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Is the change in distribution and abundance of blue whales related to the groundfish collapse in 
the northern Gulf of St. Lawrence? 
 
Sophie Comtois, Claude Savenkoff, Marie-Noëlle Bourassa, Jean-Claude Brêthes, and Richard 
Sears 
 
The Gulf of St. Lawrence is a summer feeding ground for the blue whale and other marine 
mammal species. Blue whale (Balaenoptera musculus) sightings in the northern part of the gulf 
have declined since the early 1990s, while the number of humpback whales (Megaptera 
novaeangliae) has increased since then. Over the same period, abundance of many Atlantic cod 
(Gadus morhua) and groundfish stocks in the Northwest Atlantic declined to low levels due to 
overfishing. With this decrease in biomass, the ensuing predation pressure on small pelagic fishes 
(capelin (Mallotus villosus) and Atlantic herring (Clupea harengus)) was quantitatively lower 
and could have led to an increase in their abundance and geographical distribution throughout the 
Gulf of St. Lawrence in the 1990s. Blue whales are specialists, feeding only on krill 
(zooplankton). Consequently, any increase in the capelin population, which mainly feed on 
zooplankton, would amplify potential competition with the blue whale for the same resource. 
However, the more opportunistic humpback whales, which target both zooplankton and fish, 
might be favored by this pattern, thus explaining their increased abundance. All these findings 
support the assumption that a striking change in the ecosystem food web could explain the 
observed variations in distribution and abundance of rorquals in this region. 
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INTRODUCTION 
 
The blue whale (Balaenoptera musculus) is a pelagic cetacean that can be found in every oceans 
of the world. The population of the Northwest Atlantic may include less than 250 mature whales, 
whereas it numbered in the thousands at the beginning of the 20th century. This major decline is 
a result of commercial whaling at the beginning of the 20th century. Although blue whales have 
been protected globally since 1966, it appears that very low calving and recruitment rates have 
produced very limited natural population increases. Blue whales usually undertake long seasonal 
migration from high latitudinal summer feeding grounds to southern areas in winter. Specialist 
feeders, they consume mainly krill (Sears and Calambokidis, 2002). In the North Atlantic, their 
main prey items are euphausiids Thysanoessa inermis, T. longicaudata, T. raschii and 
Meganyctiphanes norvegica. A blue whale can ingest between 2 and 4 tons of krill per day and 
has an extremely energetically expansive method of feeding which, therefore, constrains blue 
whales to areas of dense prey aggregations, and makes them particularly vulnerable to 
perturbations in prey abundance (Acevedo-Gutiérrez et al., 2002). Many studies have thus found 
blue whale distribution closely related with dense krill patches (Schoenherr, 1989; Doniol-
Valcroze, 2001, 2007; Croll et al., 2005).  
 
Persistent high-density krill aggregations have been identified in the Lower St Lawrence Estuary 
(LSLE) and northwestern Gulf of St. Lawrence (NWGSL). In the Lower Estuary, the mechanism 
responsible is the pumping and retention of the adult krill from a large part of the Gulf of St. 
Lawrence by the strong two-layer estuarine circulation combined with the organisms’ negative 
phototactism (Simard et al., 1986; Sourisseau et al., 2006). Epipelagic larval stages are flushed 
downstream with the surface outflow and adult biomasses would return upstream in the deeper 
waters at the head of the Laurentian Channel in response to the estuarine circulation. Using a 
physical circulation model coupled with a diel vertical migration model, Sourisseau et al. (2006) 
showed that the organisms accumulate in key areas determined by the regional circulation (head 
of the lower St. Lawrence Estuary, Jacques-Cartier Strait, around Anticosti Island, and along the 
north shore in the NW part of the Gulf) (Figure 1). Aggregation areas outside the estuary 
revealed by simulations appear to be stable over long time scales even though their 
concentrations are lower than that at the head of the Laurentian Channel. Because krill is an 
essential food source for large marine mammals or their prey, there is a good match between the 
overall distribution of baleen whales and the average simulated krill distribution (Sourisseau et 
al., 2006). Blue whale photo-identification research from eastern Canada has focused on the 
whales found in the Gulf of St. Lawrence in spring through fall, where overall 422 individual 
whales have been catalogued since 1979 (Sears et al., 1990, MICS, unpublished data). Most 
sightings have been made along the Quebec North Shore from the Mingan Island/Anticosti Island 
region, off the Gaspé Peninsula, and west into the St. Lawrence Estuary to the level of the 
Saguenay River. 
 
