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INTRODUCTION

Successful management of cetacean populations
requires information on their foraging habitats (Bjørge
2002). Therefore, a growing number of studies quan-
tify relationships between habitat use and basic envi-
ronmental features in order to generate prediction
models of marine mammal distribution (e.g. Gregr &
Trites 2001, Hamazaki 2002). Model predictors are
often chosen based on their availability, although
choice of variables should rather derive from ecologi-

cal theory (Gregr 2004). Common predictors of
cetacean distribution include sea surface temperature
(SST), distance to shore, and underwater topography
(e.g. Hoelzel et al. 1989, Woodley & Gaskin 1996) but
the mechanisms linking these variables to patterns of
habitat selection have begun to be investigated only
recently (e.g. Croll et al. 2005). Nevertheless, identify-
ing cause–effect relationships in ecological models is
critical (Hilborn & Mengel 1997).

The distribution of rorqual whales on their feeding
grounds is mostly related to the abundance and patch-
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iness of krill (Murase et al. 2002) and fishes (White-
head & Carscadden 1985). Patchiness of organisms in
coastal ecosystems is often caused by the dynamic
features of mesoscale oceanographic processes like
fronts, eddies and upwellings (Olson & Backus 1985).
These processes usually involve spatial scales of 1 to
10 km and temporal scales of 1 to 10 d (Hofmann &
Powell 1998). In most cases, when these upwellings
reach the surface, one of their manifestations is a ther-
mal gradient between warm surface waters and cold
upwelled waters. Such mesoscale oceanographic pro-
cesses increase biological productivity and aggregate
prey species (Olson & Backus 1985), thus influencing
the distribution of several pelagic fish species (e.g.
Fiedler & Bernard 1987, Podesta et al. 1993). 

Gaskin (1987) predicted that these transition zones
between tidally mixed and thermally stratified areas
could be an important feature of right whale habitat in
the lower Bay of Fundy. This hypothesis was supported
by some anecdotal evidence (Murison & Gaskin 1989)
but not by quantitative results (Woodley & Gaskin
1996). Similarly, Baumgartner et al. (2003) suggested
that spatial and interannual variability in right whale
occurrence on the Scotian shelf may be associated with
SST gradients, but Baumgartner & Mate (2005) found
no evidence that tagged right whales associated with
such fronts. Several cetacean species do concentrate
near mesoscale features and coastal upwelling areas
(e.g. Monterey Bay, Benson et al. 2002; Gulf of Mexico,
Davis et al. 2002) but specific information on rorqual
whales is very scarce. Hamazaki (2002) showed that
rorqual abundance was related to areas with higher
monthly probability of front occurrence but this rela-
tionship was never investigated spatially, nor at a finer
time-scale.

Long-term studies of rorqual whales in the northern
Gulf of St. Lawrence (Quebec, Canada) have shown
that distribution of blue Balaenoptera musculus, fin-
back B. physalus, humpback Megaptera novaeangliae
and minke B. acutorostrata whales is linked to areas of
heterogeneous sea-bottom topography (T. Doniol-
Valcroze & R. Sears unpubl. data). Naud et al. (2003)
found a similar relationship for minke whales studied
in a subset of the same research area, and therefore
this link appears strong across several spatial scales
(1 to 10 km grid cells). However, these studies also
showed significant variation in time that could not be
explained by static bathymetric factors. Satellite
remote sensing shows that surface temperature in the
St. Lawrence is strongly influenced by tidal mixing and
upwellings and can vary quickly (Thibault et al. 2002).
Such mesoscale processes could provide additional
explanation for the temporal variability observed in
whale habitat use. Because these upwellings can be
induced by local changes in sea-bottom topography

(Hui 1985, Marchand et al. 1999), the resulting thermal
fronts might constitute an important link between
physiographic factors and whale distribution patterns.

Here we consider the influence of a dynamic oceano-
graphic feature on habitat selection of rorqual whales
through the use of biological (whale sightings) and
physical (satellite-derived SST) data collected at fine
spatial and temporal scales. We test the hypothesis that
spatio-temporal distribution of 4 species of rorqual
whales in the northern Gulf of St. Lawrence is related
to thermal fronts. More specifically, we predict that
whales should be found closer to SST fronts than
expected under a random scenario, and that between-
species differences should reflect species-specific
feeding strategies.

