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REVIEW

The Great Whale River ecosystem: ecology of a subarctic river and its receiving 
waters in coastal Hudson Bay, Canada
Christian Nozaisa, Warwick F. Vincent b, Claude Belzilec, Michel Gosselinc, Marie-Amélie Blaisb, João Canáriod 

and Philippe Archambaulte

aQuébec-Océan & Département de Biologie, Chimie et Géographie, Université du Québec À Rimouski, Rimouski, Canada; bCentre d’études 
Nordiques (CEN) & Département de Biologie, Université Laval, Québec, Canada; cQuébec-Océan & Institut des Sciences de la Mer de Rimouski, 
Université du Québec À Rimouski, Rimouski, Canada; dCentro de Química Estrututal, Instituto Superior Técnico, Universidade de Lisboa, Lisboa, 
Portugal; eArcticNet, Québec-Océan & Département de Biologie, Université Laval, Québec, Canada

ABSTRACT
The Great Whale River in subarctic Quebec, Canada, is one of the main freshwater inflows to 
Hudson Bay. This region is experiencing rapid climate change, with pronounced impacts on the 
cryosphere, and ongoing socio-economic development that may accelerate with future road and 
shipping links. This review integrates information available to date on the Great Whale River 
ecosystem, which we define as the river and its watershed, its source lakes and streams, and the 
river mouth environment and beyond the shoreline in southeastern Hudson Bay. Our aim was to 
define the current state of this ecosystem as a baseline for ongoing observations, with emphasis on 
(1) the distribution of water masses, optical characteristics, freshwater discharge, and ice cover; (2) 
concentrations and fluxes of carbon, nutrients, and contaminants; (3) abundance, production and 
diversity of the organisms associated with the sea ice ecosystem; (4) plankton abundance, biomass, 
production, and assemblages; (5) benthic abundance and diversity; (6) fish abundance, diversity 
and population dynamics; (7) marine mammal biology; and (8) global change impacts on fresh-
water and marine habitats. This synthesis provides a first step towards the integrated management 
of the Great Whale River ecosystem, and for similar freshwater-marine systems in the subarctic 
region.

RÉSUMÉ
Située dans la région subarctique du Québec, Canada, la Grande rivière de la Baleine est l’un des 
principaux apports d’eau douce dans la baie d’Hudson. Cette région connaît un changement 
climatique rapide, avec des impacts prononcés sur la cryosphère, et un développement socio- 
économique en cours qui pourrait s’accélérer avec la mise en place de futures liaisons routières et 
maritimes. Cette revue de littérature intègre l’information disponible à ce jour sur l’écosystème de 
la Grande rivière de la Baleine, que nous définissons comme la rivière et son bassin versant, ses lacs 
et ruisseaux sources, et l’environnement de l’embouchure de la rivière et au-delà du littoral dans le 
sud-est de la baie d’Hudson. Notre objectif était de définir l’état actuel de cet écosystème comme 
référence pour les observations en cours, en mettant l’accent sur: (1) la répartition des masses 
d’eau, leurs caractéristiques optiques, le débit d’eau douce et le couvert de glace; (2) les concen-
trations et les flux de carbone, de nutriments et de contaminants; (3) l’abondance, la production et 
la diversité des organismes associés à l’écosystème de la glace de mer; (4) l’abondance, la 
biomasse, la production et les assemblages du plancton; (5) l’abondance et la diversité benthique; 
(6) l’abondance, la diversité et la dynamique des populations de poissons; (7) la biologie des 
mammifères marins; et (8) les impacts du changement planétaire sur les habitats d’eau douce et 
marins. Cette synthèse constitue une première étape vers une gestion intégrée de l’écosystème de 
la Grande rivière de la Baleine et de systèmes similaires dans la région subarctique.
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Introduction

Hudson Bay is a large (830 × 103 km2) subarctic shelf-like 
inland sea usually covered by ice from December to early 
June or later (Markham 1986; Kuzyk et al. 2010; Kuzyk 
and Candlish 2019). Like the Arctic Ocean, it is strongly 
influenced by freshwater inputs that result in reduced 

surface salinities, particularly in coastal areas 
(Prinsenberg 1986). Although a large number of studies 
have examined the ecology of various marine subarctic 
ecosystems (Hunt and Drinkwater 2005; Drinkwater et al. 
2018 and refs therein), little is known about Hudson Bay 
in this regard due to its remote location (but see Kuzyk 
and Candlish 2019). The ecosystem properties of the 

CONTACT Christian Nozais christian_nozais@uqar.ca Québec-Océan & Département de Biologie, Chimie et Géographie, Université du Québec À 
Rimouski, Rimouski, Canada

ÉCOSCIENCE                                                  
2021, VOL. 28, NOS. 3–4, 327–346 
https://doi.org/10.1080/11956860.2021.1926137

© 2021 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.org/licenses/by-nc- 
nd/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited, and is not altered, transformed, or built 
upon in any way.

Downloaded From: https://complete.bioone.org/journals/Ecoscience on 28 Mar 2024
Terms of Use: https://complete.bioone.org/terms-of-use

http://orcid.org/0000-0001-9055-1938
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/11956860.2021.1926137&domain=pdf&date_stamp=2021-12-08


Great Whale River, one of the largest rivers discharging 
into Hudson Bay, are also poorly known, yet this is an 
area with a long history of human occupation.

The mouth of the Great Whale River has been 
a traditional site of beluga whale hunting, and archae-
ological studies have revealed evidence of paleo-Inuit 
occupation dating back to 3800 years before the pre-
sent, with nomadic Indigenous use of the area over the 
subsequent millennia (Bhiry et al. 2011). During the last 
200 years, there have been successive waves of con-
struction and development at this location. These 
include a Hudson’s Bay Company trading post opened 
in 1820, and the establishment of the twin hamlets of 
Whapmagoostui (Cree First Nation) and Kuujjuarapik 
(Inuit) in the 20th century. A military airfield was built in 
the 1950s, and up until the mid 1960s this was the site of 
a NORAD control station for the Mid-Canada Line radar 
defense system (Pouliot 2020).

In the early seventies, Hydro-Québec, a government- 
owned public utility and one of the world’s largest 
hydroelectric producers was engaged in projects to 
dam several large rivers flowing into James Bay and 
Hudson Bay for hydroelectric power generation. Of par-
ticular interest were the La Grande River and the Great 
Whale River, with the latter eventually abandoned as 
a development project because of Indigenous concerns 
(Bhiry et al. 2011), although some headwater tributaries 
were diverted into the La Grande reservoir (Dynesius and 
Nilsson 1994; Déry et al. 2016). The planning for these 
large engineering projects motivated several consulting 
studies dealing with the physical and biological features 
of the bay during open water and under sea ice condi-
tions. During the 1980s and 1990s, the number of pub-
lications referring to the Great Whale River and the area 
of southeastern Hudson Bay influenced by and close 
beyond its freshwater plume (hereafter called the Great 
Whale River ecosystem) increased considerably, 
although many of these were restricted to unreferred 
technical reports. Localized studies of the river and asso-
ciated estuary have been conducted out of the research 
station of the Centre d’études nordiques (CEN) at 
Whapmagoostui-Kuujjuarapik from the 1970s onwards 
(Bhiry et al. 2011), including a project on sea ice pro-
cesses (Gosselin et al. 1990) and permafrost wetlands 
that drain into the Great Whale River ecosystem 
(Vincent et al. 2017). There have also been recent ocea-
nographic measurements in the region by icebreakers 
(Jacquemot et al. 2021).

The purpose of this review is to present 
a comprehensive overview of available information on 
the physical, chemical, and biological properties of the 
Great Whale River ecosystem, as a basis for comparisons 
with other subarctic river-estuary systems, and as 

a foundation for ongoing research. This review also 
aims to provide a first step towards an integrated under-
standing and management of this and similar subarctic 
ecosystems, in the dual context of ongoing economic 
development and rapid climate change.

Literature review

Relevant studies on the Great Whale River ecosystem 
were compiled using the electronic database Web of 
Science (WoS, Thompson Reuters; https://webofknow 
ledge.com). The literature search was performed in 
‘topics’ (Article title, Abstract, Author, Keywords and 
Keywords plus) before August 2020 using [(Great 
Whale River AND Hudson Bay) OR (Manitounuk Sound 
AND Hudson Bay)]. Subsequent searches were also 
undertaken based on cited papers and technical reports, 
including via Google Scholar (https://scholar.google.ca).