Over the last decades, several important changes in the trophic community have been reported 
for the Gulf of St. Lawrence. Abundance of many Atlantic cod (Gadus morhua) and groundfish 
stocks in the Northwest Atlantic declined to low levels due to overfishing (CAFSAC, 1994). This 
has led to dramatic changes in the community structure of the northern Gulf ecosystem shifting 
from one previously dominated by large piscivorous groundfish (mainly Atlantic cod and redfish 
(Sebastes spp.)) and small pelagic fishes (mainly capelin (Mallotus villosus) and Atlantic herring 
(Clupea harengus)) to one now dominated by only small-bodied fishes, leaving marine mammals 



Not to be cited without prior reference to the author 
 

4 
 

as the primary top predators (Savenkoff et al., 2007). Capelin is a key element of the North 
Atlantic Ocean food web (Carscadden et al., 2001; Savenkoff et al., 2007). In an environment 
with sharp thermal variations (upwelling areas), this small pelagic schooling fish tends to 
aggregate in narrow zones according to its thermal preferences (Marchard et al., 1999; Doniol-
Valcroze, 2001) and its food supply (Ménard, 1998). Mainly feeding on copepods and 
euphausiids (Vesin et al., 1981), capelin is a major prey for a wide range of fishes, seabirds and 
marine mammals (Bailey et al., 1977; Savenkoff et al., 2007). Following the groundfish stocks 
collapse, the most important predators of capelin have changed drastically, switching from 
Atlantic cod to marine mammals (Savenkoff et al., 2004, 2007). However, the ensuing predation 
pressure was quantitatively lower (Savenkoff et al., 2007). This could have led to an increase in 
smaller fish abundance and geographical distribution throughout the Gulf of St. Lawrence since 
then (Grégoire et al, 2005). The more opportunistic humpback whales, also a summer resident of 
the NWGSL, target both zooplankton and fish (Mitchell, 1975; Borobia et al., 1995; Pauly et al., 
1998), their principal prey in the western North Atlantic being capelin (Baird, 2003). Any 
increase in its prey abundance might then support an enlarge humpback whales population; a 
situation reported for the Scotian Shelf where an increase in pelagic fishes led to an increase in 
humpback whales in a region previously rarely frequented (Stevick et al., 2006). 
 
For the first time, based on long term opportunistic sightings of whales, the present study 
attempts to demonstrate the variations of abundance of blue whales in a historically well-
frequented area, the northwestern Gulf of St. Lawrence. Also, different assumptions are 
discussed to examine how the deep changes observed in the trophic structure of the northern Gulf 
of St. Lawrence ecosystem following the groundfish stock collapse (Savenkoff et al., 2007) could 
explain the observed variations in the distribution and abundance of blue whales in this region. 
We propose that a probable increase in pelagic fish population abundance following the 
groundfish stocks collapse of the early 1990s could have amplify the potential competition with 
the blue whale for the same food resource, resulting in the blue whale departure from the area. 
The Committee on the Status of Endangered Wildlife in Canada (COSEWIC) has designated the 
blue whale as being “endangered” (any species facing imminent extirpation or extinction) in May 
2002. In this context, we believe that this study could provide new insights on several knowledge 
gaps identified for the species (habitat utilization, availability or access to adequate food 
resources, identification of critical habitats); information useful in the decision making 
concerning management, protection, and conservation issues of the blue whale. 

 
 

MATERIAL AND METHODS 
 

Study area 
 
The Gulf of St. Lawrence (GSL) is a semi-enclosed sea open on the North Atlantic Ocean by the 
Strait of Belle-Isle to the northeast and the larger Cabot Strait to the southeast (Figure 1). The 
Laurentian Channel, a major topographical feature of the GSL, extends from the continental shelf 
to the Lower St. Laurence Estuary at Tadoussac and branches in two sub-channels (Anticosti 
Channel and Esquimen Channel) between Newfoundland and Anticosti Island (Koutitonsky and 
Bugden, 1991). The GSL system receives important fresh water discharged from the St. 
Lawrence River and tributaries as well as seawater entering from the Atlantic and responds to a 
semidiurnal tidal forcing. Due to a vertically stratified water column (two-layer structure in 
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winter, and 3 in summer), the GSL shows important differences in its physical and biological 
properties throughout the area (Koutitonsky and Bugden, 1991; de Lafontaine et al., 1991). In the 
NGSL, particularly in the Jacques Cartier Strait and western Anticosti Island, the variable 
topography (ranging from 1 to 300 m deep), wind and tidal regimes as well as the important 
freshwater influx from many surrounding rivers, create intense mixing, upwellings and fronts; all 
these features contributing to explain the high productivity and potential retention of the area.  
 
