obvious lack of statistics
on most recreational and tourism activities makes it difficult to prepare a com-
plete and accurate report on them.

3.5.3 
MAIN POINTS

Fluvial Fluvial Upper Lower 
Section Estuary Estuary Estuary and Gulf Total

Roadside rest areas 10 11 11 28 60

Lookouts 0 10 9 11 30

Observation sites 0 6 3 15 24

Total 10 27 23 54 114

*Inventory excludes infrastructures considered part of riverside municipal parks.

Sources: MTQ, 1991; Ministère du Tourisme du Québec and regional tourism associations, 1991.

TABLE 3.10
Rest areas, scenic lookouts and observation sites along the St. Lawrence*



3.6

The St. Lawrence River has historically been the key to Quebec’s demo-
graphic development. In 1815, the St. Lawrence Valley had 335 000 inhabi-
tants, mostly living between Quebec City and Montreal. Throughout the 19th
century, the St. Lawrence remained a pathway to settlement through substantial
immigration, bringing a continuous flow of new arrivals that helped raise the
population of Quebec considerably. Over time, the St. Lawrence shoreline
became more densely populated, and new towns gradually sprang up, particu-
larly on the Côte-Nord.

In the early 20th century, the population of Quebec stood at almost
1.5 million, living mostly along the St. Lawrence (SLC and Laval University
1991a). In 1991, the population of the 339 municipalities along the River was
estimated at 4 027 527 people, or almost 60% of the population of Quebec
(Statistics Canada 1991b).

Of the inhabitants living along the St. Lawrence River, 85% are concentrated in
the 61 municipalities of more than 10 000 residents (Figure 3.23). The popula-
tion density is 749 people per km2 along the Fluvial Section of the River, but
falls to 213 on the Fluvial Estuary, 38 on the Upper Estuary and 3.43 on the
Lower Estuary (Statistics Canada 1991b).

Figure 3.24 shows land use along a 10-km-wide strip of shoreline
between Cornwall and Tadoussac. The figure illustrates the complexity of the
Montreal archipelago, the extent of the developed area – in particular the
Montreal, Quebec City, Trois-Rivières and Sorel urban areas – the predomi-
nance of the agricultural zone along the main course of the River and of the
forested land downriver, and the small surface area taken up by wetlands, which
are so vital to the reproduction of fish and birds (see Part 2).

Urbanization of the Shoreline

3.6.1
URBANIZATION

PATTERNS ALONG
THE ST. LAWRENCE

SHORELINE
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Remote sensing images were used to obtain a representation of land use along a 10-km-wide riverside strip between Cornwall
and Tadoussac. These images help evaluate the extent of the various land use categories, based on analysis of the area’s
physical characteristics:

– Wetlands (undistinguished aquatic plants, marshes and swamps)
– Forests (including bogs)
– Agricultural areas (forage and annual)
– Low-density built-up areas (residential urban environments and small soil-bare surfaces)
– High-density built-up areas (heavily urbanized areas, completely exposed land and roads)

Despite their ecological significance, some wetlands, notably at Cap Tourmente, are not visible on this scale.

FLUVIAL SECTION

The surface area of both agricultural and idle land is two to three times greater than along the Fluvial and Upper estuaries.
Furthermore, built-up zones cover a much larger area than in the other sectors of the River because of Montreal. Lake Saint-
Pierre has 358 km2 of wetlands, or 67% of all wetlands along the main course of the River.

FLUVIAL ESTUARY

A marked transition in land use is seen in this sector of the River. The area occupied by agricultural and built-up zones gives
way to forests, particularly coniferous forests, whose surface area is five times greater than along the shoreline of the Fluvial
Section of the River.

UPPER ESTUARY

The surface area of agricultural and built-up zones is substantially smaller than in the other sectors of the River. On the other
hand, forests are much more widespread, with 2929 km2 of land.

AREA OCCUPIED BY THE RIVER

Water occupies 1100 km2 in the Fluvial Section owing to the presence of Lake Saint-François, Lake Saint-Louis, Lake Saint-
Pierre and the La Prairie basin. This area falls to 642 km2 in the Fluvial Estuary. In the Upper Estuary, the water covers an
expanse of 3146 km2 owing to the marked broadening of the St. Lawrence, from 10 km below Île d'Orléans to 30 km at
Tadoussac.
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FIGURE 3.24
Riverside land use in 1989

Source: SLC, 1993, based on land-use mapping carried out by means of LANDSAT TM images geocoded by Photosur Géomat Inc., 1991.
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In all, forest occupies 39.7% of this riparian strip, the agricultural zone
31.9%, idle land 12.3%, developed land 10.8%, and wetlands 5.3% (SLC 1993).

The municipalities along the St. Lawrence occupy a total of some 14% of
all land under municipal administration in Quebec. The population density in
the 339 riverside municipalities is 22 inhabitants per km2, compared with 5 per
km2 for Quebec as a whole. The Island of Montreal is the most densely popu-
lated urban area along the St. Lawrence, with 3598 inhabitants per km2; the
City of Laval ranks second with 1281 per km2, and the Quebec Urban
Community ranks third with 902 per km2 (Statistics Canada 1991b).

The municipalities along the St. Lawrence River are connected by high-
ways 132 and 138. Highway 132 follows the south shore of the River from
Dundee to Gaspésie, where it circles the entire peninsula. Highway 138 runs
along the south shore of the River from Huntingdon to Montreal, then along
the north shore to Havre-Saint-Pierre. In addition to the highway network,
there are 36 bridges, 21 ferries and 15 railway crossings (Figure 3.25).

The St. Lawrence River supplies water for 101 Quebec municipalities; 43 of
these municipalities are served by 47 water intakes (Figure 3.26), which supply
3 150 000 people, or 46% of the population of Quebec (Statistics Canada
1991a). Before distribution by the networks, the water undergoes varying
degrees of treatment: in 8 cases the water is merely chlorinated, in 5 other cases
various treatments are used, and in 34 cases more complex treatment (full treat-
ment system) is used (Riopel 1992). These different types of treatment are
aimed at removing pathogens and toxic elements from the water, while restor-
ing its aesthetic (colour and transparency) and organoleptic (taste and smell)
qualities (MENVIQ 1989b).

It is a known fact that Canadians use a great deal of water. Canadians
daily consume an average of 360 litres of water, and this places Canada second in
the world (Tate 1990). For Quebec as a whole, the total volume of water drawn
by municipalities in 1986 was 1484 million cubic metres (up 8.4% since 1981),
or 36% of all water taken. This is almost as much as is taken by the manufac-
turing sector (1521 million m3) and more than for thermal energy generation
(986 million m3) and farming (89 million m3) (Statistics Canada 1991a).

The Ministère de l’Environnement du Québec’s Drinking Water Regulations pro-
vide a legal definition of water quality for domestic consumption. These regu-
lations establish microbiological standards, a turbidity standard, and standards
for 14 inorganic compounds, 19 pesticides, 3 other organic substances and
5 radioactive substances (MENVIQ 1988a). Compliance with these standards is
ascertained through a dual analytical monitoring process: microbiological mon-
itoring and physico-chemical monitoring (MENVIQ 1984).

3.6.2
DOMESTIC

WATER SUPPLY
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Urbanization causes three types of stresses on the St. Lawrence River: urban
wastewater, waste snow and shoreline encroachment.

Urban wastewater comes from three sources: household wastewater, surface
runoff and combined sewer systems (CWS 1989), and contains:

• Mineral particles (dust, sand and gravel) which are carried away by
surface runoff from precipitation and picked up by the storm sewer
system;

• Floating waste found in sewer systems;

• Organic matter from fecal matter and household waste discharged into
domestic sewers;

• Nutrients from household detergents, urine and leaching of chemical
garden and lawn fertilizer;

• Fecal coliform bacteria;

• Waste from toxic products for household, commercial and industrial use
which are discharged to sewers;

• Oils and greases that leak from motor vehicles and are leached by rain;

• Salt de-icers and de-icing chemicals used for snow removal which are
released directly into the River or picked up by the storm sewer system.

In 1992, 107 of the 339 riverside municipalities treated their wastewater
before discharging it to the River by means of the 45 treatment plants located
along the St. Lawrence (Figure 3.27). These plants served 2 615 000 people, or
65% of the population living in riverside municipalities, whereas in 1986 only
10% of the population lived in municipalities equipped with treatment plants
(Table 3.11).

The aerated lagoon system is used in 64% of the 45 plants in operation,
followed by biofiltration (9%) and activated sludge (9%). The remaining plants
use activated sludge/oxidation channels (8%), bio-discs (4%), physico-chemical
treatment (4%) and septic tanks (2%). Although only two plants use physico-
chemical treatment (MUC and Fabreville in Laval), the size of the population
they serve is such that most treated wastewater is generally treated by this type of
process.

According to a 1991 study, it is estimated that the various types of treat-
ment lead to an average 73% reduction for BOD5 (biochemical oxygen demand
over five days) and 84% for suspended solids. Where phosphate removal is
applied, phosphorus waste is cut by 74%. In the case of treatment by means of
aerated lagoons, the type of treatment most frequently used by riverside munic-
ipalities, the yield is 88% for BOD5 and 87% for suspended solids (MENVIQ

3.6.3.1
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FIGURE 3.27
Riverside municipalities with treatment plants in 1992

Source: Adapted from SLC, 1993, based on data from MENVIQ, 1992.
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1992). Furthermore, it is estimated that due to technical problems, 18% of the
plants’ total treatment capacity (excluding the MUC plant) was only partially
used, if at all, in 1991 (MENVIQ 1992).

While wastewater treatment substantially enhances water quality and
increases the potential uses of the water, it does lead to the production of a sub-
stantial amount of sludge. It is estimated that in the year 2000, sludge generated
by Quebec’s treatment plants will represent some 180 000 tonnes of dry solids
each year (MENVIQ 1993). Industrial waste in municipal sewer systems can
contain potentially hazardous organic or inorganic compounds that will affect
the toxicity of the sewage sludge and limit its potential for reuse.

In 1992, 92 of the 339 riverside municipalities, for a total of 81 000 in-
habitants, were unable to set up treatment plants since they had no sewer system
(MENVIQ 1992). In this case, the dwellings concerned are equipped with 
septic tanks. However, it is not known to what extent these tanks can represent
a source of contamination for the water table.

Assuming that for the same year the collector sewers of the 140 riverside
municipalities which do not treat their wastewater release effluent directly into
the River, and knowing that 1 348 000 people live in these municipalities
(MENVIQ 1992), we can use the data from Table 3.12 to evaluate approxi-
mately the volume of urban wastewater for different physico-chemical vari-
ables. Thus, the River receives each day some 500 million litres of household
wastewater containing an estimated 81 t of suspended solids, 73 t of BOD5,
229 t of COD (chemical oxygen demand), 17 t of total Kjeldahl nitrogen and
4 t of phosphorus.

Urban wastewater alters the quality of sediment at the point of discharge
as well as the raw quality of the river water for some distance. Since the water
near the outfalls is particularly polluted by fecal coliforms, this adversely affects
access to the shoreline and the River, especially for swimming.

In southern Quebec, the annual accumulation of snow averages between 200
and 350 cm. According to an inventory of Quebec municipalities, the annual
volume of snow to be removed is estimated at more than 30 million cubic
metres (MENVIQ 1988b).

1986 1989 1992

Riverside population served 40 440 1 334 520 2 615 000

Number of municipalities treating wastewater 16 52 107

Source: Based on data from MENVIQ, 1992.

TABLE 3.11
Riverside population served by wastewater treatment plants

3.6.3.2
Waste snow
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Waste snow is characterized by alkaline pH, high conductivity, and high
chemical oxygen demand and turbidity levels, and contains the following con-
taminants (MENVIQ 1988b):

• miscellaneous solid metals;

• mica, iron, lead, zinc, copper, chromium and cadmium;

• chlorides;

• sodium, calcium and magnesium;

• sulphates;

• nitrates and ammonia nitrogen;

• cyanides;

• oils and greases;

• abrasives (sand and crushed stone) and other suspended solids;

• miscellaneous solid wastes;

• miscellaneous micro-pollutants.

The physico-chemical characteristics of waste snow were analysed for
the City of Montreal and are presented in Table 3.13.

Of the waste snow, 29% is directly discharged to watercourses (MENVIQ
1988b). The other disposal methods are land dumps (64%) and release into
sewers or snow melters (7%). A study by Montreal’s École Polytechnique

Variable Quantity (g/day/inhabitant)

Suspended solids 60.0

BOD5 54.0

COD 170.0

Total Kjeldahl nitrogen 12.4

Phosphorus 2.8

Cadmium 0.002

Chromium 0.05

Copper 0.07

Iron 0.74

Mercury 0.0002

Nickel 0.01

Lead 0.1

Zinc 0.38

Source: Environmental Protection Service, 1984.

TABLE 3.12
Urban waste produced per inhabitant for different physico-chemical variables
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Parameter N Mean Min. Max. Standard deviation U Transformation

pH 108 8.5 6.8 9.9 0.39 – Ã+x2

Temperature 108 –3.03 –8.0 0.0 2.13 °C No

Turbidity 108 29.8 5.0 90.0 19.41 NTU Log 10

Conductivity 108 11 128.7 150.0 26 500.0 7 451.76 µohm Ã

Suspended solids 108 1 209.0 86.0 8 546.0 1 186.64 mg/L Log 10

Chlorides 98 3 851.2 56.0 10 000.0 2 335.72 “ Ã

Total hardness 98 495.8 23.0 1 680.0 380.85 “ Ã

BOD5 19 7.5 2.6 13.8 3.36 “ –

COD 98 496.6 46.8 1 926.8 349.22 “ Ã

Nitrates 93 5.2 1.2 14.9 28.77 “ Log 10

Total solids 98 6 948.8 1 039.0 37 359.0 6 948.75 “ Ã

Inorganic 98 3.6 0.12 20.6 3.84 “ Log 10 (x+1)
phosphates

Sodium 98 4 049.6 1 000.0 13 600.0 2 315.02 “ Ã

Calcium 96 146.4 34.0 500.0 108.88 “ Log 10

Potassium 98 10.6 2.2 45.0 1.54 “ Log 10

Magnesium 98 2.1 0.5 7.0 6.92 “ Log 10

Cyanides 32 0.24 0.12 0.33 “ No

Sulphates 30 129.8 25.0 295.0 65.71 “ Ã

Ammonia nitrogen 30 0.4 0.1 0.8 0.12 “ Log 10 (x+0.9)

Oils and greases 30 104.6 9.0 200.0 56.11 “ –

Debris 93 5 888.1 542.6 32 542.1 6 430.53 “ Log 10

Lead 93 84.84 17.15 360.05 63.26 “ Log 10

Iron 93 912.57 238.6 3 762.52 632.00 “ Log 10

Copper 93 9.36 1.99 100.48 10.79 “ Log 10

Zinc 93 42.77 10.02 221.25 33.03 “ Log 10

Chromium 93 6.67 1.3 35.95 5.89 “ Log 10

Cadmium 30 0.27 0.23 0.40 0.04 “ No

Mercury (solid portion) 12 0.25 0.087 1.137 “ No

N: Number of samples. U: Units. No: Not standardized. Transformation: Transformation required to standardize raw data.
Ã = Square root of x. x: Raw data.

Source: MENVIQ, 1988b.

TABLE 3.13
Analysis summary for physico-chemical parameters studied in waste snow of Montreal
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(André and Delisle 1990) concluded that the snow discharged to the St.
Lawrence River by the City of Montreal altered, at least temporarily, the qual-
ity of the receiving body of water at the points of discharge. The authors also
noted an increase in total solids and suspended solids in relation to the sampling
depth. In addition, they observed an increase in BOD, COD, conductivity and
turbidity of the receiving body of water following discharge, an increase which
lasted several days.

Currently, no compiled data exist on the volume of snow released into
the River each year and the different points of discharge. It is known, however,
that the City of Quebec discharges 350 000 m3 of snow into the River each
year at the point of discharge located at Wharf 26 in the Port of Quebec. As for
the City of Montreal, it is estimated that it removed 9 million m3 of snow in
1979, of which 29% was discharged into the River (MENVIQ 1988b).

The disposal of snow into or near rivers should be halted entirely by
1996 (MENVIQ 1988b).

The banks of any watercourse are important natural areas. But they may have
been adulterated by the construction of highways or protective structures or
have become the property of private users (CCE 1990b). Thus, between 1960
and 1975, encroachment between Montreal and Quebec City altered 175 km of
St. Lawrence shoreline (MENVIQ 1988a).

Between 1945 and 1976, an estimated 3649 hectares (ha) of wetlands
were lost between Cornwall and Matane, including 2625 ha between Cornwall
and Grondines. In the La Prairie sector, this represented a loss of 33% of sub-
mergent aquatic plants and 70% of emergent aquatic plants. From Grondines to
La Pocatière, 608 ha of wetlands were lost, and from La Pocatière to Matane
losses amounted to 410 ha (Dryade 1981). Since 1976, a further 1000 ha of
habitat has been disturbed, so that today all that remains are 50 000 ha of wet-
lands, or 50% of the original area. The net losses of 3649 ha observed between
1945 and 1976 represent 6.2% of the total wetland area identified in 1950 and
correspond to 360 km of a 100-m-wide strip of shoreline. Losses have slowed
down since 1965, but are continuing nonetheless. Some regions are harder hit
than others: between 1966 and 1981, the net wetland loss in the Montreal
region was 392 ha, or 6.7% of the total area identified in 1966, compared with
the loss of a mere 1.6% throughout the St. Lawrence from 1965 to 1978
(Champagne and Melançon 1985). Nevertheless, wetlands play an essential role
in purifying and regulating river water, in addition to being important wildlife
habitats.

The wetland losses may partly be attributed to farming activity, including
the draining of land for crops (975 ha), cut and fill (1700 ha), residential and
industrial development, and service infrastructure (docks, bridges and dams).
This habitat loss occurs gradually, but these small impacts taken together mean

3.6.3.3
Shoreline

encroachment
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significant wildlife habitats are lost (BAPE 1991). The sectors most affected
include the La Prairie basin, the shoreline near Montreal, Sorel, Trois-Rivières
and Quebec City, Bécancour industrial park, the barachois of the Gaspé penin-
sula, the port sectors of Cacouna, Baie-des-Ha! Ha!, Baie des Anglais and Sept-
Îles bay, Port-Cartier, and the Manicouagan and aux Outardes river estuaries.