Physiography of the Great Whale River

The Great Whale River watershed

The Great Whale River (Kuujjuaraapiup Kuunga in 
Inuktitut, Whapmagoostui in Cree, Grande rivière de la 
Baleine en français; Commission de toponymie 2020) 
flows 726 km from Lake Saint-Luson through Lake 
Bienville to southeastern Hudson Bay at Manitounuk 
Sound near Kuujjuarapik/Whapmagoostui (lat. 55° 
16.5ʹN, long. 77° 45.5ʹ W) in an area with offshore depths 
rarely exceeding 100 m (Ingram 1981) (Figures 1 and 2; 
images of the area in Figure 3). With a drainage basin of 
42,735 km2, the Great Whale River is one of the largest 
rivers of northern Québec (Bhiry et al. 2011). In eastern 
Hudson Bay, the Great Whale River represents a major 
freshwater inflow, ranking fifth in importance in terms of 
total discharge contribution (Déry et al. 2005). Hudon 
et al. (1996) provided a detailed description of the land-
scape surrounding the Great Whale River. The bedrock 
on which the river flows is composed of granite. 
Interspersed with areas of lichen and peatland bogs, 
the tree vegetation of the upper watershed is mainly 
composed of spruce (Picea spp.), tamarack (Larix lari-
cina), and trembling aspen (Populus tremuloides). In 
riparian areas, Hudon et al. (1996) reported the occur-
rence of basalm poplar (Populus balsamifera), sweet gale 
(Myrica gale), and speckled alder (Alnus rugosa). Finally, 
the region of the lower 10 km of the river is covered by 
vegetation typical of the forest–tundra transition zone 
with spruce, shrubs, open lichen fields, and wetland 
plants such as Carex, Sphagnum and brown mosses 
(further details in Bhiry et al. 2011).
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Permafrost occurs sparsely in the Great Whale River 
basin (Bhiry et al. 2011). The region near the river mouth 
is located in the discontinuous, scattered permafrost 
area where the permafrost occupies much less than 
50% of the land surface, while the rest of the basin lies 
in the sporadic permafrost region with isolated patches 
of permafrost that represent <2% of the land surface 
(Allard and Seguin 1987; Vonk et al. 2015).

Hydrological characteristics and sea ice cover

The Great Whale River contributes about 2.8% of the 
total annual discharge entering Hudson Bay directly 
(Déry et al. 2005). For the period 1964–2000, the Great 
Whale River mean annual discharge rate was 19.77 km3 

and the mean peak flow induced by meltwater was 
1735.7 m3 s−1 and occurred at the beginning of June 
(Déry et al. 2005). A recent reassessment for the period 
1964–2013 reported a slight decrease in the mean dis-
charge rate, with a value of 19.61 km3 y−1 (SD = 2.60 km3 

y−1) (Déry et al. 2016). At its entry into the sea at 

Kuujjuarapik-Whapmagoostui (Figure 3), the river water 
forms a buoyant plume. As is the case for large northern 
temperate rivers, the Great Whale River freshwater dis-
charge is seasonal and follows a consistent seasonal 
pattern with highest discharge in spring and autumn. 
Flow reductions occur in summer and winter , however 
the large river plume persists off the Great Whale River 
mouth throughout the year (Ingram 1981; Ingram and 
Larouche 1987). In late winter under the ice, the plume 
can be 10–20 times larger and 2–3 times thicker than in 
the absence of ice. During the period July to December, 
the Great Whale River plume covers about 100 km2, and 
can increase to 1000 km2 in February and 2000 km2 in 
March (Ingram 1981).

The magnitude of freshwater discharge varies over 
time with a minimum occurring in mid-April and 
maximum in late May to early June (Ingram et al. 
1996). It ranges from 135 to 200 m3 s−1 from 
February to April, and at the freshet in May the fresh-
water discharge increases to a maximum of 910 m3 

s−1. With the freshet, the reduced friction and wind 

Figure 1. Location of the Great Whale River region in southeastern Hudson Bay, northern Québec, Canada.
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mixing allow the plume to extend NNE over 
1000 km2 with an average thickness of about 
5 m (Ingram 1981; Ingram and Larouche 1987). With 
the break-up of the seasonal ice cover, there is 
increased wind stress and larger tidal flow that 
induces a rapid mixing of the Great Whale River 
plume with the underlying saline waters, reducing 
stratification in the area (Lepage and Ingram 1991).

Manitounuk Sound is located between the mouths 
of the Great Whale River and the Little Whale River 
(Figure 2). It extends over a length of 60 km and has 
an average width of 3 km. The freshwater plume of 
the Great Whale River strongly affects the character-
istics of the water masses and circulation in 
Manitounuk Sound (Ingram 1981). Ingram and 
Larouche (1987) showed that the water circulation 
in Manitounuk Sound was characterized by fresh-
water input to the surface and saline water exchange 
at depth.

A 1-m thick ice covers the Great Whale River from 
approximately mid-November to late May, which breaks 
up around May 20 (Wilson 1968). The southeastern 
Hudson Bay where the Great Whale River drains is gen-
erally ice-covered from December until early June 
(Larouche and Galbraith 1989; Lalande and Fortier 
2011), but can persist into July (Figure 3). In the region 
off Kuujjuarapik, the ice cover can remain intact for as 
long as 2–3 weeks after the river breaks up. The occur-
rence of this ice cover provides conditions of high river 
discharge under the sea ice cover (Ingram and Larouche 
1987).

Chemical and optical properties

Nutrients and contaminants
Nutrients were measured in the Great Whale River 
(Hudon et al. 1996; Kuzyk et al. 2010), the Manitounuk 
Sound (Legendre and Simard 1979; Legendre et al. 1981; 

Figure 2. The Great Whale River ecosystem.
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Gosselin et al. 1985), and in the coastal marine waters off 
the Great Whale River (Legendre and Simard 1979; 
Gosselin et al. 1990; Legendre et al. 1996; Harvey et al. 
1997; Lapoussière et al. 2013) during the ice-covered and 
open-water periods. They were also determined in the 
bottom horizon of the sea ice of Manitounuk Sound 
(Gosselin et al. 1985) and the bay offshore the Great 
Whale River (Maestrini et al. 1986). Nutrient studies on 
the river are in progress (Blais et al. 2021), with limnolo-
gical data including greenhouse gas levels being 
updated in Matveev et al. (2020).

Nutrient concentrations of the Great Whale River are 
typical of oligotrophic waters of the Canadian Shield, 
with low concentrations of dissolved inorganic nitrogen 
and phosphorus throughout the year. During the year 
1990–1991, the monthly annual range was 0.2–2.1 µM 
for nitrate-nitrite (or 0.2–2.1 µmol NO3 L−1), 0.5–1.8 µM 
for ammonium, and 0.06–0.17 µM for phosphate (Hudon 
et al. 1996). Dissolved inorganic nitrogen concentrations 
were slightly higher in January and March (under the ice 
cover) than during the ice-free period. Phosphate con-
centrations were near the limit of detection (i.e., 0.03 µM) 
during the summer and were slightly higher during the 
spring. At the mouth of the Great Whale River, similar 

low concentrations of nitrate and phosphate were mea-
sured during the vernal ice-covered period (nitrate: 
1.53 µM; phosphate 0.10 µM; Legendre et al. 1996) and 
in open water in September 1976 (nitrate: <0.04 µM; 
phosphate: 0.21 µM; Legendre and Simard 1979). In 
contrast to other macronutrients, the Great Whale River 
is rich in silicate. At the river’s mouth, its mean concen-
tration is ca.15.9 µM (up to 33 µM) during the vernal ice- 
covered period (Legendre et al. 1996) and ca. 5.7 µM in 
open water in late summer-early fall (Legendre and 
Simard 1979).

Hudon et al. (1996) estimated the daily amount of 
dissolved inorganic nitrogen and phosphorus exported 
from the river to Hudson Bay to be, respectively, on the 
order of 4.7 × 106 g and 0.9 × 106 g in May–June (using 
a freshet discharge of 2000 m3 s−1) and of 0.8 × 106 g and 
0.09 × 106 g in August (using a minimum summer dis-
charge of 500 m3 s−1). Using the silicate concentrations 
shown in the previous paragraph, loads of silicate carried 
to the bay equaled 77.2 × 106 g d−1 in late spring and 
6.9 × 106 g d−1 during the summer. The river is a signifi-
cant source of dissolved silicon for the coastal waters of 
the bay and can therefore help sustain primary produc-
tion by diatoms (see below).

