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Summary

An important proportion of the deep channels that characterize the Gulf of St. Lawrence (GSL) bathe
in hypoxic waters. Since the 1930s, an important reduction in dissolved oxygen (DO) levels was
observed in the Lower St. Lawrence Estuary (LSLE) and attributed in part to changes in deep water
flowing in from the Atlantic and in part to local forcing. A coupled 3D physical-biogeochemical
model is used to explore the impacts of different local (river harnessing, nutrient delivery by the St.
Lawrence River (SLR)), and remote (DO levels in the Northwest Atlantic) forgings on the evolution of
hypoxic conditions in the GSL. Results show that nutrient delivery by the SLR has a strong impact on
the LSLE and Northwest GSL DO levels, while changes in the Atlantic have a stronger impact on the
Northeast GSL. Results, with the current model parameterization, also indicate that freshwater
perturbation resulting from river harnessing likely did not lead to an increase in the extent of the
hypoxic zone. Expansion/retraction of the hypoxic zones can be vertical and/or horizontal, depending
on the configuration of the affected area.

Introduction

A large proportion of the deep channels that characterize the GSL bathe in hypoxic waters. In some
areas, present DO levels are known to be close to or below the critical hypoxia level for three fish and
one crustacean species inhabiting the deep water. Atlantic cod and spotted wolffish would not be able
to survive in areas presenting DO levels below 20% saturation (Plante et al. 1998) and would avoid
regions with DO levels below 30% saturation (Chabot and Claireaux 2008; Jetté et al. 2011, Chabot. D.,
unpublished data). Two other commercial species, northern shrimp and Greenland halibut, are more
tolerant to hypoxia but their growth rate could be strongly reduced below 20% and 25% saturation
levels respectively (Dupont-Prinet et al. 2013; Youcef et al. 2015). An important decrease in the GSL
bottom DO levels has been observed since the 1930s (Gilbert et al. 2005). This reduction has been
attributed to changes in the water flowing in at the entrance of the deep Laurentian Channel (water
composition, warming) and to local changes in nutrient delivery, primary production, and recycling
of organic matter. In this study, we look at the contribution of different mechanisms (changes in
freshwater runoff, changes in nutrient delivery, changes in DO concentration in the Northwest
Atlantic) to understand which factors have the biggest impacts on hypoxic levels and in which area.
The resulting impact on habitat availability will be assessed for the species mentioned above.

Materials and methods

We use a 3D numerical model (CANOPA-GSBM, succinctly described in Gehlen et al. (2015)) to
simulate the DO conditions under different scenarios. Hourly surface forcing was obtained from the
NCEP Climate Forecast System Version 2 (CFSv2) for the 1997-2011 period. To analyse the impact of
different forcings, we first ran a reference simulation (Control) with realistic conditions (dammed
rivers and climatological nitrate concentrations in the SLR). We then ran perturbed simulations that
we compared to our reference simulation: 1) HighNO3, with a 50% increase of the nutrient
concentrations in the SLR, 2) LowNO3, with a 50% decrease of the nutrient concentrations in the SLR,
3) Natural, with the undammed runoff cycle obtained from a hydrological model, and 4) LowO?2,
with reduced DO levels in the Northwest Atlantic (a 10 mmol/m? reduction was applied at the model
open boundaries). We focus our analysis on the 20% and 30% DO saturation levels.
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Results and Discussion
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The results, obtained with the current parametrization of light availability as a function of salinity,
suggest that freshwater regulation has not caused an expansion of the hypoxic zones. However, the
results suggest that a sizable part of the observed decrease in DO levels in the LSLE could have been
caused by an increased nutrient delivery to the system (e.g., absence of DO < 20% with LowNO3).
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