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ABSTRACT

Dufour, R., and Ouellet, P. 2007. Estuary and @tulst. Lawrence marine ecosystem overview
and assessment report. Can. Tech. Rep. Fish. AgciaR744E: vii + 112 p.

The report’s main objective is to provide a degorgpoverview of the components, structure and
functioning of the Estuary and Gulf of St. Lawreneeosystem as well as a preliminary

evaluation of the main pressures exerted by huroawvitees at the ecosystem level. In doing so,

the report identifies species/populations and geaphucal areas, including marine coastal areas,
that are either significant at the ecosystem leared/or of concern regarding the threat and
impacts of human pressure on the Estuary and G@f.d.awrence ecosystem.

RESUME

Dufour, R., et Ouellet, P. 2007. Rapport d'apertwd'évaluation de I'écosystéme marin de
I'estuaire et du golfe du Saint-Laurent. Rapp. .team. sci. halieut. aquat. 2744F : vii +
123 p.

L’objectif principal de ce rapport est de décricemsnairement les composants, la structure et le
fonctionnement de I'écosystéeme de I'estuaire egaolfe du Saint—Laurent ainsi que de fournir
une évaluation préliminaire des principales pressigu’exercent les activités humaines a
I'échelle de I'écosysteme. Pour ce faire, le rappmentionne les espéces et les populations ainsi
gue les zones geéographiques, y compris les zontgsrad marines, qui sont importantes a
I'échelle de I'écosystéme et/ou préoccupantes @onmade la menace et des impacts que la
pression humaine occasionne pour I'écosystemeedtubBiire et du golfe du Saint—Laurent.



1.0 INTRODUCTION

The Estuary and Gulf of St. Lawrence represent ohdhe largest and most productive
estuarine/marine ecosystems in Canada and in tHd.\Wiith a drainage basin that includes the
Great Lakes, the St. Lawrence marine ecosystenvesceore than half of the freshwater inputs
from the Atlantic Coast of North America. The Estuand Gulf of St. Lawrence (EGSL)
ecosystem is also strongly influenced by oceandinthte variability in the North Atlantic, of
both Arctic (Labrador Current) and tropical (Gutf&am) origin. As a result, the EGSL exhibits
large spatial and temporal variations in environtakoonditions and oceanographic processes.
This unique setting provides the conditions for ighly diverse and productive biological
community and trophic structure.

The St. Lawrence marine ecosystem is exposed tma wvariety of human pressures and uses
that pose significant threats to its integrity aswbtainable use. In addition, The EGSL is
intensively used for fisheries and navigation, ipatarly as a major transportation route to the
interior of the continent. Furthermore, it is fagian ever—increasing demand from mariculture
activities. Coastal development and recreational (scluding marine mammal observation)
also represent significant activities in the EG§ktem. In addition, several land—based human
activities are occurring at a high rate along ti&SE shores and in coastal and upstream rivers
and tributaries, including industrial and municipalivities, agriculture, and river damming (for
water level control and hydropower), all of whidifieat freshwater, nutrient, organic matter and
contaminant inputs to the ecosystem. Ultimatelpbgl processes such as climate change and
long—-range transport of contaminants also contibiat the human pressure on the EGSL
ecosystem.

Because of this wide variety of human use and presshe Estuary and Gulf of St. Lawrence
was one of the first marine ecosystems in Canaddetorecognized as a Large Ocean
Management Area (LOMA) that required action by tBevernment of Canada under the
recently implemente@®ceans Acto ensure the sustainable development of its hunsas. In
2000, the Gulf of St. Lawrence Integrated Managen@&®OSLIM) project was thus initiated
under the leadership of the Oceans sector of DRQuUIE 1). This initiative would provide the
overarching management structure that would goaéirimtegrated Coastal Zone Management
(ICZM) plans that are to be developed at regiormad ¢ocal scales within the ecosystem,
including the establishment of Marine Protecteda&réMPA).

To support the development of a management planhfrEstuary and Gulf of St. Lawrence
ecosystem, the Oceans sectors of the Québec, @GailNaewfoundland and Labrador regions of
DFO initiated the preparation of an ecosystem stegport in 2001, with the collaboration of key
internal and external scientists. A peer-review e@sducted by the Science Sector of DFO in
January 2005. The content and structure of therrepere reviewed and information gaps were
identified.

In February 2005, with the reading of its federatipet, the Government of Canada announced
the implementation of the Oceans Action Plan (OAPalso approved the pursuant funding of
the first phase, which was spread over two yeatkiaduded the preparation of Ecosystem
Overview and Assessment Reports (EOAR) for fiveineaecosystems in Canada, including the
EGSL. In July 2005, a Coordinating Committee wasmnied with representatives from the
Oceans and Science sectors of Québec, Gulf, and iglons as well as from the National
Capital Region (NCR). This committee promotes closttaboration between all sectors and



regions involved in meeting requirements of OAP deh& for the EGSL ecosystem. This
collaboration was particularly critical for the GOSI initiative since the responsibility for the
preparation and finalization of the EOAR under ORRase | had to be transferred from the
Oceans sector to the Science sector.

As such, the present document is drawn mainly fileendraft EOAR for the Estuary and Gulf of
St. Lawrence ecosystem that was prepared by tharScgector in the three regions mentioned
earlier, and also includes contributions from stifenexperts in the three regions. These persons
are: D. Alexander, T. Anderson, J. Brennan, G. DapbG. Devigne, J. Lawson, C. Mullins, J.
O’Brien, L. Park and D. Sooley from the Newfoundlamnd Labrador Region; H. Benoit, G.
Chaput, M. Chiasson, G.A. Chouinard, L. Curriesrenette, T. Hurlbut, C. Leblanc, J. Legault,
R. Maclsaac, R. Morin, C. Morry and D.P. Swain frtme Gulf Region; M. Bourgeois, A.—M.
Cabana, S. Mark, 1. McQuinn, R. Methot, P. Nelé, Ringuette, A. Robillard and F. Saucier
from the Québec Region; and S. Guittard, G. Pomied D. Vecei from the National Capital
Region.

2.0 PHYSICAL AND CHEMICAL SYSTEM

2.1 PHYSICAL ENVIRONMENT

2.1.1 Geomorphologic structure and characteristics

The Gulf of St. Lawrence (GSL) is a semi—enclos&al sovering an area of about 2400° km?

and containing 3553 kinof water, that opens to the Atlantic Ocean throtigh Cabot Strait
(104 km wide and 480 m in depth) and the StraiBelle Isle (16 km wide and 60 m in depth)
(Figure 1). The Lower St. Lawrence Estuary is geltyincluded in the broad definition of the
Gulf of St. Lawrence. The most prominent featurehef Gulf of St. Lawrence is a long and
continuous trough, the Laurentian Channel thatverd@00 m in depth and extends some
1250 km from the continental shelf to the Estudmyo other deep channels branch off from the
Laurentian Channel: the Esquiman Channel extendsirtb the Strait of Belle Isle and the
Anticosti Channel extends into Jacques CartieritSt@th of Anticosti Island (Figure 1). By
contrast, the southern portion of the Gulf is aenéghd shallow plateau (average depth ca. 80 m).
These geological features influence the circulatmixing and characteristics of water masses.
For example, the deep waters of the St. Lawrentar éiom the Atlantic through the Laurentian
Channel and are advected by estuarine circulabwrards the channel head, at the Saguenay
River mouth, where strong mixing occurs with nearfexce waters.

In addition, the St. Lawrence River has the fourtkelargest drainage basin in the world,
encompassing an area of 1 344 00G lith a mean annual discharge of 10 908 Trat Québec
City (Bourgault and Koutitonsky 1999). The totad$hwater runoff from the St. Lawrence River,
the Saguenay River, rivers along the north sharé,smaller contributions from the south shore
govern the mean (estuarine) circulation in the @tbt. Lawrence.

2.1.2 Descriptive physical oceanography

Over the deep (>~150 m) areas, the water columharGulf of St. Lawrence consists of three
distinct layers: the surface layer, the cold intedmte layer (CIL) and the deeper water layer. In
winter, the surface layer merge with the CIL artdv@—layer vertical structure dominates (Figure
2).
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Figure 1. Map of the Gulf of St. Lawrence illustraing the Gulf of St. Lawrence integrated
management project area and the most prominent bagmetric features. Isobaths of 100
and 200 m are shown inside the Gulf.

At the surface, vernal warming, sea—ice melt watansgl continental runoff produce a new low—
salinity and higher—temperature surface layer egdr. This layer flows toward the Atlantic
Ocean and is partly mixed into deeper waters duiafigand winter. During winter, the surface
layer thickens partly because of buoyancy lossl@gaand reduced runoff) but mostly from
wind—driven mixing and sea—ice formation durind &aid winter (Galbraith 2006). The surface
winter layer extends to an average depth of 75 dhugmto 150 m in places at the end of March
(intruding waters from the Labrador Shelf at thealbtof Belle Isle may extend to the bottom
past 200 m in Mecatina Trough) and exhibit tempeest near freezing (—1.8 t8@) (Galbraith
2006). During spring, this cold water is trappedobethe new summer surface layer and is
partly isolated from the atmosphere. It then becokm®wn as the summer Cold Intermediate
Layer (CIL). This layer will persist until the nestinter, gradually warming up and deepening
during summer (Gilbert and Pettigrew 1997) and miapedly during the fall as vertical mixing
intensifies.

The sources of winter waters are local formatiot advection of Labrador Shelf waters through
the Strait of Belle Isle (Lauzier and Bailey 199anks 1966, Petrie et al. 1998). A lower
boundary for the fraction of Labrador Shelf wateras found to be 3 to 30% (1996—-2005),
where the range is associated with inter—annuahhidity (Galbraith 2006). The intrusion of
Labrador Shelf water affects on the productivityd aspecies diversity in the Gulf of St.
Lawrence by transporting nutrient—rich water ar@hgton species of Arctic origin (see sections



2.2.3 and 3.1).

The deeper layer below the CIL originates at th&amee of the Laurentian Channel and
circulates towards the heads of the LaurentianjcAsti and Esquiman channels. These waters
have temperatures between 2 af@ énd salinities between 32.5 and 35. Inter—deczuaiges

in the temperature of these waters are relatedhé¢ovarying proportion of Labrador Current
water and slope water (McLellan 1957, Lauzier anite$ 1958). These waters travel from Cabot
Strait to the Estuary in roughly two years or more.
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Figure 2. Typical depth profile of temperature, sahity and density observed during the
summer in the Gulf of St. Lawrence. The cold interrediate layer (CIL) is defined as the
part of the water column that is colder than 1°C. he dot—dashed line at left show a
schematic winter temperature profile, with near—freezing temperatures in the top 70 m.

Sea ice
When sea ice is produced, salt is released baoktlt water column through brine rejection,
which increases the salinity and thus the dendityh® surface layers. In the regions where this
occurs (see below), free convection can lead tanthéng of the water column over 100 m in
depth, contributing to the formation of the winteurface mixed layer of the Gulf of St.
Lawrence. Winter convection is an important drigéprimary production for the entire Gulf by



bringing nutrients (e.g., nitrates) to the surfaélcat will support the phytoplankton bloom the
next spring.

Sea ice is initially produced in December in théuBsy, the northwestern Gulf of St. Lawrence,
along the north shore, and along the southeastelfinoGSt. Lawrence coast. Sea ice also forms
early in the southern Gulf of St. Lawrence, whére shallow depths limit the heat content that
can be stored in the water column during summespite of the warm water temperatures.
Finally, sea ice is produced along the north shevbere wind-driven upwelling events
efficiently remove the heat from the water columhiles pushing the ice away from the shore,
sometimes promoting the creation of coastal ledudebruary, sea ice production becomes
important throughout the western and northeasteuh @ St. Lawrence. Sea—ice formed in the
western Gulf of St. Lawrence drifts southeast andumulates in the southern Gulf of St.
Lawrence. By mid—February the ice cover increasgbér in the southern Gulf of St. Lawrence
and may begin to exit Cabot Strait. Sea ice magrehe Gulf of St. Lawrence through the Strait
of Belle Isle from early on in the season, and ma&pergs may drift inside the Gulf of St.
Lawrence during spring. The head of the Lauren@thannel remains ice—free most of the winter
(Galbraith et al. 2002, Saucier et al. 2003).

The year—to—year freeze—up and break—up datesnalxenum extent of the sea—ice cover, and
the mean thickness vary greatly. Air temperaturtésmajor predictor for the amount of sea ice
that will be produced in the Gulf of St. Lawren@éus, much of the interannual variability may
be attributed to the large—scale atmospheric atmr. In the context of global warming,
climate models suggest that the Gulf of St. Laweendl become ice free throughout the year in
less than half a century. Observations made owepd#st decades do not support this prediction,
with sea—ice conditions getting more severe in Gudf of St. Lawrence (Parkingson 2000).
Conditions since the mid 1990s have generally Imedgh but it is yet too early to associate this
change with global warming.

2.1.3 Dynamic physical oceanography in the Estuargnd Gulf of St. Lawrence

2.1.4 Forcing

Forcing can be separated into atmospheric, ocesmicces, and runoff. Atmospheric forcing
includes winds and atmospheric pressure, radiataresfer (e.g., solar heating) at the surface of
the ocean, precipitation, and moisture and gasangds at the sea surface. Oceanic forcing
includes the effects of variations in the oceanrrba open boundaries of the Gulf of St.
Lawrence, including sea level variations, curreaty] the properties of sea water moving into
the Gulf of St. Lawrence.

Atmospheric forcing

Atmospheric forcing, along with the ice conditiomger the Gulf of St. Lawrence, defines the
exchanges of heat, freshwater momentum, and gabeanir—-sea boundary. Near—surface
atmospheric variables play different and interactioles in these cycles. Winds are important in
moving the surface waters and for estimating thesibée heat transfer across the lower
atmospheric layer. Cloud cover is the primary factontrolling the year—to—year variations in
vernal warming. Air temperature directly controlsasice formation. Evaporation depends on
humidity, sea—surface temperature, and winds. €haporation along with precipitation (rain
and snow) is related to significant seasonal changehe surface salinity of the Gulf of St.




Lawrence.

Koutitonsky and Bugden (1991) discuss how the pwsibf a storm track influences wind
direction over the Gulf of St. Lawrence. The préwgi tracks in summer suggest that summer
storms propagate in a southwest—to—northeast winectorth and west of the Gulf of St.
Lawrence (southwesterlies) or in a south—to—nortaction east of the Gulf of St. Lawrence
(southerlies). The prevailing directions in wintenggest that the winter storms pass in a
southwest—to—northeast direction north and easteofSulf of St. Lawrence (northwesterlies) or
a higher north west—to—east direction (westerlies).

It has recently become possible to estimate theosireric circulation with relatively high
accuracy over the Gulf of St. Lawrence using higkelution atmospheric models (Maillot et al.
1997, Coté et al. 1997a, b). Pellerin et al. (20)pled a high—resolution (4 km) atmospheric
model to an interactive ice—ocean model and deraiest that the detailed ice—ocean conditions
over the Gulf of St. Lawrence significantly moditye weather over the Gulf of St. Lawrence
and the eastern Canadian seaboard. Faucher 20@#)(and Gachon et al. (2002) also showed
that the ice conditions in the Gulf of St. Lawremeedify wind strength, air temperature, and the
cloud cover.

The atmosphere—ocean heat flux exhibits a stroagosal cycle with large sensitive heat lost in
the fall and winter and radiative heating in springd summer. The monthly averaged
differences in the heat flux among regions of théf @f St. Lawrence, controlled by the local
stratification and sources of mixing, are generalfylarge as the seasonal variations (Saucier et
al. 2003). Surface warming begins in April and disugaches a maximum in August (Galbraith
et al. 2002). Recent studies show that a 20% changeud cover during the April-July period
could change the surface mixed—layer temperaturé tiy 2C until fall (Saucier et al. 2003).
The direction of heat flux changes in mid—Septendsethe air becomes colder than the sea—
surface temperature and incident radiation decsedsdate—fall and early—winter, a few strong
wind events control the seasonal mean heat logséb#tie ice cover forms and therefore have a
strong effect on sea ice growth in the months tlmfio The monthly mean heat flux reaches a
maximum in January, after which the ice cover anatification at depth greatly reduce the heat
flux.

Oceanic forcing

The Gulf of St. Lawrence is affected by changetha Atlantic Ocean because the oceanic and
shelf waters moving close to the bounding straats enter the Gulf. The Tides and other waves
produced in the ocean can also propagate into theoESt. Lawrence through the open straits.

These waves produce sea—level and current osaiikathat provide an important and continuous
source of mixing for the water masses therein.

The waters from the surface to 100-150 m that etht@ugh the Strait of Belle Isle and the
waters that enter through Cabot Strait are the saner shelf waters that flow southward on the
Newfoundland Shelf. Below 150 m in depth, the sloysers enter the Gulf of St. Lawrence
through the mouth of the Laurentian Channel atcthr@inental shelf break (Lauzier and Trites
1958, Bugden 1991). These waters are mixtures bfador Current waters, waters from the
mid—Atlantic Bight, and waters from the Gulf Streahine long—term changes in the properties
of slope and shelf waters may explain a greatifvacif the interannual and longer term changes
in the Gulf of St. Lawrence’s deep waters (Bugd@a1). One possible cause is the long—term




sea—surface height, which is affected by decadale-suscillations associated with the dynamic
height of the slope waters (Petrie and Drinkwa&93). Han et al. (2002) recently documented
large—scale sub—decadal variations in sea levelgatbe Newfoudland and Scotian shelves,
which he related to the position of the Gulf Streamad the circulation in the Labrador Sea. It is
not yet clear how these large—scale and long—téianges in sea level may affect the circulation
into the Gulf of St. Lawrence.

Several components of astronomical tides are pextlutthe Atlantic Ocean and propagate into
the Gulf of St. Lawrence through the open straitke tides are of mixed character and
dominated by the semi—diurnal lunar tide (Farquirars962, Godin 1979, Pingree and Griffiths
1980, Koutitonsky and Bugden 1991). The tidal auseare mostly barotropic, induce tidal
rectification, and dissipate through the Gulf of Ssiwrence and the Estuary (Farquharson 1962,
Saucier et al. 2003). They also produce strongeatsrin shallow regions of the Estuary and on
the north shore. Tides are important in the GulSbfLawrence because they produce turbulent
energy through friction with the bottom as welltasough internal gravity wave generation and
dissipation.

Continental runoff

The runoff cycle is characterized by a strong gpfieshet and a secondary peak in early fall.
Historical records, available since the early 1926dibit large inter—annual to inter—decadal
variability. This variability includes the effectd flow regulation since the 1950s and of large—
scale weather patterns over North America (Boutgand Koutitonsky 1999).

The effect of the freshwater runoff rate on cirtiola is normally very important in estuaries,
and that is certainly true for the Gulf of St. Lawce. However, because of the complexity and
variability of the processes affected by runoffdatme addition of other important factors
controlling the general circulation (e.g., windg)has not yet been possible to clearly relate
changes in the circulation to changes in runoferkEin the case of surface circulation, other than
knowing that freshwater runoff initiates the sudaamummer layer and its circulation, little is
known on how the surface circulation patterns, eneh less the deeper circulation, are affected
by changing runoff. Drinkwater and Gilbert (2004)Vk presented data that tentatively indicate a
tendency towards lower surface salinities and weakdgace layer stratification in the northern
Gulf of St. Lawrence.

Circulation

The mean surface geostrophic circulation duringi¢kefree months in the Estuary and Gulf of
St. Lawrence was first described by Trites (19%8) Bl Sabh (1976). However, we know much
less about the circulation below the surface laysummer or during winter in general, or of the
variations associated with the seasonal cycle ngdo term changes in the forcing. The only
consistent Gulf of St. Lawrence—wide results omuwation at depth come from Saucier et al.
(2003).

Tides dominate in some regions and govern thentet@aous variations in the currents. This is
true in the Upper St. Lawrence Estuary and othali@h regions of the Gulf of St. Lawrence. In
these regions, it is possible to predict the tidalrents and produce charts (Canadian
Hydrographic Service 1997, Saucier et al. 1999) Bhrface circulation also exhibits very
strong features such as coastal currents, gymge, &dies in the Estuary, and tidal fronts, which



have individually been the subjects of recent gsidMertz and El Sabh 1989, Gratton et al.
1988, Mertz et al. 1991, Savenkoff et al. 1997, Garal. 1997, Marsden and Gratton 1998,
Saucier and Chassé 2000).

Saucier et al. (2003) computed the mean seasorfatswcurrents in the Gulf of St. Lawrence.
These results were in general agreement with tlodédel Sabh (1976) and with the general
understanding of the surface circulation in thef®@tiSt. Lawrence. The principal feature of the
St. Lawrence River outflow is a strong coastal entralong the length of the Gaspé Peninsula
(the Gaspé Current) that flows seaward and dispetbe St. Lawrence runoff in the
northwestern and the southern Gulf. The waterdhénsbuthern Gulf, between the Tles—de—la—
Madeleine, P.E.I. and the western side of CapeoBréorm the main outflow of the Gulf on the
western side of Cabot Strait. On the eastern sid@abot Strait, an inflow from the Atlantic
flows north eastward along the west coast of Newditand. The cyclonic gyre west of Anticosti
Island that characterizes the north western Gul alao well simulated. The waters from the
Strait of Belle Isle move westward along the naastern shore. However, large differences were
noted between simulated years. For instance, l@ifferences were found in the mean
circulation of the southern Gulf of St. Lawrencavieen summer 1998 and summer 1999. Such
variations are due to the integrated effects ofrnteayear differences in winds, runoff, and
density changes, which govern the local climateydpctivity, and habitat properties (e.qg.,
ventilation, temperature).

A first estimate of the seasonal cycles in theutation of the intermediate waters in the Gulf of
St. Lawrence for the years 1998 and 1999 was aleduped. The circulation is generally
cyclonic and may be partly driven by inflows thrbuthe Strait of Belle Isle. In general, the
waters inflowing at depth through the Strait of IBelsle follow the lower north shore and
propagate through Jacques Cartier Strait or mowinar Anticosti Island to reach the
northwestern Gulf of St. Lawrence a few monthsrlal@ey will reside for about one year in the
Gulf of St. Lawrence and finally exit through weste€Cabot Strait. Complex circulation at the
mouth of the Estuary was simulated, where key exghgrocesses occur for renewing its salt
waters. The interannual variations in some regaresquite large. During fall, strong winds and
surface buoyancy loss cause the deepening of ttiaceumixed layer to about 50 to 100 m
depth. In the Estuary, however, the stratificatiemains high and prevents the in situ formation
of cold water at intermediate depth (Ingram 1988ucter et al. 2003). During spring, in
association with the new freshwater layer estabtishy the spring freshet, the cold layer that
was formed in the northern Gulf of St. Lawrence amdhe Laurentian Channel becomes a
subsurface water mass and is allowed to flow inéoHstuary.

In the 200 to 300 m deep layer, Gilbert (2004) $tamwvn that the cross—channel average speed at
which temperature signals travel in the Laurentmannel is about 1 cm’s This implies a
two—year travel time from Cabot Strait to the moatithe Estuary. Preliminary results based on
the simulation for 1997 and 1998 are in agreemettt tis result (F. Saucier, Institut Maurice-
Lamontagne, Mont-Joli, QC, personnal communicatias)they show that the circulation below
200 m entrains waters from Cabot Strait to the mmaitthe Estuary in about two years. These
results suggest a significant seasonal cycle witimger currents in the fall.

Mixing processes

Water masses are modified through mixing driven tiokes, internal waves, wind—driven
circulation, density—driven circulation, and thesgoof stability due to surface buoyancy loss.




Water masses with the same (isopycnal) or diffe(di@gpycnal) density may mix. Mixing is
usually further separated into vertical mixingvieetn layers of generally different densities, and
horizontal mixing. Vertical mixing is the most imgpant process affecting water masses (and
also an important factor for the control of biologji productivity). Tides propagating over the
sills at the head of the Laurentian Channel prodwery strong mixing of the different water
masses that meet there (Steven 1974, Forrester kfgjfdm 1975, 1976, 1983, 1985, Therriault
and Lacroix 1976, EI-Sabh 1979, Gagnon and El 3880, Galbraith 1992, Bourgault et al.
2005). Tidal mixing is also a permanent and domimaadifier of the intermediate and deeper
waters near the head of Jacques Cartier Straitiratikde Strait of Belle Isle (Lu et al. 2002,
Saucier et al. 2003). The wind—driven mixing togetwith the tides and the local stability of the
surface waters will determine the deepening ofstmamer and winter surface layers (Saucier et
al. 2003).

Storm surges, shelf waves and wind waves

Storm surges and shelf waves produce oscillatibsea level on the order of 10 to 50 cm, and
sometimes over 1 m, that last for a few hours. Waedhed to tidal oscillations, they may give
rise to flood conditions over shorelines of theteetn Gulf of St. Lawrence, the north shore, and
the Estuary, including the upstream region nearb®aéCity. These waves are produced by the
inverse barometer effect and direct wind stresthersea surface.

Surface waves are produced by the sea—surface streds. The surface waves may reach
several metres during storms, and the complexitthefwind fields, the topography, and the

interactions with the currents give rise to compgetterns. Surface waves and accompanying
Langmuir cell$ are the key drivers of mixing in the surface lagering the ice—free months.

2.2 CHEMICAL ENVIRONMENT

2.2.1 Chemical characteristics of the water masses

The different chemical properties of the surfaceéarsaexhibit a strong seasonal cycle controlled
by sea—ice cover, freshwater runoff, stratificateomd circulation. To a large extent, physical
mixing controls the distribution of most nutrientsrganic matter, dissolved trace metals,
suspended particular matter, and bottom sedim&htis.appears particularly true in the Estuary,
where the water column remains stratified longantklsewhere. Physical processes that occur
on time scales ranging from few hours to a year famh few metres to kilometres also affect
biological processes.

2.2.2 Suspended particulate matter (SPM)

The St. Lawrence River transports among the loaesiunt of sediment per unit drainage area
of any river in the world. This is due partly tetlreat Lakes, which form large settling basins,
but also because of the climatic conditions andgi@ogy of the drainage basin. Nonetheless,
the spatio—temporal distribution of suspended gedi and their granulometric properties
(composition and particle size) need to be studiedn the implication of suspended particulate
matter (SPM) in sedimentation and biogeochemicdl laiological processes. These processes

! Winds—generated surface currents that spiral aremraxis parallel to the wind direction.
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are particularly important in estuarine and coastaters such as the Estuary and Gulf of St.
Lawrence, where wind, waves, tides, and curreratg iphportant roles in particle dynamics.

SPM transport and distribution

Particulate matter is carried both vertically aratitontally by prevailing currents, gyres, and
tidal action in the Estuary and Gulf of St. Lawrenthe Anticosti Gyre and estuarine flow tend
to retain water and cause eventual settling oiqadsdte matter onto the sediments. Extreme tidal
forces in the Upper Estuary and upwelling due footpaphy at the heads of the Laurentian,
Anticosti, and Esquiman channels tend to move @asgtivertically within the water column. The
strong bottom currents in the Upper Estuary, thep8aCurrent, the general circulation patterns
in the Gulf, and the water exchange through Calb@iitSare all forces that move particles over
large distances.

The geographic and SPM bathymetric distributiorgs\aary heterogeneous over the scale of the
Estuary and the Gulf. The general pattern of serf&>°M concentrations is modified by
biological processes such as phytoplankton blodmas tause localized maxima or by river
outflow that favours particle resuspension. In W@per Estuary, concentration range of 0.1-
250 mg T* from May to September, with the maximum conceitrat observed in surface layers
(0—25 m), during the spring freshet, and in the imanxn turbidity zone (Poulet et al. 1986). The
lowest concentrations were observed in summer/autum

The maximum turbidity zone (MTZ)

The maximum turbidity zone—SPM concentrations fr&®-200 mgt with extreme at
400 mg I'! of the St. Lawrence is located between lle d’Ortéand lle aux Coudres (shifting
according to the tide and the flow of freshwatarjhe Upper Estuary (d’Anglejan 1990). In this
area, the large tidal range and strong tidal cameim fresh and salt waters and create highly
turbid water. This zone has implications for theVB€haracteristics downstream. For example,
there are significant changes in element compaosdice to particle sorting during settlement and
resuspension and to processes that alter sedinremtuse, texture, and mineralogy during
deposition (diagenetic alteration) (Gobeil et &81, d’Anglejan 1990).

Lower St. Lawrence Estuary

In the Lower Estuary, SPM concentrations decreasdl @epths as one moves away from the
head of the Estuary (Yeats et al. 1979, Poulel.e1986, Yeats 1988a). The intermediate and
deep layers are relatively stable through time we&erthe surface layer is more variable, as
would be expected with variable freshwater discbangd biological activity. The Lower Estuary
is considered as a major deposition zone. In fihet,estimated deposition appears to exceed
estimated river sediment input, with the origirtleé difference remaining unknown (d’Anglejan
1990).

Gulf of St. Lawrence

The SPM distribution in the surface layer of thelfGxi St. Lawrence is closely related to the
surface circulation. Sundby (1974) found that tbhecentrations in this layer varied from 0.1 to
2.9 mg T, with highest concentrations in the low salinitytftow from the St. Lawrence

Estuary. The lowest concentrations are associaittdtiae inflow of saline surface waters from
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the North Atlantic. SPM concentrations are highmethie predominantly outflowing water on the
south side of Cabot Strait than in the deeper (250-m), predominantly inflowing water of the

central and northern part of the strait (Yeats H8®uring fall 1998, Larouche (2000) also
noted slightly higher concentrations of SPM at tiead of the Laurentian Channel and lower
concentrations towards the Gulf. Most of the watdumn in the Gulf, from depths of 0 to 50 m

to 50 m off the bottom, contains low levels of SPMth little variation between Cabot Strait

and Pointe—des—Monts.

The particle—rich layer close to the bottom (<@ of SPM, with an organic content
generally less than 20%, Yeats 1988a), called #gheloid layer, is well developed in the
Laurentian Channel, where increasing turbidity eausy the friction of tides over the bottom (at
the sediment—water interface) is observed towdrdshead of the channel and in the Esquiman
Channel. In situ observations have shown that llaeacteristics (shape, size, concentration, and
settling velocity of marine snow) vary at severnahd scales: near instantaneous, daily, and
seasonally (Syvitski and Hutton 1996). Turbulenearrthe seafloor in the Gulf of St. Lawrence
breaks up the flocs after their long descent thinoilg water column and creates this layer made
of smaller particles. The nepheloid layer providesd for benthic filter feeders; thus, their
populations might be affected by the availabilitys®M.

SPM composition

The chemical composition of SPM in the marine emvinent is controlled by a number of
factors, such as the rate of primary productioa,amount of terrigenous input (material eroded
from the land), and the sinking rate. It is a comphixture of organic and inorganic molecules.

In the Gulf of St. Lawrence, the inorganic compdsesf the suspended matter are similar to the
mineralogical composition of recent marine sedirsefithe organic content of SPM varies

depending on the location and is usually lowerhia Wpper Estuary than in the Gulf. Based on
carbon/nitrogen ratios (C/N), the sources of thganic matter appear to be more terrigenous
(made from material eroded from the land surfaoejhe upper region and more from local

marine production in the lower regions (d’Angle[E900).

SPM budget for the Gulf

The estimated SPM budget suggests that much oféeinput is deposited in the St. Lawrence
basin since the suspended matter leaving the Gulfinlike the predominantly inorganic
particulate matter carried by the rivers. The ngioget of SPM from the Gulf is an order of
magnitude less than the amount carried by riverspart, and the SPM at Cabot Strait is largely
composed of organic matter produced in situ withie Gulf. Thus, virtually all the riverborne
SPM settles inside the Gulf and mostly autochthenmaterial (material formed in place) is
exported (Yeats 1988a). Calculations suggest thedl |particulate matter resuspension and
deposition account for about 40% of the total Gellimentation (Strain 1988).