These changes have affected the abundance or distribution of such species
of fish as Striped bass, American eel, Atlantic tomcod, American shad and
Atlantic sturgeon (BAPE 1991). Table 3.14 shows the surface area of fish habi-
tats which have been altered physically as a result of these backfill, drainage or
encroachment activities.

Finally, the construction of buildings in flood-prone areas represents
shoreline encroachment which should be discouraged, since flood plains are an
ecologically important natural environment. There are flood zones in a number
of riverside municipalities (Figure 3.28); 67 of these riverside municipalities lie
along the Fluvial Section of the River, and 13 on the Fluvial Estuary. The flood
plain intervention policy involves designating certain zones so as to discourage
construction there. In 1986, the flood zone was yet to be designated for
21 municipalities along the Fluvial Section of the River and 8 on the Fluvial
Estuary.

Some 60% of the population of Quebec live in municipalities along the St.
Lawrence. The main impact of this shoreline urbanization is linked to waste-
water discharges and to encroachment. In the former case, the situation has
changed radically since the mid-1980s: whereas in 1986 barely 10% of the pop-
ulation along the St. Lawrence were served by wastewater treatment plants, six
years later more than 60% of the population enjoyed this service. The situation
is much harder to assess for shoreline encroachment, since overall wetland 
losses have not been counted on an ongoing basis.

Fluvial Fluvial Upper  Lower Estuary
Section Estuary Estuary and Gulf Total

Backfill 1825 583 135 2030 4573

Drainage 1077 111 433 40 1661

Encroachment 36 10 960 1006

Backfill and flow changes 302 271 55 120 748

Total 3240 965 633 3150 7988

Sources: Based on data from Gilles Shooner and Associates Inc., 1991, 1988.

TABLE 3.14
Surface area of fish habitat altered by backfill, drainage

and encroachment from 1945 to 1988 (ha)

3.6.4
MAIN POINTS
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Flood-prone area (strong current area: 0-20 years + weak current area: 20-100 years)
mapped and officially approved by the federal and provincial environment ministers.
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Objective:

•  1986 to 1992 for mapping
•  1986 to 1997 for application of intervention policy

• To map flood-prone areas

• To establish a joint intervention policy to reduce damage in designated
flood zones and provisional flood zones

Intervention policy:  Unless otherwise determined, in both designated
and provisional flood zones:

– No federal or provincial structures shall be built

– No financial assistance shall be granted for existing or planned structures

– In the event of flooding, no compensation shall be paid for damage to
or loss of property or structures built after establishment of the
designated zone

– The federal and provincial governments shall encourage the authorities
under their jurisdiction to prohibit construction of structures, impose
restrictions or impose compensation measures against flooding.

N.B.: There are exceptions and departures from this intervention policy.
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Riverside municipalities and flood zones

Source: Adapted from SLC, 1993.



The first half of the 19th century saw the appearance in rural Quebec of small
firms processing forest and farm products in factories on the banks of rivers.
Over time, this early burst of industrialization gained in scope, spurred by the
abundant urban and rural labour pool. From the early 20th century onward
there developed a whole gamut of large companies based on the harnessing of
natural resources. Hydro-electric generating stations were built on tributaries of
the St. Lawrence to supply the electricity needed by pulp and paper mills. The
availability of abundant, low-cost energy as well as the possibility of importing
bauxite via the St. Lawrence and Saguenay prompted the establishment of alu-
minum smelters during the first third of the 20th century. During the 1950s, a
favourable economic climate led to the mining of Labrador iron ore. All these
industrial activities were to have a major impact on the environment. Indeed,
the devastating effects of some of these industries underlie the serious pollution
problems of the St. Lawrence (SLC and Laval University 1991a).

Industrial activities continue to make a major contribution to our daily
well-being, and the River participates in this by supplying industry with the
water it needs. The manufacturing sector as a whole drew 1521 million cubic
metres of water in 1986, or 37% of the volume taken by all users and slightly
more than all the municipalities together (1484 million m3). This represents a
substantial drop since 1981, when the manufacturing sector drew 2319 million
m3 of water. Manufacturing consumes a mere 5.3% of the water drawn, how-
ever, or 80 million m3 (131 million in 1981), with the remainder being returned
to the watercourses (MENVIQ 1993). While the water consumed in this way
does not do any serious harm to the resource in terms of quantity, the same can-
not be said in terms of quality.

In order to increase and diversify output, industry uses increasingly com-
plex processing techniques. Industrial effluent contains classic pollutants, such as
biodegradable substances, oils and greases, metals, suspended solids and organic

3.7
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substances (PAHs, dioxins, furans and other organochlorines), which persist in
the environment and are often highly toxic (SLC 1990b). When these plants are
not linked up with municipal treatment plants, owing for instance to the variety
of pollutants in the effluent, the location of the plants or the volume of their
flow, the effluent is released into the St. Lawrence either as is or following pos-
sibly inadequate treatment.

When dispersed in the water of the St. Lawrence, these substances may,
through bioaccumulation, contaminate sediment, enter the food chain and alter
ecosystems. Industrial pollution seriously compromises the state of the River,
jeopardizes human health and threatens the survival of other living species (SLC
1990b).

In 1989, there were some 11 400 manufacturing establishments in Quebec.
With close to 525 000 jobs in 1989, this sector was considered one of the main
engines of the Quebec economy (Statistics Canada 1992a). In 1995, some
15 100 industrial plants were located in the St. Lawrence drainage basin. Of
these, 6300 are found in municipalities along the St. Lawrence, including 4000
in the MUC (Terrault 1995). 

In order to reduce industrial pollutant discharge, 50 “priority plants”
were targeted in 1988 under the St. Lawrence Action Plan. Of these plants, 15
belong to the pulp and paper sector, 13 to metallurgy, 11 to organic chemicals
and 11 to inorganic chemicals. In view of their contribution to the contamina-
tion of the St. Lawrence, their representation in the four industrial sectors and
the availability of information, the characterization of industrial activities
focused on these 50 industrial plants.

Seven of these 50 plants were closed in late 1993, including 6 on the
Fluvial Section of the River and 1 on the Fluvial Estuary (Villeneuve 1994).
That means 43 priority plants are still in operation: 14 in pulp and paper, 12 in
metallurgy, 9 in organic chemicals and 8 in inorganic chemicals. Of these, 22 lie
on the Fluvial Section of the River, 9 on the Fluvial Estuary, 10 on the Upper
estuary and 2 on the Lower Estuary (Figure 3.29).

For the 50 priority plants under review, wastewater discharged in 1992
amounted to 1 421 218 m3/day, 56% of it from the pulp and paper sector. In
1992, the 50 plants released 272 055 kg of suspended solids (SS) daily, 1176 kg
of oils and greases, 491 kg of heavy metals and 219 201 kg of BOD5 (Table 3.15).
Compared with the estimated figures for the 142 municipalities which do not
treat their wastewater, this is three times higher for such parameters as SS and
BOD5 and corresponds to the SS and BOD5 pollutant load from a population
of about 4.5 million people.

A substantial reduction was nevertheless seen in this effluent between
1988 and 1992. Suspended solids were down 52%, BOD5 52%, oils and greases
36%, and heavy metals 51% (Villeneuve 1994).

3.7.1
CHARACTERIZATION

OF INDUSTRIAL
ACTIVITIES
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▲▲ Pulp and paper

●● Metallurgy

■■ Organic chemicals

■ Inorganic chemicals

A. ■ Expro Chemical Products Inc.

B. ■ Dominion Textile Inc. 
(Beauharnois finishing plant)*

C. ●● Canadian Electrolytic Zinc Ltd.

D. ●● Alcan Smelters and Chemicals Ltd. 
(Beauharnois plant)

▲▲ Domtar Inc. (Beauharnois paper mill)
■ PPG Canada Inc.
●● Elkem Metal Canada Inc.*

E. ■ Locweld Inc.
▲▲ Perkins Papers Ltd.

F. ■■ Monsanto Canada Inc.

G. ■ Héroux Inc.
■ Pratt & Whitney Canada Inc. 

(Plants 1, 2 and 5)

H. ■■ Nacan Products Ltd.

I. ●● Noranda Minerals Inc. (CCR division)
■■ Shell Canada Products Ltd.
■■ Petromont Co., Limited Partnership
■■ Kemtec Petrochemical Corporation Inc. 

(Plants 1 and 2)*
■■ Petro-Canada Products Inc.

J. ■■ Commercial Alcohols Ltd.*
■ Albright & Wilson America, 

Division of Tenneco Canada Inc.*
■■ Nacan Products Ltd.  
■ Kronos Canada Inc.
■■ Petromont Inc.

K. ●● Sidbec-Dosco Inc.

L. ●● Atlas Stainless Steels Inc., 
Division of Sammi Atlas Inc.

■■ Wood Preservation Industries Ltd.
■ Tioxide Canada Inc.*
●● QIT - Fer et Titane Inc.

M. ■ ICI Canada Inc.
●● Aluminerie de Bécancour Inc.

N. ▲▲ Canadian Pacific Forest Products Ltd.*
▲▲ Stone-Consolidated Inc., 

Wayagamack division
▲▲ Kruger Inc. (Trois-Rivières paper mill)

●● Reynolds Aluminum Company of Canada 
Ltd. (Cap-de-la-Madeleine plant)

O. ▲▲ Domtar Inc. (Donnacona paper mill)

P. ▲▲ Daishowa Inc.

Q. ▲▲ Abitibi-Price Inc. (Beaupré paper mill)

R. ■■ Ultramar Canada Inc.

S. ▲▲ F. F. Soucy Inc.

T. ▲▲ Donohue Inc. (Clermont paper mill)

U. ▲▲ Stone-Consolidated Inc., 
Port-Alfred division

●● Alcan Smelters and Chemicals Ltd. 
(Grande-Baie plant)

V. ▲▲ Cascades (Jonquière) Inc.
▲▲ Abitibi-Price Inc. (Kénogami paper mill)
●● Alcan Smelters and Chemicals Ltd. 

(Arvida, Vaudreuil and Saguenay plants)

W. ■ Services T.M.G. Inc. (Niobec mine)**

X. ▲▲ Abitibi-Price Inc. (Alma paper mill)
●● Alcan Smelters and Chemicals Ltd. 

(Isle-Maligne plant)

Y. ▲▲ QUNO Corporation
●● Canadian Reynolds Metals Co. Ltd. 

(Baie-Comeau plant)

————————-
* Plant/mill closed in 1993

** Mining sector plant

FIGURE 3.29
The 50 priority plants in 1993

Source: Adapted from SLC, 1993.
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The organic chemicals sector comprises oil refineries and plants manufacturing
various organic chemical products such as benzene, ethanol, urea-formaldehyde
resins and adhesives. The processes used to transform crude oil into various
products require large amounts of water (SLC 1990b). In 1992, the Action Plan
target plants in this sector discharged phenols (5.5 kg/day), oils and greases 
(228 kg/day) and suspended solids (1784 kg/day). Compared with 1988, this
represents a reduction of 72%, 73% and 55%, respectively. Of the decline in
suspended solids (481 kg out of a drop of 2148 kg/day), 22% comes from two
plants which have closed down (Villeneuve 1994).

The main activities in this sector are the manufacture of explosives, hydrogen,
pigments, phosphorus, chlorine, caustic soda, silicates and hydrogen peroxide.
This sector also includes surface treatments used in the preparation and finishing
of numerous materials and products manufactured in industry (SLC 1990b). In
1992, this industrial sector daily released effluent into the River containing
some 12 100 kg of SS, 233 kg of heavy metals, 19 185 kg of other metals and
almost 440 t of sulphates. This was down 52%, 44%, 35% and 35%, respective-
ly, since 1988. Nonetheless, 88% of the reduction in sulphates was the result of
the partial closing of Tioxide-Tracy in 1991 (Villeneuve 1994).

The metallurgy sector comprises several subsectors, including iron and steel,
smelting and refining of non-ferrous metals and aluminum smelters. These
industries consume vast amounts of raw materials and energy. Some steel mills
release metals in acid solution, thus encouraging their accumulation in the tissue
of living organisms. The aluminum smelters give off fluorides and particles, and
some of them discharge large quantities of PAHs. These substances can be
carried for long distances in the River corridor (SLC 1990b). In 1992, this sec-
tor daily discharged into the River 256 kg of heavy metals, 22 376 kg of other
metals, 195 287 kg of suspended solids, 919 kg of oils and greases that may con-
tain PCBs and 1 kg/day of PAHs. Between 1988 and 1992, the discharge of SS,

3.7.1.3
Metallurgy sector

Parameter measured

Wastewater SS Oils and greases Heavy metals BOD5
Sector m3/day kg/day kg/day kg/day kg/day

Organic chemicals 42 710 1 784 228 2 1 334

Inorganic chemicals 91 925 12 098 29 233 6 615

Metallurgy 493 654 195 287 919 256 –

Pulp and paper 792 929 62 886 – – 211 252

Total 1 421 218 272 055 1 176 491 219 201

Source: Villeneuve, 1994.

TABLE 3.15
Wastewater and pollutants discharged by the 50 Action Plan plants in 1992

3.7.1.1
Organic chemicals

sector

3.7.1.2
Inorganic chemicals

sector
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oils and greases, heavy metals, other metals and PAHs was down 54%, –2%,
60%, 50% and 99%, respectively. Of the reduction in heavy metals (145 kg out
of a drop of 380 kg/day), 38% was the result of the closing of one plant
(Villeneuve 1994).

In the pulp and paper industry, the issue of effluent is highly complex in view of
the different pulp and paper manufacturing processes involved. The acute toxi-
city of the effluent primarily stems from resin acids and fatty acids (in the case of
pulping processes) and chlorophenols, dioxins and furans (in the case of chlorine
bleaching processes) (Sylvestre 1992). Aside from its acute toxicity, the effluent
from this sector is characterized by its high volume (792 929 m3/day for Action
Plan plants), substantial concentrations of suspended solids (62 886 kg/day in
1992) and heavy biochemical oxygen demand (211 252 kg/day). The reduc-
tion between 1988 and 1992 for these two parameters was 45% and 51%,
respectively (Villeneuve 1994).

The Chimiotox Index was developed by experts to compare the contamination
of the aquatic environment caused by wastewater discharges of plants as diverse
as a steel mill, pulp and paper mill or explosives factory. It is an indicator for
assessing the chemical toxicity of industrial effluent. A toxic weighting is applied
to the different contaminants so as to reduce the pollutants to a common
denominator. The Chimiotox Index is a multipurpose tool which yields a com-
parison of characterization results, identifies the predominant toxic substances,
assembles the results in a single database and provides an overview of the toxic
discharges. This management tool can be used to set objectives for reducing
industrial effluent and to measure the extent to which these objectives are met.
It is also used to inform the general public about progress achieved in reducing
discharges of toxic substances from the 50 priority plants of the St. Lawrence
Action Plan.

A Chimiotox index was calculated for all Action Plan plants, except for
one which had ceased operations before its toxic discharge could be character-
ized. The Chimiotox index presented here therefore refers to effluent from
49 plants, and not 50. 

Toxic substances released in 1988, the reference year, were gauged at
5.2 million units. For 1993, the Chimiotox index is estimated at 1.3 million,
representing a reduction between 1988 and 1993 of 3.9 million units or 74% of
toxic substances discharged.

In 1988, the highest index was posted by the metallurgy sector, and the
same sector recorded the largest reduction (87%) in toxic effluent between 1988
and 1993 (Figure 3.30). Despite this, the Chimiotox index for this sector
remains very high, as it does for the pulp and paper sector; these two sectors
accounted for 28.5% and 49.9%, respectively, of total toxic effluent from the
49 plants in 1993.

3.7.1.4
Pulp and paper sector

3.7.2
ASSESSMENT

OF INDUSTRIAL
EFFLUENT TOXICITY
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In terms of spatial distribution, Figure 3.31 shows that the Chimiotox
indices are highest on the Fluvial Section of the River because of the metal-
lurgy, inorganic chemicals and organic chemicals sectors. The main toxic efflu-
ent in the Fluvial Estuary comes from the pulp and paper sector. In the Upper
Estuary and Saguenay it comes from pulp and paper, and to a lesser degree from
metallurgy. Finally, toxic effluent in the Lower Estuary and Gulf comes from the
pulp and paper and metallurgy sectors.

However, 2% of the drop in the Chimiotox index recorded between
1988 and 1993 comes from the closing of six plants. Characterization of the
effluent from these plants in 1988 put it at 646 000 Chimiotox units. While
some plants had cut back their toxic effluent before they closed down (the year
prior to their closure, four plants reduced their toxic effluent, compared with
1988, in a proportion varying from 16% to 86%, in one case it remained
unchanged and in another it had increased by 42%), it may be helpful to show
how this index moved for only the 43 plants still in operation. For those plants,
the Chimiotox indices for 1988 and 1993 are 4.6 and 1.3 million units, 

Note: Calculated for 49 of the 50 Action Plan priority plants.
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respectively, representing a reduction of 3.3 million units or 72% of toxic sub-
stances discharged (Villeneuve 1994).

In the context of an overall assessment of effluent, the Chimiotox index acts as
an indicator of the physico-chemical characterization of toxic contaminants.
First, it was helpful to establish a toxic weighting factor (Ftox) for each toxic sub-
stance (some 120 were evaluated) in the effluent from these plants, using the
equation on the next page. To draw up the safest possible scale for assessing
toxicity, we chose from the various existing thresholds (a threshold determines
the maximum concentration of a substance compatible with maintaining a use
of the water) the most demanding (that is, the highest sensitivity threshold, or
HST) for each substance. The chronic toxicity scale established by MENVIQ
for aquatic organisms was selected. For instance, in the case of a relatively non-
toxic substance such as acetone, the level is set at 500 ppb (parts per billion),

3.7.2.1
Chimiotox: A weighted
measurement of various

toxic substances

Source: Villeneuve, 1994.
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whereas for a highly toxic substance such as benzo(a)pyrene, it is set at 0.01 ppb.
In other words, water containing > 500 ppb of acetone or > 0.01 ppb of
benzo(a)pyrene would be considered as representing a chronic contamination
risk for aquatic life. The toxic weighting factor for a substance i is obtained from
the equation:

Ftoxi
= 1

HSTi

where the units are in ppm (mg/L). So the Ftox value for benzo(a)pyrene is
100 000 units, or a toxicity 50 000 times higher than for acetone, where the Ftox
value is a mere 2.0. Organic substances, such as PCBs (Ftox = 12 658 228) and
hexachlorobenzene (Ftox = 1 351 351), can now be compared in terms of their
toxic effects with heavy metals such as arsenic (Ftox = 15 601) and zinc
(Ftox = 9.4).

