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The foundation for the North American Great Lakes-St 
Lawrence River (GL-SL) basin was laid millions of years 
ago during the Precambrian period, with the formation of 
a large expanse of bedrock of volcanic origin. This an-
cient bedrock, now called the Canadian Shield, extends 
from the Arctic Ocean southward to the northern portion 
of the GL-SL basin. After the formation of the Shield, 
during the Paleozoic Era, marine seas were formed and  
left deep sedimentary deposits that afterward compact-
ed to form shale and limestone. The GL-SL basin as we 
know it now was shaped by the advance and retreat  of 
the Wisconsin Glaciation, which ended approximately 
10,000-15,000 years ago when the Laurentide Ice Sheet 
pulled back, after covering most of North America with a 
ice layer more than 1-mile thick in some places. On their 
way to the north, glaciers scraped clean the bedrock of 
the Canadian Shield, depositing till that would later be-
come the rich soils of the southern GL-SL basin. 

The lake basins, formed by the pressure and scour-
ing action of the ice sheets, were filled with water dur-
ing the warming and the ice retreat. Nowadays, these 
“inland seas”, all above sea level,  are arranged in a suc-
cession of decreasing elevation from west to east, which 
explains their slowly emptying into the Atlantic through 
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the St Lawrence River (SLR) and Estuary (SLE) (Figures 
11.1 and 11.2). The Niagara Falls, between Lake Ontario 
and Lake Erie, 53 m high, represent the largest differ-
ence in elevation between two Great Lakes. The Great 
Lakes have long water-retention times, ranging from 2-3 
years for Lake Erie, the shallowest, to 191 years for Lake 

Figure 11.1. North American Great Lakes-St Lawrence River basin. Map  
provided by François Boudreault and Nathalie Gratton, Environment 
Canada.
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Superior. The 5 Great Lakes hold 95% of North America’s 
surface water and 21% of world’s fresh water supply. The 
Great Lakes basin alone drains 522,000 km2, whereas 
the entire GL-SL watershed encompasses approximately 
1.6 million km2 (Figure 11.1). This system includes the 
largest freshwater lake in the world by surface area, Lake 
Superior, with 82,000 km2, which is also the deepest of 
the Great Lakes - more  than  406 meters deep.

High above sea levels are the many rivers and lakes 
associated with the Great Lakes, also excavated by the 
retreating ice. All thus represent formidable amounts of 
potential or exploited hydroelectricity. Early in the 20th 
century, the metallurgy industry – particularly the alumi-
num industry – which requires important electrical pow-
er, along with the power authorities of Quebec, Ontario 
and New York State were all quick to grasp the economic 
potential of these waterways. 

Historically, the Great Lakes only have had a one-
way, limited hydrologic connection with the sea, i.e., the 
Atlantic Ocean, via the St. Lawrence River and Estuary. 
Early Europeans who arrived from the Atlantic coast and 
through the St Lawrence were faced with falls and rapids 
that were obstacles to the transportation of people and 
merchandise westward. The potential for hydropower 
and the absence of environmental concern led to exten-
sive damming and dredging over the first three quarters 
of the 20th century (Morin and Leclerc, 1998). With the 
advent of a series of canals and diversions to facilitate 

Figure 11.2. Hydrographic segments of the St. 
Lawrence River: the Fluvial Section, the Fluvial 
Estuary, the Upper Estuary and Saguenay 
River, and the Lower Estuary and Gulf. Source: 
St. Lawrence Centre, 1996.

shipping, the Great Lakes watershed became hydro-
logically connected with the Mississippi River, Hudson 
River, Ohio River, and Hudson Bay watersheds. In ad-
dition, a series of intra-basin projects, most notably the 
channelization of the Detroit, St Claire and St Mary’s 
Rivers, have changed the connections between the upper 
and lower Great Lakes. The construction of the Welland 
Canal, completed in 1932 to allow ships to circumvent 
the Niagara Falls, has had perhaps the greatest environ-
mental impact on the system by allowing access not only 
to oceangoing vessels but, also to the non-native plants, 
animals and even pathogens such as viruses, bacteria and 
protozoa contained in the ballast water of these ships. At 
the end of the 90s, around 2,000 ships navigated the Saint 
Lawrence Seaway (SLS) yearly. Together these ships re-
leased around 13 Mt of ballast water yearly.