The vertical transport of particulate matter isaunplished by fairly large, fast—settling particles
(Silverberg et al. 1985). The composition of thesdling particles is quite different from the
underlying sediment, indicating that extensive ddgtion and transformation take place at the
sediment surface and in the sediment (Gendron &08b6, Gobeil et al. 1987).
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2.2.3 Nutrients

The three major nutrients found in sea water a@rates, phosphates, and silicates. Nitrate is the
most abundant of the nitrogen—containing compourid, nitrite, ammonia, and organic
compounds also contribute to biological producyiviCompared to nutrient levels in North
Atlantic waters of similar depths, the bottom watef the Gulf of St. Lawrence are considerably
richer (Coote and Yeats 1979). This is due to theegal circulation pattern in the Gulf and to
the degradation and remineralization taking placeleeper waters (Yeats 1988b). Petrie and
Yeats (2000) found that the Gulf was the primaryrse of nitrate on the Scotian Shelf during
winter and a significant source of nitrate andcaté during spring and summer. Compared to
northern and the eastern sections, the southerhhaslrelatively low nutrient concentrations
(Brickman and Petrie 2003).

Nutrient distribution in time and space

During summer periods, the surface waters genecalhtain low levels of nitrate, phosphate,
and silicate and the concentrations increase vepthdfrom the surface to the bottom (Starr et al.
2002, 2003). Increases in nitrate and phosphasgtdewe attenuated in the bottom layer, whereas
silicate levels increase with depth throughout wager column. The cold winter surface layer
(winter mixed layer) shows higher concentrationanthn summer, whereas the deep layer
concentrations remain relatively constant.

While the northeastern region of the Gulf has catre¢gions similar to those found in Cabot
Strait, the concentrations of the three key nutsidncrease from Cabot Strait to the Lower
St. Lawrence Estuary (Coote and Yeats 1979, Ye@88H, Brickman and Petrie 2003). The
Magdalen Shallows has relatively low nutrient conications, although the subsurface waters
may be slightly richer than waters at similar dsgpthadjacent areas (Coote and Yeats 1979).

Physical processes and productivity “hot spots”

The important mechanisms that bring nutrients te #urface layers, where they become
accessible for the primary producers, occur atehfiit time scales and differ in the various
regions of the St. Lawrence. Winter convection ¢ggimutrient to the surface layer. During

spring, when surface waters warm up and stratifinafirst sets in, phytoplankton cells are

trapped in the well-lit layer and production is anbed. Nutrients are then depleted and their
renewal from below is inhibited by the pycnoclinghdrp density gradient), so primary

production will tend to decline. Hence, stratifioatcan act in both a positive or negative way on
primary production.

In the Estuary, the most important mechanisms lagdritense tidal mixing between freshwater
and saltwater and upwelling at the head of Laueen@Ghannel, also known as the nutrient pump
(see Le Fouest et al. 2005). Relatively nutrieot+-water of the intermediate layer is also mixed
into the surface layer by entrainment with theL&tvrence River water and both form the Gaspé
Current, which transports nutrients along the Méguehallows toward Cabot Strait. These
hydrographic processes are responsible for the igjogical production as far as the southern
Gulf. In the Gulf, nutrients are also supplied bydwinduced coastal upwellings (Québec north
shore, southern Anticosti Island), buoyancy—driggres and eddies, and intrusion of Labrador
waters through the Strait of Belle Isle.

An overall view of major areas and key processeasbfological productivity in relation to
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physical oceanography was investigated through fonge(Le Fouest et al. 2005): 1) the

nutrient pump in at the head of Laurentian Chanimethe Lower St. Lawrence Estuary, with
high nitrate concentrations; 2) the nitrate gratienthe centre of the Anticosti Gyre; 3) tidal
mixing in the Jacques Cartier Strait and the cdagiavellings north of Anticosti Island. The

coastal upwelling on the north shore were alsobiasialthough less clearly. The front
(horizontal gradient in water density) in the naréist Gulf region that is associated with the
Gaspé Current can also be distinguished. This okeown to be highly productive. Lastly, the
downwelling region near the Newfoundland coast doby Gilbert and Pettigrew (1993),

characterized by lower nitrate concentrations engtrface waters (0-50 m), is also seen.

Recycling of nutrients

Even though primary production depletes nutrientthe surface layer, the reserve of deepwater
nutrients is replenished by the decomposition gharc matter. Regeneration of nutrients within
the intermediate and deep waters is also an immoffiactor in explaining the nutrient
distribution and concentrations in the Gulf (Yehd®88b). Some of the plankton produced in the
surface layer die and sink into the intermediatel aeep layer, where the nutrients are
regenerated through the process of bacterial realination. Nutrient levels therefore increase
relatively quickly with depth and a portion of tleesegenerated nutrients is returned to the
surface layers further upstream to be reused bytingary producers, thus forming an internal
cycling of nutrients within the Gulf. This nutriemegeneration cycle also serves as an
explanation for the increase in deepwater nutwentcentrations from Cabot Strait to the Estuary
(Yeats 1988b).

Since nutrient regeneration requires oxygen, aesponding decrease in oxygen concentration is
seen in the deeper waters from Cabot Strait toEgteary. If nitrogen is a limiting factor for
primary production, an increased input of this iamir could mean higher oxygen consumption in
the lower layer, possibly leading to oxygen deficig

2.2.4 Oxygen

Oxygen is dissolved in seawater and is in nearliegum with atmospheric oxygen in the
surface mixed layer (~100% saturation). Biologicad @hysical processes can affect the oxygen
concentration, and physical barriers (stratifioatiocan prevent gas exchange with the
atmosphere and cause a departure from equilib@enerally speaking, the distribution of @

the Gulf of St. Lawrence is the net result of:

— Gas exchange with the atmosphere in the suréges;|
— Biological Q production in surface waters due to photosynthesis
— Biological use of @(respiration) throughout the water column;

— Oxydation of organic material associated withtbaal degradation in intermediate and deep
waters as well as in the sediment.

A typical vertical profile of dissolved oxygen shew surface layer where oxygen is close to
100% saturation, an intermediate layer where oxggearation decreases steadily from spring to
fall, and low oxygen saturation values in the degpers. A general depletion of, @ the deep
waters from Cabot Strait towards the head of therémtian Channel is also observed (Gilbert et
al. 2005).
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Geographic variation of oxygen in the bottom layer

The minimum oxygen values exhibit a marked decrdama Cabot Strait toward the western
and northern ends of the Gulf, and the lowest catnagons have been found in the extremities
of the deepwater troughs, i.e., in the LaurentiAnficosti, and Esquiman channels. The
saturation values decrease from 55-60% in Cabait $rabout 20% in the Lower St. Lawrence
Estuary and 25% at the heads of the Anticosti esguitnan channels.

The reduction in oxygen content in the directiorthe water flow indicates that local oxidative
biogeochemical processes significantly affect thatew entering the Laurentian Channel. The
results of Yeats (1988Db) indicated that the dephetvas roughly linear, suggesting a uniformly
distributed oxidation mechanism. Gilbert et al. 4IPnoted that the oxygen concentration also
diminished from the northeast to the southwest sidthe Laurentian Channel because waters
with higher oxygen concentrations usually enter@udf on the northeast side. Such differences
in dissolved @ gradients can be used to estimate the corresppndi@® production flux
(Savenkoff et al.. 1996).

Significance of hypoxia

A condition known as hypoxia occurs when the cotragion of oxygen in water falls below the
2 mg " level, minimal concentration that is necessargustain most animal life (Rabalais et al.
2000). The 2 mgt limit is arbitrary and thus not necessarily appiaie everywhere, since

metabolic rate and oxygen demand generally dimimstin decreasing temperature (cold
waters). Nevertheless, it has been shown thataet ffor cod from the Gulf of St. Lawrence,
such low Q values do have an impact (Plante et al. 1998).

Bottom oxygen concentrations have changed overydags. Gilbert et al. (2005) have shown
that the dissolved oxygen content of bottom waitethe Lower St. Lawrence Estuary was twice
as high in the 1930s than in the 1990s. This coufuly that the areas affected by hypoxia are
increasing. Between one half and two-thirds of dhserved oxygen decline in the Lower
St. Lawrence Estuary has been attributed to a 1w&@ning of the bottom waters from the
1930s to the 1990s (Gilbert et al. 2005). To expthe remainder of the oxygen decrease, it has
been hypothesized that the low oxygen concentrataye also partly caused by an increasing
nitrogen load from land sources. Vertical profildspercent organic carbon in sediment cores
from the Estuary indicate that an increase in dgamatter flux towards the bottom has taken
place during the 20th century (Gilbert et al. 2008)is indicates that local oxygen consumption
could explain part of the observed decrease in exygvels.

2.2.5 Organic carbon

Carbon plays a dominant role in the chemistry f&. lit is the major chemical constituent of
most organic matter: about 50% of the dry weighivafig organisms is carbon. The transport of
carbon dioxide to the ocean is often describednasngortant sink (reservoir) of anthropogenic
carbon dioxide in the atmosphere. Vertical organatter flux is believed to influence the global
climate by leading to net burial of carbon in thealsed. Coastal zones are considered to be
important to global carbon fluxes in terms of prisnaproduction, sedimentation, and
sequestration of carbon.

One important hypothesis about the Gulf is thatfgtte of most of the organic matter exported
from the euphotic zone is to be remineralized atdrned to the surface layer (Tian et al. 2001).
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In addition, the sediments in the Gulf of St. Lamge are generally low in organic carbon
compared to sediments beneath other areas of higlugtivity.

Organic matter components and sources

Traditionally, organic matter is divided into partiate and dissolved organic matter. Particulate
organic matter (POM; including particulate orgasarbon (POC) and nitrogen (PON)) is a

mixture of living and dead phytoplankton and zoogtan, bacteria, and macroscopic organic
aggregates often termed “marine snow”. Vasculantpldtidal marshes), attached algae, and
materials of terrestrial origin (water— or windbeyrmay contribute significantly to the coastal

POM pool, but the main source remains phytoplankton

Dissolved organic matter (DOM) is a complex mixiunet yet fully characterized, consisting
largely of humic substances, carbohydrates, ster@ltohols, amino acids, hydrocarbons, and
fatty acids. Release of DOM has been demonstratgdowing algae (phytoplankton exudation)
and upon decomposition or cell lysis of dead alg&®M degradation, sloppy feeding, and
excretion by zooplankton and other organisms. kvagdr runoff is an additional source in
estuarine and coastal regions. Regardless of utxaplabile DOM is taken up by heterotrophic
bacteria (those that derive their carbon from oigaources). These bacteria are then eaten by
several types of organisms, eventually leading badke classic food chain.

Produced largely in the surface layers, POC and ROdgstitute the vertical carbon flux to the
intermediate and deep layers of the ocean; thisias been the focus of much current research.
Until recently, POC was thought to play the malerin the Gulf, but newer findings suggest
that DOC is more important than expected (Chrigeret al. 1989, Lefevre et al. 1996). DOC is
the largest reservoir of organic carbon in the ncead thus a major intermediary in carbon
transfers in the oceanic food webs and an impodamiponent in ocean carbon models (Packard
et al. 2000, Tian et al. 2001).

Ocean carbon cycle

The ocean carbon cycle plays a key role in comtigplatmospheric C@levels. The net flux of
CO, between the atmosphere and the ocean is contnoiedly by the balance among three
processes:

— carbon fixation by phytoplankton;
— its remineralization back to G@y respiration;

— the export of dissolved and particulate orgaaiton toward the ocean depths and  storage
in sediments.

Carbon dioxide enters the ocean by dissolving & ghrface waters where it is taken up by
phytoplankton via photosynthesis and assimilateéd arganic matter. This process, known as
carbon fixation, reduces the partial pressure of, @Othe surface waters and establishes a
concentration gradient across the air—sea intettfaate in turn, induces a flux of GGrom the
atmosphere to the surface waters. Part of the srgambon produced in the surface layer is
exported from the euphotic zone in the form of agated phytoplankton, dead material and
fecal pellets. This marine snow sinks toward thepee waters where it can be converted back to
CO, by bacteria—a process known as remineralizationsemuestered in the sediments and
thereby removed from the upper ocean. The phothegig and the transfer of this organic
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matter to deeper waters are referred to as théotgmal pump”.

The vertical flux of organic carbon regulates theristry of the deep ocean. It is thought that
this flux and the carbon sequestration in sedimemay affect the uptake of anthropogenic
carbon. However, organic matter has been relativtlly studied in the Gulf of St. Lawrence. A
recent study (1993-1998) in the Gulf of St. Laweehas somewhat improved the understanding
of processes involving biogenic carbon (Canadiant J&lobal Ocean Flux Study [JGOFS], Roy
et al. 2000).

Particulate organic carbon (POC)

In the surface layer, concentrations of POC peathénspring, decline in early summer, and
increase again in late summer, though not to leeslshigh as the spring maximum. The
concentrations decline in the fall and are lowest winter, when they are similar to
concentrations found in Atlantic waters.

In the intermediate layer, POC concentrations eeeearly in the year and are thereafter stable
until a decrease in late summer. In the deep ldlgere is little change in either concentration or
composition over the year, apart from lower meanceatrations during winter (Pocklington
1988).

Information on the geographical distribution of PQ(md PON) is very limited. In late summer
1997, surface distributions showed a general gnhdieconcentrations from higher values in the
Estuary to lower values in the Gulf (Larouche 1998)wever, the trend was reversed in fall
1998, with Gulf values higher than those in theukst, reflecting the trend observed in the
chlorophyll concentration (Larouche 2000). Thismsedo indicate that algal biomass is a major
contributor to the POC pool in the St. Lawrencearmythe late summer to fall period.

Dissolved organic carbon (DOC)

Very little is known of the geographical distribati of DOC. Surface DOC measurements
undertaken by Larouche (1998, 2000) in late sumi®87 showed the highest DOC values on
the Magdalen Shallows and lowest on both sidesrdicasti Island. However, in fall 1998, no
significant spatial variation was noted over tragishs included in the study.

Results from Packard et al. (2000) showed that D&#C concentrations in the Gulf of
St. Lawrence were more comparable to the low DOGtesd in continental shelf and oceanic
waters than to DOC in estuarine waters. An injectb DOC—poor Labrador Sea water into the
deep waters of the Gulf between April and June @&@xplain, through mixing, the seasonal
decrease that was observed in the deepwater DOCerwations in the Anticosti Gyre and
Anticosti Channel stations. The DOC increase indinéace layer during the same period could
be explained in part by the organic matter inpabfrthe St. Lawrence freshwater runoff: DOC
was associated with low—salinity water, especialyune. DOC production in the water column
would also contribute to this increase (Packaral.€2000).

The gross annual seaward transport of total orgeanicon (TOC) is 25% of the autochthonous
production in the Gulf as calculated by Steven #)9The nature of the imported organic matter
is not the same as that exported: the mean C/N ddtiorganic matter in inflowing water is
significantly higher than that in the outflowing t@a This implies a net loss of nitrogen
(0.5 x 106 t N y") from the Gulf in organic form (Pocklington 1988).
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Sediments in the Gulf of St. Lawrence are generldly in organic carbon compared to
sediments beneath other areas of high productiVtg. fate of most of the organic matter within
the Gulf is to be remineralized or transported ioketshe Gulf by currents (Pocklington 1988).

2.2.6 Metabolism in the Gulf of St. Lawrence and ahon fluxes

Recent studies have looked more closely at prosessthin the Gulf, notably the seasonal
variation in the carbon cycling and production. éasonal change in food web structure from
spring to summer has been observed (Rivkin et 296)L as well as differences in the net
metabolism between the winter—spring non-stratifpetiod and the summer—fall stratified
period (Savenkoff et al. 2000).

The winter—spring period is associated with an @opdhic pelagic food web: predominance of
large phytoplankton cells (diatoms), large zooptank This period is generally characterized by
a mean surface temperature near 0°C, weak verstaltification, and high nutrient
concentrations. In one study (Savenkoff et al. 208 large—celled phytoplankton (mostly
diatoms) made up 68% of the total phytoplanktomiass during the period and accounted for
56% of the total primary production. During the wir-spring period, diatoms tend to be present
in the more turbulent water that increases nutemilability. Bacterial biomass and activity are
relatively low and the zooplankton is mainly hedrious. This pathway usually involves the
export of large amounts of organic matter by reggdimentation of large phytoplankton during
the spring blooms and/or by grazing of zooplankbonphytoplankton (Savenkoff et al. 2000,
Vézina et al. 2000).

The stratified summer—fall period (May—Octoberassociated with a heterotrophic food web:
dominance of small phytoplankton cells, large rtephic dinoflagellates and ciliates, smaller
zooplankton, and dominance of omnivorous trandfessrds the zooplankton (Savenkoff et al.
2000). This period is generally characterized byeman surface temperature higher than 10°C, a
well-stratified water column, and low nutrient centrations. The small—celled phytoplankton
dominates the primary production and communityirasipn. Flagellates are better suited to low
turbulence and low nutrient waters because theyr@arase their nutrient uptake by swimming.
Bacterial biomass and production are relativelyhhighe zooplankton includes mainly
omnivorous species such as heterotrophic dinoflaigsl and ciliates (protozoa). The carbon
passes through the microbial network, which is cosed of small phytoplankton (cell size
<5um in diameter), bacteria, and protozoans, and tbethe zooplankton. This pathway is
efficient for recycling and keeping carbon in theface waters. Moreover, it seems to dominate
the annual scale in the Gulf of St. Lawrence (Ske#ret al. 2000).

Carbon export to deep water

Vézina et al. (2000) confirmed that the total biigecarbon export to the deep waters is
enhanced when food webs are dominated by large-giagtoplankton (diatoms; the winter—
spring scenario). They found that the increaseisecessarily due to an increased sinking loss
of diatoms. Most of the increased export may bkelihto the rise in total production associated
with the blooms of large cells: higher phytoplanktproduction and abundance increase
herbivory by all consumers in the food web, whinhturn stimulates the production of detritus
of all sizes, from dissolved to large particlesvési favourable physical conditions for physical
mixing, export then becomes dominated by fluxeslisfolved and suspended particles, since
these are much more abundant than large partitiesontrast, during summer, the nutrient
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supply is cut off due to summer stratification; #esociated decrease in total primary production
leads to a reduction in DOC production and lessoexprhe results of Vezina et al. (2000)
concur with other studies that emphasize the rbl@issolved and suspended organic matter in
removing carbon from the euphotic zone.

Model simulations conducted for Bonne Bay (Newfdand) suggest that physical mixing
processes and physico—chemical aggregation pracasset least locally as important as shifts
in trophic pathways in explaining the relative damgy of export flux in mid— to high—latitude
marine systems (Tian et al. 2001). Results inditaeupward nitrate fluxes and new production
may be much more evenly distributed in time over @émnual cycle than is generally thought,
due to fluctuations in wind stress (Tian et al. P00

3.0 BIOLOGICAL SYSTEM

3.1 PLANKTON COMMUNITY

More than 2,500 species of invertebrates and plan&fon inhabit the Gulf of St. Lawrence
system (Brunel et al. 1998). Bérard—Therriault et (4999) list 499 species of (mostly
autotrophic) plankton that have been recorded ghtrbe expected in plankton collections. Shih
et al. (1971) recorded 213 species of zooplankioore than half of which (110) occur as
meroplankton (the larval stages of benthic animdleg greatest biodiversity in the Gulf (>1500
species) is associated with the benthos, manyepetwhich have planktonic larvae that appear
for short periods near the surface. When presémty may dominate plankton collections
numerically, but periodic sampling can often conglie miss these short occurences. The
numbers of species known from the Gulf continuecth@ange, both as a result of improved
taxonomy, and because of new introductions andipearance (e.g., the diatddeodenticula
seminag As with many coastal waters, diversity at amgte point in the Estuary or open Gulf
is often relatively low. Few species tolerate teessful physical conditions associated with
extreme temperatures, ice, tidal currents or tupi@lthough those that do are often extremely
abundant. Nonetheless, the large area of the syatainthe diversity of habitats yield an
ecosystem that is highly productive and biologicdiverse.

Because plankton is moved by strong currents, npantg of the larger Gulf are influenced by
production processes occurring in the St. LawrelBsiiary or other estuaries such as those
entering the southern Gulf. Species that have tentres of growth in estuarine areas may be
found in plankton collections from areas that wootat sustain them for long. This estuarine
drift may be of some significance to predators sagharval fish.

3.1.1 Bacterioplankton

Little research has been conducted on the bactankion in the Estuary and Gulf, significantly

limiting our understanding of the system’s food weln highly turbid waters, such as at the area
of maximum turbidity in the Upper Estuary, a hetesphic microbial food web is based largely

upon bacterial production. Painchaud and Therriéh985, 1989, also Painchaud et al. 1987)
concluded that a decline in bacterial abundancerded along the Estuary was due to osmotic
stress, sedimentation or grazing, or a combinatibrihese three factors. Subsequent work
indicated that grazing by zooplankton must be isgeim the Upper Estuary to balance its high
heterotrophic production (Painchaud et al. 199%6}90rganic carbon derived from upstream
becomes readily associated with suspended particlig®e Estuary, which provide a physical as
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well as nutritional substrate for heterotrophic teda. Bacteria in suspension are grazed by
ciliates and dinoflagellates in a “microbial loogh addition, however, bacteria attached to
suspended particles become available to largerifilf animals such as the dominant copepods
and cladocerans of the Estuary.

3.1.2 Phytoplankton

The autotrophic phytoplankton community of the Galfa typical coastal marine association,
largely dominated in biomass by diatoms and/or fitigellates (Bérard—Therriault et al. 1999).
Because of limited sampling, and the effects ofewabovements, the patterns of distribution
inferred from collections do not necessarily refflide region of successful population growth of
phytoplankton. Nonetheless, earlier studies coredutiat there were considerable differences in
phytoplankton assemblages, succession, and produiti different parts of the Estuary and
Gulf. Therriault et al. (1990) recognized four stdgtons within the Lower Estuary: 1) a zone
along the southern shore dominated by outflow ftbenSt. Lawrence River; 2) an “upwelling”
region along the north shore; 3) a “plume” regi@mthated by outflows from the Manicouagan
and Aux—Outardes Rivers; and 4) a more stable itramszone adjacent to the Gulf. Primary
production in the four subregions of the Estuany gary from a low of 30 g C iy ™ in the
outflow region, to 90 g C My in the upwelling area, >130 g Cfry " in the plume, and
190 g C m? y* near the Gulf (Steven 1974, Therriault and Levasd®85, Therriault et al.
1990).

The seasonal pattern of phytoplankton growth inghtre Gulf can be summarized as follow:
the spring bloom, occurring in late April or eaMay, is characterized by rapid growth of large
diatoms Thalassiora Chaetoceros With the depletion of nutrients, the abundantenany of
the larger diatoms decline, and several importamifthgellates (e.gPReridinium Alexandrium
Ceratiun) become numerically dominant. Diversity remainghhduring the summer, although
chlorophyll concentrations and productivity remdow. A fall bloom may occur from
September to November, although chlorophyll conmegioins do not rise much above the
summer levels. Areas of relatively high productiare found in the Lower Estuary, the
northwestern Gulf (and particularly along the GaBpéinsula), at the southern and western end
of Anticosti Island and along Québec's north shwi#) lower values on the western shore of
Newfoundland and the Magdalen Shallows (Le Fouesit 2005).

In the Lower Estuary, strong river flows in spriwgsh surface plankton downstream and tend to
prevent seeding of surface waters by diatom spepesited in deeper water during the previous
growing season (Therriault and Levasseur 1985, richdr et al. 1990). Combined with the high
turbidity in the Estuary, this results in later isgr blooms in the Estuary than in the Gulf,
restricting phytoplankton growth to a two—monthipénn mid—summer. However, from 1994 to
2001 the spring bloom in the Lower Estuary occueadier compared to previous years (DFO
2000a, 2002, Starr et al. 2002) probably due teedses in spring run—off from the St. Lawrence
basin during this period.

3.1.3 Zooplankton

As for other regions at similar latitudes in thethdAtlantic, copepods of various species usually
constitute the major fraction of total zooplankteabundance in the Gulf of St. Lawrence
(de Lafontaine et al. 1991). Larvaceans, cladocaral euphausiids make up most of the
remaining numbers, although meroplankton can bsosedly abundant at specific locations.
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Although less abundant, amphipods, chaetognatesopgmids, and jellyfish may occasionally
contribute a large fraction of the zooplankton béss (de Lafontaine et al. 1991).

In the turbid Upper Estuary, the principal spe@es small calanoids of the genétarytemora
and Acartia, which constitute almost two—thirds of most sampla addition, two species that
are sometimes considered epibenthic, the harpattempepodEctinosoma curticornand the
mysid Neomysis americanare commonly captured in near—surface tows, @&salt either of
vertical migration, or of upwelling processes. Thwoplankton species show distinct zonation
down the EstuaryEurytemora affinisis most abundant where salinity is less than &, (just
upstream of the salt wedge), wher&sherdmaniandA. longiremisreach peak abundances in
the higher salinities (20-28) of the Lower Estu@Runge and Simard 1990). Of the non—
copepod speciedJeomysis americana, because of its size, a major component obtbmass

in the Upper Estuary. This species seems to doemely well in turbid estuaries; it is
omnivorous, able to sustain itself with plant amial detritus when live prey is unavailable.
Several small cnidarians (jellyfish), includir§arsia tubulosalLeuckartia octona Rathkeia
octopunctataandEuphysa auritahave been recorded from other estuarine regiocdls as the
Restigouche, Baie—des—Chaleurs and Miramichi, dmaly from the open Gulf.

There have been few systematic, large—scale sunedyzooplankton biomass, species
composition and abundance in the Gulf of St. Laweebefore the implementation of the
Atlantic Zone Monitoring Program (AZMP) in 1998, aept in the Lower Estuary and the
northwest Gulf of St. Lawrence, where a zooplankimmass survey has been carried out since
1994 (Harvey et al. 2004) and in the southern Gréfa since 1982 (Castonguay et al. 1998). In
the Lower Estuary, where cold Gulf water intrudad aalinities are > 25, the mesozooplankton
species are dominated by typically marine copepsdsh asCalanus finmarchicusC.
hyperboreusMetridia longa Microcalanus pusilisandOithona spp (Harvey et al. 2002). The
zooplankton assemblage in this area also contauthrarger forms that are also prominent in
the Gulf, especially the euphausiids (krijeganyctiphanes norvegicdhysanoessa inermis
andT. raschii Because of their size, these animals often dometa large fraction of the total
biomass. They tend to migrate vertically, avoidliginted surface waters during the daytime,
rising to feed on other plankton during the nighthere they are abundant in the Gulf, they
attract baleen whales.

Concerning the macrozooplankton, the dominant sgefdund recently in the Lower Estuary
and the northwestern Gulf of St. Lawrence was tlysidnlBoreomysis arcticgDescroix et al.
2005). Two euphausiid speciedldganyctiphanes norvegicand Thysanoessa raschiwere
much more abundant in the Lower Estuary relativiagonorthwestern Gulf of St. Lawrence. On
the other hand, chaetognaths, hyperiid amphipodd, sjphonophores were relatively more
abundant in the northwestern Gulf of St. Lawreridesgroix et al. 2005). The inter—regional
variations are attributed to different circulatigratterns and different trophic systems. In
addition, interannual variations in the abundanicthe arctic and boreo—arctic species between
the Lower Estuary and the northwestern Gulf of l&twrence may reflect variations in the
inflow of Labrador Shelf waters entering the GulfSt. Lawrence via the Strait of Belle Isle
(Descroix et al. 2005)

Calanus finmarchicusa key zooplankton species of the open Gulf, eafpgin deeper waters,

is common in summer in some areas of the southath(BMagdalen Shallows, St. Georges Bay)
where the holoplankton is dominated by speciescalpof coastal and ocean regions. Outside
Baie—des—Chaleurs, the copepod assemblage is deohiby Calanus Pseudocalanysand
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Oithona(de Lafontaine et al. 1991). The Magdalen Shallaiss appear to be a major nursery
area for the euphausiiddeganyctiphanesnd Thysanoessawhich mature in deeper, colder
waters of the Gulf. Jellyfish, especialByanea capillataand Aurelia aurita may be extremely
important components of the summer plankton in sbethern Gulf (Locke 2002). They
occasionally occur in large, near—surface swarmas déine not effectively sampled by regular
plankton tows. Because they are major consumessafler plankton such as copepods and fish
larvae, they can be important competitors for plankfeeding fish such as herring.

AZMP data collected annually in late spring and &dng different sections into the whole Gulf
of St. Lawrence showed that during the last fivarge(2000-2005) the average copepod
abundance along the Bonne Bay section in the resthe Gulf increases from late spring to
late fall. The copepod assemblage is dominated rogllscopepod specieithona sp.
Pseudocalanus spand Temora longicomiswhich represented on average 50 and 65% of the
total copepod abundance in late spring and bet\8@eand 85% in fall. On the other hand, the
larger copepod speci€alanus finmarchicuandC. hyperboreususually found in deeper water,
are less abundant that the small copepod speciestatyely dominate in terms of biomass
(> 80%). Concerning the macrozooplankton species,ttvo more abundant species are the
hyperiid amphipodThemisto abyssorurand the chaetognat8agitta elegansat all sampling
seasons and years.

3.1.4 Ichthyoplankton

Because of the importance of the Gulf fisheriesre¢thave been many studies of larval fish (and
other meroplankton) over the years. These are suiedan de Lafontaine et al. (1991), Ouellet
et al. 1994 and Locke (2002).

Because of the Gulf's latitude, the fish fauna migture of both southern and northern species.
Northern species, for which the Gulf is almost #wathern limit, include capelinviallotus
villosug and northern wolffish Anarichas denticulatys whereas another group that includes
mackerel $comber scombriys fourbeard rockling Enchelyopus cimbrigs and cunner
(Tautogolabrusadspersuy is near its northern limit in the Gulf. Not sugingly, these two
groups have their centres of distribution in thetmern Gulf and southern Gulf regions,
respectively, although there is some seasonal averl

De Lafontaine et al. (1991) concluded that thehgbplankton of the Gulf represent different
assemblages that are more or less spatially sdgregdthough as larvae grow and change both
food and temperature preferences, these assemblagdso become mixed. Ichthyoplankton
abundance is generally higher in the Gaspé Cumadtthe southern Gulf than in the more
northerly regions (which may reflect the abundaoteelagic spawning species that are found
especially in the southern Gulf), although theelattave been much less intensively sampled
through time.

In the Estuary and western Gulf, de Lafontainel.etl®84a, b) found that the relative densities
and seasonal succession of more than ten specfesh afccurring as eggs and larvae reflected
unique combinations of the physical forces (i.ee spring—neap cycle and advection) and the
timing and location of spawning behaviour. At thate, they reported that coGédus morhup
yellowtail flounder Limanda ferruginep and white hakerophysis tenuis spawn near the
mouth of the Estuary, whereas capeliallotus villosu$ and Atlantic herring Clupea
harengu$ spawn in the Upper Estuary, and then drift dovaash, entering the western Gulf
primarily by way of the Gaspé Current. Bailey et(@077) found large concentrations of one—
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year—old capelin between Pointe—des—Monts and éstii@and relatively few on the southern
shore.

Ouellet and Lefaivre (1994) analyzed the spring f{Mad June) ichthyoplankton and decapod
crustacean larvae assemblage of the mid-1980s en ntirthern Gulf. Northern shrimp
(Pandalus borealis larvae dominated the large meroplankton speaiegarly spring (May)
followed by larvae of various crabs species (snaoabg [Chionocetes opilip Hyas spp.).
Among the fish species, sand lanéenfnodytes sppand redfish$ebastes spplarvae and cod

or witch flounder Glyptocephalus cynoglosgusggs were dominant early in the season followed
by the larvae of the Canadian plait&gpoglossoides platessoideand various Stichaeidae and
Cottidae species. The meroplankton species werecedly abundant along the Québec's north
shore, Jacques Cartier Strait, and over a shallea east of Anticosti Island.