The product of the Ftox of substance i and the quantity of this substance
discharged (or load in kg/d) can be used to calculate the Chimiotox Units
(CU) of substance i in any effluent:

CUi = Loadi ´ Ftoxi
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n

i

If an outfall contains several substances of varying toxicity, the contami-
nation caused by these substances can be calculated by means of a Chimiotox
index which is nothing more than the sum of the CUs of substances i to n pre-
sent in the effluent:

Chimiotox indexoutfall = · CU

This procedure for weighting the toxicity of many substances means the
results can be grouped together in a single database. For instance, the effluent
from several plants in the metallurgy sector can be compared, or the effluent
from plants in that sector can be compared with plants in the pulp and paper
sector. Furthermore, this approach can be used on a plant-by-plant basis, site by
site, or by river sector.

But this tool for comparing toxic waste reveals only part of the story.
No allowance is made by the Chimiotox index for other parameters character-
izing outfalls, such as pH, temperature and suspended solids content.
Nevertheless, development of this procedure represented a major step forward in
industrial waste management.
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With respect to the limitations of this index, we would point out that it
takes into account neither the capacity of the receiving environment, nor the
acidity, nor the effect of the substances on each other, nor conventional para-
meters such as SS, BOD, COD, etc. (Bouchard 1992a). Moreover, the effluent
sampling was carried out over a period of three consecutive days for most of the
plants. The variability of the effluent discharge can not be accurately represent-
ed on this time scale, although it does offer a good picture of the situation
(Legault and Villeneuve 1992). Finally, it should be pointed out that assessments
for other years are based on the year of characterization, and depend primarily
on the effectiveness of the cleanup technologies which have been or will be
put into place. This theoretical exercise therefore does make it possible to show
clearly how effluent from the 50 industrial plants as a whole has evolved and can
be expected to evolve over time (Legault and Villeneuve 1992). But for lack of
an annual assessment of flow volumes, such an index can not allow for the effect
of quantitative variations in output.
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In Canada, industry is by far the leading source of hazardous waste, generating
eight million tonnes of such waste in 1986. Household and biomedical waste
accounted respectively for 1% and 0.5% of hazardous waste produced each year
in Canada (Government of Canada 1991). Hazardous waste jeopardizes health
and the environment, in addition to requiring the use of special techniques to
be totally or partially neutralized. Some hazardous waste sites may potentially
contaminate the water table, and eventually the River.

According to an inventory carried out by the Ministère de l’Envi-
ronnement du Québec, on August 1, 1990, there were 235 hazardous waste
disposal sites in the 12 administrative regions along the St. Lawrence River
(MENVIQ 1990). These 235 sites may be classified in three categories accord-
ing to their potential risk to health and to the environment: 

• 37 Category 1 sites: Sites for which there exists a potential risk to
public health or high potential risk to the environment;

• 68 Category 2 sites: Sites for which there exists a moderate potential
risk to the environment or low potential risk to public health;

• 130 Category 3 sites: Sites for which there exists low potential risk to
the environment but no risk to public health.

According to an initial assessment conducted in 1989, an estimated 79 of
these sites could have a potential impact on groundwater that can reach the
River (Pelletier 1989). By far the majority of these sites (61) are located in the
greater Montreal region, 8 in the Quebec City region, and 10 on the Côte-
Nord. These are, however, a mere fraction of the sources of contamination that
can affect the groundwater. To these sources should be added land contami-
nated by industrial activity and the sites of tanks that have leaked (Pelletier
1994). But while the potential sources of groundwater contamination are
numerous, their impact and significance in the sum total of toxic substances
discharged into the River remain unknown and impossible to gauge. Indeed,
the presence of contaminants in the groundwater does not mean that they will
systematically be found in the River. Adsorption, degradation and dilution
mean it is possible for none or only part of the contaminants to reach the River.
This probably represents a small proportion of toxic waste as a whole, but these
potential sources of contamination can sometimes be significant locally.

In 1992, a study conducted for Environment Canada (D’Aragon et al.
1992) listed 92 contaminated federal facilities in municipalities along the 
St. Lawrence River. These were grouped together into two separate categories,
contaminated and potentially contaminated, and break down as follows:

• 51 contaminated facilities: facilities for which characterization studies
confirm that there is a contamination problem;

3.7.3
HAZARDOUS

WASTE
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• 41 potentially contaminated facilities: facilities for which current or
previous activities on or near the site are likely to have led to con-
tamination of the soil or groundwater.

These facilities were also ranked according to three levels of priority,
depending on their risk for human health and the environment. The contami-
nated facilities were prioritized according to the action required in terms of
restoration or additional characterization. The potentially contaminated facilities
were prioritized according to the need for preliminary characterization in order
to determine whether they are actually contaminated.

The contaminated federal facilities lie primarily along the Fluvial Section
of the River and on the Fluvial Estuary, and are largely concentrated in the
Montreal area. Once again, it is impossible to establish a direct link with the 
St. Lawrence except for several sites adjacent to the River.

The banks of the St. Lawrence and Saguenay have always been favoured sites for
industry in Quebec. While these industries contribute to Quebec’s economic
growth, they also increase pollution in the St. Lawrence. Thus, the 50 plants tar-
geted under the St. Lawrence Action Plan discharged in 1992 some
272 000 kg/day of SS and 219 000 kg/day of BOD5 daily which represents, for
these two parameters, the pollutant load of a population of about 4.5 million
people. These plants also discharge a substantial quantity of heavy metals, oils
and greases, PAHs and phenols, although as a whole these have fallen substan-
tially since 1988.

For the toxic substances reflected in the Chimiotox index, the 49 plants
characterized under the Action Plan cut their discharge by 74% from 1988 to
1993. At present, the metallurgy and pulp and paper sectors contribute the most
to the amount of substances discharged, with 28.5% and 49.9%, respectively, in
1993. As for the spatial distribution of this pollution, it comes as no surprise that
the highest discharge volume is to be found along the Fluvial Section of 
the River, that being the sector of the St. Lawrence that is the most highly
industrialized.

3.7.4
MAIN POINTS



Some of the best farmland in Quebec lies along the banks of the
St. Lawrence, so it is not surprising that this land was used for farming from the
early days of New France and that some of it is still used for farming today. But
the intensification of agricultural activities since the early 1960s has become a
source of stress for the St. Lawrence ecosystem.

Over the past 30 years, Quebec agriculture has undergone profound changes
which have seen agriculture go from an individual activity to a quasi-industrial
activity. Indeed, in the early 1950s, farming in Quebec was characterized by an
undeveloped system of exchange, where the farm provided virtually all the
inputs necessary for farm production. In the early 1960s, Quebec agriculture
began to move toward mechanization, concentration, specialization, and the
use of pesticides and chemical fertilizer.

The modernization of agriculture altered the number and size of farms.
In 1961 there were 95 777 farms in Quebec with an average of 60 hectares (ha),
while in 1991 only 38 076 were left, with an average of 90 ha (Statistics Canada
1991c). Over the same period, the surface area of land devoted to agriculture
fell 41% from 5.8 to 3.4 million ha. Gross farm revenues amounted in 1991 to
close to $4 billion. 

A sign of another incipient trend is the growing number of organic farmers,
although it remains marginal. In 1990 there were 257 certified organic farmers
in all of Quebec, 42% of them in the fruit and vegetable sector. Total output
from these farmers accounted for about 0.6% of all Quebec farm production
(MENVIQ 1993). Organic farmers belong to recognized certification bodies
and are thus entitled to use the logo of the body concerned. They undertake to
comply with the Cahier des charges de l’agriculteur biologique (organic farmer’s
handbook), whereby they may no longer use chemicals (pesticides, fertilizer,
hormones, etc.) (Thériault 1993).

3.8

3.8.1
MAIN CHANGES

IN QUEBEC
AGRICULTURE

Agricultural Activities
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Weather, physiographic and biogeographic conditions restrict the territory with
agricultural potential to south of the 49th parallel, so Baie-Comeau represents
the northernmost limit of farming activities (MENVIQ 1988a). Only those
municipalities along the St. Lawrence River between Cornwall and Baie-
Comeau on the north shore and the Gaspé peninsula on the south shore are
therefore considered in this section. Of this area of 4 million ha, 570 000 ha
(13.6%) were devoted to agriculture in 1991. Farming activities are primarily
concentrated along the Fluvial Section of the River and on the Fluvial Estuary.
In 1991, the surface area used for farming represented 46% and 41%, respec-
tively, of the territory of riverside municipalities located in those sectors
(Statistics Canada 1991c).

In 1991 there were 6961 farms with an average of 81.5 ha, whereas in
1981 there were 9687 farms of 67 ha on average. So the profile in the riverside
municipalities is no different from that for Quebec as a whole: the number of
farms fell over the past decade (by 28%), the surface area of farms increased by
22%, and the total area of land used for agricultural production shrank by 13%.
In addition, still for 1991, total gross revenue from farms in municipalities along
the St. Lawrence was close to $650 million, for an average of $92 995 per farm.
Table 3.16 presents a profile of agricultural activities in the municipalities bor-
dering the St. Lawrence River.

In 1991, total livestock in riverside municipalities stood at 274 550 head, down
from 341 256 in 1981. The Fluvial Section of the River accounted for 30% of
livestock, the Fluvial Estuary 28%, Upper Estuary and Saguenay 28%, and
Lower Estuary and Gulf 14%.

For the overall study area, the concentration of livestock is 0.48 head per
hectare, compared with concentrations of 1.45 and 1.28 head/ha, respectively,
in the drainage basins of the L’Assomption and Chaudière rivers. The highest
concentration of livestock is to be found along the Fluvial Estuary and Upper
Estuary, with values of 0.59 and 0.50 head/ha, while the lowest concentration is
found along the Lower Estuary, with 0.36 head/ha.

As in the rest of Quebec, development of this livestock can have an
impact on the quality of rivers. Indeed, it has been proven that the median con-
centration of total nitrogen at the mouths of tributaries of the St. Lawrence
which run through agricultural regions is linked to the density of the livestock
population in the hydrographic basins concerned (MENVIQ 1993).

Fifty-seven percent of farmland located in riverside municipalities was culti-
vated in 1991. Forage crops, grain corn and barley were the main crops, with
areas of 160 122 ha, 52 423 ha and 39 257 ha, respectively, in 1991. The grain
corn crop has doubled since 1981, barley is up 60%, and forage crops are down
slightly (Statistics Canada 1981, 1991c).

3.8.2
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The areas planted with forage crops and barley are fairly well distributed
in the different sectors, but grain corn is grown only along the main course of
the River, except for a few hectares on the banks of the Fluvial Estuary.

Development of these monocultures is not, however, without some risk
of degrading the environment. Indeed, Tabi et al. (1990) have shown that under
monocropping virtually all soil is degraded, and this may increase problems of
water and wind erosion, among other things. Furthermore, many chemical
products (herbicides, insecticides and fungicides) are likely to have an impact on
the River through leaching or subsurface seepage (Cossette et al. 1988).

In 1991, 140 804 ha of cultivated land was treated with herbicides or insecti-
cides, up from 99 074 ha in 1981, a 42% increase. Along the entire river, 43% of
the cultivated land was treated with these products, but the proportion is far
higher along the Fluvial Section. Indeed, herbicides or insecticides were applied
over 67% of the area, compared with less than 20% in the other sectors. The

Upper Lower
Fluvial Fluvial Estuary and Estuary and

All sectors Section Estuary Saguenay Gulf

General data

Area (ha) 4 199 670 391 200 320 000 1 121 730 2 366 740

Area used for agriculture (ha) 569 515 179 662 131 916 151 851 106 086

Number of farms 6 981 2 731 1 886 1 445 909

Area of cultivated land (ha) 325 005 135 335 70 811 70 199 48 660

Total gross revenue ($000) 649 201 295 174 166 976 131 652 55 397

Livestock production

Number of head 274 550 83 142 77 172 76 134 38 102

Plant crops

Area, forage crops (ha) 160 122 42 156 39 616 45 753 32 597

Area, corn (ha) 52 423 44 334 8 089 0 0

Area, barley (ha) 39 257 14 398 8 289 8 860 7 710

Applications

Area treated with pesticides (ha) 140 804 91 220 26 396 14 675 8 513

Area treated with chemical 192 705 94 939 42 791 30 079 24 896
fertilizer (ha)

Area treated with solid/liquid 83 122 19 987 24 625 25 567 12 943
manure

Source: Based on data from Statistics Canada, 1991c.

TABLE 3.16
Profile of agricultural activities in riverside municipalities in 1991

3.8.2.3
Application

of pesticides, chemical
fertilizer and dung
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actual impact of these products on aquatic organisms and the combined impact
of several of them or of other pollutants are little known (MENVIQ 1993).

Chemical fertilizer was applied on 192 705 ha, down 9% since 1981 in
terms of area treated. As with herbicides and pesticides, the main course of the
River saw the highest proportion of land treated with chemical fertilizer (70%),
whereas the average for riverside farmland as a whole was 60%. Inadequate
management of such fertilizer can lead to an increase in the nitrate content of
water intended for human consumption and can potentially pose a risk for
human health. Readings over the 10 mg/L nitrate and nitrite standard have
been taken in underground well water in several regions of Quebec, including
Île d’Orléans and Rivière-du-Loup (MENVIQ 1993).

Dung was spread on 83 122 ha, or close to 25% of cultivated land, par-
ticularly along the Fluvial Estuary and Upper Estuary. In certain regions of
Quebec, such as Chaudière–Etchemin, Yamaska and L’Assomption, the con-
centration of livestock production such as hog farms means that manure is often
spread in doses which exceed the soil’s capacity and the crop’s needs. Combined
with other problems such as water erosion, this situation considerably increases
the risk of contamination of rivers (MENVIQ 1993).

Sources of agricultural pollution are divided into two categories: point sources
and diffuse or non-point sources. Point-source agricultural pollutants come
from a specific, visible, identifiable location. They are similar to pollutant sources
such as urban and industrial waste. The accidental or intentional spilling of dung
directly into a river is an example of this. Diffuse agricultural pollutants are
those which reach rivers through subsurface flow or from surface runoff gener-
ated by precipitation. They do not originate at a specific point, but from the
farmland as a whole (MENVIQ 1988a).

Among examples of farming activities which generate diffuse pollution
are the spreading of dung, chemical fertilizers and pesticides, soil erosion and
hydro-agricultural developments. In the agricultural sector, by far the majority
of pollution problems are diffuse (MENVIQ 1988a), so they are hard to identi-
fy and quantify.

Whether of point or diffuse source, agricultural pollutants contain organic mat-
ter, nutrients (nitrogen and phosphorus), trace inorganic elements (heavy met-
als), trace organic elements (pesticides) and varied microflora (bacteria and
viruses). These pollutants have a negative impact on various uses of the water,
including drinking, swimming, sport fishing and aquatic life (MENVIQ 1988a).
They can also push up the cost of treating water for drinking and degrade the
aesthetic value of rivers.

Reports from the Ministère de l’Environnement du Québec clearly pin-
point the fact that agricultural pollution is still very significant in certain
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drainage basins and that the clean-up of the urban environment and the indus-
trial sector alone are insufficient to recover the uses of these rivers (MENVIQ
1993). However, it is difficult to quantify the diffuse pollution which may real-
ly be affecting the St. Lawrence.

Since it is not possible to quantify these overall inputs precisely, Part 1 of
this report deals with the quality of the water in the tributaries of the St.
Lawrence. Indeed, by far the majority of the farmland in the River’s drainage
basins is drained by tributaries (Figure 3.32), so it is through the tributaries that
agricultural activity can contribute to polluting the River. Analysis of the water
in these rivers clearly shows that a number of tributaries which flow through
agricultural areas are a significant source of organic materials or chemical sub-
stances, especially the Richelieu, the Yamaska, Châteauguay, L’Assomption,
Saint-François, Chaudière, Etchemin and Nicolet rivers (Entraco Inc. 1990).
Although it is also obvious that diffuse pollution from farmland located directly
on the River will reach the St. Lawrence without flowing through its tribu-
taries, this pollution likely represents a relatively small proportion of agricultur-
al pollution as a whole, and is therefore not counted in our measurements of
toxic inputs from the farming sector.

FIGURE 3.32
Drainage basins

of the St. Lawrence

Source: Fisheries and Environment Canada, 1977.
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The conversion of wetlands into farmlands was extremely popular between
1945 and 1976, leading to the loss of 1230 ha of wetlands, or 34% of all wet-
lands lost along the River over that time (Dryade 1981). The Ministère du
Loisir, de la Chasse et de la Pêche (MLCP) still considers that certain develop-
ments and agricultural practices conflict with conservation and recreation objec-
tives, since the quality of the environment and wildlife habitats is likely to be
altered (Auclair et al. 1991). The planned diking at Baie-du-Febvre is an exam-
ple of this type of conflict between agricultural development and the conserva-
tion of wetlands favoured by waterfowl.

But the issue of agricultural use is not limited to the question of agricul-
tural development versus wetland conservation. Farmland also conflicts with
other land use, such as housing, recreation and industry. Agricultural re-zoning
from 1987 to 1991 led to a 3.2% decline in farmland in Quebec. The decrease
in the area zoned for farmland in the riverside municipalities along the St.
Lawrence was greater than in Quebec as a whole: the zoned area fell 5.9% from
860 951 ha to 810 097 ha, compared with 3.2% for the whole of Quebec
(CPTAQ 1993). At present, the pressure is strongest along the Fluvial Section of
the River, where the zoned farmland area fell 9% from 247 179 ha to 224 886
ha. It fell from 187 038 ha to 177 319 ha (–5.2%) along the Fluvial Estuary,
from 232 401 ha to 224 685 ha (–3.3%) along the Upper Estuary, and from 
194 338 ha to 183 207 ha (–5.7%) along the Lower Estuary (CPTAQ 1993).

Agricultural pollution is diffuse and therefore hard to quantify. However, it is
thought that the intensive use of fertilizer and pesticides as well as farmland
erosion along the St. Lawrence can represent a source of stress for the fluvial
ecosystem. Moreover, it is estimated that using wetlands for agricultural pur-
poses lies behind one-third of the St. Lawrence wetland losses from 1945 to
1976. Nevertheless, urbanization is exerting strong pressure on land use for
agricultural purposes, particularly along the Fluvial Section, where some 9% of
the land has lost its agricultural zoning.