MATERIALS AND METHODS

Study area. We worked on the North Shore of the
Gulf of St. Lawrence, in the Strait of Jacques Cartier
between the Mingan Islands and Anticosti Island
(Fig. 1). This region of the Gulf is characterised by
wind-driven upwellings during the summer, heavy
tidal mixing and high levels of biological productivity
(Koutitonsky & Bugden 1991). Aerial surveys showed
that the North Shore shelf had the greatest cetacean
species diversity of the entire St. Lawrence (Kingsley &
Reeves 1998).

Data collection. Personnel from the Mingan Island
Cetacean Study (MICS) conducted field work from
June to October 1996 to 2000 using 7 m long rigid-
hulled inflatable boats with outboard engines of 90 to
200 hp. As part of a photo-identification study, survey
boats tried to cover the largest possible area every day
and spent more time in areas where whales were fre-
quently encountered. Although our sampling was nei-
ther random nor systematic, surveys incorporated a
broad range of habitat variability and were performed
blindly with respect to the location of frontal areas.
Total distance covered in a day could be up to 220 km
(mean = 112 km, SE = 34 km) and average surveying
effort was 10 338 km (SE = 1022 km) per year. Field
work was highly dependent on weather conditions.
Due to westerly prevailing winds, we spent more time
in the western half of the research area than in the
eastern half. Survey and research activities were possi-
ble if wind speed was ≤ 20 knots (37 km h–1), sea state
≤ 5 on the Beaufort scale, and visibility ≥ 6 km. We spot-
ted whales at a distance of up to 5 km in good condi-
tions. We obtained the latitude and longitude of each
sighting of blue, fin, humpback and minke whales by
recording the position where the whale dove at the
end of its surface sequence (i.e. its ‘footprint’) with a
GPS (precision ≤ 30 m). To avoid biases due to some
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individuals being sighted several times in the same
observation day, we used photo-identification tech-
niques to retain only the first sighting of each individ-
ual in the analysis.

Satellite data were received from the National Oceanic
and Atmospheric Administration (NOAA), processed by
the Remote Sensing Laboratory of the Maurice Lamon-
tagne Institute and then published using the St.
Lawrence Observatory web site (www. osl.gc.ca). Raw
data received each day from the ‘advanced very high
resolution radiometer’ (AVHRR) were transformed into
SST maps covering the entire Gulf of St. Lawrence using
Terascan™ software. Images were geo-referenced auto-
matically using coastline recognition. Temperatures
were calculated using a split-window algorithm (Mc-
Clain et al. 1985). 

Data mapping and identification of thermal fronts.
For our analysis, we used data obtained on days for
which a good quality satellite map of SST was avail-
able (with no clouds masking the study area) and for
which weather conditions permitted field surveys. For
each of these observation days, a GIS coverage was
built by plotting the sightings on a map projected in
Universal Transverse Mercator with a central meridian
of –63° longitude, using ArcView 3.1 software with the
‘spatial analyst’ and the ‘animal movement’ extensions
(Hooge & Eichenlaub 1997). Satellite images of SST
were incorporated into the GIS as raster (cell-based)
layers. Pixels measured 1.132 km and were calibrated
to temperature values in intervals of 0.256°C. Fronts
are usually defined as ‘narrow regions where hori-
zontal gradients are large’ (Mann & Lazier 1991) but

definitions vary with respect to the strength of the gra-
dient. For Ullman & Cornillon (1999), each front re-
presented a change in SST >0.375°C km–1. In contrast,
Marchand et al. (1999) observed fronts in the Estuary
of the St. Lawrence with typical temperature gradients
of 2 to 5°C over a few kilometres. We identified tem-
perature gradients on each SST map by applying a
Laplace filter to a series of circular matrices of 3 pixels
in diameter. The centre pixel of each matrix returned
data on the range of temperature values across that
matrix. This edge-detection filter can identify fronts in
any direction. Preliminary analysis showed that the
average temperature gradient in our data set was
0.58°C km–1 (SD = 0.65). Gradients of 1.88°C km–1 thus
represented 2 standard deviations above the mean.
Based on this, we decided to define SST fronts as
gradients of 2°C km–1, which represented only the
strongest temperature gradients.