The southern Gulf appears to be a major nursergdweral species, including Atlantic mackerel,
sand lance, and Atlantic cod (Castonguay et al8L9Fhe ichthyoplankton is dominated by sand
lance and radiated shannylgaria subbifurcata in the spring, and mackerel in summer.
Occurrence, distribution and seasonality of thehigbplankton in the southern Gulf have been
thoroughly reviewed by Locke (2002). She notes thatulation patterns within the southern
Gulf are probably important in retaining larvaethe productive shallows west of Cape Breton.
Such circulation patterns are influenced by tidavements interacting with river flows: in areas
such as Northumberland Strait, St. Georges BaythedStrait of Canso, circulation may be
modified both by human changes (e.g., constructibmauseways and modification of river
flows).

3.2 MACROPHYTES

Macrophytes are a component of benthic habitatitgatiire and are significant contributors to
nearshore primary production. They contribute a lsro@amponent (1 to 2%) of primary
productivity in the context of open water bodiexwever, in the nearshore environment and
semi—enclosed bays or basins, as is the case &stat@reas in the St. Lawrence sysStetime
portion of the total production and detrital pobktgae can be significant (Sharp et al. 2001).

Macrophytes are divided into two categories in tt@port: macroalgae (plants with no root
system) and vascular plants (plants with a roaiesys

3.2.1 Macroalgae in the St. Lawrence system

Macroalgae are divided into three classes basethain color. Phaophyceae or brown algae,
Chlorophyceae or green algae, and Rhodophyceas @igae.

3.2.2 Macrophyte distribution

More than 346 taxa of algae have been documentBdstern Canada (Cardinal 1990). Coastal
zones in Eastern Canada are largely dominated Imywmaber of groups of brown algae,
particularly Fucaceae in the intertidal zdrend Laminariacae and Alariacae in the subtidal

2 Include the Saguenay Fjord, the Estuary and tHedBGt. Lawrence.
® The intertidal (or midlittoral) zone is the aréat is affected by tides (Chabot and Rossignol 2003
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zoné. In the Estuary and Gulf of St. Lawrence, thetiedanumber of brown algae diminishes
gradually from north to south, while the numbergoéen and red algae increases (Chabot and
Rossignol 2003). With decreasing water salinitg, tlimber of taxa decreases as well except for
green algae, which are more tolerant to lower gglin

In the lower intertidal zone in the northern pdrtiee Gulf, the macroalgal cover is very dense.
This zone is dominated by Fucacea on protectedeshand by rock weed-{cus distichus
edentatus on exposed shores. In the sublittoral zone, ttedgae are replaced by kelp beds
(Laminariacea and Alariacea).

In the southern part of the Gulf, bladder wraékudqus vesiculosys Irish moss Chondrus
crispug and wire weedKurcellaria lumbricalig dominate the algal benthos in shallow waters
up to 10 meters. Red algae liRbyllophora sspare prevalent between 10 and 20 m and the flora
diminishes markedly after 20 to 25 m. Several netabtertidal algae of the Northwestern
Atlantic shores are apparently absent (or only pocgasionally in localized populations) from
this area; these include knotted wradksgophyllum nodosumrockweed and winged kelp
(Alaria esculenta The action of ice is almost certainly resporesitor the near absence of these
species.

Algal distribution in the St. Lawrence Estuary ygital of subarctic cold—water communities
(Cardinal 1990). In general, the extent and preseridhe species in the different zones are a
function of the slope profile and the presence rofirenmental factors limiting urchin growth.
Several alga species reach their upstream diswiblimit in the Upper Estuary and most of
them are not present above the polyhaline Zddewever, several species of Fucacea can reach
the mesohaline zofie

Information about the algal flora of the Saguengydris extremely sparse due to limited algal
research conducted in this region. Most of the 8agy Fjord is characterized by steep rocky
shores that are denuded of vegetation due to tbegsaction of ice. On more gentle slopes, few
algal species are present. Higher temperaturedoavet salinities might also explain the low

alga diversity of the subtidal zone of this region.

3.2.3 Vascular plants in the St. Lawrence system

Marine vascular plants (or seagrasses) have a migiong influence on their environment: they
influence the shape and stability of the littorahe by enhancing sedimentation and binding
sediments against erosion; they multiply the mialotats; they serve as a refuge for a large
number of species; and they dictate biologicalratgons in shallow water habitats by serving
as a source of fixed carbon for adjacent marinensonities and food webs.

The prevailing habitats where vascular plants auad in the St. Lawrence system are saltwater
marshes, salt marshes, salt meadows and eelgrdss Teeir locations are a function of the
characteristics of the different hydrographic regiof the St. Lawrence.

* The subtidal (or infralittoral) zone is the arbattextends from low tide down to depths wheretlighnsufficient
for algae development (Chabot and Rossignol 2003).

® Water with salinity between 18 to 30

® Pertaining to brackish water with salinity betwéeand 18
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Saltwater marshes (Scirpus marshes)

Saltwater marshes prevail on fine substrate andvhgetation in this type of marsh is generally
distributed according to the immersion time of §idéhe saltwater marsh is also characterized by
its lower sedimentation compared to salt marsh lapdhe presence of several salt pannes
formed by the erosion of drifted ice.

Saltwater marshes are present only in the upstiggantion of the Upper Estuary and in the

Saguenay Fjord (Figure 3). Marshes are a key elemestructuring the marine ecosystem. They
act as filters by recycling water contaminantdjesitoy direct absorption by vascular plants or by
the micro—organisms that recycle organic matterdi#i@hally, they also enhance the water

quality by the sedimentation, microbial activiteasd physico—chemical exchange.

The vegetation structure found in saltwater margitess excellent habitats and food resources
for several species of invertebrates, amphibiars), fbirds, and mammals. Marshes are
intensively used as reproduction areas and asrfgepiounds for certain fish species.

Salt marshes (Spartina salt marshes)

Salt marshes are typical of maritime habitats casedoof fine substrate. They are found in the
mesohaline and polyhaline zones of the upper amldllmiportion of the midlittoral zone where
the slope profile is gentle. As with the salt watarshes, the vegetation is distributed according
to immersion time of tides. The greatest plant Esediversity is observed in the salt mealow
where they form several plant aggregations (i.erenthan 35 species of plants).

In the Estuary, salt marshes are found in the @fr&t—Jean—Port-Joli (close to Saint—Roch—des—
Aulnaies on Figure 3), where the vegetation grdgusthows more maritime characteristics
towards the Gulf (Figure 1). In the latter, therghprofile and substrate composition are not very
suitable for the establishment of marshes. Salshear are found in small areas in river mouths,
deep—water bays, lagoons, and sand spits. The maitdble—Verte is the largest. Information
about the distribution of the different wetlandstod Gulf is not extensive and several gaps exist.
The marshes of the lles—de—la—Madeleine cover taavaa; they account for more than a third of
all the salt marshes of the Guilf.

The biological importance of salt marshes is vamilar to salt—water marshes. They are
significant habitats for several species of theingafish (spawning, feeding, fry rearing and
resting sites) and avian fauna (feeding, nestind mugration sites). Salt marshes are very
important for fish; they offer protection from tistrong currents and predators, and are also
important feeding grounds. Some marshes, such #sitKamouraska area (between Riviere—
Ouelle and Riviere—du—Loup on Figure 3), are intexlg used as a feeding area by many
species of fish.

Several plants help to build and maintain marshlse leaves of cord grassSgartina
alterniflora) pass oxygen to its smallest roots and aeratesthstrate, thus helping to aerate
oxygen—deficient marsh soils. This process enhaplzeg growth and enables small animals to
live in the mud (Gibson 2003).

" Area only submerged by extreme equinox tides.
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Figure 3. Map of the St. Lawrence Estuary. Lines idicate the approximate boundaries of
the Upper (lle d’Orléans to the Saguenay River/lleaux Coudres) and Lower Estuary
(Saguenay River to Pointe—des—Monts). Modified fromthe SIGHAP (Maurice—
Lamontagne Institut, Mont-Joli, QC).

Salt meadows

Salt meadows are typical wetlands of the Gulf. ThAeyfound on coarse substrates such as sand
and gravel. This type of wetland is generally netywdiverse and can be divided into two levels
of narrow vegetation bands: 1) the superior portidrthe mesolittordl zone, formed by a
discontinuous cover of short halophyte plantsh2)gupralittoraf zone and dunal habitat.

Salt meadows are found principally in the Gulf of Sawrence, particularly on the north shore,
Anticosti Island and lles—de—la—Madeleine. Thedmatal importance of this habitat is not well

® Equivalent to the midlittoral or intertidal zorsrea affected by tides.
9 The supralittoral zone is the upper part of thterial not affected by the tides but may be toudmedpray.
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known but is probably an essential habitat for sgvanimals.

Eelgrass beds

Eelgrass beds are composed of only one specieasalublar plant, eelgrasZdstera marina
Eelgrass beds are present in the midlittoral arfdalitoral zones depending on the tidal
amplitude. In areas exposed to strong tides, thityend to be confined to the midlittoral zone.

Eelgrass beds are fragile and require specificrenmental conditions in order to establish in an
area. They are found in calm environments, on nmebifeae or coarse sand. The highest density
of eelgrass is found in sheltered areas such akpahds (i.e., barachois), lagoons and sheltered
bays with gentle slopes. Eelgrass beds are prasené Estuary and Gulf of St. Lawrence but
are absent from the Saguenay Fjord.

In the Estuary, eelgrass beds are present up-tadle-Coudres and Riviere—Ouelle, but they are
less abundant in the Upper Estuary (Figure 3). [Ahgest eelgrass bed is found in Cascapedia
Bay near Gaspé. Eelgrass beds outside Québec detywlistributed around PEI, northwestern
Nova Scotia, and along most of eastern New Brurs\géxcept for the Baie—des—Chaleurs
region).

Eelgrass beds are habitats known for their prinmagortance for the St. Lawrence ecosystem.
They are recognized for their high primary produtgiand are a key element in the coastal food
chain. Eelgrass beds constitute important nurséoies variety of species. The above—ground
shoots provide food and shelter from predatorsjdoenile stages of many large fish (e.g.,

flounder, Atlantic tomcod, herring, and sculliors)\aell as smaller fish. Eelgrass beds also offer
a surface where species can attach, a rare opggram sandy bottoms. They also provide a

substrate for egg deposition for a number of spesieh as herring and supply habitat and food
for a large number of animal species and epiphsggarosms. However, their precise role for fish

is not well documented.

In addition, eelgrasses are known to alter thestaiicture of their habitats. They reduce current
speed and waves and increase sedimentation ofrelespp@articulates. They also contribute to
soil stabilization due to their rhizomes and rodtse combination of these two elements can
help to lower the rate of the shoreline erosion.

3.3 ZOOBENTHIC COMMUNITY

The benthic community in any marine ecosystem mmtsed of a wide variety of organisms
ranging from bottom—dwelling groundfish and comnedhg valuable crustacea and bivalves to
invertebrates and microorganisms of many forms wWitte or no commercial value but
enormous ecological importance. The full list oésips representing the diversity of the marine
benthic community in the Gulf of St. Lawrence woliketly number 3000 or more species.

3.3.1 Gulf of St. Lawrence benthic community

Macrobenthos

Crustaceans form one of the most visible and wathwkn groupings of benthic invertebrates in
the Gulf, primarily because of their economic vallieey can be loosely divided into: (1) large
crustaceans, including American lobstétofnarus americanys snow crab Chionoecetes
opilio), rock crab Cancer irroratug, toad crab Klyas araneusand H. coarctatuy, (2) hermit
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crab Pagurus sp.)and (3) shrimp, including commercial species hkethern shrimpFandalus
borealig and striped pink shrimpP@ndalus montagyiand noncommercial species like sand
shrimp Crangon septemspinosa

Molluscs are probably the most diverse phylum ofrinea animals in the world (only the
arthropods may be more numerous). Not all molluses strictly benthic (e.g., squid). For
simplicity, most benthic molluscan fauna in the {GoAn be divided into bivalves and
gastropods. Bivalves include both epibenthapecies like oyster<Cfassostrea virginich blue
mussels Mytilus edulig, giant scallopRlacopecten magellanicuand Iceland scallogChlamys
islandicug. The gastropods include such species as the canp@awinkle (ittorina littorea),

the commun whelk Ruccinum undatujin and many others. In addition to bivalves and
gastropods, other forms of molluscs are also ptesghe benthos.

The echinoderms (e.g., green sea urcBiorgylocentrotus droebachiensasd northern sea
star-Asterias rubensare not as homogeneous a group of organismsadieisthought. Twenty—
one species of sea stars and four species of wrédamves in the St. Lawrence estuary (Chabot
and Rossignol 2003). They are aggressive predatoraany benthic species, notably molluscs;
in turn they form an important component of thedazhain, being fed on by many bottom—
dwelling fish species.

A tremendously varied group of organisms, the adsdk.g., worms, leeches) can be considered
true benthic organisms as many of them spend #wgire life cycle on the bottom or in the
sediment. Only a limited number of the polychaétage economic value. Their true value is an
ecological one, serving as one the principal grafpdetritivorous animals, breaking down and
recycling organic matter and also serving as aifsignt food item in the diet of many other
marine species.

Sponges and cnidarians (e.g., corals, anemonestargidered together because of their
similarities in life form, being attached organisiassociated primarily with rocky substrates,
sometimes in colonies and sometimes as individuiiey function as filter feeders and are
therefore more prevalent in shallower waters whigtg conditions promote greater growth of
plankton. The cnidarians also include other orgasisuch as the hydroids and medusas, though
the latter two are more planktonic than benthiceylare not as numerous or as diverse as in the
tropics but nevertheless form a unique and valwadponent to the ecosystem.

Though listed among the other benthic invertebrgbdglogenetically the tunicates and other
ascidians are chordates (Phylum Chordata) and are ahosely related to the finfish and other
vertebrates than they are to true invertebrates.grbup includes several unique forms, none of
which are solely endemic to the Gulf and many ofciwhhave been introduced accidentally to
the Gulf by human activity.

Platyhelminth, nemertean and aschelminth wormspZzwgns and brachiopods are among the
several other small orders of animals composingothrehic community in whole or in part that
do not fall within the major classes of organismssatibed above. None are harvested
commercially and, though some of the parasitic wsane potentially problematic from the point
of view of their effect on the processing of comaiar fish species, few are of significant

1 Organism living on the bottom
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economic concern. Their importance is therefore enassociated with the role they play
ecologically than in economic terms.

Microfauna and meiofauna

The microfauna and meiofauna are mainly constitbiedmphipods, isopods, opossum shrimps
(mysids) and euphausiids as well as the closestedlbarnacles (e.gsemibalanus sp.All of
these form an important component of the benthigrenment as scavengers and detritivores.
For the most part they are epibenthic, though sdoneurrow superficially in soft sediments.

Finally, unicellular, colonial algae, protozoa alpacteria are the smallest and most numerous
organisms among the benthic flora and fauna. Howdkey are the ones that receive the least
attention in the scientific literature. Algae, mpba and bacteria form the main engine for
primary and secondary productivity at the wateldseainterface. Below the surface they work
aerobically and anaerobically to recycle the camsséream of detritus that descends from the
water column above. In deeper water their ecoldgmmificance cannot be overemphasized.
Benthic foraminifera are marine, unicellular eukdes that secrete a shell (test) of calcium
carbonate or agglutinate mineral grains in an aoyamtrix. While they are among the most
abundant organisms in deep—sea sediments and pitgl @le in nutrient recycling, they serve
another equally important purpose. Because theynawee rugged and less susceptible to
destruction by conventional sampling than otherttiermicrofauna, they serve as an excellent
sentinel of environmental degradation. Their diitgrand species composition changes as the
environment becomes more eutrophic and anoxic andaaganic contaminants accumulate in
the sediments.

3.3.2 St. Lawrence Estuary benthic community

The St. Lawrence Estuary is one of the most impoatuaries in North America (El-Sabh and
Silverberg 1990). It stands out because of itsiBogmt size and the high variability of physical

conditions. The variability in physical charactéds is reflected in benthic communities, which
show a wide spectrum of compositions, densitied, l@omasses. With these specific physical
characteristics, benthic communities of the Estaaeyoften quite different from those observed
in the Gulf of St. Lawrence.

Between 1975 and 1985, Bourget et al. (2003) saiplee benthic fauna found on
239 navigation buoys spread out from the fluviall&tvrence Estuary all the way to the Gulf.
They provide a good overview of the larval disttibo of epibenthic organisms and of the
factors contributing to this distribution throughahbe St. Lawrence River. Many studies done by
E. Bourget and collaborators showed that 91% ofttii@ number of species is found in the
Gulf, while only 57% is found in the Estuary (Freédeand Bourget 1980, 1981, Ardisson et al.
1990, Ardisson and Bourget 1991, 1992, 1997, Bduegeal. 2003). As one moves from the
Upper Estuary to the Lower Estuary and then onw#&odthe Gulf, abundance and biomass
gradually increase and the number of species [e¥ssind vagilé®) increases dramatically
between the different parts of the St. LawrenceeRiMhese increases can be explained by
hydrographic barriers (changes to physical conajdhat are significant enough between each

12 Organism living permanently attached to a support
13 Organism living on the bottom and moving freely
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area of the St. Lawrence River.

The most significant physical factors affecting teeurrence of benthic organisms in estuaries
and in the estuarine transition area of the St.rease River are salinity and sediment
characteristics (P. Nellis, Maurice—Lamontagne itust Mont-Joli, QC, personnal
communication). These factors are largely contdoblg hydrodynamic conditions. Furthermore,
because of strong currents, certain types of sedifmeve drifted into the region, and because of
dredging and filling operations, benthic commussitie this region are also affected by sediment
instability.

Usually, an increase in freshwater species can dtednupstream in an estuary. In the
St. Lawrence Estuary, this increase is not siganfiqFradette and Bourget 1980). Few studies
have been conducted on the benthic fauna founkeiséctor between lle—aux—Coudres and the
mouth of the Saguenay River (Figure 3). Howeverstauthors included this sector with the
Lower Estuary due to similarities in physical claeaistics, such as salinity.

In the Lower Estuary, as in the Gulf of St. Lawrenihie nature of the substrate, tidal movements
and water depth play a determining role in thergt fauna composition. As salinity is relatively
homogeneous in the Lower Estuary, this physicatiofabhas only little impact on the general
pattern of benthic communities. The influence dingg can nevertheless be observed locally,
especially in the mouths of rivers where the fregt@winflow is significant (Kimmerer 2002).

As water depth and tidal movement play a major moléhe distribution of benthic organisms,
oceanographers divide the littoral into varioustpavith distinct physical characteristics. The
first layer (intertidal area) corresponds to thghler and lower limits of extreme spring tides. The
second layer (infralittoral area) stretches frone tow water limit to the lower limit of
macrophyte algae growth. Finally, the last layerc@dittoral area) extends from the end of the
infralittoral area to the edge of the continentadl

Intertidal area

According to the nature of substrate (rocky or )sofivo communities (épibenthic and/or
endobenthic) are generaly met.

Intertidal epibenthic communities living on rockostrates

The abundance and distribution of benthic faunaamk substrates show horizontal (estuarine

gradients) and vertical (tide level) gradientshe St. Lawrence Estuary. Based on blue mussel
abundance, a species condidered as representétilre benthic fauna, low biomass levels are

found in the upstream portion of the Lower Estuargereas high biomass levels are observed in
the downstream region of the Lower Estuary.

Regarding vertical gradients, the intertidal zorme te divided into two layers. The upper
portion is dominated in numbers by gastropods,tiheitdensities remain low. In the lower part,
an increase in total density is noted, mainly duehe increased abundance of blue mussels,
barnacles, sessile polychaetes or anemones (BdL.8§é).

On a local basis, the factors controlling the streee of the intertidal community living on the
estuary rock substrates will depend on the expasiutieese substrates. On an exposed substrate,
the community is controlled by physical factors piarticular by the substrate heterogeneity—ice
abrasion tandem, and by larval behaviour. Howewera more sheltered substrate, or at least
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when the community is not highly disturbed, bidactors such as predation or competition are
more likely to control the community.

Alga and benthic animal diversity is low on roclostrates in the St. Lawrence Estuary (Vincent
1990). The most prevalent species in these envieotenare blue musseldytilus eduli3,
barnacles $emibalanus balanoideand winkles [(ittorina obtusata Littorina saxatilig. These
species are often associated with two speciesgafealbladder wrackFUcus vesiculosysand
knotted wrack Ascophyllum nodosumFew species of commercial interest are fourtthisitype
community. Blue mussels are present here Anchodosumis harvested at a small scale.
However, no large—scale harvesting is made on pagdulations in the St. Lawrence marine
ecosystem: commercial landings result entirely femuaculture farms.

Endobenthic communities living on soft substrates

Studies on the endobenthic community of soft (muadg sandy) substrates have mostly taken
place on the southern shore of the Lower Estuargo®munity commonly seen on the soft—
bottomed substrates is the boreo—AtlaMita—Macomacommunity. It is dominated by the filter
feederdVlya arenariaandMacoma balticaThe polychaeteblereis virensandNephtys caecas
well as the gastropoddydrobia sp.and Littorina sp. are sub—dominant species (Mark et al.
2003). A community dominated by the bivalveesodesma arctatuis also present in the fine
sands of the north shore of the Lower Estuary. €uly, the softshell clanmMya arenarig is the
only species harvested intensively.

Several biological or physical factors can influerthe softshell clam distribution pattern. The
physical factors are hydrodynamics, site exposatesediment category. Biological factors are
juvenile mortality, the presence of algal mats mwrdation (Hunt 2004). The main predators of
softshell clams are nemertin&drebratus lacteys gastropods L{unatia heros Buccinum
undatum, crabs and birds. Certain fish, such as winteyurftler Pseudopleuronectes
americanuy are also predators of softshell clams.

Infralittoral and deeper areas

Very few studies have been conducted on communitiead in the infralittoral area of the
Estuary and Gulf of St. Lawrence, and they coneeck substrate communities (Bourget et al.
1994). The gradient related to the estuarine ositias a limited effect on the density of this
type of community, with the density tending to dexge from downstream to upstream. On the
other hand, local physical factors related to thptld gradient (change in temperature, salinity,
exposure to waves, light intensity and barometresgure) have a considerable negative effect
on the density of the communities, but not on bissnand diversity. These two indices (biomass
and diversity) probably have more to do with bidéictors, such as predation and competition.

These communities are dominated in biomass by teengsea urchinSgtrongylocentrotus
droebachiensis sea starl(eptasterias polaris brittle star Ophiopholis aculeatpand sea squirt
(Ascidia sp).. The green sea urchin, an effective grazer, catral the abundance of algae in the
Lower Estuary. It appears that it does not exertisesame control in the Upper Estuary because
it does not tolerate low salinity.

Several species of commercial value are presetitannfralittoral zone of the Lower Estuary
and Gulf of St. Lawrence. Although scarcely presenthe St. Lawrence Estuary, one of the
landed species with the highest commercial valutgaénGulf is lobsterHomarus americanys
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This species is found in a broad spectrum of htbiiat seems to prefer rocky bottoms less than
50 m deep covered with algae. The lobster distiobuand recruitment patterns are influenced
by a large variety of factors, spatial as well esporal, during the phases of dispersion and
recruitment. Lobster is a predator on green sehinscand thus plays a role in regulating the
urchin populations. The lobster’'s diet is composddshellfish, mainly rock crabQancer
irroratus), echinodermata, polychaetes and molluscs, edpeaiaussels Kytilus edulis
Modiolus modiolus Most of the lobster's natural mortality stemsnfr predation at various
larval stages and predation from several typesshf(Hanson and Lanteigne 2000, Nelson et al.
2003) and birds (Ennis 1995). The other commepacies usually found in this layer in the
Estuary include rock crab, green sea urclstrdngylocentrotus droebachiensisea cucumber
(Cucumaria frondospand commun whelkBuccinum undatuin

As with the infralittoral area, very few studiesvhabeen conducted for deeper areas in the
Estuary and Gulf of St. Lawrence. In general, alammed and diversity decrease from the head of
the Laurentian Channel to the Gulf (Massad and &r@A79). Also, there are changes along the
same gradient (upstream to downstream) of the icaphlds. The community at the head of the
Laurentian Channel is made up of several diffegarilds. In the downstream direction, these
organisms are replaced by suprabenthic detritivipecies preferring vertical displacements.
These species are gradually replaced by more mohit@vorous and detritivorous organisms
with horizontal displacements. Polychaetes (65%ivalbes (16%), amphipodes (8%),
sipunculides (4%), and ophiuroides (3.5%) form twminant taxa. Moreover, the shallow
communities (< 75 m) are always more diverse tharcommunities living at greater depths.

Only one known study on the trophic structure @& thacrobenthos (Desrosiers et al. 2000) was
conducted on communities found in the deeper water. It concluded that the characteristics
of the geomorphology (bathymetry, topography, amosgate) have an influence on the trophic
structure and composition of benthic assemblagése. groportion of limnivorous surface or
subsurface organisms, i.e., the nature of biotiobadctivity, is related to the magnitude and
pattern of the organic matter input from euphoteaa. The equal or the upper concentration of
organisms in the subsurface zone, which manifedtitbation strong activities of in sediment,
was linked up with an irregular provision of orgamatter.

Other commercial species of great importance aradan the deeper layers of the Estuary and
Gulf of St. Lawrence. One of the most significapeaes is snow craliChionoecetes opiljo
This crab is generally found on muddy and sometisaggly bottoms at depths ranging between
45 m and 380 m (Bailey and Elner 1989). Severdbfacseem to affect snow crab distribution.
The temperature and type of substrate appear tiéenost important factors (Lefebvre and
Bréthes 1991, Robichaud et al. 1989, Dionne eR@0D3). The diet of this species includes
polychaetes of the gen®&abellides crustaceans (shrimps, crabs and other smallamesis),
bivalves Macoma calcarepand fish (mostly capelinylallotus villosu$ (Bréthes et al. 1982,
Squires and Dawe 2003). One of the main causesao srab natural mortality is predation on
young crabs (less than three years) by ¢ddus morhupand other groundfish species. The
decrease in cod predation due to the collapseookstcould partly explain the increase in the
population recorded in the beginning of the 19%ereover, cannibalism, especially between
crabs of various generations (inter—cohort), wdagdbne of the regulating factors for snow crab
populations (Sainte—Marie and Lafrance 2002).

Another commercial species of interest found ins¢éhaleeper layers is northern shrimp,
(Pandalus borealis The northern shrimp is usually associated waif, snuddy substrates and is
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present throughout the Estuary and the northermh &udepths where the temperature is higher
than 2 or 3°C. Shrimp do ontogenic migration: juleshand young males are found in shallower
waters at the head of the channels while the dielmales are mainly found in deeper water.
Shrimp of all stages migrate vertically, leaving thottom at night to rise in the water column to
feed on plankton and then returning to the bottamng the day. It appears that the circulation
of water masses in the St. Lawrence River is faafoler to shrimp larva retention. However,
horizontal distribution probably depends more owol@gical factors affecting larva survival
(Ouellet and Lefaivre 1994). Other factors, suclwager temperature, can also explain shrimp
distribution (Parsons and Fréchette 1989). Feediogurs in both the benthic and pelagic
environments, in accordance with their vertical raigpns. Polychaetes, small crustaceans and
detritus are the main prey during the day whileegmuls and euphausiids are the principal prey
items during the nocturnal migration. Predatiothis main cause of shrimp mortality. Greenland
halibut Reinhardtius hippoglossoideprogressively replaced coGé&dus morhupand redfish
(Sebastes spp.as the main shrimp predators in the early 200®svénkoff et al. 2006).
Moreover, just like snow crab populations, north&nnmp populations underwent an increase in
abundance and distribution following the collapsedemersal fish stocks. In these layers, two
other commercial species of interest are present,deepsea king crahithodes majaand the
Stimpson's surfclamMactromeris polynyma

3.4 FISH COMMUNITY

3.4.1 Marine fishes

The St. Lawrence system can be divided into twoegdrfish habitats: the shelf areas and the
deep channels, which support rather different, $easonally intermingled communities. In
general, diversity tends to decrease from the s@@#bot Strait) to the northwest (Estuary) and
northeast (Strait of Belle Isle) areas for both shelf and channel communities. Moreover, the
nature of the bottom also has an influence: the ddban Shallows and west coast of
Newfoundland shelves have primarily soft bottom®relas Québec's north shore is mostly hard
bottomed.

The shallows are characterized by warm surfacersvatied high productivity in summer. They

are important spawning, nursery, and adult feedingunds for large biomasses of both

groundfish and pelagic fishes in these areas. Tagddlen Shallows also supports high densities
of American plaice Hippoglossoides platessoidewnhich, together with cod, constitute the

dominant groundfish in the southern Gulf. In aduhtithe southern Gulf comprises important
feeding grounds for a number of highly migratorghis that move into the area to feed in
summer, notably bluefin tuna (Thunnus thynnus) spidy dogfish (Squalus acanthias).

In winter, the Shallows are typically ice—coveredth water temperatures near the freezing
point of seawater (—1.5°C) from surface to bottdmavoid these harsh winter conditions, many
of the large fishes migrate out of the Shallowsheamter. Some migrate far out of the Gulf to

overwinter at more southerly latitudes (bluefinaumackerel [Scomber scombrus] and spiny
dogfish). Others migrate into warmer deep waterthénLaurentian Channel or along its slopes

15 A randomly interbreeding population of individuaigt mate at random, i.e., each individual is #yguikely to
mate with any individual of the opposite sex.
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(adult herring [Clupea harengus], cod, white haleophycis tenuis], American plaice, witch
flounder [Glyptocephalus cynoglossus], and thorkates [Amblyraja radiata]). Some of these
species overwinter in these areas (American plaideh flounder) but others move towards the
entrance of the Laurentian Channel in the CabaiitSirea (cod, herring, redfish [Sebastes spp.].
The main pathway for these fall migrations outhe Gulf and the return migrations each spring
is along the west coast of Cape Breton Island.

In the northern Gulf, shallow shelf areas alongwhest coast of Newfoundland and along the
Québec north shore represent important summerrfgegliounds and nursery areas for both
demersal and pelagic fishes (cod and herring).iktemlong the west coast of Newfoundland
move into the warm deep waters of the Esquiman @4#lao overwinter. Like the southern Gulf

population, cod in the northern Gulf is highly nagpry, moving into warm deep waters in the
Cabot Strait area in winter.

The relatively warm deep waters of the channels doainate the northern Gulf constitute the
feeding, spawning, and nursery grounds for a nurobeleepwater and slope species, notably
the redfishes Sebastes mentell&ebastes fasciatugnd occasionallySebastes norvegicls
Greenland halibutReinhardtius hippoglossoideand witch flounder. Adults of some of these
species (witch flounder) move up the slopes to fieesomewhat shallower water in summer.
These deep channels also constitute the overwigtegiounds for the adults of many of the
large—bodied fishes whose spawning, nursery arfdéating grounds occur in shallower shelf
waters (cod, herring, plaice, white hake, and thakate). Although the deepwater and slope
species do not need to undertake major migratmmasaoid harsh winter conditions, some appear
to undertake seasonal movements.

The marine fish communities in the Gulf have exgreced dramatic changes in the relative
abundance of their component species over th&lagears starting in the early 1970s. Many of
the large—bodied groundfish declined to very lowels in the 1990s (cod, redfish, white hake,
American plaice, skates) (CAFSAC 1994). On the otiend, many invertebrates and pelagic
fishes were at relatively high levels of abundaticeughout much of the 1990s and early 2000s
(shrimp, crab, herring, and capelin). However, S&o# et al. (2005) showed that increased
fishing mortality in the northern and southern Goif St. Lawrence may have countered the
expected increase in biomass of some species, aucdhtlantic mackerel, following the net
decrease in groundfish biomass and the ensuing dropredation. In contrast to most
groundfish, abundance increased in the 1990s imesdeepwater flatfishes, notably Greenland
and Atlantic halibut Klippoglossus hippoglossusThese increases reflect strong recruitment in
the 1990s. In the southern Gulf, where there @ng time series of consistent trawl survey data,
other dramatic changes in the ecosystem seem évillemumber of cold water species (e.g.,
Arctic cod [Boreogadus saida polar [Cottunculus microgs and Arctic Myoxocephalus
scorpioide$ sculpins) increased temporarily in the mid 1990isjing a prolonged period of cold
bottom waters in the southern Gulf. But most nadids been an increase in the abundance of
many small-bodied species in the late 1980s and 19@0s. These changes in species
composition have resulted in a large shift in thertass spectrum of the fish community in the
southern Gulf, with declines in the biomass of ¢atgjze fishes and increases in small sizes
(Savenkoff et al. 2007a).