3.8.4
MAIN POINTS

3.8.3.2
Shoreline encroachment



The St. Lawrence corridor is characterized by a rich and diversified mixture
of natural ecosystems, and its different sectors present an array of unique habitats
that are essential not only to aquatic fauna, but also to other wildlife species
which inhabit or frequent the waterway, wetlands and riparian zone. The con-
servation network should reflect this diversity.

Setting aside land for conservation purposes conflicts with the recre-
ational, agricultural, harbour, industrial port, residential and other existing land
uses along the St. Lawrence River. It is vital, however, to set aside areas in suf-
ficient number and size to ensure optimal protection of the natural heritage of
the St. Lawrence corridor. The thrust of conservation is thus to maintain the
quality of the varied environmental components of the St. Lawrence. Accor-
dingly, the conservation network plays a key role in preserving the biophysical
integrity of the protected sites for the benefit of present and future generations,
while also providing access to the River and a unique tool for public education
and awareness.

The protected natural environments discussed here include both those with
special protection under federal, provincial or municipal law and those with no
legislative protection.

The habitats that are protected by law consist of natural environments
under federal, provincial, joint or municipal jurisdiction and comprise 94 250,
126 623, 113 800 and 1137 hectares, respectively, for a total surface area of 
335 810 ha (Table 3.17).

A national park is an area set aside as a national heritage place or Crown prop-
erty in order to protect for all time outstanding landscapes, wilderness areas,
geological formations, natural phenomena and indigenous flora and fauna.
National parks are no longer private reserves, but are instead places devoted to
Canadians for their use and benefit (Lothian 1987).

3.9

3.9.1
HABITATS WITH

LEGISLATIVE
PROTECTION

3.9.1.1
Areas under

federal jurisdiction

Conservation Network
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In Canada, national parks are created under the National Parks Act, which states
that the parks are dedicated to the people of Canada for their benefit, education
and enjoyment, and shall be maintained and made use of so as to leave them
unimpaired for the enjoyment of future generations. The goal is to protect sig-
nificant examples of Canada’s diverse terrestrial and marine natural regions,
while also providing recreation and tourism facilities. On the banks of the St.
Lawrence, the Parks Canada Sector of the Department of Canadian Heritage
administers one national park (Forillon) and one national park reserve, the
Mingan Archipelago National Park Reserve (Figure 3.33). Together, these parks
cover an area of 39 040 ha.

Forillon National Park, which received 161 000 visitors in 1992, is a
representative sample of the Gaspé mountains at the easternmost edge of the

Number Area (ha)

Federal

National parks 2 39 040

National wildlife areas 8 5 314

Migratory bird sanctuaries* 29 40 996

Staging areas 3 8 900

Subtotal 42 94 250

Provincial

Conservation parks 4 32 320

Recreation parks 2 3 190

Ecological reserves 4 1 563

Wildlife preserves 1 53 900

Wildlife sanctuaries 1 150

Habitats with legal status granted by the MEF** 761 35 500

Subtotal 773 126 623

Federal-provincial

Marine park 1 113 800

Municipal

MUC regional parks 8 1 137

Total 824 335 810

*Overestimated, since the Îles de la Paix, the Estuary islands and Isle-Verte have a dual status as both a migratory bird sanctuary and a national wildlife area, while
Bonaventure Island and Percé Rock are both a migratory bird sanctuary and a conservation park.

**Overestimated, since this includes all habitats granted legal status by the MLCP (now under the authority of the Ministère de l’Environnement et de la Faune); some of
these habitats may have dual status as well.

Sources: Based on Boucher, 1992, 1993. 

TABLE 3.17
Protected natural areas along the St. Lawrence, by jurisdiction (1992)

National parks
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Appalachians. The Mingan Archipelago National Park Reserve, which had 
25000 visitors in 1992, represents the natural region of the eastern St. Lawrence
lowlands (Canadian Parks Service 1993). In 1991 and 1992, visitor attendance
dropped by 4% and 8%, respectively, for Forillon, and by 5% and 4% for the
Mingan Archipelago (Canadian Parks Service 1993).

The national wildlife areas are part of the network of sites devoted to protecting
migratory birds which are managed by Environment Canada’s Canadian
Wildlife Service. They are created under the Canada Wildlife Act. National
wildlife areas ensure the integral and ongoing protection of migratory birds 
and their habitats, although some hunting may be permitted within their
boundaries.

The eight national wildlife areas in Quebec are located on the banks of
the St. Lawrence (Figure 3.33) and occupy a total area of 5314 ha. At the Cap-
Tourmente National Wildlife Area alone, annual attendance is 70 000 visitors.

Under the Migratory Birds Convention Act which it administers, the Canadian
Wildlife Service manages a network of sites dedicated to protecting migratory
birds. Along the St. Lawrence, there are 29 migratory bird sanctuaries with an
area of some 40 996 ha and three staging areas encompassing 8900 ha (Figure
3.33). This type of protection, which originated with a Canada–United States
agreement on migratory bird protection, is concentrated along the St. Lawrence
corridor.

While sanctuary status provides for the integral and ongoing protection of
migratory birds and their habitats, staging area status gives these species tempo-
rary protection in certain sectors.

Provincial parks in Quebec are established under the Parks Act, which is admin-
istered by the Ministère de l’Environnement et de la Faune (MEF). They fall
into two categories: conservation parks and recreation parks (Figure 3.34).

The primary objective of conservation parks is to ensure the continuing pro-
tection of exceptional areas representative of natural regions, and allow the pub-
lic to use them for education purposes and a wide range of recreational activities
(CCE 1989).

There are four conservation parks along the St. Lawrence, encompassing
an area of 32 320 ha. Bic Park is a representative sample of the natural region
referred to as the south shore of the Estuary. The park at Île-Bonaventure-et-
du-Rocher-Percé is dedicated to protecting a gannet colony. The Saguenay
Park is devoted to preserving the main ecosystems of the Saguenay shoreline. In
1991, 360 000 people visited these three parks, which represents an increase of
200% over 1984 (MLCP 1991b). Lastly, Miguasha Park is a fossil site that is
unique in the world.

National wildlife areas

Migratory bird sanctuaries
and staging areas

3.9.1.2
Areas under

provincial jurisdiction

Conservation parks
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These parks have different internal zoning than conservation parks and pro-
mote outdoor recreational activities in a natural setting, while also protecting the
natural environment (CCE 1989). There are two recreation parks along the St.
Lawrence, namely the Îles-de-Boucherville Park and Oka Park, which togeth-
er cover an area of 3190 ha.

Ecological reserves are created under the Act respecting Ecological Reserves, which
is administered by the MEF. This conservation status is designed to ensure the
permanent protection, integral conservation and regeneration of various types of
species, populations, habitats, biotic communities and typical, unique, rare or
threatened ecosystems which constitute representative or exceptional compo-
nents of Quebec’s biological heritage (Boudreau and Gaudreau 1987).
Ecological reserves may be used for scientific research, and for education pur-
poses on an exceptional basis with the permission of the Minister of the MEF.

Since the Act respecting Ecological Reserves came into force in December
1974, 32 ecological reserves have been created, of which only four are situated
on the banks of the St. Lawrence (Figure 3.34), with a total surface area of
1563 ha.

While the Micocoulier Ecological Reserve represents the northernmost
limit of the range of two tree species – the Hackberry and the Slippery elm –
the Île-aux-Sternes Ecological Reserve is a typical example of a natural envi-
ronment restored by human hands. The Île-Brion Ecological Reserve represents
the Îles de la Madeleine archipelago, in addition to protecting two rare plant
species – beach-heath and bayberry. The Pointe-Heath Ecological Reserve
represents an ombrotrophic peat environment on a calcareous substrate. The
Act respecting the Conservation and Enhancement of Wildlife has led to the creation of
a 53 900 ha wildlife preserve on Anticosti Island.

The protected habitats under the authority of the MEF comprise sea bird con-
centration areas, bird colonies and heronries. There are 761 of these sites in
Quebec, with a total area of 35 500 ha. No data are available on the number and
land area of the sites along the St. Lawrence corridor. Lastly, the Grande-Île
Wildlife Refuge has an area of 150 ha.

Marine parks, which are established under the National Parks Act, are designed to
protect and conserve for all time significant examples of Canada’s marine her-
itage for the benefit, education and enjoyment of present and future generations.

On April 6, 1990, the federal and Quebec governments signed an agreement
announcing their intent to create the Saguenay Marine Park, the first marine
park in Quebec. In so doing, Canada and Quebec are seeking to protect and
conserve, for the benefit of present and future generations, the fauna, flora and
outstanding natural environment of this marine area.

Ecological reserves 
and the wildlife preserve

Recreation parks

Habitats with legislative
protection under

the authority of the MEF
and bird sanctuaries

3.9.1.3
Areas under federal-

provincial jurisdiction

The national marine park
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The Saguenay Marine Park is not governed by the National Parks Act, but
by special legislative measures and regulations that respect the jurisdiction of
both levels of government. The park spans an area of 113 800 ha.

The protected areas in this network include the eight regional parks within the
MUC’s territory, which are located in highly urbanized areas and comprise
1137.1 ha. 

These parks have complementary missions of conservation, education, recre-
ation and social integration and also help to showcase natural heritage on the
Island of Montreal. They are: Cap-Saint-Jacques (345.2 ha), Anse-à-l’Orme
(61.1 ha), Bois-de-l’Île-Bizard (187.3 ha), Le-Bois-de-Liesse (134.0 ha), Bois-
Franc (32.9 ha), Bois-de-Saraguay (97.9 ha), Île-de-la-Visitation (35.1 ha), and
Pointe-aux-Prairies (243.6 ha) (Boucher 1992).

While the areas described above are protected by law, it is important to keep in
mind that various non-profit organizations are playing an ever greater role in
protecting and enhancing key sites.

The situation at Lake Saint-Pierre is a case in point, since most of the
local areas dedicated to conserving riparian environments do not have formal
protected status. In addition, acquiring natural areas, particularly for wildlife
conservation purposes, is one of the best ways to enhance and protect such
environments (Auclair et al. 1991).

The St. Lawrence corridor as a whole has 44 sites that can be considered
protected habitats with no legal status. This includes the 18 sites comprising
5002 ha that are covered by the St. Lawrence Action Plan, which will be grant-
ed legislative protection in the future as either ecological reserves or national
wildlife areas. In addition, private organizations are overseeing the protection of
26 sites with a total area of 3746 ha: the Quebec Wildlife Foundation, Canadian
Society for Nature Conservation, Berthier islands conservation, interpretation
and research society, Lake Saint-Pierre society for conserving the Lake Saint-
Pierre environment, Héritage Faune, Société Duvetnor, Quebec Society for
Protecting Birds, Société Provancher, Société de Protection et d’Aménagement
de l’Île aux Pommes and the Port aux Saumons ecological centre.

The areas with formal protected status are not distributed evenly among the
different sectors of the St. Lawrence (Figure 3.35). They occupy 15 581 ha (or
5% of the total) along the main course (Fluvial Section) of the River and 400 ha
along the Fluvial Estuary. By contrast, the Upper Estuary-Saguenay and the
Lower Estuary-Gulf sectors are relatively well represented, with 146 401 ha and
137 928 ha, respectively, or 49% and 46% of all habitats with legislative protec-
tion. In the Upper Estuary-Saguenay sector, however, the Saguenay terrestrial
park and the Marine Park account for 95% of the total protected land area. The
Lower Estuary-Gulf sector, which contains Forillon National Park, the Mingan
Archipelago National Park Reserve, and the Anticosti Island Wildlife Preserve,
has nearly 67% of the protected territory.

The MUC’s regional parks

3.9.1.4
Areas under

municipal authority

3.9.2
CONSERVATION OF

AREAS WITH
NO LEGISLATIVE

PROTECTION

3.9.3
GEOGRAPHIC

DISTRIBUTION OF
PROTECTED AREAS
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3.9.4
MAIN POINTS

Habitats with protection but no formal legal status help to balance this
uneven distribution among the four sectors, since 58% (5071 ha) of them are
located along the Fluvial Section. The Fluvial Estuary, however, is underrepre-
sented, with only 5% of these habitats. In the Upper Estuary-Saguenay stretch,
they account for 33% of the total, or 2864 ha, and in the Lower Estuary-Gulf
sector, 4%, or 327 ha.

Considering the distribution of rare and threatened species and commu-
nities along the St. Lawrence (see Part 2), as well as population pressure, the
need for protected areas appears greatest along the Fluvial Section of the River
and the Fluvial Estuary.

The conservation network is helping to preserve the biophysical integrity of
sites for the benefit of present and future generations, while providing access to
the River and promoting public awareness. The network covers an area of 
309 058 ha along the St. Lawrence and the Saguenay, of which 300 310 ha 

FIGURE 3.35
Areas along the

St. Lawrence with legislative
protection in 1992
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are protected by legislation. Complementing this network, some areas in the 
35 500 ha of priority wildlife habitats (sea bird concentration areas, bird
colonies, heronries) have been designated for special protection and mapped
because they are essential to certain wildlife species. The Saguenay terrestrial
and marine parks, together with Forillon National Park, the Mingan
Archipelago National Park Reserve, and the Anticosti Island Wildlife Preserve
make a major contribution to the conservation network. The Fluvial Section of
the River and the Fluvial Estuary, however, have less than 10% of the protected
areas.



Human beings, through their production, consumption, transportation and
leisure patterns, are largely responsible for the changes in the St. Lawrence sys-
tem. But while these activities degrade the river, they may also be constrained
by factors affecting the use that can be made of this resource. The goal of this
chapter is to identify the socio-economic characteristics which exert pressure
(stress) and those which are subjected to pressure.

First, to condense the information and help visualize the hot spots, we
present in Figure 3.36 the main socio-economic characteristics of each section
of the St. Lawrence River. This figure illustrates what everyone intuitively
knows, namely that the heavy concentration of population and economic activ-
ity along the main course of the River and the Fluvial Estuary generate major
stresses in the freshwater portion of the St. Lawrence as well as substantial
stresses in the saltwater portion.

Upstream, it is clear that dense population, water intake, industrial activ-
ities and the St. Lawrence Seaway are the main factors responsible for changes in
the environment. Further downstream, commercial fishing, nature-watching
and scenic tours, together with point sources of contamination (industries or
municipalities, for example) affect the health of the River.

To help us evaluate the health of the St. Lawrence, we have developed a new
method of integrating environmental data (see information supplement enti-
tled, “Method of integrating environmental information”), based on existing
techniques. Considerable effort was devoted to refining currently available tools
in order to improve environmental monitoring and permit regular and accurate
diagnoses. The new method led to the selection of 14 characteristics of the St.
Lawrence ecosystem (see information supplement entitled, “Characteristics
selected to evaluate the health of the St. Lawrence River”) that can be used to
evaluate the multiplicity and intensity of the stresses to which the ecosystem is

3.10
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Integration and Conclusions



subjected and associated effects. Eight of these characteristics are linked to socio-
economic aspects: shipping, modification of the floor and of hydrodynamics,
shoreline modifications, urban wastewater discharges, industrial discharges, com-
mercial fishing, sport hunting and fishing and, lastly, accessibility of the banks
and River. The main reasons for the selection of these characteristics are out-
lined below.

Shipping enables a multitude of products to be conveyed to both the domestic
and the international market. Owing to the number of ships plying the St.
Lawrence and the type of cargo they carry, shipping has a direct impact on the
fluvial ecosystem. This impact particularly involves the risk of spills, but also the
problems of wave action and ballast flushing.

The transportation of petroleum and chemical products by tanker repre-
sents a considerable risk for the flora and fauna of the St. Lawrence in the event
of a major spill. Ballast flushing (emptying of ballast tanks) carries with it the risk
of spreading bacteria, algae, insects and molluscs, such as the Zebra mussel. This
operation introduces exotic species which can compete with indigenous species.

Shipping therefore exerts slight pressure on the quality of raw river water,
essentially from accidental spills of hazardous products transported by the
numerous vessels calling at the ports along the main course of the River. A
similar stress is associated with access to the banks and the River owing to the
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3.10.2.1
Shipping

Information Supplement

METHOD OF INTEGRATING
ENVIRONMENTAL INFORMATION

The method used to synthesize physico-
chemical, biological and socio-economic knowl-
edge is the systemic approach, a way of
understanding and organizing knowledge that
highlights the structures, functions, processes,
evolution and organization of a system. First, a
deliberate effort was made 1) to identify all char-
acteristics of the St. Lawrence River system that
are important for diagnosing its health, and 2) to
identify the network of influences among the
characteristics. The Delphi method and an ana-
lytical tool—impact matrices—were thus used to
improve our understanding of how the system
works.

The systemic approach was applied to
knowledge of the St. Lawrence in three stages.
First, a multidisciplinary team of scientists worked
together to draft the first three parts of this report,
which synthesize physico-chemical, biological
and socio-economic knowledge of the St.
Lawrence River. Each of the three parts was then
reviewed by a scientist (or integrator) assigned to
integrate the knowledge and draw conclusions.

In the second stage, the team of three inte-
grators used the Delphi method to select the key
characteristics and identify the network of influ-
ences among them. The results were then vali-
dated with other members of the scientific
community. Not only is selecting the most rele-
vant characteristics no easy matter, but the num-
ber of characteristics used must be limited so that 



Generating stationsi

Riverside population (1991)j and wastewater treatment (1994)k

Uses

Action Plan* priority planta
(figure indicates number of plants)

Commercial portb
(more than 1 000 000 t of merchandise handled in
1992)

Drinking water intaked

Observation site (landscape, wildlife and flora)e

Public beach monitored by MENVIQ in 1992f

Navigable waterwayg

Regular dredging site (at least five dredging operations between 1983 and
1991) where the mean volume dredged each year exceeds 10 000 m3 h

Federal jurisdiction
(National Park, National Wildlife Area,
Migratory Bird Sanctuary, and Migratory Bird
Staging Area)

Hydro-electric generating station

Thermal generating station

4

Untreated wastewater

Secondary treatment

0

Number of inhabitants (thousands)

10 25 50 100 250 1000

Protected areas (1992)l

Provincial jurisdiction
(Conservation Park, Recreational Park,
Ecological Reserve, Wildlife Sanctuary, and
Wildlife Preserve)

(2)  indicates number of protected areas. Federal and provincial jurisdiction
(Marine Park)

Fishing harbourc
(figure indicates number of harbours)

2

*Aside from these plants, there are some 6300 plants in
riverside municipalities of the St. Lawrence

2

FIGURE 3.36
Fundamental socio-economic features of the St. Lawrence

Sources: a Based on data from LGL Ltd., 1990.  b Based on data from Canadian Coast Guard, 1993, 1991; Ferland, 1993; Statistics Canada,1993.  c Chiasson-Dufour, 1994.  
d Based on data from MENVIQ,1989a.  e Ministère du Tourisme du Québec and regional tourism associations, 1991.  f Based on data from Léveillé, 1992.  
g SLC and Laval University, 1991b.  h Based on data from Olivier and Bérubé, 1993.  i Hydro-Québec, 1990.  j Based on data from Statistics Canada, 1991b.  
k Based on data from MENVIQ, 1994. l Based on data from Boucher,1992; de Repentigny, 1990; CWS, 1990.