 
Data gathering 
 
Data on marine mammals were collected from 1987 to 2007 in the Strait of Jacques Cartier 
between the Mingan Islands and Anticosti Island. Field work is conducted aboard rigid-hulled 
inflatable boats from June to October and is weather dependant. Sea state (≤ 4 on the Beaufort 
scale), wind speed (≤ 20 knots), precipitation and fog (visibility of at least 3 nm) are the limiting 
factors for a survey to be conducted. Spatial effort distribution is also weather dependant, mainly 
constrained by wind direction and strength. Therefore the study area is not homogeneously 
covered (Doniol-Valcroze, 2001). For each survey day, research boats attempt to cover the 
greatest possible area (for a maximum of 220 km), passing more time where whales are 
encountered, consequently, sampling was neither random nor systematic (Doniol-Valcroze, 
2001). The intensity of the coverage for each year surveyed, however, has created one of the 
most detailed long-term multi-species baleen whale databases. Each sighting is accompanied by a 
picture of the individual observed to ensure that it is counted only once. The location (latitude 
and longitude where the animal dove), time, date and behavior of each animal sighted are also 
recorded. The whales are photo-identified following the methods detailed by Sears et al. (1990).  
 
The data set for the blue whales of the NWGSL starts in 1987 and ends in 2007. Except for 2007, 
the same time period is used for the NWGSL humpback whales. In the Lower St. Lawrence 
Estuary (LSLE), the data set begins in 1993, when MICS started carrying out more regular 
annual surveys in the region. For that specific area, several other organizations are tracking 
whales (whale-watching companies, other whale research stations). To increase our database, 
photo-identification data from non-MICS observers have been included. The years 1998 and 
2007 were excluded from the analysis (1998: lack of MICS survey, 2007: observations not yet 
compiled).  
 
Fish, invertebrate and physical oceanographic data were collected for the estuary and the entire 
Gulf of St. Lawrence Lawrence as part of the Department of Fisheries and Oceans Canada (DFO) 
annual surveys. An annual summer trawl survey for groundfish and shrimp was conducted from 
1990 to 2007 using a URI 81/114 trawl aboard the CCGS Alfred Needler (1990-2003) and a 
Campelen trawl aboard the CCGS Teleost (2004-2007). In 2004 and 2005, comparative fishing 
experiments were conducted to estimate the catchability differences between the two vessel/trawl 
tandems and to ensure the comparability of the data series (Bourdage et al., 2007). The sampling 
strategy used consisted of a stratified random sampling following predetermined strata based on 
depth (Doubleday, 1981). Stratified random means were calculated to estimate the biomass in the 
area using the PACES (Programme d’Analyse des Campagnes d’Échantillonnage Stratifiées) 
software (Bourdages, 2001). Fishing was conducted on a 24h basis and stations were sampled 
each year during August and the beginning of September (see Bourdage et al., (2007) for more 
details on the protocol). Note that biomass estimates were minimal trawlable biomass values 
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since the nearshore region (depths < 37 m) was not covered and some resources could be 
properly sampled. However, because blue and humpback whales are almost never found in 
shallow waters (Doniol-Valcroze, 2001), this should not cause any more bias when comparing 
the distributions of different species. 
 
Details of the physical oceanographic sampling and data are given in Galbraith et al. (2008). 
 

 
RESULTS 

 
Temporal and spatial trends of whales 
 
The Lower St. Lawrence Estuary and northern Gulf of St Lawrence represent two important 
foraging areas for blue whales. From 1987 to 2007, 251 different blue whales were photo-
identified in the Lower Estuary and northwestern Gulf of St. Lawrence. Out of 251, 94 have been 
observed along the Quebec North Shore from the Mingan Island/Anticosti Island region while 
199 were found in the Lower Estuary (Table 1). 42 individual visit both areas, but rarely the 
same year (only 8 individuals were seen on both areas in the same year). Consequently, 55% of 
all the blue whales encountered in the Mingan area were not seen in the estuary and, almost 79% 
of the blue whales of the estuary were not sighted in the northwestern Gulf (Table 1). Moreover, 
most of the blue whales are not regular visitors of the northwestern Gulf (74% were only 
observed one year vs. 34% in the Lower Estuary) (Figure 2A and B), and are rarely observed 
more than few days in the northwestern Gulf (Figure 3A). Humpback whales visiting the 
northwestern Gulf have a higher return rate compared to blue whales, as 44% came more than 1 
year (Figure 2C). Also, humpback whales generally stay longer when present in the area, since 
less than 30% of the individuals were encountered only 1 day (Figure 3B). 
 
In the northwestern Gulf, there has been a general decrease in the number of blue whale sightings 
(both total annual sightings and total annual number of photo-identified blue whale individuals) 
since the early 1990s (from 23 whales in 1987 to 0 in 2007; Figures 4A and 6). In the lower St. 
Lawrence Estuary, the decline in total annual number of blue whales is slighter (from 73 whales 
in 1987 to 24 in 2006; Figure 4B), but overall, this region is visited by a more important number 
of individuals each year. In contrast, the number of total annual photo-identified humpback 
whale increases over time in the northwestern Gulf (from 10 whales in 1987 to 60 in 2006; 
Figures 5 and 7). 
 