Figure 3. The Great Whale River ecosystem in summer. Top left: campsite 151 km upstream from the mouth; Top right: waterfall 67 km 
upstream. Bottom left: brown CDOM-rich water in the Kwakwatanikapistikw River that discharges into the Great Whale River, 15 km 
upstream from the mouth. Bottom right: Whapmagoostui-Kuujjuarapik at the mouth of the Great Whale River in July 2019; note the 
sea ice offshore in Hudson Bay. Photocredits: WF Vincent/CEN and P. Coupel/Sentinel North.
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The Great Whale River plume is much larger in surface 
area under the sea-ice cover than in open water for 
a given freshwater discharge (Ingram and Larouche 
1987). This plume affects the spatial and temporal dis-
tribution of nutrients in the Manitounuk Sound and the 
bay. In the brackish waters of the sound, surface nutrient 
concentrations underneath the ice cover were, on aver-
age, 2.8 µM for nitrate, 0.2 µM for phosphate, and 9.6 µM 
for silicate from February to May (salinity: 2–18 psu; 
Legendre et al. 1981). Similar averaged concentrations 
(1.9 µM for nitrate, 0.31 for phosphate, and 14.8 µM for 
silicate) were measured northeast of Paint Island during 
the vernal ice-covered period (salinity ca. 5 psu; Gosselin 
et al. 1985). In both studies, the deeper waters were 
richer in nutrients than the brackish water, except for 
silicate. In late summer-early fall, surface nutrient con-
centrations (nitrate: 0.14 µM; silicate: 6.3 µM) were lower 
than during the ice-covered period, except for phos-
phate (0.65 µM) (salinity < 26 psu; Legendre and 
Simard 1979). Also, the deeper waters were richer in 
nutrients than surface waters, except for phosphate 
showing similar concentrations.

From late March to mid-May, nutrients were mea-
sured in the surface waters underneath the sea ice dur-
ing eight campaigns conducted from 1978 to 1990 in the 
bay offshore the river, making possible to derive a linear 
relationship between surface nutrient concentrations 
and salinities ranging from 0 to 32 psu (Table 2 in 
Legendre et al. 1996). Phosphate and ammonium at 
the ice–water interface significantly increased with sali-
nity (0 to 32 psu) with values from ca. 0.2 to 1 µM and 
from ca. 1 to 3 µM, respectively. In contrast, nitrate and 
silicate decreased with salinity (0 to 32 psu) with values 
ca. 1.5 to 1.1 µM and from ca. 16 to 4 µM, respectively. 
Urea concentration ranged from <0.2 to 4.5 µM (mean 
ca. 1.8 µM) and did not show any significant relationship 
with salinity. Along the salinity gradient, the ƩN:P (ƩN 
representing the sum of all nitrogenous nutrients) and 

Si:P molar ratios decreased from ca. 10 to 4 and from ca. 
100 to 3, whereas the ƩN:Si increased from ca. 0.1 to 2. 
These data were compared with the critical values of 16 
for N:P and 1.1 for N:Si ratios (Redfield et al. 1963; 
Brzezinski 1985) to determine the most limiting nutrient 
for phytoplankton and ice algal growth. Silicon may be 
potentially limiting at salinity >21–28 psu, and nitrogen 
at salinity <21 psu or even over the whole range of 
salinities. Phosphorus might never limit algae or, if 
such limitation does occur, it would be at salinities <19 
psu (Legendre et al. 1996).

During the open-water period, an extensive sam-
pling of the coastal waters was conducted in the area 
between the Great Whale River and Little Whale 
River. In mid-August 1976, nitrate, phosphate and 
silicate concentrations were, on average, 0.12, 0.47 
and 5.7 µM at 0–3 m and 4.18, 1.21 and 13.9 µM in 
the deeper waters, respectively (Legendre and Simard 
1979). Similar low surface nutrient concentrations 
were measured at a station offshore the Great 
Whale River in early September 1993 (Harvey et al. 
1997) and early October 2005 (Lapoussière et al. 
2009). Legendre and Simard (1979) data showed 
a coastal-offshore gradient, where surface nitrate 
and phosphate increased away from the coast, as 
the surface layer become cooler and saltier. This con-
trasts with ice-covered period when surface nitrate 
slightly decreases along the salinity gradient.

Overall, these results indicate that nitrate and phos-
phate concentrations of the Great Whale River are typi-
cal of oligotrophic waters of the Canadian Shield. The 
input of dissolved inorganic nitrogen by the river is 
relatively low compared to phosphate and silicate and 
may limit the primary production in the coastal waters. 
In offshore waters, diatoms and silicoflagellates with an 
absolute need for silicon to build their skeletons may be 
periodically limited by silicate supply (Gosselin et al. 
1990; Legendre et al. 1996).

Figure 4. Evolution of the concentration of particulate (μg g−1) and dissolved (μg L−1) Pb and Zn during ice melt (first 5 days) and 
subsequent freeze-up in a Hudson Bay river to the north of the Great Whale River (Umiujaq River), late April 2009. Modified from 
Xavier et al. (2013)
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On a broader perspective, Kuzyk et al. (2010) com-
pared the nitrate concentration in different Hudson Bay 
rivers. During fall, the nitrate concentration in the Great 
Whale River (0.86 µM) was lower than in Churchill 
(2.02 µM), Nelson (6.31 µM), Hayes (1.52 µM), and 
Winsik (1.46 µM) rivers. This may be explained by a dif-
ference in watershed distribution: the wetland complex 
characterizing the western part and sporadic or contin-
uous permafrost distinguishing the eastern part of the 
bay (Vonk et al. 2015; Tremblay et al. 2019). Also, river 
inflow, which is constrained to nearshore regions of 
Hudson Bay, appears to be a relatively minor source of 
nitrate compared to the upwelling of deep waters. 
However, river inflow may contribute indirectly to 
enhanced inshore nutrient supply by supporting large- 
scale estuarine circulation and consequently entrain-
ment and upwelling of deep water in this area (Kuzyk 
et al. 2010).

Contaminant studies in the area have been sparse, 
and mainly focused on mercury cycling (Poissant et al. 
2008). Some data are also available for other metal con-
taminants at the mouth of the Great Whale River (Xavier 
et al. 2013). Early human health studies of mercury and 
organochlorine contamination in Nunavik, including at 
Kuujjuarapik, indicated unexpectedly high levels of 
these contaminants in Inuit communities (Dewailly 
et al. 1989, 2001). More recent studies have shown 
decreasing levels that may reflect changes in diet as 
well as reduced levels of food contamination (Adamou 
et al. 2020), but there are few supporting environmental 
data. This lack of information, yet evidence of some 
contaminants in high concentrations, indicates that con-
taminant research and monitoring are important priori-
ties for future work on Great Whale River fresh waters, 
marine waters, river ice, sea ice, snow and the overlying 
atmosphere.

Constant et al. (2007) reported high mercury levels in 
snow in the Kuujjuarapik region including on the river, 
with values up to 3.5 pM; these levels were more than 
twofold higher than the maximal concentrations 
observed in the Canadian high Arctic (Lahoutifard et al. 
2005; St. Louis et al. 2005). These results were obtained 
during episodic atmospheric mercury depletion events 
(AMDEs) and in the snowmelt period, long after AMDEs 
had occurred. Constant and co-authors also noted that 
total mercury (THg) concentrations increased and were 
inversely proportional to the distance from Hudson Bay. 
They concluded that marine aerosols were an important 
source of the toxic species methyl mercury (MeHg), and 
that the newly deposited MeHg was unstable in the 
snow cover since 15–56% of the MeHg was demethy-
lated or otherwise lost during the nighttime period. In 
this study, MeHg snow concentrations higher than 200 

pg L−1 were observed when heterotrophic bacteria plate 
counts, total suspended volatile solids and total sus-
pended solids in the snow were higher than 5.0 × 105 

CFU L−1, 25 mg L−1, and 90 mg L−1, respectively, pointing 
to the importance of microbes and solid particles in Hg 
transformation. This work from the Great Whale River 
area was also the first to report the existence of mercury 
methylation processes in the snow cover of low arctic 
tundra.

In 2013, Canário and other co-authors published 
results from a field work in the Kuujjuarapik area in 
a Polar review article led by Xavier et al. (2013). These 
results included a summary of their analyses of inorganic 
contaminant data from the mouth of the Great Whale 
River showing that arsenic (601 ± 93 nM ice/414 ± 93 nM 
water), cadmium (5.2 ± 0.1 nM ice/7.9 ± 0.1 nM water), 
copper (4456 ± 1117 nM ice/1102 ± 409 nM water), and 
lead (362 ± 57 nM ice/265 ± 57 nM water) were higher 
than expected in such a pristine high-latitude environ-
ment. The authors found that some trace elements 
tended to accumulate on sea and river ice due to 
a higher affinity with organic matter. In this work, enrich-
ment factors (Cice/Cwater) determined for these trace ele-
ments varied from 1.4 (As) to 4.0 (Cu) and, to our best 
knowledge, are the first reported values for these two 
types of samples. Based on these findings, Canário (in 
Xavier et al. 2013) hypothesized that during the ice melt 
season, these contaminants will accumulate in the water 
column, thereby increasing their availability to aquatic 
organisms. This hypothesis has been more recently 
tested in the Umiujaq River (100 km north of the Great 
Whale River) over a 10-day period when the river ice was 
melting and thinning (Canário and co-authors in Xavier 
et al. (2013)). During the experiment, a large snowstorm 
occurred at day 5 and the melting process was reversed, 
with the formation of new ice. Results showed that Pb 
concentrations increased in the water column during the 
ice melt, with the opposite trend during new ice forma-
tion (Figure 4). Similar results were obtained for Cu, Zn, 
Cd, Cr, and As. This is of environmental concern because 
these contaminants would then become bio-available 
for aquatic biota during the springtime bloom.

