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Before the construction of the Saint Lawrence Seaway 
(SLS), basic data on fish biodiversity in the SLR were 
lacking. However, it has become obvious that the SLS 
has reduced fish diversity by hampering or making im-
possible fish migration, and by destroying swift-water 
spawning grounds. Raising water levels has destroyed 
flood plain habitat and spawning grounds for other spe-
cies (pike). In fluvial Lake St François (Figure 19.1), 
damming has increased the aquatic plant biomass, prob-
ably by increasing sedimentation, and thus augmenting 
the amount of nutrients available to plants. In turn, in-
creased plant biomass has probably elevated friction (re-
sistance to water flow), which has further slowed down 
water flow (Morin et al., 2000). 

Like the Baltic Sea, the Upper Estuary is home to a 
relatively small number of fish species, about 60 in the 
Estuary and 100 in the Baltic Sea, because of the physi-
ological stress imposed on both freshwater and marine 
species by the estuarine environment, e.g. low salinity, 
low water temperature and ice cover in winter. Because 
of the small number of species, both systems are less re-
silient to various stressors such as invasion by foreign 
species, increased temperature and lower salinity (the 
latter two changes will probably occur due to global 
warming). Systems with higher number of species have 
higher resilience because there is a higher probability that 
among a large number of species, some will have over-
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lapping ecological functions. Consequently, if a species is 
affected by an environmental change, the chances are that 
another species with similar functions will be resistant to 
that change. The number of individuals belonging to the 
species that has resisted the change will increase, filling 
up the gap left by the reduced number of organisms of the 
sensitive species. As a result, the system as a whole will 
be less affected than a system with fewer species. 

In the SLE, only two species, the Atlantic sturgeon and 
the American eel, are exploited commercially (total catch 
less than $1 million in 1995). The SL is the northern-
most river inhabited by the Atlantic sturgeon. This fish, 
the largest freshwater fish in Quebec and on the eastern 
seaboard of North America, spends most of its life in sea 
water, but migrates to freshwater to breed. Prior to 1967, 
the annual catch of Atlantic surgeon in the SLE was 20 
to 40 tonnes. Between 1967 and 1975 no sturgeon was 
caught. Afterwards, the commercial catch progressively 
increased up to 120 t in 1993. Thirty-five commercial 
fishermen still catch 6,000 sturgeons a year nowadays in 
the SLE. 

Various causes were cited to explain the 1967-1975 
apparent extinction: dredging, deposition of dredging 
material in the spawning zones, chemical pollution, espe-
cially pesticides, over-exploitation of the population, or a 
combination of these factors (Caron and Tremblay, 1999). 
Before 1998, nothing was known about the sturgeons’ 
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Figure 19.1. Lake St Francis (Saint-François). This 
lake receives its water almost exlusively from Lake 
Ontario. Upstream, its water flow is regulated by 
three large dams, Moses-Saunders (which pro-
duced hydroelectricity, Long-Sault et Iroquois. 
Downstream, Lake St Francis outflow is regulated 
by Beauharnois and des Cèdres hydroelectric dams. 
provided by Nathali Gratton and Denise Séguin, 
Environment Canada. Source: Pelletier, M. 2002.

spawning grounds except that these fish must spawn 
somewhere in the SL or its tributaries, yet no spawners 
(breeding fish) had been ever observed in the SLR. Only 
in 1998 were spawning grounds finally discovered by 
combining netting and radio-tagging spawning sturgeons. 
Biologists were very surprised by what they found: stur-
geons not only spawn along the heavily dredged and 
transformed shoreline bordering Quebec City, the second 
major city of Quebec province, but they also feed and 
probably spawn right in the middle of Quebec City har-
bour (Hatin et al., 2002). 

Many of the other fish species living in the SLR are 
threatened because of degradation, reduction of spawn-
ing grounds and probably contamination. American eels 
are heavily contaminated by their sojourn in the GL; they 
are found in the Estuary only in the autumn, when they 
migrate out of the GL to the Sargasso Sea1. The spawning 
grounds of rainbow smelt have been degraded by agricul-
ture; Atlantic herring have been overfished in the Gulf in 
the 1970s and Atlantic tomcod populations, which spawn 
in winter in SL tributary rivers, have dwindled. They have 
been found with severe oral lesions, which may have con-
tributed to this decline (Lair et al., 1997). 
1 SLE beluga prey on eels during this passage and become contaminated 
with mirex, a pesticide found only in the GL because originally used 
there (Hodson et al., 1994).