To shorten the number of maps, the spatial distributions of all species are only presented for high 
(1990-1992) and low (2003-2005) blue whale abundance time periods. The 1990-1992 period is 
characterized by high values of mean blue whale abundance while only two blue whales have 
been observed in the 2003-2005 period (Figure 6). In contrast, the number of humpback whales 
has increased and there was an increase in their geographical distribution throughout the area 
(Figure 7). 
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Temporal and spatial trends of fish and invertebrate species 
 
Based on the research survey data, only 4 to 6 species (Greenland halibut Reinhardtius 
hippoglossoides, capelin, Atlantic cod, redfish, thorny skate Amblyraja radiata, and American 
plaice Hippoglossoides platessoides) out of 150 accounted for at least 86% of the total fish 
biomass (Figure 8). On average, northern shrimp Pandalus borealis accounts for 76% of total 
invertebrate biomass, followed by striped pink shrimp Pandalus montagui (16%) (Figure 9). 
There is a general decrease in fish biomass from the early 1990s to the recent years related to the 
net decrease in redfish and cod stocks. In contrast, biomass values of Greenland halibut and 
northern shrimp increase over the same time period. 
 
There are also changes in the spatial distribution of the main fish species over time. During the 
early 1990s (1990-1992), higher cod biomass values were found off northwestern and 
northeastern Anticosti Island, and along the Newfoundland’s west coast (Figure 10), where cod 
concentrated in recent years (2003-2005) (Figure 10). In addition, for redfish, there is a 
downstream change in the location of the high biomass values over time (Figure 11). Because the 
survey gear is considered inefficient for estimating relative pelagic fish (capelin and herring) 
biomass/abundance, we used the mean occurrence probability calculated by kriging using 
presence and absence data of pelagic fish species to map their distributions (Gregoire et al., 2005; 
DFO, 2006a, b). The resulting maps show that, for both time periods, capelin (Figure 12) and 
herring (Figure 13) were distributed over the entire northern Gulf. However, there was an 
increase in their mean occurrence probabilities and an expansion in their geographical 
distributions toward the south of the Gulf of St. Lawrence in the recent years (Figures 12 and 13). 
 
 
Comparisons of high (1990-1992) and low (2003-2005) blue whale abundance time periods 
 
To allow a more direct comparison of the various series of variables and since the series have 
different units (ind, t km-2, etc.), we present the anomaly time series (Figure 14). Time series of 
anomalies for each variable were constructed by removing the mean computed over the specific 
time period (e.g., for fish and invertebrates: 1990-2007). Annual anomalies were normalized by 
dividing the anomalies by the standard deviation (SD) of the data over the averaging time period. 
Values within 0.5 SD of the average are represented by white cells, and values higher than 
normal by more than 0.5 SD as red cells, with more intense reds corresponding to increasingly 
higher conditions. Similarly, blue represents lower than normal values. 
 
The time series of anomalies allows us to distinguish two time periods (1990-1992 and 2003-
2005) (Table 2). The 1990-1992 period is characterized by high values of mean blue whale 
abundance, total fish biomass, and cod, redfish, and capelin biomasses and low mean values of 
humpback whale abundance, Greenland halibut biomass, total invertebrate biomass and shrimp 
biomass. The 2003-2005 period show the opposite pattern (Table 2). There is no change for the 
temperature and salinity values of the 30-100 m layer (the water column depth of the whale 
survey area). 
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DISCUSSION 
 
The northwestern Gulf of St. Lawrence (NWGSL) is a known summer feeding ground for blue 
whales and other marine mammal species (Sears et al., 1990; Kingsley and Reeves, 1998; Sears 
and Calambokidis, 2002). Since 1979, the Mingan Island Cetacean Study (MICS) research 
station has conducted annual monitoring survey of the abundance of whale species (blues, 
humpback and finback) summering in the Jacques Cartier Strait and western Anticosti Island 
region. This area is characterized by important vertical mixing and high planktonic production 
(Le Fouest et al., 2005; DFO, 2007). Different physical processes (tidal currents and wind 
induced upwelling) combined to local bathymetry and euphausiid behavior are key factors of 
year-round euphausiid aggregations (Mackas, 1985; Koutitonsky and Bugden, 1991; Sourisseau 
et al., 2006). 
 