Organic matter export

Like many arctic and subarctic rivers, the Great Whale 
River carries more dissolved organic carbon (DOC) than 
particulate organic carbon (POC), and approximately 
90% of the 111 × 103 t of organic carbon exported 
annually being is in the dissolved form (Hudon et al. 
1996). This high export of DOC affects UV attenuation 
and photic depth in the coastal Hudson Bay (Laurion 
et al. 1997; Granskog et al. 2007) and constitutes 
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a source of labile carbon for bacterial metabolism and 
the microbial food web. Moreover, after photochemical 
and microbial decomposition, the dissolved organic 
matter likely constitutes a source of bioavailable nitro-
gen to help sustain autotrophic production in Hudson 
Bay (Granskog et al. 2007).

The Great Whale River input of DOC may have impli-
cations far beyond the regional scale since most of the 
riverine DOC input to the Hudson Bay system (5.5 Tg 
C yr−1) was found to be exported out of Hudson Bay 
through Hudson Strait and towards the Labrador Sea 
and Newfoundland Shelf (a DOC export equals to 23% 
of that for the Arctic Ocean; Mundy et al. 2010). Hudon 
(1994) estimated the output of organic carbon from the 
Great Whale River during ice breakup and reported that 
the river delivered 8.8 tons of coarse POM (particles 
larger than 500 µm, mostly wood, spruce needles and 
fragments of leaves).

Hudon (1994) also showed that more than 
one billion insects (larvae, pupae and adults) were 
transported by the river to the sea during the spring 
melt period. The river drift of insects was greater 
during the night, as is often observed in flowing 
water systems, and a detailed list of taxa was 
obtained. These were of diverse habitats and feeding 
mechanisms (Table 4 in Hudon 1994), and included 
the black fly genus Prosimulium (Simulidae), which 
accounted for 43% of all individuals enumerated 
and identified, Plecoptera (26 taxa in 7 families), 
Ephemeroptera (21 taxa in 7 families), Trichoptera 
(12 taxa in 8 families) and chironomids.

The export of pyrogenic carbon (carbon residues 
derived from forest fires) was measured in the Great 
Whale River over the period March–June 2012 (Myers- 
Pigg et al. 2017). In this river, as in a comparative site in 
the Yenisei River in the Russian Arctic, peak export 
occurred during the spring freshet, and included the fire- 
marker levoglucosan in particulate phase.

Measurements of the 13C and 15N composition of 
the Great Whale River seston were consistent with 
the strong riverine influence on the coastal ocean 
(Retamal et al. 2007). The δ13C value of inshore mar-
ine particulate material in Hudson Bay approximated 
that of the Great Whale River, with only a slight 
decrease offshore. The river δ13C value was lower 
(−31.68‰) relative to terrigenous plant material 
(e.g., −27‰ for C3 plants; Kendall et al. 2001) sug-
gesting an influence of other sources, such as fresh-
water phytoplankton and aquatic macrophytes, and 
was close to values previously obtained in the fresh-
waters of the James Bay area in northern Québec 
(mean δ13C value of −31.4‰; Montgomery et al. 
2000).

Optical properties

The underwater irradiance regime of the Great Whale 
River is likely controlled by coloured dissolved organic 
matter (CDOM) and suspended particulates. Irradiance 
profiling in the river at Kuujjuarapik on 16 August 1995 
(Rae and Vincent 1998a) gave attenuation coefficients of 
13.1 m−1 for UVB (320 nm), 5.2 m−1 for UVA (380 nm) and 
1.1 m−1 for photosynthetically available radiation (PAR, 
400–700 nm), which translates to 1% surface irradiance 
levels at 0.35, 0.89 and 4.2 m, respectively. Some of the 
inflows to the ecosystem affected by soil erosion in 
permafrost wetlands contain higher levels of CDOM, 
notably the Kwakwatanikapistikw River (Figure 3) that 
discharges into the Great Whale River 15 km upstream 
from its mouth, and the Sasapimakwananistikw River 
(often misspelled in earlier publications) that discharges 
into Hudson Bay near the mouth of the Great Whale 
River (Figure 7 in Vincent et al. 2017).

The optical characteristics of CDOM have been ana-
lyzed in detail in the Great Whale River and adjacent 
Hudson Bay (Retamal et al. 2007). At the times of 
sampling (July–August, 2002), CDOM concentrations 
as measured by UV absorption at 320 nm dropped 
on average by 27% at an estuarine station and by 
55% at an offshore Hudson Bay station relative to 
the riverine values (mean ± SE of 11.42 ± 0.18 m−1). 
This drop was a close linear function of salinity, imply-
ing that the decrease was due to simple dilution 
rather than flocculation or biological processes. 
Synchronous fluorescence (SFS) scans produced 
curves of similar shape at all stations, implying 
a relative constancy in the CDOM pool, and no differ-
ential loss of constituents. However, the SFS spectra 
were markedly different from those obtained in the 
same study from the Mackenzie River, another arctic 
river, but on the Beaufort Sea side of the Canadian 
Arctic. This difference appeared to reflect the maturity 
of the respective catchments, with the more recently 
deglaciated Great Whale River releasing younger, less 
degraded organic material, while the Mackenzie River 
receives DOC inputs from pre-aged, ancient soils 
(paleosols) that have experienced a long residence 
time within its drainage basin.

The spectral transmission properties of the river ice 
of Great Whale River were examined as part of 
a broader study on UV penetration through ice cover 
over high latitude aquatic ecosystems (Belzile et al. 
2002). At the time of measurement (April), the irradi-
ance transmission through 85 cm of clear ice overlaid 
by 5 cm of white ice (but cleared of snow) varied from 
10% at 320 nm (UV) to 16% for PAR. Consistent with the 
observations from a wide range of other sites in that 
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study, the ice had much lower concentrations of ions as 
well as of CDOM than in the underlying water. The 
results implied that dissolved materials are excluded 
from the ice during freeze-up, with greater exclusion 
of the CDOM molecules than the ions (exclusion factors 
of 16.9 and 4.4, respectively). As elsewhere, the DOC in 
the water (4.95 mg C L−1) was more coloured than in 
the ice (1.18 mg C L−1), implying the differential exclu-
sion of larger more coloured organic molecules during 
ice formation.

Snow on ice has a major effect on solar radiation 
entering the water column: for 70 cm of sea ice at the 
mouth of the Great Whale River, under-ice PAR and UV 
(320 nm) increased by a factor of 2.7 and 3.4, respec-
tively, after an overlying 2 cm layer of snow was 
removed (Figure 1 in Vincent and Belzile 2003). These 
observations implied that climate change will have 
a major effect on underwater UV exposure by reducing 
the ice and snow cover, and the resultant increase would 
be much greater than that associated with moderate 
ozone depletion (Vincent et al. 2007). For example, 
Vincent and Belzile (2003) calculated for a station 
located in the NOW Polynya covered with 0.6 m of ice 
and 2 cm of snow, that removal of ice and snow 
increased the underwater UV biological exposure 
weighted for DNA damage (T*DNA, Pienitz and Vincent 
2000) by a factor of 22. In comparison, a moderate ozone 
depletion (from 330 to 230 DU) increased UV exposure 
by a factor of 2.3.

Microbial communities and macrophytes

Sea ice algae

Since 1976, several studies dealing with the ecology and 
physiology of sea ice algae and phytoplankton have 
been conducted in the southeastern Hudson Bay. 
These studies have been undertaken mostly during the 
spring when the sea ice cover still occurs (Legendre et al. 
1981, 1987; Poulin et al. 1983; Gosselin et al. 1985, 1986, 
1990; Rochet et al. 1985, 1986; Maestrini et al. 1986; 
Barlow et al. 1988; Michel et al. 1988, 1989, 1993; 
Runge and Ingram 1988, 1991; Demers et al. 1989; 
Ingram et al. 1989; Tremblay et al. 1989; Cota et al. 
1991; Legendre and Gosselin 1991; Tourangeau and 
Runge 1991; Runge et al. 1991) and during the summer 
under ice free conditions (Legendre and Simard 1979; 
Legendre et al. 1982).