The Gulf of St Lawrence is home to Atlantic cod 
(Gadus morhua) whose populations, which have been 
historically and economically very important, diminished 
alarmingly in the 1990s. The cod fishery contributed to 
the establishment and survival of the first Europeans set-
tlers in Atlantic Canada. In addition, cod from the North 
Atlantic and SL Gulf has been a very popular food in 
Catholic Europe (France, Spain, and Portugal) since the 
16th century. Between the 19th century and the Second 
World War, French, Spanish and English vessels caught 
up to 600,000 tonnes a year, mostly in Canadian waters. 
The use of trawls, which had been banned until the late 
1940s, and the arrival of foreign fishing fleets which often 
included factory ships, resulted in an annual catch of up 
to 1.4 million tonnes in the late 1960s, which explains the 
dramatic 1990 decline, down to yearly catches of 40,000 
tonnes. In 1992, this situation led to a moratorium, still in 
place despite strong opposition from the fishing industry. 
Even the limited ‘sentinel’ fisheries that are still allowed 
probably hamper recovery (Shelton and Sinclair, 2008). 
While overfishing has been the most important factor in 
this decline, other factors such as hypoxia (associated 
with the presence of deep, O2-poor warmer water), lower 
air temperature in the 1990s, higher number of cod-eat-
ing grey seals (which have replaced cod as top predators), 
diseases and contaminants (including biotoxins) may also 
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have played a role. However, causes other than overfish-
ing are marred with many uncertainties whereas in con-
trast, the negative impact of overfishing is only blurred 
by probable underestimation: cods are bycaught in other 
fisheries: shrimp, halibut and plaice; in addition, sub-le-
gal sized cods are thrown back in water (and die), and lost 
nets are responsible for ‘ghost fishing’ of cod and other 
species (Savenkoff et al., 2004). The role of seal preda-
tion on cod populations is controversial: models have de-
termined that the reduction in cod populations is due to 
a higher mortality of large (adult) cods, not of juveniles. 
This is an important consideration because grey seals do 
not feed on adult cod but rather feed on juveniles. In ad-
dition, the total amount of cod eaten by grey seals (which 
may be underestimated) does not seem to account for the 
estimated increase in cod mortality. It has been proposed 
that grey seals even contribute to cod survival because 
they also eat herring and mackerel, which feed on cod 
larvae and juveniles. 

The role of lower water temperature in cod decline is 
equally fraught with doubts: the decline in cod popula-
tions started in the late 1970s and early 1980s, much ear-
lier than when lower temperatures were first detected, in 
the late 80s (Chouinard et al., 2005). 

The fact that cod is a bottom dwelling fish has at least 
two implications on its decline: 1) the negative impact of 
trawls on cod habitat should be given a prominent impor-
tance, yet only vague measures have been proposed to 
mitigate the impact of trawl, for instance ‘limiting activi-
ties that could jeopardise habitats’, applying techniques 
to reduce the negative impact of harvesting on fishing 
grounds and habitats, ‘closing particularly sensitive ar-
eas to any potentially harmful activities’ (DFO 2005); 
2) Mathematical models of population dynamics have 
detected increased natural mortality in cod. Researchers 
have rejected any role for viral infections or biotoxins 
based on the lack of evidence supporting these factors 
(Chouinard et al., 2005). Yet, this author’s opinion is that 
it is unlikely that mortality from chronic (and even acute) 
infectious diseases or toxins would have been detected. 
Indeed, the detection of mortality in free ranging fish 
populations (and in wildlife in general) would require 
the bodies of dead bottom-dwelling fish to be recovered 
and submitted to diagnostic laboratories, an improbable 
event in the case of cod. Again, ‘absence of evidence’ is 

not synonymous with ‘evidence of absence’, especially 
where causes of mortality in wildlife are concerned 
(Wobeser, 1994). 

The fishing industry still opposes a complete morato-
rium on cod fisheries because it would immobilise highly 
capitalised (e.g. very expensive) fishing vessels and gear, 
and of course would deprive fisherman of their income. 
Yet the overcapacity of the fishing fleet has been built 
gradually over decades, based on a seemingly inexhaust-
ible resource. Continuously and increasingly investing in 
heavy equipment is inherent to industries that are based 
on the commercial exploitation of free-ranging animals, 
terrestrial or aquatic. This trend is based on the tenuous 
idea that resource can grow infinitely. This leads to a self-
amplifying problem. When a given animal population 
or species begins to be harvested commercially, it first 
copes successfully with growing harvest by increasing re-
production through different mechanisms. However the 
population invariably ends up declining because the bio-
logical limits on reproduction cannot match the industrial 
harvest, the growth of which is limited only by available 
capital. As the population declines, the industry struggles, 
and invariably its representatives require governments to 
increase catch quota normally imposed on fisherman, 
precisely when those should be lowered. More often than 
not, the government gives in. This vicious circle acceler-
ates population declines, which may go beyond recovery 
threshold (Stephane Lair, U de Montréal, pers. comm.). 
Another reason for the opposition of fishermen to the 
moratorium, probably justified, is that censuses are not 
sufficiently frequent (only once a year), and have been 
carried out on various, antiquated vessels instead of mod-
ern, standardised well-equipped vessels, which is neces-
sary to ensure consistency in censuses (Vanderzwaag and 
Hutchings, 2005). 

The weaknesses of Canadian fisheries management 
that have led to the collapse of cod populations have 
been summarised harshly: ‘failures to heed scientific ad-
vice because of socio-economic and political pressures; 
adoption of a top-down approach by regulators contribut-
ing to social pressures to ‘beat the system,’ for example 
through misreporting catches; exclusion of the public and 
NGOs from fishery decision making; allowance of too 
many fishers for too few fish; commitment to single spe-
cies quota management as the fundamental management; 
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approach without recognizing all the limitations, such 
as lack of adequate scientific information on biomasses 
of fish stocks and enforcement complications; faith in 
linear mathematical models for setting reference points 
for fisheries; hesitation to base fisheries management 
on prudent principles; dominance of sociocultural and 
economic metaphors over a biological/ecological meta-
phor’ (Vanderzwaag and Hutchings, 2005). Perhaps an 
inevitable conclusion to draw from the collapse of cod 
populations is that cod fisheries should be replaced by 
aquaculture because the exploitation of wildlife on an in-
dustrial scale, fish in particular, leads almost certainly to 
the exhaustion of the resource.
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