Even though our database is not perfect and certainly includes sampling bias, whale sightings in 
the northern part of the gulf show a decline in the number of blue whales since the early 1990s, 
while the number of humpback whales has increased since then. The trends show many inter-
annual variations. As the total survey day number is nearly constant throughout the years, we 
don’t believe this could explain these fluctuations. Some studies have reported a strong 
correlation between seasonal and annual pattern in whale abundance and the variation in their 
prey abundance (Piatt et al., 1989; Fiedler et al., 1998). Most encountered blue whales seem to 
have short residence time and mainly be occasional visitors to the Mingan/Anticosti region, in 
agreement with other studies (Sears et al., 1990; Ramp, 2001; Ramp et al., 2006). One could then 
believe that whales are only traveling through this region to reach the richer feeding Lower 
Estuary. However, our study shows that, out of the 251 different blue whales observed in the 
NWGSL and LSLE, only 42 (17%) have been observed in both regions, suggesting that the 
Mingan/Anticosti area is not only travelling corridor to the LSLE, but probably part of the blue 
whale’s summer feeding grounds. According to Sears (et al., 1990 and pers. comm.), blue whales 
are highly mobile animals and can travel hundreds of kilometres in few days and many of them 
don’t exhibit strong site fidelity, even during the feeding season (Fiedler et al., 1998; Ramp et al., 
2006). In contrast, humpback whales generally present stronger level of site fidelity, showing a 
higher return rate to a specific feeding ground which is consistent with the literature (Katona and 
Beard, 1990; Calambokidis et al., 2001). Our results show a high percentage of whales seen 1 
(56%) or 2 (13%) years. As juveniles and calves of the recent years have not been subtracted, this 
could have led to an overestimation of the percentage of whales seen 1 or 2 years. This reason 
cannot explain the blue whales’ results because of the very low calving recruitment reported for 
the Gulf of St. Lawrence, as less than 15 calves were seen in 30 years (MICS, unpublished data). 
Though spatial and temporal distribution of humpback whales is also dictated by the available 
prey, thus highly variable (Piat et al., 1989), their movements during feeding season are reported 
to be of a smaller scale than those of blue whales (Stevick et al., 2006), thus explaining their 
longer residence time. 
 
Initially, we hypothesized that, since the mid-1990s, with the decline of large predatory fish 
stocks (CAFSAC, 1994; Gascon, 2003) and the ensuing drop in predation pressure (Savenkoff et 
al., 2007), the effect of predation release on small pelagic fish species could have led to an 
increase in their abundance (Worm and Myers, 2003), thus, to an increase in their competition 
with the blue whale for krill, their common prey. This could have resulted in the departure of the 
blue whales from that region but allowed to sustain a larger population of humpback whales. 
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When large predatory fishes declined dramatically, their prey (herring, capelin, shrimp, and snow 
crab) eventually increased in abundance (Lilly, 1991; Berenboim et al., 2000; Garrison and Link, 
2000; Koeller, 2000; Lilly et al., 2000; Bundy, 2005). Capelin, herring, and shrimp comprised a 
large pelagic forage base that supported the high level of predation in the Gulf of St. Lawrence, 
but not all groups responded in the same way to the decline in the large predatory fishes 
(Savenkoff et al., 2007). In the Gulf of St. Lawrence, capelin is a regular catch in the annual 
groundfish research surveys, but its biomass is poorly estimated by the trawl survey and there are 
no estimates of absolute biomass, though the most significant capelin catches are generally made 
around the Anticosti Island and on the west coast of Newfoundland (Grégoire et al., 2005). 
Nevertheless, research surveys have shown a major expansion in the geographical distribution of 
capelin throughout the Gulf of St. Lawrence in the 1990s (DFO, 2001; Grégoire et al., 2005). The 
biomass of planktivorous (mainly herring and sand lance) small pelagics decreased from the mid-
1980s to early 2000s in the northern Gulf (from 5.4 to 3.6 t km-2), while shrimp biomass almost 
doubled from the mid-1980s to the early 2000s (from 0.8 to 1.6 t km-2). However, our results 
using presence and absence data show an increase in herring distribution throughout the entire 
Gulf of St. Lawrence.  
 