In April and May, unicellular algae colonize the base 
of the ice and the ice–water interface. Poulin and 
Cardinal (1982a, 1982b, 1983) described 88 taxa from 
the ice algal assemblages of Manitounuk Sound. 
Overall, algal assemblages were usually dominated by 

pennate diatoms. Poulin et al. (1983) studied the effects 
of a salinity gradient on the biomass and taxonomic 
composition of ice algae. Chl a concentrations at the 
ice bottom increased from the mouth of the Great 
Whale River to the upper reaches of Manitounuk Sound 
and from the river to Hudson Bay (Table 1 in Poulin et al. 
1983). The number of taxa was also higher seaward the 
river plume than within the plume itself off the Great 
Whale River. Poulin et al. (1983) concluded that salinity 
was a major environmental factor driving the large-scale 
distribution of ice algae.

Along the salinity gradient generated by the Great 
Whale River plume, the ice growth rate was the most 
important factor controlling the vertical and horizontal 
distributions of algal biomass and taxonomic composi-
tion in sea ice (Legendre and Gosselin 1991). The highest 
biomasses were usually associated with the lowest ice 
growth rates and probably lower grazing activities. In 
addition, the ice growth rate influenced the distribution 
of ice algal assemblages. In some cases, nitrogen limita-
tion may have played a secondary role in this 
distribution.

The small-scale horizontal distribution of sea-ice 
microalgae was also investigated along 500 m long 
transects in the Manitounuk Sound and in the bay off-
shore of the river plume (Gosselin et al. 1986). The ice 
microalgae were distributed in patches of about 20 to 
90 m in diameter. Variation in the thickness of the snow- 
ice cover, which determines irradiance at the bottom of 
the ice, was the factor controlling the algal biomass 
distribution. However, the relation between ice-algal 
biomass and snow-ice thickness changed over the sea-
son. At the beginning of the growing season (in April 
when the bottom-ice irradiance was higher than 
a minimum critical irradiance), maximum algal biomass 
was observed under areas covered by the smallest snow 
depths. Towards the end of the season, when light 
transmitted through the snow-ice cover increased, max-
imum algal biomass was observed under areas covered 
by the deepest snow. Hence, the horizontal heterogene-
ity of the snow-ice cover contributes to extend the 
growing season for sea-ice microalgae by providing 
bottom-ice habitats where irradiance is compatible 
with the photosynthetic limits of the cells.

The temporal variations of ice algae were studied in 
the Manitunouk Sound (Poulin et al. 1983; Gosselin et al. 
1985) and the bay (Rochet et al. 1985; Michel et al. 1988, 
1993; Demers et al. 1989; Gosselin et al. 1990) during the 
springtime. The net photosynthetic activity of ice algae 
starts when the light intensity at the ice–water interface 
reached 2–8 µmol photons m−2 s−1. Above such values, 
ice algae respond to the seasonal increase in irradiance 
by altering their photosynthetic characteristics (Gosselin 
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et al. 1985; Rochet et al. 1986; Barlow et al. 1988; Michel 
et al. 1988). Following the light limitation period, ice- 
algal growth became nutrient-limited, when in situ irra-
diance and the accumulated algal biomass were high 
and the tidally driven nutrient supply was not strong 
enough to satisfy algal nutrient requirements (Maestrini 
et al. 1986; Demers et al. 1989; Gosselin et al. 1990). 
During the spring melt, the under-ice water temperature 
progressively increases, and salinity decreases, while the 
ice-algal biomass declines rapidly (Gosselin et al. 1985, 
1990; Michel et al. 1988; Cota et al. 1991).

In the marine waters of southeastern Hudson Bay, the 
annual ice-algal production has been estimated to be 
around 6.5 g C m−2 (Gosselin et al. 1990). The above 
estimate is consistent with values in the literature. For 
example, Subba Rao and Platt (1984) reviewed the rela-
tively few production estimates for Arctic ice-algae and 
derived an annual average value of 10 g C m−2. In 
Resolute Passage, Smith et al. (1988) estimated that the 
bottom ice algal production ranged from 3 and 23 g 
C m−2 during the springtime.

Phytoplankton in ice-covered waters

Several cases of phytoplankton blooms have been 
reported underneath the sea-ice cover in southeastern 
Hudson Bay (Legendre et al. 1981; Ingram et al. 1989; 
Tremblay et al. 1989; Runge et al. 1991). Legendre et al. 
(1981) investigated the changes in under-ice Chl 
a concentrations in Manitounuk Sound and reported 
very low values (<0.2 µg L−1) from February to April. 
However, a phytoplankton bloom (ca. 1.5 µg Chl a L−1), 
composed of flagellates, occurred in freshwaters at the 
mouth of the Great Whale River in April. In May, chlor-
opigments concentrations greatly increased from the 
mouth of the Great Whale River to the upper reaches 
of Manitounuk Sound (Figure 5 in Legendre et al. 1981). 
This bloom was mainly composed of the centric diatom 
Chaetoceros karianus and of the pennate diatom 
Navicula spp. Under-ice phytoplankton blooms by dia-
toms and the haptophyte Phaeocystis pouchetii are now 
recognized as a major feature occurring in subarctic and 
arctic waters (Ardyna and Arrigo 2020a; Ardyna et al. 
2020b).

Several mechanisms have been proposed to explain 
these under-ice phytoplankton blooms: seeding of sur-
face waters by microalgae released from melting ice, 
light use optimization by microalgae, and stabilization 
of the upper water column by low salinity meltwater. 
Studies in Manitounuk Sound suggested that the simul-
taneous deepening of both the euphotic zone (seasonal 
light increase) and the stratified layer (low-salinity melt-
ing water) likely caused under-ice phytoplankton 

blooms (Legendre et al. 1981). In ice-covered seas, 
algae released from the ice supplement those that 
grow in the water column, causing an increase in the 
number of cells under the melting ice.

In the waters off the Great Whale River plume, the 
release of the pennate diatom (Navicula pelagica) and 
centric diatoms (mainly Attheya septentrionalis, formerly 
Chaetoceros septentrionalis) from the sea ice during the 
melt period seems to initiate the under-ice phytoplank-
ton bloom (Runge et al. 1991). The first bloom seems to 
be followed by the development of centric diatom spe-
cies of the genera Chaetoceros and Thalassiosira not 
originating from the ice (Runge et al. 1991).

In the marine waters off Kuujjuarapik/ 
Whapmagoostui, small celled algae (<5 µm) are respon-
sible for a significant part of the total primary production 
(Robineau et al. 1994). Although these cells only repre-
sent 4% of total Chl a, they can reach concentrations of 
ca 32 µg L−1 at the ice–water interface (Legendre et al. 
1987). These small algae could be directly used by the 
microfauna (protozoa, ciliates and flagellates) living at 
the ice–water interface in the Great Whale River plume. 
In turn, the large diatoms could be grazed by mesozoo-
plankton (Calanus glacialis and Pseudocalanus minutus) 
and meiofauna that abound under the ice cover in May– 
June (Grainger 1988; Runge and Ingram 1988, 1991).

By means of sediment traps deployed 25 km off the 
Great Whale River mouth, Tremblay et al. (1989) esti-
mated that about 20% of the vernal primary production 
at the ice–water interface was exported towards the 
benthos in the form of intact algal cells (including chlor-
oplasts) and zooplankton fecal pellets. About 30% of the 
ice-algal production was still suspended in the water 
column at the end of May. Therefore, about 50% of the 
ice-algal production could be consumed by pelagic 
herbivores.

Phytoplankton in open waters

The short-term effects of temperature on the Great 
Whale River freshwater phytoplankton were examined 
using 14C-bicarbonate incubations outdoor under nat-
ural solar light conditions (Rae and Vincent 1998b). 
Photosynthesis versus irradiance relationships 
(P-E curves) showed that temperature (five treatments 
from 5 °C to 25 °C) strongly regulated the photosynthetic 
response at saturating and inhibiting irradiances. Low 
temperatures lowered EK values (onset of light satura-
tion) and shifted photosynthesis in the water column 
from light dependence to temperature dependence. 
Over the period late June to late August, the picoplank-
ton (≤2 µm) fraction accounted for 40–50% of the total 
phytoplankton Chl a (1.2–1.6 µg L−1), and was 
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dominated by picocyanobacteria according to examina-
tion by epifluorescence microscopy. This size fraction 
had greater photosynthetic rates at all temperatures 
than did the total and >2 µm communities. The pico-
plankton fraction was also more responsive to increasing 
temperature than larger cells, implying a greater sensi-
tivity to diurnal or longer-term water temperature 
changes.

