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ABSTRACT
This document was produced under the umbrella of the national ecosystem status and trends
report program and deal with the estuary and gulf of St. Lawrence ecozone. It is structured
around the status and trends of some important marine species and physico-chemical variables
of the ecosystem. Key highlights and emerging issues are inserted at the end to identify some
of the changes that occured in the ecozone and show particular phenomenon that could have
some impacts on a long term basis.
The national ecosystem status and trends report will support priority-setting for a national
biodiversity agenda and will integrate national and provincial ecosystem-based information. It
will report on many large terrestrial and marine ecozones.
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1.0 INTRODUCTION
The Estuary and Gulf of St. Lawrence (EGSL) represent one of the largest and most
productive estuarine/marine ecosystems in Canada. With a drainage basin that includes
the Great Lakes, the St. Lawrence marine ecosystem receives more than half of the
freshwater inputs from the East Coast of North America. The Estuary and Gulf of
St. Lawrence ecosystem is also strongly influenced by ocean and climate variability in
the North Atlantic, of both Arctic (Labrador Current) and tropical (Gulf Stream) origin. As
a result, EGSL exhibits large spatial and temporal variations in environmental conditions
and oceanographic processes. This unique setting provides the conditions for highly
diverse and productive biological community and trophic structure.
The St. Lawrence marine ecosystem is exposed to a wide variety of human pressures
and uses that pose significant threats to its integrity and sustainable use. In addition,
EGSL is intensively used for fisheries and navigation, particularly as a major
transportation route to the interior of the continent. Furthermore, it is facing an ever–
increasing demand from mariculture activities. Coastal development and recreational
use (including marine mammal observation) also represent significant activities in the
EGSL system. In addition, several land–based human activities are occurring at a high
rate along the EGSL shores and in coastal and upstream rivers and tributaries, including
industrial and municipal activities, agriculture, and river damming (for water level control
and hydropower), all of which affect freshwater, nutrient, organic matter and
contaminant inputs to the ecosystem. Ultimately, global processes such as climate
change and long–range transport of contaminants also contribute to the human
pressure on the EGSL ecosystem.
The national ecosystem status and trends report will support priority-setting for a
national biodiversity agenda and will integrate national and provincial ecosystem-based
information. It will report on many large terrestrial and marine ecozones. This document
deal with the estuary and gulf of St. Lawrence ecozone and is structured around the
status and trends of some important marine species and physico-chemical variables of
the ecosystem. Key highlights and emerging issues are inserted at the end to identify
some of the changes that occured in the ecozone and show particular phenomenon that
we don’t know yet the consequences on a long term basis.

2.0 PHYSICAL SYSTEM
2.1 GEOMORPHOLOGIC STRUCTURE AND CHARACTERISTICS
The Gulf of St. Lawrence (GSL) is a semi–enclosed sea, covering an area of about 236
000 km2 and containing 35 000 km3 of water (including the St. Lawrence estuary), that
opens to the Atlantic Ocean through the Cabot Strait (104 km wide and 480 m at its
deepest) and the Strait of Belle Isle (17 km wide and 60 m at its sill) (Figure 1). The
Lower St. Lawrence Estuary is generally included in the broad definition of the Gulf of
St. Lawrence. The most prominent geomorphic feature of the Gulf of St. Lawrence is a
long and continuous trough, the Laurentian Channel, 290 m in depth (average) and
some 1250 km in length from the continental shelf to the Estuary. There are two other
deep (> 200 m) channels: the Esquiman Channel wich branches off from the Laurentian
Channel and extends toward the Strait of Belle Isle and the Anticosti Channel wich
branches off from the Esquiman Channel and extends into Jacques Cartier Strait north
of Anticosti Island. The Mecatina Trough, in the northeast Gulf, reaches 235 m in depth
and connects to the rest of the Gulf via narrow channels approximately 150 m deep. The
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deepest (540 m) part of the Gulf is observed just north of Cabot Strait. By contrast, the
southern portion of the Gulf is a wide and shallow plateau (average depth ca. 60 m).
These geomorphological features influence the circulation, mixing and characteristics of
water masses. For example, the deep waters of the St. Lawrence enter from the Atlantic
through the Laurentian Channel and are advected by estuarine circulation towards the
channel head, at the Saguenay River mouth, where strong mixing occurs with near–
surface waters.
The St. Lawrence River has the fourteenth largest drainage basin in the world,
encompassing an area of 1 100 000 km2 (Graham et al. 1999) with a 1971-2000 mean
annual discharge of 12 500 m3s-1 at Québec City (Bourgault and Koutitonsky 1999,
Galbraith et al. 2009). The annual mean discharge since 1955 is dominated by
interdecadal variability, with low values of 9 200 to 10 000 m3s-1 from 1962 to 1965 to
highs of 14 600 to 14 800 m3s-1 occurring in 1973 and 1974 and a decreasing mean
trend between 1974 and 2008 of 53 m3s-1 per year, explaining 27% of the variance
during that period (Galbraith et al. 2009). This variability includes the effects of flow
regulation (which begun in the 1950s) and of large–scale weather patterns over North
America (Bourgault and Koutitonsky 1999).

2.2 WATER MASSES
The summertime water column in the Gulf of St. Lawrence consists of three distinct
layers: the surface layer, the cold intermediate layer (CIL) and the deeper water layer
(Figure 2). Surface temperatures typically reach maximum values in mid-July to midAugust. Gradual cooling occurs thereafter and wind mixing during the fall leads to a
progressively deeper and cooler mixed layer, eventually encompassing the CIL. During
winter, the surface layer thickens mostly from wind–driven mixing prior to ice formation,
and partly because of buoyancy loss (cooling and reduced runoff) and brine rejection
(convection) associated with the formation of sea ice (Galbraith 2006). By the end of
March, the surface winter layer exhibits temperatures near freezing (–1.8 to 0ºC) and
extends to an average depth of 75 m and up to 150 m in some places. Waters from the
Labrador Shelf enter the Gulf through the Strait of Belle Isle and may reach the bottom
beyond 200 m in the Mecatina Trough (Galbraith 2006). During spring, surface warming,
sea ice melting and continental runoff produce a lower–salinity and higher–temperature
surface layer below which cold waters become partly isolated from the atmosphere to
form the summer Cold Intermediate Layer (CIL). This layer will persist until the next
winter, gradually warming up and deepening during the summer, more rapidly so during
the fall as vertical mixing intensifies (Gilbert and Pettigrew 1997).

2.3 SURFACE LAYER
The May to November cycle of weekly averaged surface temperature is illustrated in
Figure 3 using a 1985-2008 climatology based on AVHRR remote sensing data.
Maximum temperatures are reached on average during the second week of August but
this varies by up to several weeks from year to year (Galbraith et al. 2009). The
maximum surface temperature averages 15.1ºC over the Gulf but there are important
spatial differences; temperatures on the Magdalen Shallows are the warmest of the
Gulf, averaging 17.4ºC whereas the coolest surface waters are in the St. Lawrence
estuary and in upwelling areas along the lower North shore (Figure 4). The cooling of
surface waters of the Gulf during fall and winter reaches near-freezing temperatures first
in the Estuary and in bays along the southern coast, then progresses eastward, typically
reaching Cabot Strait by the end of the winter (Galbraith et al. 2009).
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When considering the surface temperature seasonal cycle throughout the entire Gulf of
St. Lawrence, one of the most striking areas is the head of the Laurentian Channel
(Figure 3). There, strong vertical mixing with the underlying cold intermediate layer leads
to cold summer water temperatures (annual maximum ranging from 5 to 7°C) and winter
temperatures that are always above freezing (Galbraith et al. 2002). This is illustrated
using data from thermosalinographs installed on commercial ships of Oceanex Inc.
between 2000 and 2008 (red line). Gulf-scale averages of the 2000-2008 temperature
recordings along the shipping route between 66°W and 59°W are also shown (blue line),
and agree remarkably well with the Gulf-wide remote sensing Sea Surface Temperature
(SST) seasonal cycle despite differences between the annual maximum associated with
recent warmer years. Another noticeable feature of the SST seasonal cycle is in
Northumberland Strait where the temperature can range from -1.6 ºC in winter to over
20 ºC in summer (not shown).
The most complete SST record in terms of spatial coverage and sampling frequency is
from satellite remote sensing but is limited to 1985 to the present. The trend between
1985 and 2008 in the SST record averaged from May to November over the entire Gulf
shows a warming of about 2ºC (Figure 5, blue line). To determine if this increase is part
of a longer term climate change, other records must be examined. Monthly averaged air
temperatures over nine stations covering the Gulf (Sept-Îles, Natasquan, Blanc-Sablon,
Mont-Joli, Gaspé, Daniel’s Harbour, Charlottetown, Îles-de-la-Madeleine, Port aux
Basques; see Galbraith et al. 2009) account for 42% of the variance in the monthly SST
record and for 58% when May-November averages are compared for both air and sea
surface temperatures. This mean air temperature time series is therefore a valuable
proxy for SST and allows us to look further back in time, prior to SST data availability
(Figure 5, green line). Although the two warmest years since 1945 have occurred in the
last decade, there is no convincing trend in the longer time series. Most of the nine
stations do not have records prior to 1945, but there are air temperature data available
for Pointe-au-Père since 1876 and for Charlottetown from three stations since 1873.
These time series are reproduced in Figure 5. They exhibit a variability similar to that of
the nine-station average. The complete Pointe-au-Père and Charlottetown air
temperature records do not indicate a colder period prior to 1945. The mean warming
trend at Charlottetown is of 1.05ºC over 135 years (1873-2008) and is also found when
using only the two oldest air temperature stations for Charlottetown. The warming trend
is greater at Pointe-au-Père with an increase of 2.04ºC per 100 years between 1876 and
1982. The general trends are however dominated by inter-decadal variability of higher
amplitude.

2.4 WINTER WATER MASSES, SEA ICE, SUMMER COLD INTERMEDIATE
LAYER AND WINTER AIR TEMPERATURES.
The sources of winter waters are local formation and advection of dense high-salinity
Labrador Shelf waters through the Strait of Belle Isle (Lauzier and Bailey 1957, Banks
1966, Petrie et al. 1998, Galbraith 2006). A lower boundary for the fraction of Labrador
Shelf waters was found to be 3 to 30% (1996–2009), where the range is associated with
interannual variability (Galbraith 2006, Galbraith et al. 2009). The intrusion of Labrador
Shelf water affects the productivity and species diversity in the Gulf of St. Lawrence by
transporting nutrient–rich water and plankton species of Arctic origin. While there is little
interannual variability in the temperature of the surface layer during winter (being
typically close to freezing except for the semi-regular occurrence of a warm water
intrusion on the northeast side of Cabot Strait), there is strong inter-annual variability in
the thickness of the layer which typically averages 75 m, leading to variability in the
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overall volume. The formation of the well-mixed winter layer is an important driver of
primary production for the entire Gulf by bringing to the surface the nutrients (e.g.,
nitrates) that will support the phytoplankton bloom the next spring. From 1996 to 2009,
the winter volume of cold water (< -1°C), measured from a survey in March, has varied
inter-annually between 10 000 and 15 000 km3, thus encompassing up to 45% of all
waters in the Gulf of St. Lawrence during the coldest winters (Figure 6, blue line).
Monitoring of winter oceanographic conditions in the Gulf was sparse prior to 1996 but
ice conditions can be used as proxy. Indeed, maximum annual ice volume accounts for
57% of the variance in the winter cold water volume time series for 1996-2008. The ice
thickness is not measured directly in the Gulf, but is estimated from observed ice types.
It is possible to estimate the overall ice volume in the Gulf from digital charts of ice types
and concentration provided by the Canadian Ice Service (Environment Canada). Sea ice
is typically produced in the northern parts of the Gulf and along the coast of New
Brunswick, then it extends and drifts towards the Îles-de-la-Madeleine and Cabot Strait
during the ice season. Some thick ice also enters the Gulf through the Strait of Belle
Isle. The head of the Laurentian Channel remains ice–free most of the winter (Galbraith
et al. 2002, Saucier et al. 2003). Figure 6 shows the estimated ice volume time-series
since 1969 along with the winter cold water volume (< -1°C) since 1996. The 1971-2000
average of the maximum winter ice volume is 79 km³, with the lowest volume (17 km³)
occurring in 1969 and the highest (134 km³) in 1993. The time series is not sufficiently
long to see any trend.
The summer CIL minimum temperature index (Gilbert and Pettigrew 1997) has been
found to be highly correlated with the total volume of cold water (< -1°C) measured the
previous March (Galbraith, 2006). This is expected because the CIL is the remnant of
the winter cold surface layer. A measurement of the volume of cold water present in
March is therefore a valuable tool for forecasting the coming summer CIL conditions,
and, since archived data concerning the summertime CIL conditions are more readily
available than the sparse winter data, they in turn can be used as an indicator of
previous winter water conditions.
Figure 6 shows the time series of the volume of CIL water found to be colder than 1°C in
the Gulf during the months of August and September. It bears a strong resemblance to
the winter cold water volume as well as to the ice volume. On this time scale, the
features are the cold period during the 1990s and the two warm years: 2000 and 2006.
To investigate the variability of the winter mixed cold and summer CIL conditions on
longer time scales, winter air temperature can be used as a proxy since it has a strong
influence on the formation of the winter layer. Air temperatures for the months of
January, February and March are averaged for the same nine stations located around
the Gulf used in the previous section, and similarly, the winter average is used for
Charlottetown and Pointe-au-Père prior to 1945. The winter air temperature time series
is shown on Figure 7 along with the same oceanographic time series of Figure 6, except
that the CIL volume is replaced by the Gilbert and Pettigrew (1997) CIL minimum
temperature index, which has the advantage of spanning a longer time period. There is
a caveat, however, in that the CIL index for some years is based on sparse data; for
example the very high values in the 1960s and in 1980 may be exaggerated. The air
temperature at Charlottetown and Pointe-au-Père generally follow the same pattern as
the nine-station average, which yields credibility to their use prior to 1945. The overall
similarity between the maximum ice volume, the winter cold water volume, the summer
CIL volume and minimum temperature index and the winter air temperature is striking.
The long term trend in the winter air temperature record is a warming of 1.6ºC over 135
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years at Charlottetown and of 2.4ºC per 100 years at Pointe-au-Père. Winters are
therefore getting milder at a faster rate than other seasons.

2.5 DEEP LAYER TEMPERATURE, SALINITY AND DISSOLVED OXYGEN
INTER-DECADAL VARIABILITY
The deeper layer below the CIL (> 150 m) originates at the entrance of the Laurentian
Channel at the continental shelf and circulates towards the heads of the Laurentian,
Anticosti and Esquiman channels without much exchange with the surface. The layer
from 150 to 540 m depth is characterised by temperatures between 2 and 6°C and
salinities between 32.5 and 35 (Figure 8). Inter–decadal changes in temperature, salinity
and dissolved oxygen of the deep waters entering the Gulf from the continental shelf are
related to the varying proportion of the source cold-fresh and high-dissolved-oxygen
Labrador Current Water and warm-salty low-dissolved-oxygen Slope Water (McLellan
1957, Lauzier and Trites 1958, Gilbert et al. 2005). These waters travel from Cabot
Strait to the Estuary in roughly three to four years (Gilbert 2004), decreasing in
dissolved oxygen from in-situ respiration as they progress to the channel heads. The
lowest levels of dissolved oxygen are therefore found in the deep waters at the head of
the Laurentian Channel in the Estuary. In the 1930s and early 1970s, oxygen levels
were above the hypoxic threshold of 30% saturation (Figure 8). The deep waters of the
Estuary were briefly hypoxic in the early 1960s and have consistently been hypoxic at
about 19-21% saturation since 1984. One half to two thirds of this decrease is
associated with changes in source water masses at the continental shelf (Gilbert et al.
2005) which is also illustrated in Figure 8. Temperatures at 300 m have remained fairly
stable since 1980, following a gradual increase from 1967. The period 1945 to 1967 was
characterised at 300 m by cold waters, between 4 and 5°C, richer in dissolved oxygen.
Increased sediment oxygen demand may be partly responsible for the remainder of the
oxygen decline (Gilbert et al. 2005). Hypoxia impacts will be discussed further in the
section 4.1.1.

2.6 WATER LEVEL
Sea level has been rising in the Northumberland Strait throughout the Holocene or
approximately the last 10 000 years. A tide gauge time series starting at the beginning
of the 1900’s is available for Charlottetown. Based on the analysis of that record, the
average rate of sea-level rise is estimated to be at 32.6 cm per century (Figure 9;
Koohzare et al. 2006). However, there is a pivot point for crustal subsidence in the
southern Gulf of St. Lawrence (Peltier, 2004) and the water level relative to the coast is
actually decreasing in the northern part of the Gulf. Recent tidal gauge information (up
to 2003) at Sainte-Anne-Des-Monts, Pointe-au-Père, Tadoussac and Sept-Îles all show
that the sea level is falling relative to the land. The fastest decrease of sea level is
observed at Saint-Jean-Port-Joli with a rate of -8.8 cm per century (Koohzare et al.
2006).

3.0 SOME ELEMENTS OF THE GULF ECOSYSTEM DYNAMICS
From: Dufour and Ouellet (2007)
In this section, a succinct overview of the system dynamics will be presented to highlight
the particular functionality of the Gulf ecosystem.
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3.1 SEASONAL BIOLOGICAL PRODUCTION CYCLES
Except for the Lower St. Lawrence Estuary and the Maximum Turbidity Zone area in the
Upper Estuary, light intensity does not appear to be a limiting factor for primary
productivity in the entire Gulf of St. Lawrence (Therriault and Levasseur 1985).
Nutrients, essentially nitrate availability, are identified as the primary driver of the spring
phytoplankton blooms over the entire Gulf as well as for sporadic and/or season–long
production events at specific sites. In fact, the documented strong spatial and temporal
variability of the phytoplankton production were clearly reproduced through nutrient
variations in response to sea–ice dynamics, runoff, tidal, and wind–induced circulation,
and wind mixing in a coupled physical–biological model (Le Fouest et al. 2005).
The average picture for the entire Gulf is that late fall and winter deep vertical
convection homogenize the water column (down to ca. 100 m), creating a standing
stock of nutrients (nitrates) in the upper layer that varies inter–annually as a function of
variations in the atmospheric conditions (Plourde and Therriault 2004). In addition,
stochastic atmospheric events, such as late fall wind storms passing over the Gulf, can
also create intense vertical mixing and contribute to high winter nitrate concentration in
the upper layer (Doyon et al. 2000). In their simulation, Le Fouest et al. (2005)
presented a general view of the seasonal production cycle in the Gulf of St. Lawrence.
The diatom–dominated vernal bloom occurs around the second half of April following
sea–ice melt or retreat, which increases stratification and the light level. The decline of
the vernal bloom results from nitrate depletion in the euphotic zone and possibly
increasing grazing pressure from the mesozooplankton. During summer and fall, large
phytoplankton cells and mesozooplankton biomass gradually decrease.,The model
suggests that small phytoplankton cells and microzooplankton vary little throughout the
year (Doyon et al. 2000).
In the previous description of the physical and phytoplankton conditions of the Gulf,
specific regions were identified as zones of important vertical mixing of water masses
and productivity “hot spots”: 1) the head of the Laurentian Channel in the Lower Estuary
(also the head of Anticosti and Esquiman channels); 2) the tidal mixing in Jacques
Cartier Strait and the Strait of Belle Isle; 3) the upwelling along Québec’s north shore
and Anticosti’s south coast; 4) the north-western Gulf caracterized by a high variability
due to a cyclonic structure, the Anticosti Gyre, and the Gaspé Current. The physical
mechanisms involved at these sites were reviewed in the previous section. How these
features may be responsible for particular regional zooplankton (and higher trophic
levels) communities is important for our understanding of the functioning of the Gulf
system.