All these deep changes in the trophic structure of the northern Gulf of St. Lawrence ecosystem 
promote a competition with the blue whale for food availability at all the trophic levels (Figure 
15). At the top level, there is an increase in the observations of cetacean species such as 
humpback whales and fin whales (Balaenoptera physalus) (this study; MICS, unpubl. data) in the 
northwestern Gulf of St. Lawrence. With their larger prey spectrum, these opportunist predators 
target both macrozooplankton and pelagic fish species (Mitchell, 1975; Borobia et al., 1995). At 
the predatory fish level, Savenkoff et al. (2008) showed that the proportion of fish prey in the 
diets of large cod, Greenland halibut, and redfish decreased from the mid-1980s to early 2000s, 
while the proportion of invertebrates increased accordingly. The proportion of invertebrates in 
the diet composition of small cod ranged between 62% and 80% over the same time period. At 
forage fish levels, recent capelin stomach content analysis of the northern Gulf shows that 
euphausiids, hyperiid amphipods, and copepods accounted for 55%, 27%, and 17% of the diet 
(Figure 16). Furthermore, as estimated by Savenkoff et al. (2007) through their northern Gulf 
ecosystem model, capelin accounted for 38-60% of total mortality on large zooplankton 
(including euphausiids) since the mid-1980s. At the lower trophic levels, macrozooplankton data 
in the Gulf of St. Lawrence are limited before the mid-1990s. In fact, apart from a few taxonomic 
lists (see reviews in Runge and Simard, 1990; de Lafontaine et al., 1991; Brunel et al., 1998), 
Descroix et al. (2005) first described the species composition and distribution of 
macrozooplankton in the lower St. Lawrence Estuary (LSLE) and the northwestern Gulf of St. 
Lawrence (NWGSL) in spring and fall 1998, 2000, and 2001 in relation to the physical 
environment. The dominant species found in both environments (LSLE and NWGSL) is the 
mysid Boreomysis arctica, but there were no significant regional and interannual variations in its 
abundance. Two distinct macrozooplankton groups characterized the LSLE and the NWGSL. 
The LSLE had a higher abundance of two euphausiid species, Meganyctiphanes norvegica and 
Thysanoessa raschii (abundances 6 and 15 times higher in the LSLE than in the NWGSL, 
respectively). The NWGSL had a greater abundance of the large carnivorous macrozooplankton 
species (chaetognaths Sagitta elegans, hyperiid amphipods Themisto abyssorum and T. libellula, 
and siphonophores Dimophyes arctica) with abundances two times higher in the NWGSL than in 
the LSLE. Marion et al. (2008) showed that the diet of T. libellula was mostly composed of 
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copepods and euphausiids, which made up between 28–96% and 0–71% of prey biomass, 
respectively, depending on time of day (diel variation). All these findings showed that 
euphausiids in the recent years became one of the preferred targets of several main species of the 
northern Gulf of St. Lawrence ecosystem. 
 
Harvey and Devine (2008) found a general decrease in abundance of the euphausiid biomass in 
the LSLE and the NWGSL during the last 14 years (1994–2007); the years 2004, 2006, and 2007 
correspond to the lowest biomass of euphausiids observed over the last 14 years in the LSLE and 
the NWGSL (overall 3.9, 2.9, and 4.2 wet weight g m-2 in 2004, 2006, and 2007, respectively). 
The decline in krill abundance is not restricted to the Lower Estuary and northwestern Gulf, but 
is widespread over a large part of the Atlantic coast of Canada (Harvey and Devine 2008; 
southern Gulf of St. Lawrence: Hanson and Chouinard, 2002; Newfoundland and Labrador 
ecosystem: F. K. Mowbray and P. Lundrigan, Northwest Atlantic Fisheries Centre, capelin 
stomach content analysis over 20 years, unpublished data; Scotian Shelf: Harrison et al., 2003). 
There have been several indications of broad scale changes in prey abundance in the California 
current system that could affect blue whales. Dramatic declines in overall zooplankton 
abundance have been documented off California since the 1970s and have been linked to 
increased surface water temperature (Roemmich and McGowan 1995). These changes have 
apparently resulted in declines of 90% in another euphausiid-feeding marine predator, the seabird 
Sooty Shearwater, off southern and central California and Washington (Veit et al., 1997). These 
changes have been associated with a gradual ocean warming and could have profound 
implications for other species like blue whales. 
 
The reasons for the decline of blue whale sightings in the northwestern Gulf are complex and no 
single factor can explain all observations. Major changes in the structure and dynamics of the 
northern Gulf ecosystem accompanied the collapse of the large-bodied demersal predators in the 
late 1980s and early 1990s, which was due to overfishing (Savenkoff et al., 2007). Reductions of 
food availability (krill) following changes in environmental conditions (water column 
temperature for instance) or through competition between blue whale and other species, could 
explain this pattern, assuming that competitors and prey co-occur, spatially and temporally. The 
restrictive diet and the energetically expansive method of feeding on prey patches of blue whales 
make them particularly vulnerable to all changes in the ecosystem and environmental conditions. 
We hypothesize that the density of the krill patches in the northwestern Gulf could be decreased 
to a quantity insufficient to sustain the blue whales, causing their departure from the area. In 
contrast, the ecosystem changes favoured the humpback whale, a more opportunistic species, 
which targets both zooplankton and fish. Similar assumptions have been reported by Payne et al. 
(1990) for the southern Gulf of Maine. Sand lance populations recently increased following a 
fishery-induced regime shift in the trophic community. This increase seemed to promote a 
greater number of humpback whales in the region, while right whales became rarer, probably 
through the increase in competition with sand lance for copepods, their common prey. 
 