The spatial distribution of surface phytoplankton 
was investigated in southeastern Hudson Bay in 
August and September 1976 (Legendre and Simard 
1979). The number of taxa identified was 33 in the 
coastal waters between Belcher Islands and the east 
coast of Hudson Bay and 54 in the Manitounuk 
Sound and at the mouth of the Great Whale River. 
The abundance varied between 826 and 7724 cells 
L−1 in the bay and between 4177 and 14,864 cells L−1 

in the nearshore waters. In the near shore water, 
production and Chl a concentration ranged from 1.3 
to 3.5 µg C L−1 h−1 and from 0.3 to 1.34 µg L−1, 
respectively. The authors suggested that the phyto-
plankton was nitrogen-limited at the end of the 
summer.

Legendre et al. (1982) reported the variations of Chl 
a concentrations at the mouth of the Great Whale River 
and in Manitounuk Sound from mid-July through mid- 
September 1977. The distribution pattern of Chl a was 
similar to that observed in winter with increasing values 
away from Great Whale River mouth. The spatial pattern 
in Chl a concentrations was attributed to variations in 
the stability of the water column (Legendre et al. 1982). 
Contrary to the situation observed for phytoplankton in 
summer, ice microalgae were favored by increased nutri-
ent supply during water column mixing periods 
(Gosselin et al. 1985, 1990; Demers et al. 1989; Ingram 
et al. 1989).

A station offshore the Great Whale River was 
sampled in early September 1993 (Harvey et al. 
1997) and early October 2005 (Lapoussière et al. 
2013). In 1993, the surface phytoplankton community 
was dominated by flagellates with a total abundance 
of 100 × 103 cells L−1 and a Chl a concentration of 
1.5 µg L−1. In 2005, the phytoplankton production 
and Chl a biomass integrated over the euphotic 
zone were 263 mg C m−2 d−1 and 25 mg m−2, respec-
tively. The production and biomass were both domi-
nated by small cells (<5 µm). The sinking flux of POC 
at 50 m was 50 mg C m−2 d−1 and the export ratio 
(i.e., the ratio of sinking flux to primary production) 
was 0.19. These results indicate that the production 
and export of the Great Whale marine system is low 
to moderate in late summer compared to other 

stations in the Hudson Bay system (Lapoussière 
et al. 2013).

Microbial food webs

Like other aquatic ecosystems, the Great Whale River 
contains a well-developed microbial food web (Rae and 
Vincent 1998a); however, the network relationships 
among its diverse components have not been estab-
lished. The river contains abundant picocyanobacteria, 
with summer concentrations in the range 1–4 × 107 cells 
L−1, somewhat higher than values in the Mackenzie River 
in the western Canadian Arctic (5 × 105 cells L−1, Vallières 
et al. 2008), and the phototrophic community contains 
a diverse assemblage of other taxa including chryso-
phytes, dinoflagellates, cryptophytes, green algae and 
diatoms. Populations of heterotrophic bacteria were 
around 109 L−1, an abundance typical of many rivers 
systems, and heterotrophic nanoflagellates and ciliates 
were also present in abundance (105 and 104 cells L−1, 
respectively).

Molecular studies are currently underway on the 
microbial diversity of the Great Whale River ecosystem. 
These have revealed a diverse bacterial assemblage 
dominated by taxa in the Burkholderiales, but with 
numerous rare taxa, and evidence that microbial com-
munity richness increases down the river (Blais et al. In 
press). Like other river systems discharging into Hudson 
Bay, the estuarine transition zone of the Great Whale 
River contains a distinctive community of microbial 
eukaryotes, including the photosynthetic ciliate 
Mesodinium rubrum (Jacquemot et al. 2021). The river 
contains highly variable concentrations of the green-
house gases methane and carbon dioxide (Matveev 
et al. 2020), implying variable rates of decomposition 
and methanogenesis, or variable effects of sediment 
and ground water exchanges as well as ventilation to 
the atmosphere by waterfalls and rapids, but none of 
these processes have been measured directly to date.

A 6-day growth experiment was conducted in sum-
mer to evaluate the response of microbial foodweb 
structures to changes in ambient temperature and ultra-
violet radiation (Rae and Vincent 1998a). The total bac-
terial community showed no net response to 
temperature, but the percentage of actively respiring 
bacteria was up to 57% higher at 20°C relative to 10°C. 
Chl a concentrations in the picocyanobacterial size frac-
tion also reacted strongly to temperature, with a 61% 
increase over this temperature range. In contrast, remov-
ing the exposure to natural levels of solar UV radiation 
had little effect on the microbial communities over this 
incubation period.
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Marine macrophytes

Data on the taxonomic composition and distribution of 
macrophytobenthic communities in the Great Whale 
River ecosystem is very limited. Breton-Provencher and 
Cardinal (1978) reported the occurrence of 10 species of 
Chlorophyceae, 27 Phaeophyceae and 10 
Rhodophyceae in Manitounuk Sound with Fucus disti-
chus as the dominant species. These authors also sug-
gest an overall low phytobenthic biomass (low 
macrophytobenthos coverage) and diversity within 
Manitounuk Sound, but this requires more extensive 
surveying to confirm. The low phytobenthic biomass 
may be related to the substrate, the topography and 
the occurrence of sea ice and physical-chemical factors 
affecting the fixation and development of macrophyto-
benthic species. A low benthic primary productivity 
could be related to the persistent ice that covers 
Manitounuk Sound for at least 6 months each year and 
reducing the light available for photosynthesis.

Sympagic, pelagic and benthic consumers

Sea ice fauna communities

Ice fauna have been much less studied compared to its 
ice flora counterpart. The only published data on sea ice 
fauna of southeastern Hudson Bay are those of Grainger 
(1988), who assessed the effects of the Great Whale River 
plume on the composition and abundance of meiofauna 
in the lowermost 3 cm of sea ice. Meiofauna predomi-
nantly inhabited the bottom layers of the sea ice and 
were comprised of both permanent and temporary resi-
dents. In this paper, Grainger (1988) reported the occur-
rence of five major animal taxa in the sea ice over the 
plume and in the ice outside the plume. Copepod com-
position was assessed in the sea ice over and outside the 
plume and revealed the occurrence of Oithona similis 
and Tisbe furcata in the former and Harpacticus super-
flexus, Tisbe furcata and Halectinosoma sp. in the latter. 
The total abundance of the sea ice meiofauna ranged 
from 8 to 9 568 ind. L−1 at the sampling stations. 
Nematodes were the most numerous individuals in the 
ice over and outside the plume, followed by rotifers, 
ciliates and copepods. Overall, the mean total meiofauna 
abundance within the ice over the plume was 373 L−1 

and in the offshore ice outside the plume 8 823 L−1.
Sea ice is known to be an environment of limited and 

patchily distributed food sources (Poltermann 1998), 
hence food availability is likely to be one of the main 
factors influencing sea ice meiofauna abundance and 
biomass. Interestingly, Grainger (1988) observed 
a significant increase in the abundance of meiofauna in 
response to the increased sea ice algae abundance and 

assumed that increase was a response to the food 
sources. Along the same lines, meiofauna abundance 
correlated well with salinity. Grainger (1988) concluded 
that salinity may control the quantity and the quality of 
the sea ice meiofauna either through a direct influence 
on animals or through its effect on food or on the 
physical quality of the ice habitat. He reported a much 
lower sea ice meiofaunal biomass, inside the Great 
Whale River plume and proposed that the winter expan-
sion of the river plume could decimate the standing 
stock of sea ice fauna. Thus, interannual variability in 
river plume extent could generate large year to year 
variations in the standing stocks of sea ice fauna.

Zooplankton

Zooplankton studies have covered a variety of topics, 
including basic community structure surveys (Rochet 
and Grainger 1988; Drolet et al. 1991; Ponton and 
Fortier 1992), reproduction (Drolet et al. 1991; 
Tourangeau and Runge 1991), and migration patterns 
and feeding ecology (Runge and Ingram 1988; Runge 
et al. 1991, 1991). These studies have been undertaken 
within the salinity gradient associated with the Great 
Whale River plume and offshore waters of southeastern 
Hudson Bay, beyond the Great Whale River freshwater 
plume.