3.2 LOWER ESTUARY–GASPÉ CURRENT–SOUTHWESTERN GULF
COMPLEX
Probably the best studied ecosystem of the Gulf is the Lower Estuary–Gaspé Current–
southwestern Gulf (Magdalen Shallows) complex. The “nutrient pump” at the head of the
Laurentian Channel supports a relatively high productivity in this region. Noticeably, the
spring bloom in the Lower Estuary is delayed by 4 to 8 weeks relative to the open Gulf.
The optimal environmental conditions to initiate this main bloom appear when the spring
runoff subsides. An increased retention time seems to be the mechanism that allows the
spring bloom to occur in the Lower Estuary (Zakardjian et al. 2000). Environmental
conditions in the Lower Estuary and Gaspé Current generally allow two or three blooms
annually. One or two short and less intense blooms occur in mid–May and/or mid–
August. A more intense bloom occurs at the end of June or in early July (Starr et al.
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2003). The influence of the Lower Estuary is responsible for high but also variable
concentrations of nutrients in the Gaspé Current that support an intense phytoplankton
production that may last until the end of June and sometimes later (Starr et al. 2003).
Also important in the Lower Estuary is that an increase in stratification,from higher
temperatures and lower salinities of the surface waters combined with reduced nutrient
concentrations favour the occurrence of toxic algal blooms (Therriault et al. 1985, Weise
et al. 2002). Blooms of the toxic alga Alexandrium tamarense occur in the plumes of the
Manicouagan and Aux Outardes rivers and in the Gaspé Current (Therriault et al. 1985).
Alexandrium cysts and cells at the mouths of these rivers may serve to inoculate other
blooms that appear along the southern coast of the Gulf of St. Lawrence along the
Gaspé Peninsula (Blasco et al. 1996).
The high production in the Lower Estuary supports an abundant zooplankton
community. The life cycle of zooplankton creates seasonal differences in biomass and
community structure. Many species of copepods are herbivores/omnivores that require
good timing between their presence and the abundance of phytoplankton. The Lower
Estuary and Gaspé Current are important regions for the reproduction of copepods and
also for their transport toward the southern Gulf region.The reproductive and
developmental period for C. finmarchicus is tightly coupled to the local spring or summer
(depending on the region) phytoplankton bloom. In the Lower Estuary, the greatest
abundance of female C. finmarchicus is observed at the end of spring or early summer,
when they may take advantage of the high phytoplankton biomass to complete
maturation and produce their eggs (Plourde and Runge 1993, Plourde et al. 2001).
The seasonal variations in copepod community structure observed in the Estuary also
seem to be linked to the magnitude of the flushing of small species (e.g., Oithona spp.,
Acartia spp.) in surface waters and copepod developmental stages at the start of the
species–specific reproductive periods (Plourde et al. 2002). The intensity of the spring
and summer outflows thus influences the relative proportion of young stages of the
genus Calanus and other organisms like euphausiids that are retained in the region or
exported to other regions of the Gulf. The mesozooplankton community in the spring
and part of the summer is dominated by species of the genus Calanus. At the end of
summer and in autumn, when the Calanus population enters hibernation and moves into
deeper water, this community evolves towards one dominated by small species that are
adapted to take advantage of the warmer surface waters (Plourde et al. 2002).
Interannual variations in copepod community structure (Plourde et al. 2002) and in the
population dynamics of C. finmarchicus and C. hyperboreus have also been described
for the Lower Estuary (Plourde et al. 2001, 2003). Although some links between
phytoplankton blooms and abiotic factors (e.g., freshwater discharge, surface water
heating, nutrient cycles) are evident, for the most part the mechanisms that account for
interannual variation of zooplankton communities remain largely unknown (Descroix et
al. 2005). For example, how was the cooling period at the start of the 1990s linked to the
increase in abundance of Metridia longa and decrease in abundance of C. finmarchicus
in the Lower Estuary (Plourde et al. 2002)? The abundance of Meganyctiphanes
norvegica, Thysanoessa raschii, and T. inermis (krill) has also been observed to have
decreased in the Lower Estuary since 1994. The proportion of krill in the zooplankton
has decreased from 80% to 40% in less than 10 years. In addition, a reduction in krill
abundance has been noticeable in the southern Gulf since 1987 and seems to reflect a
general phenomenon that extends along all costal zones in Atlantic Canada (Harvey and
Starr 2005).
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The Gaspé Current is the extension of the flow from the Lower Estuary and leads to the
Magdalen Shallows and the southern branch of the Laurentian Channel. This advection
of estuarine production toward the southern part of the Gulf can result in large
phytoplankton biomasses and blooms that may last for several weeks (de Lafontaine et
al. 1991, Starr et al. 2003). On the Magdalen Shallows, the dominant zooplankton
species are large copepods and euphausiids as well as small copepods (Acartia spp.,
Oithona spp.) and developmental stages of large copepods (mainly Calanus spp.)
exported downstream, hence a source for the local Calanus population in the southern
Gulf (see below). Some studies have shown that the concentration of immature copepod
stages in the Gaspé Current may reach abundances 10 to 20 times greater than those
observed in the northwestern Gulf (Fortier et al. 1992).
Under the influence of the Gaspé Current, the Magdalen Shallows do not support
communities of large Calanus copepods, which are likely to be seeded each year in
spring and/or summer. All developmental stages of large copepods such as Calanus
spp. can be transported from the Estuary, which would entirely (e.g., C. hyberboreus) or
partly contribute to their high abundance and biomass in the regions in addition to their
local development in summer (e.g., C. finmarchicus). This transport is accomplished via
surface circulation in the spring from deeper areas of the Gulf of St. Lawrence, in
contrast to other species of copepods that are retained in the region (Runge et al. 1999,
Zakardjian et al. 2003). For example, it is possible to observe interannual variations in
the summer biomass of zooplankton that are largely due to variations in the biomass of
organisms greater than 1000 µm in length (Runge et al. 1999). In this region, the
abundance and diversity of zooplankton, including ichthyoplankton, appear superior to
those recorded elsewhere in the Gulf of St. Lawrence (de Lafontaine et al. 1991).
However, that view may change as the sampling effort in the northern and northeastern
Gulf intensifies, under the AZMP (Atlantic Zonal Monitoring Program) for example. The
copepod community differs from that in other regions in the Gulf of St. Lawrence. Other
than copepods of the genus Calanus (mostly C. finmarchicus), most of the dominant
species are small and include Temora longicornis, Centropages spp., and Tortanus
discaudatus (de Lafontaine et al. 1991). In the southern Gulf, the greatest biomass of
zooplankton is found in the western portion of the Magdalen Shallows (Shediac Station)
where strong and persistent concentrations of chlorophyll have been observed in some
years (Drinkwater and Pepin 2003).
The abundance and production of zooplankton have a major influence on the survival of
ichthyoplankton and the recruitment of fish species. For example, high mackerel
recruitment appears to be linked to high copepod egg production (Ringuette et al. 2002,
Plourde and Castonguay 2005, Castonguay et al. 2009). A similar hypothesis was
suggested by Runge and de Lafontaine (1996), who showed a link between the
abundance of copepod (Calanus spp.) eggs and redfish larvae at stations in the
northeastern Gulf (southeast of Anticosti Island).

3.3 NORTHWESTERN GULF (ANTICOSTI GYRE)
Another part of the Gulf that has historically received attention from the scientific
community is the northwestern Gulf or Anticosti Gyre region. Although it is treated as a
distinct entity, that region is also closely connected with the adjacent Gaspé Current.
The Gaspé Current is sometime unstable and separates from the coast to partly
recirculate in the northwestern Gulf (Saucier et al. 2003), with significant impact on the
phytoplankton biomass distribution in the area (Le Fouest et al. 2005). The region can
also receive early life stages of Calanus from the Lower Estuary (Zakardjian et al. 2003).
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This region is crossed by a portion of the Laurentian Channel; hence deep–water
upstream current could play a role in the distribution and the structure of the
zooplankton community in the Lower Estuary (see below). The circulation in that region
creates a quasi–permanent eddy known as the Anticosti Gyre. This allows nutrients to
be concentrated when the waters become less stratified in the spring, permitting a very
short but intense diatom–dominated bloom. Although the Anticosti Gyre region is
recognized as being less productive than the southern Gulf, the concentration of
chlorophyll is greater there in the spring (Starr et al. 2003). The depletion of nutrients
occurs two to three weeks earlier than in the southeast Gulf, suggesting that the spring
bloom starts earlier there (Starr et al. 2002). Following the bloom, nutrients in the
strongly stratified and shallow surface waters at the centre of the Gyre become depleted
during the summer, thus limiting phytoplankton productivity.
The deep Laurentian Channel and the influence of water masses of various origins (e.g.,
Arctic, Atlantic) promote the presence of euphausiids, chaetognaths (Sagitta elegans),
hyperiid amphipods, and gelatinous organisms (siphonophores). Although Oithona
similis represents a large proportion of the community, large copepods of the genus
Calanus are also abundant and contribute greatly to the high total zooplankton biomass
in the region. The great depth (320 m) favours the presence of copepods of the genus
Calanus (C. finmarchicus, C. glacialis, and C. hyperboreus) that spend a considerable
part of the year in diapause in deep waters. The abundance of these species in the
Anticosti Gyre accounts for the great biomass of zooplankton there, especially in the
autumn. Late developmental stages of Calanus spp. present in the deep waters of the
Laurentian Channel in the autumn are subsequently transported by the deep current
towards the head of the Laurentian Channel in the Lower Estuary. As observed for the
genus Calanus, krill may similarly be transported by deep–water currents to the head of
the Laurentian Channel, where mature individuals are concentrated. This transport
mechanism may create the greatest concentration of krill (mostly Meganyctyphanes
norvegica and Thysanoessa rashi) observed in the northwest Atlantic (Simard et al.
2002).
The abundance and diversity of the ichthyoplankton are considered low and dominated
by capelin and redfish (de Lafontaine et al. 1991). That may be the case for the Anticosti
Gyre itself; however, in the mid 1980s, high concentrations of fish eggs (cod, witch
flounder) and larvae (sandlance, redfish) were observed along the Québec coast,
southwest Anticosti Island and in Jacques Cartier Strait (Ouellet et al. 1994).
Furthermore, the northwestern Gulf is an important zone for larval development in the
spring and for the recruitment of northern shrimp (P. borealis) (Ouellet et al. 1990,
Ouellet and Lefaivre 1994).

3.4 NORTHEASTERN GULF
The data for this region are still fragmentary but the data base has been improved over
the last decade with the implementation of the Atlantic Zone Monitoring Program
(AZMP; see section 4.1 for more information about AZMP). The main characteristic of
the northeastern Gulf is the influence of the incursion of cold, salty water from the
Labrador Shelf coastal current through the Strait of Belle Isle (especially in winter). The
phytoplankton biomass observed there suggests that this region of the Gulf of
St. Lawrence is less productive than the Estuary and northwestern regions (de
Lafontaine et al. 1991, Starr et al. 2003,). A recent simulation reveals nevertheless
possible high production events along the Québec coast associated with Labrador Shelf
water entering through the Strait of Belle Isle in late summer and fall (Le Fouest et al.
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2005). Wind–induced upwellings along the Québec coast may also cause episodic
enrichment of surface waters. The large channels in the area (Esquiman, Anticosti)
promote the development of a great biomass of zooplankton at their margins. The large
copepods C. finmarchicus and C. glacialis dominate these communities (de Lafontaine
et al. 1991, Harvey et al. 2004).
The entrance of the Esquiman Channel is also an important spawning site for the
northern Gulf cod stock (Ouellet et al. 1997). A diverse ichthyoplankton community,
dominated by capelin and herring larvae, has been observed in summer on the west
coast of Newfoundland (Grégoire et al. 2006).

3.5 COASTAL ZONES
The coastal zone includes a number of ecosystems of small extent that have
high biodiversity value and consequently it is important for wildlife and people.
Nevertheless, it is exposed to a wide variety of human pressures and uses that
pose a significant threat to its ecological integrity and sustainability. The
cumulative effects of these pressures are having ecological consequences which
may be widespread, but their interactions and relative contributions are not well
understood.
The primary human pressures in the coastal zone are: aquaculture, alien
invasive species, habitat destruction/modification, addition of nutrients and
contaminants, modified freshwater inputs, shipping noise, and commercial
fishing.
4.0 STATUS AND TRENDS OF PHYSICOCHEMICAL VARIABLES AND SELECTED
SPECIES

4.1 PHYSICOCHEMICAL VARIABLES
4.1.1 Water quality and hypoxia
The state of health of the St. Lawrence, such as measured by the availability of
dissolved oxygen to organisms that live in and use the sea floor and adjacent bottom
waters, has been discussed in section 2.1.5. The declining oxygen levels in the
St. Lawrence are attributed to two factors: 1) changes in the ocean circulation pattern in
the northwest Atlantic, possibly linked to climate variability through the North Atlantic
Oscillation; these changes affect the properties of the water masses entering the deep
Gulf environment through the mouth of the Laurentian Channel and 2) increased flux of
organic matter to the sea floor. Gilbert et al. (2005) estimate that a 19% decrease in the
proportion of cold, oxygen-rich, Labrador Current Water in the water masses entering
the Gulf explains between one half and two-thirds of the observed oxygen decline since
the 1930s (Gilbert et al. 2005). The remaining oxygen depletion can be attributed to an
increased flux of organic matter to the bottom waters. Biogeochemical and
micropaleontological indicators preserved in the sediments confirm that an enhanced
flux of organic matter to the bottom waters contributed to the oxygen decline (Thibodeau
et al. 2006). The increased carbon flux could be ascribed to natural variability in surface
productivity, but it could also result from human activities such as municipal effluent
discharge, increased use and leaching of fertilizers leading to eutrophication, soil
erosion, and deforestation.
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The progressively decreasing oxygen levels in the bottom waters of the Estuary and
Gulf of St. Lawrence system have potentially deleterious effects on aquatic organisms.
We know from laboratory experiments that cod mortality reaches 5% at 28% oxygen
saturation and 50% at 21% oxygen saturation after 4-day exposures (Plante et al .
1998). Presently, the bottom waters of the Lower St. Lawrence Estuary are not a viable
habitat for cod. The sublethal effects of low oxygen concentrations are also important
and not to be overlooked. For instance, the growth of cod is reduced below 70% oxygen
saturation (Chabot and Dutil, 1999), and swimming performance is negatively affected
(Dutil et al. 2007). However, unlike sessile organisms, demersal fish can avoid oxygenpoor environments by simply swimming away. By 2005, the abundance of several
groups of benthic species in the Lower St. Lawrence Estuary (polychaete worms,
echinoderms and crustaceans) had declined substantially relative to the 1970s and
1980s (Bourque and Archambault, 2007). This is indicative of major changes in
ecosystem dynamics in the Lower St. Lawrence Estuary, including abundance, diversity,
and activity of benthic organisms. Since 2003, the monitoring carried out in the estuary
off Rimouski reveals no further degradation in oxygen levels in deep waters of the
St. Lawrence Estuary.
4.1.2 Ocean acidification
Human activities are altering the chemistry of the seas at a fundamental level.
Atmospheric concentrations of carbon dioxide are increasing as a result of burning of
fossil fuels. As CO2 from atmosphere dissolves in the surface ocean, seawater
becomes more CO2 rich and more acidic resulting in substantial changes in a host of
chemical properties. The pH of the oceans has been relatively constant for more than 20
million years but is now changing very quickly. As a global average, the global average
pH in surface water has already decreased by 0.1 units since the beginning of the
industrial revolution (current mean level ~pH 8.08, preindustrial ~8.18, Last Glacial
Maximum ~8.35). This is equivalent to a 30% increase in the concentration of hydrogen
ions. With continued “business as usual use of fossil fuels, it has been estimated that
pH will decrease by a further 0.4 units by 2100 and 0.77 units by 2300 (Caldeira and
Wickett, 2003). The rate of change is unprecedented for likely the last 20 million years
and possibly since the Palaeocene-Eocene Thermal Maximum (PETM), 55 million years
ago.
In the St. Lawrence, recent findings reveal a significant decrease of pH in hypoxic
waters (Starr, unpublished data). In the 1930s, the in situ pH levels at >200m depth in
the Lower St. Lawrence Estuary were about 7.9 (Figure 10). Today, in situ pH levels are
down to about 7.65 with some observations as low as 7.6. This change represents 6090% increase in the concentration of hydrogen ions, which is a considerable acidification
of the St. Lawrence Estuary. The pH levels in the Lower St. Lawrence Estuary hypoxic
waters have already reached levels expected for the end of this century if global
atmospheric CO2 levels continue to rise on current trends. This new finding suggests
that the increased flux of organic matter to bottom waters in the St. Lawrence may have
increased respiration and lead to the lower pH conditions in this region.
The progressively decreasing pH levels in bottom waters have major implications for the
St. Lawrence ecosystem. From laboratory and mesocosm experiments conducted to
date on ocean acidification throughout the globe, almost all calcifying organisms have
shown decreased calcification in more acidic environments such as those actually found
in the St. Lawrence hypoxic waters. These organisms include cocolithophore algae,
zooplankton such as pteropods and foraminifera, echinoderms, molluscs and corals
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(Figure 11). CaCO3 comes in two forms, calcite and aragonite. Aragonite-forming
organisms are more at risk than calcite-forming organisms because of the higher
solubility of aragonite. Differences in the response of these diverse organisms to
reduced pH could have a considerable impact on the functioning of marine sediments
and the ecosystem goods and services they provide. Increasing acidity may also have
altered the chemical speciation of nutrients and metals. Laboratory experiments have
shown that crab and some fish species also are affected by declining pH. All of these
potential changes could have seriously affected the St. Lawrence Estuary ecosystem
and function, but the magnitudes of the current or future impacts are poorly understood.

4.2 PHYTOPLANKTON
At the base of the marine food web, the free-floating plant life of the sea (phytoplankton)
provides food for the animal plankton (zooplankton) which in turn provides food for many
other marine organisms. The carrying capacity of marine ecosystems in terms of the
size of fish resources and recruitment to individual stocks as well as the abundance of
marine wildlife (e.g. seabirds and marine mammals) is highly dependent on variations in
the abundance, timing and composition of the plankton. Phytoplankton also plays a
crucial role in climate change through the export of the important greenhouse gas CO2
to the deep ocean by carbon sequestration in what is known as the ‘biological pump’.
Without this process, concentrations of CO2 would be much higher in the atmosphere
and the climate of the world would be much warmer. Apart from playing a fundamental
role in the earth’s climate system and in marine food webs, plankton are also highly
sensitive indicators of environmental change and provide essential information on the
‘ecological health’ of our seas. The informations are essentially derived from the Atlantic
Zone Monitoring Program (AZMP) of the Department of Fisheries and Oceans (DFO)
which was established in order to better understand and more effectively monitor the
evolution of oceanographic variables and indicators in the Estuary and Gulf of
St. Lawrence (Therriault et al. 1998).
Although the AZMP was not established until 1999, biological, chemical and physical
data collected well before then have been integrated into the program. The AZMP
comprises three-dimensional measurements (region, depth and time) of biological
(phytoplankton and zooplankton abundance and composition, fish and invertebrate
larvae), chemical (dissolved oxygen, nutrients, pH) and physical (temperature, salinity,
ice cover, water level, freshwater flows and associated atmospheric conditions)
variables throughout the Estuary and Gulf of St. Lawrence. Such measurements make
up the basic indicators for the assessment of oceanographic conditions in the
St. Lawrence marine ecosystem. The data and samples required to measure these
variables are collected in several ways: 1) scientific surveys at sea, primarily on board
DFO research vessels; 2) continuous sampling from anchored buoys or moving ships;
3) opportunistic sampling on fisheries research vessels; and 4) satellite imagery.
The field surveys are based on several sampling strategies, the main two being transect
sampling and fixed station sampling (Figure 12). The AZMP also comprises a satellite
image-acquisition program using SeaWiFS and MODIS sensors. The use of such
images is essential to obtain expanded or synoptic spatial coverage for certain
oceanographic variables, such as temperature, chlorophyll (indicator of phytoplankton
biomass) and ice conditions. A large amount of the basic data integrated into the AZMP
comes from other programs, including the thermosalinograph program, zooplankton
biomass assessment surveys and the harmful/toxic algae monitoring program. With
respect to this last program, weekly sampling of harmful/toxic algae has been carried
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out from May to October since 1989, at 11 coastal stations in the estuary and gulf
(Figure 12), in order to monitor the harmful/toxic algal blooms appearance or planktonic
non indigenous species (Bonneau et al. 2002).
4.2.1 Trends in phytoplankton productivity
In the case of phytoplankton, the annual growth cycle is characterized by several
production and abundance peaks, the most intense of which generally occurs in the
spring, when nutrient concentrations are high and light conditions in the environment are
conducive to photosynthesis. The monitoring carried out in the estuary off Rimouski
(Figure 12) shows that the intensity and duration of the chlorophyll production period
(indicator of phytoplankton biomass) increased significantly from 1992 to 1999, but
returned close to the historic mean between 2000 and 2003 (Figure 13). Since 2004, the
chlorophyll levels have been well below the average levels – except in 2007. Such
interannual variability in phytoplankton biomass can be attributed to variability in
freshwater runoff and wind conditions (Levasseur et al. 1984, Starr et al. 2002).
Satellite images covering the entire region confirms the great spatial and temporal
variability in the timing and magnitude of the spring bloom in the Gulf of St. Lawrence
(Figure 14), which is potentially due to sub-regional differences in the timing of sea-ice
melting and the onset of water column stratification (Le Fouest et al. 2005). The spring
phytoplankton bloom occurs between April and May depending on the region and starts
earlier in the northwest and northeast parts of the Gulf. The SeaWIFS imagery also
reveals that the timing of the bloom occurred earlier in late 90s compared to today.
4.2.2 Trends in phytoplankton composition
It has been suggested that the ratio between diatoms and dinoflagellates or flagellates
may provide a good indicator for both regional environmental changes, such as
eutrophication and water column stratification, as these two phytoplankton groups show
consistent patterns of ecological succession and distinct response via nutrient inputs
and water column stratification (Margalef 1958). Figure 15, which summarizes the
dominant trends for dinoflagellates and diatoms at Station Rimouski, shows that there
has been a general decrease of diatoms/dinoflagellates and diatoms/flagellates ratios in
the Lower St. Lawrence estuary since 1997 (Starr et al. in press). This change is largely
due to a large increase of both dinoflagellate and flagellate abundances whereas
diatoms decreased during this period (Figure 15). Similar shift from diatom dominance
to dominance by dinoflagellates/flagellates were observed in the north-western Gulf of
St. Lawrence (Starr, unpublished data) and many other regions of the North Atlantic.
Such change can be attributable to large-scale factors, such as the observed rise in
precipitations and fresh water, temperatures and nutrient inputs over the North Atlantic.
Consequences of this recent shift in phytoplankton community in the Estuary and northwestern Gulf of St. Lawrence ecosystem remain to be determined. However, it is well
know, that dinoflagellates and flagellates are prominent in less productive ecosystem
(Cushing 1989).
4.2.3 Non indigenous planktonic species
Introductions of non-native plankton may have important ecological and economic
consequences by out-competing native species and/or causing nuisance or Harmful
Algal Blooms (HABs) at local or regional scales. Such introductions have had major
impacts on aquaculture in many parts of the world through poisoning or smothering of
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farmed organisms and so are of special concern to the aquaculture industry. It is these
concerns and the potential for the inadvertent trans-oceanic transfer of organisms in the
ballast water of ships that led, for example, to the adoption of the International Maritime
Organisation (IMO) Ballast Water Management Convention in 2004. The effects of each
new introduction are extremely unpredictable and efforts to assess invasive planktonic
species vary greatly. Most apparent new introductions are not recognised until they
become relatively abundant in the plankton though they may have been present in the
past in very small numbers. Evidence to date suggests that new species typically
become part of the local biodiversity and do not have a major impact on planktonic
diversity through local or regional extinction. However, very little historical information is
available and this remains to be confirmed.
Because of its extensive geographical coverage and relatively long time existence, data
from the HAB monitoring program of the DFO Québec region have provided invaluable
information on the new introduction and spread of non-native plankton. This program
has already documented the presence of a Pacific diatom, Neodenticula seminae, in the
Estuary and Gulf of St. Lawrence since 2001 (Figure 16). In 2001, this species
dominated the phytoplankton community (up to 80%) during the spring bloom with
concentrations up to 2 millions of cells per litre. This was considered unusual as
Neodenticula seminae was known to be extinct from the North Atlantic since the late
Quaternary (0.8 millions years) and that the spatial distribution of this cold water marine
planktonic diatom was limited to the North Pacific and Bering Sea. This represented the
first description of a mass occurrence of N. seminae in the North Atlantic since its
extinction (Starr et al. 2002). Reid et al. (2007) have reported the presence of N.
seminae in the Labrador and other regions of the Northwest Atlantic since 1999 in
samples taken by the Continuous Plankton Recorder program.
Because there is no commercial shipping through the Northwest Passage from the
North Pacific to the North Atlantic, it was hypothesized that these Pacific species were
introduced naturally into the Gulf (across the Arctic and down the Labrador Current),
rather than via ballast waters (Starr et al. 2002). In fact, the usual route for freighters
sailing between the Pacific coast and the Atlantic coast and Europe is through the
Panama Canal. However, cells of N. seminae would not have survived such a long
period of time in ballast waters under warmer temperature conditions when crossing the
Canal, based on culture experiments conducted at 15ºC (Starr, unpublished data).
Instead, the reappearance of Neodenticula seminae in the North Atlantic may be
explained by the recent reduction of summer ice extent and thickness in the Arctic and a
greater influx of North Pacific water into the NW Atlantic (Starr et al. 2002, Reid et al.
2007). These unusual conditions may have contributed to transport phytoplankton cells,
in this case N. seminae, from the North Pacific through the Canadian Archipelago to the
Labrador Sea into the North Atlantic, with episodic intrusions of cold surface water from
the Labrador Shelf into the Gulf of St. Lawrence (Starr et al. 2002, Therriault et al.
2002). The longer sustained period of open water in the Arctic would also ensure that
the diatom cells continued to grow during the transit. It is likely that other introductions
from the Pacific into the Atlantic including the Gulf of St. Lawrence will occur as Arctic
ice continues to melt, with potentially large impacts on biodiversity and fisheries in the
Northwest Atlantic, including the Gulf of St. Lawrence.
Amongst others species newly introduced in the St. Lawrence region, there is the toxic
dinoflagellate Alexandrium pseudogonyaulax which produces Goniodomin A (observed
since 2001) and the non-toxic dinoflagellate Prorocentrum rhathymum (observed since
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1999) (Lessard, unpublished data.). The mode of introduction of these species in the
St. Lawrence waters is however unknown.
4.2.4 Trends in harmful algal blooms (HAB)
Dinoflagellates responsible for paralytic shellfish poisoning (PSP) produce the most
dangerous and widely distributed toxic syndrome in Canadian waters. In the
St. Lawrence, the main causative organism is the dinoflagellate Alexandrium tamarense.
These toxins can kill fish, birds and mammals, including humans, contaminate shellfish
and force harvesting closures at great economic and social costs (e.g., loss of income
and productivity, social disruption etc.). This toxic algal species is well known to be
sensitive to atmospheric conditions and shows great seasonal and year to year
variability in occurrence. The north shore of the Lower Estuary and the south shore from
Ste Flavie to Gaspé Peninsula are the most affected regions. The Gaspé Current, which
runs along the north shore of the Gaspé Peninsula, is believed to carry the algae
towards the gulf and would seem to be responsible for the high toxicity observed in the
region.
Alexandrium blooms occurs every year in the St. Lawrence Estuary. No increasing trend
was detected in their frequency and intensity between 1989 and 2008 although in 2008,
the concentrations of toxic algae and mollusc toxicity in the St. Lawrence were unusually
high, notably in the Lower St. Lawrence Estuary where an intense Alexandrium bloom,
some 600 km2 in size (Figure 17), was observed in early August and resulted in an
unusual faunal mortality event in the region (Figure 18). During the red tide of 2008, at
least 10 beluga whales, 8 harbor porpoises and almost 100 grey, harbor or unidentified
seals and several marine birds were reported dead on the shores of the SLE.
Preliminary analyses revealed significant levels of PSP toxins in the liver and
gastrointestinal contents in several carcasses tested as well as in live fish and
invertebrates. No other cause of mortality was identified in the majority of the examined
animals which were generally in good body condition suggesting acute death, following
intoxication by PSP toxins. The unusually high intensity of this bloom for the
St. Lawrence Estuary was most likely a consequence of intense fresh-water runoff
following heavy precipitations at the beginning of August which stimulated the initial
proliferation of Alexandrium, and two weeks of calm wind conditions which prolonged
the growth and retention of the bloom in the St. Lawrence Estuary (Starr et al. in prep.).
These conditions led to exposure of marine fauna to levels of PSP toxins over the lethal
threshold and demonstrated that PSP-producing blooms should be considered potential
threats to wildlife health in this unique ecosystem and particularly to species at risk. This
event highlights the importance to monitor the evolution of toxic algae in the
St. Lawrence and notably in the context of apparent world-wide increases in the
frequency and geographic extent of these toxic algal blooms (Anderson 1989, Smayda
1990, Hallegraeff 1993). Suggested causes for the expansion of HABs include dispersal
of harmful species by currents and storms, nutrient enrichment of waters through human
activities, climate change and discharge of ballast water by ships (see Fauchot et al.
2008)