To the north of the GL basin, the climate is cold, with 
coniferous forests and shallow, acidic soils overlying the 
Canadian Shield. The extensive coniferous forests pro-
vided lumber and wood pulp for a growing human popu-
lation. The active geologic history of the region explains 
the presence of various valuable  minerals, ranging from 
coal to zinc, located near the surface and thus easily ac-
cessible. In particular, the presence of rich iron ore de-
posits in the Lake Superior region and on the north shore 
of the SLE, along with the capability of shipping that 
ore through the SLE , all explain  the establishment and 
development of large steel mills on the shoreline of the 
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Table 11.1. Similarities between the Saint Lawrence system and the 
Baltic Sea. 

Characteristics St Lawrence River, 
Estuary and Gulf

Baltic Sea

Winter Water tem-
perature

Low

Partial ice 
cover

Yes

Tide +

Salinity Brackish

Water area 211,517 km2

(River, estuary, and 
Gulf)

375,000 
km2

Emptying Slow

Length 1,600 km

Watershed 1.6 million km2 *

Origin Last glaciation

Biological diversity Low

Cod population Threatened

Contaminants +

Marine mammals: con-
tamination and lesions

Severe

Contaminants

+

Invasions by foreign 
animal species
(mostly pontocaspian)

Toxic algal blooms

Eutrophication

Hypoxia

southern Great Lakes. The mills, along with a growing 
workforce emigrating from Europe, would become the 
origin of the first industrial cities of the southern basin, 
e.g., Chicago, Cleveland, Detroit, Green Bay, Hamilton, 
and Windsor. Indirectly thus, the Canadian shield and the 
SLS were at the origin of the birth and development of 
the car industry in North America. 

Up north in Quebec, the congruence of abundant hy-
dropower driven by the steep fall in elevation, the steady 
flow rates of water and ready access to worldwide baux-
ite sources through the SLE led to the development of a 
large aluminum smelting industry on the Saguenay River, 
a major SLE tributary (the Saguenay fjord 170 km long, 
280 m deep, is a significantly sized estuary per se). 

To the south of the GL-SL basin, the climate is warmer, 
with deep, fertile soils deposited as glacial drift or as gla-
cial lake and river sediments. Much of the original decidu-
ous forests, prairies, and wetlands have been cleared and 
drained for agriculture and urban development, explaining 
that more than one third of the basin is exploited by agri-
culture. The GL-SL region is home to over 10 and 30% of 
the human populations of the US and Canada respectively 
(Government of Canada and US EPA, 1995) and most of 
that population is concentrated in industrial urban centers. 
Approximately 79% of the 33 million inhabitants live in 5 
cities: Chicago, Toronto, Detroit, Montreal and Cleveland. 
Large industries are established in these major cities and 
in smaller ones, adding heavy metals, organic contami-
nants, and pathogens to the system, while at the same time 
removing ever-increasing amounts of water for drinking, 
sanitation, industrial activities and irrigation.

The SLE is among the largest estuaries in the world. 
Its downstream part, the “Lower Estuary”, is much 
deeper than larger estuaries such as the Chesepeake Bay 
(U.S.A), Spencer Gulf (Australia) and, Gulf of Suez 
(Egypt). Its freshwater flow rate is second only to that 
of the Mississippi but brings 100 times less suspended 
matter because the GLs trap much of it. The SLE is con-
siderably long, wide and deep: it extends over 1,500 km 
from its inland origin to the Atlantic Ocean, it is up to 
60 km wide and its depth reaches over 350 m (El-Sabh 
and Silverberg, 1990). The Gulf is large enough to be 
influenced by the earth rotation (Coriolis effect), which 
creates a transverse current that superimposes on the lon-
gitudinal flow. 