Rochet and Grainger (1988) studied the zooplankton 
community structure in the eastern part of Hudson Bay 
and reported the occurrence of Calanus glacialis, Tisbe, 
and Acarina within the area of Great Whale River plume. 
Drolet et al. (1991) surveyed the seasonal variations in 
micro- and mesozooplankton composition off 
Kuujjuarapik before and after the ice break up in the 
region covering the salinity gradient associated with the 
Great Whale River plume. Zooplankton assemblages 
were dominated in abundance and diversity by cope-
pods (Table 1 in Drolet et al. 1991). The microzooplank-
ton was almost exclusively composed of copepod eggs 
and nauplii. The mesozooplankton community was com-
posed of few taxa, with four species (the copepods 
Oithona similis, Onca borealis, Pseudocalanus spp., and 
Microcalanus pygmaeus) accouting for >95% of total 
numerical abundance. Finally, the macrozooplankton 
community was composed of the chaetognath Sagitta 
elegans, Cnidaria and Ctenaria, Polychaeta and 
Amphipoda, all of them exhibiting low abundances. 
Maximum copepod eggs and nauplii abundances were 
in southeastern Hudson Bay in late May and June (Drolet 
et al. 1991). These peaks have been attributed to higher 
algal biomass in the deeper saline water layer. This 
suggests that increased reproduction by copepods 
after the ice break up is related to the spring 
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phytoplankton bloom (but see Runge et al. (1991) for the 
importance of ice algae for zooplankton feeding).

Carbon fluxes and zooplankton

The flux of algal material from sea ice into the water 
column is known to be an important food source for the 
pelagic herbivorous community. In southeastern 
Hudson Bay, Drolet et al. (1991) showed that Calanus 
glacialis, Pseudocalanus spp., and Oithona similus repro-
duced under the ice before the phytoplankton bloom 
and fed on sedimenting ice algae. Runge et al. (1991) 
provided convincing results showing trophic interac-
tions between ice algae and metazoan zooplankton in 
southeastern Hudson Bay. Copepod species such as 
Calanus glacialis and Pseudocalanus spp. have been 
reported feeding at the ice-water interface. By means 
of gut content analyses, Runge and Ingram (1988,, 1991) 
provided evidence of sea ice algal grazing by copepods 
by observing fragments of ice diatoms. This was further 
supported by Runge et al. (1991) who showed an 
increase in pheopigment concentrations within the 
copepods gut after their migration upward the ice 
water interface during the night. The active exploitation 
of ice–water interface and water column microalgae 
during spring by copepod species, such as Calanus gla-
cialis, Pseudocalanus minutus and Metridia longa (Runge 
and Ingram 1988, 1991; Runge et al. 1991) allows them 
to start their reproduction before the summer phyto-
plankton bloom (Tourangeau and Runge 1991). The 
resulting early production of eggs and nauplii of cope-
pods generates favourable feeding conditions for larval 
fish that emerge in spring in southeastern Hudson Bay 
(Runge et al. 1991).

Lalande and Fortier (2011) reported POC fluxes 
obtained from October 2005 to August 2007 at 
a mooring located 15 km from the mouth of the Great 
Whale River. Sediment traps located a 100 m, 36 m 
above the sea floor, showed that most of the export in 
southeastern Hudson Bay occurred during fall and was 
largely associated with resuspension of settled particles 
due to strong currents. Although the Great Whale River 
exported 2.1 × 104 tons of particulate organic matter 
annually, it contributed little to the fluxes measured at 
the mooring site because the Great Whale River plume 
did not reach the sediment trap site (Lalande and Fortier 
2011). They also reported the collection of a very large 
quantity of the jellyfish Aglantha digitale in the sediment 
trap deployed from September to December 2006 and in 
July and August 2007 (up to 12 × 103 ind. m−2 d−1). 
Because A. digitale biomass is positively correlated with 
temperature, Lalande and Fortier (2011) suggested that 
the collection of such large quantity of A. digitale could 

indicate an increased frequency of jellyfish blooms in 
southeastern Hudson Bay linked to environmental 
changes occurring in the region.

Fish

The published scientific information on fish in the Great 
Whale River ecosystem is limited but covers a variety of 
topics, including basic ichthyofaunal surveys (Morin et al. 
1980; Morin and Dodson 1986; Kemp et al. 1989; Hudon 
1994) and larval fish ecology (Drolet 1990; Drolet et al. 
1991; Gilbert 1991; Gilbert et al. 1992; Ponton and Fortier 
1992; Ponton et al. 1993; Fortier et al. 1995, 1996). 
Studies on early life history stages of fish have focused 
on their distribution (Runge et al. 1991; Gilbert et al. 
1992; Ponton and Fortier 1992; Ponton et al. 1993; 
Hudon 1994), production and survival (Drolet et al. 
1991), and feeding ecology (Gilbert et al. 1992; Fortier 
et al. 1995, 1996), in relation to light and food availability 
under the ice cover. The following is a summary of the 
most relevant findings from these studies.

Ichthyofaunal surveys have been undertaken by 
Morin et al. (1980) who described the composition of 
fish communities of the estuarine part of the Great 
Whale River. Overall, they reported a total of 18 fish 
species, belonging to 11 families, of which four species 
are considered as freshwater species occasionally enter-
ing brackish waters, seven species are diadromous spe-
cies, and seven species are marine fishes that use the 
estuary as a nursery ground (Table 3 in Morin et al. 1980). 
Fish communities were dominated by Salmonidae, 
Catastomidae, and Cottidae. Kemp et al. (1989) docu-
mented the relative abundance of Salmonidae at the 
mouth of the Great Whale River after the ice break up 
and found similar relative abundances of coregonine fish 
(see Table 6 in their paper) to those reported by Morin 
et al. (1980). Hudon (1994) reported the occurrence of 
adult sticklebacks (Gaserosteus aculeatus and Pungitius 
pungitius) in, and underneath, the river plume after the 
ice break up.

Studies on fish in the Great Whale River and offshore 
waters of southeastern Hudson Bay have mostly con-
cerned eggs and larvae (ichthyoplankton). Hudon 
(1994) documented the ichthyoplankton species com-
position within the plume and in the Great Whale River 
during ice break up. In the river drift, ichthyoplankton 
were overwhelmingly composed of burbot (Lota lota) 
larvae (94% of fish larvae) followed, sporadically, by 
coregonid larvae (6% of fish larvae). This led Hudon 
(1994) to estimate that around five million burbot larvae 
drifted into Hudson Bay during the study period. Within 
the river plume, ichthyoplankton were represented 
mostly by Arctic cod (Boreogadus saida) and sand lance 
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(Ammodytes spp.) larvae, followed in smaller numbers by 
capelin (Mallotus villosus), stichaeid, cottid, and uniden-
tified gadid larvae.

Ponton et al. (1993) investigated the occurrence and 
distribution of fish larvae in and around the Great Whale 
River plume before, during, and after ice break up over 
a three-year period. They reported the occurrence of 21 
larval fish species belonging to 12 families (Table 2 in 
Ponton et al. 1993). Among fish larvae, Arctic cod 
(B. saida) and sand lance (Ammodytes spp.) were parti-
cularly abundant, reaching 50.4% and 37.9% of the total 
abundance, respectively. The larval emergence from 
56% of the fish taxa occurred before the ice break up 
in southeastern Hudson Bay in June. The distribution of 
the fish larvae of freshwater, anadromous, and marine 
origins was affected by the Great Whale River plume. For 
instance, coregonid (Coregonus clupeaformis and 
C. artedii) and burbot (L. lota) larvae were confined to 
fresh or brackish waters of the Great Whale River or its 
plume. Arctic shanny (Stichaeus punctatus), sculpins 
(Myoxocephalus spp. and Gymnocanthus tricuspis), and 
capelin (M. villosus) were more abundant in waters exhi-
biting salinities between 1 and 25 while arctic cod 
(B. saida), sand lance (Ammodytes spp.), slender eel-
blenny (Lumpenus fabricii), and gelatinous snailfish 
(Liparis fabricii) larvae reached highest densities in sali-
nity waters exceeding 25.

By means of intensive sampling (i.e., 48-hour sam-
pling), Ponton and Fortier (1992) described the vertical 
distribution and abundance of fish larvae under the ice 
cover in and outside the Great Whale River plume. In 
their paper, Table 2 summarizes the available quantita-
tive information on ichthyoplankton at these stations. 
Arctic cod (B. saida) and sand lance (Ammodytes sp.), 
represented by yolk-sac larvae and first-feeding post 
yolk-sac larvae were the most abundant larvae. They 
also showed that, under the ice cover, Arctic cod 
(B. saida) and sand lance (Ammodytes sp.) larvae tended 
to accumulate near the pycnocline, immediately 
beneath the plume, where feeding conditions were 
favourable in terms of prey abundance and light 
intensity.

Drolet et al. (1991) surveyed the seasonal variations in 
larval fish composition and abundance during spring off 
Kuujjuarapik in southeastern Hudson Bay with the aim of 
relating them to the algal production and copepods 
reproduction. They documented the occurrence of 14 
species within the ichthyoplankton assemblage (Table 2 
in Drolet et al. 1991). Among them, 11 were of marine 
origin, two were anadromous species and one species 
was of freshwater origin. Two species, sand lance 
(Ammodytes spp.) and Arctic cod (B. saida), accounted 
for >70% of the total number caught and hatched before 

the ice break up. Larvae and postlarvae of Arctic cod and 
sand lance occurred throughout the sampling period, 
but their densities decreased after the ice break up in 
waters, which were weakly stratified due to increased 
wind mixing.