4.3 ZOOPLANKTON
This section provides an overview of the spatial and the temporal variability of the
zooplankton biomass, abundance, and species composition along the seven AZMP
sections from 2000 to 2008 as well as an overview of the interannual variability of the
macrozooplankton species composition, abundance, and biomass in the Lower
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St. Lawrence Estuary (LSLE) and the northwest Gulf of St. Lawrence (NWGSL) from
1994 to 2008.
The location of the seven AZMP sections (St. Lawrence Estuary, Sept-Îles, Southwest
Anticosti, Centre Gulf of St. Lawrence, Cabot Strait, Bonne Bay, Îles-de-la-Madeleine) is
given in Figure 12. Zooplankton samples along the sections were collected during two
surveys (June–July; October–November) from 2000 to 2008. The sampling method and
standard measurements of zooplankton biomass and abundance are based on
protocols described in Mitchell et al. (2002).
Several indices were derived to describe the state of the zooplankton community along
each section. They are the depth-integrated 1) Calanus hyperboreus biomass, 2)
mesozooplankton biomass (excluding C. hyperboreus), 3) copepod abundance, 4)
copepod nauplius abundance, 5) small copepod abundance (smaller than Metridia spp.),
6) large copepod abundance (Metridia spp. + Calanus spp. + Euchaeta norvegica), 7) C.
finmarchicus stages CIV–CV abundance, 8) meroplankton abundance (bivalve,
echinoderm, polychaete, cirripedia, and decapod larvae), 9) carnivorous zooplankton
abundance including only the different chaetognath species, small cnidarian species
(Aglantha digitale and Dimophyes arctica), and the small hyperiid amphipod Themisto
abyssorum, 10) mesozooplankton abundance (excluding copepods), and 11) krill larvae
abundance (the furcilia and calyptopis stages).
4.3.1 AZMP Sections.
There was no seasonal or interannual pattern of variation in the interannual variations of
the two biomass indices (C. hyperboreus and mesozooplankton [excluding C.
hyperboreus]) over the whole St. Lawrence marine system (annual mean of the seven
transects in spring and fall), with an average of ca. 38 and 29 ww g/m2 in spring and
fall, respectively (Figure 19). However, looking at the different abundance indices reveal
that several have shown gradual increases during spring since 2001 followed by an
abrupt increase in 2006 with numbers remaining stable in 2007 and 2008 (all copepods,
small copepods, large copepods, C. finmarchicus, and carnivorus zooplankton).
Similarly, there were no increases between 2001 and 2005 for some other indices
(meroplankton, mesozooplankton, and krill larvae) followed by abrupt increases in 2006
with numbers remaining high in 2007 and 2008. There was no interannual pattern of
variation in any of the abundance indices during fall (Figure 19).
Concerning the total abundance of copepods, there were three times as many
individuals during spring 2006, 2007, and 2008 (167 624 ind/m2) compared to spring
2001 (38 270 ind/m2). This pattern is reflected by the total abundance of small
copepods (R2 = 0.96, p < 0.001), confirming that this group largely dominated the whole
copepod assemblage in abundance. The gradual increase in spring of the small
copepod abundance observed between 2001 and 2005 and the high abundances
observed in 2006, 2007, and 2008 are related to increases in abundance of three small
copepod species (Oithona similis, Pseudocalanus spp. and Temora longicormis).
Likewise, the gradual increase in spring of the large copepod abundance observed
between 2001 and 2004 and the higher abundances observed in 2006, 2007, and 2008
are related to the increased abundances of the subarctic and arctic species Calanus
finmarchicus and Calanus glacialis, which increased from of ca. 12 500 to 18 500
ind/m2 (C. finmarchicus; 2001–2004 vs. 2006–2008) and 500 to 2 000 ind/m2 (C.
glacialis; 2001–2004 vs. 2006–2008).
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There has been a slight increase in the total abundance of meroplankton sampled in
June and November since 2006, including a record peak abundance of echinoderm
larvae (30 147 ind/m2) in June 2006 (Figure 19). The total abundance of carnivorous
zooplankton is higher in June than in November, with a slight decrease from 2000 to
2002 followed by a strong increase from 2002 to 2005; abundances remained high in
2006, 2007, and 2008. The species that mostly contributed to this increase were the
arctic cnidarian Aglantha digital and the chaetognath Sagitta elegans. Concerning the
index of mesozooplankton other than copepods, there was no apparent seasonal or
interannual pattern of variation, with an average of ca. 2 500 ind/m2 in spring and fall
2000–2004 followed by an abrupt increase in spring 2005; again, numbers remained
high in 2006 and 2007 (ca. 20 000 ind/m2). Species from the Appendicularia and the
Ostracoda groups were mostly responsible for this increase. Finally, as observed for
most of the other zooplankton indices, there was an abrupt increase in krill larva
abundance in spring 2006, with numbers again remaining high in 2007 and 2008 (ca.
800 ind/m2) (Figure 19).
4.3.2 Macrozooplankton
Two major trends have characterized the interannual variations of the macrozooplankton
community structure and abundance in the LSLE and the NWGSL over the last 15 years
(1994–2008). First, from 1994 to 1996, the mean abundance of Thysanoessa raschii
and Meganyctiphanes norvegica decreased from 205 to 40 ind/m2 and from 31 to 5
ind/m2, respectively (Figure 20). The mean abundance of T. raschii was stable at ~40
ind/m2 from 1996 to 2000, decreased to ~25 ind/m2 in 2003 and 2004, and increased
again to 68 ind/m2 in 2005 for an average of 37 ind/m2 from 1996 to 2005. In 2006,
2007, and 2008, its mean abundance was evaluated at only 15, 10, and 15 ind/m2,
respectively, making these the lowest values observed in the time series. The mean
abundance of M. norvegica increased from 5 to 22 ind/m2 from 1996 to 1997 and
decreased again to 5 ind/m2 in 2000. From 2000 to 2002, its mean abundance
increased from 5 to 15 ind/m2 and decreased to 10 ind/m2 in 2003, to 3 ind/m2 in 2004,
slightly increased to 8.0, 8.3, and 10.0 ind/m2 in 2005, 2006, and 2007, and decreased
again to 5.1 ind/m2 in 2008. The 2008 value is similar to the low values observed in
1996, 1998, 2000, and 2004. This decline in krill abundance has also been measured
elsewhere: 1) in the southern Gulf of St. Lawrence since 1987 (Hanson and Chouinard
2002), 2) in the Newfoundland and Labrador ecosystem (F. K. Mowbray and P.
Lundrigan, Northwest Atlantic Fisheries Centre, capelin stomach content analysis over
20 years [unpublished data]), and 3) on the Scotian Shelf since 1990 (Head and Pepin
2009). This evidence suggests that the decline in krill abundance is not restricted to the
GSL but is widespread over a larger part of Canada’s Atlantic coast.
The second major change is the presence of the arctic hyperiid amphipod T. libellula in
the GSL waters since the early 1990s (Figure 21). Both a literature review going back to
the early 1900s and a reanalysis of several zooplankton samples collected during the
1980s in different areas of the Gulf of St. Lawrence and Lower Estuary have shown that
T. libellula was absent from the SLMS before the 1990s except for a few juvenile
individuals occasionally observed in the northeast GSL near of the Strait of Belle Isle
(Bousfield 1951). However, different surveys carried out annually by the MauriceLamontagne Institute since the beginning of the 1990s have shown that T. libellula has
become an abundant, full-time resident of the SLMS, with an annual mean abundance
varying between 0.05 and 16 ind/m2 (Figure 21).

23

This geographic expansion of T. libellula into the SLMS during the 1990s coincides with
observations made by Drinkwater and Gilbert (2004) that the core temperature in the
cold intermediate layer (CIL) of the GSL in the 1990s was on average the coldest of the
last five decades. Furthermore, between 1999 and 2005, the interannual variations in
the mean abundance of T. libellula were positively correlated (R2 = 0.65) with the
volume of the Labrador Shelf water advected into the GSL (Figure 21) through the Strait
of Belle Isle during winter (Galbraith 2006). These two observations support the
hypothesis that T. libellula was introduced into the GSL via the Strait of Belle Isle during
winter and that their survivorship was improved because of the colder CIL. T. libellula
always remain (day and night, during all seasons) at temperatures < 3°C in the GSL
(Harvey et al. 2009). According to Saucier et al. (2003), the CIL in the LSLE and the
NWGSL is not formed in situ. A significant fraction of these waters enters through the
Strait of Belle Isle in winter, eventually reaching the LSLE within about six months. This
certainly contributes to the expansion of the T. libellula population throughout the
different regions of the SLMS.
Another factor that could have contributed to the geographic expansion of T. libellula in
the SLMS is that this species was apparently more abundant on the Labrador Shelf
during the 1990s than during the 1980s. A recent study comparing the stomach
contents of Arctic charr on the Labrador Shelf over an 18-year period (1982 to 1999)
showed that T. libellula was four times more abundant during the 1990s than during the
1980s (Dempson et al. 2002, B. Dempsen, pers. comm.). However, even though there
were strong intrusions of Labrador Shelf water into the GSL during the winters of 2006,
2007, and 2008, there appears to have been little or no influx of T. libellula during these
three years. When we include the data from these last three years, the strength of the
relationship declines, with only 33% of the variation being explained by this relationship
(R2 = 0.33) (Figure 21).
Another interesting point concerns the small euphausiid species Thysanoessa inermis,
the mysid Boreomysis arctica, the chaetognaths Sagitta elegans and Eukrohnia hamata,
and the cnidarian Aglantha digitale, which showed strong increases in abundance—from
ca. 1 ind/m2 in 1994–2004 to ca. 5 ind/m2 in 2005–2008 for T. inermis, ca. 30 ind/m2 in
1994–2004 to ca. 67 ind/m2 in 2005–2008 for B. arctica, ca. 17 ind/m2 in 1994–2003 to
ca. 58 ind/m2 in 2004–2008 for S. elegans + E. hamata, and ca. 8 ind/m2 in 1994–2003
to ca. 57 ind/m2 in 2004–2008 for A. digitale (Figure 20). This period of increase
corresponded perfectly with what we have described concerning the large increases in
abundance of most of the zooplankton indices during spring of the last three or four
years.
This widespread phenomenon is probably related to different physical and/or biological
factors that we will try to identify in the near future. For instance, while local air
temperatures and winds play major roles in the annual cycle of water temperatures
throughout the region, Canadian east coast waters are also strongly influenced by flow
from the Arctic. Currents from the north bring not only cold water but also northern
species of plankton. For example, the Arctic hyperiid amphipod T. libellula has continued
to be a component of the macrozooplankton of the Gulf of St. Lawrence. In the last few
years, however, the relative importance of some of these cold-water species (e.g., C.
glacialis off Halifax and on the Grand Banks; T. libellula in the LSLE, NWGSL, and
Grand Banks) have diminished, presumably as a result of the warming ocean conditions
and reduction of the CIL (see the Environmental Review in AZMP Bulletin No. 7;
http://www.meds-sdmm.dfo-mpo.gc.ca/isdm-gdsi/azmppmza/documents/docs/bulletin_7_01.pdf).
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4.4 FISH AND MACROINVERTEBRATES
4.4.1 Estuary and Northern Gulf of St. Lawrence
Data on the abundance and distribution of fishes and macroinvertebrates are collected
each summer in the Estuary and the northern Gulf of St. Lawrence from the Department
of Fisheries and Oceans Canada (DFO) multi-species bottom-trawl survey which has
been conducted from 1990 to 2008. Depths greater than 37 m in the Northwest Atlantic
Fisheries Organization (NAFO) divisions 4RS as well as depths greater than 183 m in
4T (including the Estuary) are covered by this survey (see Bourdages et al. (2007) for
more details on the protocol). Abundance and biomass estimates obtained from the
surveys are considered as minimal values given that the nearshore region (depths < 37
m) is not covered and that some species are not sampled efficiently (low catchability,
e.g., pelagic species).
Based on the research survey data in the Gulf, Dutil et al. (2006) and Scallon-Chouinard
et al. (2007) estimated a diversified fish fauna with 103 species that belong to 83
different genus and 45 different families. For most of the years, there was no significant
difference in the mean fish abundance and biomass per tow between the Estuary and
the northern Gulf (Figure 22). In the Estuary, the mean fish abundance per tow shows
no trend over time while the mean biomass per tow increased slightly in the 2000s. In
the northern Gulf, there was a decrease in mean fish abundance and biomass per tow
from 1990 to 2002, followed by a slight increase in recent years.
In the Estuary, only 6 species contributed to more than 85% of the total fish abundance
(Figure 23A). Greenland halibut (Reinhardtius hippoglossoides) and witch flounder
(Glyptocephalus cynoglossus) dominated the total fish abundance (61%), followed by
fourbeard rockling (Enchelyopus cimbrius), thorny skate (Amblyraja radiata), Atlantic
soft pout (Melanostigma atlanticum), and Atlantic hagfish (Myxine glutinosa), with nearly
6-8% each. In the northern Gulf, 84% of the total fish abundance is due to 8 species
(Figure 23B). Redfishes (Sebastes spp.; 39%) dominated the total fish abundance,
followed by Greenland halibut (12%) and American plaice (Hippoglossoides
platessoides; 12%). In the early 1990s, abundance of both redfish and cod (Gadus
morhua) decreased by about 10 fold while the redfish abundance increased in recent
years, due to the recruitment of Sebastes fasciatus in southern 4R.
In the Estuary, Greenland halibut dominated (62%) the total fish biomass (Figure 24A).
The other important species were thorny skate (14% of fish biomass) and witch flounder
(9%). In the northern Gulf, redfish, cod, and Greenland halibut accounted for 78% of
total fish biomass (Figure 24B).
Capelin (Mallotus villosus) and herring (Clupea harengus) are caught regularly in the
bottom trawl surveys. However, no abundance index can be estimated from these
surveys because of their low catchability. A dispersion index for capelin and/or herring is
therefore calculated by kriging the presence and absence data (Grégoire et al. 2003).
The dispersion index for capelin indicates an upward trend since 1990 in particular in
division 4T (DFO 2008a). However, the opposite trend has been observed for the west
coast of Newfoundland in recent years. For herring, the index has shown a clear upward
trend since 1990 with significant increases recorded since 2003 on the North Shore of
Quebec (division 4S) (DFO 2006a). On the west coast of Newfoundland (division 4R),
the index for herring has varied only marginally during the 1990s with a considerable
increase between 1998 and 2001, followed by a drop in 2003 and 2004 (DFO 2006b).
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Except for the shrimp species, it is not possible to compare macroinvertebrate
abundance and biomass data between the Needler and the Teleost series mainly
because catchability differences could not be accounted for. Moreover, although catch
in weight is recorded for all species, catch in number is not available for some species
and some years. Consequently, only biomass data are discussed here. There was no
significant difference in the mean macroinvertebrate biomass per tow on average
between the Estuary and the northern Gulf whatever the series analysed, but there was
a general increasing trend in both regions from 1990 to 2005 in the Needler series,
continuing in the recent years with the Teleost series (Figure 25). Northern shrimp
(Pandalus borealis) dominated and represented on average between 76% to 91% of the
total macroinvertebrate biomass in the Estuary for the Needler series and in the
northern Gulf whatever the series (Figures 26A and 27). In the Estuary in recent years
(Teleost series), northern shrimp accounted for 37% of the total macroinvertebrate
biomass on average while sea anemones, snow crab (Chionoecetes opilio), heart urchin
(Brisaster fragilis), sea stars, and brittle stars represented 60% (Figure 27B).
Changes in structure and functioning of the northern Gulf ecosystem
Mass-balance models have been constructed using inverse methodology for the
northern Gulf of St. Lawrence for the mid-1980s, the mid-1990s, and the early 2000s to
describe ecosystem structure, trophic group interactions, and the effects of fishing and
predation on the ecosystem for each time period (Savenkoff et al. 2007a).
The analyses indicated that the ecosystem structure shifted dramatically from one
dominated by demersal fish (cod, redfish) and small-bodied forage pelagic species (e.g.,
capelin, mackerel [Scomber scombrus], herring, shrimp) to one dominated only by
small-bodied forage species. Overfishing removed a functional group in the early 1990s,
large piscivorous fish (cod and redfish), which have not recovered 15 years after the first
moratoria in 1994 and 1995. This has left only marine mammals as top predators during
the mid-1990s, and marine mammals and Greenland halibut during the early 2000s.
Predation by marine mammals on fish increased from the mid-1980s to the early 2000s
while predation by large fish on fish decreased. Capelin and shrimp, the main prey in
each period, showed an increase in biomass over the three periods. A switch in the
main predators of capelin from cod to marine mammals occurred while Greenland
halibut progressively replaced cod as shrimp predators. The changes in top-predator
(cod, redfish) abundance resulted in a major perturbation of the structure and
functioning of the northern Gulf ecosystem.
4.4.2 Southern Gulf of St. Lawrence
An annual bottom-trawl survey has been conducted in the southern Gulf of St. Lawrence
(sGSL) each September since 1971 (details in Hurlbut and Clay 1990 Benoît and Swain
2003, Benoît 2006). This survey is the principal monitoring tool for groundfish in the
area. Unless otherwise stated, the results presented are based on data from that
survey, excluding sets done in the three deeper-water strata that occur in the Laurentian
channel.
For southern Gulf Atlantic herring, Clupea harengus, data from a hydro-acoustic survey
conducted annually in the autumn since 1991, along with fisheries data, form the basis
for assessment (LeBlanc et al. 2008).
Atlantic cod, Gadus morhua, and Atlantic herring have historically been the target of the
two largest finfish fisheries in the sGSL. The spawning stock biomass (SSB) of sGSL
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cod declined almost continually from a peak of over 400 000 tonnes in the mid-1950s to
a low of about 100 000 tonnes in the mid-1970s (Figure 28a). Fuelled by exceptional
recruitment, the stock rebuilt in the 1980s (Swain and Sinclair 2000), but collapsed in
the early 1990s as fishing mortality increased rapidly (Figure 28b). A moratorium on
directed fishing was imposed from September 1993 through 1997 and again in 2003,
and the fishery in the intervening and subsequent years was small. Despite the resulting
relatively small fishing mortality (Figure 29), the stock has failed to rebuild and in fact in
recent years has been declining (Figure 28a). As discussed in more detail later in this
section, the principal factor limiting the productivity of this stock is elevated natural (nonfishing) mortality (Shelton et al. 2006, Swain et al. 2009b). At present levels of natural
mortality and recruitment, the stock is considered unviable (Swain and Chouinard 2008).
There are two distinct sGSL herring spawning groups, one that spawns in the spring, the
other in the autumn. Both groups experienced a fisheries-induced population collapse in
the late 1970s and early 1980s (Figure 28; Messieh 1991). Stock rebuilding occurred
rapidly through the early to mid 1980s due to high rates of recruitment. The larger
autumn-spawning group experienced a dip in SSB during the 1990s but has since
recovered. In contrast the SSB of spring spawners has generally declined continuously
since the mid-1990s owing mainly to poor rates of recruitment (LeBlanc et al. 2008).
White hake (Urophycis tenuis), was the target of a commercial fishery (2 000-4 000
tonnes annually during the 1980s) until 1995, when a moratorium on directed fishing
was imposed. Despite very small levels of incidental catch in other fisheries since then,
mortality on adult white hake remains high and the biomass continues to decline, a trend
that began at least in the 1980s (Figure 28b).
American plaice is the most widely distributed and likely the most abundant demersal
fish species in the sGSL. High rates of recruitment resulted in a large increase in plaice
abundance in the 1970s (Figure 28b). The stock has however been declining almost
continually since then, resulting in a nearly tenfold decrease (Morin et al. 2008). An
ongoing commercial fishery likely contributed to the declines during the 1980s and early
1990s, however high yet uncertain rates of discarding at that time make an assessment
difficult. Estimated exploitation rates based on landings have been declining since the
mid 1980s, reaching in 2007 a very low level of about 1%. An elevated rate of natural
mortality and a recruitment rate that is considerably smaller than that observed in the
late 1970s, appear to be the largest contributors to the present low productivity of this
stock (Morin et al. 2008).
Two other flatfish species are fished commercially in the coastal waters of the southern
Gulf. Winter flounder (Pseudopleuronectes americanus) and yellowtail flounder
(Limanda ferruginea) are taken to be used as bait in lobster (Homarus americanus)
fisheries. Winter flounder biomass in the survey has declined continually since the
1970s (Figure 28). Their numbers have however remained stable (DFO 2005a),
suggesting decreased growth rates or decreases in adult abundance combined with
compensatory increases in the juvenile abundance. Both biomass and abundance of
yellowtail flounder have varied without trend since the 1970s (DFO 2005b). It is
important to note however that the annual survey does not cover the large portion of the
area occupied by these two species that occurs in waters <15 m.
The annual survey also provides indices of abundance for over fifty species that are not
fished commercially. For example, the biomass of thorny skate (Amblyraja radiata) has
declined almost continually since the early 1970s (Figure 28b). The numbers of mature
thorny skate and winter skates (Leucoraja ocellata) have decreased by over 80% (Swain