The causes of these ecosystem changes are noullyetuhderstood. The decline in the
abundance of large—bodied groundfish is thoughbteanainly due to overfishing, though for
some species (e.g., cod) declines in productivgyg appear to play a role. Given its current low
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productivity, no significant recovery of the Gulba stocks is expected at least for the northern
Gulf stock, even in the absence of fishing (Dutiak 2003). Mackerel and herring were at very
low levels in the mid to late 1970s, likely the ukof heavy fishing in the late 1960s and early
1970s. The increase in the biomass of these pelaties throughout the 1980s may reflect a
recovery from overfishing following declines in thexploitation rates in the late 1970s. The
recent increase in the abundance of small-bod&tkdi in the southern Gulf may reflect a
release from predation following the decline ingrbodied predatory fishes. Significant
environmental changes have also occurred over a6s\geginning in the early 1970s. Bottom
waters on the shelves were relatively warm in the 11970s and early 1980s. The cold
intermediate layer (CIL) in the Gulf underwent @lpnged cooling from the late 1980s to the
mid 1990s. The Gulf of St. Lawrence region has depeed abnormally low water
temperatures, particularly between 1990 and 199Bdrsouthern Gulf (Drinkwater et al. 1995).
However, in the late 1990s and early 2000s, sgengperatures have been unusually warm, with
1999 the warmest spring in the 50—yr record. Thectf of these environmental changes on the
fish communities in the Gulf are not fully undeisto

In addition to these changes in abundance, majifts sh distribution have occurred for a
number of species over the period from 1971 to 2002 distribution of cod on their feeding
grounds in the southern Gulf appears to be dedsipendent, with distribution shifting offshore
to intermediate depths at high abundance and tboshanshore waters at low abundance. The
timing of the fall migration of cod to overwintegrgrounds appears to have shifted to earlier
dates during the 1990s. The distribution of capkls expanded into the southern Gulf during
the 1990s and early 2000s, covering much of theddiem Shallows in September; these fish
had a much more restricted distribution in the lseut Gulf over most of the years between 1971
and 1990. Increased capelin abundance is typiea$pciated with lower than normal ocean
temperatures but not with warmer than normal camast (Frank et al. 1996). Beginning in the
late 1980s or early 1990s, there has been an adsshdt in the September distribution of a
number of groundfish species (cod, plaice, whiteehavitch flounder, thorny skate). The cause
of this shift is unknown. One possibility is thatis related to the pronounced cooling of the
western Magdalen Shallows in the late 1980s angl #860s.

3.4.2 Diadromous fishes

Diadromous fishes are fish that migrate betweenimaaand freshwater (McDowall 1987).
Within this group, anadromous fishes, of which ¢hare nine species (identified further in the
text) in the Gulf of St. Lawrence, spawn in frestevaand migrate to sea to feed and mature.
Catadromous fish spawn in salt water and utiliestiwater for feeding and growth. The single
catadromous species in the St. Lawrence systemArtiezican eel Anguilla rostratg, utilizes
the freshwater and estuarine areas for growth aatdration but spawns as a panmiCtignit in

the mid—Atlantic area.

There is a notable south to north cline in divgrsihd abundance of these species within the
Gulf. The southern portion of the Gulf of St. Lawece is the northern limit of the spawning
populations of several anadromous fish speciesidirad) three species of anadromous clupeids
(alewife [Alosa pseudoharengl$lueback herringAlosa aestivalis and American shadJosa
sapidissim@), and striped basdMorone saxatiliy. The Gulf of St. Lawrence includes the largest
populations of Atlantic salmorS@lmo salay and anadromous rainbow smeltsfnerus mordgx

in eastern North America.
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Some of the diadromous species have a restricsdbdition within the Gulf of St. Lawrence.
Sea lampreyRetromyzon marinyspawning runs are most concentrated in the sout@alf of

St. Lawrence (Beamish 1980). There are spawning afiralewife and blueback herring in the
majority of the rivers in the Gulf (DFO 2001). Spang runs of American shad appear restricted
to the Northwest Miramichi and Southwest Miramidkiers of the Gulf and in the St. Lawrence
River although shad occur in numerous estuaries aswnd other rivers of primarily the
southern Gulf (Chaput and Bradford 2003). Therenis spawning population of striped bass in
the Northwest Miramichi, and the coastal feedingtribution appears limited to the southern
Gulf from the western coast of Cape Breton weshéotip of the Gaspé peninsula (Douglas et al.
2003). There remains one confirmed spawning lonafior Atlantic sturgeon Acipenser
oxyrhynchuyin the St. Lawrence River near Québec City (HatirCaron 2002). No spawning
populations have been confirmed in the Gulf, anidrns of tags from Newfoundland, Labrador
and southern Gulf fisheries of sturgeon taggechen$t. Lawrence River suggest that it is the
principal if not sole source of sturgeon occuriimghe Gulf.

Beside, Atlantic salmon is widely distributed ivais bordering Québec, Newfoundland, and
Maritime provinces of the St. Lawrence system (QiGall et al. 1997). Individual river run
sizes are generally small, but four rivers (NorteivBliramichi River, Southwest Miramichi
River, Restigouche River, Humber River) are recgvinore than 10,000 individuals in a given
year.

Cabot Strait and the Strait of Belle Isle are imt@otr migratory corridors for the diadromous
fishes. On the basis of the timing of the commérégheries and tagging programs, the
anadromous clupeids are assumed to enter andhexiGulf through Cabot Strait, exclusively
along the north of Cape Breton Island and dispevestward north of PEI and through
Northumberland Strait (Rulifson and Dadswell 198The Cabot Strait area is a common
migration pathway for seven of the ten diadromagpscees in the Gulf of St. Lawrence. The
Strait of Belle Isle is considered a more importamgration corridor for Atlantic salmon from
the rivers along the northern portion of the Stwitence system (Newfoundland, Québec’s North
Shore). Migration into and out of the Gulf occuregominantly during the months of May to
November. The Strait of Belle Isle is also usedsbgne species and life stages to enter and exit
the Gulf.

In terms of landings in the Gulf, the gaspereaewdk) and blueback herring fisheries are
presently the largest, followed by smelt, eel, tochand shad (Leblanc and Chaput 1991). The
recreational fisheries catch of Atlantic salmoneastern Canada has been on the order of
100,000 fish annually in recent years, with morantthalf the catch occurring in Gulf of
St. Lawrence rivers.

3.5 MARINE MAMMALS AND LEATHERBACK TURTLE

3.5.1 Whales

There are two groups of whales or cetacean sulmrthes Mysticeti, whales with baleens, and
the Odontoceti, whales with teeth. The toothed e$alre usually much smaller than the baleen
whales.

Mysticeti
In the Estuary and Gulf of St. Lawrence, therefaue species of baleen whales: finback whale
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(Balaenoptera physaliisminke whale Balaenoptera acutorostrajablue whale Balaenoptera
musculs), humpback whald\egaptera novaeanglidend the northern right whal&balaena
glacialis). The northern right whale is generally found Ire tBay of Fundy and the Gulf of
Maine. However, since 1995, right whale sightingsenbeen increasing in the St. Lawrence. A
population of grey whalesEgchrichtius robustyswas historically present in the Gulf of St.
Lawrence, but this group was extirpated beforeettd: of the 1800s by commercial whaling and
was designated as such in 1987.

Odontoceti

Eight species of Odontoceti can be observed in $e Lawrence. These are beluga
(Delphinapterus leucas long finned pilot whale Globicephala melgs white—sided
(Lagenorhynchus acutpand white—beaked_é&genorhunchus albirostrigdolphins, and harbour
porpoise Phocoena phocoeiakiller (Orcinus orcg and spermRhyseter catodgrwhales can
also sometimes be spotted in the St. Lawrence ljeeabod et al. 1976). While the northern
bottlenose whaleHyperoodon ampullatyss fairly common in the deeper waters off thestax
Nova Scotia and Labrador, it is extremely raréhim Gulf.

Marine mammals feed at most trophic levels, froamgton to predatory fish, and they even feed

on other marine mammals. The toothed whales (Odetijcas well as pinnipeds are carnivorous

and their diets consist of pelagic, demersal ottieriish, cephalopods and crustaceans, pelagic
or benthic shrimp, worms, molluscs, mammals andsh{Fontaine 1998).

One of the major food sources of the baleen wh@gssticeti) is zooplankton. Some species
like the blue whale feed almost exclusively on gtanic crustaceans that are very similar to
shrimps but that belong to the Euphausiacae drflritily. Other species have been known to
eat, in addition to krill, copepods (Calanidae),llmsxs (squid), small fish (capelin, smelt, sand
lance and Arctic cod) and the juveniles of biggeh fsuch as herring and mackerel (Fontaine
1998).

Significant concentrations of phytoplankton anelatively high secondary productivity occur in
the St. Lawrence Estuary. Between Tadoussac an&Es@sumins, the Laurentian Channel ends
abruptly at the confluence of the Saguenay Fjaslylting in an upwelling of cold mineral-rich
water under effects of strong tidal circulationrfveich area). This area also has a significant
accumulation of biomass of foraging species, silkeuphausiid crustacean species (krill) and
capelin. In fact, this area was found to be on#hefrichest krill aggregations in the Northwest
Atlantic (Simard and Lavoie 1999). Juvenile capeliso aggregate over the shallows at the
channel head during the summer period (Simard.e208l2). This is especially notable at the
Saguenay entrance. Other species such as shrimjonamdle sand lances are abundant and are
prey for a wide variety of marine mammals (Runge &imard 1990).

The impressive concentrations of foraging specidbeahead of the Laurentian Channel in the
St. Lawrence Estuary create vital feeding habitatsmany large cetaceans. Several species
migrate to this region over the course of the sumimdeed and then return to warm southern
waters during winter to mate and give birth. Spesigch as the minke whale, which overwinter
in Bermuda and the West Indies, return and featienEstuary (Clark 1994). The St. Lawrence
Estuary is also a critical habitat for the St. Lamge beluga and harbour seals since they are the
only species that spend their entire life cycle¢he

The Cape Breton Trough near Cheticamp, NS, is atsanportant foraging area for various
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cetaceans. This area features large canyons, wappkar to be areas of high productivity,
leading to large concentrations of food for mammemmals. The Strait of Belle Isle has currents
and tides that favour concentrations of krill, thastracting many cetaceans for feeding.
Humpbacks move north through the Strait in earlytéafeed on spawning herring. Fin whales
seem to move south through the Strait in the sunandrfall. Southeast Prince Edward Island
and the lles—de—la—Madeleine are also two areaspértance for seals and whales. Cabot
Strait, off Cape Breton, is also an important nmiigmna corridor for marine mammals moving in

and out of the Gulf of St. Lawrence (Kingsley aneeRes 1998).

3.5.2 Seals of the St. Lawrence

Seven species of seals or pinnipeds are knowretuént the Estuary and Gulf of St. Lawrence;
however, only four are common. These are harp d¢disca groenlandicga hooded seals
(Crystophora cristatp harbour sealsPhoca vituling, and grey sealsH@lichoerus grypups
These four species are members of the phocid gealp, also known as true or hair seals. Harp
and hooded seals are migratory species whereasatimwur and grey seal are year—round
residents of the St. Lawrence. Ringed se®bota hispida and bearded seal&rfgnathus
barbatug are occasional visitors to the northern partshef Gulf where there is an active hunt
for these two species. Atlantic walru@dobenus rosmarus rosmajusas historically found in
the Gulf but has been extirpated by commercialesedtom the Gulf, the last one taken from
lles—de—la—Madeleine in the 1700s (Lesage et &1R0rhere are occasional reports of walrus
sightings but these are most probably vagrants.

Over the last 50 years, a reduction in harvestiofvity has permitted many pinniped
populations to increase. However, there is stilllmportant harp seal hunting activity in areas of
the St. Lawrence. A small number of grey sealsadse captured every year in the Gulf. The
hooded seal herd is small and hunting of this patpn as well as the harbour seal population is
prohibited.

It is evident that seals consume large quantitiefsb in eastern Canadian waters. —In one
study, 77% (by weight) of the total prey consumgdgkey, hooded, and harp seals in Atlantic
Canada consisted of fish, of which capelin and lsenog were the dominant species, accounting
for 49% of the total fish consumed by seals (Hararld Stenson 1997). Major commercial
species such as cod form a relatively minor compbimethe overall seal diets (Savenkoff et al.
2004). Harp seals were the most important sealapoedaccounting for 82% of the total fish
consumption. Hooded seals and grey seals also mmuswsignificant quantities of fish,
accounting for 10% and 8% of the fish consumed aetbely. Harbour seals consumed
insignificant quantities of fish, accounting fosgethan 1% of the total consumption of prey by
seals.

3.5.3 Leatherback turtles Dermochelys coriacea)

There are seven species of marine turtle worldwafethese, two are known to range into
Atlantic Canadian waters: the leatherback tuiflertmachelys coriagaand the loggerhead turtle
(Caretta carettq Only the leatherback turtle is currently consatketo occur in the Gulf of St.
Lawrence.

Adult leatherbacks are highly migratory and arevikinas the most pelagic of all sea turtles.
However, in Canada they can be regularly obsenl@igahe continental shelf (James 2000 in
COSEWIC 2001). Leatherbacks normally inhabit aredsere coelenterate (i.e., jellyfish)
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productivity is high, along oceanic frontal systeams! along vertical gradients located at oceanic
fronts (Lutcavage 1996 in COSEWIC 2001). Therefdiee leatherback’s habitat may be
strongly related to prey availability, with turtlesoving from the offshore waters into the coastal
areas to take advantage of the seasonal proldesatf jellyfish (COSEWIC 2001).

Since leatherback turtles have experienced a dirapapulation decline of more than 60% since
1982 (based on counts of nesting females), thisiepés considered endangered by COSEWIC
(Committee on the Status of Endangered Wildlif€anada) and as such is listed in Schedule 1
of SARA (Canada’s Species at Risk Act) (COSEWIC00he major threat to the leatherback
turtle in the Gulf of St. Lawrence is that of erglament in fishing gear, which can result in
death by drowning or serious injuries. Marine delsi problematic because adult leatherbacks
often mistake floating garbage for jellyfish (foxaenple, plastic bags). Ingestion of such
materials inevitably results in death (COSEWIC 2001

3.6 MARINE BIRDS

The Gulf of St. Lawrence is home to various speofidsirds that depend on the resources of the
coast and sea to survive. Some of these birds lameedcky islands and cliffs and forage the sea
for their food; others breed on land or in freshavainly to return to the sea afterwards. The
birds can be divided into four different groupsshore birds, offshore or pelagic birds (these two
groups combined are also known as seabirds), veateaind shorebirds.

In general, birds and marine mammals play impontal®s in the marine food webs. Seabirds,
marine mammals and large fish share the upper rahkke food chain. In the Gulf of St.
Lawrence, there are approximately 18 different ggeof breeding seabirds (inshore and
offshore). We also find various species of shodsbthat are usually present in the coastal zone
for only a brief period each year. It is estimatiedt 90% of the prey consumed by seabirds are
fish (mainly pelagic) and squid with the remainiti@o is divided between benthic and pelagic
invertebrates (Cairns et al. 1991).

Offshore (pelagic) birds spend long periods of temey at sea where they obtain all or most of
their food requirements. Pelagic birds, includiregrels and auks, for example, are independent
of land for both feeding and resting and will femcer deep water in the offshore zones. These
pelagic birds will exploit various food sourcestthan range from plankton to various species of
small fish. However, they all depend on land faedaling. These breeding sites are usually rocky
cliffs and island®. Inshore birds feed in the inshore habitats wiieoe is found on or near the
bottom of shallow water. These birds (cormorantsisgterns) will normally return to land to
spend the night.

Large numbers of breeding seabirds are found arthndsaspé Peninsula and along Québec’s
north shore; approximately one—third of all GulfSff Lawrence seabirds nest in each of these
areas. Bonaventure Island hosts ten species aed tjuarters of all Gaspé Peninsula breeding
seabirds. On Québec’s north shore, the presengmadiictive Labrador waters entering the Gulf
through the Strait of Belle Isle makes this ardietive to seabirds.

Seabird numbers are lowest in western Newfoundéamtithe southern gulf. These two regions

®Nettleship, N. 1980. A guide to the major seabutbuies of eastern Canada—identity, distributiod abundance.
Unpubish Report, Canadian Wildlife Service—SeaBies$earch Unit, Dartmouth, NS.
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have scarce or low quality breeding habitats (faneples, few offshore rocky islands featuring
cliffs). The low numbers of birds on the cliffs @festern Cape Breton may be linked to
oceanographic conditions rather than the lack ditat(Cairns et al. 1991, Lock et al. 1994).
However, by fall, after the end of the breedingssea the pelagic or offshore seabirds have
dispersed from the colonies and can be found iir treatest density in the well-mixed and
productive waters in Cabot Strait. Their distrilbatiin winter depends on the movements and
extent of the ice cover, which therefore makesifitcdlt to predict their location (Lock et al.
1994).

Populations of herring gulls had been increasimidia in the 70s and 80s throughout the Gulf
of St. Lawrence, but since the end of the 80striémad has reversed. It has been suggested that
the decline of the herring gull could be relatedatalecrease in the availability of fish offal,
following the collapse of the cod fishery (Chapdedaand Rail 1997). The latest (stable) trend
between 1993 and 1998-99 on the north shore sugipedtherring gull populations are perhaps
back to more “natural” levels there. Black—leggéitikake numbers have also been declining
throughout the Gulf since the end of the 80s, dedetis no indication of stabilization yet. In
contrast, the breeding population of northern gehas increased more than threefold in the
past 30 years in the GSL, where it is now the sgenast abundant seabird. Also, populations of
alcids, which were at very low levels in the 70ayé recovered steadily and at a fast rate since.
The most recent trends, however, indicate thatldhgest colonies of common murres have
tended to stabilize on the north shore (1993-1988)at Bonaventure Island (1989-2002), and
that the Atlantic puffin decreased sharply and yeetedly at all major concentrations on the
north shore (1993-1999). Common eider numbers ahserwent a spectacular recovery in
north shore bird sanctuaries in the 80s and 90s.

The general and rapid increase of species sudteasdids (the razorbill, the common murre, the
Atlantic puffin and the black guillemot) suggestpassible increase in the supply of forage fish
such as sand lance and capelin, which may havsitiveoeffect on the breeding performance of
these birds (Chapdelaine and Brousseau, 1991, Xd®@pdelaine 1995). The changes in the
abundance of these small prey fish may be relatethe decrease in the number of large
predators, such as the Atlantic cod, due to overfgs (Chadwick and Sinclair 1991). If we
combine this with the declines in herring gulls dolack—legged kittiwakes, which are possibly
associated with the collapse of the cod fisherso(tigh a diminution in fish offal and discards), it
appears that human exploitation of marine resouncethe Gulf of St. Lawrence may have
resulted in important changes in the seabird conpwu®verall in the last 20 years, offshore
birds and diving species have been increasing deraily, whereas inshore birds and surface—
feeders have declined.

4.0 SOME ELEMENTS OF THE GULF ECOSYSTEM DYNAMICS

Although an effort was made to indicate some imgrariphysical oceanographic processes in
relation to particular biological properties in theevious sections, they were mostly concerned
with a basic description of the system componentghis section, a succinct overview of the
system dynamics will be presented to highlight therticular functionality of the Gulf
ecosystem.

4.1 SEASONAL BIOLOGICAL PRODUCTION CYCLES
Except for the Lower St. Lawrence Estuary and tlaxikhum Turbidity Zone area in the Upper
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Estuary, light intensity does not appear to benatilng factor for primary productivity in the
entire Gulf of St. Lawrence (Therriault and Levass&985). Instead, nutrients, essentially
nitrate availability, are identified as the primaityver of the spring phytoplankton blooms over
the entire Gulf as well as for sporadic and/or seatong production events at specific sites. In
fact, the documented strong spatial and temponaalidity of the planktonic production were
clearly reproduced through nutrient variationsasponse to sea—ice dynamics, runoff, tidal, and
wind—induced circulation, and wind mixing in a cteg physical-biological model of the
planktonic production (Le Fouest et al. 2005).

The average picture for the entire Gulf is thae l&ll and winter deep vertical convection
homogenize the water column (down to ca. 100 mgatang a standing stock of nutrients
(nitrates) in the upper layer that varies inter+aily as a function of variations in the

atmospheric conditions (Plourde and Therriault 2004 addition, stochastic atmospheric
events, such as late fall wind storms passing ¢werGulf, can also create intense vertical
mixing and contribute to high winter nitrate contcation in the upper layer (M. Starr, Maurice-
Lamontagne Institut, Mont-Joli, QC, personnel comroation). In a recent simulation study, Le
Fouest et al. (2005) presented a general viewes#asonal production cycle in the Gulf of St.
Lawrence. The diatom—dominated vernal bloom ocftassecond half of April) following sea—

ice melt or retreat, which increases stratificatéord the light level. The decline of the vernal
bloom results from nitrate depletion in the euphatbne and possibly increasing grazing
pressure from the mesozooplankton. During summdr falh, large phytoplankton cells and

mesozooplankton biomass gradually decrease, buntuel suggests that small phytoplankton
cells and microzooplankton vary little throughdug tyear.

In the previous description of the physical anchgtan conditions of the Gulf, specific regions
were identified as zones of important vertical mgiof water masses and productivity “hot
spots™ 1) the head of the Laurentian Channel enltbwer Estuary (also the heads of Anticosti
and Esquiman channels); 2) the tidal mixing atXheques Cartier Strait and Strait of Belle Isle;
3) the upwelling along Québec’s north shore andicdsti’s south coast; 4) the north-western
Gulf caracterized by a high variability due to aloyic structure, the Anticosti Gyre, and the
Gaspé Current. The precise physical mechanismdviedat these sites were reviewed in the
previous section. How these features may be reggerfer particular regional zooplankton (and
higher trophic levels) communities is important éar understanding of the functioning of the
Gulf system. Ultimately, it must be remembered thatentire Gulf of St. Lawrence can only be
understood as the dynamic interactions of all tegianal differences in productivity and
plankton community structures. Although it may lmawenient to divide the Gulf into distinct
biogeography units (de Lafontaine et al. 1991), meffort is still required before we can
produce the comprehensive integration of all theatlyic subsystems that define the Gulf of St.
Lawrence Ecosystem.

4.2 LOWER ESTUARY-GASPE CURRENT-SOUTHWESTERN GULF COMPLEX

Probably the best studied ecosystem of the Gulths Lower Estuary—Gaspé Current—
southwestern Gulf (Magdalen Shallows) complex. Thetrient pump” at the head of the
Laurentian Channel supports a relatively high pobity in this region. Noticeably, the spring
bloom in the Lower Estuary is delayed by 4 to 8 keeeelative to the open Gulf. The optimal
environmental conditions to initiate this main blo@appear when the spring runoff subsides. An
increased retention time seems to be the mechahenallows the spring bloom to occur in the



41

Lower Estuary (Zakardjian et al. 2000). Environna¢rdonditions in the Lower Estuary and
Gaspé Current generally allow two or three bloomsually. One or two short and less intense
blooms occur in mid—May and/or mid—August. A maneense bloom occurs at the end of June
or in early July (Starr et al. 2003). The influerndehe Lower Estuary is responsible for high but
also variable concentrations of nutrients in thesgg&a Current that support an intense
phytoplankton production that may last until thel ef June and sometimes later (Starr et al.
2003).

Also important in the Lower Estuary is that an ease in stratification, temperature and
nutrients in the water column as well as lowermsgliin surface waters all favour the occurrence
of the toxic algae blooms (Therriault et al. 198%eise et al. 2002). Blooms of the toxic alga
Alexandrium tamarenseere found in the plumes of the Manicouagan ang @utardes rivers
and in the Gaspé Current (Therriault et al. 1988xandriumcysts and cells at the mouths of
these rivers may serve to inoculate other bloorasdphpear along the southern coast of the Gulf
of St. Lawrence along the Gaspé Peninsula (Blasab £996).

The high production in the Lower Estuary supporisadundant zooplankton community. The
life cycle of zooplankton creates seasonal diffeesnin biomass and community structure. Many
species of copepods are herbivores/omnivores #uatine good timing between their activities
and the abundance of phytoplankton. The Lower Egtaad Gaspé Current are important
regions for the reproduction of copepods but atsotlie transport of the biomass toward the
southern Gulf region. Thus, the reproductive andetiggpmental period foC. finmarchicusis
tightly coupled to the local spring or summer—dejeg on the region—phytoplankton bloom. In
the Lower Estuary, the greatest abundance of fe@afexmarchicuss observed at the end of
spring or early summer, when they may take advantdghe high phytoplankton biomass to
complete maturation and produce their eggs (PloandeRunge 1993, Plourde et al. 2001).

The observed seasonal variations in copepod contynsinucture seem also to be linked to the
magnitude of the flushing of small species (e@jthona spp.Acartia spp) in surface waters
and copepod developmental stages at the start eofsplecies—specific reproductive periods
(Plourde et al. 2002). The intensity of the spramgd summer outflows thus influences the
relative proportion of young stages of the ge@asanusand other organisms like euphausiids
that are retained in the region or exported torotbgions in the Gulf of St. Lawrence. Thus the
mesozooplankton community in the spring and pathefsummer is dominated by species of the
genusCalanus At the end of summer and in autumn, when @aanus population enters
hibernation and moves into deeper water, this conityiievolves towards one dominated by
small species that are adapted to take advantatjeeoivarmer surface waters (Plourde et al.
2002).

Interannual variations in copepod community streetPlourde et al. 2002) and in the
population dynamics o€. finmarchicusand C. hyperboreushave also been described for the
Lower Estuary (Plourde et al. 2001, 2003). Althosgme links between phytoplankton blooms
and abiotic factors (e.g., freshwater dischargdasa water heating, nutrient cycles) are evident,
for the most part the mechanisms that account mberannual variation of zooplankton
communities remain largely unknown. For exampley lveas the cooling period at the start of
the 1990s linked to the increase in abundancéletfidia longaand decrease in abundance of
C. finmarchicudn the Lower Estuary (Plourde et al. 2002)? Thenalance oMeganyctiphanes
norvegica(krill), Thysanoessa raschi&ndT. inermishas also been observed to have decreased
in the Lower Estuary since 1994. The proportiorkmdf in the zooplankton has decreased from
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80% to 40% in less than 10 years. In addition, rdgtuction in the southern Gulf has been
noticeable since 1987 and seems to reflect a geplkeemomenon that extends along all costal
zones in Atlantic Canada (Harvey and Starr 2005).

The Gaspé Current is the extension of the flow friine Lower Estuary and leads to the
Magdalen Shallows and the southern branch of thedmian Channel. This current export
Estuary production toward the southern part ofGlf resulting in large phytoplankton biomass
and blooms that may last for several weeks (dentafoe et al. 1991, Starr et al. 2003). The
dominant zooplankton species in this communitylarge copepods and euphausiids as well as
small copepodsAcartia spp, Oithona spp. and developmental stages of large copepods (ynainl
Calanus spp. exported downstream, hence a source for the IGaddnus population in the
southern Gulf (see below). Some studies have slibatrthe concentration of immature copepod
stages in the Gaspé Current may reach abundandes20(times greater than those observed in
the northwest of the Gulf (Fortier et al. 1992).

Under the influence of the Gaspé Current, the Migd&hallows does not support communities
of largeCalanuscopepods, which are likely to be seeded eachigespring and/or summer. All
development stages of large copepods sudBadanus sppcan be transported from upstream
region, which would entirely (e.gG. hyberboreusor partly contribute to their high abundance
and biomass in the region in addition to their lockevelopment in summer (e.g.,
C. finmarchicu} This transport is accomplished via surface ¢aton in the spring from deeper
areas of the Gulf of St. Lawrence, in contrasttteeospecies of copepods that are retained in the
region (Runge et al. 1999, Zakardjian et al. 2003)r example, it is possible to observe
interannual variations in the summer biomass opiankton that are largely due to variations in
the biomass of organisms greater than 1000 pnmithe(Runge et al. 1999). In this region, the
abundance and diversity of zooplankton, includialgthyoplankton, appear superior to those
recorded elsewhere in the Gulf of St. Lawrencel@®ntaine et al. 1991). However, that view
may change as the sampling effort in the northewh rrortheastern Gulf intensifies, under the
AZMP (Atlantic Zonal Monitoring Program) for exangplThe copepod community differs from
that in other regions in the Gulf of St. Lawren€ther than copepods of the gerfDalanus
(mostly C. finmarchicuy most of the dominant species are small and declliemora
longicornis Centropages spp.and Tortanus discaudatugde Lafontaine et al. 1991). In the
southeastern Gulf, the greatest biomass of zoomanis found in the western portion of the
Magdalen Shallows (Shediac Station) where stromgparsistent concentrations of chlorophyli
have been observed in some years (Drinkwater apith R803).

The abundance and production of zooplankton haveagr influence on the survival of

ichthyoplankton and the recruitment of fish speciésr example, high mackerel recruitment
appears to be linked to high copepod egg productiRinguette et al. 2002, Plourde and
Castonguay 2005). A similar hypothesis was sugddsyeRunge and de Lafontaine (1996), who
showed a link between the abundance of cope@adatius spp.eggs and redfish larvae at
stations in the northeastern Gulf (southeast ofoésti Island).

4.3 NORTHWESTERN GULF (ANTICOSTI GYRE)

Another part of the Gulf that has historically reeel attention from the scientific community is
the northwestern Gulf or Anticosti Gyre region. ldtugh it is treated as a distinct entity, that
region is also closely connected with the adjacGaspé Current. The Gaspé Current is
sometime unstable and separates from the coasrtly pecirculate in the northwestern Gulf
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(Saucier et al. 2003), with significant impact & fphytoplankton biomass distribution in the
area (Le Fouest et al. 2005). The region can a@seive early life stages of Calanus from the
Lower Estuary (Zakardjian et al. 2003). This regisrcrossed by a portion of the Laurentian
Channel; hence deep—water upstream current coag @lrole in the distribution and the

structure of the zooplankton community in the Lo&etuary (see below). The circulation in that
region creates a quasi—permanent eddy known a&rnteosti Gyre. This allows nutrients to be

concentrated when the waters become the lesdistiah the spring, permitting a very short but

intense diatom—dominated bloom. Although this regiath the Anticosti Gyre is recognized as

being less productive than the southern Gulf, thecentration of chlorophyll there is greater in

the spring (Starr et al. 2003). The depletion dfieats occurs two to three weeks earlier than in
the southeast Gulf, suggesting that the spring mblatarts earlier there (Starr et al. 2002).
Following the bloom, nutrients in the strongly sifrad and shallow surface waters at the centre
of the Gyre become depleted during the summer,ltmitsng phytoplankton productivity.

The deep Laurentian Channel and the influence eémraasses of various origins (e.g., Arctic,
Atlantic) promote the presence of euphausiids, toggaths $agitta elegans hyperiid
amphipods, and gelatinous organisms (siphonophoAdg)ough Oithona similisrepresent a
large proportion of the abundance of the communitg, large copepods of the gerCialanus
are also abundant and contribute greatly to thie total zooplankton biomass in the region. The
great depth (320 m) favours the presence of copepbthe genu€alanus(C. finmarchicusC.
glacialis, andC. hyperboreusthat spend a considerable part of the year ipailise in deep
waters. The abundance of these species in the dstitiGyre accounts for the great biomass of
zooplankton there, especially in the autumn. Laeetbpmental stages @falanus spppresent

in the deep waters of the Laurentian Channel inatitemn are subsequently transported by the
deep current towards the head of the Laurentiam@ian the Lower Estuary. As observed for
the genugCalanus krill may similarly be transported by deep—watarrents to the head of the
Laurentian Channel, where mature individuals amceatrated. This transport mechanism may
create the greatest concentration of krill (mosflgganyctyphanes norvegi@nd Thysanoessa
rashi) observed in the northwest Atlantic (Simard efal02).