Overall, water circulation in the SLE, like in the GL, 
is slow: SLE surface waters are replaced over several 
months whereas deep waters are replaced over several 
years. This is partly due to the semi-enclosure of the SLE 
and Gulf water (similar in that regard to the Arctic Ocean) 
connected to the Atlantic Ocean by only two openings.

Along the SLE northshore, the SLE water moves like 
a conveyor belt. The upper part of the belt is composed of 

*: drainage area of the whole Saint Lawrence system, including the 
Great Lakes.
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brackish, lighter water that runs downstream toward the 
Atlantic. In turn, the deep cold water of the North Atlantic 
is pumped upstream with numerous macrozooplankton 
crustaceans. This movement, the Labrador Current, flows 
southwestward within a 350-meter deep trench termed 
the Laurentian channel. Because cold water is denser, 
this current sticks to the bottom and, at the head of the 
Laurentian channel, at the level of Tadoussac, a small vil-
lage on the SLE north shore, it hits a huge, almost verti-
cal underwater wall where depth abruptly decreases from 
300 to only 25 meters. Because of this configuration, the 
icy water surfaces locally and recreates a subarctic highly 
productive marine environment, which explains the pres-
ence of a unique population of beluga whales and of 19 
other species of marine mammals.

The SL River, Estuary and Gulf on one hand and the 
Baltic Sea on the other hand share several physical, hy-
drographic and biological similarities (Table 11.1), ex-
plaining that they also share common problems. Specific 
to the province of Quebec, one of the largest producers 
of hydroelectricity in the world, is the anthropogenic dis-
turbance of the freshwater flow rate caused by the unsea-
sonal release of vast amounts of freshwater into the SLE 
from dams. 

Some of the more pressing water-associated issues 
that plague the GL-SL basin today (and for many, the 
Baltic Sea as well) include persistent organic chemicals 
and metals, eutrophication (which promotes hypoxia and 
algal blooms) due to fertilizer and sewage inputs (caused 
among other factors by stormwater runoff and sanitary 
sewer overflow), invasive exotic species and increased 
shipping. Shipping leads to the erosion of the shoreline 
of the St Lawrence Seaway (SLS), which on the mid-
term may cause the disappearance of fluvial Lake St. 
Pierre (through which the SLS travels), a shallow wid-
ening of the SLR declared a World Biosphere Reserve 
by UNESCO in 2000. In addition, shipping necessitates 
continuous dredging, which leads to resuspension of 
contaminants. Other issues are shoreline development 
(which contributes to wetland loss) and removal of water 
for drinking, manufacturing and irrigation. Among these 
dire issues, the loss of recreational areas such as beaches, 
while seemingly benign, is perhaps the most significant 
manisfestation of environmental degradation present in 
the daily life of the ordinary citizen. This effect is perni-

cious: even on an island like Montreal (surrounded by 
water), many of the 2 million citizens become progres-
sively unaware of the existence of large, nearby potential 
recreational aquatic spaces. This disinterest explains the 
lack of pressure that should be put on local governments 
to stop or mitigate environmental degradation, in order to 
reopen these spaces to the public. Global climate changes 
complicate these issues; for instance, warmer water, in 
addition to containing less oxygen, results in a shorter 
ice cover. Together with stronger storms in the fall and 
winter, this increases the erosion of the SLE shoreline 
by waves. More intense precipitations, also predicted 
by climate models, may have contributed to recent algal 
blooms (Alexandrium tamarense) in the SLE by augment-
ing freshwater discharges. Increased evaporation leads to 
lower water level in the SLR, which resulted in loss of 
wet land in the fluvial Lake St Pierre in 2000-2001 (Vis 
et al., 2007). 

In summary, many serious environmental issues are 
common to the Baltic Sea and the GL-SL because of the 
human, physical and ecological similarities that exist be-
tween these ecosystems. These similarities may call for 
common solutions.
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