Statistical analyses. We used a random resampling
approach (Manly et al. 2002) to test the null hypothesis
that whale sightings were distributed randomly with
respect to thermal fronts. For each year, we drew the
minimum convex polygon (MCP) containing 95% of
our effort tracks. We used a land mask to remove the
shape of the landmasses and created a buffer of 500 m
around the shorelines to ensure that the polygon rep-
resented available habitat for whales (Fig. 2). For each
observation day, we plotted random points within the
MCP representing the study area of that year, in equal
number to whale sightings. This ensured that random
points fell in areas that were well covered by our sur-
vey effort. We then calculated the Euclidean distance
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Fig. 1. Atlantic coast of Canada showing location of study area and main bathymetric contours
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to the closest front for each of the random points and
whale sightings. For each species, we pooled the data
by month and by year and compared the average dis-
tances for random points and whale sightings using an
ANOVA. We used post-hoc t-tests to compare each
species with the random sample separately.

Resampling tests do not address the fact that envi-
ronmental variables are usually correlated with each
other as well as spatially autocorrelated (Schick &
Urban 2000). Parametric tests assume independence
between data points but, in our case, because of spatial
autocorrelation, 2 sightings that are close to each other
have more similar characteristics than sightings that
are further apart. Data cells are therefore not indepen-
dent and this can increase Type I errors (some relation-
ships appear significant when they are not). As recom-
mended by Schick & Urban (2000), we used Mantel
tests to assess the correlation between whale locations
and environmental variables while at the same time
taking into account the spatial autocorrelation of these
variables. Mantel tests differ from standard parametric
regression techniques in that the dependent variables
are dissimilarity matrices, and the test measures the
degree of pairwise similarity between sets of data
(Mantel 1967). Significance is evaluated via permuta-
tion procedures. A simple Mantel test asks whether

locations that are similar in terms of the predictor vari-
able (distance to front) are also similar in terms of the
dependent variable (whale presence or absence). A
partial Mantel test also considers space (geographic
location) as a predictor variable, testing whether sam-
ples that are close in space have similar values for
other variables. The power of this test is its ability to
partial effects of confounding variables (Legendre &
Legendre 1998). The Mantel r2 are based on the nor-
malised value r of the Mantel statistic z. This standard-
ized value rescales the statistic to the range of a con-
ventional correlation coefficient bounded on [–1,1].

We constructed 6 dissimilarity matrices, all of them
generated from the positions of all random points and
whale sightings; 1 matrix was constructed for space
(Euclidean distance between sightings), 1 for the dis-
tance to fronts, and 1 for each species of whale. For the
distance to fronts, we used the D15 dissimilarity index,
which has the advantage of normalising the distance
by the largest difference across the study area (Le-
gendre & Legendre 1998). For whales, we used group
contrast matrices, where similar sites (i.e. 2 random
points or 2 whale sightings) had a contrast value of 0,
and dissimilar sites (i.e. at the intersection of a random
point and a whale sighting) had a contrast value of 1.
We then used simple and partial Mantel tests for each
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combination of these matrices, using 10 000 iterations
to assess significance. We performed analyses using
the R package for multivariate and spatial analysis,
Version 4.0 (Casgrain & Legendre 2001).

RESULTS

Observation days and whale sightings

SST images were available on an irregular basis due
to the frequency of images with heavy cloud cover
obscuring the region; 61 observation days matched
both requirements of a good quality satellite map and
weather conditions permitting field surveys. These
days were distributed homogeneously over the 5 yr of
the study but not over the 4 mo of the field season
(Table 1). June and August were consistently under-
and over-represented, respectively, in the analysed
data set. The 61 observation days available for analysis
represented 1094 sightings of rorquals: 43 blue, 321
finback, 419 humpback and 311 minke whales. These
are the first sightings of the whales seen on each day.
Sightings from different dates can include the same
individuals. Fig. 3 shows that whale sightings were not
distributed homogeneously within the survey effort. 

Distribution of whales with respect to thermal fronts

Temperature gradients observed in satellite maps
were often steep (frequently >2°C km–1) indicating the
occurrence of strong mesoscale oceanographic pro-
cesses. Whales were located closer to thermal fronts
than expected from a random distribution (ANOVA,
F4 = 7.45, p < 0.001). We illustrate this relationship and
the temporal variability of surface fronts in Fig. 4. The
pattern of SST and frontal areas on 2 September, 2000
(Fig. 4A,B) is characteristic of a wind-induced up-
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Table 1. Distribution across years and months of suitable
observation days in the northern Gulf of St. Lawrence
between 1996 and 2000. Observation days suitable for analy-
sis satisfied 2 requirements: availability of a good satellite
map of sea surface temperature and weather conditions per-