The abundance and diversity of the ichthyoplankiawe been reported low and dominated by
capelin and redfish (de Lafontaine et al. 1991)atTimay be the case for the Anticosti Gyre
itself; however, in the mid 1980s, high concentnasi of fish eggs (cod, witch flounder) and
larvae (sandlance, redfish) were observed alon@thebec coast, southwest Anticosti Island and
in Jacques Cartier Strait (Ouellet et al. 1994)thharmore, the northwestern Gulf is an important
zone for larval development in the spring and far tecruitment of northern shrimp.(borealig
(Ouellet et al. 1990, Ouellet and Lefaivre 1994).

4.4 NORTHEASTERN GULF

The data for this region are still fragmentary they have been improved over the past few
years with the implementation of the AZMP. The melvaracteristic of the northeastern Gulf is
the influence of the incursion of cold, salty watesm the Labrador Shelf coastal current
through the Strait of Belle Isle (especially in v@r). The phytoplankton biomass observed there
suggests that this region of the Gulf of St. Laweeis less productive than the Estuary and
northwestern region (de Lafontaine et al. 1991yrSt¢a al. 2003,). Recent simulation reveals
nevertheless possible high production events atbagQuébec coast associated with Labrador
Shelf water entering through the Strait of Belle I late summer and fall (Le Fouest et al.
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2005). Wind—induced upwellings along the Québestomy also cause episodic enrichment of
surface waters. The large channels in the areai{Bsq, Anticosti) promote the development of
a great biomass of zooplankton at their marginse Tdrge copepod€. finmarchicusand

C. glacialisdominate these communities (de Lafontaine et®11Harvey et al. 2004).

The entrance of the Esquiman Channel is also aortiapt spawning site for the northern Gulf
cod stock (Ouellet et al. 1997). A diverse ichtHgmton community, dominated by capelin and
herring larvae, has been observed in summer owglsé coast of Newfoundland (Grégoire et al.
2006).

4.5 RECENT CHANGES IN THE GULF OF ST. LAWRENCE

The Gulf of St. Lawrence has been subject to lasgale climate—driven changes through the
years that can have impacts on the entire ecosy$temexample, a major hydrodynamic shift
has recently occurred in the Gulf. The hydrologatatia recorded since 1996 shows the increased
incursion of cold water from Labrador Shelf throuble Strait of Belle Isle, especially in 2000
and 2001 (Therriault et al. 2002). This input ofdca@ense, water partly of Arctic origin into the
Gulf of St. Lawrence may have numerous physicallaalbgical repercussions, for example, the
appearance of the diatoNeodenticula seminaim the Gulf of St. Lawrence during the spring
bloom of 2001. This diatom is atypical in the Gahd is normally found in northern Pacific
waters. One hypothesis to explain this re—intraduads that the species was entrained in a water
mass from the Pacific Ocean that was advectedtimd\rctic Ocean and then into the the Gulf
transiting by the Labrador Current. It proliferaieadthe Lower Estuary and Gulf in 2001 and in
2002 (Starr et al. 2003). Similarly, the increasethe abundance of the hyperiid amphipod
Themisto libellulan the Gulf of St. Lawrence could be associateith wie intrusion of Labrador
Shelf water during the winter at the Strait of Bdile. There is no mention of this arctic species
in the Gulf of St. Lawrence in the literature orsamples collected in the Gulf of St. Lawrence
before the start of the 1990s. Harvey et al. (200dhd a correlation between the abundance of
the species and the proportion of Labrador coastaibnt waters in the CIL that passed through
the Strait of Belle Isle. When abundant, that ptedaspecies could have an impact on
mesozooplankton biomasses in the entire ecosystem.

4.6 MARINE FOOD WEB DYNAMICS

Changes in many marine ecosystems have no doubtredg but efforts to model their holistic
dynamics have not yet been successful. The vasobsystems can be modeled with some
success to produce a “snap shot” state for a oepiiod, but putting the various subsystems
together in the context of temporal and spatialaf@n is more complex (Larkin 1996). The
difficulty lies partly in the number of variablescithe way in which only small errors in their
estimation may lead to large uncertainties or inemdes at spatial and temporal scales.
Compounding the problem is the lack of data fortralphic levels at all spatio—temporal scales.
Modeling of large marine ecosystems is still inifteancy and represents simplifications of the
trophic interactions in the system. Moreover, thadidity of any conclusion regarding the
ecosystem being studied depends on the input daththe confidence that we have in them).
Even though most of the data are good estimatethéospecific ecosystem studied, some input
values are rough estimates only, meaning that tlvedees are assembled from different
literature sources and not from independently meaksparameters. Some errors in parameter
estimates could significantly alter the system@ntéss budget, especially for the most important
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species of the ecosystem, or produce a totallyemifft solution. This illustrates the need for
further work to improve the input parameters inesrtb enhance the quality of future modeling
efforts.

Conventionally, a distinction is drawn between bwitup and top—down control in food web
ecology (Hunter and Price 1992, Fath 2004). Theobstup hypothesis asserts that primary
producers influenced by environmental changeshaesdurce of system regulation. An increase
in productivity at the bottom of the trophic systéeads to an increase in the productivity and
abundance at all higher trophic levels. In contrim top—down hypothesis states that keystone
species at a higher trophic level regulate theesysEffects of direct (consumption of prey by
predators) or indirect (change in behaviour or rholpgy of the prey) predator—prey
interactions may cascade through the food web @wep et al. 1985, Pace et al. 1999, Romare
and Hansson 2003). Effects of fishing are callgi@-tmwn effects because their impact is most
commonly at the top of the food chain. Effects lodrges in the ocean environment are referred
to as bottom—-up effects because they influencepthreary processes of production and take
effect up through the food chain. Strong bottometipcts should result in a positive correlation
between predator and prey abundance because bodtapons depend on factors that regulate
productivity (Worm and Myers 2003). On the othendhastrong top—down effects should result
in a negative correlation between predator and pegpause predators suppress prey abundance.

Piscivory (feeding on fish) is a common phenomemonaquatic and marine ecosystems.
Piscivory is the largest source of fish removalsortality by predation) in most marine
ecosystems, usually larger than fishery catcheiffy mortality) (Sissenwine 1984). Studies
from marine ecosystems showed shifts in biomaswsflafter major perturbations such as
intensive fishing (Jackson et al. 2001, Link andrGan 2002, Bundy 2005). A recent analysis
of historical data from the Scotian Shelf providssdence of a trophic cascade from cod and
other large predators through small fish, crab stmtmp, zooplankton and phytoplankton, to the
level of nutrients (Frank et al. 2005). The casdadelved four trophic levels and nutrients and
was driven by changes in the abundance of largdapwes of fish and macroinvertebrates
(Figure 4). Large piscivorous predators declineandatically, but their prey (herring, capelin,
shrimp, and snow crab) increased in abundance kFearal. (2005) suspect that this shift in
ecosystem structure is not unique because sevedaktocks occupied similar oceanographic
regimes in the northwest Atlantic (north of 44°Nitlade).

Many Atlantic cod and groundfish stocks in the Muargst Atlantic, where they were the
dominant predators, collapsed in the early 199@ksfaited to respond to complete cessation of
fishing (Rice and Rivard 2003). In fact, works adv@nkoff and colleagues (2007a, b) in the
northern and southern Gulf support the top—downtrobrhypothesis and they have shown
evidence of a fishery—induced regime shift in thedf webs of the two Gulf subecosystems. In
both the northern and southern Gulf of St. Lawremo®system structure shifted dramatically
from one previously dominated by long—lived, pisciwus groundfish (cod, redfish) and small—
bodied forage species (capelin, mackerel, herand,shrimp) during the mid—1980s to one now
(beginning 2000s) dominated by small-bodied forggecies and marine mammals as predators
(CDEENA 2003, Savenkoff et al. 2007b). Moreoversdzhon a meta—analysis of time series
data across nine regions in the North Atlantic, Wand Myers (2003) calculated strong inverse
correlations between shrimp and cod that theypnéted as “top—down” effects.
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Figure 4. Cascading effect of the collapse of cotha other large predatory fishes on the
Scotian Shelf during the late 1980s and early 1990%he size of the circles represents the
relative abundance of the corresponding trophic lesl. The arrows depict the inferred top—
down effects. From Scheffer et al. (2005).

Ecosystem regulation is more complex than the darhyg “top—down and bottom-up” would
suggest. A common feature of many collapses indisbks is the combination of top—down and
bottom—up effects caused by continued heavy fisling of a series of recruitment failures
caused by adverse environmental conditions (Lad996). Whether the recent ecosystem
changes are reversible is an open question. Otmetors, both intrinsic and extrinsic, are
generally associated with the ecosystem changesedver, physical environmental changes
may have contributed to the restructuring of thedfaveb. At present, detecting ecosystem
change is focussed on choosing some species ocaatbastics as indicators. Most sensitive
indicators of ecosystem change are characteristich as species diversity, the number of
trophic links in a food web, the proportion of opjpmistic species with high rates of increase
and changes in the average size and life sparecfesp

5.0 HUMAN SYSTEM

Assessing and managing impacts on the biologicalysical components of the Gulf of St.
Lawrence requires a clear understanding of the husyatem. These include the governance
structures, human settlement patterns and humawitiast occurring within both coastal and
marine environments.

5.1 GOVERNANCE STRUCTURES

The Gulf of St. Lawrence is a complex multi—jurigthnal setting made up of the Government
of Canada, five provincial governments (NL, NS, NE;| and QC), and numerous municipal
governments. Federal oceans responsibilities wittnGulf of St. Lawrence include regional

delegations throughout many federal departmentsuding Fisheries and Oceans Canada
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(Newfoundland and Labrador, Gulf and Québec Regiand Environment Canada (Atlantic and
Québec Regions). First Nations and other aborigiralips (Mi’kmag—21, Montagnais (Innu)-7,
Malecite—1 and Métis—1) share a common intereshénmanagement of coastal and marine
activities and resources. The Constitution Act @9&nd the Oceans Act (1997) respect
historical treaties and traditional rights of Filstions and other aboriginal groups, recognizing
their traditional ecological knowledge as an impott component in understanding marine
ecosystems. Thirty federal acts and more than amared provincial acts provide for the
regulation of ocean-related activities and isstmesughout the Gulf of St. Lawrence. These
regulations are not necessarily coordinated amedgral agencies or the five coastal provinces.
At the municipal level, bylaws and zoning regula@overn coastal activities of more than 400
communities bordering the Gulf of St. Lawrence. Mipal governments have the potential to
contribute substantially to the management of ebamhd marine areas through responsible
coastal and infrastructure planning. Non—governnmagencies such as industry associations,
environmental and stewardship groups, and econdeielopment boards as well as individual
ocean users also contribute to the sustainabilipcean resources in the Gulf through corporate
and ethical use policies.

5.2 HUMAN SETTLEMENT AND SOCIO -ECONOMIC PROFILE

Accessibility to a highly productive marine enviment and markets in both inland North
America and in Europe have influenced human se#tgnand socio—economic development
around the Gulf of St. Lawrence for centuries. Blase the 2001 census, the total population
around the Gulf of St. Lawrence was approximaté,800, a decrease of about 4% from the
1996 census, perhaps reflecting some movement fotltecarea in recent years. The average
population density in 2001 was three times the Gamaaverage, at 9.9 inhabitants/ sq km, with
17% of the population under age 15 and 19% over @ijesimilar to the national average.
Aboriginal populations showed a slightly differértnd with 30—-40% of the population below
age 15 and less than 8% over age 60. Approximd&¥y of the population spoke only English
(NL, NS, NB, PEI), 51% only French (mainly Québesdp both English and French (NB and
QC) and 1% another language. Montagnais (Innu) rgédpespeak their own language, often in
combination with French or English. In 2001, tramhglly seasonal, resource—based industries
(fisheries, agriculture, forestry and mining) enyad 11% of the active workforce, almost twice
the national average. Annual incomes averaged 8@3With 47% of the population earning less
than $15,000, both about 22% less than the natererage. Meanwhile, 19% of the population
had less than a grade nine education, and only H&®wbtained a university degree, compared
to the national averages of 11% and of 17% resgygtiThis may be reflective of lower access
to higher education in rural areas but there magther factors as well.

5.3 HUMAN ACTIVITIES

Activities such as commercial fishing, aquacultureij and gas exploration, marine
transportation, coastal and marine tourism anceegimm, dredging, and a number of land—based
industries have a major social and economic impegdor people living around the Gulf of St.
Lawrence. Industrial and economic development daneppressure on biological and physical
ecosystem components and has the potential folictoarihong users of ocean space.

Commercial fisheries, including ground fish, petagind shellfish fisheries, and marine plant and
seal harvesting, target more than 50 species witl@rGulf of St. Lawrence. Moratoria placed on
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Atlantic salmon, Atlantic cod and redfish stocksidg the early 1990s resulted in increased
effort on a number of previously underutilized Ipatentially more valuable species, including
snow crab, shrimp and lobster. Recent statisti®@{22001) show that average landings
decreased by 32% (to 223,069 t) compared to 19%-({iMmediately prior to any moratoria on
commercial fishing), while the average value inseghby 37% (to $467 million) over the same
period. On average, from 1992 to 2001, harp sealitgs within the Gulf of St. Lawrence
represented aproximatly 30% of total Northwest @tila seal landings. Previous fishing
practices (mainly bottom trawling) have been ciésdcontributing to the loss of marine habitat
and depletion of a number of fish stocks. Manyamecerned that current fishing practices may
continue to have an adverse effect on the recowémhese stocks and further result in the
collapse of other fish stocks.

Approximately 1800 aquaculture sites exist throughthhe Gulf of St. Lawrence, with 96%
concentrated along the coast of Prince Edward dslbiova Scotia and New Brunswick. Oyster
and blue mussel production account for 99% of sded these have experienced a 17%
production growth from 2000 to 2001 (33,900 t). @taiser conflicts, escapement of foreign
and potentially invasive species, and spread @&adis to wild fish stocks are areas of concern for
this industry.

Oil and gas activity within the Gulf of St. Lawrencs mainly exploratory, with 60,000 km of

offshore seismic data acquired since the 1960s0#gsHore drilling limited to less than a dozen

wells (none have reached production). Meanwhilefentecent onshore drilling has produced
minor discoveries on the Port aux Port Peninsulewfdundland and Labrador), Gaspé
Peninsula (Québec) and in southern New Brunswidkeres exploitation/ production licenses

currently exist. Active exploratory licenses/pesniexist within the offshore area of

Newfoundland and Labrador, Nova Scotia and Québlrd, coastal onshore areas of all five
provinces. Offshore seismic operations have theria to conflict with fishing gear and other

activities. Meanwhile, little is known regardingetleffect on the behaviour of marine organisms.
Accumulation of drilling debris and potential spilfrom future exploratory and production

drilling are among the environmental concerns tad@ressed as the industry develops.

The Gulf of St. Lawrence accommodates approxima@&tp0 commercial vessel transits

annually through Cabot Strait (the Strait of Beédlle provides an alternate route during ice—free
seasons), supporting domestic and internationaletrdorough the shipment of petroleum;

mining; forestry, fishery and agricultural prodycaésd cruise ship activity. While much of this

traffic continues on to the Great Lakes, more tl#nh ports accommodate vessel traffic
throughout the Gulf of St. Lawrence. Additionallgany small ports exist throughout the Gulf of
St. Lawrence, accommodating commercial fishing sewteational vessels that operate within
coastal waters.

Coastal and marine tourism and recreation is ansing experiencing growth throughout the
Gulf of St. Lawrence, influenced by increases mise ship activity, offshore excursions (whale
watching and marine tours), and recreational bgats well as golf course and cottage
development. A number of conservation and prote@sshs exist throughout the Gulf of
St. Lawrence, including national parks (7) anddristsites (7), provincial parks (59), migratory
bird sanctuaries (20), national wildlife areas (BB ecological reserves (8). Many of these
areas are becoming focal points of a growing towrisdustry. Cruise ships and other large
vessels have the potential to introduce non—nafpexies and contaminate marine areas through
bilge, ballast and wastewater disposal. Modernserwhips accommodating more than 4,000
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people per voyage (larger population than most tabasunicipalities along the Gulf of
St. Lawrence) are estimated to produce 400,000omgmllof wastewater per day. Coastline
degradation, along with contamination of marineaareare concerns associated with coastline
development for recreational activities.

Dredging occurs within many ports and harbors tghawt the Gulf of St. Lawrence to ensure
the safe movement of marine vessel traffic. Anmealdredging is required at many locations
due to natural processes of erosion and sedimentdiiat constantly fill in marine basins.
Dredging and marine disposal of dredging mategti/gies may have some impacts on the loss
of habitat and local species abundance and digpersi

Land—based activities, particularly those that taleee along the coastline, have the potential to
impact the marine habitat. Approximately 21 pulpd goaper mills, 13 mineral processing
operations (including six aluminum processing @aaibng Québec’s Lower north shore), and
more than 200 fish processing plants exist aloeg3hblf of St. Lawrence. More than 1,000 dams
exist on waterways that flow into the Gulf of Savirence. Approximately 1.5 million hectares
of agricultural land border the Gulf of St. Lawrenavith Prince Edward Island (522,964 ha), the
north shore of Nova Scotia (198,008 ha) and the-Bamt—Laurent area (350,251 ha) of Québec
accounting for over two thirds of the total acreageanwhile, many municipalities still release
untreated sewage into the Gulf of St. Lawrence.dbliased activities have the potential to
impact marine areas through the release of bicdbgied chemical contaminants from industrial
processing, food processing and agricultural operat and through municipal sewage and
storm sewer systems. The alteration of waterwaysifig into the Gulf of St. Lawrence also has
an impact on migrating diadromous fish speciesestdarine environments.

6.0 HUMAN IMPACTS: STRESSORS RESULTING FROM HUMAN A CTIVITIES

The major issues to be addressed at the ecosystaindre based on the current knowledge of
major human activities and their related environtakestressors in the Estuary and Gulf of
St. Lawrence marine ecosystem, and their signibeaat the ecosystem level, i.e., their
implications for ecosystem integrity, structure dodctioning. These issues need to focus on
common stressors/pressures when resulting fromipteutuman activities or on specific human
activities when their related stressors are unaueot similar to others (Table 1). Issues dealing
with habitat destruction, parasites and diseasastessewage and dredging /disposal at sea were
considered to be more relevant to the regional aanidical scale. It was then decided that
localized impacts with no evident significant cuative effects at the ecosystem level would not
be addressed here. Based on these criteria, sewor nmpact issues were identified:
disturbance, impacts of the fishery activities,asive species, climate change, freshwater inputs,
chemical contamination, and coastal eutrophication.

6.1 DISTURBANCE

6.1.1 Disturbance resulting from seismic and explatory drilling activity related to the oil
and gas industry

Oil and gas development in the Gulf of St. Lawreiken the exploration stages, primarily
involving seismic surveys, and is currently smalkcale but has the potential to become a major
activity. However, seismic activity for explorati@md research has taken place for well over 30
years and thousands of kilometres have been cavbradost cases, the methods historically
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used were far more intrusive than those currergindg used and frequently included the use of
explosives. Explosives, which are no longer useztevknown to cause immediate and massive
mortality in many organisms. However, very few ifyastudies were conducted at the time of
these surveys to document effects on the biotauber of exploratory wells have also been
drilled in the Gulf of St. Lawrence.

The effects of seismic exploration on marine angaluld be significant, but there is very little
information on the effects and their duration iralfdw water, which is typical of the Guilf.
Seismic surveys are usually undertaken over broaasaof a marine ecosystem and can involve
either 2—D seismic equipment or 3—-D seismic equigm8urveys using 3—D seismic activity
have line spacings much closer together, but de#pé use of multiple hydrophone cables, they
require longer periods of time with many more fysnof airguns. The potential for impacts from
seismic exploration and the cumulative effects fretsmic and other noise sources may have a
greater spatial impact than some other oil and agaiwities. Exploratory wells and potential
production facilities directly impact the marineveonment locally, usually within 500 metres
of the wellhead. However, there is growing concgom observations in the North Sea that
contaminants in produced water, which increasegoinme with age of the project, may be
having impacts on the growth and reproduction ofiesdish species.

Seismic activities in the marine environment reguire emission of sound waves in the water.
Air—guns release a volume of compressed gas rapittiithe water. This action creates a bubble
which expands quickly and in the process emitsnapulsive signal (the primary pulse). This
pulse subsequently oscillates with decaying amgdificreating a signal called the bubble pulse.
An airgun signal is omni—directional and can pradboyh acoustic source levels at the bubble
pulse frequency (approximately 20 Hz), and at &srionics up to at least 500 Hz (Verbeek and
McGee 1995).

Depending on its intensity and frequency, sound icéerfere with the behaviour of certain

species and in some cases lead to physical darmagacts on marine animals are generally not
well known, often unidentified, and likely to vaaccording to environmental conditions (e.g.,
ice coverage, bottom topography, sea conditiong) tnthe species exposed (behavioural
activities and individual conditions).

The potential effects of seismic activities on marianimals in the Estuary and Gulf of
St. Lawrence are of concern. The St. Lawrence atesyhosts several species having a special
concern status. Therefore, seismic activities gs¢hwaters could become an additional stress
factor for these species, limiting population resgv

Precise information on the impacts of seismic &t on marine fauna in the Estuary and Gulf
of St. Lawrence is extremely rare because therevarg few directly relevant studies. In
addition, few species have been studied, and tbngkes available are mostly from controlled
laboratory conditions so their relevance to thédfisituation is unknown. With all of these
uncertainties, precise impact assessment is difficulo.

Seismic sounds in the marine environment are nedbenpletely without consequences nor are
they certain to result in serious and irreversibégm to the environment. Effects on fishing
success have been noted in a few studies (Engak &096), indicating a potential for the
temporary displacement of at least some fish pdjounis, but there is no evidence to suggest that
seismic surveys are of any greater or lesser irapoet in scaring fish than, for instance, noise
associated with major shipping lanes or even sasimnf) activities. Scaring fish may result in
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some temporary displacement, but of equal or great@ortance are questions about the
potential for seismic activity to actually causelbgical harm. Adults, juveniles and fish eggs
may suffer immediate mortality within a few metgdsa sound source. In addition to immediate
mortality, serious physiological and anatomical dgexmay also occur in the field, leading to
effects such as delayed mortality, increased stibddy to disease and predation, or
impairment of egg quality.

A major factor in assessing impacts on marine asgas is a virtual lack of data on exposure—
response relationships for harmful or potentiallyrhful effects. A recent pilot study with snow
crab (Christian et al. 2004) noted few effects brgw attention to the value of establishing
exposure relationships for effects on eggs sintaydd egg development was noted in eggs that
had been exposed to relatively high levels of salinele months earlier. Anatomical damage to
the ears has also been reported to occur in figlosed to seismic energy (McCauley et al.
1998). Such studies illustrate the need to explloeephysiological and pathological effects of
different sound energies on selected species fareiiit stages of development. It would also be
premature at this time to adopt specific referdegels for fish without some knowledge of the
potential size of injury zones (e.g., injury/energlationships) for fish during seismic surveys.

When assessing the effects of noise produced byseni airgun array on marine mammals, the
level of ambient noise will influence an animal’srpeption of the seismic noise (Lawson and
McQuinn 2004). The distances at which a given sdaralidible to a marine mammal receiver
and to which the mammal may react will be shomeatieas where ambient noise is relatively
higher. The Gulf of St. Lawrence is a zone of re&y abundant shipping traffic. It is estimated
that over 2,000 large commercial ships (tankerscango vessels) travel through the Gulf of St.
Lawrence per year, the vast majority of these passinrough the St. Lawrence Estuary to
Montreal, the remainder traveling along the nottare"’. This traffic contributes significantly to
the high background noise within the Gulf of Stwtence (Zakarauskas et al. 1990, Desharnais
and Collison 2001). Local shipping has the dominiampact in shallow waters, raising the
ambient noise by up to 5 dB, while the ambient eaisdeeper waters is overshadowed by more
distant shipping sounds. In addition, in the praimnof fishing ports and whale—watching
activities, local recreational boat traffic canuksn a significant increase in ambient noise. For
example, at the head of the Laurentian Channel iealoussac, at times of peak whale—
watching boat traffic, the ambient noise can beatiby 10 dB compared to low—traffic periods
for the frequencies 500 and 1000 Hz (P. Scheif@épartment of animal science, University of
Connecticut, USA, unpubl. data).

The effects of seismic activity on marine mammalsld range from no response, to small-scale
behavioural changes, to auditory effects such agpdeary or permanent changes in hearing
sensitivity, to non-—auditory injury such as hemagé and direct mortality (Lawson and
McQuinn 2004). To date, there is no evidence titheeacute or chronic physical impacts have
occurred due to seismic sound sources, althougtiestwof sublethal effects on wild marine
mammals would be difficult to conduct.

Disturbance resulting from seismic surveys on tehabviour of marine mammals is not well

" Kelly, B. 2002. Marine commercial vessel traffictigity in Canada's Atlantic region. Prepared by Gamric
Mapping Consulting.
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known in all species. Documented behavioural edfeet whales include avoidance of areas of
seismic activities, interference with vocalizatialsorientation, modification of respiratory and
diving patterns, alteration of migratory patterngl attraction of individual mammals to the
sound, and secondary negative effects on food eswed habitat. Other indirect effects are also
of concern, e.g., increased competition for or cediuavailability of food when displaced to sub—
optimal habitats increase metabolic costs. Esggomhen we are dealing with SARA-listed
species, detrimental effects suffered by one i@l can translate into detrimental effects on
the population. In critical situations, the redudidess or loss of a single individual (e.g., the
northern right whale and blue whale) becomes a@wonfor the health and productivity of the
population (Lawson and McQuinn 2004).

Mysticeti are probably the most sensitive of therimamammals to seismic impulses because
the frequencies emitted are within the same frequeange used by these animals. Seals are
also sensitive to low—frequency sounds (<1 kHz) it auditory acuity decreases at very low
frequencies. Odontoceti have poorer hearing seigifor low frequencies; therefore, potential
auditory damage from prolonged exposure to low-+femgy sounds from seismic activities is
probably of lesser importance (Richardson et 85)9The exact hearing capability of the large
toothed whales (e.g., sperm whale) is unknownihley may hear better in the lower frequencies
than the smaller toothed cetaceans. If this hysithie true, the impact of seismic impulses on
them may be similar to those of the baleen whaleC@auley 2003).

Main key stressors for seismic exploration and exatbry drilling

- Noise related to the prolonged and frequent dssrguns (note that there are many different
methods of measuring this noise and it requiresegpto express it properly but it is the
received levels and not the source levels thabfcencern;

- Accidental spills of oil (this is usually from rmoal vessel operation but can include frequent
but small amounts spilled when hydrophone cableswptured;

- Vessel strike (marine mammals and reptiles).

6.1.2 Disturbance resulting from marine traffic inthe St. Lawrence and Saguenay Fjord

The major source of disturbance in the St. Lawrdfsteiary and Saguenay Fjord area is linked
to the marine traffic, including whale—watching ieities, ferries, and shipping. This kind of
disturbance can lead to the modification or therimiption of certain essential activities such as
resting, feeding, vocalizing, diving, and caring jmung. Depending on the type, duration, and
frequency of disturbance, it can have severe l@rgi+tepercussions on certain marine mammal
populations.

It is believed that beluga whales of the St. LawesEstuary have become accustomed to certain
human activities (Savaria et al. 2003). Neverttels®me disturbance during critical periods
(e.g., parturition and perinatal activities) orcertain feeding areas could have negative impacts
on the animals. In fact, diving and vocal behawouave been observed to be modified with the
approach of boats (Blane and Jaakson 1994, Lesbgd. €999). Changes in the usual
movements of belugas at the mouth of the Saguejoagl Eould also be linked to intense traffic
in this area (Caron and Sergeant 1988, Pippard)1985

Rorquals are species of interest for whale—watchuiiyities in the St. Lawrence Estuary. It was
observed by Michaud and Giard (1998) that in presesf a large number of boats, fin whales
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alter their diving behaviour which consequently hagative impacts on their ability to feed. A
strong negative relationship was reported (althongh statistically significant) between the
number of boats and the duration of deep divescassn with feeding. Therefore, these
behavioural changes in diving may reduce feedirigiefcy. Blue whales are thought to be
more sensitive to disturbance than fin whales (Ba al. 2003). Since the prey of blue whales
(krill) can be found in great concentrations ovelagyer territories than those of fin whale
(mostly capelin concentrated at the head of thedrgian Channel), they might be less affected
by disturbance. The precise impacts of boat prdyimon whales remain unknown and are
difficult to assess.

The disturbance of harbour seals could have seepercussions on the species, depending on
the location and the time of year. Animals on haut-sites tend to enter the water when
disturbed. The tolerance and reactions of seatiéstarbance are variable depending on the type
of human activities (e.g., motor boat, paddlebgedestrian) (Henry and Hammill 2001).
Disturbances during critical biological periods Isus parturition, lactation, and moulting (May
to mid—September) could have severe negative impattthe animals since the seals need to
remain out of the water for these activities.

The frequency of the use of certain sites by deatsbeen shown to decrease with an increase of
human activities (e.g., lle St-Barnabé in the Sawience estuary) (Savaria et al. 2003).
Fortunately, seal observation activities are reédy limited. They are conducted mainly on the
south shore (Bic and Riviere—du—Loup areas in theL&wrence estuary). However, if this
disturbance becomes greater at important haul+®g, $t could have a negative impact on the
seal population.

6.2 IMPACTS OF THE FISHERY ACTIVITIES

Commercial fishing in the Gulf of St. Lawrence résun the removal of large amounts of
biomass particularly at higher levels in the foodbw(see section on the marine food web
dynamic for potential impact on the food chain)sHeries are highly regulated with respect to
gear type and species or groups of species, bud mork is needed to determine the impacts on
habitat and the ecosystem.

6.2.1 Removal of biomass (unbalancing food web stture)

The biggest impact of fisheries on populations aachmunities is undeniably the increase in
mortality of the targeted species or those incidigntcaught. Fishing activities have direct
impacts on targeted populations by increasing tmeirtality. These impacts will vary according
to the species and fishing intensity. For examplertality caused by fisheries would have little
impact on capelin in the Gulf of St. Lawrence comegato natural mortality, which is much
more significant (Grégoire et al. 2003). Furtherejothe idea that slow—growing and late—
maturing species are more vulnerable to the impaEdisheries is generally accepted.

In the absence of fishing activities, having magg @&lasses can compensate for the possible
failure of a cohort (Jennings and Kaiser, 1998).tf other hand, when fisheries eliminate a
large part of these age classes, one bad recruityear can have a large impact on the
population size.

Fisheries can create a selective pressure thatajeeeadaptive responses from the stock. This
pressure is due to the fact that fisheries seladividuals that are bigger and faster growing.
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Fishermen generally seek larger fish because af vhkie and fishing gear also help to target a

minimum catch size. Therefore, for heavily fishg@aes, an individual who reproduces early

has a better chance of reproducing than anotheregpeoduces late, and the latter is likely to be

caught before its first spawning. When these charistics are partly hereditary, this favours the

genotypes of individuals that reproduce earlier aina smaller size. For many stocks, it has been
observed that the fish are able to reproduce an@easingly young age and smaller size. The
average size of six— and eight year—old cod hasedsed since the 1980s in the Northern Gulf
of St. Lawrence (Duitil et al. 1999).