BAIE

BAIE

BAIE

MER DU

T.-N.

C

A
B

Location
of study area

0 50 km

Montmagny

Rivière-
du-Loup

Rimouski

Matane

Gaspé

Jonquière

Sept-Îles

Baie-Comeau
Pointe-des-Monts

Cornwall

Havre-Saint-Pierre

Chicoutimi

Anticosti Island

Île Verte

Île-aux-Grues

Île-aux-Coudres

Upper Estuary
and Saguenay

Fluvial Section Fluvial Estuary

Lower Estuary
and Gulf

Ottawa River

Saguenay River

La Baie

Alma

Tadoussac

Îles de la Madeleine

Blanc-Sablon

St. Lawrence River
Salaberry-de-

Valleyfield

L’A
sso

mptio
n Rive

r

Laval

Montréal

A

2

2
2

2

2

2

2
2

2
2

2

0

0

0

0
0

0 2

0

2

2

2 2
2

2
2

2
2

2

2

2

0 10 km

Ottawa
River

0

2 2
2

2 2

2

0

0

2

2

2
2

2

0

0

2

1

1

2

5

1 2

32 2
3

2
2

2

2

3

2

3

2

3

3

2

C

0 15 km

Îles de la Madeleine

N

2

∗

∗

∗

∗

0
Salaberry-de-

Valleyfield

1

2

Montréal

1

2

4

(2)

Laval

2

1

5
5

4

1

22

Lake Saint-
Pierre ship
channel

Trois
Rivières

2

4

0

222
1

1

1Québec

2
2

2
2

2
2 2 Île d’Orléans

1

North Traverse

*

4

B

∗ ∗∗ ∗

∗

O
ttaw

a
River

L’A
sso

mptio
n Rive

r

Ri
ch

el
ie

u 
Ri

ve
r

Ya
m

as
ka

 R
iv

er

Saint-François River

Saint-M
aurice River

Chaudière River

25 km

(2)

N

N

N

Montréal

Québec Î.-P.-E.

Ottawa

Toronto

Labrador

Baie-Comeau

N.B.

UNITED
STATES

N.S.

QUÉBEC

ONT.

0 75 375 km



Socio-Economic Aspects: Integration and Conclusions 109

a concrete and realistic diagnosis can be made. For
this purpose, four selection criteria were used:

1) The characteristic had to evolve in time
and space; it could not be a constant.

2) The characteristic had to be significant for
the River as a whole. 

3) The characteristic had to have a direct
impact on the fluvial ecosystem. 

4) The availability of historic data favoured
but did not exclude the selection of one
characteristic over another one. 

Once the characteristics were selected, a
matrix of known direct influences among the
characteristics was developed for each section of
the River and for the St. Lawrence as a whole to
better understand how the river system works.
Part 4 of this report gives further information on
this subject.

Information Supplement

CHARACTERISTICS SELECTED TO EVALUATE THE HEALTH OF THE ST. LAWRENCE RIVER

TYPE CHARACTERISTIC

Physico-chemical Sediment quality
St. Lawrence water quality
Tributary water quality

Biological Biodiversity
Natural environments and protected species
Condition of biological resources

Socio-economic Shipping
Modification of the floor and of hydrodynamics
Shoreline modifications
Urban wastewater discharges
Industrial wastewater discharges
Commercial fishing 
Sport hunting and fishing
Accessibility of the banks and River
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scope of port activities along the Fluvial Section. It represents a moderate influ-
ence on the condition of biological resources because of the risks of a spill.
Nonetheless, shipping greatly disturbs biodiversity in the first two sections of the
River through ballast tank discharges, which introduce exotic species that affect
indigenous communities.

There are, however, few data available to monitor changes in this charac-
teristic properly. Data on wave action and ballast flushing are sparse. As to trans-
portation of dangerous goods, there is no specific background information on
the topic, since data are available only from 1992. More general data can never-
theless be used to follow developments in shipping, such as trends in tonnage
handled, number of trips and frequency with which the guaranteed minimum
water depth is exceeded.

Finally, changes in the river bed and hydrodynamics by dredging have a
positive influence on shipping, particularly along the main course of the River
and the Fluvial Estuary, since dredging makes it possible to guarantee a mini-
mum water depth.

Modification of the floor and of hydrodynamics can be caused by dredging and,
much more rarely, by the building of structures on the river bed (power trans-
mission lines, bridges, etc.). Dredging work is undertaken each year in the River
to maintain the ship channel at the agreed-upon depth and keep up marinas and
ports. Corresponding to this dredged volume is an equivalent volume of
dredged material which has to be disposed of. Dredging and disposal of the
resulting spoil can lead to the release of contaminants when sediment is handled,
resuspension of solids which alter the characteristics of the water (turbidity),
changes in the water flow regime and possible disturbances of spawning areas
and other natural habitats. 

This characteristic therefore affects the quality of the river water and the
condition of biological resources, especially in the first two sections of the River.
But as dredging has been essentially a maintenance activity for about 30 years
now, this influence is considered to be low, since the dredged sediment is gen-
erally not very contaminated and the volume dredged is substantially smaller
than in the past.

Aside from these two elements, dredging also has an influence, consid-
ered low, on shipping in the first two sections of the River. The volume
dredged is well documented, and since 1992 interim criteria have been available
to evaluate sediment quality.

Banks and wetlands are important natural areas. The shoreline helps limit ero-
sion and maintain the integrity of the visual landscape. Wetlands are extremely
important for maintaining the quality of the environment; they are critical life-
long habitats for many animal and plant species, while others inhabit them dur-
ing one or more stages of their life cycle. The highly productive wetlands also
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play a major role in the ecosystem’s biological cycles. They perform a vital puri-
fying role through the mineralization of waste and immobilization of toxic sub-
stances, such as certain heavy metals.

Nevertheless, a substantial portion of the St. Lawrence shoreline has been
adulterated by encroachment following construction of highways or control
structures or residential, recreational, agricultural or industrial construction,
including port facilities.

Since these changes are often associated with privatization of the land,
they restrict access to the banks and the River, especially along its upper stretches,
where the phenomenon is more marked. Shoreline modifications probably
affect biodiversity to the extent that destruction of habitats makes it harder for
certain habitat-dependent species to survive, but the scope of this phenomenon
is unknown. Finally, they represent a major stress, particularly along the main
course of the River and the Fluvial Estuary, to the condition of biological
resources, by limiting the breeding area of such species as Northern pike.

Data concerning this characteristic are not recorded on a periodic basis,
however, and the monitoring of this characteristic betrays obvious deficiencies.

In 1991, almost 60% of the population of Quebec, or a little over four million
people, lived in the 339 municipalities along the St. Lawrence. Of this number,
1.35 million lived in municipalities not equipped with wastewater treatment
plants and which released a substantial pollutant load directly into the River.
While such discharges represent only a tiny fraction (0.04%) of the River’s aver-
age daily flow at Quebec City, they pose a public health risk through the dis-
semination of bacterial and viral contamination. This effluent also contains
appreciable quantities of solvents and chemical substances of all kinds. These
conditions impose substantial investment in treatment operations on down-
stream towns and reduce the variety of water-contact uses, such as swimming
and water sports.

Urban wastewater discharges therefore contaminate the sediment and
adversely affect the quality of the river water, particularly in the two upstream
sectors. Furthermore, access to the River may be reduced owing to offensive
odours and because bacterial pollution can cause beaches to be shut.

In 1992, the 50 priority plants identified by the St. Lawrence Action Plan
released three times as much SS and BOD5 into the River daily as those munic-
ipalities not treating their wastewater. But these discharges are of concern pri-
marily because of the toxicity of their pollutant load to living organisms, since
they include heavy metals (mercury and arsenic), oils and grease, PCBs, resin
acids from the paper industry and a range of organic chemicals from the process-
es themselves (PAHs) or processed substances (phenols from the paper industry,
and phthalates from the petrochemical industry). These substances have a direct
impact on organisms at every level of the ecosystem by directly or indirectly
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killing organisms or causing chronic toxicity. Fish, birds and marine mammals
appear to be more vulnerable, and are more severely affected owing to their
high position in the food web.

Industrial wastewater therefore generates the same stresses as urban waste-
water (sediment quality, St. Lawrence water quality and accessibility of the banks
and River), but these stresses are much more intense, owing to the often toxic
nature of the industrial effluent. In addition, industrial pollution has a negative
impact on the condition of biological resources, particularly from the contam-
inants absorbed by the various marine species.

Here too, however, the available data leave much to be desired, for
though the 50 Action Plan plants are relatively well known, this is not the case
for the other industrial plants along the St. Lawrence and Saguenay and the
other tributaries of the River.

Its sustained yield potential gives the commercial fishery substantial economic
importance. This activity also contributes to building the economic structure of
towns and regions, and vital interactions are set up between riverside commu-
nities and the aquatic environment.

A dozen commercially fished species are thought to be at risk in the St.
Lawrence, for various reasons, including overfishing. Among the species identi-
fied, five are clearly commercial: American eel, Lake sturgeon, Atlantic stur-
geon, Atlantic herring and Atlantic cod. Two more species are primarily
commercial but are also fished for sport: American shad and Rainbow smelt.
Five other species are primarily sport fish, but may also be fished commercially:
Striped bass, Northern pike, anadromous Brook charr, Atlantic tomcod and
Atlantic salmon (Robitaille et al. 1991).

This characteristic may therefore be considered influential to the condi-
tion of biological resources, since it may be partly responsible for the decline in
stocks of numerous freshwater and marine species. Moreover, commercial and
sport fishermen compete for several species of fish, notably salmon in the Lower
Estuary. Naturally, this activity itself is affected by the condition of biological
resources and, to a lesser extent, by sport fishing.

As to the reliability of data on this characteristic, it is relatively good in
terms of landings, but may vary substantially for stock assessments, depending on
the species.

Sport hunting and fishing are activities involving contact with the St. Lawrence,
making for an appreciation of its beauties and development of a sense of belong-
ing. While these are important recreational and economic activities, they have
become hampered by numerous constraints, notably water quality and contam-
ination of fish flesh.
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The importance of sport fishing on the River in social and economic
terms is quite considerable. The 212 000 fishermen who practised their sport on
the St. Lawrence between 1983 and 1988 caught an average of 3260 tonnes of
fish a year, for a fishing effort of 2.4 million days. For its part, ice fishing is a
social activity representing economic spinoffs of several million dollars, especially
fishing for Atlantic tomcod in the Sainte-Anne-de-la-Pérade region. Similarly,
hunting is a traditional activity still being practised along the River, in particu-
lar waterfowl hunting for personal consumption.

Sport hunting and fishing can affect the condition of biological resources
by reducing stocks of certain species of fish and waterfowl. Sport fishing can also
compete with commercial fishing. Conversely, both are influenced by the con-
dition of biological resources and the measures taken to protect those resources.
It is estimated that the deterioration of water quality and aquatic habitats in the
River has had a negative impact on some 30 wildlife species. Sport fishing is also
affected by competition from the commercial fishery and the problem of access
to the banks and the River, especially in the first two river sectors.

Data on these characteristics are updated only sporadically, however.

Shoreline and river access is essential so that riverside populations may enjoy the
magnificent St. Lawrence. But this access depends on the presence of the appro-
priate infrastructure. It is also limited by water pollution, and activities involving
direct contact with the water have declined. In addition, privatization of shore-
line use restricts access to the River. But the development of a conservation
network, a pleasure craft infrastructure and a series of windows on the River
partly offset this situation.

Restricted access to the banks and the River, particularly in the Fluvial
Section and the Fluvial Estuary, may have a slight impact on sport hunting and
fishing. But access is affected by a series of characteristics, including the water
quality of the river and its tributaries, the protection given to biological
resources, shipping, shoreline modifications, and industrial and urban waste-
water discharges. This characteristic is hard to measure, however.

All the characteristics selected to evaluate the health of the St. Lawrence are very
much interdependent. Each characteristic can be viewed as a factor that disturbs
other characteristics of the River and, conversely, as being subject to distur-
bance from one or more of those characteristics. The Delphi method, used to
construct the impact matrices, made it possible to identify and measure the
scope of interactions among the selected characteristics. Part 4 of this report
gives an overview of the network of influences among the 14 characteristics
selected to assess the health of the St. Lawrence. Here are the main conclusions
on the impact of socio-economic characteristics, according to the scale of the
analysis.
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Industrial wastewater is the characteristic with the greatest influence, since its
weighting is double that of any other characteristic. The influence of this char-
acteristic is not only dominant for the River as a whole, but also in each of the
four river sections taken individually. The nature of the contaminants involved
and their insidious effects are the main factors that explain this situation.
Industrial wastewater is considered a pressure on sediment quality, on water
quality in the river, on the condition of biological resources, and on shoreline
and river access.

Whereas in terms of influence, urban wastewater is on a par with indus-
trial effluent, commercial fishing comes in second place. The former affects
sediment quality and river water quality, given the composition of the waste-
water, as well as shoreline and river access. For example, beaches located near or
in a plume of municipal wastewater may be closed, thus limiting access to the
River. As for commercial fishing, it exerts pressure or stress on the condition of
biological resources and on sport hunting and fishing. In the first case, it affects
the abundance of resources; in the second, it may compete with sport fishing in
situations where the resource is shared.

From the standpoint of influence, these characteristics are followed quite
closely by shoreline modifications and then by shipping, although the extent to
which shoreline changes affect biodiversity cannot be established clearly. This
characteristic also influences shipping, in particular when port areas are expand-
ed. It also affects access to the banks and the River. For example, riparian instal-
lations can either improve or reduce access to the St. Lawrence. This is the case
for port facilities and road infrastructure. Modification of the floor and of hydro-
dynamics, sport hunting and fishing, and accessibility of the banks and River are
the last three socio-economic characteristics that influence the other character-
istics of the St. Lawrence. However, they have a much weaker impact than the
characteristics that are foremost on the list.

Shoreline and river access is clearly the socio-economic characteristic that is
subject to the greatest stress for the River as a whole and for each of its four sec-
tions. This characteristic is affected by seven other characteristics in the four sec-
tors of the St. Lawrence. Whereas on the whole socio-economic characteristics
are stressors, it is clear in the case of access, and to a lesser extent sport and
commercial fishing, that some of these characteristics are also subject to stresses
which limit the use that can be made of the resources of the St. Lawrence.

“Commercial fishing” is a hybrid characteristic. On the one hand, it
affects biodiversity by its impact on the species harvested. It also affects sport
fishing in situations where species are harvested concurrently by recreational
and commercial fishermen. On the other hand, commercial fishing is also influ-
enced by these two characteristics. In other words, the condition of biological
resources, as well as sport fishing, has an impact on this activity; hence, the rela-
tionship is reciprocal.
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The sectors most affected by socio-economic characteristics are the main
course of the River and the Fluvial Estuary, which are the most heavily urban-
ized and industrialized areas.

The diagnosis of the health of the St. Lawrence, based on the selected
socio-economic characteristics, among others, is presented in Volume 2 of this
report, The State of the St. Lawrence.
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The procedure used to produce this state of the environment report on the
St. Lawrence River is intended to go beyond a purely descriptive presentation of
data on the different aspects of the River. As Figure 4.1 shows, that critical
stage was carried out in the first three parts of the report, which contain the lat-
est data on the physico-chemical, biological and socio-economic aspects of the
River. The next stage consists of delineating the main components which influ-
ence the functioning of the River and choosing a limited number of indicators
to facilitate the diagnostic process and support environmental monitoring of
the St. Lawrence.

Part 4 is comprised of two chapters. The first chapter explains the
methodology that was used to achieve three objectives: select from a vast
amount of information the 14 characteristics of the St. Lawrence deemed most
useful for diagnosing its health; gaining a better understanding of the network of
influences or linkages among the selected characteristics by using a tool called an
“influence matrix”; and choosing state of the environment indicators for mea-
suring the condition of each characteristic.

The second chapter gives the results for each of the established objectives.
It describes the characteristics selected, the most influential and influenced char-
acteristics within each sector of the River and the St. Lawrence as a whole, and
the state of the environment indicators chosen for each of the characteristics.

The diagnosis of the health of the River, presented in Volume 2, The
State of the St. Lawrence, is based on the results of the influence matrices and
analysis of the trends revealed by the state of the environment indicators.

Introduction
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At present, no precise methodology is available for analysing ecosystem
dynamics, owing mainly to the multiplicity and nature of the interactions at
work. Analysts must strike a balance between two extremes: considering all the
factors involved, whether or not they can be measured, or reducing the question
to a small number of more easily measurable factors. These extremes stem from
opposing notions as to what is the best scientific approach for producing the
most comprehensive environmental assessment possible. Actually, this debate
pits the analytical or mechanistic approach (Lévy 1989) – whose multiple influ-
ences undoubtedly came from the philosopher Descartes and his famous
Discourse on Method, written more than 350 years ago – against the systemic or
holistic approach (Morin 1982), influenced notably by general systems theory
formulated during 1945-1950. Briefly, as Le Moigne (1991) points out, these
two approaches are opposed in terms of four broad elements defining the sci-
ence and process of knowledge acquisition and use: the objective pursued in
observing facts, the level of analysis, the identification of causal links, and selec-
tion of the factors to be considered.

According to the analytical approach, the first element, which establish-
es knowledge of  phenomena, depends on the capacity of the method to set out
objective, universal “truths” regardless of the observer. The systemic approach,
on the other hand, holds that every form of knowledge stems from a pre-
existing plan or interest.  With this second approach, the criterion is not the
evidence of the “facts” but rather the relevance of the results. The present
report, intended to shed light on the state of the River, is based on recognized
scientific knowledge. However, it also goes further by seeking to make a
diagnosis – an evaluation of the state of the River, its resources and uses. Thus,
the report uses the systemic approach to take the assessment beyond a strictly
factual presentation.

4.1

Methodology



With the analytical approach, the second element consists of “dissect-
ing” reality (reductionism) to gain a better understanding of its smallest con-
stituents and then reassembling them as general, “universal” theories. By
contrast, the systemic approach (holism) postulates that the totality of a system
cannot be understood solely from its parts. This report adopts a holistic
approach to learning about the River, in other words, by integrating knowl-
edge about the health of the River, its resources and uses in order to better
understand its dynamics.

