Oceanographic processes:
Temperatures, dissolved oxygen
and acidification
Highlights

Indicator Status:
Moderate

The summary indicator of the temperature of the three water layers in the Gulf of St.
Lawrence (surface, intermediate and deep), together with the hypoxic conditions and
acidification of the estuary, was at a Moderate rating during the 2013-2017 period. A
deteriorating overall trend was nonetheless observed relative to the 2008–2012 period,
mainly because of temperatures in the deep-water layer that have reached record levels
in time series that begin in 1915. This overall trend is also attributable to a deterioration
in the dissolved oxygen and acidity indices for the deep waters of the St. Lawrence
estuary, which showed record levels.

Issues
Fisheries and Canada scientists from the four Atlantic regions, including from the
Maurice Lamontagne Institute in Quebec, developed the Atlantic Zone Monitoring
Program (AZMP), which is aimed at detecting, tracking and predicting changes in the
productivity and state of the marine environment. This information is crucial for
addressing major issues such as climate change impacts and for supporting the
ecosystem approach, which aims to ensure sound management of the St. Lawrence
ecosystem with a focus on resource conservation and protection of the marine
environment for future generations.
Measurements of oceanographic variables are taken in the estuary and Gulf of St.
Lawrence in order to characterize the annual and interannual variability in environmental
conditions using data collected during major surveys conducted four times a year, and
data from the Rimouski station where sampling is carried out once a week in the ice-free
seasons.
The summertime water column in the Gulf of St. Lawrence consists of three distinct
layers: the surface layer, the cold intermediate layer (CIL) and the deep-water layer.
Surface water temperatures typically reach maximum values in early to mid-August, with
gradual cooling occurring thereafter and wind-induced mixing during the fall leads to a
progressively deeper and cooler mixed layer, eventually encompassing the CIL. In

winter, the surface layer deepens and extends to an average depth of 75 m but may
exceed 150 m in some locations. During spring, surface warming, sea-ice melt waters,
and continental runoff lead to a lower-salinity and higher-temperature surface layer.
Beneath this surface layer, cold waters from the previous winter are partly isolated from
the atmosphere and form the summer CIL. This layer will persist until the following
winter, gradually warming and deepening over the summer and more rapidly during the
fall as vertical mixing intensifies.
In the section below, we describe the temperatures associated with the three layers of
the water column throughout the Gulf of St. Lawrence, along with the dissolved oxygen
concentrations and acidity in the deep waters of the St. Lawrence estuary, where
serious problems of hypoxia and acidification have been noted.

Methodology
Under the AZMP, a rosette sampler equipped with various sensors and bottles (Figure
1) is lowered through the water column in order to measure temperature and salinity,
along with dissolved oxygen concentrations and acidity (pH). In addition, sea surface
temperatures and ice cover throughout the Gulf of St. Lawrence are obtained from
remote sensing measurements.

Figure 1. Water column sampling using a rosette sampler equipped with bottles and a
temperature and salinity sensor (left); samples collected with a bottle (right) to measure
dissolved oxygen. The rosette is deployed from Canadian Coast Guard ships. Photo:
Fisheries and Oceans Canada, R. Pigeon and P. Galbraith, 2014.
To monitor the status of oceanographic indices of the St. Lawrence, various key
measurements for the 2013–2017 period, identified in the next section, were compared
with the values obtained for the same indices during the 1981–2010 reference period.
For key measurements where a threshold can be defined at which good conditions may
exist, it is necessary to establish a threshold at which a given index moves from Good to
Moderate-Good. In the case of dissolved oxygen, the hypoxic threshold of 30% oxygen

saturation is used, although saturation rates above this threshold can have adverse
effects on some species. For acidity, the threshold is a pH level of 7.9. The point at
which these indices reflect poor conditions is set at 10% of the oxygen saturation rate
and a pH of 7.45.
For the other key measurements, indices reflecting a deviation from normal conditions
have been developed. First, an annual anomaly value is calculated for each index, this
corresponds to the difference between the value of the measurement for the year in
question and the mean calculated for the reference period. This difference is then
divided by the standard deviation for this parameter for the reference period. A negative
(or positive) anomaly signifies that the value of the measurement for the year in question
is less (or greater) than the average for the reference period. For temperature and ice
conditions, the direction of change (positive or negative) cannot be interpreted as being
intrinsically “good” or “bad.” However, assuming that the aim is to preserve the
ecosystem as it existed according to the historical data, any significant change (positive
or negative) relative to its historical state can be considered “bad” and, conversely, the
absence of significant change can be considered “good.” Thus, the absolute value of the
sum of the normalized anomalies of the indices was used to describe the state of each
key measurement.

Key measurements
Surface layer temperatures


Surface temperature anomalies in August and mean temperature anomalies from
May to November relative to historical values, based on satellite data.



Seasonal phenology anomalies characterized by the date on which the surface
temperature averaged across the Gulf of St. Lawrence rises above the threshold of
12°C in springtime and decreases below it in the fall.

Cold intermediate layer temperatures and ice


Maximum seasonal sea-ice volume in the Gulf of St. Lawrence, derived from ice
charts produced by Environment and Climate Change Canada’s Canadian Ice
Service by assigning a thickness value to each stage of ice development.