In certain fisheries, size selection also resultsex selection. Snow crab in the Estuary and Gulf
of St. Lawrence is a good example of this phenomem®cause the capture of snow crab
females is prohibited, the fishery only selectsesalA significant change in the sex ratio could
have consequences on the population if the nunfbeakes becomes too small to fertilize all the
females (sperm limitation). The number of malesl@éalso limit the number of fertilized eggs
per female. However, a male can fertilize seveeaidles, and the females have the ability to
retain sperm in their seminal receptacle for sdwarars. This matter is currently being studied,
and there are certain indications that recruitnoentd indeed be affected by a change in the sex
ratio in this species (Sainte—Marie et al. 2002).

Fisheries can also affect populations during repetdn by creating additional stress. Many
species such as cod and capelin are actively lisimgd during reproduction because they gather
during this period, and catch rates are therebfdrigLaboratory studies have shown that, for
cod, a hierarchy develops during the reproducterod (Hutching et al. 1999). Trawling could
affect this hierarchy by displacing or removingtaer dominant individuals. The additional time
required to rebuild the hierarchy could lead to tbhes of many eggs and thus decrease
recruitment. In addition, trawling is also knowndause severe benthic disturbance as well as
affect many non—-target species at the individudl@mmunity level.

Fisheries can influence the structure of the edesydy changing in different ways the existing
competition and predation relationships betweencispefor example, by targeting certain
species whose mortality is increasing and whosenaéss is decreasing. However, other
unexploited species that have a similar ecologicdie can see their chances of survival increase
(Blanchard, 2001). Fisheries can therefore affeetdiversity of an ecosystem by favouring less
competitive species. The decline of certain specaesalso cause changes to several links in the
food web, this is called a trophic cascade (seentwene food web dynamic section).

In the Gulf of St. Lawrence, the only marine mamnsglecies targeted by large—scale
commercial hunting is the harp seal. Harp sealadadn the Gulf (according to the season) are
part of a population that is distributed as farGasenland. The population was heavily hunted
before the collapse of European markets for whaex;aand the biomass had dropped to less than
2 million. Population abundance then increasedvalg the drop in hunting pressure to reach
estimates of more than 5 million around the mid@9However, captures have increased again
since 1996. In 2000, experts from the DepartmenEisheries and Oceans confirmed that if
Canadian catches remained at current levels, aonisincreases in Greenland harvest would
have a negative impact on the size of the populatioFO 2000b). In addition to the links
between seals and prey species described eath®ssiano information exists on the potential
impacts of seal harvesting on the Gulf's ecosystem.

In addition to the impacts on fish and invertebratgulations described above, fisheries can
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impact the entire ecosystem by changing its stracéind its operation (Savenkoff et al. 2007a
and b). Of all the activities that have an impactnoarine ecosystems, it is probably the most
significant. However, it is difficult to know whacosystem changes are the result of fisheries
since they have been going on for centuries. Adngrdo Cushing (1988), cod fishing was
already flourishing in the 16th century. The chadje is therefore to assess the impact of
fisheries on an ecosystem without knowing its ahittondition before the beginning of human
activities. Moreover, the observation of seriousbgl changes has only recently raised questions
regarding the impacts of fisheries on communitea &hole rather than only on the populations
being fished (Jennings and Kaiser, 1998).

6.2.2 Habitat damage or destruction and ghost fishg by lost or damaged fishing gear

Fishing gear impacts on benthic, non—target demeasa pelagic organisms as well as on
physical and biological habitats are well-documeéntethe scientific literature. These impacts
may include short—term effects such as sedimentspesision, digging or realignment of the
bottom, destruction of habitat and organisms a$ agelonger—term impacts resulting in altered
sediment structure, benthic communities, ecosysfgotesses or recruitment to fisheries
(Gordon et al. 2002). However, no experimental isgiégpecific to the Gulf of St. Lawrence
have been published.

The doors and trawl from bottom trawlers drag aavé a track in the sediment. Turbidity in the
water column due to the dragging is increased ®tm and can reduce primary production if it
extends into the euphotic zone. The damage dorteébyrawl can have long—term impacts on
softer bottoms, which depend on the benthos toigeostability, or lightly armoured bottom
types, which depend on a thin cobble or gravel cdoe stability. Once disturbed by heavy
equipment, the physical and biological stabilityyniee gone and these areas may become more
sensitive to natural disturbance than in the p&eallop drags have teeth, which dig into the
bottom and cause a cloud of turbidity behind thegdiThe drags also move sand, gravel, and
cobbles and often bring up into the water columnsaterable quantities of these materials and
create wind-rows on the bottom.

Another source of impact arising from commerciahing activities is fishing gear that is
abandoned for safety reasons or simply lost invieaather (most often gillnets and occasionally
shellfish traps and trawls). While lobster and ctaps may be equipped with biodegradable
escape mechanisms, fishnets often continue to &iatchintil they degrade or collapse under the
weight of decomposing fish.

6.3 INVASIVE SPECIES

Invasive species in the context of this report defined as those species in the marine
community that are now considered native, but thate once in the near past non—native or
non—indigenous. Some of these are indeed beneéindlvalued commercially or ecologically.
Knowledge is limited by the fact that it is only ieacent decades that efforts have been made to
systematically identify species considered invagivilhe Gulf. Of course most, if not all, of that
effort has been dedicated to identifying those g3ethat are harmful or nuisance species. Little
is known about alien or even potentially invasiyedes in the Gulf that are benign in their
influence. For the sake of simplicity, the termvasive species” is used in the general sense in
this section to refer to all introduced speciesethbr alien or non—indigenous, whether a
nuisance, harmful, benign or beneficial.
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It should be recognized that range expansion otispeis a normal and healthy aspect of
ecology, community dynamics and evolution. Spearatithe emergence of new species, and
hence the increase of biodiversity in the worldy heeen facilitated over the millennia by
changes in competition, hybridization and genetigimg that is associated with the gradual
natural expansion in range of certain species.rfibst successful organisms over time are those
that are able to adapt to new environments, anskthee the species that are most often found
expanding their range. Thus, by strict definitiah,some stage in the history of all successful
species, they have been “alien” or “non—nativeSame part of their range. None of this required
intervention by humans, and over the course of toesystems and communities adapted to
these changes. It is only when humans intervenethinormal process is accelerated beyond
the capacity of the ecosystem to effectively ad&mnsequences of such human-induced
introductions are more often than not harmful. Tiesults are more revolutionary than
evolutionary, though given sufficient time; natwel undoubtedly once again establish a new
balance.

Three factors determine whether an invasion wituscand whether that species will become
truly invasive, die out or merely persist in lownmbers. The first factor is the capacity of the
species itself to become a successful invader. $@its as hardiness, high productive and
reproductive potential, broad ecological toleraacd, in some cases, an ability to enter some
form of dormancy for long periods play a role instldetermination. The second factor is the
susceptibility of the receiving environment. Getigraspeaking, a disturbed environment
presents a more receptive home to invaders tharakhly and stable environment. Disturbance
is generally caused by human activity and can aelphysical and/or chemical disruption (e.g.,
eutrophication). However, it is generally manifelsteostly in the form of biological instability,
such as diminished biodiversity and lowered abuoéathe latter of which can also be caused
by excessive harvesting of native species. Disthtabitat is also characterized by the presence
of such hard structures as bivalve aquaculturelittasi navigational buoys, wharves, and
breakwaters, all of which serve as prime habitatthe establishment and spread of many
invasive species. The third factor, without whiblk bthers would have no effect, is the presence
of a convenient vector to carry the invader frone ptace to another.

6.3.1 Importance of invasive species in the Gulf &t. Lawrence

Invasive alien species have been identified agrafsiant problem in a number of recent reports.
Invasions of non—native species are now recogragebleing second only to habitat destruction
as a cause of global extinctién

Recent invaders in the southern Gulf of St. Lawegmave become serious pests. For example, in
the last decade alone, PEI has received three tamgoinvaders that affect the aquaculture
industry: the oyster thief, green crabafcinus maengsand the clubbed tunicat8tyela clava
Research efforts lately have been concentrateti@nltibbed tunicate since it is a huge problem
for mussel growers in PEI. There has been a jdfattédoetween many research groups to try and
deal with this ever present threat to the musshlistry. This problem affects everyone using our
waters—recreational boaters, cottage owners, coomhdrarvesters, aquaculturists and others.

18 JUCN guidelines for the prevention of biodiversltss caused by alien species. A guide to desigieigal and
institutional frameworks on alien invasive species.
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Public awareness of marine invaders is increasingesaquaculture and fisheries are being
impacted.

Apart from these very visible invaders, there wlhenle group of invaders that are invisible to the
naked eye. These invisible invaders may be potgntieore devastating to human health and the
health of marine resources. They include a numberogic and non-toxic species of
phytoplankton (e.g.Pseudo—nitzschia fraudulentdleodenticula seminaend disease—causing
organisms includingdaplosporidium nelsorthe mysterious MSX, or “multinucleated sphere
unknown,” a name that helps to emphasize how litde currently known about this
haplosporidian protista. This protozoan is potdiytieapable of devastating the native oyster
population and the entire oyster aquaculture inglustthe region.

Climate change, navigation (including oil and gapleration and fishing vessel movements),
the deliberate movement of live fish and harvedishl for processing, and the degradation of
natural habitats have all increased the prevalemck success of marine invasions and range
extension. When a new organism is introduced toeemsystem, negative and irreversible
changes may result. Within the Gulf of St. Lawreniself, these may include a change in
biodiversity, loss of valued species (especiallysthalready endangered or at risk), impacts on
aquaculture and fishing landings and expenses iassdavith maintenance of gear, and loss of
amenity values enjoyed by coastal dwellers andidtsuralike. However, it should also be
remembered that the Gulf is the front door to Caretd the US hinterland via shipping into the
Great Lakes, and many serious invasive species batered the Great Lakes basin causing
irreparable environmental and economic disruptidre zebra musseDfeisena polymorphais
only one example. Ships have brought such spesi#iseaclubbed tunicate, among others, to the
Gulf of St. Lawrence. This one species is costimg aquaculture industry in PEI millions of
dollars a year in extra labour and lost produdtiditie to the fouling of mussel culture operations
in particular.

Green crab is believed to have simply made its oway into the Gulf after years of slowly
progressing northward along the coast of the UB fite original point of invasion, facilitated by
warmer—than—normal water temperatures that allowdd leapfrog into the Gulf over less
hospitable conditions along the Atlantic coast olvAl Scotia. Since arriving in the Gulf in 1995,
it has benefited from warmer winters and effluerdarwed estuaries to build up its numbers.

Many species that we now consider endemic in thi were in fact alien invaders of earlier
eras before careful record keeping on specieshision existed. Sea lettuc®lfa lactucg, for
example, may or may not be an endemic specieithf. Regardless, it would likely not be a
problem if nutrient loading in the areas whereowvrproliferates had been kept low.

If habitats are healthy and not stressed, natieeisp might normally be able to out—-compete at
least some of these invaders, since they are lugited to their local niche. But harmful
invasive species take full advantage of the newratbyl or changing niches to become
established. Also, some introduced species filltgmphes or ones left partially occupied due to
over—harvesting of endemic species and can thusgehthe food web dynamics. Strenuous
efforts are needed to prevent introduction fromasalwater and by the other common vectors
mentioned above.

No scientist can be sure which of the better—knepecies in the Gulf today were there from the
earliest days, long before the advent of humanerdllare 21 species that can be stated with
certainty to be invasive in the southern Gulf aightemore in the northern Gulf. No explanation
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has been found for this geographic dichotomy. Sefit say that the majority of new invaders
appear in the warmer, shallow areas surroundingc@redward Island or Northumberland Strait
between PEI, Nova Scotia and New Brunswick. Thesanay be more hospitable to their initial
survival, after which they seem to move out froreréh There have been reports of at least some
secondary invasions of species that were accidgmtétoduced into the Great Lakes system in
ballast water and then made their way back to thé.&vrence River and estuary, but this far
less common.

In recent years, green crabs have been positigeltified in the Tles—de—la—Madeleine (Paille et
al. 2006). It is a major but not unanticipated jumpts previous distribution. Recently, a few
specimens of the Chinese mitten cr&bogcheir sinensiswere caught in the upper portion of the
St. Lawrence Estuary (Y. de Lafontaine, Centre tSawurent, Montréal, QC, personnal
communication). This crab is generally considersediae of the 100 most pervasive species in
the world. The highly invasive skeleton shrir@pprella muticais present at all mussel farms
near Carleton in the Baie—des—Chaleurs (B. SainsidyIMaurice-Lamontagne Institut, Mont-
Joli, QC, personnal communication). In additionnaive but non—indigenous species has
recently arrived in the Gulf: the large predatorgtia hyperid amphipodThemisto libellulahas
successfully colonized the northern Gulf of St. kamce (ca. 1993) and the southern Gulf of
St. Lawrence (ca. 2000). It is now a permanent pathe midshore community (Harvey et al.
2003). Finally, juvenile (age—0) blue craBallinectes sapidys a native of US waters from
Massachusetts south, have been sighted in smalensnm the Gulf, but it appears that they are
not able to survive the winter. Some Canadian $istsnbelieve it is not too extreme to declare
that an ecological meltdown is underway in the Beut Gulf as a result of the rampant spread of
these exotics.

6.3.2 Potential introduction and range extension ahvasive species

From marine transportation

Most authorities agree that the single most immarteector of marine invasions today is the
ballast water of large ocean—going vessels. Thiglagxs why the pace of invasions has
accelerated so dramatically in recent decades. Modessels travel with ballast when
insufficiently loaded with cargo, and the ballased today is generally composed of seawater
taken on board at whatever port that vessel hasikited.

There are two known vectors of marine transportabén species: in ballast water and
hitchhiking as hull-fouling organisms. Ballast waie almost certainly the more serious of the
two for long—distance movements, while hull foulit@ong with fouling of fishing gear, boat

trailers, etc.) is considered the prime vectordigpersal once an invasion has taken place.

Ballast water has been associated with the uniotadtintroduction of a number of organisms
in Canadian waters and several have been extrenaginful to both the ecosystem and the
economic well-being of the coastal and riparian mwamity in Atlantic Canada and the Great
Lakes. Transport Canada has established guideintesded to minimize the probability of
future introductions of harmful aquatic organismsl @athogens from ships’ ballast water while
protecting the safety of ships.

Many of the species that can be brought in ballagér can also travel on ship hulls. In addition,
there are other organisms that are virtually exatliiom ballast water intakes on well-managed
ships that can quite easily attach themselves tis ffor relatively long journeys while lying
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dormant. This was the method of transport for inveaspecies prior to the use of water as ballast
and continues to be the most prevalent methodvafsine species dispersal within the Gulf after
an initial invasion has taken place. Little is lgpdone to address this vector.

Other primary and secondary pathways of invasioown or suspected, include the movement
of live fish and shellfish for aquaculture or presmg, the movement of raw fish (in salt water or
seaweed packing) for processing, the use of liviedagtured or purchased outside of the Gulf,
and possibly the release (usually deliberate thaugthmalicious) of fish no longer wanted by
aguarium owners. All of these require more carstutly to determine the risk they pose, if any.

From commercial fishing

There can be little doubt that the constant moveragfishing vessels from home port to fishing
grounds to processing plant has been and contitaubse a constant vector for the dispersal of
invasive species, once they have been introdudedtie Gulf of St. Lawrence from elsewhere
in the world. The mechanisms involved are hull-Hfagland movement on fishing gear. Fishing
vessels used in the Gulf do not carry ballast waigrand large, though there is a constant
exchange of bilge water, especially in stormy cbods. Even this minimal exchange is
sufficient to assist the gradual movement of plankt and small particle propagules leading to
significant range expansion of various speciesigsive organisms over a long period of time.

Lobster and crab fishing represent quite differaetivities in terms of their potential to act as
vectors of invasive species dispersal. Lobsteefigls in the Gulf are local fisheries, carried out
within a short distance of the homeport. Crab fighis carried out in deeper water and
sometimes at great distances from the home porthé&unore, crab fishers tend to search out the
best price available before landing their catch, drtause of the large size and speed of their
vessels; they are quite capable of taking thathceicany port within the Gulf to get that price.
Therefore the potential for carrying an existingasive species further within the Gulf is
considerably greater in the crab fishery than ia tbbster fishery. However, the types of
invasive organisms that are causing the most daet@stin the Gulf at this time are fouling
organisms like the clubbed tunicate which frequeallow waters and are therefore more likely
to attach themselves to lobster traps than crais.tra

From land—based activities

There are two possible land—based vectors of madrimasive species that have not been
adequately explored. The first is the risk posedhgyincreasing movement of live fish for the

aquarium trade. While most of these species apcaband unlikely to be able to survive in the

harsher environmental conditions of the Gulf, itkisown that this vector has contributed to

invasions elsewhere in the world and it may onlyab@atter of time before the same occurs in
the Gulf of St. Lawrence. Secondly, unprocessdd fiis primary and secondary processing in
seafood plants in the Gulf is being imported fraimeo parts of Canada, the US and farther afield
at a rapidly increasing rate. The risk of invasspecies hitching a ride in water or packing

materials accompanying these imports is a real unguantified concern. A considerable

potential source of invasive species is the trandféobsters to and from the United States to all
regions of the Gulf of St. Lawrence, which is exérmpm the regulations outlined in Canada's

Introductions and Transfer Policy (this policy cove&oncerns about invasive species on the
lobster and in shipping material and holding cordes).
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From aquaculture

Canada has stringent controls on introductions tesmasfers, primarily set in place to prevent
disease dissemination among the species beingredittfhese mechanisms do restrict the
movement of pathogens and also can restrict movesneéimnadvertent hitchhikers. Great care is
being taken to avoid inadvertent transfers of sggediut improvements are still required.

To date a number of invasive species have beewdunted in the region, either by the
aguaculturist or via other vectors, and they haag & major impact on the shellfish aquaculture
industry. An early example is the propagation oé tMalpeque disease caused by the
introduction around 1910 of oysters from the Uni&dtes for research purposes (Medcof 1968).
More recent examples include the green crab, oyster and clubbed tunicate in PEI and the
protozoan, better known as MSX (for “multinucleasgghere X [unknown]”), in the Bras d’Or
Lakes of Cape Breton. Care has to be taken to axemdfers of species, which could escape and
harm the ecosystem.

6.4 CLIMATE CHANGE

In recent geologic time (approximately 10-20,00@rgeago), the Gulf of St. Lawrence would
have been unrecognizable to us. The area was dullyartially covered with permanent ice
fields. The geologic process and global dynamicoa@ated with an overall trend of global
warming and the associated action of glacial retaea ice melt helped form the present—day
ecosystem. The shift from an ice—covered ecosystethe present—day temperate ecosystem
(boreal-temperate species boundary) was a natuwakgs that occurred over time scales of
centuries to millennia. This gradual global procissa geologic oscillation between glacial and
inter—glacial periods. The salient point is thatemosystem is always in a continuous cycle of
change influenced by natural variables. Howeveerehs increasing evidence of a human—
induced macro—scale effect on global climates aduéntreased loadings of carbon dioxide,
methane, nitrous oxides, chlorofluorocarbons ar@rogreenhouse gas emissions from human
sources. The influence of human activities on tssillation and other processes and cycles of
ecosystem change are now considered to have gfibteempact on climate change.

In a changing climate, the timing and amount ofcymiation, warmer temperatures, higher
evaporation, less water availability, and extrenvenés will all affect natural ecosystems.
However, as with all stressors, it is expected thatural ecosystem responses to a changing
climate are likely to be non—linear; change mayauuur until a threshold has been reached and
then rapid, dramatic transitions may occur. Ecalalgsurprises are expected. Some species will
benefit while others will not. Detailed assessmeotsimpacts on particular species and
ecosystem functioning are limited by our lack ofderstanding of the complexity and
interconnectedness of ecosystems (Fisher et ab)200

However, biological productivity is expected to nease with moderate temperature increases.
Species distributions will change, with more southspecies moving into the Gulf of St.
Lawrence. Introduction of invasive species could doeelerated. Species currently in New
England could move north. Existing community sttwmes and interactions may change. A
changing climate is expected to lead to reductionsome habitats. Wetland vegetation
communities, functioning, and values will changdghesmarshes and lagoons fail to adapt to the
increasing rate of rising levels, and rare and ergdeed species may be more vulnerable.
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6.4.1 Potential effects of climate change

On invasive species

Changing habitat conditions, including warmer wateduced sea ice, eroding coastlines, and
changing currents, will create conditions suitalale species from the south to move into the
Gulf of St. Lawrence. Invasive species have bestricted by the cold winters, but the warming
temperatures will permit them to become establisiSgecies that prefer cold water will move
out of this area, and expected increases in thewndf colder, lower salinity flow of water from
Labrador will keep these species along the nortdstcand western Newfoundland. The current
invasion of green crab in the Gulf took place, asdas can be determined, through a slow and
progressive movement up the coast of North Amefioan the site of its first introduction
decades ago. Its further dissemination throughloeitGulf is almost guaranteed now that it is
present in large numbers in certain locations. Bloid of movement, assisted by the generally
warmer conditions along the coast due to climatangk, will undoubtedly increase and
accelerate in the future. Our endemic speciesh@egotential alien invasive species of distant
ecosystems, and efforts must therefore be madeaewept their dissemination via the same
mechanisms that have caused so much difficultiienGulf of St. Lawrence.

On currents and water temperature

As the seawater warms globally, sea level risestaltize melting of ice caps in the polar regions
but primarily to the expansion of the water itseifthe Gulf of St. Lawrence, water temperatures
in the deep water may lower due to a stronger ldr€urrent, but the longer warmer summers
will heat the surface water, setting up strongeatisication and less mixing, which will lower
the over—all productivity. PEI and the Tlles—de—laéddleine are considered the second most
sensitive places in Canada to the effects of sex fese.

The earth is heating up due to the increasing fidessil fuels. The furnace oil we heat our
homes with, the gasoline we fuel our cars with, dlesel fuel used to grow and transport food
products and a host of other energy—based seraigesontributing to what is called Global
Warming. Burning fossil fuels like furnace oil agdsoline produces carbon dioxide and other
gases which, when released into the earth's udgpeysphere, create a greenhouse effect that
traps heat within the earth's atmosphere.

On salinity

Most climate models agree that in the Great Lakat®emhed and the Gulf of St. Lawrence there
will be an effect on the magnitude of the mean,imum, and extreme freshwater flows as well
as a change in their seasonal distribution andtidmraAnnual outflow decreases are expected
despite precipitation increases. These changagdanftow will affect the estuarine circulation in
all coastal areas as well as the Gulf of St. Laseen general. This could have a profound affect
on species that depend on a combination of watepeeatures and spring phytoplankton blooms
initiated by spring freshets.

On flow variability

The largest part of the volume of freshwater thapéies the estuaries and ultimately the Estuary
and Gulf of St. Lawrence ecosystem comes from #senis that drain in them. The quantity of
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water that reaches the estuary is the differencevds: precipitation and evaporation.
Consequently, climate change will probably become of the major sources of flow variation
in the decades to come.

The last report from the Intergovernmental PanelGiimate Change (IPCC) projected an
average global temperature increase of betweerardd45.8°C for the beginning of the next
century (Intergovernmental panel on climate cha2@@l). Temperature increases are usually
met by significant seasonal variations in prectmta variations. For every increase of one
degree Celsius globally, a 4% increase in predipitacan be expected, and North America is
very sensitive to these variations (Labat et a40In natural settings, this could translate into
an earlier spring freshet or even heavy rainfallghe middle of the winter for areas further
south. Although it is difficult to calculate theariges, models predict an increase in precipitation
on all the Great Lakes drainage basins and the @uBit. Lawrence. Summers will be dryer
while winters will experience a significant increda precipitation (IPCC 2001).

6.5 FRESHWATER INPUTS

Freshwater inputs in the St. Lawrence River sydestuary and Gulf) are mainly provided by
the numerous tributaries of this river watershed® ¢ 106 km2). Mean annual flows at Sorel
represent 9,868 fa* of freshwater entering the estuarine system tosvéind Atlantic Ocean.
The major tributaries of this watershed are regalatising different works designed for
hydroelectricity generation, flooding control, amdigation as well as for recreational or
industrial use. Rivers not yet regulated are moktbated in the periphery of the Gulf. The
increasing outflow from large Arctic rivers (ACIAOR5) and the melting of the Greenland
icecap (Johannessen et al. 2005, Zwally et al. 2B@not and Kanagaratnam 2006) are other
sources of freshwater that feed the Labrador Cuaed enter the northern Gulf of St. Lawrence,
mainly through the Strait of Belle Isle. Long—tetrands for near—surface temperature over the
last decade showed a freshening pattern that extenthe entire Gulf (Drinkwater and Gilbert
2004).

In the context of marine productivity, runoff watex often considered only as freshwater
entering sea water, with all the physical mixingchemnisms and associated currents. However,
freshwater is also a vehicle for a wide range @ncical compounds of natural or anthropogenic
origin. Hence, lithologic proprieties of the wateed, biological production, land use
(agriculture, flooding, recreational, etc.) and teasaster from human and industrial origins are
all affecting the quality of the freshwater thattess the estuarine and coastal systems. The
amount of precipitation and the decisions maderdgg reservoir management will dictate the
timing and volume of freshwater that actually estiwe Gulf of St. Lawrence.

When concentrating on how the Gulf of St. Lawrehuections, one focuses immediately on the
size and flow of the St. Lawrence River. While th systems are considered as unique and
continuous, the mechanisms responsible for prodtctin the Estuary appear to be very
different from those found in the Gulf, startingthwvthe timing of spring blooms. The multitude
of rivers, such as the Saguenay, Manicouagan, arahhthi rivers, to mention only the larger
ones that drain into the Gulf of St. Lawrence, nsatkee Gulf dynamics very complex. However,
it would not be surprising if some of the processesurring in the estuaries of these smaller
rivers could have an equally significant impactoam understanding of the Gulf as a whole and
of its functions.
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6.5.1 Impacts of freshwater runoff on estuarine, castal and marine ecosystems

Trying to understand the impacts of freshwater fuwariability on ecosystems like the Estuary
and Gulf of St. Lawrence can be very challengingd{gson and Bourget 1997). The many
variables involved can act and interact in différeray, at different spatial and time scales.
Furthermore, the volume of water entering the estaaystem can vary naturally on an hourly,
weekly, seasonal and interannual basis, or antig@poally due to water management
decisions. Each of these scenarios has the pdteéatisigger a different response from the
ecosystem.

The general physical, biogeochemical and biologpralkcesses occurring in the St. Lawrence
Estuary are generally well known (El-Sabh and $ileeg 1990, Therriault et al. 1990). The
variability of freshwater input causes changeshaghysicochemical properties of water masses,
which help stabilize surface water masses, flow amdent velocity, nutrient availability and
sediment load (Figure 5). The phytoplanktonic blammset is essentially controlled by the mixed
layer depth, the water column stability and the am®f light (Levasseur et al. 1984, Therriault
and Levasseur 1985, Savenkoff et al. 1997). Althotlhg massive influx of freshwater initially
generates a heavy stratification of the water caluinis only when runoff slows down and jet
stream velocity decreases that the spring bloonmbedhe time spent in the Estuary must be
long enough to allow for the accumulation of phyamitonic cells. Besides explaining the role
the spring freshet has on the spring bloom, thee highlights the role of interannual variability
(Zakardjian et al. 2000). These variations alsoehav immediate impact on currents and larval
dispersion as well as community make—up.

Turbidity is often ignored in freshwater systemserevhough it plays a significant role in
productivity at several levels. Cloudier is watdre more it contains suspension mater. Most
nutrients usually come from sediments, at leaghencoastal area. It is also the key factor in
limiting light penetration, with all the related racts on primary production. Turbidity will also
modify habitat quality by changing the formatiordagranulometry of deltas.

Contaminants are generally carried by sedimentswdauith minerals and/or organic matter.
Lebeuf et al. (1999) showed that, although occgrehconcentrations well below the Canadian
guidelines for the protection of human health, P@Bd organochlorine pesticides accumulate in
Atlantic cod, American plaice and Greenland haliiouind in the Northern Gulf.

Light penetration is a significant variable for pb®ynthesis and, consequently, for blooms.
River outflows carry a sediment load that enrickedace waters with nutrients but also alters
the amount of light penetrating the water columnc& most top predators rely on their vision to
feed, the absence of light and the lack of vidipiias a significant effect on feeding (Drolet et
al. 1991, Gilbert et al. 1992), even when foodbsralant. However, high turbidity areas may
also provide cover against predation, which comgiassthe energy drop and sustains growth
(Sirois and Dodson 2000).
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6.5.2 Impacts on biodiversity

Under selective pressures, the environment’s bisighl/and biochemical structure can stimulate
the production of organisms that otherwise remailow abundance. Weise et al. (2002) showed
that the variability of freshwater runoff from onbne river could trigger the onset of a toxic
algal bloom. The stabilization of the water colunsombined with light wind events, allowed
these organisms to develop and spread over aismmifarea in the Gulf.

The dispersion of larval stages is often criticat fecruitment and for sustaining marine
populations. The dynamics of large calanoid copspadthe St. Lawrence Estuary is greatly
influenced by the estuarine circulation (PlourdaleR001, 2003), the timing between the end of
diapause and emergence in surface layers with gnmgs bloom being critical for the
development of these populations. Also, the digpersf both benthic and pelagic organisms in
Arctic seas is greatly influenced by variationgiirer flows (Fetzer and Deubel 2006). The path
of a river plume varies according to flow changesrying larvae towards substrates that could
be inappropriate, for example, for the survivabehthic larvae.
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6.5.3 Links with fish stocks

It is generally assumed that linkages between Wvastr flows from rivers and recruitment in
fisheries passed through phytoplancton developptm@ueah it browsing by the highest trophic
levels. Unfortunately, the literature offers littla terms of monitoring marine productivity
variations induced by precipitation or water runeéfriability associated with an increase in
temperature resulting from climate change. Thisl&qerhaps be explained by the fact that
temperatures are much more predictable than ptatign, freshwater outflow or wind direction.
Hence runoff variability on the general physicatanography and its cascading effects on the
food web are largely unknown (Drinkwater 2005).

In the Gulf of St. Lawrence, several studies haori$sed on the relationship between freshwater
flows and marine species recruitment. However, wsincases, whether for crustaceans and
groundfish (Sutcliffe 1973) or pelagic fish (Rungé al. 1999, Ringuette et al. 2002), the
mechanisms underlying these relations are usually umderstood, and tend to lose their
significance in the long term. Small-scale studiesl to show better linkages between biomass
production and runoff (Ardisson and Bourget 1997).

6.5.4 Impacts of river development on flow variabity

In the early 1990s, the flows of 13% of the worldgers were regulated one way or another
(Milliman 1997). Altogether, 663 large reservoies@.5 kn°) actually trapped more than 40%
of the world river discharge. Over 50% of the seshis are thus retained (Vorésmarty et al.
2003), thus reducing nutrient and silicate loadsn(idorg et al. 1997) and causing a diminution
in primary production as well as a change in thggblanktonic community structure (Milliman
1997). Silicate limitation supports a shift fromssyms usually dominated by diatoms towards
systems dominated by dinoflagellates, accompanie@rbincreased incidence of blue—green
alga.

From the beginning of the twentieth century, théuxee of hydroelectric reservoirs increased by
200 km3 in 1968, with the launching of the openagiat the Daniel Johnson (Manic-5) dam
(Bugden et al. 1982). In order to fulfill Québecemowing energy demand in the 70s, the
harnessing of several rivers in the Northern GélSb Lawrence watershed was planned. The
impacts of these water flow regulation works hagerbdiscussed from a more or less theoretical
perspective (Hassan 1975, Drapeau 1980, Bugdeh @082, Neu 1982a, 1982b). However,
according to these studies, there is no reasossionge that large—scale freshwater modification
schemes would not produce basics change in aratasdhbld extend far beyond the boundaries
of the seas. Since then, another 24 km3 of resevatime has been added. Moreover, on the
Québec territory only, there are 5357 structurediod¢ed to flow regulation. Even though in
terms of reservoir capacity hydroelectricity gemieraclearly outplayed every other structures
pooled together, they represent only 14% of exgssimuctures (Centre d’expertise hydrique du
Québec; www.cehq.gouv.qc.ca/barrages/). The remminvers not yet harnessed all flow into
the northern Gulf of St. Lawrence.