The third element, from the analytical perspective, consists of establishing
causal links between observable phenomena (determinism). While this approach
works well for research in a controlled environment, such as a laboratory, it is
less suitable when it comes to explaining feedback effects and synergy between
phenomena. The systemic approach, on the other hand, seeks to apprehend
the functioning of the system as a whole, while also taking into account human
intervention and its determining influence on the evolution of the system.
Hence, the work of elucidating stresses, their effects on the ecosystem and the
responses of the ecosystem is aimed not only at presenting the knowledge
acquired but also interpreting that knowledge with a view to monitoring and
anticipating changes in the St. Lawrence system, and thus managing it more
effectively.

The analytical approach also entails exhaustiveness, wherein an ever
greater number of variables and data are sought in order to understand phe-
nomena better. The systemic approach posits a hierarchy among the variables –
which do not all have the same influence on how the system evolves – and thus
endeavours to identify “aggregate” variables which sum up the dynamics of the
interacting subvariables. For the purposes of the State of the Environment Report
on the St. Lawrence River, characteristics were selected and then indicators, as
a means of providing useful “aggregates” for understanding given aspects of the
St. Lawrence system in all its complexity. Still, we realize that these characteris-
tics and indicators can be improved upon, given that they reflect our present
knowledge and understanding of the St. Lawrence system. Thus, we have
applied the systemic approach – which considers the many components of a system
and their interrelationships – on a trial basis to assess the health of the complex
St. Lawrence system.

Our analysis encompassed the Quebec portion of the St. Lawrence, from
Cornwall to Blanc-Sablon on the north shore, and from Cornwall to Gaspé on
the south shore, including the Îles de la Madelaine region. We faced a number
of challenges in integrating the sectoral studies on all the physico-chemical,
biological and socio-economic aspects of the St. Lawrence throughout this vast
area. First, these studies have few common denominators. Second, the envi-
ronment studied is complex, its components are heterogeneous and knowledge

Method of Integration and Main Results: Methodology4



of the many interactions of those components is uneven. To address these factors
in our analysis, it was necessary to divide the St. Lawrence into four broad sec-
tors: the main course, the Fluvial Estuary, the Upper Estuary and Saguenay, and
the Lower Estuary and Gulf (Figure 4.2).

A multidisciplinary team of scientists worked together to draft the first three
parts of this volume. To make a clear-cut diagnosis, we selected the main physi-
co-chemical, biological and socio-economic characteristics of the River, those
with the most direct impact on its health. For each of these spheres, the number
of characteristics varied, since the experts who participated in this process were
asked to identify all the characteristics likely to have an influence, with the only
restriction being the availability of knowledge.

The Delphi method was employed to pinpoint the most important char-
acteristics for diagnosing the health of the River and then determine the scope
of their influences.  This approach is commonly applied in situations where a
multiplicity of  variables and interrelationships exists, making it necessary to
synthesize an extensive corpus of knowledge and sometimes contradictory
expert opinions. The Delphi method is a qualitative approach that was devel-
oped to process opinions and derive refined analyses to improve both the under-
standing of complex issues and decision making (Prades 1993). By recognizing
that intuition plays a part in the management of complex problems, the Delphi
method harnesses intuitive judgment by providing a technique for gathering
and combining individual opinions. The underlying assumption is that by pool-
ing many opinions a group answer can be obtained which is better than the best
individual answer.

Given the complexity of the St. Lawrence system and its many diverse
aspects, compounded by the complex linkages among them, we used the Delphi
method to select the most useful characteristics and analyse the network of
interactions among them.

The conventional Delphi method is designed primarily to gather the
opinions of a group of experts so as to derive a consensus on the relative impor-
tance of a given causal factor for a particular problem. There are several varia-
tions of the Delphi method, which can be applied to a wide range of issues. The
one used for this report was based mainly on the “group Delphi” approach
(Prades 1993). This involved having our panel of experts split into subgroups to
answer questions about the characteristics of the River and then come together
again as a group to discuss and defend their respective positions. The emphasis
was on achieving a consensus. The Delphi method was used to answer the
following two questions:

a) What are the main characteristics which should be used to assess the
health of the River as a whole?

b) How do these characteristics directly influence one another?

Method of Integration and Main Results: Methodology 5
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Some 15 other members of the scientific community helped validate the
conclusions reached by the team in charge of synthesizing information for the
three other parts of this volume (the participants’ names appear on the list of
contributors for Part 4).

The experts began by addressing the first question. Not only is selecting the
most relevant characteristics no easy matter, but the number of characteristics
used must be limited so that a concrete, realistic diagnosis can be made. The
results obtained are based on four selection criteria, as follows:

a) The characteristic had to evolve in time and space; it could not be a constant. In
keeping with this criterion, we focused on the characteristics sensitive to
changes over the short term (about five years) in order to diagnose the
state of the River and improve environmental monitoring. Characteristics
such as discharge, water level, water masses, currents and salinity, which
are structural components of the ecosystem, were rejected. These physi-
co-chemical components exhibit predictable natural variations which are
relatively stable over the long term. They are essential for understanding
how the St. Lawrence system works, but do not reflect its state of health.

b) The characteristic had to be significant for the River as a whole. For instance,
water quality and biodiversity were selected because they have an influ-
ence throughout the study area. Furthermore, they are fundamental char-
acteristics of the ecosystem, and efforts need to be made to measure and
monitor them. Much more specific characteristics, such as shoreline
erosion by wave action, were rejected because they affect only limited
sections of the River.

c) The characteristic had to have a direct impact on the fluvial ecosystem. Water
quality, for example, has a direct impact on biological resources which
need water to live and on the uses which it supports, including swim-
ming. Agricultural discharges were not chosen because their presence in
the St. Lawrence results mainly from farming activities in the drainage
basins of tributaries. As a non-point source of pollution, the contribution
of those discharges to toxic contamination of the River was therefore
measured through water quality in the tributaries.

d) The existence of historic data favoured but did not exclude the selection of one
characteristic over another. Available data sometimes cover long time periods,
in which case trends can be identified and the evolution of a given char-
acteristic established. Examples include commercial fishing, the condition
of certain species expressed in terms of their abundance, and industrial
discharges. For other characteristics, measurements are available for only
one year and so are used as the monitoring baseline  levels. An example is
wetland surface area, which has been used to assess the “shoreline mod-
ification” characteristic.

Method of Integration and Main Results: Methodology 7
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These criteria were used as guidelines in narrowing the choice of char-
acteristics to be considered. In all, 14 distinct characteristics were selected, each
of which provides a useful description of  the most significant dimensions of the
St. Lawrence ecosystem, thereby helping to better understand its functioning,
evaluate its condition and improve environmental monitoring.

The experts who took part in this exercise agree that in this evaluation of
the condition of each characteristic, decision makers and the general public are
getting a relatively true and accurate picture of the health of the St. Lawrence
system. This “snapshot” of the situation, when taken at periodic intervals, will
assume a dynamic dimension and become an important tool for monitoring
and predicting changes in the fluvial environment. Furthermore, in future
assessments, this list of characteristics can be modified as new  knowledge and
information are acquired. For example, atmospheric inputs and agricultural
effluent along the shores are characteristics that are becoming increasingly
important for understanding how the River works.

In the next stage, the experts went on to answer the second question. One
practical means of elucidating the network of interrelationships among the
selected characteristics is to assemble the information into an influence matrix.
The advantage of using such a matrix is twofold. First, it pools the characteris-
tics assumed to be causally linked to spatial and temporal trends in the health of
the River. It thus presents the basic elements for discussion and establishes ref-
erence points for environmental monitoring. Second, it describes a network of
causal relationships, and this network itself can be analysed, as we will see later
on.

The influence matrix provides two types of information. First, it determines
whether a given  characteristic has a direct influence on an other characteristic.
Second, it indicates the relative weight of a given characteristic compared with
the others.

We first identified the direct or first-level influence of each characteristic on the
others for all four sectors of the St. Lawrence (Figure 4.3). The impacts were
tallied separately for each section of the River, based on the assumption that
each characteristic should be given equal weight in the matrix. This is the only
way it would be possible to add up the interactions. Indeed, given the current
state of knowledge, we are unable to rank the different characteristics: there are
too many imponderables and differences in the amount of knowledge we have
about them. However, since all of these characteristics stood out as significant
from the huge collection of information available on each aspect of the River,
we have assigned them equal weighting.

Once the direct influences among the characteristics were identified, the inten-
sity of influences was evaluated on a qualitative scale: 0 for not significant, 1 for
weak, 2 for moderate and 3 for strong. A question mark (?) denotes that the
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Legend: No direct influence.

Direct influence: 0 = not significant, 1= weak, 2 = moderate, 3 = strong, ? = unknown.

Not applicable.

Note: The sets of boxes represent the four River sectors in the upstream-downstream direction: Fluvial Section, Fluvial Estuary, Upper Estuary and Saguenay, Lower Estuary and Gulf.
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intensity is unknown. A blank cell means that the two characteristics considered
have no known direct influence on each other. The totals indicate the relative
importance of the links between each of the characteristics and thus the impor-
tance of associated stresses and effects. The information presented in an influ-
ence matrix can be read in two ways: horizontally, by row (left to right), to see
the influence exerted on each of the characteristics, or the effect; vertically, by
column (top to bottom), to determine the influence that each characteristic
(identified in the column heading) has on other characteristics, or the source of
stress (Figure 4.4).

The four matrices (one for each River section) obtained by identifying and
weighting the direct impacts were combined into one matrix to obtain an
overview of the network of relationships among the 14 characteristics for the
entire St. Lawrence ecosystem. This matrix contributes an additional level to
our understanding, making it possible to compare the characteristics on the
basis of two totals for each row and column: the number of influences and the
aggregate of the weightings. The characteristics ranked by rows – influenced char-
acteristics – relate to environmental observations and the overall evaluation of
the health of the River during a given time period.

An improvement in these particular characteristics will spell an improve-
ment in the state of health of the ecosystem and may therefore indicate that, as
a whole, the interventions carried out have had a positive cumulative effect on
the environment. However, in tracking these characteristics it will not be possi-
ble to identify cause-and-effect links between a specific action and changes
observed in the status of a given characteristic.

The characteristics ranked in the columns – influential characteristics –
represent the stresses exerted on the ecosystem and can thus be used to guide
actions, including those which decision makers may address.

Certain characteristics are both influenced and influential; they are
known as hybrid characteristics. Owing to their strong and combined interactions
within the fluvial ecosystem, general improvement in the state of these charac-
teristics will signal improvement in the general condition of the St. Lawrence.
Conversely, signs of disturbance noted for these characteristics as a whole will be
cause for concern. The magnitude of the combined deteriorations may mean
that the equilibrium of the fluvial ecosystem is threatened. The outcome would
be the cumulative loss of natural resources and uses associated with the St.
Lawrence.

The interpretation limitations associated with the integration method relate to
the way the  characteristics were selected and the intensity (stress level) assigned
to each of the interactions, which were derived by consensus among the experts
who helped draft this report and those consulted in the Delphi exercise
described earlier. The initial assumption whereby equal weight was assigned to
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each characteristic may be open to debate. However,  it would take weightings
that deviate greatly from the unit to produce substantially different results. These
limitations notwithstanding, we feel certain that another panel of experts would
select roughly the same characteristics, make the same evaluations and arrive at
the same conclusions.

Use of the systemic approach, the Delphi method and influence matrices
has enabled us to synthesize and integrate current knowledge of the St.
Lawrence in an innovative manner. The resulting portrait depicts the overall
functioning of the River.

The state of each of the 14 significant characteristics varies in time and space.
Very rarely can the state of a characteristic be defined by a single measurement
or by one state of the environment (SOE) indicator. In the case of industrial
wastewater discharges, for example, the accumulated volume of effluent per
period says very little about the nature or magnitude of the stress caused by
those discharges. More information would be provided by a more complex
indicator that measures the relative toxicity of the substances contained in each
effluent and the loading of each effluent (in kilograms of toxic substances per
day).

Such indicators are useful for decision makers and the general public,
since they can be used to track temporal trends observed in the condition of the
St. Lawrence, refine the diagnosis of the River's health and support decision
making.

Selection of the SOE indicators used to diagnose the state of the St.
Lawrence was based on the following criteria (Ghanimé 1990):

• Accuracy and scientific rigour

• Clarity and ease of understanding and interpretation

• Compatibility with existing data

• Usefulness or relevance in terms of aims, objectives and user needs

• Aptness for synthesis and integration

• Sensitivity to temporal and spatial change over a period of roughly five
years

• Forecasting capability

• Ease of collection and measurement

• Clear, logical link to human activities

• Possibility of determining interpretation limitations

• Ease of aggregation (possibility of generating an index).
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To be selected, an indicator had to satisfy at least the first four criteria.
The existence of standards, quality criteria or guidelines was another selection
criterion. Not all the indicators chosen have the same relevance for the River as
a whole, so we have adjusted some of them in keeping with the realities specific
to each river sector. For example, population abundance will not be measured
for the same species in the upstream portion (fresh water) and the downstream
portion (salt water) of the St. Lawrence. The same applies for the choice of
species to be sampled.

We used these criteria to select more than 20 SOE indicators for mea-
suring the state of the 14 characteristics of the St. Lawrence chosen to diagnose
the River's state of health. Although these indicators have certain spatial or tem-
poral limitations and do not address all the concerns about the state of the St.
Lawrence, they are still useful tools for communicating the latest available infor-
mation on the study characteristics. Furthermore, we will be able to improve
upon them–and in some cases replace them with more efficient measurements–
as we learn more about the St. Lawrence River.

Method of Integration and Main Results: Methodology 13



4.2

The synthesis of environmental information yielded a list of the main char-
acteristics of the St. Lawrence and associated state of the environment indicators,
and shed light on the network of influences of the selected characteristics. This
chapter discusses these results, which form the basis for our diagnosis of the
health of the St. Lawrence presented in Volume 2, The State of the St. Lawrence.

The 14 characteristics selected to assess the condition of the St. Lawrence may
be divided into four main components of the fluvial ecosystem: river bed,
water, biological resources and uses associated with human activity
(Table 4.1).

Analysis of Main Results

4.2.1
SELECTED

CHARACTERISTICS 

Component Characteristic selected

River bed Sediment quality

Water St. Lawrence water quality
Tributary water quality

Biological resources Biodiversity
Natural environments and protected species
Condition of biological resources

Uses associated with human activity Shipping
Modification of the floor and of hydrodynamics
Shoreline modifications
Urban wastewater discharges
Industrial wastewater discharges
Commercial fishing
Sport hunting and fishing
Accessibility of the banks and River

TABLE 4.1
List of selected characteristics by component of the St. Lawrence



Method of Integration and Main Results: Analysis of Main Results 15

Sediment quality is a determining characteristic of the condition of the River.
Toxic substances are almost always transported by sediments or eventually
deposited in them. Sediments are thus a key element in the ecological network
of the River, and evaluating the health of the St. Lawrence requires detailed
knowledge of this characteristic.

Two characteristics of this component were selected: St. Lawrence water quality
and tributary water quality. In both cases, measurement problems have hindered
development of the notion of quality.  Methods have nevertheless been pro-
posed for overcoming these problems and using various parameters to obtain a
satisfactory characterization of the water quality of the St. Lawrence.

Biodiversity could have been the only characteristic selected, as it provides a
comprehensive indication of the quality of living communities. Methodological
difficulties have, however, hampered attempts to evaluate this aspect of living
communities, but this effort must nevertheless be made. Given the current state
of knowledge, this aspect has been maintained as a separate characteristic so
that it could be used in assessing the condition of the St. Lawrence. Other char-
acteristics were also identified. Natural environments and protected species were
selected despite the link between this characteristic and management decisions.
Adoption of measures influencing this characteristic might significantly affect
the health of the St. Lawrence since species and habitats might be exposed to
some pressure depending, for example, on the protection status granted.
Condition of biological resources is another characteristic that tells us much about
the condition of the environment. Population dynamics and the condition of
the animals themselves (health status, degree of contamination, incidence of
deformities and tumours, etc.) give an indication of the quality of their habitat.

No fewer than eight characteristics are part of this component. Shipping is a
major characteristic with the risks it represents for the St. Lawrence ecosystem.
Modification of the floor and of hydrodynamics is a characteristic that may have con-
siderable impacts on the ecosystem, although these effects are seldom easy to
identify. They include maintenance dredging, water level control and power
generation. Shoreline modifications is also a key characteristic considering that, as
the 20th century ends, the St. Lawrence now has only a fraction of the shoreline
habitats it had in the early days of settlement. Many biological resources are
closely associated with these habitats during one or more of their life cycle
stages. Urban wastewater discharges and industrial wastewater discharges may affect
living communities, contaminate the organisms involved and, in extreme cases,
make their habitats unsuitable for their survival. These discharges may also
impair the physico-chemical and bacterial quality of the water to the point
where even humans are threatened. Two categories of harvesting activities, com-
mercial fishing and sport hunting and fishing were selected because of the many
interactions of these characteristics with various aspects of the fluvial environ-
ment. Major changes in harvesting quantities or methods in either of these

4.2.1.1
River bed

4.2.1.2
Water

4.2.1.3
Biological resources

4.2.1.4
Uses associated with

human activity
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categories can have a strong impact on all biological communities. Lastly, acces-
sibility of the banks and River was identified as one of the uses most sensitive to the
condition of the St. Lawrence. All recreational and other activities involving
use of the shoreline or resources of the River are strongly influenced by the
condition of the water in general, but also by a number of other elements such
as aesthetic aspects and ease of access to the banks and the River.

As mentioned above, analysis of the influence matrices constructed by means of
the Delphi method gives us information on the many direct links among the
characteristics and the relative importance of these links, for each hydrographic
region and for the St. Lawrence as a whole. 

Results by hydrographic region are presented in tables 4.2, 4.3, 4.4 and 4.5,
which show the direct influences and their assigned weights. Tables 4.6 and 4.7
identify the heavily influenced and the most influential characteristics respec-
tively, in descending order, in each of the four hydrographic regions.

In the case of influenced characteristics, their order of importance appears
similar from one stretch of the River to another. Condition of biological
resources and accessibility of the banks and River are thus the two most heavi-
ly influenced characteristics, for all sections of the St. Lawrence.  Commercial
fishing is more heavily influenced as we move downstream, while shipping has
an impact on the first two sections. 