Area of the bottom on the Magdalen Shallows occupied by waters colder than 1°C in
September.



Mean bottom temperature on the Magdalen Shallows in September.



Average minimum temperature index in the cold intermediate layer of the Gulf of St.
Lawrence, based on all temperature profiles taken in the Gulf between May and
September.

Deep-water temperatures


Mean temperature at depths of 150 m, 200 m, 250 m and 300 m.

Dissolved oxygen


Mean annual dissolved oxygen value at depths greater than 295 m in the St.
Lawrence estuary.

Acidity


Mean of the pH readings taken near the bottom, at depths greater than 300 m, in the
St. Lawrence estuary at the AZMP Rimouski station.

Overview of the situation
Surface layer temperatures
The surface temperature index was Moderate-Good on average during the 2013–2017
period, with only one year, 2014, having a Moderate rating, mainly because of the very
high surface temperature observed in August, the second highest value in the series after
2012 (Figure 2).
While the index has been fairly stable since 2008–2012, there is a deteriorating longterm trend due to global warming.

Cold intermediate layer temperatures and ice
The index of CIL temperatures and winter sea-ice conditions was Good on average
during the 2013–2017 period, but only Moderate-Good in 2013 and 2016 mainly
because of the weak ice cover.
The index has improved since the 2008–2012 period (Moderate-Good) because
temperatures in the cold intermediate layer were closer to the climate normals during the
2013–2017 period. However, the overall trend is deteriorating due to global warming.

Deep-water temperatures
The index of deep-water temperatures was Moderate-Poor on average during the 2013–
2017 period, caused by the 100-year high temperature records at depths of 250 and
300 m set in 2015 and exceeded in 2016 and 2017. In 2015, the index reached a peak
and was rated as Poor as a result of the added contribution of 100-year temperature
records at depths of 150 and 200 m.
The index has deteriorated since 2008–2012, going from Moderate-Good to ModeratePoor. Despite large interdecadal variations, there is a strong deteriorating trend owing to
the influx of even warmer deep waters into the Gulf through Cabot Strait. The deep
waters of the Gulf are a mixture of warm water from the Gulf Stream and cold water from
the Labrador Current. A change in the proportions of warm and cold water that
contribute to this mix is the main cause of the observed changes in deep-water
temperatures.

Figure 2. Indices for the five key measurements: surface temperatures, cold
intermediate layer temperatures and winter sea ice, deep-water temperatures, dissolved
oxygen and acidity. The summary indicator corresponds to the sum of all the indices.

Dissolved oxygen
The index for dissolved oxygen in the deep waters of the St. Lawrence estuary was
Moderate-Poor on average during the 2013–2017 period.
Although the index was also Moderate-Poor during the 2008–2012 period, it has
deteriorated since then, with dissolved oxygen reaching a time series record low level of
17% oxygen saturation. The deep water composition enriched in Gulf Stream waters is
bound to cause a worsening of the hypoxia situation, as these waters contain less
dissolved oxygen than the waters from the Labrador Current.

Acidity
The index of acidity in the deep waters of the St. Lawrence estuary was Moderate-Poor
on average during the 2013–2017 period. The pH of these waters has decreased by 0.2
units since 1979, which is equivalent to a 60% increase in acidity. This acidification
causes a reduction in concentrations of calcium carbonate, a mineral that is essential for
the formation of the external shells and skeletons of many marine organisms. The
acidification of the St. Lawrence has been linked with the build-up of CO 2 levels in the
atmosphere, the proportion of water masses received from the Gulf Stream and the
decomposition of organic matter in deep waters.
Already Moderate-Poor during the 2008-2012 period, the index has continued to
deteriorate, with the pH level reaching a time series record value of 7.53 in 2017.

Outlook
Summary
The summary indicator, which combines the temperature indices for the three distinct
layers of water in the Gulf of St. Lawrence and the hypoxic and acid conditions in the
estuary, remained rated as Moderate during the 2013–2017 period. However, a
deteriorating overall trend has been observed relative to the 2008–2012 period, mainly
because of the record high deep-water temperatures observed in the time series
beginning in 1915. These peaks have been attributed to the change in the proportions of
warm waters from the Gulf Stream and cold waters from the Labrador Current that are
make up the deep waters of the Gulf of St. Lawrence. The situation is expected to
worsen over the next few years and beyond.
This deteriorating trend is also due to a decrease in dissolved oxygen and an increase in
acidity in the deep waters of the St. Lawrence estuary, with both parameters reaching
record levels. On the other hand, temperatures in the CIL have improved since the
2008–2012 period even if they are subject to large interannual variability, and surface
temperatures have remained stable.
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State of the St. Lawrence Monitoring Program Five government partners—Environment and Climate Change Canada, Fisheries and
Oceans Canada, Parks Canada, the Ministère de l’Environnement et de la Lutte contre
les changements climatiques du Québec and the Ministère des Forêts, de la Faune et des
Parcs du Québec—and Stratégies Saint-Laurent, a non-governmental organization that
works actively with riverside communities, are pooling their expertise and efforts to provide
Canadians with information on the state of, and long-term changes in, the St. Lawrence.
For more information on the State of the St. Lawrence Monitoring Program, please
consult our website: http://planstlaurent.qc.ca/en/state_monitoring.html.
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