27

et al. 2005, Swain et al. 2009a). A decrease, though at a smaller rate, has also been
seen in smooth skate (Malacoraja senta) (Swain et al. 2005). In contrast, the biomass of
numerous other demersal species, such as shorthorn sculpin (Myoxocephalus scorpius)
and alligatorfish (Aspidophoroides monopterygius) has increased since the 1970s
(Figure 28b; Benoît et al. 2003, Benoît and Swain 2008). These species tend to be
smaller-bodied.
Cod along with white hake, are the main piscivorous (fish-eating) fishes in the sGSL.
Changes in their abundance have meant that the overall abundance of piscivores
declined dramatically in the late 1980s, remained approximately stable during the 1990s,
and has begun declining again in the 2000s (Figure 30). The combined abundance of
large benthivores (consumers of ocean-floor invertebrates - e.g., thorny skate and
ocean pout, Zoarces americanus) has generally declined since the late 1980s, driven
largely by changes in American plaice (Figure 30). The abundance of planktivores (e.g.,
herring, capelin (Mallotus villosus), gaspereau (Alosa pseudoharengus)) and small
benthivores (e.g., Cottidae, Stichaeidae) show a contrasting pattern. Following a small
peak in the early 1970s and a 10-year period of relatively low abundance, abundance
has increased continually and dramatically since the late 1980s and early 1990s (Figure
30). These species, collectively known as forage fishes, are important prey items for
piscivores. Their abundance trends are consistent with a top-down effect of predation
(Benoît and Swain 2008), though fishery impacts are also relevant for the exploited
species such as herring. Combined abundance of medium-sized benthivores (e.g.,
winter flounder, winter skate) has largely fluctuated without trend (Figure 30).
The size structure of the sGSL fish community has also changed dramatically, owing to
changes in both the abundance and size-composition of individual species (Figure 31).
Abundance in all size categories peaked during the first fifteen years of the survey and
then declined during the 1980s and early 1990s. This largely reflects changes in the
abundance of the two most common species in the survey, cod and American plaice.
Since the mid-1990s, patterns have diverged between the size categories as abundance
has increased for the smallest fish (<40 cm), composed of numerous species, while that
of larger sizes (cod, American plaice, various skates) has declined.
Some of the changes in community size structure can be attributed to the decreases in
size-at-age that occurred in adult cod, American plaice and white hake in the late 1970s
and 1980s (Figure 32). In cod, these changes appear mainly related to a densitydependent decline in growth rate in the late 1970s and early 1980s combined with a
change in the direction of size-selective fishing (Sinclair et al. 2002a, b). The continued
small size-at-age of cod in the 1990s and 2000s despite good conditions for growth may
reflect a genetic change in the population in response to the strong selection against
fast growth imposed by the fishery in the 1980s and early 1990s (Swain et al. 2007).
Community size-structure will also be affected by size-dependent mortality. Fishing
tends to target larger individuals. Though there have been important declines in fishing
effort, and therefore fishing mortality, on demersal fishes since the early 1990s (Figure
33), rates of adult natural mortality (defined as mortality not attributed directly to fishing)
have increased substantially since at least the mid 1980s for three species for which
estimates have been made: cod (Chouinard et al. 2005, Swain et al. 2009b), winter
skate (Swain et al. 2009a) and white hake (H. Benoît, manuscript in prep.) (Figure 33).
For white hake, the rates are such that individuals of this stock, which lived past 13
years of age in the early 1980s, now no longer live past 7 years.
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Though a number of hypotheses have been proposed to explain the natural mortality
trends – e.g., unreported fishery catches, fisheries-induced life history change (e.g.,
Hutchings 2005), adverse environmental effects (Dutil and Lambert 2000) – there is
strongest support for a top-down effect of predation by grey seals (Halichoerus grypus)
(Chouinard et al. 2005, Swain et al. 2009a, Bowen et al. 2009). The herds of grey seals
that feed in the area have grown exponentially in abundance since the 1970s (Hammill
2005). The estimated rate of fish consumption by seals now compensates for decreases
in fishery removals (Benoît and Swain 2008, Savenkoff et al. 2008). From the
perspective of the fish community, most species susceptible to a negative populationlevel impact of seals based on their productivity and their presence in seal diets have
declined in abundance over history of the survey (Benoît and Swain 2008). However,
seal diet composition estimated from stomachs suggests that seals eat cod and white
hake that are much smaller than the sizes experiencing high natural mortality, and
winter skate do not show up in the diet at all (Hammill et al 2007). This apparent
contradiction between diets and mortality trends may very well result from biases in seal
diet reconstruction resulting from differential digestibility of prey and spatially/seasonally
unrepresentative sampling. Assessing the impact of seal predation of NW Atlantic fish
communities remains an active area of research.
Rates of recruitment (number of recruits per kg of spawners) across a range of species
have generally not followed trends in adult mortality (Figure 34). For a number of
commercially-fished species (e.g., cod, American plaice, herring), high rates of
recruitment in the late 1970s and early 1980s contributed to strong population recovery
following collapses. Rates for these species have largely varied without trend since then.
For other species such as skates and white hake, recruitment rate generally increased
through the 1980s and 1990s. With the exception of spring-spawning herring,
recruitment rates do not appear to be limiting the productivity of those species examined
(though low spawning stock biomasses mean that the absolute number of recruits is
low). Reduced numbers of piscivorous fishes likely contribute to high juvenile survival
(Savenkoff et al. 2007b, Benoît and Swain 2008), though concurrent increases in
pelagic fishes may have increased mortality at the egg and larval stage (Swain and
Sinclair 2000, Darbyson et al. 2003).
Aside from apparent effects of fishing and predation by seals, species composition in
the sGSL community has also been affected by changes in oceanographic conditions
(Benoît and Swain 2008). For example, the period from the early 1980s to the mid
1990s was characterized by prolonged and intense cooling of bottom-waters over a
large area of the sGSL (Gilbert and Pettigrew 1997, Drinkwater and Gilbert 2004).
Conditions have since warmed to more average levels. During the period of cooling, a
number of cold-water species made incursions into the sGSL, e.g., polar sculpin
(Cottunculus microps), arctic cod (Boreogadus saida), arctic sculpin (Myoxocephalus
scorpioides). For other species such as Atlantic halibut (Hippoglossus hippoglossus)
and Greenland halibut (Reinhardtius hippoglossoides), increases in the abundance of
juvenile individuals in the southern Gulf (Benoît et al. 2003) are consistent with possible
climate-mediated increases in recruitment.
Finally, the sGSL is used as an important feeding ground for some important highly
migratory species which are discussed only briefly: the sGSL is the main spawning area
for mackerel (Scomber scombrus) in Canadian waters. The status of the stock is
presently uncertain (DFO 2008b), though an expanding geographic distribution and
rising fishery landing over a broad geographic area suggest the stock might be at a high
level of abundance. Atlantic bluefin tuna (Thunnus thynnus t.) are at the northern edge
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of their range in Canada. Population levels are low and spawning stock biomass has
been declining rapidly in the last several years (Anonymous 2007). International
overfishing over the stock’s range is occurring, though catches in the sGSL contribute
generally <2% of the total. Spiny dogfish (Squalus acanthias) were abundant in the
sGSL in summer during the mid-1990s, a period of high overall stock abundance (Rago
et al. 1998). Abundance in the sGSL has since declined as overall stock abundance
declined due to low recruitment combined with fishing mortality occurring largely outside
the sGSL (McRuer and Hurlbut 1996, NEFSC 2006).
Macroinvertebrates
The annual September bottom-trawl survey of the southern Gulf of St. Lawrence
provides data on the abundance and distribution of macroinvertebrates in the area
(details in Hurlbut and Clay 1990, Benoît and Swain 2003, Benoît 2006). Catches of
short-finned squid (Illex illecebrosus) in the survey have been recorded reliably since
1971, those of decapod crustaceans (crabs and shrimp) since 1980 and those of other
macroinvertebrates (echinoderms, sponges, anemones, etc) since the mid to late
1980s. For all taxa except snow crab, the results presented are based on data from that
survey, excluding sets done in the three strata that occur in the deep waters of the
Laurentian channel. Trends in the status of southern Gulf snow crab (Chionoecetes
opilio) are based on a dedicated trawl survey conducted annually since 1988 (Hébert et
al. 2008). Results are not presented for years in which there was incomplete coverage
of the survey areas: 1996 for the snow crab survey and 2003 for the September survey.
Because of the nature of these long-term surveys, the focus of this section is on those
species occurring principally in waters deeper than 20 m.
Snow crab are the target of the current largest fishery in southern Gulf mid- and
offshore waters. Landings in that fishery peaked at about 25 000-35 000 tonnes in the
mid 1980s, mid 1990s and again in the mid 2000s. Fishing effort (measured in trapdays) increased through the 1970s, and has varied largely without trend since then
(Figure 35a), though the type of trap used has changed over time. The abundance of
mature females estimated by the crab survey has declined nearly four-fold since 1990,
reaching in recent years the lowest levels observed (Figure 35b). Large mature males,
the exclusive target of the fishery, increased in abundance from 1988 to the mid 1990s,
but have since declined to relatively low levels. Recent exploitation rates have varied
between 41-62% and have been considerably higher than those experienced during the
1990s, which were between 17-33% (DFO 2009). The main factors determining
fluctuations in recruitment appear to be density-dependent interactions between lifehistory stages, although changes in bottom temperatures and release from predation
may also play a role (Caddy et al. 2005).
Toad crabs (Hyas araneus and H. coarctatus) have recently been the target of an
experimental fishery in the southern Gulf. Concerns with the bycatch of snow crab have
caused the fishery to be limited to a very small portion of the southern Gulf toad crab
geographic distribution. The two species have only been identified separately in the
annual survey since the early 2000s, therefore trends in their combined abundance are
presented here. The biomass index increased from 1980 to the end of the 1980s,
dropping in the early 1990s and remaining at intermediate levels since then (Figure 36).
Close to 20 species of decapod shrimp reside in the southern Gulf (Squires 1990),
though they were not identified to species in the survey until recently. The biomass of
unspecified shrimp in the southern Gulf has increased continually since the early 1980s,
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and at an accelerated rate starting in the early 1990s (Figure 36). Predation-release
accompanying groundfish population collapses appears a likely explanation for
increases in P. borealus in the Gulf and other ecosystems (Worm and Myers 2003), and
is a very plausible hypothesis for the increases in southern Gulf shrimp community
abundance (Savenkoff et al. 2007b). While there is a large commercial fishery for
northern shrimp, Pandalus borealis, in the Gulf of St. Lawrence, it is concentrated in the
deep waters of the Laurentian and Esquiman channels and therefore not considered in
this section.
The biomass of numerous other invertebrate taxa has also generally increased since the
late 1980s (Figure 36). These taxa are from a diversity of taxonomic groups including
hermit crabs (Pagurus sp.), numerous echinoderms such as starfish (Asteroidea),
basket stars (Gorgonocephalidae) and sea cucumbers (Holothuroidea), anemones
(Anthozoa), sponges (Porifera) and the sea potato, Boltenia sp. (Tunicata). Though the
causes of these increases are not well understood, plausible hypotheses include:
release from predation by collapsed benthivorous fish populations (e.g., Frid et al.
1999), recovery from past trawling impacts (for reviews on those impacts see Collie et
al. 2000, Løkkeborg 2005) given large reductions in trawling effort in the southern Gulf
(see section on marine fishes) and responses to changing oceanographic conditions
(e.g., Tunberg and Nelson 1998, Schiel et al. 200, Yeung and McConnaughey 2006).
Large jellyfish, mainly Lion’s Mane (Cyanea capillata) and Aurelia sp., are captured
incidentally in the annual survey. Though the biomass captured varies a lot from year to
year, the main trend is increasing. The abundance of jellyfish has increased, sometimes
dramatically, in a number of other marine ecosystems (Mills 1995, Arai 2001, Purcell
2005). Hypotheses for these increases include competitive and predation release,
climatic changes and eutrophication (e.g., Brodeur et al. 1999, Brodeur et al. 2002,
Daskalov 2002, Lynam et al. 2006, Attrill et al. 2007). Though there have been no
analyses to date, none of these hypotheses can be ruled out for the apparent increases
in the southern Gulf.
The northern shortfin squid is a highly migratory species that is distributed in the NW
Ocean from the Florida Straits to Newfoundland (Dawe and Hendrickson 1998). A
portion of the northern component of the stock occurs in the southern Gulf in the
summer. The survey biomass index peaked at the end of the 1970s, a period of overall
high stock abundance (Figure 37). A small biomass of shortfin squid was captured
annually in the survey from the early 1980s-early 2000s, followed by a small peak in
recent years. The distribution and abundance of this short-lived semelparous species
are highly influenced by large scale oceanographic factors (Dawe et al. 2007).