Still today, few studies fully assess the largelestmpacts of hydroelectric development and
usually focus on local impacts, overlooking thestaband marine systems, that are often located
several hundred kilometres downstream of the dasifi{Rosenberg et al. 2007). This clearly
demonstrates the difficulties to fully embraceth# different time and spatial scales involved in
these large projects.
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The huge watershed of the Great Lakes, drainingface area of 1.5 x 106 Krinto the Gulf of
St. Lawrence, represents the main freshwater suppglye Gulf of St. Lawrence. This watershed
is the most densely populated area in Canada, rendhix of heavy agricultural and industrial
activities found there adds a significant amounteofilizers and pollutants of all kinds to the
freshwater (Climate Change Impacts and Adaptat@®p The flows of almost all the rivers
that flow into the Gulf of St. Lawrence are regatit except for rivers of the Québec Lower
north shore (Northeastern Gulf). This greatly Isninterannual variations, as well as maximum
flows, since the objective is to accumulate water Hydroelectricity generation and maintain
navigation on the St. Lawrence Seaway. It is imgodrto mention that the management of water
flow patterns is not the only source of impactsthas design (the engineering) of works also
produces its own impacts (Berkes 1982).

Synchronicities with biological components of theogystem as expressed earlier can be
jeopardized. As a direct impact, dam’s structure provide a more constant outflow
throughout the year by attenuating the spring fegi favour of winter. This pattern also leads
to the alteration of the physico—chemical structofethe water flowing towards the ocean,
causing a disturbance in temperatures, sedimentsiatnients. The development of new market
for electricity with the South will potentially brg another pulse on freshwater use during the
summer (for air conditioning), thus creating ideahditions for a toxic algae bloom (see Weise
et al. 2002).

Large—scale changes resulting from climate chantidave fundamental effects on the ecology
of the Estuary and Gulf of St. Lawrence ecosyste@isnate change will probably modify
freshwater inputs, both terms of volume and timibgs believed that this will warm the surface
layers faster and bring them to higher temperatilvas before in the St. Lawrence River system,
while a stronger cold Labrador Current will coolwdothe deep waters. The result should be
longer and stronger summer stratification redudimg mixing of nutrients into the euphotic
layer. Some of the weaker mixing areas could nattion with a stronger stratification. The
overall result should be lower productivity. Howevehese are suppositions, and better
predictive models designed at the scale of the @@lfSt. Lawrence watershed as well
assessments of the impacts are needed.

There is still much work to be done in order to davclear understanding of the ecosystem that
would then enable us to predict the evolution @ slgstem resulting from flow changes in the
estuaries or climate change. Part of the probleamstfrom our inability to accurately predict
freshwater flow variations (Climate Change Impautd Adaptation 2004). The absence of both
physical and biological data at the level of ocegstems makes the study of causal links
between freshwater influx variability and produativery difficult (Royer et al. 2001). This
conclusion reflects previous knowledge assessmittiieo Estuary and Gulf of St. Lawrence
systems (Drapeau 1980, Neu 1982a, 1982b, de Lafiergaal. 1991).

6.6 CHEMICAL CONTAMINATION

Contaminants present in the marine environmentudelinorganic compounds that do not
contain the element carbon and hydrogen, such &ssr(enercury, cadmium, lead, etc.), and a
massive range of organic compounds such as organ(tBT), organochlorines (PCBs, DDT
and metabolites, mirex, toxaphene, dioxins, furats), polybrominated hydrocarbons (PBDE),
polycyclic aromatic hydrocarbons (PAHS), non—peesis pesticides (carbamates, triazines,
organophosphore), detergent, pharmaceutical predumtd others. Many of the organic
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contaminants are hydrophobic, which means that toeyd be absorbed on particulate matter
and be taken up in the food chain. Some highlyigterst organic pollutants are widespread in
sediments and organisms. Metals as mercury acctenirathe biota in their organic form.
Information on contaminants comes generally fromliraent or biota studies instead of water
and atmospheric ones.

Contaminants can have negative effects on the @eild tissues of exposed individuals,
populations, and even entire communities. In fagtne contaminants taken up by an organism
at the base of the food chain can travel up thrdugpbhic levels, becoming progressively more
concentrated. The action of contaminants translatesphysical effects; for example, metals act
directly on cell membranes. Effects can also besjalhygical, as in the case of certain organic
compounds, which have a chemical structure simdathat of hormones and can perturb the
functioning of the endocrine, immune, and reproshecsystems. The effects of contaminants
also vary according to the species affected antth@ievel of contamination in the organism (the
toxic load). For persistent compounds, the toxadldas generally proportional to the degree of
exposure, and the organism’s trophic level, andiesaaccording to individual stage of
development or physiological factors such as médishboor sex. Some of the contaminants
accumulated in females can be transferred to gggs, embryos, or maternal milk.

Different types of toxicity are defined accordirggexposure. Acute toxicity, which may cause
the loss of vital functions and mortality, is geailbr associated with a short period of exposure
(from a few hours to a few days) to high concerdrat of a chemical product (Ramade 1979).
The acute toxicity of a wide range of toxic compuaiseis relatively easy to measure and often
constitutes the only information available to ewtu the risks associated with a given
environmental situation. This knowledge is usefioi,example, in the case of an accidental spill.
Acute exposure to sublethal concentrations of emdedisruptive substances at a critical stage
of development can lead to irreversible effectg.(Eairchild et al. 1999). Chronic toxicity can
be defined as the sum of effects observed afteriumed to long—term exposure to a
contaminant. Longer term toxic effects observed moge insidious as the degradation of the
general health of organisms and changes in tHeicyicles. This type of toxicity, which is much
more common in the natural environment than a@xeity, is difficult to detect and recognize.

Various tolerance thresholds have been proposeestablish the level of contamination or
toxicity of a substance within the ecosystem (ir.the water column or in the sediments) as
well as in living organisms (i.e., in the tissudscertain organs or in fatty tissue). Standard
thresholds have also been established to detetimengafety levels for human consumption. The
concept of tolerance thresholds applies more haodthe less persistent compounds but which
present an uninterrupted exposure to the organsthsut building up therefore in their tissues.

6.6.1 Sources, transport and distribution

The waters and sediments of the St. Lawrence gontanerous contaminants that come from a
variety of sources. These sources vary accordinigetdype of contaminant and can be localized
or diffused within the system or external to it.eThrimary sources of contaminants in the
St. Lawrence Estuary and Gulf may be their tridatar mainly the St. Lawrence and the

Saguenay Rivers. Most contaminants come mainly tlerarge urban and industrial zones.

The main local sources of contaminants are untileatean, agricultural and industrial waste as
well as resuspension of sediments, mainly throughlging activities. These more quantifiable
and localized sources are subject to the applicatio environmental protection regulations.
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However, there are also diffuse and unquantifigbbdutants brought into the system by
atmospheric transport (in the form of gases or sw®s) and by runoff from the St. Lawrence
drainage basin, which is impacted by agricultural forestry activities.

Except for some pesticides (ex. TBT), organic pensicontaminants are generally not very
soluble in water and the concentrations found ssalved form are very low. Hydrophobic
contaminants are transported in the ecosystem $pesaded particulate matter onto which they
can be attached by sorptidnAs with suspended matter, sediments are theitgrsi storage sink

in the ecosystem. These processes also explagrélager concentrations of contaminants in the
maximum turbidity zone (MTZ) of the Upper Estuatire upstream section of the Lower
Estuary, and in the inner basin of the SaguenaydFjblowever, proximity to urban and
industrial areas influence the concentration oftaormnants in the sediments of the St. Lawrence.
Heavier particles are deposited close to their@owhile smaller particles are transported over
longer distances and are deposited in places wihereurrents are weak. This phenomenon
results in the global contamination of the Estuamyg the Gulf. There are also zones such as the
Laurentian Channel and others that are even mantawwnated. In shallow waters, physical
phenomena, such as tides, storms and ice moveraadt,chemical phenomena, such as
precipitation, adsorption of chemical products #reldegradation of molecules in the sediments,
continually redistribute contaminants into the eoniment.

Although sediments represent a final sink of comtamis, they can also be absorbed and
accumulated in benthic and other marine organisifisis process is referred to as
bioaccumulation and occurs when an organism cametébolize all the load of an absorbed
contaminant. The contaminant then accumulategtntigsues if it is an organic compound or in
all tissues in the case of metals. However, orgaaomapounds can accumulate in other tissues
depending on their solubility and the species. €hesntaminants are then transferred to
organisms at higher trophic levels through prediatind accumulate even more in living tissue.
This phenomena, called biomagnification, incredBesjuantity of persistent toxic molecules as
they travel from lower to higher trophic levels, darexplains why, in general, higher
concentrations of contaminants are observed irptedators. A case in point is the belugas of
the St. Lawrence, which have high levels of cert@ntaminants in their tissues.

6.6.2 Metals

A number of metals are normal constituents in fviorganisms and some are essential to
biological processes such as photosynthesis andbwietm. They can, however, become toxic
at high concentrations, which is why research engiiality of the aquatic environment generally
pays special attention to their presence.

A large quantity of metals comes from industrial steaand urban effluents, agricultural
activities, and dredging. These contaminants ehteft. Lawrence River directly from effluents
and runoff and indirectly from the atmosphere. Mepaesent in the sediments in a bioavailable
form can be bioaccumulated in the food web. Thaawmilability is essentially related to their
solubility in water, which is governed by physiogtemical factors such as pH and the potential
for oxidation—reduction (Eh), and the quantity efanic matter in suspension. As saline water

19 Assimilation of molecules of one substance by sen in a different phase. Adsorption (sorptianasurface)
and absorption (sorption into bulk material) are types of sorption phenomena.
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has a higher pH than freshwater, the metals irbthéawrence, its tributaries, and the effluents
flowing into them tend to precipitate when in cartitaith saline water. This explains why metal
concentrations are generally higher in the Esttlzag in the Gulf.

The annual influx of a large number of metals itihe St. Lawrence at Québec City was
calculated by Cossa et al. (1997) from data cabbeh 1995 and 1996. Their results showed
considerable input of mercury and lead, two highdxic metals. After passing from the
freshwater of the St. Lawrence River to the brdctkaasd saline waters of the Estuary, little is
known of the fate of these metals. There is vitjuab data on the metals present in the waters of
the Upper Estuary between ile d’Orléans and thetmotithe Saguenay. The only data available
for total mercury (dissolved and particulate) prése the waters of the Lower Estuary are those
of Gobeil et al. (1983). These data indicate tloa@icentrations of mercury vary little with depth.

Concentrations of metals in the sediments of thedfg and the Gulf are better known. Gobell
(1991) determined the metal content in the sedismehsome stations situated in the Laurentian
Channel, between the Lower Estuary and Cabot Stidiey revealed the presence of
concentration gradients of lead, mercury, zinc, sod (Figure 6). The higher contamination
observed in the upper reaches of the Lower Estisaexplained by the proximity to a greater
number of sources of metals. As mentioned prewousintaminants in general have a tendency
to accumulate close to their source and conceotratilecrease according to distance from that
source. The phenomenon was observed on a smadler iscBaie des Anglais, one of the best
known sources of other contaminants, situated emtnth shore of the Estuary (Lee et al. 1999,
Smith and Schafer 1999).

Gobeil et al. (1997) analysed concentration of mmgrclead and cadmium in various tissues of
fish and crustaceans taken in the Saguenay Fjoedestuary and the northeast of the gulf of St.
Lawrence. They observed the highest concentratiotise Saguenay Fjord. In other sites of the
St. Lawrence river, concentrations observed inlitleg, muscle tissues and gonades were weaks
and below Canadian norms for human consumptionnf@.&g* humid weight). However, metal
concentration in the liver of fish, hepatopancrescrustaceans (Rouleau et al. 2001) and
gonades of fish and crustaceans were higher tlae tiound in muscle tissues.

In 2001, concentrations of cadmium (Cd) in wholallsp cultured on the north shore of the St.
Lawrence Estuary exceeded the European guidelinprégection of human health (2 g Cd-g
wet weight, now revised to 1 g Cd-gvet weight). In 2002 to 2004, mean concentratioh€d

in whole wild scallop Placopecten magellaniciandChlamys islandicacollected on the North
shore of the St. Lawrence Estuary were also hitfteer 1 g Cd-§ wet weight. Concentrations of
Cd were greater iRlatopecterthen inChlamyswith a greater proportion of Cd accumulated in
the hepatopancreas Rlatopecten On the north shore of the St. Lawrence Estuanstrof the
cadmium is from natural source, originating frore tietural rocks and transported in the rivers
to the Estuary. The environmental factors promotitsg accumulation in scallops and the
pathways of transfer of cadmium in the food chaeunder investigation (Guillemart 2006).
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Figure 6. Concentrations of metals (ug ) in surface sediments in the Lower Estuary (0 to
4 cm) and the Gulf of St. Lawrence (0 to 2 cm). Fra Gobeil (1991).

Concentrations of cadmium were recently found to16e20 times higher in the amphipod
(Themisto libellulx compared to krill. Oceanographic changes haventdcinduced a marked
increase in the biomass ®hemistp a cold water species, which is now more abunttzert
krill. The impact of these changes on exposurerakdof impacts in predators such as whales or
fish are under investigatiéh

Kennedy and Benson’s work (1993) on mussels albag\ewfoundland coast revealed a slight
metal contamination. Nevertheless, the levels ofeskare within Canadian standards for human
consumption. Arnac and Lassus (1985) determine@lncentent in the liver and muscle tissue
of smelt sampled on the north shore of the St. ease Estuary. The concentrations were
relatively low in the muscle tissues. In most af #amples, concentrations of cadmium and lead
were lower than the detection threshold. Levelsnetal in the liver and gonads were higher,
particularly those of copper and zinc. These comagons point to a low level of metal
contamination of this species at the beginning hed 1980s. However, it is impossible to
determine the potential effects of this contamoraibn the population and to evaluate the risks
of chronic toxicity.

“ 3aint-Louis, R. and E. Pelletier. 2007. Changemeltsatiques et composition du macrozooplanctonimann
risque accru a l'exposition au cadmium pour lesipals ? 11e Colloque Annuel du Chapitre Saint-Lature
SETAC/SRA. Rimouski, QC, Mai 2007. Présentatioreara
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In the early 1970s, concentrations of mercury intheyn shrimp, Pandalus borealis, were 20
times higher than the Canadian Guideline for coittants in fish and fish products (0.5 pd.g
wet weight). These observations led to the closdirtne shrimp fishery in the Saguenay Fjord.
The main source of mercury was a chloralkali plalused in 1976. Since then, mercury
concentrations have decreased in shrimps (Cos€y.199

In the Saguenay Fjord, there is a concern for ptssffects of mercury and other metals in
predators such as whales. Mercury is potentiallgnimotoxié¢’, genotoxié¢? and neurotoxfc.
The effects of in vitro exposure of beluga whaléespcyted* and thymocytes to different
concentrations of mercury chloride were evaluat€éde concentrations of total mercury
measured in the liver of adult St. Lawrence beludeles were higher than those that were
found to alter the proliferation of beluga whaldesocytes and thymocytes (De Guise et al
1996). The micronucleus assay was used to tegfeth@toxic potential of mercury compounds in
skin fibroblasté® of a beluga whale. Significant increases in mioaei frequency were found at
low concentrations of methylmercury (MeHg, 0.05 @8 mg/ml) that are believed to be
comparable to concentrations present in the tissfieertain beluga whales (Gauthier et al.
1998).

Mance (1987) and Sorensen (1991) reviewed the waedffects of acute and sometimes chronic
toxicity on marine organisms, indicating that caecgtans and fish are sensitive to high
concentrations of metal in water. This sensitiwigries according to species and stage of
development. Certain metals, such as lead and cadniiave effects on membrane and muscle
structures, causing bone and hematological abndresah fish.

At an upstream site of the Saguenay Fjord (Baienk& contaminated with heavy metals (Hg,

Pb, Zn, Cu), softshell clamaviya arenarig had lower condition and a delayed gonad
maturation compared to a reference sites (Anse tniie and Moulin & Baudes) further

downstream (Blaise et al. 2002, Gauthier-Clerc 20Bdrther studies are needed to identify the
source of contamination and to demonstrate caudsete€lationship.

In a more recent and exhaustive study, Gobeil et(197) determined concentrations of
mercury, lead, and cadmium in various tissuesstf find crustaceans in the Saguenay Fjord, the
Estuary, and the northeast Gulf of St. Lawrencee Thighest levels were observed in the
Saguenay Fjord. In other places in the St. LawrdRiger, concentrations observed in the liver,
muscle tissues, and gonads were low and within danastandards for human consumption
(0.5 mg kg*, wet weight). However, metal levels in the livafish, the hepatopancreas of
crustaceans (Rouleau et al. 2001), and the gorfddsh@nd crustaceans were higher than those
found in muscle tissue.

6.6.3 PCBs and other organochlorine contaminants

L Toxic effects on the functioning of the immunetsys that result from exposure to chemical substance

% Damaging to DNA: pertaining to agents (radiatianchemical substances) known to damage DNA, thereby
causing mutations or cancer.

% Having a toxic effect on the nervous system.

24 Monocytes (type of white blood cell) charactedaliy found in the splenic tissue.

% Lymphocytes (type of white blood cell) arisingtire thymus.

% A connective tissue cell
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Unlike metals, organochlorine contaminants arefaohd naturally in the environment. Their
production and use on an industrial scale date ttw1930s and 40s. They are known for their
thermal stability, their resistance to oxidationdaheir dielectric properties. By the 1970s, the
production and use of a number of these compouadsbiken limited and even prohibited in
Canada. Despite these measures, these compounds,as resistant to biodegradation, are still
found in the environment. These twelve groups ahponds belong to a group of persistent
organic pollutants (POP) that are the subject efStkockholm Agreement, ratified by Canada in
2001 and implemented in 2006. They can be bioactatediby marine organisms and are found
at every level of the food chain.

PCBs (polychlorinated biphenyls) include a rangeahpounds with the same basic structure
but with different combinations of chlorine atormi$here are 209 possible combinations, called
“congeners”. Among the congeners, some can adogbmanary conformation and are
recognized to be chiefly toxic. The production arst of PCBs is now restricted in Canada.
DDT (dichlorodiphenyltrichloroethane), a pesticigked in agriculture and the forestry industry,
was prohibited in Canada in 1985. PCDD/F are maithlg by—products of incomplete
combustion of urban and industrial waste contaimirganochlorine compounds. They are found
in the effluents of some pulp and paper mills tise chlorine as a bleaching agent. The quantity
of PCDD/F released by these mills has decreasealrbgst 100% since 1988. Toxaphene is a
very complex mixture of chlorine compounds that waed in the United States as a wide—
spectrum pesticide to replace DDT. It was banneddweral countries, including Canada, at the
beginning of the 1980s because of its toxicity. ldger, toxaphene is one of the most abundant
organochlorine pesticides in biota from Great Lakesstern Canada lakes, the Canadian Arctic,
and the St. Lawrence Estuary in eastern Canadaté@owet al. 2003). Aerial transport appears
to be the most likely pathway for the introductmfitoxaphene to Canada.

Some compounds present in the Estuary and thecBoié mainly from the Great Lakes (Cossa
1990, Comba et al. 1993, Lebeuf and Nunes 200F)erOsources are industrial effluents,
atmospheric emissions, and diffuse sources. Datthercontamination of sediments and the
water column by organochlorines and pesticidesiragefficient to build a global image of the
contamination in the Estuary and Gulf of St. LaveenResearch is concentrated more on
contamination by PCBs, whose presence in the sedsnté the entire St. Lawrence ecosystem
was confirmed by Couillard (1982). Gobeil and Lebéi992) determined the total PCB
concentrations present in the sediments from tHoeations in the Lower Estuary. The
concentrations observed at the three stations eloavithe threshold established by the Ontario
Ministry of the Environment and Energy (Belles—$slend Savard 2000). Gobeil and Lebeuf
(1992) also estimated that the average rate of &ZBmulation over the years 1980 to 1990 was
450 kg per year in the entire estuary. From dathegad in 1995-1996, Cossa et al. (1997)
calculated the annual influx of PCBs (21 congeneas)the level of Québec City. They
determined that the quantity of dissolved PCB$iewater entering the Estuary was 54.3 kg per
year and the quantity of PCBs adsorbed onto péateumatter in suspension was 124.6 kg per
year. Works of Lebeuf and Nunes (2005) confirmesb¢hestimations and reported a cumulative
charge of PCB in the Lower St. Lawrence estuarynsext in the order of 8.7 metric tons.
Besides, the data indicate a probable decreas€Bfifput into the Estuary in the last decades.

The most contaminated zones are generally thosmted close to sources, for example,
industrial and urban zones. There are several P@RBaminated sites in the Estuary and Gulf of
St. Lawrence. Baie des Anglais is one well-docuetkmiase. Lacroix et al. (2001) found that
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the concentration of PCBs (sum of 20 congenerff)@arcontaminated sediments of the Baie was
1500 ng g-1 while in the beach sand, the levelsewled.6 ng g—1 dry weight. In the surface

sediments of the Baie, Lee et al. (1999) measu@sl ¢dbplanar concentrations of 81.2 ng g—1 of
dry sediment, which decreased with distance from $burce down to 7.8 ng g—1 of dry

sediment.

Lebeuf et al. (1999) determined the levels of PCEBscongeners) in the muscle and liver tissues
of three species of groundfish in the Estuary dnednortheast Gulf of St. Lawrence. The results
are within the Canadian standards for consumptiomarine products but indicate that fish
living in the Estuary have much higher levels oftaanination than those living in the northeast
Gulf. The effects of the concentrations observedtloa health of these organisms remain
unknown. Note that PCB levels in liver and musdsue are higher than those of DDT, HCB,
and mirex.

In high-latitude fish species, a marked seasondecy energy reserves increases vulnerability
to persistent contaminants. As fat is mobilizedrirthe storage tissues, the body distribution of
contaminants changes and their concentration getdissues increases leading to an increased
risk of toxicity. For example, in large-sized enaed Atlantic tomcodMicrogadus tomcaod
sampled in spring in the St. Lawrence Estuary, tiegCB concentrations increased as lipid
contents decreased and high PCB concentrationsnelated to suppression of the activity of a
liver—CYP1A enzyme, suggestive of an hepatocellud@ury. Suppression of CYP1A activity
was not observed in large-sized tomcod from twe t@mtaminated estuaries (the Miramichi and
Restigouche estuaries, NB), also sampled in s@mhaving similar low hepatic lipid content
but lower PCB concentrations. Further studies aedad to evaluate if hepatocellular injury is
associated with impacts on growth, survival, andéproduction of the St. Lawrence Estuary
tomcod population (Couillard et al. 2004; Couillaadal. 2005). PCBs are endocrine disruptive
substance and may affect immune function and rejatexh and induce oxidative stress.

Contamination with organochlorine contaminants lb@sn incriminated as a potential cause for
the recruitment failure observed in the St. Laweemerican eel in the 1980&rfguilla
rostrata) population. As a top predator, eels living in theke Ontario/St. Lawrence River
accumulated high concentration of dioxin-like compds including coplanar PCBs, PCDD/F.
This group of toxic compound act via a similar toxnechanisms and the toxic potential of a
mixture of these contaminants can be assesseditylatang a 2,3,7,8-tetrachlorooxanthrene or
TEQ (TCDD-toxic equivalent concentration, WalkerdaReterson 1991). In a 1990 survey of
migrating silver eel caught in the St. Lawrenceuast, the range of organochlorinated
compounds in eel carcasses were: total PCBs (061+§g), chlorinated pesticides (0.23-0.70
png/g — mostly DDT), and mirex (0.006-0.086 pg/gbddon et al. 1994). Concentrations of PCD
and PCDD/F were higher than 110 pg/g TEQ. Predictettentrations eel eggs would exceed
the dose lethal to 100% of trout fry (80 pg/g) (Wéaland Peterson 1991), and would cause a
major deficit in population-wide recruitment, assngithat eels are as sensitive as lake trout.

Belugas are present year—round in the Estuary afidosSt. Lawrence. These animals that have
a diversified alimentation feed on fish and occaplyigh trophic level. Their lifespan can be 80
years. The composition and concentrations of comtamis found in belugas can therefore give
us an idea of the state of their environment. Tiapparent in the results of a comparative
analysis between animals from the Canadian Arctid @he St. Lawrence Estuary. The
St. Lawrence beluga population has organochlorioecentrations much higher than those
observed in the Arctic population (Muir et al. 1990he contamination level of their diet can
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possibly explain the difference. Although a recstidy showed a decrease of PCD and many
other organochlorine compounds in the fat of Stwiemce belugas between 1987 and 2002
(Lebeuf et al. 2007), there is a concern that avghlorine contaminant could induce endocrine
disruption in beluga whales, promote neoplasiaomtribute to immune dysfunction (Béland et
al. 1993, De Guise et al. 1995 and 1998). Hermajibmo was observed in stranded beluga
whale and is indicative of possible endocrine gison (DeGuise et al. 1994b). Besides,
impaired immune function was observed in rodendsWéh blubber of the St. Lawrence Estuary
beluga whales (Lapierre et al. 1999, Fournier .€2@0D0).

Brochu et al. (1995) studied dioxin (PCDD) and fu(@CDF) contamination in the sediments
and biota of two sites in the Lower Estuary: a tagt at Baie des Milles Vaches and an
industrialized site, Baie des Anglais. Their resulihdicated low levels of sediment
contamination by the two compounds. Higher conegioins were found deeper in the sediment
than at the surface (1-2 cm), which indicates aedse in recent inputs of these two types of
compounds in the environment. At both sites, whesksimp, and snow crabs were sampled and
their total PCDD and PCDF contents were determifed.the two sites and the two groups of
compounds, concentrations found in crabs were highan in the two other species, but
concentrations in all three species were low. Aglldmmune function and contamination of liver
tissue with PCBs was observed in American plaicegbiglossoides platessoides) exposed
during 3-month to contaminated sediment colleateBaie des Anglais (Lacroix et al. 2001).

6.6.4 Site of thd rving Whale

The Irving Whale was a bulk transport barge thaksa the fall of 1970 midway between the
lles—de—la—Madeleine and the coast of New Brunswick depth of approximately 70 metres.
The barge was transporting a cargo of heavy bufkéroil and PCBs were present in the
heating system. Following numerous complaints aledueaking, the wreck was recovered in
1996. A study of contamination at the site by Gilbet al. (1998) estimated that a total of
5700 kg of PCBs had been released into the envieohmover the 26 years that the barge was
submerged and while it was being raised. Gilberalet(1998) also determined that areas of
2353 m2 and 3526 m2 had total PCB concentratiod®0fug g—1 dry sediment, including areas
in which concentrations were over 1000 pug g—1 édireent. The area found to be contaminated
in 1996 and 1997 was very spread out. The site BB concentrations over 100 pug g—1 dry
sediment is a fishing exclusion zone and still @spnts a potential risk for aquatic organisms
living in it. Moreover, the wreck is no longer tleeto act as a barrier to the marine currents that
entrain the sediments, as we can see from theaseref the extent of area in which PCB
concentrations are higher than 100 i tn 1996, snow crabs were sampled at the wreek sit
and in the fishing exclusion zone. Total PCB com@ions in their digestive glands and muscle
tissue exceeded the standard of 2 ug g—1 wet wallgiwed for human consumption. In 1997,
this was no longer the case. While results indiegatdecrease in contamination following the
salvage operations, it should be taken into accohat the environment may have changed
between years, as well as the snow crabs sinseédtia sedentary species.

6.6.5 Polycyclic aromatic hydrocarbons (PAHS)

PAHs are chemical contaminants that come from nhtsources, such as forest fires, or
anthropogenic sources, such as aluminium smefietspleum and fuel oils and creosote—treated
products. Not very soluble in water, PAHs are tpamged by particulate matter in suspension
and are stored in sediments. They are persistetieirst. Lawrence waters. Hundred of PAHs



75

are presents in the environment. Sixteen of themiragluded in the Priority Substances List
(PSL1) identified in the Canadian EnvironmentaltBcton Act (CEPA).

There is little data on the PAH compounds presetité water column and in surface sediments.
The only data available was gathered by Antoniot@ir(Université du Québec a Rimouski,
unpublised data) during sampling carried out in2@D03. Concentrations of PAHs in surface
sediments observed at stations in the Estuary Wwgtger than those observed in the Gulf, at
Pointe—des—Monts, and in the Anticosti sector. Tread was reversed when we consider the
results obtained from matter in suspension: PAHwxentrations observed at the Pointe—des—
Monts and Anticosti stations were higher than thafsthe stations in the Estuary (Figure 7). The
concentrations remain below values that could cémse effects. However, it should be noted
that even if the total PAHs value is lower thant thiathe minimal effect level, it does not mean
that all the individual PAHs have concentrationsotyethe threshold effect level. From data
collected in 1995-1996, Cossa et al. (1997) cdedlahe annual influx of total PAHs (16
compounds) in the Estuary at the level of Québdyg Gibe 2.2 t of dissolved PAHs and 8.2 t of
PAHs adsorbed onto suspended particulate matter.

are belowdetection The effects of PAHs on marirganisms in the St. Lawrence Estuary and
GULF are not very well known. Pelletier et al. (99%etermined the PAH concentrations in
various tissues of groundfish and crustaceans.dBssiPAH concentrations are below the
detection limits in the muscle tissue of cod, Caaaglaice, thorny skate, and black turbot in the
Estuary and the Gulf. However, the livers of blagtbot in the Estuary and the Gulf are slightly
contaminated by benzo[a]anthracene (mean conciemtratf approximately 8 ug kg wet
weight). Also, slight contamination by benzo[a]pyeewas observed in the hepatopancreas of
snow crabs captured in the Estuary and analysdseahuscle tissues of northern shrimp in the
Estuary and Gulf have revealed fluoranthene, pyre@ezo[a]anthracene, and phenanthrene.

The low contamination observed in these organisars lwe explained by their efficiency in
degrading these chemical compounds. Fish are phatig efficient in metabolizing these
contaminants. Unlike invertebrates, vertebratesehavgroup of enzymes that enable them to
eliminate a number of chemical molecules, includimgirocarbons. This is also the case for
marine mammals. The metabolism of genotoxic PAHs cgtochrome P4501A enzymes
generates electrophilic metabolites which bind D&l causes the formation of DNA adducts.
DNA adducts may lead to mutation and to cancem(trest al. 1996).

PAHs have effects on the survival, growth, and adpction of both invertebrate and vertebrate
organisms. They may cause the digestive systemursmabserved in some belugas stranded
along the St. Lawrence (DeGuise et al. 1994a, Meati et al. 2002) and the pre—neoplastic
lesions observed in the liver of some American emigrating in the St. Lawrence estuary

(Couillard et al. 1997). Exposure to PAHs duringelepment in fish embryos can cause serious
abnormalities in the form of malformations (teranm effects) and mutations (genotoxic

effects) (Couillard 2002).
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Figure 7. Total PAH in suspended particulate matter(SPM) and surface sediments (SED)
observed at four stations and concentrations (ng Sg*, dry sediment) of butyltins (TBT,
DBT, MBT) in surface sediments of the Lower Estuaryand Gulf of St. Lawrence. From
Antonio Curtosi, UQAR, Rimouski, QC.

In 1991, two times higher concentrations of meta®lof PAH in the bile and five times higher

concentration of bulky DNA adducts in the liver wdound in the St. Lawrence Estuary tomcod
collected on their breeding grounds in the BatisRarer (QC) compared to Miramichi Estuary

tomcod (Wirgin et al. 1994). In contrast, in 20@dmcods from the St. Lawrence Estuary had
similar concentrations of PAH metabolites in thie lsind only 1.5 times higher concentrations of
DNA adducts in the liver compared to Miramichi Estptomcod. Aluminum smelters located

on the shore of the St. Lawrence Estuary have mmtified as a major source of PAHs and
have considerably reduced their emissions of PARts1988 (Couillard et al. 2005).