mitting field surveys

Year Jun Jul Aug Sep All months

1996 1 4 5 3 13
1997 0 2 3 4 9
1998 2 3 4 2 11
1999 3 2 5 5 15
2000 1 3 6 3 13

All years 7 14 23 17 61

Fig. 3. Balaenoptera musculus, B. physalus, Megaptera novaeangliae and B. acutorostrata. Distribution of blue (n = 43), finback
(n = 321), humpback (n = 419) and minke (n = 311) whale sightings used in our analysis of habitat selection by rorqual whales 

over 1996 to 2000 observation period
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welling with fronts lying in a general east–west axis.
The configuration on 23 August, 2000 (Fig. 4C,D)
shows the typical result of tidal forces with discontinu-
ous irregular fronts, some of them in a north–south
axis. Post-hoc t-tests showed that the relationship be-
tween whales and thermal fronts was not the same for
all species: the difference between whale sightings
and random points was statistically significant for blue
(t84 = 8.41, p < 0.001), finback (t640 = 5.91, p < 0.001) and
humpback (t836 = 6.87, p < 0.001), whales but margin-
ally non-significant for minke whales (t620 = 1.79, p =
0.08). On average, blue whales were the closest to the
fronts, followed by humpback, finback, minke whales
and random points. This order remained remarkably
stable over the 4 mo of the study (Fig. 5), except in July
when finback whales were found slightly closer to the
frontal areas than humpback whales. Each species was
farther away from the fronts in June than in any other
month, which was also true of the random points.

Simple Mantel tests between space and the other
matrices showed strong spatial autocorrelations for all
species of whales as well as for the SST fronts
(Table 2). Simple Mantel tests also showed significant
correlations between the SST front matrix and all 4
whale matrices, confirming the results of the resam-

pling test: points that were similar in terms of whale
presence were also similar in their distance to the
frontal areas. A partial Mantel test showed that there
was a significant effect of the distribution of SST fronts
on distribution of blue (Mantel partial r2 = 0.19, p <
0.01), finback (r2 = 0.13, p < 0.05) and humpback (r2 =
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Fig. 4. Sea surface temperature (SST), location of frontal areas, whale sightings (d), random points (s) and shortest straight lines
linking sightings or random points to the closest thermal front. (A) SST map dated 2 September 2000 and (B) associated SST fronts
typical of upwellings induced by westerly winds; (C) SST map dated 23 August 2000 and (D) associated SST fronts typical 

of tidally induced upwellings. Specific names as in Fig. 3 legend

Fig. 5. Balaenoptera musculus, B. physalus, Megaptera no-
vaeangliae and B. acutorostrata. Mean (±SE) distances
between whale sightings or random points and the nearest 

frontal area for years 1996 to 2000
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0.12, p < 0.05) whales even once spatial autocorrela-
tion was accounted for, but not in the case of minke
whales (r2 = 0.07, p = 0.11). This indicates that the cor-
relation observed between SST fronts and minke
whales in the simple Mantel test might have been
due to their strongly autocorrelated spatial structure,
whereas the spatial component was not the only expla-
nation for the correlation found with the 3 other
rorqual species.

Although statistically significant, most Mantel corre-
lations were low. However, because of the randomisa-
tion technique involved, the magnitude of Mantel cor-
relations are often comparatively small, even when
highly significant statistically (Dutilleul et al. 2000) and
should be interpreted with caution (Schick & Urban
2000). The coefficient we used in the Mantel tests
assumed that the functional relationships between
species and habitat variables were linear. Although we
did not test this assumption, a re-analysis of the minke
whale data using a Spearman nonparametric coeffi-
cient in the Mantel test (Legendre & Legendre 1998)
yielded similar results and conclusions.

DISCUSSION

We combined a large data set of whale sightings with
satellite images of SST to show that whale distribution
was unambiguously dependent on frontal areas. Blue,
finback and humpback whales were closer to thermal
fronts than expected under a random scenario, whereas
minke whales were not. This important patterning ef-
fect of the SST fronts on the distribution of whales was
robust enough to be maintained even once spatial auto-
correlation was taken into account. To our knowledge,
this fine-scale spatial relationship between fronts and
rorqual whales is shown here for the first time, but is
similar to a larger scale relationship between hump-
back whales and a coastal upwelling front in the Cali-
fornia Current System (Tynan et al. 2005). 