4.5 SEALS AND WHALES
From: Lesage et al. 2007
COSEWIC status of the species is provided when available. The terms and risks
categories are :
Extinct : A species that no longer exists.
Extirpated : A species no longer existing in the wild in Canada, but occurring elsewhere.
Endangered : A species facing imminent extirpation or extinction.
Threatened : A species likely to become endangered if limiting factors are not reversed.
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Special Concern : Those species that are particularly sensitive to human activities or
natural events but are not endangered or threatened species.
Not at Risk : A species that has been evaluated and found not to be at risk.
Data Deficient : A species for which there is insufficient scientific information to support
status designation.
4.5.1 Seals
Six species of seals – the harp, hooded, grey, ringed, bearded and harbour – are found
off the Atlantic coast of Canada, although ringed and bearded seals are typically Arctic
species. Of the six species, harp and grey seals account for almost all the seals hunted
commercially.
Seals spend most of their time at sea, and mostly underwater. As a result, it is difficult
(and usually impossible) to census the whole of a seal population directly. Instead, some
more accessible but well-defined component of the population is counted. Three of the
species (harp seal, hooded seal and grey seal) aggregate to breed, and their pups
remain on the land or ice where they are born over a number of days or weeks. The pup
component of their populations has traditionally been censused. Although harbour seals
also aggregate to breed, their pups are often born on intertidal rocks or sandbanks, so
they spend some of their time in the water from birth. For this species, a different
component of the population, usually the number of seals hauled out during the annual
moult in July or August, must be censused.
Harp Seals (Phoca groenlandica)
The harp seal is a highly migratory, pelagic phocid that summers in the High Arctic, and
winters off the northern Newfoundland and Labrador coasts as well as in the Estuary
and Gulf of St. Lawrence (Hammill and Stenson 2000, Lacoste and Stenson 2000,
Lavigueur et al. 1993, Sergeant 1991). Part of the population enters the Gulf in late
November or December to feed in the Estuary or the Gulf of St. Lawrence (Beck et al.
1993, Lavigueur et al. 1993, Murie and Lavigne 1986, Ronald and Dougan 1982,
Sergeant 1976, Sergeant 1991). Harp seals whelp on the pack ice in the southern Gulf
near the Magdalen Islands and Prince Edward Island, in the northeastern Gulf (Mecatina
Patch) and off the northeast coast of Newfoundland (The Front), and normally leave the
Gulf by the end of May (Mansfield 1967b, Sergeant 1976, Sergeant 1982b, Sergeant
1991). The harp seal is the most abundant pinniped in Atlantic Canada with an
estimated population of 5.8 million animals, of which approximately one third are
produced in the Gulf (Hammill and Stenson 2005, Stenson et al. 2005). This species is
on the low priority candidat of the COSEWIC list.
Grey Seals (Halichoerus grypus)
The grey seal inhabits continental shelf waters throughout the year in the Northwest
Atlantic (Bowen et al. 2006, Goulet et al. 2001, Harvey 2007). This species is believed to
enter the St. Lawrence Estuary in April-May possibly to moult, then mainly to feed, and
to leave the area sometime during the autumn to breed in the southern Gulf of
St. Lawrence, on the Scotian Shelf at Sable Island, or in Maine and Massachusetts
(Beck et al. 2003, Hammill and Gosselin 2005, Lavigueur et al. 1993, Lavigueur and
Hammill 1993, Mansfield and Beck 1977, Stobo et al. 1990, Waring et al. 2007). Grey
seals represent the second most abundant pinniped species in the Gulf of St. Lawrence,
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with an estimated 52 000 individuals entering the Gulf to reproduce in 2004, or approx.
20% of the total population of the Northwest Atlantic, based on pup counts in whelping
areas (Bowen et al. 2007, Hammill and Gosselin 2005, Trzcinski et al. 2006). Both Sable
Island and southern Gulf of St. Lawrence grey seals occupy the Estuary and Gulf during
the ice-free period, but the number of individuals present in the St. Lawrence system
during that period, although in the thousands, remains uncertain (Bowen et al. 2007,
Robillard et al. 2005). COSEWIC status (QC, NB, PE, NS, NL, Atlantic Ocean): Not at
risk (April 1999). The population is now over 200 000 and is increasing at about 12% per
year.
Harbour seals (Phoca vitulina concolor)
The harbour seal is a coastal phocid that inhabits temperate and Arctic waters of the
northern hemisphere (Boulva and McLaren 1979, Mansfield 1967a, Mansfield 1967b).
This species is believed to be relatively sedentary throughout the year, although longdistance migrations have been documented among adults of this species (Bjørge et al.
1995, Gjertz et al. 2001, Harvey 1987, Lesage et al. 2004, Lowry et al. 2001, Pitcher
and McAllister 1981, Stewart and Yochem 1994, Thompson et al. 1996, Thompson et al.
1998). The species occurs in both the Estuary and Gulf of St. Lawrence throughout the
year (Lesage et al. 2004). In Atlantic Canada, trends in harbour seal numbers are
largely undocumented, but this species is considered the least abundant of the
pinnipeds, with an estimated total population size of approx. 10 000–15 000 individuals
(Boulva and McLaren 1979, Bowen et al. 2003, Fowler and Stobo 2005, Gilbert et al.
2005, Hammill and Stenson 2000, Robillard et al. 2005, Sjare et al. 2005, Waring et al.
2007). Although total population size and its relative distribution remain highly uncertain,
the St. Lawrence might support approximately 4000–5000 harbour seals or a third of the
total population, of which approximately 75–80% would occur in the Gulf of St. Lawrence
(Robillard et al. 2005, Smith 2006). COSEWIC status (NU, MB, ON, QC, NB, PE, NS,
NL, Arctic Ocean, Atlantic Ocean): Not at risk (Novembrer 2007). The total population
has not been estimated, and analyses have not been undertaken to determine whether
there is significant subpopulation structure. Overall the subspecies is common and
believed to be adaptable to change.
Hooded Seals (Cystophora cristata)
The hooded seal is a highly migratory pelagic phocid, which summers in the Arctic and
migrates to eastern Canada to spend the winter (Lavigne and Kovacs 1988, Reeves and
Ling 1981). Hooded seals form a single population (Coltman et al. 2007). In the
Northwest Atlantic, hooded seals whelp on the pack ice in three main regions, i.e., Davis
Strait, off the northeastern Newfoundland coast and in the Gulf of St. Lawrence (Bowen
et al. 1987, Hammill et al. 1992, Sergeant 1974, Stenson et al. 1997). The hooded seal
population was estimated at nearly 600 000 individuals in 2005, of which a variable, but
relatively low proportion reproduced in the Gulf (Hammill and Stenson 2006). COSEWIC
status (Arctic Ocean, Atlantic Ocean): Not at risk (April 1986). Evidence suggests that
the population size of this species is at or above historical levels and is increasing.
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4.5.2 Whales
Beluga whale (Delphinapterus leucas)
The beluga whale is an Arctic species, which is at its southern limit of distribution in the
St. Lawrence Estuary (O'Corry-Crowe 2002). The species is migratory, but the extent of
its seasonal movements varies greatly among populations (e.g., Kingsley et al. 2001,
Lydersen et al. 2001, Richard et al. 2001a, Richard et al. 2001b, Suydam et al. 2001).
Beluga whales in the St. Lawrence appear relatively sedentary, with a proportion of the
population remaining in the Estuary throughout the year (Pippard and Malcolm 1978,
Sears and Williamson 1982). Nevertheless, some seasonal expansion and compression
of the population distribution have been documented, including the migration of an
unknown proportion of the population into the Gulf of St. Lawrence during winter (Boivin
and INESL 1990, Kingsley 1998a, Michaud et al. 1990, Michaud 1993, Michaud and
Chadenet 1990, Pippard and Malcolm 1978, Sergeant 1986, Vladykov 1944).
According to repeated systematic surveys, the St. Lawrence beluga population has been
stable since 1988 at approximately 1 000–1 200 individuals (Kingsley 1998a, Kingsley
2001, Michaud and Béland 2001, see also Gosselin et al. 2001, Gosselin et al. 2007).
COSEWIC status (St. Lawrence River population): Threatened (May 2004). Aerial
surveys since 1973 suggest that the decline has ceased, but do not provide clear
evidence of a significant increase in numbers. Levels of many contaminants remain high
in beluga tissues. The whales and their habitat are threatened by contaminants, vessel
traffic, and industrialization of the St. Lawrence watershed.
Blue whale (Balaenoptera musculus)
Blue whales in the North Atlantic inhabit coastal and offshore waters from high latitudes
during the feeding season (Ingebrigtsen 1929, Jonsgård 1955, Jonsgård 1966). During
the ice-free period in the northwest Atlantic, they are reported regularly in the Estuary
and Gulf of St. Lawrence, sporadically off Labrador and Newfoundland and on the
Scotian Shelf, and occasionally in the Gulf of Maine (Doniol- Valcroze et al. 2007, Edds
and Macfarlane 1987, Hooker et al. 1999, Kingsley and Reeves 1998, Lavigueur et al.
1993, Lawson 2003, Pippard and Malcolm 1978, Ramp et al. 2006, Sears et al. 1990,
Sears and Williamson 1982, Sergeant 1966, Sutcliffe and Brodie 1977, Wenzel et al.
1988). Little is known about the winter distribution of blue whales in the North Atlantic,
but historical as well as recent data suggest that at least some blue whales occur at
lower latitudes at that time (reviewed in National Marine Fisheries Service (NMFS) 1998,
Sears and Calambokidis 2002, see also Reeves et al. 2004b). Winter reports from
different areas of the Estuary and northern Gulf of St. Lawrence, and from southern
Newfoundland and St Georges Bay in southwest Newfoundland indicate that a
proportion of the population remains at our latitude and in the study area throughout the
year (Gosselin and Lawson 2004, Lavigueur et al. 1993, Mitchell 1975b, Sears and
Calambokidis 2002, Sears and Williamson 1982, Sergeant 1982b, Stenson et al. 2003b,
Stenson et al. 2003a GREMM, unpubl. archived data, available at
www.baleinesendirect.net). Blue whales in the Northwest Atlantic appear to form a
single population, although the distribution range of this population and existence of
others in the North Atlantic are not entirely resolved (Clark 1994, National Marine
Fisheries Service (NMFS) 1998, Reeves et al. 2004b, Sears et al. 1990, Sears and
Calambokidis 2002, Sears and Larsen 2002, Wenzel et al. 1988). There exists no recent
estimates of abundance for blue whales in the northwest Atlantic, but it was felt unlikely
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by the scientific committee of the Committee on the Status of Endangered Wildlife in
Canada (COSEWIC) that more than a few hundreds of individuals remained in this
population (COSEWIC 2002, Hammond et al. 1990, Mitchell 1974a, Sears and
Calambokidis 2002, Sergeant 1982b).
The Estuary and northwestern Gulf of St. Lawrence yielded the largest number of recent
reports for this species, with 20 to 105 positively identified individuals per year (Sears
and Calambokidis 2002). Although the distribution of recent sightings result from the
greater effort made in the latter regions (Doniol-Valcroze et al. 2007, Sears et al. 1990),
sporadic efforts in other areas of the Northwest Atlantic have failed to detect substantial
numbers of blue whales (CETAP 1982, Gosselin and Lawson 2004, Hooker et al. 1999,
Larsen et al. 1989, Palka 2006, J. Lawson, DFO, unpubl. data). COSEWIC status
(Atlantic Ocean): Endangered (May 2002).
Fin whale (Balaenoptera physalus)
Fin whales occur in most oceans of the world, usually in temperate or polar regions and
less commonly, in tropical waters (Aguilar et al. 2002, Jonsgård 1966). In the Northwest
Atlantic, the species is distributed from Cape Hatteras in the south to northern Davis
Strait in the north, and encompasses in its range the Estuary and Gulf of St. Lawrence
(reviewed in Sergeant 1977, see also COSEWIC 2005, Doniol-Valcroze et al. 2007,
Edds and Macfarlane 1987, Giard et al. 2001, Hay 1982, Lavigueur et al. 1993, Mitchell
1974b, Sears and Williamson 1982, Sergeant 1966, Tournois 2003, True 1904). Fin
whales likely constitute several stocks in the North Atlantic, but their exact number and
range remain unresolved (Bérubé et al. 2001, Coakes et al. 2005, Donovan 1991,
Mitchell 1974a, Sergeant 1966, Sergeant 1977, Waring et al. 2007). Genetic analyses
and photo-identification work suggest that fin whales occurring in the Estuary and Gulf
of St. Lawrence, and those found on the Scotian Shelf, in the Bay of Fundy and possibly
in the Gulf of Maine, may belong to the same stock (Bérubé et al. 2001, Coakes et al.
2005, R. Sears, unpubl. data, cited in COSEWIC 2005). Fin whales in eastern
Newfoundland might be part of a distinct stock (Brodie 1975, Mitchell 1974a, Sergeant
1966, Sergeant 1977). The distribution of fin whales across a wide range of latitudes
throughout the year, and the failure to detect calving or breeding wintering grounds,
suggest that migration patterns, at least in the North Atlantic, are complex (CETAP
1982, Clark 1995, Jonsgård 1966, Kellogg 1929, Sergeant 1966, Sergeant 1977,
reviewed in Aguilar et al. 2002, Waring et al. 2007). One plausible suggestion has been
that fin whales perform north-south seasonal migrations, with fin whales of a northern
stock occupying summer grounds left empty by the southern migration of a southern
stock during winter (CETAP 1982, Kellogg 1929, Mitchell 1974a, Sergeant 1977). An
alternative or other component of their seasonal migratory pattern, which is also
plausible, is the migration of a number of fin whales to offshore waters during winter
(Aguilar et al. 2002, Clark 1995, Sergeant 1977). This suggestion is supported by the
observation of a reduced number of fin whales on the continental shelf in November to
May compared to more seaward waters in the Northwest Atlantic (Slijper et al. 1964,
cited in Sergeant 1977).
There exists several abundance estimates for different portions of the range of the
species in the Northwest Atlantic (reviewed in COSEWIC 2005, Waring et al. 2007). The
species would number in the low thousands in eastern U.S. and Nova Scotia (point
estimate of approx. 2 800 ind., Palka 2006, Waring et al. 2007), between 4 000 and 8
000 in Newfoundland and Labrador (Mitchell 1974a, but see also Lawson 2006) and in
the low hundreds in the Gulf of St. Lawrence (Kingsley and Reeves 1998, Mitchell
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1972). The most recent estimate for the Gulf of St. Lawrence (347 ind.) was uncorrected
for visibility biases and was qualified as unreliable by the authors due to the small
number of sightings. COSEWIC status (Atlantic population): Special concern (May
2005). The whales face a number of current threats including ship strikes and
entanglement in fishing gear, but none is believed to seriously threaten the population.
Humpback whale (Megaptera novaeangliae)
The humpback whale is a highly migratory species, which is distributed in all oceans of
the world (Clapham 2002, see also Reeves et al. 2004b). In the Northwest Atlantic, its
range extends from Labrador, Davis Strait and West Greenland south to the West
Indies, and includes the Estuary and Gulf of St. Lawrence (Doniol-Valcroze et al. 2007,
Edds and Macfarlane 1987, Katona and Beard 1990, Lynch 1987, Sergeant 1966, Smith
et al. 1999, Tournois 2003, Whitehead 1987). The species generally migrates between
temperate- to high-latitude summer feedings grounds and low latitude winter breeding
and calving areas. Nevertheless, some individuals are observed at temperate to high
latitudes throughout the year, suggesting either differences in the timing of migrations or
individual variability in seasonal migration patterns (Barco et al. 2002, Brown et al. 1995,
Clapham et al. 1993, Craig and Herman 1997, Ingebrigtsen 1929, Laerm et al. 1997,
Sergeant 1966, Stevick et al. 2003a, Swingle et al. 1993, Whitehead et al. 1982, Wiley
et al. 1995). Stock structure has not been completely resolved for humpback whales in
the North Atlantic, as there seems to be some sharing of breeding/calving areas among
the feeding stocks, and relatively strong fidelity to feeding areas, though some
movements among feeding areas have been documented (reviewed in COSEWIC
2003b, see also Stevick et al. 2006). Humpback whales from the Gulf of St. Lawrence
would be part of the eastern Canada feeding aggregation (Stevick et al. 2006).
There exists a number of estimates of abundance for various areas in the North Atlantic,
including an estimate of approx. 11 000 individuals for the entire North Atlantic, and an
estimate of approx. 2 500 individuals for the Canadian waters, both of which are
suspected to be negatively biased (reviewed in Whitehead 1987, COSEWIC 2003b, see
also Anonymous 2001, Smith et 15 al. 1999, Stevick et al. 2003b). The proportion of
animals occurring in the Gulf of St. Lawrence is unknown (Kingsley and Reeves 1998).
Minke whale (Balaenoptera acutorostrata)
The minke whale is found in all oceans of the world from tropical to polar regions
(Brownell et al. 2000). In the northern hemisphere, the species is believed to undertake
seasonal migrations between northern feeding grounds and southern calving grounds,
although the location of the latter is poorly known. In the Northwest Atlantic, minke
whales range from Davis Strait and Baffin Bay during summer, south to at least the
Carribean during winter (Mitchell 1991, Stewart and Leatherwood 1985). However,
winter sightings off the east and south shores of Newfoundland suggest that some
individuals might remain at our latitude throughout the year (Lynch 1987, Sergeant
1963). Minke whales are ubiquitous off the east coast of Canada and the eastern U.S.,
and occur in both the Estuary and Gulf of St. Lawrence usually as singletons (Abraham
and Lim 1990, Edds and Macfarlane 1987, Kingsley and Reeves 1998, Lavigueur et al.
1993, Lynch 1987, Mitchell 1975b, Mitchell and Kozicki 1975, Mitchell 1991, Palka 2006,
Perkins and Whitehead 1977, Pippard and Malcolm 1978, Sears and Williamson 1982,
Sergeant 1963, Tournois 2003).
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The Canadian east Coast stock of minke whales is estimated at approximately 4 000
individuals (not corrected for detectability and availability biases), a quarter or more of
which would occur in the Gulf of St. Lawrence (Kingsley and Reeves 1998, Waring et al.
2007). There exists no reliable estimate for the abundance of minke whales in the
St. Lawrence Estuary. COSEWIC status (Atlantic population): Not at risk (April 2006).
Although the hunt in West Greenland may involve the same stock that occurs in eastern
Canadian waters, recent and current removals are likely sustainable, given that the
annual catch quota is 175, representing an offtake of ca. 0.01, which does not exceed
replacement. Human-caused mortality from other potential threats does not exceed
replacement.
Killer Whale (Orcinus orca)
Killer whales occur in all oceans and most seas of the world, but generally concentrate
in coastal, temperate waters of relatively highly productive regions (reviewed in Baird
2001, Ford 2002). The species occurs throughout eastern Canada from Bay of Fundy,
Nova Scotia, north to at least Lancaster and Jones Sound in western Arctic, including
waters from the Estuary and Gulf of St. Lawrence (Higdon 2007, Katona et al. 1988,
Lawson et al. 2007, Lien et al. 1988, Mitchell and Reeves 1988, Pippard and Malcolm
1978, Reeves and Mitchell 1988, Sergeant et al. 1970, Sergeant and Fisher 1957,
Vachon et al. 1988, Vachon et al. 1998, Wenzel and Sears 1988, Whitehead and Glass
1985). Although there has been some suggestions that killer whales might migrate
seasonally and that their occurrence in polar regions might be limited by the presence of
pack ice in winter months (Mitchell and Reeves 1988, Sergeant and Fisher 1957), there
has been no reliable north-south movements documented for any of the populations,
including killer whales in the northwest Atlantic (Mitchell and Reeves 1988, Reeves and
Mitchell 1988, reviewed in Baird 2001). The observation of a killer whale deep into
Antarctic sea ice in winter suggests that this species might tolerate heavier ice covers
than previously thought (Gill and Thiele 1997). There exists no estimates of killer whale
abundance for the northwest Atlantic, but a minimum of 64 individuals have been photoidentified in Newfoundland/Labrador (Lawson et al. 2007). Reports from the early 1900s,
from the 1940s and 1970s indicate that killer whales were once abundant in the Estuary
and Gulf of St. Lawrence, where they were killed frequently around Prince Edward
Island (Prince 1905). Vladykov (1944) described ‘infestations’ of St. Lawrence waters by
this species mainly during the spring and autumn to feed on beluga, and witnessed
attacks by groups of up to 40 individuals. Pippard and Malcolm (1978) reported
impressions of resident hunters and fishermen, who believed that killer whales were
more prominent in the Estuary during the late 1960s - early 1970s then during the late
1970s.
Killer whales are still reported occasionally in the Estuary and Gulf of St. Lawrence, but
usually as singletons or pods of only a few individuals (Lawson et al. 2007, Lien et al.
1988, Mitchell and Reeves 1988, Vachon et al. 1988, Vachon et al. 1998, Wenzel and
Sears 1988, GREMM unpubl. archived data, available at www.baleinesendirect.net). It is
unlikely that an entry of any significant number of killer whales into the Estuary would go
undetected, considering the high intensity of whale-watching activity and commercial
traffic during the ice-free period. However, this might not be the case in the Gulf of
St. Lawrence, where sighting effort is concentrated in the northwestern Gulf, with
sporadic efforts in the Strait of Belle Isle area (e.g., Wenzel and Sears 1988).
COSEWIC status (Arctic ocean, Atlantic ocean): Special concern (November 2008).
Threats to this population include hunting in Greenland, acoustical and physical
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disturbance, which will become greater as shipping traffic increases in the Arctic, and
contaminants. This population's small size (fewer than 1000 mature individuals and
likely less than 250) and the species' life history and social attributes justify designation
as Special Concern.
Harbour porpoise (Phocoena phocoena)
The harbour porpoise is widely distributed in temperate coastal waters of the northern
hemisphere (Gaskin 1984, IWC 1996, Mercer 1973, Stenson 2003). In the western
North Atlantic, the species occur from Upernavik, Greenland south to Cape Hatteras,
North Carolina, and its distribution encompasses the Estuary and Gulf of St. Lawrence
(reviewed in Read 1999, see also Béland et al. 1985, Béland et al. 1987, Fontaine et al.
1994a, Gaskin 1984, Gaskin 1992a, Hoek 1992, Larrivée 1996, Laurin 1976, Lavigueur
et al. 1993, Lawson et al. 2004, Lesage et al. 2006, Pippard and Malcolm 1978,
Tournois 2003). Several sub-populations exist in the western Atlantic, but identity and
boundaries remains a matter of debate (reviewed in COSEWIC 2006). Seasonal
migrations of harbour porpoises in the Northwest Atlantic are poorly understood,
although some north-south migrations have been documented in at least some
individuals from the Bay of Fundy/Gulf of Maine (e.g. Rosel et al. 1999, reviewed in
COSEWIC 2006). Porpoises in the Estuary and Gulf of St. Lawrence are suspected to
leave the area during winter due to ice cover. During the ice-free period, they were
qualified as being moderately abundant by Sergeant et al. (1970). Systematic surveys
conducted in 1995 and 1996 estimated at 36 000 to 125 000 the number of harbour
porpoises summering in the Gulf of St. Lawrence (Kingsley and Reeves 1998).
However, the number of porpoises using the Estuary during this period remains
uncertain. COSEWIC status (Atlantic ocean): Special concern (April 2006). Although the
population remains abundant, the particular susceptibility of harbour porpoises to
bycatch in fishing gear represents an incipient threat. Given that, the lack of good
abundance information in some parts of the range and the lack of porpoise bycatch
monitoring and mitigation in many of the relevant fisheries are reasons for concern.
Atlantic white-sided dolphin (Lagenorhynchus acutus)
White-sided dolphins occur in temperate and sub-arctic waters of the northern
hemisphere (Reeves et al. 1998a, Reeves et al. 1999, Sergeant et al. 1980, Sergeant
and Fisher 1957). In the Northwest Atlantic, the species occurs in continental shelf
waters from Greenland, south to at least North Carolina, including the Estuary and Gulf
of St. Lawrence (Gaskin 1992b, Palka et al. 1997, Sergeant et al. 1980). Some
seasonal changes in distribution appear to occur, but overall, migration patterns of
whitesided dolphins are largely unknown (Gaskin 1992b, Palka et al. 1997, Selzer and
Payne 1988, Waring et al. 2007). Skull characters are similar among white-sided
dolphins from throughout the North Atlantic, suggesting a panmictic population (Hill
Mikkelsen and Lund 1994). On the other hand, a three-stock structure was proposed for
white-sided dolphins in the northwest Atlantic on the basis of stranding, sighting, and
incidental take distributions, and on a hiatus of reports between the three regions,
resulting in the following proposed populations: Gulf of Maine, Gulf of St. Lawrence, and
Labrador Sea (Palka et al. 1997).
There is currently no reliable abundance estimate for white-sided dolphins in the North
Atlantic as a whole, or in the Northwest Atlantic, although surveys suggest that they
number in the tens of thousands in the latter region (Reeves et al. 1998a, Waring et al.
2007). A survey conducted in late August 1995 provided an index estimate (not
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corrected for visibility biases) of 12 000 individuals for the Gulf of St. Lawrence, whereas
the next year, only approx. 500 individuals were censused a month earlier, suggesting
large variations in abundance between years and seasons (Kingsley and Reeves 1998).
COSEWIC status (Atlantic ocean): Not at Risk (April 1991). No identified direct threats
to species in Canada at present.
Other species
Some other species are known to occur along the Newfoundland—Labrador coast or on
the Scotian Shelf and could represent rare or sporadic visitors to the Gulf of
St. Lawrence, although there is no or nearly no record of their presence in this region,
even historically. These species included sei whales (Balaenoptera borealis), which
might have been seen off Gaspé during the late 1970s and more recently, in
southwestern Newfoundland (Fortin and Hudon 1978, see also Anonymous 1999a,
COSEWIC 2003a, Mitchell and Chapman 1977, J. Lawson, DFO Newfoundland, unpubl.
data), Blanville's beaked whale (Mesoplodon densirostris) and True's beaked whales
(Mesoplodon mirus) which are known from Cape Breton Island (Allen 1939, Sergeant et
al. 1970, see also Houston 1990), Sowerby's beaked whales (Mesoplondon bidens),
which have occasionally been recorded along the eastern coast of Newfoundland and
which could be attracted sporadically inshore by concentrations of squid (Gowans and
Simard 2004, Sergeant and Fisher 1957), pygmy sperm whales, (Kogia breviceps),
whose occurrence in the Gulf is substantiated by a single stranding on the north shore
(Measures et al. 2004), Atlantic walruses, Odobenus rosmarus, which were extirpated
by exploitation during the 1800s, but which were occasionally reported from the eastern
part of the north shore over the last century, and more recently from the central and
southern Gulf (reviewed in Kingsley 1998b), bearded seals, Erignatus barbatus, which
have been observed very occasionally in the Gulf of St. Lawrence during the 20th
century (Comeau 1945, Gosselin and Boily 1994, Lavigne 1978MS2), ringed seals,
Phoca hispida, whose distribution extended to the north shore into the Estuary and the
Saguenay River until the mid 1960s, and which is now restricted to the northeastern Gulf
to the east of Old Fort (Hannah 1998, Lavigne 1978MS2, M.O. Hammill, DFO, unpubl.
data).

4.6 MARINE BIRDS
From: Gaston et al. 2009
This section treat of seabirds from southern labrador, northern gulf of St. Lawrence and
eastern newfoundland. Seabird trends have been monitored at many colonies in this
zone and historical data are available to a much greater extent than in the Arctic zones.
The numbers of seabirds in the Migratory Bird Sanctuaries on the Quebec North Shore
have been monitored since 1925 and seabird colonies in southeast Newfoundland have
been monitored since the 1950s. More recently, significant, if somewhat sporadic,
population monitoring has been initiated at Gannet Islands, Labrador, at Magdalen
Islands and around Gaspé Peninsula, Quebec. The species most readily monitored, the
Northern Gannet has been counted at most Canadian breeding colonies periodically
since 1972.
4.6.1 Population trends
North American colonies of the Northern Gannet, spread between Bonaventure and
Anticosti islands and Bird Rocks (Gulf of St. Lawrence), to eastern Newfoundland (Funk
and Baccalieu islands and Cape St. Mary’s), have increased rapidly since the 1950s
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(Nettleship and Chapdelaine 1988; Chardine 2000; JFR and JWC unpubl. data), except
for a brief downturn in the Gulf during the early 1970s, probably a result of the effects of
organochlorine pesticides on reproduction (Chapdelaine et al. 1987). The two large
colonies in the Gulf of St. Lawrence expanded at <2%/yr from 1972-1984 and then very
rapidly from 1984-2004 (Bonaventure 4.8%, Bird Rocks 6.5%) with Bird Rocks reaching
the exceptional rate of 11.3%/yr from 1994-1999 (Figure 38). In Newfoundland, the
colony at Funk Island was the most rapidly increasing before 1984 (3.4%), while the
colony at Cape St. Mary’s expanded rapidly from 1984-1999 (6.5%). Although all
Newfoundland colonies expanded rapidly from 1994-1999, all slowed from 1999-2004
with Cape St. Mary’s and Funk Island more or less stable (Figure 38). The rapid
expansion of the Bird Rocks colony after 1999 coincided with the withdrawal of
lighthouse keepers and their domestic animals from the island which precipitated a rapid
expansion of the breeding area from the cliffs surrounding the island to the central
plateau (JFR unpubl. data). Hence breeding site constraint appears to have been an
important factor in determining rate of increase at this colony.
Based on regularly monitoring colonies, patterns of population change for Black-legged
Kittiwakes (Figure 39) and Common Murres (Figure 40) have been similar throughout
the region, with most populations increasing before 1990 and decreasing subsequently,
although the very large colony of murres at Funk Island (not included in Figure 40) has
remained stable (see below; Robertson and Elliot 2002; Chardine et al. 2003; Robertson
et al. 2004; Rail and Cotter 2007; Cotter and Rail 2007; JFR and GJR unpubl. data).
Recent trends (since 2000) for smaller colonies of Black-legged Kittiwakes (100s-1000s
of pairs) in Newfoundland mainly showed increases (Robertson and Elliot 2002; GJR
and P. M. Regular, unpubl. data). However, the small offshore colony of Black-legged
Kittiwakes on Funk Island decreased from about 800 pairs in the 1980s to less than 200
pairs by 2008 (WAM unpubl. data). Small Common Murre colonies in Groswater Bay
(central Labrador) increased between 1978 and 2002 (Robertson et al. 2002a), and
populations on Gull and Great Island, Witless Bay (southeastern Newfoundland) also
approximately doubled between the 1970s and early 2000s (Robertson et al. 2004).
Declines in Black-legged Kittiwake numbers were probably the result of reduced
breeding success in the 1990s (see Regehr and Rodway 1999; Massaro et al. 2000 for
southeast Newfoundland). Other surface feeders such as Herring Gulls (Larus
argentatus) also experienced low breeding success at this time (Rodway and Regehr
1999; JWC unpubl. data) and were partly responsible for the low breeding success of
kittiwakes through high rates of egg and chick predation (Regehr and Montevecchi
1997; Massaro et al. 2000, 2001). This was another result of the cold-water event off
eastern Newfoundland in the early 1990s which affected capelin, the major prey of these
surface-feeding gulls, in several ways (see above). Ultimately water temperatures in the
Northwest Atlantic are related to the state of the North Atlantic Oscillation (NAO). The
NAO index experienced an unprecedented increase from the 1960s through 1990s
(Visbeck et al. 2001). Breeding success of kittiwakes in Witless Bay colonies is
negatively related to the state of the NAO index (Figure 41).
Other species have shown different patterns of population increase, but lack of census
data for the critical period around 1990 prevents assessment of the impacts of that
regime shift. Atlantic Puffins in their largest concentration in Witless Bay, Newfoundland
showed a small decline between 1979-1984 (-0.8%/yr) and then a rapid increase from
1984-1994 at Great Island (3.5%/yr) and between 1984-2003 at Gull Island (8.3%/year;
Robertson et al. 2004). These are extremely high rates of increase for a species that
rears a maximum of one chick annually and does not begin to breed until 4-5 years old,