Looking at influencing characteristics, we see that industrial wastewater
discharges rank first among all sectors monitored, followed closely by tributary
water quality and St. Lawrence water quality.  Moving in a downstream direc-
tion, the condition of biological resources increases in influence, since other
characteristics are less common and thus have less influence.

The four matrices presented for each hydrographic region were combined into
one matrix to overview the interrelatedness of the 14 characteristics throughout
the St. Lawrence ecosystem. This matrix supplies an additional level of infor-
mation, thus making it possible to rank the characteristics based on the total
influences each may undergo (effect) or cause (stress) in the River as a whole.
We can thus arrange them in relation to one another. Reading this influence
matrix (Table 4.8) across from left to right, we can identify the characteristics
(column headings) subject to the greatest number of influences. For example, in
Row 1 of the matrix, we see that sediment quality is influenced by five charac-
teristics (column headings): St. Lawrence water quality (No. 2), tributary water
quality (No. 3), modification of the floor and of hydrodynamics (No. 8) , urban
wastewater discharges (No. 10) and industrial wastewater discharges (No. 11).

4.2.2
RESULTS 

OF ANALYSIS 
OF INFLUENCE

MATRICES
4.2.2.1

Results by section of
the River

4.2.2.2
Results for the River 

as a whole



TABLE 4.2
Matrix of direct influences among characteristics: Fluvial Section

TOTALS (EFFECTS)
Fluvial ecosystem No. Characteristics Characteristics Number of
components                                influential Weighting

1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 characteristics of effects

River bed 1 Sediment quality 3 3 0 1 3 5 1 0
Water 2 St. Lawrence water quality 3 1 1 2 3 5 1 0

3 Tributary water quality

Biological 4 Biodiversity 2 ? 3 ? 4 5 + ?
resources 5 Natural environments and protected species ? 1 ?

6 Condition of biological resources 3 3 3 2 2 2 1 3 3 3 2 1 1 2 7
Uses associated with 7 Shipping 1 1 1
human activity 8 Modification of the floor and of hydrodynamics

9 Shoreline modifications 0 1 0

1 0 Urban wastewater discharges

1 1 Industrial wastewater discharges

1 2 Commercial fishing 3 1 2 4

1 3 Sport hunting and fishing 1 2 2 1 4 6
1 4 Accessibility of the banks and River 3 3 2 1 3 3 3 7 1 8

TOTALS Number of characteristics influenced 1 3 4 1 4 4 5 4 3 3 4 2 2 1 41  /  4 1
(STRESS) Stress weighting 3 9 1 2 2 7 5 + ? 7 3 6 + ? 6 1 2 5 3 1 (81 + ?) / (81 + ?)

Legend
Blank cell: No direct influence

Direct Influence: 0 (not significant)

Direct Influence: 1 (weak)

Direct Influence: 2 (moderate)

Direct Influence: 3 (strong)
Direct Influence: ? (intensity unknown)



TABLE 4.3
Matrix of direct influences among characteristics: Fluvial Estuary

TOTALS (EFFECTS)
Fluvial ecosystem No. Characteristics Characteristics Number of
components                                influential Weighting

1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 characteristics of effects

River bed 1 Sediment quality 3 2 0 1 3 5 9

Water 2 St. Lawrence water quality 2 0 1 2 3 5 8

3 Tributary water quality

Biological 4 Biodiversity 1 ? 3 ? 4 4 + ?

resources 5 Natural environments and protected species ? 1 ?

6 Condition of biological resources 3 3 3 1 1 1 1 3 3 3 1 1 1 2 3

Uses associated with 7 Shipping 1 1 1

human activity 8 Modification of the floor and of hydrodynamics

9 Shoreline modifications 0 1 0

1 0 Urban wastewater discharges

1 1 Industrial wastewater discharges

1 2 Commercial fishing 3 1 2 4

1 3 Sport hunting and fishing 1 2 2 1 4 6
1 4 Accessibility of the banks and River 3 3 2 0 2 3 3 7 1 6

TOTALS Number of characteristics influenced 1 3 4 1 4 4 5 4 3 3 4 2 2 1 41  /  4 1
(STRESS) Stress weighting 3 9 1 0 1 5 5 + ? 4 3 5 + ? 6 1 2 5 2 1 (71 + ?) / (71 + ?)

Legend
Blank cell: No direct influence

Direct Influence: 0 (not significant)

Direct Influence: 1 (weak)

Direct Influence: 2 (moderate)

Direct Influence: 3 (strong)

Direct Influence: ? (intensity unknown)



TABLE 4.4
Matrix of direct influences among characteristics: Upper Estuary and Saguenay

TOTALS (EFFECTS)
Fluvial ecosystem No. Characteristics Characteristics Number of
components                                influential Weighting

1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 characteristics of effects

River bed 1 Sediment quality 2 0 0 0 2 5 4

Water 2 St. Lawrence water quality 1 0 0 1 1 5 3

3 Tributary water quality

Biological 4 Biodiversity 0 0 0 ? 4 0 + ?

resources 5 Natural environments and protected species ? 1 ?

6 Condition of biological resources 2 2 2 0 0 0 0 1 2 3 0 1 1 1 2

Uses associated with 7 Shipping 0 1 0

human activity 8 Modification of the floor and of hydrodynamics

9 Shoreline modifications 0 1 0

1 0 Urban wastewater discharges

1 1 Industrial wastewater discharges

1 2 Commercial fishing 3 0 2 3

1 3 Sport hunting and fishing 1 1 0 0 4 2
1 4 Accessibility of the banks and River 1 1 2 0 1 2 2 7 9

TOTALS Number of characteristics influenced 1 3 4 1 4 4 5 4 3 3 4 2 2 1 41  /  4 1
(STRESS) Stress weighting 2 5 4 0 3 4 + ? 0 0 2 + ? 3 7 3 0 0 (33 + ?) / (33 + ?)

Legend
Blank cell: No direct influence

Direct Influence: 0 (not significant)

Direct Influence: 1 (weak)

Direct Influence: 2 (moderate)

Direct Influence: 3 (strong)

Direct Influence: ? (intensity unknown)



TABLE 4.5
Matrix of direct influences among characteristics:  Lower Estuary and Gulf

TOTALS (EFFECTS)
Fluvial ecosystem No. Characteristics Characteristics Number of

components                                influential Weighting
1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 characteristics of effects

River bed 1 Sediment quality 1 0 0 0 1 5 2

Water 2 St. Lawrence water quality 0 0 0 1 1 5 2

3 Tributary water quality

Biological 4 Biodiversity 0 0 0 ? 4 0 + ?

resources 5 Natural environments and protected species ? 1 ?

6 Condition of biological resources 1 1 1 0 0 0 0 1 1 3 0 1 1 8

Uses associated with 7 Shipping 0 1 0

human activity 8 Modification of the floor and of hydrodynamics

9 Shoreline modifications 0 1 0

1 0 Urban wastewater discharges

1 1 Industrial wastewater discharges

1 2 Commercial fishing 3 0 2 3

1 3 Sport hunting and fishing 1 0 1 0 4 2
1 4 Accessibility of the banks and River 1 1 2 0 1 1 1 7 7

TOTALS Number of characteristics influenced 1 3 4 1 4 4 5 4 3 3 4 2 2 1 41  /  4 1
(STRESS) Stress weighting 1 3 2 0 3 3 + ? 0 0 2 + ? 2 4 4 0 0 (24 + ?) / (24 + ?)

Legend
Blank cell: No direct influence

Direct Influence: 0 (not significant)

Direct Influence: 1 (weak)

Direct Influence: 2 (moderate)

Direct Influence: 3 (strong)

Direct Influence: ? (intensity unknown)
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Question marks in the matrix denote a partial or non-existent under-
standing of an interrelationship between two characteristics. For example, we
assume that shoreline modifications due to various human activities will have
consequences on biodiversity. By affecting habitats, limiting their size and
depleting resources, communities will no doubt be influenced, but we do not
know exactly how this interaction will be expressed. The same holds true for
the influence exerted by the condition of biological resources. For this reason,
although biodiversity is influenced by four characteristics, the intensity of this
influence totals nine units, to which a question mark has been added. It is
nonetheless classified with the seven characteristics that are most influenced,
mainly owing to the limitations of our knowledge.

Fluvial Section Fluvial Estuary Upper Estuary Lower Estuary
and Saguenay and Gulf

1. Condition of biological 1. Condition of biological 1. Condition of biological 1. Condition of biological 
resources resources resources resources

2. Accessibility of the 2. Accessibility of the 2. Accessibility of the 2. Accessibility of the 
banks and River banks and River banks and River banks and River

3. a) Sediment quality 3. Sediment quality 3. Sediment quality 3. Commercial fishing
b) St. Lawrence water 

quality

4. Sport hunting and 4. St. Lawrence water 4. a) St. Lawrence water 4. a) Sediment quality
fishing quality quality b) St. Lawrence water 

b) Commercial fishing quality
c) Sport hunting and

fishing

5. Biodiversity 5. Sport hunting and 5. Sport hunting and 5. Biodiversity
fishing fishing

6. Commercial fishing 6. Biodiversity 6. Biodiversity

7. Shipping 7. Commercial fishing

8. Shipping

Note: Characteristics are presented in descending order of importance based on the number and intensity of direct links among them.

TABLE 4.6
List of the most influenced fluvial ecosystem characteristics 

by hydrographic region
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For the St. Lawrence as a whole, the characteristics most influenced (col-
umn headings) are, in descending order:

• Condition of biological resources (influenced by 11 characteristics, 70
intensity units)

• Accessibility of the banks and River (by seven characteristics, 50 units)

• Sediment quality (by five characteristics, 25 units)

• St. Lawrence water quality (by five characteristics, 23 units)

Fluvial Section Fluvial Estuary Upper Estuary Lower Estuary
and Saguenay and Gulf

1. a) Industrial wastewater 1. Industrial wastewater 1. Industrial wastewater 1. a) Industrial wastewater 
discharges discharges discharges discharges

b) Tributary water b) Commercial fishing
quality

2. St. Lawrence water 2. Tributary water quality 2. St. Lawrence water 2. a) Condition of biological 
quality quality resources

b) Natural environments
and protected species

c) St. Lawrence water
quality

3. a) Shipping 3. St. Lawrence water 3. a) Condition of biological 3. a) Tributary water quality
b) Natural environments quality resources b) Shoreline modifications

and protected species b) Tributary water quality c) Urban wastewater
discharges

4. a) Shoreline modifications 4. Urban wastewater 4. a) Natural environments 4. Sediment quality
b) Urban wastewater discharges and protected species

discharges b) Urban wastewater 
discharges

c) Commercial fishing

5. a) Condition of biological 5. a) Condition of biological 5. a) Shoreline modifications
resources resources b) Sediment quality

b) Commercial fishing b) Shoreline modifications
c) Natural environments

and protected species
d) Commercial fishing

6. a) Sport hunting 6. Shipping
and fishing

b) Sediment quality

7. Accessibility of the 7. a) Modification of the floor
banks and River and of hydrodynamics

b) Sediment quality

8. Sport hunting and fishing

9. a) Biodiversity
b) Accessibility of the banks 

and River

Note: Characteristics are presented in descending order of importance based on the number and intensity of direct links among them.

TABLE 4.7
List of the most influential fluvial ecosystem characteristics 

by hydrographic region
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• Sport hunting and fishing (by four characteristics, 16 units)

• Commercial fishing (by two characteristics, 14 units)

• Biodiversity (by four characteristics, 9 + ? units).

Of the other characteristics, shipping is influenced by only one charac-
teristic, modification of the floor and of hydrodynamics.  For the moment, we
cannot measure the influence of the condition of biological resources on natur-
al environments and protected species. Five fluvial ecosystem characteristics are
subject to no influence and thus receive no points: tributary water quality (influ-
ences outside the context of our study), modification of the floor and of hydro-
dynamics, shoreline modifications, and discharges of urban and industrial
wastewater. 

Reading the matrix from top to bottom (columns), we can identify, in
descending order of importance, the eight most influential characteristics (col-
umn headings) of the fluvial ecosystem: 

• Industrial wastewater discharges (influences four characteristics, 35 units of
intensity)

• Tributary water quality (four characteristics, 28 units)

• St. Lawrence water quality (three characteristics, 26 units)

• Natural environments and protected species (four characteristics, 18 units)

• Condition of biological resources (four characteristics, 17 units + ?)

• Urban wastewater discharges (three characteristics, 17 units)

• Commercial fishing (two characteristics, 17 units)

• Shoreline modifications (three characteristics, 15 units).

Sediment quality does not appear on this list because it influences only
one characteristic, condition of biological resources. It should be noted, how-
ever, that this influence is significant since benthic organisms are links in the
food chain and a pathway for the transfer of contaminants between sediments
and higher trophic levels. This influence decreases in a seaward direction in the
River, from the Upper Estuary onward, because of the prevailing hydrodynam-
ic and physiographic conditions.

Some elements are not affected in all parts of the River, but only in cer-
tain stretches. The influence of shipping on biodiversity, for example, is only
pronounced in the Fluvial Section and Fluvial Estuary.  Sport hunting and fish-
ing and biodiversity have an impact mainly in the main course of the River.
Changes in the river bed and hydrodynamics and shoreline and river access
generally have only a slight or non-significant influence.
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Examination of the network of relationships among characteristics by
sector, from upstream to downstream (Table 4.8), shows that the intensity of
influences decreases (from 81 in the main course to 71 in the Fluvial Estuary, 33
in the Upper Estuary and the Saguenay and 24 in the Lower Estuary and Gulf).
It seems clear that the interactions of the selected characteristics are stronger in
the upstream part of the system, almost as if the downstream part was better able
to absorb adverse effects and less influenced by human activity, or probably
both. Table 4.9 shows the interactions between the most influenced and most
influential characteristics for the entire St. Lawrence in terms of the intensity of
direct influences.

For the River as a whole, we see that four characteristics are strongly
influenced but also have a marked influence on the ecosystem; since they are
both influenced and influencing, they are termed “hybrid”. In descending order
of importance, these are:

• Condition of biological resources

• St. Lawrence water quality

• Commercial fishing

• Sediment quality.

These characteristics are particularly interesting from an environmental
monitoring perspective.

Various measures are presented for each of the 14 characteristics, along with
the choice made to use it as an indicator in this state of the environment report
on the St. Lawrence. As we go along, we will note those already in use in var-
ious contexts. Where appropriate, we will make recommendations for improv-
ing existing measures or replacing them by others that are more powerful or
more precise. Trends resulting from the use of these indicators will be analysed
in Volume 2 of this report.

4.2.3
LIST OF STATE 

OF THE ENVIRONMENT
INDICATORS 

FOR EACH
CHARACTERISTIC
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TABLE 4.8
Summary matrix of direct influences among characteristics: Hydrographic regions and River as a whole

8
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At present, we have a large bank of descriptive data on toxic loadings of sedi-
ments. This information, even when mapped (see several examples in Part 1 of
this volume) is of limited usefulness since it does not include the grain size of
sediments or the depth at which toxic substances are buried. Existing measure-
ments  also ignore site dynamics. For example, shoreline sediments at the
boundary of the Fluvial Estuary and Upper Estuary are continually being
deposited and swept away from banks in a cycle comprising tidal, seasonal and

Most Influenced Characteristics

River FS FE UE LE

1. Condition of biological resources 27 23 12 8

2. Accessibility of the banks and River 18 16 9 7

3. Sediment quality 10 9 4 2

4. St. Lawrence water quality 10 8 3 2

5. Sport hunting and fishing 6 6 2 2

6. Commercial fishing 4 4 3 3

7. Biodiversity 5 + ? 4 + ? 0 + ? 0 + ?

Most Influential Characteristics

River FS FE UE LE

1. Industrial wastewater discharges 12 12 7 4

2. Tributary water quality 12 10 4 2

3. St. Lawrence water quality 9 9 5 3

4. Natural environments 
and protected species 7 5 3 3

5. Condition of biological resources 5 + ? 5 + ? 4 + ? 3 + ?

6. Urban wastewater discharges 6 6 3 2

7. Commercial fishing 5 5 3 4

8. Shoreline modifications 6 + ? 5 + ? 2 + ? 2 + 6

Legend: FS: Fluvial Section; FE: Fluvial Estuary; UE: Upper Estuary and Saguenay; LE: Lower Estuary and Gulf.

TABLE 4.9
Interactions in the St. Lawrence as a whole: 

Intensity of influence

4.2.3.1
Sediment quality a) absolute toxic substance content (metals and organic compounds)

b) dynamic toxicity of sediments

c) exceedance index of effect thresholds on benthic organisms.
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annual and perhaps even supra-annual components. These sediments differ from
stabilized bottom sediments, which may trap one or more toxic elements at a
depth of several centimetres, where they are virtually eliminated from the
ecosystem. In certain ports, the passage of vessels stirs up sediments containing
toxic contaminants, while in others resuspension of sediment has never been
observed.

The position (depth) of toxic substances in bottom deposits, grain size
and relative toxicity of the substances in question are all weighting elements
that should be used in developing an indicator of the dynamic toxicity of sedi-
ments. This complex measure, which includes a toxic weighting factor, load
measurement (in grams or toxic units per kilogram of sediments), description of
sediment mobility (by particle size) and hydrodynamic characterization of the
site (transport risk), would add useful information to our knowledge of sedi-
ment quality. The approach used in developing the PEEP (Potential Ecotoxic
Effects Probe) index might be a useful model for establishing a comprehensive
measure of sediment quality.

Another approach would be to measure sediment quality in terms of a
series of thresholds recently adopted by all stakeholders, using a criteria
exceedance index similar to that applied to water quality. A weighted score
depending on whether the sample exceeds one of the interim thresholds (no
effect threshold, minimal effect threshold, toxic effect threshold) would give an
overall assessment of sediment quality. The grain size distribution and stability of
the sample could even be characterized to give more weight to the description
we are attempting to make of this characteristic. The hydrodynamics might also
be added to the algorithm to provide a measure of the characteristic.