Our results suggest that frontal areas cre-
ate attractive foraging conditions for
rorquals. Most fronts in the St. Lawrence re-
sult from tide- or wind-induced upwellings
(Koutitonsky & Bugden 1991). These up-
wellings increase biological productivity
(Olson & Backus 1985), which might alone
explain the attractiveness of such areas to
large whales. However, the location of SST
fronts can vary quickly among days. Be-
cause we worked at the time-scale of single
days, we believe that the link we observed
between whale and front distribution can-
not be explained solely by this increased
productivity. Another explanation is that

temperature gradients created by these upwellings
can have a herding effect on krill and fishes along their
edge. Krill forced upwards by the upwelling try to
swim down to avoid the more intense light levels at the
surface and their concentration increases, making
them easier prey for their predators (Lavoie et al.
2000). Similarly, when capelin are exposed to tempera-
ture gradients, they concentrate within narrow thermal
zones by avoiding the colder water (Marchand et al.
1999). Therefore, concentrations of krill and capelin
can be expected at SST fronts, where cold waters limit
their distribution. At the head of the Laurentian Chan-
nel for instance, location and timing of some capelin
aggregations in the upper water column are pre-
dictable (Simard et al. 2002). Thus, whales have a
higher probability of detecting dense patches of food
and can minimise their foraging and travelling times
by exploiting frontal areas. We believe that this herd-
ing effect and the predictability of such concentrations
of prey items are the main reasons for the relationship
we observed at such a small time-scale.

A potential source of bias in our study comes from
the nature of our sampling design. Habitats where
whale densities were highest were likely to have been
oversampled because field operations aimed at max-
imising whale encounters, rather than ensuring that
habitats were sampled equally or randomly. An artifi-
cial relation between whales and frontal areas could
thus have been created if field workers were cuing on
frontal areas to find whales. This, however, was not the
case, since field personnel was uninformed about the
position of fronts when leaving from the research sta-
tion in the morning. In addition, potential biases when
collecting data from platforms of opportunity are min-
imised by broad spatial and temporal coverage that
incorporates a range of habitat variability (Evans &
Hammond 2004, Redfern et al. 2006), as was the case
in this study. Like other studies based on platforms of
opportunity or catch data (e.g. Weinrich et al. 2000,
Gregr & Trites 2001, Clapham et al. 2004), we thus
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Table 2. Balaenoptera musculus, B. physalus, Megaptera novaeangliae
and B. acutorostrata. Mantel r coefficients and p-values for results of sim-
ple and partial Mantel tests between dissimilarity matrices representing
space, distance to nearest front and presence/absence of each species of
whale during a 5 yr study in the northern Gulf of St. Lawrence (1996 to
2000). Space: spatial autocorrelation; Fronts: correlations between whale 

distribution patterns and sea surface temperature fronts

Space Fronts
Simple test Simple test Partial test

Fronts 0.35 (p < 0.001) – –
Blue 0.14 (p < 0.01) 0.25 (p < 0.01) 0.19 (p < 0.01)
Finback 0.21 (p < 0.01) 0.22 (p < 0.01) 0.13 (p < 0.05)
Humpback 0.07 (p < 0.01) 0.16 (p < 0.01) 0.12 (p < 0.05)
Minke 0.49 (p < 0.001) 0.11 (p < 0.05) 0.07 (p = 0.11)
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assumed that if any strong ecological association did
exist, we would be able to detect it despite the limita-
tions of our design. It is also important to note that we
compared used to available habitat, rather than used to
unused habitat, so that we never assumed that unsam-
pled habitat contained no whales. This approach is the
most conservative way to estimate habitat selection
(Manly et al. 2002).

Our results were consistent throughout the research
season despite a potential seasonal bias in our meth-
ods. In June, temperature gradients are smaller
because spring warming of the waters has not yet
occurred. Thermal fronts might then be harder to
detect using surface temperature and some of them
might not reach our threshold value of 2°C km–1. A
smaller number of fronts at the surface would make all
points appear farther away from the frontal areas and
this could explain why mean distances to the nearest
front were higher in June than in any other month.
Because this was true for all species and for random
points as well, we do not believe this is a biological
difference.