40

suggesting highly favourable conditions. Methods used in different years may not have
been wholly comparable, so that changes from 1979 to 2003 may have been smaller
than apparent. However, the area of occupation definitely expanded over that period
(Rodway et al. 2003). At Gannet Islands, Labrador, the situation was reversed, with the
population increasing from 1978-1983 (4.9%/yr), then decreasing to 1999 (-1.1% /yr;
Robertson and Elliot 2002). At nearby Groswater Bay, puffin numbers fell by -1.2%/yr
from 1978-2002 (Robertson et al. 2002a).
Razorbills at the Gannet Islands showed the opposite pattern to puffins, decreasing from
1978 to 1983 (-1.3%/yr), then increasing from 1983 to 1999 (3.6%/yr; Robertson and
Elliot 2002). The adult survival of Razorbills at this colony is affected by the temperature
of Labrador Current waters (survival higher when sea temperature is lower) and this will
almost certainly influence population dynamics (Lavers et al. 2008), although a direct
link has not been made to date. Razorbills have been steadily increasing throughout the
Gulf of St. Lawrence for the last 30 years (Chapdelaine et al. 2001; Cotter and Rail
2007; Rail and Cotter 2007; JFR unpubl. data), as well as in the Bay of Fundy (Zone 6,
Ronconi and Wong 2003). Overall, this species appears to have been the most
successful auk over the past three decades.
Trends at Gannet Islands may have been affected by the arrival of Arctic foxes Alopex
lagopus in the 1990s (Birkhead and Nettleship 1995) and by a reduction in persecution
by fishermen which reduced populations in earlier decades (Birkhead 1993). Recovery
following persecution before the advent of the Migratory Birds Conservation Act (1918)
was probably responsible for other increases in seabird populations in this ecozone and
in the Gulf of St. Lawrence, Gulf of Maine and Scotian Shelf during the early part of the
20th century, possibly extending to recent decades. Since 1992 the extent of gill netting
off Newfoundland and Labrador and the North Shore of the Gulf of St. Lawrence has
been drastically reduced and this must have benefitted all diving birds, especially auks
(Piatt and Nettleship 1987, Benjamins et al. 2008). In all, there is little evidence for
adverse trends in any auk populations since the 1970s, apart from a downturn in some
Common Murre colonies, especially in the Gulf of St. Lawrence after 1990. As this was
probably associated with the cold water event of 1990-1991 it seems likely to reverse
now that conditions have ameliorated and especially with the reduction in bycatch
resulting from the cessation of gill-net fisheries over most of the region. In any case,
with only three estimates of population size spanning 34 years at the largest North
American colony, at Funk Island, Newfoundland (1972, 396,000 pairs; 2000, 412,000
pairs; 2006, 435,000 pairs; Chardine et al. 2003; Chardine and Robichaud unpubl. data)
and no estimate of population size since 1973 for the second largest colony at Green
Island, Witless Bay (74,000 pairs in 1973), the overall population trend for this species is
difficult to assess.
4.6.2 Biological indicators
The relationships between timing of breeding of Common Murres, the timing of inshore
arrival of capelin and ocean conditions, show the strong effect of the 1990-1991 cold
water perturbation in the Northwest Atlantic. Using data spanning 1980-2006 at Cape
St. Mary’s, Regular et al. (2008) showed that both murres and capelin delayed
reproduction for two weeks after the 1991 cold water event, but although water
temperatures returned to average within a few years, murres and capelin continued to
breed later throughout the rest of the 1990s. The best predictor of timing of breeding for
murres and of timing of arrival of capelin inshore was the timing of capelin arrival in the
previous year, with ocean temperature having a weaker effect (Regular et al. 2008).
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Although the cues determining these relationships are unknown, this, or similar
relationships, apparently led to a delayed response in both birds and fish to conditions in
the physical environment, as the latter returned to pre-perturbation levels much faster
than the timing of the animals.
Similar signals of delayed responses of forage fishes to sea surface temperatures were
seen in the diets of Northern Gannets at Funk Island (Montevecchi 2007). Gannets are
opportunistic, generalist, multi-prey loading predators with broad diet breadths. In the
1980s, warm water species (squid, mackerel Scomber scombrus and Atlantic saury
Scomberesox saurus) dominated the diet fed to chicks, while cold water species
(capelin, herring Clupea harengus, sandlance, cod Gadus morhua and salmon Salmo
salar) dominated from the cold water event in 1990-1991 until 2004 (Figure 42). The
cold SST perturbation that forced a radical shift in pelagic food webs (Montevecchi and
Myers 1995, 1996; Montevecchi 2007) returned to pre-perturbation levels by the mid1990s, but the warm water pelagic fishes did not return to the region until 2005.
In contrast to the gannets, the very large Common Murre population on Funk Island
specializes on capelin. Throughout the 1990s, the percentage of gravid capelin, capelin
condition, and the energy per capelin delivered to murre chicks decreased (Figure 43).
The decreasing percentage of gravid females was the result of the later spawning of
capelin (Carscadden et al. 2002) and a mismatch with the chick-rearing period of the
murres (Davoren and Montevecchi 2003). Over this decade, the condition of chicks also
decreased significantly. However, this did not affect the size of the breeding population
of Common Murres at Funk Island (see above).
As with the example from murres, water temperatures returned to average conditions by
1996, but the warm water prey species did not return for 14 years. These types of lags
in the biological consequences of physical changes often accompany regime shifts. At
the Gannet Islands, Labrador, seabirds (Common Murres, Atlantic Puffin, Razorbill) fed
their chicks significant amounts of capelin in the early 1980s (Birkhead and Nettleship
1985, 1987), but by the late 1990s capelin was largely absent from the diet (Bryant et al.
1999, Baillie and Jones 2004) and has yet to return (Lavers and Jones 2007).
Leach’s Storm-Petrel, Oceanodroma leucorhoa, which feeds at a lower trophic level
than most other seabirds in the Atlantic (Hedd and Montevecchi 2006), had generally
stable populations in Newfoundland throughout the 1970s to 2000s (Robertson et al.
2002b, 2006). Large colonies (>100,000s of pairs) that were monitored remained stable,
while two smaller colonies, at Middle Lawn and Small islands, declined between the
1980s and 2001, by >10% annually at Small Island. These declines were attributed to
the establishment of nearby large gull colonies in the 1970s, which may have made
these islands less suitable as breeding sites (Robertson et al. 2006). Diets of stormpetrel nestlings in Newfoundland are dominated by fish (>75%; largely mesopelagic
lanternfish, Myctophidae) and crustaceans; their general composition was similar in
1987-1988 and 2003-2006 (Hedd et al. in review). However, crustacean diversity
declined: fewer species of hyperiid amphipods were consumed in 2003-2006 and small
euphausiids Thysannoesa sp. were absent from diets; the later paralleling changes in
spring diets of capelin and winter diets of murre species in the region (see below).
Nesting chronology on Gull Island, Witless Bay 2003-2005 was similar to that reported
for nearby Great Island in 1982 and 1984 (Huntington et al. 1996), suggesting that the
timing of breeding has remained relatively constant across this period. Stable trends in
Leach’s Storm-Petrel populations, diet composition and timing of breeding suggest
favourable feeding conditions in recent decades (Hedd et al. in review).
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Similar changes in food availability for wintering seabirds have been noted, although
data are sparse. In Newfoundland waters, wintering murre diets were largely dominated
by capelin in the 1950s (Tuck 1960). In the 1980s, fish (Arctic cod and capelin) were still
the most important food item for wintering murres, with euphausiids making up a
significant portion of the diet (Elliot et al. 1990). The importance of invertebrates in the
diet increased as the winter progressed (Elliot et al. 1990). By the 1990s, fish was
present in the diet in similar portions, but capelin and Arctic Cod were both less
abundant, and amphipods almost entirely replaced euphausiids as the dominant
invertebrate in the diet (Rowe et al. 2000). Also, the decline in the proportion of fish in
the diet over the winter season was no longer apparent, indicating that birds were
already beginning to rely on invertebrate prey in late fall and early winter (Rowe et al.
2000).

5.0 CONTAMINANTS
From: Dufour and Ouellet (2007)

5.1 CHEMICAL CONTAMINATION
Contaminants present in the marine environment include inorganic compounds that do
not contain carbon and hydrogen, such as metals (mercury, cadmium, lead, etc.), and a
massive range of organic compounds such as organotins (TBT), organochlorines
(PCBs, DDT and metabolites, mirex, toxaphene, dioxins, furans, etc.), polybrominated
hydrocarbons (PBDE), polycyclic aromatic hydrocarbons (PAHs), non–persistent
pesticides (carbamates, triazines, organophosphore), detergent, pharmaceutical
products, and others. Many of the organic contaminants are hydrophobic, which means
that they could be absorbed on particulate matter and be taken up in the food chain.
Some highly persistent organic pollutants are widespread in sediments and organisms.
Metals as mercury accumulate in the biota in their organic form. Information on
contaminants comes generally from studies of sediment or biota, rarely of water or
atmosphere.
Contaminants can have negative effects on the cells and tissues of exposed individuals,
populations, and even entire communities. In fact, some contaminants taken up by an
organism at the base of the food chain can travel up through trophic levels, becoming
progressively more concentrated. The action of contaminants translates into physical
effects, for example, metals act directly on cell membranes. Effects can also be
physiological, as in the case of certain organic compounds, which have a chemical
structure similar to that of hormones and can perturb the functioning of the endocrine,
immune, and reproductive systems. The effects of contaminants also vary according to
the species affected and on the level of contamination in the organism (the toxic load).
For persistent compounds, the toxic load is generally proportional to the degree of
exposure, and the organism’s trophic level, and varies according to individual stage of
development or physiological factors such as metabolism or sex. Some of the
contaminants accumulated in females can be transferred to their eggs, embryos, or
maternal milk.
Different types of toxicity are defined according to exposure. Acute toxicity, which may
cause the loss of vital functions and mortality, is generally associated with a short period
of exposure (from a few hours to a few days) to high concentrations of a chemical
product (Ramade 1979). The acute toxicity of a wide range of toxic components is
relatively easy to measure and often constitutes the only information available to
evaluate the risks associated with a given environmental situation. This knowledge is
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useful, for example, in the case of an accidental spill. Acute exposure to sublethal
concentrations of endocrine disruptive substances at a critical stage of development can
lead to irreversible effects (e.g. Fairchild et al. 1999). Chronic toxicity can be defined as
the sum of effects observed after medium– to long–term exposure to a contaminant.
Longer term toxic effects observed are more insidious e.g. degradation of the general
health of organisms or changes in their life cycle. This type of toxicity, which is much
more common in the natural environment than acute toxicity, is difficult to detect and
recognize.
Various tolerance thresholds have been proposed to establish the level of contamination
or toxicity of a substance within the ecosystem (i.e., in the water column or in the
sediments) as well as in living organisms (i.e., in the tissues of certain organs or in fatty
tissue). Standard thresholds have also been established to determine the safety levels
for human consumption. The concept of tolerance thresholds applies more readily to the
less persistent compounds that present an uninterrupted exposure to the organisms
without accumulating in their tissues.
5.1.1 Sources, transport and distribution
The waters and sediments of the St. Lawrence contain numerous contaminants that
come from a variety of sources. These sources vary according to the type of
contaminant and can be localized or diffused within the system or external to it. The
primary sources of contaminants in the St. Lawrence Estuary and Gulf are their
tributaries, mainly the St. Lawrence and the Saguenay Rivers. Most contaminants come
mainly from the large urban and industrial zones.
The main local sources of contaminants are untreated urban, agricultural and industrial
waste as well as resuspension of sediments, mainly through dredging activities. These
more quantifiable and localized sources are subject to the application of environmental
protection regulations. However, there are also diffuse and unquantifiable pollutants
brought into the system by atmospheric transport (in the form of gases or aerosols) and
by runoff from the St. Lawrence drainage basin, which is impacted by agricultural and
forestry activities.
Except for some pesticides (ex. TBT), persitent organic contaminants are generally not
very soluble in water and the concentrations found in dissolved form are very low.
Hydrophobic contaminants are transported in the ecosystem by suspended particulate
matter onto which they can be attached by sorption3. As with suspended matter,
sediments are their primary sink in the ecosystem. These processes also explain the
greater concentrations of contaminants in the maximum turbidity zone (MTZ) of the
Upper Estuary, the upstream section of the Lower Estuary, and in the inner basin of the
Saguenay Fjord. However, proximity to urban and industrial areas influences the
concentration of contaminants in the sediments of the St. Lawrence. Heavier particles
are deposited close to their source while smaller particles are transported over longer
distances and are deposited in places where the currents are weak. This phenomenon
results in the general contamination of the Estuary and the Gulf. There are also zones
such as the Laurentian Channel and others that are even more contaminated. In shallow
waters, physical phenomena, such as tides, storms and ice movement, and chemical
phenomena, such as precipitation, adsorption of chemical products and the degradation
3

Assimilation of molecules of one substance by a material in a different phase. Adsorption
(sorption on a surface) and absorption (sorption into bulk material) are two types of sorption phenomena.
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of molecules in the sediments, continually redistribute contaminants into the
environment.
Although sediments represent a final sink of contaminants, they can also be absorbed
and accumulated in benthic and other marine organisms. This process is referred to as
bioaccumulation and occurs when an organism cannot metabolize all the load of an
absorbed contaminant. The contaminant then accumulates in fatty tissues if it is an
organic compound or in all tissues in the case of metals. Organic compounds can also
accumulate in other tissues depending on their solubility and the species. These
contaminants are then transferred to organisms at higher trophic levels through
predation and accumulate even more in living tissues. This phenomenon, called
biomagnification, increases the quantity of persistent toxic molecules as they travel from
lower to higher trophic levels, and explains why, in general, higher concentrations of
contaminants are observed in top predators. A case in point is the belugas of the
St. Lawrence, which have high levels of certain contaminants in their tissues.

5.2 METALS
A number of metals are normal constituents in living organisms and some are essential
to biological processes such as photosynthesis and metabolism. They can, however,
become toxic at high concentrations, which is why research on the quality of the aquatic
environment generally pays special attention to their presence.
A large quantity of metals comes from industrial waste and urban effluents, agricultural
activities, and dredging. These contaminants enter the St. Lawrence River directly from
effluents and runoff and indirectly from the atmosphere. Metals present in the sediments
in a bioavailable form can be bioaccumulated in the food web. Their bioavailability is
essentially related to their solubility in water, which is governed by physical–chemical
factors such as pH and the potential for oxidation–reduction (Eh), and the quantity of
organic matter in suspension. As saline water has a higher pH than freshwater, the
metals in the St. Lawrence, its tributaries, and the effluents flowing into them tend to
precipitate when in contact with saline water. This explains why metal concentrations are
generally higher in the Estuary than in the Gulf.
The annual influx of a large number of metals into the St. Lawrence at Québec City was
calculated by Cossa et al. (1997) from data collected in 1995 and 1996. Their results
showed considerable input of mercury and lead, two highly toxic metals. Little is known
of the fate of these metals after passing from the freshwater of the St. Lawrence River
to the brackish and saline waters of the Estuary. There is virtually no data on the metals
present in the waters of the Upper Estuary between Île d’Orléans and the mouth of the
Saguenay. The only data available for total mercury (dissolved and particulate) present
in the waters of the Lower Estuary are those of Gobeil et al. (1983). These data indicate
that concentrations of mercury vary little with depth.
Concentrations of metals in the sediments of the Estuary and the Gulf are better known.
Gobeil (1991) determined the metal content in the sediments of some stations situated
in the Laurentian Channel, between the Lower Estuary and Cabot Strait. He revealed
the presence of concentration gradients of lead, mercury, zinc, and iron (Figure 44). The
higher contamination observed in the upper reaches of the Lower Estuary is explained
by the proximity to a greater number of sources of metals. As mentioned previously,
contaminants in general have a tendency to accumulate close to their source and
concentrations decrease according to distance from that source. The phenomenon was
observed on a smaller scale in Baie des Anglais, one of the best known sources of other
contaminants, situated on the north shore of the Estuary (Lee et al. 1999).
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Gobeil et al. (1997) analysed the concentration of mercury, lead and cadmium in various
tissues of fish and crustaceans taken in the Saguenay Fjord, the estuary and the
northeast of the gulf of St. Lawrence. They observed the highest concentrations in the
Saguenay Fjord. In other sites of the St. Lawrence river, concentrations observed in the
liver, muscle tissues and gonades were weak and below Canadian norms for human
consumption (0.5 mg kg-1 humid weight). However, metal concentration in the liver of
fish, hepatopancreas of crustaceans (Rouleau et al. 2001) and gonads of fish and
crustaceans were higher than those found in muscle tissues.
In 2001, concentrations of cadmium (Cd) in whole scallop cultured on the north shore of
the St. Lawrence Estuary exceeded the European guideline for the protection of human
health (2 g Cd·g-1 wet weight, now revised to 1 g Cd·g-1 wet weight). In 2002 to 2004,
mean concentrations of Cd in whole wild scallop (Placopecten magellanicus and
Chlamys islandica) collected on the North shore of the St. Lawrence Estuary were also
higher than 1 g Cd·g-1 wet weight. Concentrations of Cd were greater in Platopecten
then in Chlamys with a greater proportion of Cd accumulated in the hepatopancreas in
Platopecten. On the north shore of the St. Lawrence Estuary, most of the cadmium is
from natural sources, originating from the natural rocks and transported in the rivers to
the Estuary. The environmental factors promoting its accumulation in scallops and the
pathways of transfer of cadmium in the food chain are under investigation (Guillemart
2006).
Concentrations of cadmium were recently found to be 10-20 times higher in the
amphipod (Themisto libellula) compared to krill. In the early 2000s, changes in
oceanographic conditions favored a marked increase in the biomass of Themisto
libellula, a cold water species which then became more abundant than krill. The impact
of these changes on exposure and risk of impacts for predators such as whales or fish
are under investigation.
Kennedy and Benson’s work (1993) on mussels along the Newfoundland coast revealed
a slight metal contamination. Nevertheless, the levels observed are within Canadian
standards for human consumption. Arnac and Lassus (1985) determined metal content
in the liver and muscle tissue of smelt sampled on the north shore of the St. Lawrence
Estuary. The concentrations were relatively low in the muscle tissues. In most of the
samples, concentrations of cadmium and lead were lower than the detection threshold.
Levels of metals in the liver and gonads were higher, particularly those of copper and
zinc. These concentrations point to a low level of metal contamination of this species at
the beginning of the 1980s. However, it is impossible to determine the potential effects
of this contamination on the population and to evaluate the risks of chronic toxicity.
In the Saguenay River in the early 1970s, concentrations of mercury in northern shrimp,
Pandalus borealis, were 20 times higher than the Canadian Guideline for contaminants
in fish and fish products (0.5 µg.g-1 wet weight). These observations led to the closure
of the shrimp fishery in this area. The main source of mercury was a chloralkali plant
closed in 1976. Since then, mercury concentrations have decreased in shrimp (Cossa
1990).
In the Saguenay Fjord, there is a concern for possible effects of mercury and other
metals in predators such as whales. Mercury is potentially immunotoxic4, genotoxic5
4

Toxic effects on the functioning of the immune system that result from exposure to chemical
substances.
5
Damaging to DNA: pertaining to agents (radiation or chemical substances) known to damage
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and neurotoxic6. The effects of in vitro exposure of beluga whale splenocytes7 and
thymocytes8 to different concentrations of mercury chloride were evaluated. The
concentrations of total mercury measured in the liver of adult St. Lawrence beluga
whales were higher than those that were found to alter the proliferation of beluga whale
splenocytes and thymocytes (De Guise et al. 1996). The micronucleus assay was used
to test the genotoxic potential of mercury compounds in skin fibroblasts9 of a beluga
whale. Significant increases in micronuclei frequency were found at low concentrations
of methylmercury (MeHg, 0.05 and 0.5 mg/ml) that are believed to be comparable to
concentrations present in the tissues of certain beluga whales (Gauthier et al. 1998).
Mance (1987) and Sorensen (1991) reviewed the various effects of acute and
sometimes chronic toxicity on marine organisms, indicating that crustaceans and fish
are sensitive to high concentrations of metals in water. This sensitivity varies according
to species and stage of development. Certain metals, such as lead and cadmium, have
effects on membrane and muscle structures, causing bone and hematological
abnormalities in fish.
At an upstream site of the Saguenay Fjord (Baie Éternité) contaminated with heavy
metals (Hg, Pb, Zn, Cu), softshell clams (Mya arenaria) had lower condition and a
delayed gonad maturation compared to a reference sites (Anse St Étienne and Moulin à
Baudes) further downstream (Blaise et al. 2002, Gauthier-Clerc et al. 2002). Further
studies are needed to identify the source of contamination and to demonstrate causeeffect relationship.
In a more recent and exhaustive study, Gobeil et al. (1997) determined concentrations
of mercury, lead, and cadmium in various tissues of fish and crustaceans in the
Saguenay Fjord, the Estuary, and the northeast Gulf of St. Lawrence. The highest levels
were observed in the Saguenay Fjord. In other places in the St. Lawrence River,
concentrations observed in the liver, muscle tissues, and gonads were low and within
Canadian standards for human consumption (0.5 mg kg–1, wet weight). However, metal
levels in the liver of fish, the hepatopancreas of crustaceans (Rouleau et al. 2001), and
the gonads of fish and crustaceans were higher than those found in muscle tissues.

5.3 PCBS AND OTHER ORGANOCHLORINE CONTAMINANTS
Unlike metals, organochlorine contaminants are not found naturally in the environment.
Their production and use on an industrial scale date from the 1930s and 40s. They are
known for their thermal stability, their resistance to oxidation, and their dielectric
properties. By the 1970s, the production and use of a number of these compounds had
been limited and even prohibited in Canada. Despite these measures, these
compounds, which are resistant to biodegradation, are still found in the environment.
These compounds belong to a group of persistent organic pollutants (POP) that are the
subject of the Stockholm Agreement, ratified by Canada in 2001 and implemented in
2006. They can be bioaccumulated by marine organisms and are found at every level of
the food chain.