Another very important feeding area for blue whales in the Gulf of St. Lawrence is the Lower St. 
Lawrence Estuary. Our preliminary results show a slight decrease in the total number of 
individuals and sightings in that region between 1993 and 2006, though very important inter-
annual variations are reported. The Lower Estuary supports higher krill patches than those 
reported for the NWGSL (Simard and Lavoie, 1999; Cotté, 2004; Descroix et al., 2005) and may 
be the richest krill aggregation area for the northwest Atlantic (Simard and Lavoie, 1999). The 
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persistent high-density krill aggregations most likely account for the larger number of blue 
whales encountered each year in the Lower Estuary as well as the higher return rate to this 
feeding area compared to the NWGSL. The pumping and retention of krill from a large part of 
the Gulf of St. Lawrence in the Lower Estuary might be high enough to support predation 
pressure by both blue whales and other species despite the reported decline in krill abundance 
over time in the Atlantic coast of Canada. In contrast, the physical processes occurred in the 
northwestern Gulf seem insufficient to maintain adequate food resources for blue whales since 
the early 1990s. Unfortunately, information on macrozooplankton abundance and biomass is 
lacking in this area. However, the enhanced competition for krill between blue whales and 
species at all the trophic levels following the deep changes in the structure and dynamic of the 
northern Gulf ecosystem appeared to be sufficient to explain the decline in the food availability 
for blue whales, and finally their departure from the area. 
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Figure Legends 
 
Figure 1. The Lower Estuary and Gulf of St. Lawrence. The Strait of Jacques Cartier between the 
Mingan Islands and Anticosti Island, the area of whale sightings is also shown. 
 
Figure 2. Regular visitors? Percentages of whales observed during specific time period for the 
blue whales of the LSLE (A) and blue whales (B) and humpback whales (C) of the NWGSL. 
 
Figure 3. Percentages of blue whales (A) and humpback whales (B) observed one day or more in 
the northwestern Gulf. 
 
Figure 4. Temporal trend of blue whale sightings (total annual sightings and total annual number 
of photo-identified blue whale individuals) in the northwestern Gulf of St Lawrence (A) and 
lower St. Lawrence Estuary (B). Effort in number of day is also shown. 
 
Figure 5. Temporal trend of humpback whales sightings (total annual sightings and total annual 
number of photo-identified blue whale individuals) in the northwestern Gulf of St Lawrence. 
Effort in number of day is also shown.  
 
Figure 6. Distribution of blue whales during the early 1990s (1990-1992) (upper panel) and the 
recent years (2003-2005) (lower panel) in the northwestern Gulf. 
 
Figure 7. Distribution of humpback whales during the early 1990s (1990-1992) (upper panel) and 
the recent years (2003-2005) (lower panel) in the northwestern Gulf. 
 
Figure 8. Total annual biomass (t km-2) of main fish species in the northwestern Gulf of St. 
Lawrence based on research survey data. Overall mean contribution of each species to the total 
biomass is shown in parentheses. 
 
Figure 9. Total annual biomass (t km-2) of main invertebrate species in the northwestern Gulf of 
St. Lawrence based on research survey data. Overall mean contribution of each species to the 
total biomass is shown in parentheses. 
 
Figure 10. Important areas identified for cod during the early 1990s (1990-1992) (upper panel) 
and the recent years (2003-2005) (lower panel). Data were binned into quantiles for mapping. 
 
Figure 11. Important areas identified for redfish during the early 1990s (1990-1992) (upper 
panel) and the recent years (2003-2005) (lower panel). Data were binned into quantiles for 
mapping. 
 
Figure 12. Mean occurrence probability of capelin during the early 1990s (1990-1992) (upper 
panel) and the recent years (2003-2005) (lower panel). The values were calculated by kriging 
using presence and absence data of pelagic fish species gathered during the bottom trawl surveys 
(modified from Gregoire et al., 2005). 
 
Figure 13. Mean occurrence probability of herring during the early 1990s (1990-1992) (upper 
panel) and the recent years (2003-2005) (lower panel). The values were calculated by kriging 
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using presence and absence data of pelagic fish species gathered during the bottom trawl surveys 
(modified from DFO, 2006a, b). 
 
Figure 14. Standardised anomalies (standard deviation SD units) of variables. Missing data are 
represented by grey cells, values within 0.5 SD of the average as white cells, and values higher 
than normal by more than 0.5 SD as red cells, with more intense reds corresponding to 
increasingly higher conditions. Similarly, blue represents lower than normal values. The numbers 
on the right are the means and standard deviations over time series. 
 
Figure 15. Simplified trophic network showing the potential competition between blue whale and 
species at all trophic levels for krill. 
 
Figure 16. Diet composition of capelin in 2003 in the northern Gulf of St. Lawrence (1033 
stomachs sampled). 
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Table 1. Blue whale sightings and number of photo-identified blue whales in the lower St. 
Lawrence Estuary (LSLE) and the northwestern Gulf of St Lawrence (NWGSL) (n = 251 
individuals overall). 