Martineau et al. (2002) proposed that one imporgantce of exposure of beluga whale could be
ingestion of PAH contaminated benthic preys suchpabichetes. Recently, the toxicity
associated with ingestion of polychetes (Nerei3 spllected in the beluga whale habitat was
assessed using the teleost, Fundulus heterochtaspmedator. Preliminary results indicate that
Nereis collected at different sites in the St. Lemae beluga whale habitat contain a complex
mixture of bio-available chemicals (including PAlded PCBs) which can cause induction of
CYP1A in predators ingesting them and potentiathyeo toxic effects (Couillard et al. 2007).

6.6.6 Organometallic compounds

Organometallic compounds form a relatively littleekvn family that can be differentiated by
the presence of a metal—carbon bond. Tin and mefoun stable organometallic compounds in
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the marine environment. Tributyltin (TBT) and itsetabolites dibutyltin (DBT) and
monobutyltin (MBT) are given particular consideoatinere. TBT is a powerful biocide with a
very wide range of applications. It is especiallyed in anti—fouling paints to reduce the
attachment of algae and invertebrates onto thes hafliships. In the St. Lawrence Gulf and
Estuary, its presence is mainly due to leachinghfbmat hulls. Urban sewage represents a major
source of DBT, an anti—oxidant agent produced thinailhe degradation of plastics. The highest
concentrations of butyltins have been found in pard commercial shipping anchorage areas
(Maguire 1992).

A regulation adopted in Canada in 1989 stipulated bnly vessels over 25 metres and small
aluminium boats may use TBT—based antifouling gaiHbwever, contamination of harbors and
areas with high shipping activities is still ocaog due to ongoing use of TBT on large vessels
and to persistence of TBT in sediments and maiioi@ bDespite regulations, ecotoxicologically
relevant contamination of marine ecosystems isigtarg, particularly in sediments (Fent 2006).

There is little data published on levels of TBTile water column and sediments of the Estuary
and Gulf of St. Lawrence. Mamelona and Pelleti€d0@ observed concentrations of 9.7 to
13.8 ng Sn+1 at Les Méchins on the south shore of the Loweundtgt There is a large shipyard
and a dry dock located in this area. Concentratigrsng Sn1" have also been observed in the
region of Rimouski close to marinas. These ressdism low given the proximity to potential
sources of TBT.

A recent study (2003) carried out by Marie-Hélenehdud (Michaud and Pelletier 2006)
resulted in the first data on TBT in the sedimeoitdshe Estuary and Gulf. The data reveal
contamination of sediments in the Laurentian Chhtiva is 10 to 20 times lower than what has
been observed at other sites closer to the shbtas &stuary and Gulf.

Saint-Louis et al. (1997) observed generalizedaromtation of sediments in the Lower Estuary
with total concentrations varying from <1 to 4109w g” (dry weight) at Les Méchins, Baie—
Comeau, Rimouski Est, Parc National du Bic, andsG@acouna. Sediments and mussels from
Les Meéchins were the most highly contaminated, witttan TBT concentrations of
40+12 ng Sn @ in the sediments and 1687 ng Sn g* (dry weight) in the mussels.

Pelletier and Normandeau (1997) observed concé@ntgabf butyltins below 50 ng Sag(dry
weight) in mussel tissues from sites between Bit @aspé. All along the south shore of the
Estuary, mussels are exposed to low concentratibbstyltins, the main compound being DBT.
Viglino et al. (2006) reported 890-993 ng Si (dry weight) in bivalves compared 86-
239 ng g'(dry weight) in burrowing dwelling organisms in tBaguenay Fjord. At the same site,
the Acadian redfish (Sebastes fasciatus) feediatpmntially on shrimp and small crustaceans
rich in TBT had a contamination level about thrames higher than eelpouLi¢odes vahli)
feeding on burrowing species.

As effective biocides, TBT and its derivatives also toxic to marine organisms and can
damage certain organs and hormonal systems. A @emrbdths of a nannogram of TBT per litre
of water is enough to cause acute toxicity in itelerate species and plankton and a few
milligrams per litre causes an acute toxic reactiofish. Chronic toxic effects in the form of
tissue damage have been observed at concentragtms 1 ng Snf (Fent 1996). Neurotoxic,
embryotoxic, hepatotoxic, and immunotoxic effecéwénalso been observed in fish (Fent 1996
and 2006). Recently, androgenic effects of TBT Hasen reported in fish. Exposure of early life
stage of zebrafishD@nio rerio) to environmental levels of TBT (1 ng Si")lcauses
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masculinisation (male biased sex ratio) and irrglég sperm damage (McAllister and Kime

2004). A large variety of organisms, in particuéarly life stages, are susceptible to low TBT
concentrations and bioaccumulation leads to siggmifi exposure of marine biota including

marine mammals (Fent 2006). However, the effect®B3f on bivalves are more documented. In
bivalves, slowed growth, disruptions to reproductiand an interference with the ability of

oysters to secrete calcium carbonate have beemvells€Smith 1981). The most well-known

and most spectacular toxic effect is a sexual nurtatalled imposex, which is observed in

gastropods. For example, concentrations of TBThentissues of whelks have been correlated
with the masculinization of females, meaning theetlgoment of male sexual characteristics
which impede normal reproduction of the species.

Prouse and Ellis’s (1997) work reveals a high fexguy of imposex in female whelks in the Gulf
and Les Méchins (St. Lawrence Estuary). Imposexotserved at 13 of the 34 sites examined.
Moreover, in Sydney (NS), all female whelks wittmcentrations of 74 ng Sn'g(wet weight)
presented the effects of imposex. Imposex was alts@rved in whelk collected at two sites
located in the Baie des Ha! Ha!: at Port Alfred amndhe mouth of the Baie des Ha! Ha! where
53% and 13% of the whelk were affected respecti(diglino et al. 2006).

Saint—Louis et al. (2000) and Saint—Jean et aBq18tudied concentrations of TBT, DBT, and
MBT in surface sediments and mussels from foussitethe southwest region of the Gulf. The
Shediac site was the most highly contaminated. dlteence of mussels at this site could be
related to the high concentrations of contaminamtthe sediments, which may have caused
death or inhibited the development of larvae. Ateotsites, concentrations observed in mussels
are between 5 and 671 ng SH ¢dry weight). Mussels sampled at the Shediac, ivichi,
Summerside, Pictou, and Cardigan sites have congdiomn levels that range from moderate to
high.

Gagné et al. (2003) reported 109+18 ng Sridyy weight) in gonads of softshell clams collekcte
in baie Ste Catherine, an intertidal harbour latae the mouth of the Sagueny fjord in the
St. Lawrence Estuary. The sex ratio in clams wgsifstantly skewed toward males at this site
compared to a control site, Moulin a Baude. Morepfemales collected in Baie Ste Catherine
had lower condition and gonadosomatic indices |litkke proteins in their gonads and lower
capacity to production of estradiol from their gdn@agné et al. 2003 and 2005). Delayed
gametogenesis and low progesterone levels was va@asaén clams collected in Rimouski
harbour, located in the St. Lawrence estuary anatacoinated with TBT, compared to a
reference site, Anse a I'Orignal (Siah et al. 2003)

TBT contamination was observed in the livers ofLaivrence belugas (Saint—Louis et al. 2000).
Total concentrations of TBT varied from 54 ng Sh(gry weight) in a five—year—old female to
2085 ng Sn g (dry weight) in a 21-year—old female. The authalsn demonstrated that TBT
contamination in beluga remained stable in belugavéen 1988 and 1998. TBT and DBT also
affect immune function in bivalve molluscs. For eyde, laboratory bioassays revealed dose-
dependent changes in cell membrane injury, phago@dtivity, lysosomal retention, and
haemocyte count in blue mussels (Mytilus eduligomed to very low environmentally realistic
concentrations of TBT or DBT (1 ng SH, ISt-Jean et al. 1999, 2002a and b). These changes
were associated with a reduced ability to clearoreifin bacterium and thus, exposure to
butyltins could increase incidence of infectiousedises.
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6.6.7 New contaminants

Today, particular molecules used for industrialgmses have physical-chemical characteristics
and structures very similar to those of compousdsl{ as PCBs) that have been prohibited for
many years. Exposure to these chemical moleculessevproperties and concentrations in the
environment are still practically unknown, poseteptial unknown hazards to marine life.

A case in point is that of polybrominated compounkat are used as flame retardants in
clothing, carpets, and sofas, and which have aitmdét of other domestic and industrial uses.
Recent work (Law et al. 2003, Lebeuf et al. 2004a9 revealed that polybrominated diphenyl
ether (PBDE) levels in beluga blubber have incréasensiderably between 1988 and 1999.
PBDEs cause thyroid dysfunction, neurological disfeand neurobehavioural toxicity in fish
(Timme-Laragy and al. 2006). Safe (1984) demoretr#that the potential toxic action of these
molecules could be similar to those of PCBs but thair solubility in water is much lower,
which could reduce their consequences. PBDE hagdtential to interact with PCBs. Lebeuf et
al. (2006) have shown that induction of metabotitvities in tomcod injected intraperitoneally
(IP) with PCB126 affected the pattern of bioaccuatioh of polybrominated compounds and
potentially their toxicity to fish.

Sometimes, attention and analytical effort is cotigged only on a chemical “mother” molecule,
when in fact it can be metabolized and some ofrttetabolites are more bioavailable. For
example, the principal metabolites of DDT degramfatare DDD (dichloro-diphenyl-dichloro-
ethane) and DDE (1,1-dichloro-2,2-bis(4-chloropHgatitene), which today are the dominant
types of DDT compounds present in marine mammatsvever, we know little about their
properties in the marine environment. Another exanip that of the PAH metabolites, which
have been analyzed very little in the organismghef Estuary and the Gulf although some
researchers believe that they are carcinogenicetoghs. Besides, PCB and polybrominated
compounds metabolites have recently been repome8toLawrence beluga whales at higher
levels than on the arctic beluga whales (McKinnegl €2006).

There are also other non—chemical contaminant eeutmat can cause harmful effects to marine
organisms in the St. Lawrence that have not beentiomed in this report due to a lack of
available data. These sources include:

1) urban waste, which contains other types of dogamolecules (such as pharmaceuticals,
estrogens and hormones) and which can affect tiee clycles of all marine organisms.
Furthermore, urban waste introduces pathogenicebagtviruses, and parasites, whose
behaviour in the marine environment is almost catghy unknown;

2) agricultural waste, which contains large quagibf organic matter, nitrates, and phosphates
as well as some pesticides and herbicides that haivget been clearly identified in the marine
environment. In addition, this type of contaminatis not very well documented.

In July and August 2002, concentrations of pestieidlere measured in the water of 8 freshwater
tributaries located on the south shore of the &ivrence Estuary, from St. Roch-des-Aulnaies to
Pointe-au-Pére. Nine pesticides were detectedvatctincentrations (<1.ig I'Y). The highest
concentrations of pesticides (Dicamba, MecopropP¥(C2,4-D et 2,4-DB) were found at Trois
Pistoles and Pointe-au-Pére. Atrazine was detexttégle-Verte and Kamouraska at levels up to
0.16 ug I, In 2003, water from 4 sampling sites, Isle-Veiftmis Pistoles, Bic and Pointe-au-
Pere were sampled on 10 occasions between MayeptdrSber. Eight pesticides were detected
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at low frequency with peak concentrations generédiynd early July. The most frequently
detected pesticides were Simazine, Metolachlore 2aé¢D while atrazine was not detected at
any of the sites. Only carbofuran was detectedunamntrol site (Bic). Water concentrations
were below the current chronic toxicity guidelinfss the protection of aquatic organisms
(Lebeuf et al. 2004b).

In the North Atlantic, short-term exposure of youligantic salmon (Salmo salar) to endocrine
disrupting substances in their freshwater natairenments later leads to detectable effects on
their growth and survival at the time of their naitjon to saltwater. Fairchild et al. (1999) noted
a relationship between aerial spraying with Matacih the forests of Atlantic Canada and
subsequent returns of salmon between 1975 and I®&5problem was associated to a solvent
used in the pesticide formula, 4-nonylphenol (4-MRjch is an endocrine disruptive compound.
Two 24-h pulse-exposures to 4-NP during the lagesbf smoltification induced experimentally
an increased proportion of salmon showing poor gnoguring the first 5 months in seawater
(Fairchild et al. 2002). Other toxic chemicals udihg the widely used herbicide atrazine have
been recently shown to cause delayed impact orcdpacity of Atlantic salmon to adapt to
seawater (Waring and Moore 2004). Fortin et al0O@dhave shown that a short term exposure to
environmentally realistic concentrations of atraziaffected osmotic control in mummichog
(Fundulus heteroclitus) larvae with possible eemt buoyancy, survival and recruitment.

6.7 COASTAL EUTROPHICATION

Eutrophication of coastal waters results from egivesinput of organic waste and nutrients.
Organic wastes discharged into the marine enviromrage usually in the form of particulate
matter that is eventually decomposed and usualBimalated by the marine ecosystem.
However, high loads of organic matter can causegenydepletion, lower habitat productivity
and anoxic chemical pollution when the capacityhef environment to decompose aerobically is
exceeded. This can result in the displacementsbfdind other organisms, the killing of benthic
life, and changes to the food web. Ultimately, haghcontinued loading can cause the loss of
oxygen and habitat productivity.

Estuarine ecosystems are complex and uniquely edlaptcombination of low tidal amplitude,
layering of the water column, relatively low rivBows, and the deep—water fjord structure of
some smaller estuaries can contribute to restriat@ter circulation and slow replenishment of
oxygen. For example, the predictable occurrencgasier waters with rapid production of prey
organisms and the restricted exchange with offsheaters makes St. Georges Bay in Cap—
Breton a successful nursery ground for pelagic sygasv(Hargrave et al. 1985).

There are clear indications that the ecology of s@stuaries is being changed by organic input
where agriculture and urban development are a niegures of the watershed. This can be seen
in changes in the nutrient composition and balamtehe depletion of oxygen, and in the
increased growth of macrophytes and algae mats.

6.7.1 Organic waste and nutrients associated witluhd—-based activities

The major input of organics and the resulting muti$ in coastal Atlantic Canada is from the
discharge of raw or partially treated municipal ages into rivers, estuaries, and harbours. Point
sources include municipal wastewater, industrifibefts from pulp mills and fish plants, and

combined sewer overflow, where street runoff is bomad with sewage. The absence of
individual septic systems or poorly maintained om@e another source of organic waste.
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Agricultural fertilizers and livestock are predormaim sources of non—point source runoff that
result in coastal and estuarine problems.

Nutrient problems are closely linked with the ongamput and bacterial contamination
described above, and they are almost always foogether. This has resulted in the closure of
many shellfish beds and swimming areas as welbaknfy of wildlife habitats, as in Lameque
Bay, NB. Where the best management practices &, tise impacts can be reduced to within
natural ranges.

The largest single source of freshwater input theoEstuary and the Gulf of St. Lawrence is the
St. Lawrence River. It flows from the most poputateeas in Canada. This water carries with it
a substantial amount of organic matter that vasemewhat with discharge but remains

relatively unchanged on an annual basis (Pocklmd@88). There are clear indications that the
ecology of some smaller estuaries is being modifigdrganic input, especially where industrial

activity, agriculture and urban development areamtgatures of the watershed. For example, in
the Saguenay Fjord in the Lower St. Lawrence Egtuaccumulated deposits of wood fibre

(lignin) in sediments close to the mouth of theeriare directly linked to the region’s pulp and

paper industry (Louchouarn et al. 1997). Thereagroximately 20 pulp and paper mills in the

drainage basin of the Gulf of St. Lawrence. Ligooncentrations in the open areas of the Gulf
are close to zero (Pocklington 1988).

A combination of micro—tidal amplitude, stratifi@ghter column, and relatively low river flows
creates low flushing conditions in estuaries. Therdf structure of some estuaries in
Newfoundland causes conditions of low water cirtolaand slow replenishment of oxygen.
These locations are particularly sensitive to oigérading. Areas where municipal sewage and
industrial outflows are close to each other po$ega risk of impacts on the ecosystem. In the
southern Gulf of St. Lawrence, nutrients from agjtioral sources present a significant problem,
particularly where the flow pattern in estuariess Heeen disrupted by the construction of
causeways and dikes.

Eutrophication of coastal waters resulting fromstle@xcessive input of organic waste and
nutrients is a particularly critical problem in cta waters around Prince Edward Island. Here
the addition of agricultural fertilizers has led @ariched groundwater and eutrophication of
upper estuarine waters. Data show that nitratddemehree Prince Edward Island river systems
have increased several folds over the past 30 y&dater quality in these systems is not
influenced by point sources; the major sourcesgreeultural fertilizers and livestock manure.

Excessive phytoplankton and macroalgal growth, like appearance of algal mats and sea
lettuce Ulva lactucg in the inter—tidal zone, are indicators of exoesswtrient loading. The
massive decay of plant material in areas of lowimgpor in areas that tend to stratify can result
in oxygen depletion and in the production of toxjases such as hydrogen sulphide and
ammonia. Fish kills will occur only in extreme caswhere algal growth has depleted oxygen to
critical levels.

High nutrient levels in surface waters may alscalbmajor contributing factor in harmful algal
blooms (HABs). Toxic algal blooms, suchRseudo—nitzschia fraudulenthat result in excess
domoic acid accumulation in bivalve shellfish, gasult in human illnesses such as Paralytic
and Diarrhetic Shellfish Poisoning (PSP and DSH) anthe worst—case scenario, can result in
deaths. These incidents of contamination are cyelicature and occur, with varying levels of
toxin production, throughout the coast of eastesindtia each year.
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7.0 SPECIES OF CONCERN

7.1 MARINE FISH

The marine fish communities in the Gulf have exgreced dramatic changes in the relative
abundance of their component species over the 3@syears. Many of the large—bodied
groundfishes declined to very low levels in the @9%e.g., cod, redfish, white hake, American
plaice, and skates). In contrast, many pelagicefshere at relatively high levels of abundance
throughout much of the 1990s and early 2000s (kagring, capelin, and mackerel). Thus, in
both the southern and northern Gulf ecosystemse thas been a substantial increase in the
importance of pelagic fishes relative to grounddsin the 1990s and 2000s. In contrast to most
groundfishes, abundance increased in the 1990ssdone deepwater flatfishes, notably
Greenland and Atlantic halibut and witch floundEhnese increases reflect strong recruitment in
the 1990s. In the southern Gulf, where there @ng time series of consistent trawl survey data,
other dramatic changes in the ecosystem are evitleit. Benoit and D. P. Swain, Gulf Fishery
Center, Moncton, NB, unpublished analyses). A nunadfecoldwater species (e.g., arctic cod,
polar and arctic sculpins) increased temporarilyhim mid 1990s, during a prolonged period of
cold bottom waters in the southern Gulf. But magteble has been an increase in the abundance
of many small-bodied species in the late 1980s ttwed 1990s. These changes in species
composition have resulted in a large shift in thertass spectrum of the fish community in the
southern Gulf, with declines in the biomass atdasges and increases at small sizes.

The decline in the abundance of large—bodied grisimes is thought to be mainly due to
overfishing, though for some species (e.g., cod)imes in productivity also appear to play a
role. Cod productivity was high in the late 19708l aarly 1980s, primarily because of an
unusually high rate of recruitment. In the south@uif in the 1990s, the recruitment rate of cod
had declined to average levels, the growth rate lexs and natural adult mortality was high,
about twice the normal level for cod. Given itsremt low productivity, no recovery of the
southern Gulf cod stock is expected, even in tlseate of fishing. Mackerel and herring were at
very low levels in the mid to late 1970s, likelyethesult of heavy fishing in the late 1960s and
early 1970s. The increase in the biomass of thekgio fishes throughout the 1980s may reflect
a recovery from overfishing following declines imetr exploitation rates in the late 1970s. The
recent increase in the abundance of small-bod&tkdi in the southern Gulf may reflect a
release from predation following the decline ingrbodied predatory fishes. Significant
environmental changes have also occurred overate3D years. Bottom waters on the shelves
were relatively warm in the late 1970s and earl@Q The cold intermediate layer (CIL) in the
Gulf underwent a prolonged cooling from the lat&d®9to the mid 1990s. In the late 1990s and
early 2000s, spring temperature conditions haven herisually warm, with 1999 the warmest
spring in the 50—yr record. The effects of thes@renmental changes on the fish communities
in the Gulf are uncertain.

COSEWIC has recognized four populations of Atlardad in Canada, in accordance with
available genetic, ecological, and demographicrmédion (COSEWIC 2003). Two of these
populations occur in the Gulf of St. Laurence: tlaeirentian North population, which is found
north of the Laurentian Channel in the Gulf of Bawrence and along the south coast of
Newfoundland, and the Maritimes population, whisHaund in the southern Gulf, the Scotian
Shelf and the Gulf of Maine. Laurentian North ca@ at or near historically low levels of
abundance, following an over 80% decline in abundaover three generations. This has led
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COSEWIC to recommend a designation of threatenethfe population. The decline has been
less pronounced for the Maritimes population (14%rothree generations), leading to a
recommended special concern status designation @$EWIC. These populations were
submitted for Governor in Council consideration ddficial designation under SARA in January
2005. Threats to persistence of both of these jadipuals include fishing (directed and bycatch),
predation, as well as natural and fishing—indudeghges to the ecosystem. A small cod directed
fishery is allowed in the southern and northernf@tilSt. Lawrence since 2004, following a one
year moratorium.

In 2004, there were three species of wolffish and populations of cod in the Gulf of St.
Lawrence for which there was official concern oweeir conservation status. The northern
wolffish (Anarhichas denticulatysand the spotted wolffishA( minop are listed as threatened
species on Schedule 1 of SARA. Over three genastibe abundance of these two species has
declined by over 90% and the extent of distributias also decreased. Specific threats for these
species are believed to include bycatch mortalitgommercial fisheries and habitat alteration
by bottom trawling, ocean dumping and other sourskegollution, all of which may be
compounded by environmental change (Wolffish Repp¥eam 2003). Northern wolffish are a
bathypelagic species feeding on pelagic prey sucktenophores and medusas as well as a
variety of benthic invertebrates (Albikovskaya 198B the Gulf, they are found mainly in
waters deeper than 150 m, off the south and westts@f Newfoundland (Nozéres and Bérubé
2003, Wolffish Recovery Team 2003). Spotted wdtffised on krill and other crustaceans such
as echinoderms, mollusks, and opportunisticallysiorall fishes (Albikovskaya 1983, Scott and
Scott 1988). In the Gulf, they occur mainly at depof 100-350 m in the Esquiman and
Anticosti channels, and the northern portion of tiaairentian Channel (Nozeres and Bérubé
2003, Wolffish Recovery Team 2003).

The status of Atlantic wolffishA. lupug was designated as being “of special concern” by
COSEWIC in 2000, as a result of a decline in abondan a portion of the species range. It is
listed on schedule 1 of SARA. The purported thréathis species are the same as for the other
wolffishes. The Atlantic wolffish diet is mainly ogposed of hard—shelled benthic invertebrates
such as echinoderms, molluscs and crustaceanst blgo eats small amounts of other fish
(Albikovskaya 1983, Templeman 1985). In the Guig are distributed along the slopes of the
Laurentian, Esquiman and Anticosti channels (McRaed. 2000).

7.2 DIADROMOUS FISH

There are currently no species of special concerndentified by COSEWIC. Three species are
currently under review: Atlantic sturgeordgipenser oxyrhynchys striped bass Morone
saxatilig, and American shad\(osa sapidissima

7.3 MARINE MAMMALS

In the present section, only marine mammals thatiom the Saguenay Fjord and St. Lawrence
Estuary will be discussed: beluga whale, harboupgise, fin whale, blue whale, and harbour
seal.

7.3.1 Beluga whale population status (Threatened)

The St. Lawrence beluga population has decreagedisantly over the last century. At the end
of the 1800s, the number of belugas was estimatdoetbetween 5,000 and 10,000 animals
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(Reeves and Mitchell 1984, Béland et al. 1988). tBg end of the 1970s, however, the
population had declined to only 10% of what it wa4885. This population decline was mainly
related to large—scale hunting. In the 1930s, thavipcial government allocated hunting

premiums for the elimination of 1,826 animals bessathey were believed to be important
predators of commercially exploited fish specieta@iykov 1944). In 1979, the population was
allocated the status of Protected Species andrigumtas prohibited (Sergeant 1986). In 1983,
the population was classified as Endangered by GRISEand this status was maintained after
revision in 1997 (Lesage and Kingsley 1998). Aniadesurvey conducted in 2000 estimated the
St. Lawrence population to be 952 individuals wvatltorrection factor of 109% to account for
animals that were not visible at the surface ofwtta¢er during the survey (Gosselin et al. 2001).
The last re—examination of this population’s statusviay 2004 reassigned them to the less
critical “Threatened” category under SARA and COSEW

An evaluation of the potential population increa$eéhe St. Lawrence beluga whales has been
attempted in several papers (Béland et al. 1988halid 1993, Desrosiers 1994, Kingsley and
Reeves 1998). The variability associated with tifiler@nt survey estimates makes it difficult to
detect real changes in abundance (Gosselin eD@l)2A population estimate is dependent on
the distribution of the animals and the proportodrthe population that is surveyed (Smith and
Hammill 1986). According to the last estimated gapian indices conducted between 1988 and
2000, it seems that the beluga population has reedastable (Gosselin et al. 2001).

Some measures have been undertaken in the St. hesvEestuary to protect the beluga whales
and their habitat. In 1996 (St. Lawrence belugavery team 1995), a recovery plan was

established and later revised in 1998 (St. Lawrdratega recovery committee 1998). The goal
of this plan was to increase the beluga populatoa level such that natural events and human
activities will not be threats to its survival. Thian will need to be revised again in order to be
in accordance with SARA. In addition, to protectiuga calving and feeding grounds, the

mobile—gear scallop fishery upstream of the Saguenauth has been prohibited since 1999.
Blasting and dredging activities are also restdatecertain areas of the St. Lawrence Estuary.

7.3.2 Harbour porpoise population status (Special @hcern)

The northwest Atlantic harbour porpoise populatisas assigned a Special Concern status
(Schedule 2) by SARA. This species is not likelybodesignated as Threatened or Vulnerable
either under Québec law or as a priority specigsliring protection under the St. Lawrence
Vision 2000 Action Plan (outgrowth of a Canada-Qeéhgreement on the St. Lawrence for a
sustainable development 2005-2010).

Aerial surveys conducted in 1995 and 1996 overgelaortion of the Gulf of St. Lawrence (but
which did not extend into the St. Lawrence Estuastjmated the number of harbour porpoises
to be between 12,100 animals (SE = 3,200) in 198b24,720 animals (SE = 8,360) in 1996
(Kingsley and Reeves 1998). These represent mirestahates because they were not corrected
for animals below the surface of water and theeefoissed during surveys.

7.3.3 Fin whale population status (Special Concern)

The North Atlantic fin whale population is listed &pecial Concern under SARA. In Québec, it
is listed as a species likely to be designated fagakened or Vulnerable under Québec law.
However, the St. Lawrence Vision 2000 Action Pldiss did not assign it as a priority species
requiring protection.
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In the St. Lawrence Estuary, no precise populatgtimates or data on the population dynamics
are available for the fin whale. According to R.dkaud (GREMM, Tadoussac, QC, personnal
communication), about a hundred different individuean be observed during a season. Their
numbers vary among seasons due to euphausiid aigylaSince 1985, a hundred fin whales
have been photoidentified in the Estuary.

Aerial surveys conducted in the Gulf of St. Lawmenexcluding the Estuary, estimated the
number of fin whales to be between 380 (SE = 30995 and 340 (SE = 240) individuals in
1996 (Kingsley and Reeves 1998). However, thesmatgs are uncorrected for whales below
the surface of water and therefore missed durimgeys and thus represent minimal population
estimates.

7.3.4 Blue whale population status (Endangered)

The North Atlantic blue whale population is listasl Endangered under COSEWIC. In Québec,
it is listed as a species likely to be designatedlareatened or Vulnerable under Québec law.
However, it is not a priority species requiring f@aion under the St. Lawrence Vision 2000
Action Plan. Since it was assigned the endangdetdssdesignation, experts have been working
on the establishment of a recovery strategy thatlshbe completed by 2006—2007.

The number of blue whales present in the St. Lasedfstuary is not well known. Since 1979,
about 396 individuals have been photographicalgnidied in eastern Canada, among which
90% were within the St. Lawrence River. There aratéd observation efforts outside the St.
Lawrence River, but all of the animals identifige &elieved to be part of the same population.

7.4 SEALS

There are no seals in the St. Lawrence River thdtraceived a designation status by COSEWIC
as of November 2003. However, the Atlantic popalaiof harbour seals was evaluated in April
1999 and the relatively poor information on thiglspopulation led COSEWIC to assign a
designation of Data Deficient in 2005. However, ythere believed to be At Risk in the
St. Lawrence Estuaf

7.4.1 Harbour seal (Data Deficient)

As mentioned, harbour seals of the St. Lawrencedgtgtare believed to be at risk. However,
there are several uncertainties related to thisispahat prevent an accurate status designation.
An Action Plan was published recently in order totpct and to show the value of this species
and its habitat.

The harbour seal population of eastern Canada weaé¢ra notable reduction during a premium
hunting program supported by the government betwl&2y and 1976 (Boulva and McLaren
1979). This program was banned in 1976, and sinee the Harbour seal has been protected
over its entire range in eastern Canada. Populatgtimates obtained in the 1970s from

" ROMM (Réseau d'observation de mammiféres mari@ep4. Plan d’action sur le phoque commun (Phoca
vitulina concolor) de I'estuaire du Saint-LaureRapport produit pour le ministére des Péches etQiEsans du
Canada et le parc marin du Saguenay—Saint—Launecttlaboration avec les partenaires de la tableodeertation
sur le phoque commun de I'estuaire du Saint—Laurent
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guestionnaires sent to fishery officers suggedt abaut 700 harbour seals were present in the
St. Lawrence Estuary and Saguenay Fjord at tha (Boulva and McLaren 1979). However,
this survey was not exhaustive. During aerial sysveonducted in the Estuary and Saguenay
Fjord from 1994 to 1997, and in 2000, seal numbargged from 389 to 659 individuals.
Although the surveys were conducted at the timenithe highest number of seals were out of
the water, there is always an unknown proportioraminals in the water and therefore not
visible. A model to correct for the number of anisnan the water during aerial surveys is
presently under development. This model will alldve calculation of a population trend and
therefore provide a better overview of the stafusambour seals in the St. Lawrence Estuary.

7.5 MACROPHYTES

In 1992, it was estimated that close to 374 of #BB0 Québec indigenous plant species were
potentially considered threatened or vulnerdblamong these, about 65% were found along a
corridor covering a shoreline band of 1 km wide edther side of the St. Lawrence Estuary
(Lavoie 1992).

Ten species of riparian and aquatic plants ar@ofern in the Saguenay Fjord and St. Lawrence
Estuary. In the Saguenay Fjord and the Gulf, tiss rhight be an underestimate due to the
limited number of studies conducted in the area itajor threats for these plant species are
habitat loss, off-track vehicle circulation, andeahng of the shore—grass on the littoral

(Environment Québec 2004, SARA 2005).

% avoie, G. 1992. Plantes vasculaires susceptibéseddésignées menacées ou vulnérables au Quélestére
de I'Environnement du Québec, Direction de la coretéon et du patrimoine écologique, Québec.



Tableau 1. List of the main stressors resulting frmm human activities in the Estuary and Gulf of St. lawrence.
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) X X
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: . X X X
development diversions
Human settlement _Coastal X X
infrastructures
Municipalities X X X
Industrial activities X X X
Agriculture X X X
Seismic exploration X
Offshore Oil and gas Exploratory drilling | X X X
Exploitation X X | X X X X| X
Multiple oriented
activities having an impagt X X X X
on climate change
Boating X X X
Recreational activities Eco-tourism X
Shore activities X X
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