DNA, thereby causing mutations or cancer.
6
Having a toxic effect on the nervous system.
7
Monocytes (type of white blood cell) characteristically found in the splenic tissue.
8
Lymphocytes (type of white blood cell) arising in the thymus.
9
A connective tissue cell
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PCBs (polychlorinated biphenyls) include a range of compounds with the same basic
structure but with different combinations of chlorine atoms. There are 209 possible
combinations, called “congeners”. Among the congeners, some can adopt a coplanary
conformation and are recognized to be chiefly toxic. The production and use of PCBs is
now restricted in Canada. DDT (dichlorodiphenyltrichloroethane), a pesticide used in the
agriculture and forestry industies, was prohibited in Canada in 1985. PCDD/F are mainly
the by–products of incomplete combustion of urban and industrial wastes containing
organochlorine compounds. They are found in the effluents of some pulp and paper
mills that use chlorine as a bleaching agent. The quantity of PCDD/F released by these
mills has decreased by almost 100% since 1988. Toxaphene is a very complex mixture
of chlorine compounds that was used in the United States as a wide–spectrum pesticide
to replace DDT. It was banned by several countries, including Canada, at the beginning
of the 1980s because of its toxicity. However, toxaphene is one of the most abundant
organochlorine pesticides in biota from Great Lakes, western Canada lakes, the
Canadian Arctic, and the St. Lawrence Estuary in eastern Canada (Gouteux et al. 2003).
Aerial transport appears to be the most likely pathway for the introduction of toxaphene
to Canada.
Some compounds present in the Estuary and the Gulf come mainly from the Great
Lakes (Cossa 1990, Comba et al. 1993, Lebeuf and Nunes 2005). Other sources are
industrial effluents, atmospheric emissions, and diffuse sources. Data on the
contamination of sediments and the water column by organochlorines and pesticides are
insufficient to build a global image of the contamination in the Estuary and Gulf of
St. Lawrence. Research is concentrated more on contamination by PCBs, whose
presence in the sediments of the entire St. Lawrence ecosystem was confirmed by
Couillard (1982). Gobeil and Lebeuf (1992) determined the total PCB concentrations
present in the sediments from three locations in the Lower Estuary. The concentrations
observed at the three stations are below the threshold established by the Ontario
Ministry of the Environment and Energy (Belles–Isles and Savard 2000). Gobeil and
Lebeuf (1992) also estimated that the average rate of PCB accumulation over the years
1980 to 1990 was 450 kg per year in the entire estuary. From data gathered in 1995–
1996, Cossa et al. (1997) calculated the annual influx of PCBs (21 congeners) at the
level of Québec City. They determined that the quantity of dissolved PCBs in the water
entering the Estuary was 54.3 kg per year and the quantity of PCBs adsorbed onto
particulate matter in suspension was 124.6 kg per year. Works of Lebeuf and Nunes
(2005) confirmed these estimations and reported a cumulative charge of PCB in the
Lower St. Lawrence estuary sediments in the order of 8.7 metric tons. Besides, the data
indicate a probable decrease of PCB input into the Estuary in the last decades.
The most contaminated zones are generally those situated close to sources, for
example, industrial and urban zones. There are several PCB–contaminated sites in the
Estuary and Gulf of St. Lawrence. Baie des Anglais is one well documented case.
Lacroix et al. (2001) found that the concentration of PCBs (sum of 20 congeners) in the
contaminated sediments of the Baie was 1500 ng g-1 while in the beach sand, the
levels were 13.6 ng g–1 dry weight. In the surface sediments of the Baie, Lee et al.
(1999) measured PCB coplanar concentrations of 81.2 ng g–1 of dry sediment, which
decreased with distance from the source down to 7.8 ng g–1 of dry sediment.
Lebeuf et al. (1999) determined the levels of PCBs (20 congeners) in the muscle and
liver tissues of three species of groundfish in the Estuary and the northeast Gulf of
St. Lawrence. The results are within the Canadian standards for consumption of marine
products but indicate that fish living in the Estuary have much higher levels of
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contamination than those living in the northeast Gulf. The effects of the concentrations
observed on the health of these organisms remain unknown. Note that PCB levels in
liver and muscle tissue are higher than those of DDT, HCB, and mirex.
In high-latitude fish species, a marked seasonal cycle in energy reserves increases
vulnerability to persistent contaminants. As fat is mobilized from the storage tissues, the
body distribution of contaminants changes and their concentration in target tissues
increases leading to an increased risk of toxicity. For example, in large-sized emaciated
Atlantic tomcod (Microgadus tomcod) sampled in spring in the St. Lawrence Estuary,
hepatic PCB concentrations increased as lipid contents decreased and high PCB
concentrations were related to suppression of the activity of a liver–CYP1A enzyme,
suggestive of an hepatocellular injury. Suppression of CYP1A activity was not observed
in large-sized tomcod from two less contaminated estuaries (the Miramichi and
Restigouche estuaries, NB), also sampled in spring and having similar low hepatic lipid
content but lower PCB concentrations. Further studies are needed to evaluate if
hepatocellular injury is associated with impacts on growth, survival, and/or reproduction
of the St. Lawrence Estuary tomcod population (Couillard et al. 2004, Couillard et al.
2005). PCBs are endocrine disruptive substances and may affect immune functions and
reproduction and induce oxidative stress.
Contamination with organochlorine contaminants has been incriminated as a potential
cause for the recruitment failure observed in the St. Lawrence American eel (Anguilla
rostrata) population in the 1980s. As a top predator, eels living in the Lake
Ontario/St. Lawrence River accumulated high concentration of dioxin-like compounds
including coplanar PCBs, PCDD/F. This group of toxic compounds acts via similar toxic
mechanisms and the toxic potential of a mixture of these contaminants can be assessed
(Walker and Peterson 1991). In a 1990 survey of migrating silver eel caught in the
St. Lawrence estuary, the range of organochlorinated compounds in eel carcasses
were: total PCBs (0.61-2.1 µg/g), chlorinated pesticides (0.23-0.70 µg/g – mostly DDT),
and mirex (0.006-0.086 µg/g) (Hodson et al. 1994). Concentrations of PCD and PCDD/F
were higher than 110 pg/g TEQ. Predicted concentrations in eel eggs would exceed the
dose lethal for 100% of trout fries (80 pg/g) (Walker and Peterson 1991), and would
cause a major deficit in population-wide recruitment, assuming that eels are as sensitive
as lake trout.
Belugas are present year–round in the Estuary and Gulf of St. Lawrence. These animals
that have a diversified alimentation feed on fish and occupy a high trophic level. Their
lifespan can be 80 years. The composition and concentrations of contaminants found in
belugas can therefore give us an idea of the state of their environment. This is apparent
in the results of a comparative analysis between animals from the Canadian Arctic and
the St. Lawrence Estuary. The St. Lawrence beluga population has organochlorine
concentrations much higher than those observed in the Arctic population (Muir et al.
1990). The contamination level of their diet can possibly explain the difference. Although
a recent study showed a decrease of PCD and many other organochlorine compounds
in the fat of St. Lawrence belugas between 1987 and 2002 (Lebeuf et al. 2007), there is
a concern that organochlorines could induce endocrine disruption in beluga whales,
promote neoplasia or contribute to immune dysfunction (Béland et al. 1993, De Guise et
al. 1995 and 1998). Hermaphrodism was observed in stranded beluga whale and is
indicative of possible endocrine disruption (DeGuise et al. 1994b). Besides, impaired
immune function was observed in rodents fed with blubber of the St. Lawrence Estuary
beluga whales (Lapierre et al. 1999, Fournier et al. 2000).
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Brochu et al. (1995) studied dioxin (PCDD) and furan (PCDF) contamination in the
sediments and biota of two sites in the Lower Estuary: a test site at Baie des Milles
Vaches and an industrialized site, Baie des Anglais. Their results indicated low levels of
sediment contamination by the two compounds. Higher concentrations were found
deeper in the sediments than at the surface (1–2 cm), which indicates a decrease in
recent inputs of these two types of compounds in the environment. At both sites, whelks,
shrimp, and snow crabs were sampled and their total PCDD and PCDF contents were
determined. For the two sites and the two groups of compounds, concentrations found
in crabs were higher than in the two other species, but concentrations in all three
species were low. Altered immune function and contamination of liver tissue with PCBs
was observed in American plaice (Hippoglossoides platessoides) exposed during 3month to contaminated sediment collected in Baie des Anglais (Lacroix et al. 2001).

5.4 POLYCYCLIC AROMATIC HYDROCARBONS (PAHS)
PAHs are chemical contaminants that come from natural sources, such as forest fires,
or anthropogenic sources, such as aluminum smelters, petroleum and fuel oils and
creosote–treated products. Not very soluble in water, PAHs are transported by
particulate matter in suspension and are stored in sediments. They are persistent in the
St. Lawrence waters. Hundred of PAH types are present in the environment. Sixteen of
them are included in the Priority Substances List (PSL1) identified in the Canadian
Environmental Protection Act (CEPA).
There is little data on the PAH compounds present in the water column and in surface
sediments. The only data available was gathered by Antonio Curtosi (Université du
Québec à Rimouski, unpublished data) during sampling carried out in 2002–2003.
Concentrations of PAHs in surface sediments observed at stations in the Estuary were
higher than those observed in the Gulf, at Pointe–des–Monts, and in the Anticosti
sector. This trend was reversed when we consider the results obtained from matter in
suspension: PAH concentrations observed at the Pointe–des–Monts and Anticosti
stations were higher than those of the stations in the Estuary (Figure 45). The
concentrations remained below values that could cause toxic effects. However, it should
be noted that even if the total PAHs value is lower than that of the minimal effect level, it
does not mean that all the individual PAHs have concentrations below the threshold
effect level. From data collected in 1995–1996, Cossa et al. (1997) calculated the
annual influx of total PAHs (16 compounds) in the Estuary at the level of Québec City to
be 2.2 t of dissolved PAHs and 8.2 t of PAHs adsorbed onto suspended particulate
matter.
The effects of PAHs on marine organisms in the Estuary and Gulf of St. Lawrence are
not very well known. Pelletier et al. (1999) determined the PAH concentrations in various
tissues of groundfish and crustaceans. Besides, PAH concentrations are below the
detection limits in the muscle tissue of cod, Canadian plaice, thorny skate, and black
turbot in the Estuary and the Gulf. However, the livers of black turbot in the Estuary and
the Gulf are slightly contaminated by benzo[a]anthracene (mean concentration of
approximately 8 µg kg–1 wet weight). Also, slight contamination by benzo[a]pyrene was
observed in the hepatopancreas of snow crabs captured in the Estuary and analyses of
the muscle tissues of northern shrimp in the Estuary and Gulf have revealed
fluoranthene, pyrene, benzo[a]anthracene, and phenanthrene.
The low contamination observed in these organisms can be explained by their efficiency
in degrading these chemical compounds. Fish are particularly efficient in metabolizing
these contaminants. Unlike invertebrates, vertebrates have a group of enzymes that
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enable them to eliminate a number of chemical molecules, including hydrocarbons. This
is also the case for marine mammals. The metabolism of genotoxic PAHs by
cytochrome P4501A enzymes generates electrophilic metabolites which bind DNA and
causes the formation of DNA adducts. DNA adducts may lead to mutation and to cancer
(French et al. 1996).
PAHs have effects on the survival, growth, and reproduction of both invertebrate and
vertebrate organisms. They may cause the digestive system tumours observed in some
belugas stranded along the St. Lawrence (DeGuise et al. 1994a, Martineau et al. 2002)
and the pre–neoplastic lesions observed in the liver of some American eels migrating in
the St. Lawrence estuary (Couillard et al. 1997). Exposure to PAHs during development
in fish embryos can cause serious abnormalities in the form of malformations
(teratogenic effects) and mutations (genotoxic effects) (Couillard 2002).
In 1991, two times higher concentrations of metabolites of PAH in the bile and five times
higher concentration of bulky DNA adducts in the liver were found in the St. Lawrence
Estuary tomcod collected on their breeding grounds in the Batiscan River (QC)
compared to Miramichi Estuary tomcod (Wirgin et al. 1994). In contrast, in 2001,
tomcods from the St. Lawrence Estuary had similar concentrations of PAH metabolites
in the bile and only 1.5 times higher concentrations of DNA adducts in the liver
compared to Miramichi Estuary tomcod. Aluminum smelters located on the shore of the
St. Lawrence Estuary have been identified as a major source of PAHs and have
considerably reduced their emissions of PAHs since 1988 (Couillard et al. 2005).
Martineau et al. (2002) proposed that one important source of exposure of beluga
whales could be the ingestion of PAH contaminated benthic preys such as polychetes.
Recently, the toxicity associated with ingestion of polychetes (Nereis sp.) collected in the
beluga whale habitat was assessed using the fish, Fundulus heteroclitus as a predator.
Preliminary results indicate that Nereis collected at different sites in the St. Lawrence
beluga whale habitat contain a complex mixture of bio-available chemicals (including
PAHs and PCBs) which can cause induction of CYP1A in predators ingesting them and
potentially other toxic effects (Couillard et al. 2007).

5.5 ORGANOMETALLIC COMPOUNDS
Organometallic compounds form a relatively little–known family that can be
differentiated by the presence of a metal–carbon bond. Tin and mercury form stable
organometallic compounds in the marine environment. Tributyltin (TBT) and its
metabolites dibutyltin (DBT) and monobutyltin (MBT) are given particular consideration
here. TBT is a powerful biocide with a very wide range of applications. It is especially
used in anti–fouling paints to reduce the attachment of algae and invertebrates onto the
hulls of ships. In the St. Lawrence Gulf and Estuary, its presence is mainly due to
leaching from boat hulls. Urban sewage represents a major source of DBT, an anti–
oxidant agent produced through the degradation of plastics. The highest concentrations
of butyltins have been found in ports and commercial shipping anchorage areas
(Maguire 1992).
A regulation adopted in Canada in 1989 stipulates that only vessels over 25 metres and
small aluminium boats may use TBT–based antifouling paints. However, contamination
of harbors and areas with high shipping activities is still occurring due to ongoing use of
TBT on large vessels and to persistence of TBT in sediments and marine biota. Despite
regulations, ecotoxicologically relevant contamination of marine ecosystems is
persisting, particularly in sediments (Fent 2006).
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There is little data published on levels of TBT in the water column and sediments of the
Estuary and Gulf of St. Lawrence. Mamelona and Pelletier (2003) observed
concentrations of 9.7 to 13.8 ng Sn l–1 at Les Méchins on the south shore of the Lower
Estuary. There is a large shipyard and a dry dock located in this area. Concentrations of
5 ng Sn l–1 have also been observed in the region of Rimouski close to marinas. These
results seem low given the proximity to potential sources of TBT.
A recent study (2003) carried out by Michaud and Pelletier (2006) resulted in the first
data on TBT in the sediments of the Estuary and Gulf. The data reveal contamination of
sediments in the Laurentian Channel that is 10 to 20 times lower than what has been
observed at other sites closer to the shores of the Estuary and Gulf.
Saint–Louis et al. (1997) observed generalized contamination of sediments in the Lower
Estuary with total concentrations varying from <1 to 410 ng Sn g–1 (dry weight) at Les
Méchins, Baie–Comeau, Rimouski Est, Parc National du Bic, and Gros–Cacouna.
Sediments and mussels from Les Méchins were the most highly contaminated, with
mean TBT concentrations of 4012 ng Sn g–1 in the sediments and 10637 ng Sn g–1
(dry weight) in the mussels.
Pelletier and Normandeau (1997) observed concentrations of butyltins below
50 ng Sn g–1 (dry weight) in mussel tissues from sites between Bic and Gaspé. All
along the south shore of the Estuary, mussels are exposed to low concentrations of
butyltins, the main compound being DBT. Viglino et al. (2006) reported 890-993 ng Sn
g-1 (dry weight) in bivalves compared 86-239 ng g-1 (dry weight) in burrowing dwelling
organisms in the Saguenay Fjord. At the same site, the Acadian redfish (Sebastes
fasciatus) feeding preferentially on shrimp and small crustaceans rich in TBT had a
contamination level about three times higher than eelpout (Licodes vahlii) feeding on
burrowing species.
As effective biocides, TBT and its derivatives are also toxic to marine organisms and
can damage certain organs and hormonal systems. A few hundredths of a nannogram
of TBT per litre of water is enough to cause acute toxicity in invertebrate species and
plankton and a few milligrams per litre causes an acute toxic reaction in fish. Chronic
toxic effects in the form of tissue damage have been observed at concentrations below
1 ng Sn l–1 (Fent 1996). Neurotoxic, embryotoxic, hepatotoxic, and immunotoxic effects
have also been observed in fish (Fent 1996 and 2006). Recently, androgenic effects of
TBT have been reported in fish. Exposure of early life stage of zebrafish (Danio rerio) to
environmental levels of TBT (1 ng Sn l-1) causes masculinisation (male biased sex ratio)
and irreversible sperm damage (McAllister and Kime 2004). A large variety of
organisms, in particular early life stages, are susceptible to low TBT concentrations and
bioaccumulation leads to significant exposure of marine biota including marine
mammals (Fent 2006). However, the effects of TBT on bivalves are more documented.
In bivalves, slowed growth, disruptions to reproduction, and an interference with the
ability of oysters to secrete calcium carbonate have been observed (Smith 1981). The
most well–known and most spectacular toxic effect is a sexual mutation called imposex,
which is observed in gastropods. For example, concentrations of TBT in the tissues of
whelks have been correlated with the masculinization of females, meaning the
development of male sexual characteristics which impede normal reproduction of the
species.
Prouse and Ellis’s (1997) work reveals a high frequency of imposex in female whelks in
the Gulf and Les Méchins (St. Lawrence Estuary). Imposex was observed at 13 of the
34 sites examined. Moreover, in Sydney (NS), all female whelks with concentrations of
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74 ng Sn g–1 (wet weight) presented the effects of imposex. Imposex was also
observed in whelk collected at two sites located in the Baie des Ha! Ha!: at Port Alfred
and at the mouth of the Baie des Ha! Ha! where 53% and 13% of the whelk were
affected respectively (Viglino et al. 2006).
Saint–Louis et al. (2000) and Saint–Jean et al. (1999) studied concentrations of TBT,
DBT, and MBT in surface sediments and mussels from four sites in the southwest
region of the Gulf. The Shediac site was the most highly contaminated. The absence of
mussels at this site could be related to the high concentrations of contaminants in the
sediments, which may have caused death or inhibited the development of larvae. At
other sites, concentrations observed in mussels are between 5 and 671 ng Sn g–1 (dry
weight). Mussels sampled at the Shediac, Miramichi, Summerside, Pictou, and Cardigan
sites have contamination levels that range from moderate to high.
Gagné et al. (2003) reported 109±18 ng Sn g-1 (dry weight) in gonads of softshell clams
collected in baie Ste Catherine, an intertidal harbour located at the mouth of the
Sagueny fjord in the St. Lawrence Estuary. The sex ratio in clams was significantly
skewed toward males at this site compared to a control site, Moulin à Baude. Moreover,
females collected in Baie Ste Catherine had lower condition and gonadosomatic indices,
vitellin-like proteins in their gonads and lower capacity to production of estradiol from
their gonad (Gagné et al. 2003 and 2006). Delayed gametogenesis and low
progesterone levels was observed in clams collected in Rimouski harbour, located in the
St. Lawrence estuary and contaminated with TBT, compared to a reference site, Anse à
l’Orignal (Siah et al. 2003).
TBT contamination was observed in the livers of St. Lawrence belugas (Saint–Louis et
al. 2000). Total concentrations of TBT varied from 54 ng Sn g–1 (dry weight) in a five–
year–old female to 2085 ng Sn g–1 (dry weight) in a 21–year–old female. The authors
also demonstrated that TBT contamination in beluga remained stable in beluga between
1988 and 1998. TBT and DBT also affect immune function in bivalve molluscs. For
example, laboratory bioassays revealed dose-dependent changes in cell membrane
injury, phagocytic activity, lysosomal retention, and haemocyte count in blue mussels
(Mytilus edulis) exposed to very low environmentally realistic concentrations of TBT or
DBT (1 ng Sn l-1, St-Jean et al. 1999, 2002a and b). These changes were associated
with a reduced ability to clear a foreign bacterium and thus, exposure to butyltins could
increase incidence of infectious diseases.

5.6 NEW CONTAMINANTS
Today, particular molecules used for industrial purposes have physical–chemical
characteristics and structures very similar to those of compounds (such as PCBs) that
have been prohibited for many years. Exposure to these chemical molecules, whose
properties and concentrations in the environment are still practically unknown, poses
potential unknown hazards to marine life.
A case in point is that of polybrominated compounds that are used as flame retardants
in clothing, carpets, and sofas, and which have a multitude of other domestic and
industrial uses. Recent work (Law et al. 2003, Lebeuf et al. 2004a) has revealed that
polybrominated diphenyl ether (PBDE) levels in beluga blubber have increased
considerably between 1988 and 1999. PBDEs cause thyroid dysfunction, neurological
defects, and neurobehavioural toxicity in fish (Timme-Laragy et al. 2006). Safe (1984)
demonstrated that the potential toxic action of these molecules could be similar to those
of PCBs but that their solubility in water is much lower, which could reduce their
consequences. PBDE has the potential to interact with PCBs. Lebeuf et al. (2006) have
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shown that induction of metabolic activities in tomcod injected intraperitoneally (IP) with
PCB126 affected the pattern of bioaccumulation of polybrominated compounds and
potentially their toxicity to fish.
Sometimes, attention and analytical effort is concentrated only on a chemical “mother”
molecule, when in fact it can be metabolized and some of the metabolites are more
bioavailable. For example, the principal metabolites of DDT degradation are DDD
(dichloro-diphenyl-dichloro-ethane)
and
DDE
(1,1-dichloro-2,2-bis(4chlorophenyl)ethene), which today are the dominant types of DDT compounds present
in marine mammals. However, we know little about their properties in the marine
environment. Another example is that of the PAH metabolites, which have been
analyzed very little in the organisms of the Estuary and the Gulf although some
researchers believe that they are carcinogenic to belugas. Besides, PCB and
polybrominated compounds metabolites have recently been reported in St. Lawrence
beluga whales at higher levels than in Arctic beluga whales (McKinney et al. 2006).
There are also other non–chemical contaminant sources that can cause harmful effects
to marine organisms in the St. Lawrence that have not been mentioned in this report
due to a lack of available data. These sources include:
1) urban waste, which contains other types of organic molecules (such as
pharmaceuticals, estrogens and hormones) and which can affect the life cycle of all
marine organisms. Furthermore, urban wastes introduce pathogenic bacteria, viruses,
and parasites, whose behaviour in the marine environment is almost completely
unknown;
2) agricultural wastes, which contain large quantities of organic matter, nitrates, and
phosphates as well as some pesticides and herbicides that have not yet been clearly
identified in the marine environment. In addition, this type of contamination is not very
well documented.
In July and August 2002, concentrations of « new » pesticides were measured in the
water of 8 freshwater tributaries located on the south shore of the St. Lawrence Estuary,
from St. Roch-des-Aulnaies to Pointe-au-Père. Nine pesticides were detected at low
concentrations (<1.7 µg l-1). The highest concentrations of pesticides (Dicamba,
Mecoprop, MCPA, 2,4-D et 2,4-DB) were found at Trois Pistoles and Pointe-au-Père.
Atrazine was detected at Isle-Verte and Kamouraska at levels up to 0.16 µg l-1. In 2003,
water from 4 sampling sites, Isle-Verte, Trois Pistoles, Bic and Pointe-au-Père were
sampled on 10 occasions between May and September. Eight pesticides were detected
at low frequency with peak concentrations generally found in early July. The most
frequently detected pesticides were simazine, metolachlore and 2,4-D while atrazine
was not detected at any of the sites. Only carbofuran was detected at the control site
(Bic). Water concentrations were below the current chronic toxicity guidelines for the
protection of aquatic organisms (Lebeuf et al. 2004b).
In the North Atlantic, short-term exposure of young Atlantic salmon (Salmo salar) to
endocrine disrupting substances in their natal freshwater environments later lead to
detectable effects on their growth and survival at the time of their migration to saltwater.
Fairchild et al. (1999) noted a relationship between aerial spraying with Matacil in the
forests of Atlantic Canada and subsequent returns of salmon between 1975 and 1985.
This problem was associated to a solvent used in the pesticide formula, 4-nonylphenol
(4-NP) which is an endocrine disruptive compound. Two 24-h pulse-exposures to 4-NP
during the late stage of smoltification induced experimentally an increased proportion of
salmon showing poor growth during the first 5 months in seawater (Fairchild et al. 2002).
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Other toxic chemicals including the widely used herbicide atrazine have been recently
shown to cause delayed impact on the capacity of Atlantic salmon to adapt to seawater
(Waring and Moore 2004). Fortin et al. (2007) have shown that a short term exposure to
environmentally realistic concentrations of atrazine affected osmotic control in
mummichog (Fundulus heteroclitus) larvae with possible effects on buoyancy, survival
and recruitment.