 
 
 
 
 
 
 
 
 
 
 

 LSLE NWGSL 

Total photo-identified blue whales 199 94 
Photo-identified blue whales 
exclusive to one are 157 52 
Photo-identified blue whales seen 
in both areas 42 42 
Seen 1 year 69 69 
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Table 2. Comparisons of high (1990-1992) and low (2003-2005) blue whale abundance time 
periods. 
 

 1990-1992 2003-2005 

 Mean ±SD Mean ±SD 

Number of photo-identified blue whales 16 11 1 1 
Number of photo-identified humpback whales 36 4 52 14 
Fish biomass (t km-2) 6.32 4.15 3.41 1.22 
Capelin biomass (t km-2) 0.87 0.27 0.26 0.33 
Herring biomass (t km-2) 0.02 0.01 0.02 0.02 
Cod biomass (t km-2) 1.87 1.44 0.25 0.21 
Redfish biomass (t km-2) 2.02 1.90 0.17 0.05 
Green. halibut biomass (t km-2) 0.38 0.15 1.81 0.56 
Invertebrate biomass (t km-2) 1.16 0.38 3.72 0.64 
Northern shrimp biomass (t km-2) 0.91 0.31 3.33 0.53 
     
Environment     
30-100 m salinity (August-September) 32.9 0.1 32.5 0.2 
30-100 m temperature ( ºC; August-September) 0.6 0.6 0.5 0.5 
Mean August-September cold intermediate layer (< -1 
°C) volume (km 3) 4474 801 3930 376 
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[25 -  50]% > 75% = 0 
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Series 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 Mean ± SD

Fish biomass (t km-2) 1.0 3.4 -0.3 -0.3 -0.5 -0.8 0.0 -0.2 -0.7 -0.8 0.2 -0.8 -0.7 0.7 -0.4 -0.1 -0.1 0.4 3.3 2.2
Capelin biomass (t km-2) 1.1 1.5 0.2 0.8 0.6 -0.2 1.5 1.3 -0.5 -1.1 -0.8 -1.1 -1.2 0.4 -1.1 -1.1 -0.9 0.7 0.5 0.4
Herring biomass (t km-2) -0.1 -0.3 -0.7 -0.8 -0.1 -0.5 -0.6 -1.1 -0.6 1.0 2.4 -0.3 -0.6 -0.8 -0.5 0.5 1.1 2.0 0.03 0.02
Cod biomass (t km-2) 1.4 3.5 0.0 -0.4 -0.2 -0.5 0.1 -0.5 -0.5 -0.4 0.3 -0.6 -0.6 -0.1 -0.5 -0.5 -0.1 -0.4 0.5 0.8
Redfish biomass (t km-2) 1.0 3.7 -0.2 0.5 -0.3 -0.4 -0.4 0.1 -0.3 -0.4 -0.4 -0.5 -0.5 -0.4 -0.5 -0.4 -0.3 -0.3 0.6 1.0
Green. halibut biomass (t km-2) -1.2 -0.7 -0.8 -1.2 -1.0 -0.9 -0.6 -0.6 -0.6 -0.3 1.1 0.3 0.5 2.3 0.8 0.8 1.0 1.1 1.0 0.6
Invertebrate biomass (t km-2) -0.7 -0.8 -1.3 -1.2 -0.6 -0.6 -0.4 -0.4 0.1 -0.5 0.4 -1.0 0.1 1.9 1.2 0.8 0.9 2.0 2.2 1.1
Northern shrimp biomass (t km-2) -0.5 -0.7 -1.1 -1.0 -1.1 -0.8 -0.7 -0.2 -0.3 -0.5 0.2 -0.6 0.3 1.9 1.5 1.0 0.6 1.9 1.7 1.1
Total blue whale sightings 3.0 0.5 0.6 2.2 -0.5 0.9 -0.3 -0.5 -0.6 -0.1 -0.7 -0.6 -0.7 -0.6 0.5 -0.1 -0.7 -0.7 -0.7 -0.2 -0.7 14 19
Number of photo-identified blue whales 2.1 0.4 1.3 1.8 -0.5 2.1 0.0 -0.5 -0.5 0.0 -0.9 -0.6 -0.9 -0.5 0.5 -0.2 -0.8 -0.9 -0.8 -0.4 -0.9 7 8
Total humpback whale sightings -0.6 -1.0 -0.3 0.7 -1.0 0.5 0.6 -1.4 -1.6 -1.2 -0.4 -0.4 0.8 1.4 1.4 -1.1 1.3 0.8 0.6 0.8 146 83
Number of photo-identified humpback whales -1.7 -1.0 -0.5 0.0 -0.4 0.1 -0.3 -0.8 -1.7 -0.4 1.1 0.9 0.4 0.4 1.1 -1.3 1.1 -0.1 1.6 1.3 38 17
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