Drolet et al. (1991) also investigated the feeding ecol-
ogy of the most abundant fish larval species collected at 
stations spread along the salinity gradient associated to 
the Great Whale River plume. All but Arctic shanny larvae 
fed mainly on copepod eggs, copepod nauplii and cope-
podites (Table 3 in Drolet et al. 1991). Among fish larvae, 
sand lance (Ammodytes sp.) and Arctic cod (B. saida) fed 
almost exclusively on copepod eggs and nauplii. Arctic 
shanny (Stichaeus punctatus) larvae preyed mostly on 
rotifers and euphausiid nauplii while burbot (L. lota) 
larvae did not feed. The period following yolk sac resorp-
tion was accompanied by starvation for Arctic cod and 
sand lance larvae, and this period was synchronized with 
peak abundance of prey. Ponton and Fortier (1992) stu-
died the diet and feeding behavior of Arctic cod 
(B. saida) and sand lance (Ammodytes sp.) larvae under 
the ice cover, in and outside the Great Whale River 
plume. Gut content analyses showed that both larval 
species had a diet mostly composed of copepod nauplii 
and, to a lesser extent, copepod eggs (Table 3 in Ponton 
and Fortier 1992). Feeding success/efficiency of first 
feeding Arctic cod (B. saida) and sand lance 
(Ammodytes sp.) larvae was reduced within the plume 
due to light attenuation caused by the turbid surface 
layer. Gilbert et al. (1992) also showed that the feeding of 
these larval species was affected by the Great Whale 
River plume. Larvae of Arctic cod (B. saida) and sand 
lance (Ammodytes sp.) avoided the freshwater surface 
layer and did not feed. After ice break-up and irradiance 
conditions improved in the upper water column, larval 
nutrition was no longer limited, and Arctic cod and sand 
lance larvae could feed intensively (Gilbert et al. 1992). 
Fortier et al. (1996) showed that the survival of Arctic cod 
larvae depended on the time synchronization between 
the production of larvae and their prey (i.e. the match- 
mismatch concept). In addition, Arctic cod larval feeding 
success was mainly determined by the thickness of the 
river plume, which affects the density of prey and the 
irradiance conditions in upper waters (Fortier et al. 
1995).

Marine macrobenthos

There is virtually no available published information on 
the macrobenthos of the Great Whale River ecosystem. 
Legendre (1977) reported the occurrence of 38 species 
of macroinvertebrates (mainly represented by 
Pelecypoda and Polychaeta) at deep stations within 
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Manitounuk Sound (see Table 5 in Legendre’s report). 
Atkinson and Wacasey (1989) identified 18 macroinverte-
brate species (most of them belonging to Arthropoda 
and Echinodermata) at a station located within 
Manitounuk Sound at 90 m depth (Table 63 in their 
report). However, this low survey effort may have pro-
duced a biased picture of the real number of macro-
benthic invertebrates in this area. Cusson et al. (2007) 
compiled macroinvertebrate data for Hudson Bay and 
reached a total of 167 taxa. In a more recent study, 
Piepenburg et al. (2011) compiled observations for the 
same area, giving a total of 463. Furthermore, Pierrejean 
et al. (2020) found a total of 380 epibenthic taxa identi-
fied which represents 71% of the estimated taxa within 
the Hudson Bay. Finally, Wei et al. (2020) identified the 
Hudson Complex (including James Bay) as one of the six 
hotspots of diversity among the 13 ecoregions around 
Canada. These four studies support the conclusion that 
the survey effort in the marine component of Great 
Whale River ecosystem is far too small to indicate that 
this area has a low number of macroinvertebrate species. 
To our knowledge, the river benthos is almost comple-
tely unknown, apart from the collection of insect larvae 
in the drift samples (Hudon 1994; see above).

Marine mammals

As reported by Kemp (1983), ringed seals (Pusa hispida) 
and bearded seals (Erignathus barbatus) are the main 
marine mammal species found in Manitounuk Sound 
and the Great Whale River estuary. The village name 
Whapmagoostui means ‘place of the beluga’ in Cree, 
and the name Great Whale River also indicates the 
importance of beluga whales (Delphinapterus leucas) in 
this region (Smith and Hammill 1986). Breton- 
Provencher (1979) reported the occurrence of belugas 
in the Great Whale River estuary during summer, but it 
no longer appears to be a common habitat for this 
species (Hammill et al. 2004). Polar bears (Ursus mariti-
mus) have been occasionally sighted near and even 
within the village of Kuujjuarapik (P. Roussel, personal 
communication, 2016).

The Great Whale River ecosystem and global 
change

The Great Whale River ecosystem is already experiencing 
the impacts of climate warming and development, as 
observed throughout the Hudson Bay system (Kuzyk and 
Candlish 2019). This dual set of impacts is likely to con-
tinue and even accelerate in the future, with ongoing 
global change and increased transport links. For exam-
ple, the possibility of a road link from Whapmagoostui- 

Kuujjuarapik to the south would bring socio-economic 
benefits as well as costs, and a new set of environmental 
stresses on the aquatic habitats of the Great Whale River 
ecosystem. There is evidence of climate-related changes 
even in the morphometry and sediment loading of the 
Great Whale River, which could have wide-ranging 
effects on the freshwater as well as marine biota. 
Analysis of repeat aerial photographs shows changes in 
river channel constrictions over the period 1969–2019, 
suggesting increased landslide activity and mobilization 
of fine sediments that may be linked to an increase in 
summer extreme rainfall events (Owczarek et al. 2020) 
and a massive landslide occurred 8 km upstream from 
the river mouth in April 2021. Meeting the challenges of 
these multiple stressors will require an integrated eco-
system-based management strategy, an approach that 
aims to maintain ecosystems in a productive, healthy, 
and resilient condition so they can continue to provide 
services to meet human needs (Rosenberg et al. 2005) as 
well as sustain intrinsic values such as habitat integrity.

This review underscores the need to fill major gaps in 
understanding about the Great Whale River ecosystem, 
especially for its freshwater tributaries and the main stem 
of the river, from its source lakes downstream. Studies on 
subarctic rivers elsewhere provide models for research and 
monitoring that would be usefully applied to the Great 
Whale River; for example, river ice time-series analysis in 
other Canadian subarctic rivers (Chen and She 2020); 
hydrological modelling of the Nelson River on the opposite 
side of Hudson Bay (Lilhare et al. 2020); geochemical survey 
approaches as applied to rivers in western Siberia (Krickov 
et al. 2020); and biological surveys across multiple trophic 
levels in Arctic rivers (Lento et al. 2020). The integrated 
water quality and fisheries monitoring program for subarc-
tic River Teno in Finland (called River Tana in Norwegian 
and River Deatnu in Sami), at the border between northern 
Norway and Finland, provides the ultimate example of how 
such fluvial systems can be closely studied, monitored and 
managed (Gundersen et al. 2019), although in that case 
benefitting from the combined resources of two nations 
and the European Union.

Like the Great Whale River, the River Tana is a site of 
traditional fishing (Hiedanpää et al. 2020), and local 
Indigenous knowledge is a key element that should be 
incorporated into subarctic river management. Rich tra-
ditional cultures based on river fishing and hunting are 
well known from other high latitude sites including 
Siberia (Lavrillier and Gabyshev 2021), western Canada 
(Proverbs et al. 2020) and Alaska (Voinot-Baron 2020), 
and Indigenous perspectives from the Cree First Nation 
and Inuit of the Great Whale River region should be fully 
integrated into planning, research, monitoring and man-
agement of its extensive watershed and coastal waters. 
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This would be in line with the increasing recognition of 
the importance of knowledge co-production and co- 
management (Johnson et al. 2020), and the general 
move at a multinational, circumpolar level towards 
incorporating Indigenous knowledge in northern poli-
cies (Vincent 2020).

The Great Whale River ecosystem is likely experien-
cing cumulative impacts that need to be assessed in 
a long-term context, as in other parts of the world 
(Halpern et al. 2008). As shown here, most of the 
research to date in the Great Whale River region has 
been localized and piecemeal, with temporal and spatial 
scales of analysis that are too small to properly guide 
management at the ecosystem scale. There is a need for 
an improved understanding of biodiversity in the region 
for example, although the requisite expertise is limited in 
Canada and elsewhere (Archambault et al. 2010), and 
contaminant studies are conspicuously lacking despite 
past evidence of unexpectedly high levels. There is now 
the opportunity to build on the studies described here, 
and to develop an ecosystem approach to preserve and 
manage the resources, functions and biodiversity of the 
Great Whale River ecosystem.
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