In Volume 2, The State of the St. Lawrence, the percentage exceedance of
the Toxic Effect Threshold (TET) on benthic organisms has been used as an
indicator of sediment quality. The TET is the concentration that causes harm-
ful effects on the majority of benthic organisms. It is used to identify the sedi-
mentation areas that are most contaminated and affected by toxic substances.
Seven contaminants were considered in this assessment: cadmium, chromium,
copper, mercury, nickel, lead and zinc.
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Assessing water quality presents a major challenge, yet research efforts have
borne fruit, and a large volume of scientific documentation is available on this
question. Water is fluid and dynamic, and so are the characteristics that might be
used to describe it. One of the problems lies in the fact that the intended use of
water greatly determines its quality. In fresh water, the exceedance indexes (see
Part 1 of this volume) are direct measurements that provide information on
water quality for various uses. For aquatic life, for example, the exceedance
index for chronic toxicity criteria shows the capacity of a body of water to
accept and maintain aquatic life. It is calculated for organic and inorganic con-
taminants.  For contact recreational activities, the frequency of exceedance of
bacterial quality criteria reflects the risk of detecting certain pathogens such as
viruses and bacteria in the water. In the marine environment, the only water
quality monitoring system tracks water quality in shellfish areas.

It would be helpful to develop better water quality indicators and test
them in small known basins. For the time being, the measures listed above are
undeniably useful, and information can also be obtained from measurement of
conventional parameters (pH, SS, principal ions); however, it is not easy to
interpret changes in the value of these parameters. A momentary overload of

4.2.3.2
St. Lawrence water

quality

Fresh water

a) For aquatic life:

• organics and inorganics criteria exceedance index.

b) For direct human consumption:

• organics and inorganics criteria exceedance index

• fecal coliform criterion exceedance frequency.

c) For primary-contact recreational activities (swimming and wind-surfing):

• inorganics criteria exceedance index

• fecal coliform criterion exceedance frequency. 

d) Other indicators: 

• measurement of conventional parameters

• integrated index of cumulative loss of uses.

Salt water

e) For shellfish harvesting:

• number of stations exceeding standards for fecal coliforms.

f) Other indicators: 

• measurement of conventional parameters

• integrated index of cumulative loss of uses.
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suspended substances will alter the aesthetic quality of the water, the quantity of
light that penetrates it and the biological phenomena that can take place in it.
But this change is not necessarily accompanied by a measurable drop in quality
or the loss of one or more uses. We have yet to develop an integrated index of
cumulative losses of various uses.

Leaving aside the Ottawa River, which transports close to 2000 m3/s of water
(20% of the flow of the St. Lawrence when it reaches the Quebec border) and
the Saguenay River (with 1760 m3/s), most tributaries entering the St.
Lawrence in the lowlands through which it flows are small or medium-sized.
With mean annual flows varying from 20 m3/s to 360 m3/s (see Part 1), these
tributaries introduce waters of extremely variable quality into the main course
of the St. Lawrence.  Certain compounds such as agricultural pesticides flow
into the St. Lawrence solely through these tributaries.

The contribution of tributaries to the toxic load of the St. Lawrence
(measured using the Chimiotox Index) is calculated as an indicator for moni-
toring this characteristic. This index considers five classes of organic compounds
(PAHs, PCBs, DDT, BHC and chlordane), five organic substances (atrazine,
diazinon, hexachlorobenzene, tetrachlorophenol and pentachlorophenol) and
nine metals (cadmium, cobalt, chromium, copper, iron, magnesium, nickel,
lead and zinc). Water quality in tributaries was tested as close as possible to the
mouth of the tributaries concerned. 

The lack of unanimity among researchers on the thorny problem of measuring
biodiversity clearly illustrates the weakness of the quantitative tools available to
them. Of the indexes available, all have one or more weaknesses and ordinarily

4.2.3.3
Tributary water quality a) index of exceedance of physico-chemical criteria for water quality

b) index of exceedance of bacterial criteria for water quality

c) measurement of conventional parameters

d) Chimiotox Index applied to tributaries (contribution to toxic load).

4.2.3.4
Biodiversity a) standard indexes of biodiversity (e.g. Shannon, Simpson, Brillouin)

b) imbalances in the relative abundance of species (as described by logarithmic

or geometric series)

c) introduction of exotic species: density per square metre

d) structure of communities

e) loss (or recovery) of threatened species.



Method of Integration and Main Results: Analysis of Main Results 29

reflect only one aspect of the diversity of the community (Magurran 1988). We
must place more emphasis on reading a number of biodiversity measurements
and developing various complex indexes of biological integrity. Priority should
be given to animal and plant communities on which we already have informa-
tion, for example certain fish communities (Massicotte et al. 1990; Gagnon et al.
1992) and benthic invertebrates.

In the second volume of the State of the Environment Report on the St.
Lawrence River, two aspects were selected. The number of species in difficulty
reflects the delicate situation of some plant and animal species. The introduction
of exotic species is illustrated by data on colonization of the St. Lawrence by
Zebra mussels.

Calculating the absolute area of protected spaces along the St. Lawrence may
prove useful, but measurement remains rudimentary.  The degree of protection
accorded habitats and the species living in them will largely determine the ulti-
mate fate of the ecosystem.  In the previous chapters, we stressed the uncertainty
of the survival of a number of species and the almost complete disappearance of
certain habitats. For example, the disappearance of habitats essential to the
Copper redhorse (clear, deep water, moderate currents and hard clay bottoms),
a species threatened with extinction, was judged alarming. Ideally, we should
consider the productivity of protected habitats to improve monitoring of the
characteristic “natural environments and protected species”.

Development of a complex measure of the level of protection granted
habitats in each section of the River, incorporating key criteria such as legal sta-
tus and representativity of protected habitats and species, would yield a more sat-
isfactory assessment. In this exercise, it should be borne in mind that protection
of biological resources should cover not only the richest communities and most
complex habitats, but a whole range of habitats and living forms representative
of the ecosystem.

To assess the status of protected habitats and species, we used the area (in
hectares) of protected habitats by category of protection.

4.2.3.5
Natural environments
and protected species

a) area of protected habitats

b) quality of protection status

c) measurement of productivity of protected habitats. 
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Any assessment of the condition of biological resources should be based on an
examination of a number of variables such as those listed above. Parallel rising
or falling trends in a number of species carry much more weight when they are
examined simultaneously. Measurement of the variable related to tissue conta-
mination in harvested species would be considerably enhanced if we could
weight the extent of contamination by type of toxic substance. For example,
significant contamination by certain polycyclic aromatic hydrocarbons (PAHs)
might prove less dangerous than low or moderate contamination by certain
forms of polychlorinated biphenyls (PCBs).

In this report, the abundance and contamination of certain species from
various animal groups are the two indicators selected for various substances.

The main environmental threats related to shipping are the risk of spills of haz-
ardous products, the effects of ship-generated wave action on banks situated
less than one kilometre away and introduction of exotic species during ballast
flushing.

We have selected three of these indicators, the number of accidents
recorded and two elements to be considered in assessing the risk of accidental
spills in the ship channel or commercial ports: the tonnage of dangerous goods
handled and the number of trips by vessels whose draft exceeds the guaranteed
depth.

Marine insurance company registers show that there is a clear relationship
between the age of a vessel and the probability of a major failure resulting in
shipwreck and/or disaster. Vessels over 20 years old are twice as likely to be
involved in a disaster than more recent vessels (Hamer 1993).  This correlation
would be another element to consider in assessing the risk of accidental spills in

4.2.3.6
Condition 

of biological resources

a) abundance of certain species

b) population trends and productivity in a group of control species (whether

harvested or not)

c) contamination of certain species

d) incidence of congenital malformations and tumours in control species

e) average size of specimens and proportion of discards in harvested species.

4.2.3.7
Shipping a) gross tonnage and tonnage of dangerous goods handled in commercial ports

b) proportion of trips by merchant vessels and tankers whose draft exceeds the

guaranteed minimum water depth in the ship channel

c) other risk indicators.
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the St. Lawrence. Incidents that did not result in disaster would be another use-
ful element in the risk analysis.

Any increase in the volume or draft of ships also influences changes in the
river bed and hydrodynamics, another related characteristic but one we consid-
ered as independent of the risk. Development of such a measurement should
include such factors as the availability of tugboats in a given radius, navigation-
al problems in each section of the River or the presence of emergency structures
or equipment for handling disasters.

Maintenance dredging in the channel at the North Traverse or in Lake Saint-
Pierre probably has less effect on the other characteristics of the St. Lawrence
than dredging an equivalent volume in a south shore port such as Berthier or
Cacouna. In the first case, the sediments are generally coarse and are dispersed
in an environment with high concentrations of suspended matter, while in the
second the sediments are fine-grained. The capacity for adsorbing toxic sub-
stances differs tremendously between the two. The effects of dredging should
thus be weighted by a set of criteria related to grain size, composition and con-
centration of toxic substances and an assessment of the risks to biological
resources downstream or in the vicinity, at both the dredging site and the dis-
posal site. A basic description of the volume of dredged sediments is a statistic of
limited interest, but it is nevertheless the only one we have for the time being.
This measurement provides general information on the hydrographic regions
where the river bed and hydrodynamics undergo changes.

Other elements to include in the assessment of this characteristic should
deal with water level control structures and power generation activities.

The St. Lawrence lost large areas of wetlands in the past (1945-1976), mainly
due to encroachments. Based on existing data and methodological differences, it
is impossible to determine whether additional losses have occurred since 1976.
Current data on the area of wetlands nevertheless allow us to set a reference level
for future assessments of gains or losses in area.

4.2.3.9
Shoreline modifications

a) average volume of sediments dredged per year

b) weighted negative effects of maintenance dredging in the Seaway and com-

mercial ports.

4.2.3.8
Modification 

of the floor and 
of hydrodynamics

a) wetland areas

b) loss or gain of habitat area

c) scope of projets that may change shorelines.
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The effects of encroachment on fish stocks, for example (through mor-
tality induced in certain year-classes following construction work or by destruc-
tion of essential habitats) may be out of proportion with the encroachment itself
(see reports by Marquis et al. 1991, and Pelletier et al. 1990, for a number of
observations on this aspect).  Additional information might give more weight to
the measurement: the negative effects of encroachment on resources probably
does not increase in direct proportion to the surface area. The type of site lost
should also be considered; construction on a rocky shoreline will have less
impact than construction that disturbs a Spartina or Scirpus marsh, for example.
Changes in this characteristic would be better defined by calculating the shore-
line surface area that would be affected by a project, along with a better under-
standing of its effects on the environment.

Existing data on urban wastewater are incomplete or hard to obtain. It is only by
calculating the number of riverside municipalities that treat their sewage and
estimating the proportion of the population served by a sewage treatment plant
that we can, at present, calculate changes to this characteristic.

In future assessments, compilation of volume statistics for all sewage emp-
tied into the St. Lawrence will provide more information. The value of physi-
co-chemical and bacterial parameters should also be considered. In some cases,
the discharge pipe from an aerated lagoon or activated sludge treatment plant
may contribute even more dissolved organic matter, bacteria and/or other toxic
substances. Moreover, the exact contribution of urban sewer discharges – with
or without treatment – to the lead, copper, zinc, hydrocarbons, surfactants and
solvent loadings reaching the receiving basin is unknown and may be considerable.

4.2.3.10
Urban wastewater

discharges

a) number of municipalities treating their sewage and proportion of the riverside

population served (or not) by a sewage treatment plant

b) value of physico-chemical and bacterial parameters and end-of-pipe volume

c) value of conventional parameters

d) contribution of selected substances to the toxic load.

4.2.3.11
Industrial wastewater

discharges

a) Chimiotox Index (for the 50 plants listed as priorities under the Action Plan

in 1988)

b) PEEP Index (for the 50 plants listed as priorities under the Action Plan in

1988)

c) above indexes plus conventional parameters (pH, SS, etc.).
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Industrial wastewater is the characteristic we can measure most accurately, but
only for a limited number of industrial plants. The indicators developed
(Chimiotox and PEEP indexes) are sensitive and provide  an objective, weighted
measurement of toxic effects and are used in this report.

The weakness of existing indexes is that they are entirely subordinated to
the toxic load. Other important parameters of these discharges, such as their dis-
solved or suspended matter load and their pH, are not taken into account by the
Chimiotox and PEEP indexes. In future, it might be useful to add to these two
indexes a measurement of such parameters.  Enlarging the measurement frame-
work to target the 100 or 200 most polluting plants rather than the 50 worst
ones would also improve the assessment of this characteristic. 

Fishing is considered from the standpoint of harvesting of resources. This char-
acteristic is closely linked to Characteristic No. 6, condition of biological
resources; it is also influenced by policies and management decisions.
Commercial fishing also reacts to conditions in the industry (economic factors
such as the landed value). Measurement of the yield per unit of effort would tell
us more about the status of this characteristic, but at the present time we only
have data on landings.

The importance of this characteristic lies in the fact that the number of people
directly concerned is very high (see Part 3 of this volume for statistics on the
number of licences sold every year and on the considerable quantity of fish
taken by sport fishermen). This characteristic can also provide invaluable infor-
mation and describe the close ties some  riverside residents have developed with
the River. This form of recreation involves a different kind of environment/user
relationship than that of swimmers and commercial fishermen. Trapping was not
included in this characteristic. Only Muskrat are trapped, and statistics, when
available, are incomplete and relatively inaccurate. As in the case of several other
characteristics, the trends described will become more meaningful when inter-
preted in combination with trends in other characteristics. The measures used in

4.2.3.12
Commercial fishing a) volume of landings of selected species

b) yield per unit of effort.

4.2.3.13
Sport hunting 

and fishing

a) number of hunting and fishing licences 

b) total harvest of ducks and geese; number of tonnes of fish caught annually

c) hunting and fishing effort (total number of days) or pressure (total number of

days per hectare)

d) restrictions on consumption of freshwater fish.
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this report are waterfowl harvesting for sport hunting, and catches of certain
species and restrictions on consumption of freshwater fish for sport fishing.

Shoreline and river access is probably the characteristic that most reflects the
social dimension, and is the one the public can best appreciate since it refers to
direct links they may have with the St. Lawrence. Two indicators concerning
recreational and tourist activities were selected to assess this characteristic. The
first, relating to primary-contact activities such as swimming and wind-surfing,
is the number of beaches open to the public.  It provides information on water
quality, aesthetics and support infrastructures for public beaches covered by the
MENVIQ (now the MEF, Ministère de l’Environnement et de la Faune) beach
program. The second is related to secondary-contact activities: the number of
infrastructures giving access to the River and banks (e.g. boat ramps, marinas,
wharves, observation sites, lookouts).

This characteristic would be more accurately measured by an indicator
that also considers other aspects of accessibility and includes physical access and
the quality of resources available to users. This indicator should consider the
cumulative loss of activities and be weighted based on activities specific to each
hydrographic region.  For example, whale-watching cruises are centred in the
Lower Estuary and Gulf: this activity may be affected by the condition of the
mammals and may also influence the environment. Hunting of waterfowl,
which takes place mainly in the main course of the River and the Upper
Estuary, is closely linked to such factors as the condition of resources, the avail-
ability of hunting sites and the number of enthusiasts. The renowned St.
Lawrence riverscapes might be considered as aesthetic aspects.

Calculating the shoreline area of riverside parks per riverside dweller gives
us a better idea of access to the River based on the availability of sites, as does
land ownership, for the various stretches of the St. Lawrence.

Table 4.10 lists the state of the environment indicators selected to determine the
status of each of the 14 characteristics of the St. Lawrence ecosystem.

4.2.3.14
Accessibility of the

banks and River

a) number of public beaches open

b) number, size and shoreline frontage of riverside parks per capita

c) number of infrastructures providing access to the River and shoreline 

d) landholding along the River

e) index incorporating the qualitative and aesthetic aspects of river resources.

List of selected state 
of the environment indicators 
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State of the
Characteristics Selected Environment Indicators

1. Sediment quality Percentage of exceedances of Toxic Effect 
Threshold (TET)

2. St. Lawrence water quality Quality criteria exceedance index (CEI) for four uses

3. Tributary water quality Chimiotox Index

4. Biodiversity Number of wildlife and plant species at risk

Introduction of exotic species (density of Zebra 
mussels on navigation buoys)

5. Natural environments and protected species Surface area of protected habitats by category

6. Condition of biological resources Abundance of diverse species
(abundance and contamination) Contamination (flesh, liver or eggs) of diverse species

(fish, birds, marine mammals)

7. Shipping Total tonnage and percentage of dangerous goods

Percentage of trips where vessel draft exceeds
guaranteed minimum water depth

Number of accidental spills reported

8. Modification of the floor and of hydrodynamics Mean annual volume of dredged material

9. Shoreline modifications Surface area of wetlands

10. Urban wastewater discharges Percentage of riverside municipalities 
with wastewater treatment plants 

Percentage of population served by a treatment 
plant

11. Industrial wastewater discharges Chimiotox Index

Potential Ecotoxic Effects Probe (PEEP)

12. Commercial fishing Landings (fresh and salt water)

13. Sport hunting and fishing Harvest

Catch (fish)

Restrictions on consumption of fish

14. Accessibility of the banks and River Number of recreation and tourism infrastructures

Number of public beaches open

TABLE 4.10
State of the environment indicators for each 

of the 14 characteristics selected



Conclusion

Periodic assessment of the health of the St. Lawrence calls for a systematic
approach. No fewer than forty different measurements were examined to assess
the 14 selected characteristics. This list may help guide the development of
new measures and the improvement of existing indexes. In certain cases, devel-
oping complex measurements may prove difficult and costly; however, it is hard
to reject this option out of hand if we want to obtain a more comprehensive
understanding of the river ecosystem. Furthermore, the health of the St.
Lawrence must be assessed regularly and, over a sufficiently long period, to
reveal environmental trends and changes.

The St. Lawrence ecosystem is complex, with many feedback loops and
many interrelationships of varying nature and intensity among its components.
A simplified method must be supported by in-depth studies that could help us
adjust the information presented in an overall assessment as our knowledge
develops. 

We also need to establish methods of collecting and structuring envi-
ronmental information obtained from a number of sources. Dividing this infor-
mation according to the various sections of the St. Lawrence makes it easier to
identify problems specific to a hydrographic region and make a global assess-
ment.  Division of the fluvial ecosystem into Priority Intervention Zones (bet-
ter known by their French acronym, ZIP) is an approach whereby information
on the entire River can be synthesized based on physico-chemical, biological
and socio-economic characteristics (Burton 1991).  To date, six areas have been
studied: lakes Saint-Pierre, Saint-Louis and Saint-François, Montreal-Longueuil,
Quebec City-Lévis and the Saguenay. Such a detailed profile of a specific area is
intended as an important planning tool for the use of all stakeholders. In our
view, a ZIP area offers the context for presenting a number of these character-
istics so that this information can serve to identify environmental priorities at
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the local level. The presentation of a comprehensive report on the health of
the River will introduce a broader ecosystem vision, along with system-wide
considerations and information on interactions among different sectors which
will complement local observations.
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