Rorquals are sometimes observed feeding along
front lines (R. Sears & T. Doniol-Valcroze pers. obs.). In
this study, most whales were observed closer to the
fronts than expected under a random scenario but they
were not directly on top of the frontal areas. Two
hypotheses could explain this spatial lag. First, the
fronts are not straight lines under the surface. They
can deviate from a vertical line, and can sometimes
originate several kilometres away from where they are
detected at the surface. Thus the actual aggregation of
prey items might be a certain horizontal distance away
from the surface manifestation of the front. Second,
aggregation of passive dispersing prey species by
fronts may take time to develop (Olson & Backus 1985,
Podesta et al. 1993). This lag could explain the differ-
ence between the distribution of fronts as seen by the
satellite and the distribution of whales observed from
boats a few hours before or after.

The spatial and time lags mentioned above could
explain why some studies of large baleen whales did
not find relationships between whales and SST fronts.
Such studies usually examine the value of the temper-
ature gradient at the exact location of the whale sight-
ing and not the distance to the nearest front (Baum-
gartner & Mate 2005). In addition, they often use SST
maps that have been averaged over several days
(Hamazaki 2002). Alternatively, it is possible that dif-
ferent species (e.g. rorquals vs. right whales) show
specific associations with thermal fronts, that study
areas differ in the relative importance of thermal fronts
to whales, or that results depend on the way thermal
fronts are defined and identified. For these reasons, we
believe that SST fronts constitute a complementary

proxy for food availability, but that they might not be
suitable in all cases. However, the benefits of this
proxy are that it is one step closer to actual prey avail-
ability than many other oceanographic variables, and
that it suggests plausible mechanisms for the observed
spatial relationships.

Blue whales were found closer to SST fronts than any
other whale species and, once spatial autocorrelation
was taken into account, minke whales were not associ-
ated with fronts. We suggest 2 non-exclusive hypothe-
ses to explain these differences among rorquals. First,
blue whales are specialists and feed exclusively on
krill. In contrast, humpback and finback whales have a
more omnivorous diet in our study area, with some
overlap between the 2 species (shown through analysis
of fatty acids; Borobia et al. 1995). Because euphausiids
are capable of less active horizontal movements, their
aggregation patterns are probably more influenced by
the concentrating effect of fronts than are those of
fishes. Marchand et al. (1999) observed that the distri-
bution patterns of capelin in the estuary of the
St. Lawrence did not coincide exactly with the krill dis-
tribution, but the 2 total biomasses were significantly
correlated. This could explain why humpback and fin-
back whales, which feed on both krill and fishes, were
observed farther away from the fronts and were not
significantly different from each other. This hypothesis
could only be tested with data on prey items at each
sighting location. It would also be useful to know more
about the diving profiles of the different species using
data-recording tags. Second, in our study area, minke
whales use shallower waters on average than other
rorquals, their distribution is strongly linked to hetero-
geneous bottom relief (T. Doniol-Valcroze & R. Sears
unpubl. data) and they prefer certain substrates like
sand dunes (Naud et al. 2003). Similarly, minke whales
(as well as some finbacks) studied in the Bay of Fundy
were attracted to high-vorticity regions of eddy habi-
tats (Johnston et al. 2005). These results could reflect
distinctive hunting techniques for which underwater
topography and tidally-induced features are important
(Hoelzel et al. 1989), explaining why the relationship
between fronts and minke whales was very weak..
This hypothesis could be tested with a multivariate
model that would include all of these variables and
compare their relative importance for minke whales.
Overall, these observations suggest a finer degree of
habitat partitioning among rorqual species on their
feeding grounds than had been previously suspected.

The spatial autocorrelation values for the 4 species
(Table 2) show that the whales with the least amount of
spatial structure are the ones most highly correlated
with fronts. In contrast, minke whales are the most
spatially autocorrelated, yet there is no observed rela-
tionship to fronts, which emphasises the need to
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identify other variables which could be contributing to
these spatial patterns. We also observed that using
partial instead of simple Mantel tests slightly dimin-
ished the significance of the relationship with fronts,
suggesting that the spatial autocorrelation present in
our data could represent the effect of other, unknown,
variables.

In conclusion, our study confirms that habitat selec-
tion by rorqual whales cannot always be explained
solely by looking at the absolute values of environmen-
tal parameters. Our results show that SST fronts can
have a strong influence on the distribution of rorquals
and could explain part of the temporal variability that
cannot be addressed by static factors. We strongly
encourage other studies of habitat use by marine mam-
mals to include such dynamic variables in their models,
especially when data on prey distribution are not avail-
able. We also found significant differences between
the 4 rorqual species in relation to the frontal areas,
indicating a fine degree of habitat partitioning that
deserves more research. We believe these results can
help identify habitats important to whales and can
prove critical for management decisions.
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