KEY HIGHLIGHTS
Physical and Chemical environment
The trend between 1985 and 2008 in the sea-surface temperature record averaged from
May to November over the area of the Gulf of St. Lawrence is one of warming by about
2ºC.
The deep waters of the Estuary were briefly hypoxic in the early 1960s and have
consistently been hypoxic at about 19-21% saturation since 1984. However, monitoring
activities carried out in the Estuary off Rimouski since 2003 reveal no further
degradation in oxygen levels in deep waters of the St. Lawrence Estuary.
Sea level has been rising in the Northumberland Strait throughout the Holocene or
approximately the last 10 000 years. However, there is a pivot point for crustal
subsidence in the southern Gulf of St. Lawrence and the water level relative to the coast
is actually decreasing in the northern part of the Gulf.
The pH of the oceans has been relatively constant for more than 20 million years but is
now changing very quickly. In the Estuary and Gulf of St. Lawrence, recent findings
reveal a marked decrease of pH in bottom hypoxic waters.

Phytoplankton
There has been a general decrease of diatoms/dinoflagellates and diatoms/flagellates
ratios (indicator of environmental changes) in the Lower St. Lawrence Estuary since
1997.

Zooplankton
Although a strong reduction of its abundance occure actually, the presence of the arctic
hyperiid amphipod Themisto libellula in the EGSL waters since the early 1990s
represents one major event that characterized the interannual variations of the
macrozooplankton community structure and abundance in the Lower St. Lawrence
Estuary and the Northwest Gulf of St. Lawrence over the last 15 years (1994–2008).

Fish and Macroinvertebrates
Estuary and Northern gulf of St. Lawrence
Data from research surveys showed that there was no significant difference in mean fish
abundance and biomass between the Estuary and the northern Gulf from 1990 to 2008.
Research surveys also showed that there was no significant difference in the mean
macroinvertebrate biomass on average between the Estuary and the northern Gulf, but
there was a general increasing trend in both regions from 1990 to 2005.
In the northern Gulf, the ecosystem structure shifted dramatically from one dominated
by demersal fish (cod, redfish) and small-bodied forage pelagic species (e.g., capelin,
mackerel, herring and shrimp) to one dominated only by small-bodied forage species.
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Southern gulf of St. Lawrence
Trends in marine fish species abundance over 40 years of monitoring have largely been
size dependent. Large-bodied species such as Atlantic cod, white hake and American
plaice have generally declined whereas smaller-bodied taxa including sculpins and
shannies have increased in abundance.
The biomass of shrimp (close to 20 species of decapod shrimp) has increased
continually since the early 1980s, and at an accelerated rate starting in the early 1990s.
Furthermore, the biomass of numerous other invertebrate taxa (including Jellyfish), has
also generally increased since the late 1980s.
The abundance of large mature males snow crab (Chionoecetes opilio), the exclusive
target of the fishery, increased in abundance from 1988 to the mid 1990s, but have
since declined to relatively low levels. Furthermore, mature females have declined
nearly four-fold since 1990, reaching in recent years the lowest levels observed.

Marine mammals
Harp seal (Phoca groenlandica) is the most abundant pinniped in Atlantic Canada with
an estimated population of 5,8 million animals, of which approximately one third are
produced in the Gulf.
Grey seal (Halichoerus grypus) represent the second most abundant pinniped species in
the Gulf of St. Lawrence, with an estimated 52 000 individuals entering the Gulf to
reproduce in 2004, or approximately 20% of the total population of the Northwest
Atlantic, based on pup counts in whelping areas.
Harbour seal (Phoca vitulina concolor): Although total population size and its relative
distribution remain highly uncertain, the St. Lawrence might support approximately
4000–5000 seals or a third of the total population in Atlantic Canada, of which
approximately 75–80% would occur in the Gulf of St. Lawrence.
Beluga whale (Delphinapterus leucas) of the St. Lawrence: according to repeated
systematic surveys, the St. Lawrence beluga whale population has been stable since
1988 at approximately 1 000–1 200 individuals.
Blue whale (Balaenoptera musculus) appear to form a single population in the
Northwest Atlantic, although the distribution range of this population and existence of
others in the North Atlantic are not entirely resolved. There exists no recent estimates of
abundance for blue whales in the northwest Atlantic, but it was felt unlikely by
COSEWIC that more than a few hundreds of individuals remained in this population.
The Estuary and northwestern Gulf of St. Lawrence yielded the largest number of recent
reports for this species, with 20 to 105 positively identified individuals per year.
Fin whale (Balaenoptera physalus) likely constitute several stocks in the North Atlantic,
but their exact number and range remain unresolved. The species would number in the
low thousands in eastern U.S. and Nova Scotia (point estimate of approximately 2 800
individuals, between 4 000 and 8 000 in Newfoundland and Labrador and in the low
hundreds in the Gulf of St. Lawrence.
Harbour porpoise (Phocoena phocoena): systematic surveys conducted in 1995 and
1996 estimated at 36 000 to 125 000 the number of harbour porpoises summering in the
Gulf of St. Lawrence. However, the number of porpoises using the Estuary during this
period remains uncertain.
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Marine birds
The two large colonies of Northern Gannet (Morus bassanus, formerly Sula bassana) in
the Gulf of St. Lawrence expanded at <2%/yr from 1972-1984 and then very rapidly
from 1984 to 2004 (Bonaventure 4.8%, Bird Rocks 6.5%) with Bird Rocks reaching the
exceptional rate of 11.3%/yr from 1994-1999.
Patterns of population change for Black-legged Kittiwakes (Rissa tridactyla) and
Common Murres (Uria aalge) have been very similar for the Estuary and Gulf of
St. Lawrence and Newfoundland ecozones, with populations increasing rapidly before
1990 and decreasing subsequently. However, recent trends (2000-) for smaller colonies
(100s-1000s of pairs) in Newfoundland and Labrador mainly show increases.

Contaminants
Metal concentrations are generally higher in the Estuary than in the Gulf but highest
concentrations were found in the Saguenay river.
Level of PCB in the Estuary is decreasing.
The quantity of PCDD/F released by the pulp and paper mills has decreased by almost
100% since 1988. However, toxaphene is one of the most abundant organochlorine
pesticides in biota from Great Lakes, western Canada lakes, the Canadian Arctic and
the St. Lawrence Estuary in eastern Canada.
Concentrations of TBT seems low in the Estuary given the proximity to potential sources
of TBT.
PBDE levels have probably increased considerably between 1988 and 1999 in the
St. Lawrence Estuary.

Coastal zone
The coastal zone is exposed to a wide variety of human pressures and uses that
pose a significant threat to its ecological integrity and sustainability.
EMERGING ISSUES
Influx of species through and from the Arctic have unknown consequences. A major
change in the composition of macrozooplankton in the Gulf of St. Lawrence occurred in
the early 1990s with the arrival of the arctic hyperiid amphipod T. libellula, and recently
other species as well (i.e. N. seminae, A. pseudognonyaulax, and P. rhatynum). T.
libellula was absent prior to the 1990s except for a few juvenile individuals occasionally
observed in the northeast GSL near of the Strait of Belle Isle. However, surveys carried
out annually since the beginning of the 1990s have shown that T. libellula has become
an abundant, full-time resident of this ecozone. This species was more abundant on the
Labrador Shelf in the 1990s than the 1980s and likely increased its geographical
distribution with the influx of Labrador Shelf water into the GSL.
In addition, five small euphausiid species have also increased their abundance in the
GSL since the mid-1990s. This widespread phenomenon is probably related to different
physical and/or biological factors such as local air temperatures, winds, and currents.
Changes in community structure of primary producers is an indicator of coastal
eutrophication and water column stratification. There has been a general decrease of
diatoms/dinoflagellates and diatoms/flagellates ratios in the Lower St. Lawrence estuary
since 1997. Such changes can be attributable to large-scale factors, such as the
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observed rise in precipitations and fresh water, temperatures, and nutrient inputs.
Consequences of this recent shift in the phytoplankton community in the Estuary and
north-western Gulf of St. Lawrence ecosystem remain to be determined. However, it is
well know, that dinoflagellates and flagellates are prominent in less productive
ecosystem.
Changes in zooplankton may impact higher trophic levels. Variations in the interannual
abundance and community structure of a variety of macrozooplankton have occurred in
the last 15 years, including declines in krill (Meganyctiphanes norvegica) abundance.
Krill abundance has been reduced in the southern Gulf since 1987 and seems to reflect
a general phenomenon that extends along all costal zones in Atlantic Canada. The
abundance and production of zooplankton have a major influence on the survival of
ichthyoplankton and the recruitment of a variety of fish species.
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FIGURES

Figure 1. Map of the Gulf of St. Lawrence illustrating the most prominent bathymetric features.
Bathymetric grid provided by the Canadian Hydrographic Service (300-m resolution).
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Figure 2. Depth profiles of temperature and salinity typically observed during the summer in the
Gulf of St. Lawrence. Profiles are averages of observations in August 2007 in the northern Gulf.
The cold intermediate layer (CIL) is defined here as the part of the water column colder than 1°C,
although some authors use a different temperature threshold. The dashed line at left shows a
winter temperature profile measured in March 2008, with near–freezing temperatures in the top 75
m.

Figure 3. Sea surface temperature seasonal cycle in the Gulf of St. Lawrence. NOAA AVHRR
temperature weekly averages for the years 1985 to 2008 are shown from May to November (icefree months) for the entire Gulf (thick black line), the warmer Magdalen Shallows (black line) and
the cooler St. Lawrence Estuary (grey line). Thermosalinograph (TSG) data averages for the
years 2000 to 2008 are shown for the head of the Laurentian Channel (69.5°W, red line) and
averaged over the Gulf along the main shipping routes between 66°W and 59°W (blue line).
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Figure 4. Sea-surface temperature average 1985-2008 climatology for the week of August 8th14th, the warmest week of the year on average. Based on NOAA AVHRR 1-km resolution
imagery.

Figure 5. Sea-surface and air temperature records for the Gulf of St. Lawrence. SST averages for
the Gulf of St. Lawrence from May to November, from 1 km2 resolution NOAA AVHRR imagery,
are available since 1985 (blue line) and show a 2ºC warming trend between a cooler and a
warmer period centered around 1993. The series is well correlated with the average air
temperature at nine stations selected around the Gulf available since 1945 (green line), with air
temperature data from Charlottetown available from three stations since 1873, and with air
temperature data from Pointe-au-Père collected since 1876.
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Figure 6. Maximum annual ice volume, winter cold water volume and August-September cold
intermediate layer volume. Ice volume (1999-2009) is estimated from CIS numerical ice charts
(green line). Winter cold water (< -1°C) volume estimated from an annual survey (1996-2009)
conducted in March (blue line). Cold intermediate layer (< 1°C) volume for August and September
estimated using all available temperature samples for those months.

Figure 7. Winter cold water volume, yearly maximum ice volume, cold intermediate layer index
and winter air temperatures in the Gulf of St. Lawrence. Ice volume (1999-2009) is estimated from
CIS numerical ice charts (green line). Note that scales for ice and cold water volume are reversed
to coincide with temperature scales. Winter cold water (< -1°C) volume is estimated from an
annual survey (1996-2009) in March (blue line). The Gilbert & Pettigrew (1997) CIL index is
defined as the mean of the CIL minimum core temperatures observed between 1 May and 30
September of each year, adjusted to 15 July (red line). Air temperatures are averages for January
to March at nine selected stations around the Gulf available since 1945 (black line), average
January to March temperature data from Charlottetown, available from 3 stations since 1873, with
the same corrections applied as for the annual averages above, and average January to March
temperature data from Pointe-au-Père, available since 1876.
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Figure 8. Layer-averaged temperature (top panel) and salinity (middle panel) time series for the
Gulf of St. Lawrence, and (lower panel) dissolved oxygen saturation and temperature between
295 m and the bottom in the deep central basin of the St. Lawrence Estuary. The temperature and
salinity panels show the 150 m, 200 m and 300 m depth averages over the entire Gulf and the
horizontal lines are 1971-2000 averages. The horizontal line in the oxygen panel at 30%
saturation marks the threshold of hypoxic conditions. Adapted from Galbraith et al. 2009.

Figure 9. Water level anomaly observed at Charlottetown. The rate of the observed rise is 32.6
cm per 100 years.
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Figure 10. Evolution of pH between 200 and 320 m-depth in the Lower St. Lawrence (Starr et al.,
unpublished data).
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Deep-sea coral

Figure 11. Organisms that could be impacted by ocean acidification.
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Figure 12. Position of transects, fixed stations, real-time buoys, coastal thermosalinographs under
the AZMP and harmful algae monitoring stations in the Estuary and Gulf of St. Lawrence.
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Figure 13. Mean integrated (surface to 50 m) chlorophyll a concentrations at Station Rimouski in
the Lower St. Lawrence Estuary from May to August, 1992-2008.
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Figure 14. Seasonal and inter-annual variability in surface chlorophyll a (mg m-3) derived from
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SeaWIFS satellite images for different regions of the Gulf of St. Lawrence, 1998 to 2008.
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Figure 15. Time series of ratios diatoms/dinoflagellates (A) and diatoms/flagellates (B) and
abundance of dinoflagellates (C), flagellates (D) and diatoms (E) at Station Rimouski, 1997-2008.

96

2010

Photo: Lyse Bérard Therriault, Maurice Lamontagne Institute

Photo : Michel Starr, Maurice Lamontagne Institute

Figure 16. Light microscope images of the Pacific diatom Neodenticula seminae confirming its
introduction in the Estuary and Gulf of St. Lawrence.

Alexandrium tamarense

Figure 17. Bloom of the toxic alga Alexandrium tamarense (known as a “red tide”) in the
St. Lawrence Estuary, off Sainte-Flavie, on August 15, 2008.
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Figure 18. Pictures of bird and mammal carcasses found on the shores of the St. Lawrence
Estuary during the red tide in August 2008.
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Figure 19. Mean (± 95%) zooplankton biomass (ww g/m2; top centre and right) and abundance
(ind/m2; all others) of the seven AZMP sections sampled in June and November 2000–2008.
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Figure 20. Mean abundance (±SE) of the most important species of macrozooplankton in the
Lower St. Lawrence Estuary and the northwest Gulf of St. Lawrence from 1994 to 2008. The
numbers within the individual graphs are average values for the periods delineated by the vertical
dashed lines.

100

2

5000
4000

16
14

3000

12
10

2000

8
6

1000

4
2

0

3

Abundance / Abondance (ind. / m )

18

1999 - 2005 R 2 =0.65
1999 - 2008 R 2 =0.33

Water volume / Volume d'eau (km )

20

0
1994

1996

1995

1998
1997

2000

1999

2002
2001

2004
2003

2006

2005

2008
2007

Year / Année

Figure 21. Relationship between the annual volumes of Labrador Shelf water advected into the
Gulf of St. Lawrence in winter (symbols) and the annual mean abundance of the hyperiid
amphipod Themisto libellula (bars) in the Lower St. Lawrence Estuary and northwest Gulf of
St. Lawrence from 1994 to 2008.
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Figure 22. Mean fish abundance (A) and biomass (B) in the Estuary and northern Gulf of
St. Lawrence. Standard deviations are shown. Overall mean and SD are presented in
parentheses.
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Figure 23. Total abundance of main fish species in the Estuary (A) and the northern Gulf of
St. Lawrence (B). Overall contribution percentages are presented in parentheses.
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Figure 24. Total biomass of main fish species in the Estuary (A) and the northern Gulf of
St. Lawrence (B). Overall contribution percentages are presented in parentheses.
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Figure 25. Mean invertebrate biomass in the Estuary and the northern Gulf of St. Lawrence during
the Needler 1990-2005 series (A) and the Teleost 2004-2008 series (B). Standard deviations are
shown. Overall mean and SD are presented in parentheses. The Needler survey in 2004 was
incomplete.
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Figure 26 Total biomass of main macroinvertebrate species in the Estuary during the Needler
1990-2005 series (A) and the Teleost 2004-2008 series (B). Overall contribution percentages are
presented in parentheses. The Needler survey in 2004 was incomplete.
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Figure 27. Total biomass of main macroinvertebrate species in the northern Gulf of St. Lawrence
during the Needler 1990-2005 series (A) and the Teleost 2004-2008 series (B). Overall
contribution percentages are presented in parentheses. The Needler survey in 2004 was
incomplete.
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Figure 28. a) Spawning stock biomass of cod and the two herring spawning stock components in
the southern Gulf of St. Lawrence (LeBlanc et al. 2009, Swain et al. 2009b). b) Standardized
anomalies of biomass indices for six demersal fish species from the annual bottom-trawl survey.
In order to combine the time series for species with differing survey biomasses, standardized
anomalies were calculated for each species as the individual annual biomass values minus the
series mean biomass, divided by the series standard deviation.
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Figure 29. Main panel: Southern Gulf of St. Lawrence cod fishing mortality by gear type. Mobile
gear includes otter trawls and seines (Danish and Scottish) and fixed gear includes principally
groundfish gillnets, bottom-set longlines and handlines. Inset panel: total fishing effort for mobile
gear (1000 hours) and fixed gear (100 trips). Because cod is the principal groundfish species
fished, trends in fishing mortality provide an index for fishing effort in NAFO division 4T.
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Figure 30. Standardized anomalies for the mean number of fish per tow in each of five trophic
groups from the southern Gulf of St. Lawrence annual bottom-trawl survey. See caption in Figure
28 for definition of anomalies.
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Figure 31. Mean number of fish per tow in each of four length-classes from the southern Gulf of
St. Lawrence annual bottom-trawl survey. Note that the index for the >60 cm category has been
multiplied by 10 for enhanced presentation clarity.
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Figure 32. Trends in length-at-age for southern Gulf of St. Lawrence cod, American plaice and
white hake.
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Figure 33. Instantaneous rates of natural (i.e., non-fishing) mortality (mean ± approximate 95%
confidence interval) for southern Gulf cod (ages 3+ years; Swain et al. 2009b), adult winter skate
(Swain et al. 2009a) and adult white hake (ages 5-7 years; H. Benoît, manuscript in prep.). For
cod and winter skate, natural mortality was estimated for blocks of years, indicated by the
horizontal lines. For white hake, natural mortality was estimated over a 7-year moving window.
The 1971-1979 value for cod was assumed at 0.2 in the population model. Note that the values
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for white hake are presented on a separate y-axis for enhanced presentation clarity.
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Figure 34. Trends in the anomalies of recruitment rate indices (number of recruits per kg of the
spawning stock biomass that produced them) for five demersal fishes and the two herring
spawning components in the southern Gulf of St. Lawrence.
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Figure 35. (a) Nominal fishing effort (trap-days) in the southern Gulf snow crab fishery, 19712007. (b) Number (± 95% confidence interval) of mature female and commercial-size male (≥95
mm carapace width) southern Gulf snow crabs, 1988-2008.
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Figure 36. Biomass indices for the main invertebrates captured in the annual multi-species
bottom-trawl survey of the southern Gulf of St. Lawrence. In order to combine into a few plots the
time series for taxa with differing survey biomasses, standardized anomalies for each taxon were
calculated as the individual annual biomass values minus the series mean biomass, divided by
the series standard deviation.
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Figure 37. Biomass of the northern shortfin squid (Illex illecebrosus) in the annual multi-species
bottom-trawl survey of the southern Gulf of St. Lawrence
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Figure 38. Trends in Northern Gannets at colonies in the Gulf of St. Lawrence and off eastern
Newfoundland since 1972 (source: Nettleship and Chapdelaine 1988, JFR and JWC, unpubl.
data).
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Figure 39. Changes in numbers of breeding Black-legged Kittiwakes at colonies in Gulf of
St. Lawrence and Newfoundland and Labrador (CAFF Seabird Working Group and JFR unpubl.
data).
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Figure 40. Changes in numbers of breeding Common Murres at colonies in Gulf of St. Lawrence
and Newfoundland and Labrador (CAFF Seabird Working Group unpubl. data).
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Figure 41. The relationship between Black-legged Kittiwake breeding success at the Witless Bay
islands, Newfoundland and the state of the North Atlantic Oscillation. Breeding success is from
Maunder and Threlfall (1972), J. Porter (pers. comm.), and JWC and GJR unpubl. data from 1990
onwards. Estimates are based on surveys of a large number of nests (1000s) on Gull and Great
Islands just before chick fledging took place (GJR and JWC unpubl. data). NAO index data is from
the
Climate
Research
Unit
(CRU),
University
of
East
Anglia
(http://www.cru.uea.ac.uk/cru/data/nao.htm).
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Figure 42. Prey landings by Northern Gannets at Funk Island, Newfoundland, 1977-2008. Prey
are categorized as either warm (mackerel, Atlantic saury, short-finned squid) or cold-water
(capelin, herring, Atlantic salmon, sandlance, cod) prey (Montevecchi 2007) and WAM unpubl.).
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Figure 43. Condition of capelin delivered to Common Murre chicks on Funk Island during the
1990s (from (Davoren & Montevecchi, 2003)): a) percent gravid, b) female condition, c) energy
per fish and d) corresponding chick condition.
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Figure 44. Contaminants “hot spots” in the Gulf of St. Lawrence. From Gobeil and Lebeuf (1992).

Figure 45. Total PAH in suspended particulate matter (SPM) and surface sediments (SED)
observed at four stations and concentrations (ng Sn g–1, dry sediment) of butyltins (TBT, DBT,
MBT) in surface sediments of the Lower Estuary and Gulf of St. Lawrence. From Antonio Curtosi,
UQAR, Rimouski, QC.
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