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Summary
We examined variation in ice cover in the Gulf of St. Lawrence
and off the East coast of Newfoundland and Labrador during
February and March, 1969-2006.  While sea ice cover has
varied cyclically since 1969, nine of the past eleven years
(1996-2006) have been characterized by below average ice
cover. One year (1997) was similar to the mean calculated for
1969-2006, and only one year (2003) had above average ice
cover.  Reduced ice cover has important implications for harp
(Pagophilus groenlandicus) and hooded (Cystophora cristata)
seals, which depend on the annual availability of sea ice in the
Gulf and off Newfoundland and Labrador during February
and March to give birth, nurse and wean their pups
successfully. Lack of solid ice may result in reduced
reproductive success of adult females, increased pup mortality,
and changes in food availability for weaned pups. Increased
environmental uncertainty associated with climatic and habitat
variability must be incorporated explicitly into precautionary
management schemes in order to protect commercially
exploited ice-breeding seals from overhunting and depletion. 

Introduction
In an earlier paper we examined variation in sea ice cover off
the East coast of Canada from 1969 to 2002 (Johnston et al.
2005). We found that ice cover in February and March varied
cyclically over those years, ending with a period of below
average ice years between 1996 and 2002. During light ice
years, we noted a dramatic reduction in sea ice cover during
the first and second weeks of March, coinciding with the peak
pupping period for harp seals, and preceding the main
pupping period for hooded seals. Such conditions pose risks
for both species. These risks include reduced reproductive

success, increased rates of neonatal mortality, and changes in
food availability for newly weaned seal pups.

In the years since our previous study, generally poor ice
conditions have persisted  in the Gulf of St. Lawrence,
particularly in 2006. To document precisely what has
happened both in the Gulf and off the coast of Newfoundland
and Labrador since 2002, we have added the years 2003-2006
to the original database. In the present paper, we examine
whether the below average ice cover that characterized the
period 1996-2002 continued in subsequent years, or was there
a return to the more cyclical pattern that we observed between
1969 and 1995. We discuss the implications of our results for
ice-breeding harp and hooded seals and how this information
might be incorporated into management decisions regarding
Canada’s on-going commercial seal hunt. 

Methods
Following Johnston et al. (2005), mean weekly ice cover
during February and March, 1969-2006,  for the East coast of
Canada and the northeastern United States (within the
bounding coordinates of 80.34° to 36.41°W longitude and
64.79° to 35.81° N latitude) was downloaded from the
Environment Canada Ice Services web site (http://ice-
glaces.ec.gc.ca/). The area selected covers the breeding regions
for harp and hooded seals in the Gulf of St. Lawrence and on
the “Front” off the East coast of Newfoundland and Labrador.
The ice data are derived from a combination of remote sensing
data and direct sampling of the area for ice cover. 

For the purposes of this paper we define sea ice cover as
the total numerical concentration of ice recorded for polygon
areas in each given coverage, following standard World
Meteorological Organization (WMO) “egg” codes and
consistent with our previous analyses (Johnston et al. 2005).
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All ice coverages were downloaded as Arc Interchange files and
imported into ArcInfo 9.1. An automated script exported the
ice concentration tables into an Access database.

To conduct the numerical statistical analysis, we exported
each weekly mean ice coverage (excluding icebergs and fast ice)
and multiplied the total area by its corresponding numerical
concentration value (n_ct). The numerical concentration value
represents the percentage (in tenths) of each ice polygon that
was covered with ice. These areas were then summed for each
weekly coverage to produce a mean weekly total area of ice
coverage (t_ct) in the study area. Appropriate weeks were
combined and averaged to calculate the total and mean area of
ice cover for the months of February and March, for each year
and over all years combined. 

To consider another view of what annual variations in ice
cover during February and March might mean for whelping
harp and hooded seals, we also obtained WMO “Coloured
Stage of Concentration Charts” from Environment Canada Ice
Services for the Gulf of St. Lawrence and Front regions,
covering the years 1995-2006. Gulf data were purchased for
the date closest to 1 March, which approximates the mean
pupping date for harp seals in this area. As harp seals on the
Front give birth approximately one week later, Front data were
purchased for the date closest to 7 March.  We used these ice
maps to examine qualitatively the extent to which ice cover at
the approximate time of whelping for harp seals reflects

average ice cover observed for February and March in any
given year. 

Results
Sea ice cover in the Gulf of St. Lawrence and off
Newfoundland and Labrador has varied cyclically over much
of the period since 1969 with periods of above average ice
cover followed by periods of below average ice cover (Figure 1).
In nine of the past eleven years, spanning the period 1996-
2006, average ice cover in February and March has been below
the average calculated for the entire period (1969-2006). Ice
cover in one year (1997) was similar to the mean and only one
year in the past eleven (2003) had above average ice cover.

Ice concentration maps corresponding with mean
pupping dates for harp seals in the Gulf of St. Lawrence and
on the Front off Newfoundland and Labrador showed a
qualitatively similar picture to the results obtained for Gulf
and Front together, for February and March combined (Figure
1). Figure 2 shows ice coverage on March 1 (Gulf ) and March
7 (Front) for a year with above average ice cover (2003, see
Figure 1), a year with average ice cover (1995) and a year with
below average ice cover (2006).  The red areas on these maps
depict 9 to 10 tenths (90-100%) coverage of ice. 
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Figure 1. Mean yearly anomalies in numerical sea ice cover for eastern Canada during 1969-2006, derived from weekly mean sea ice coverages
(see text for details).
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Figure 2. Ice cover in the Gulf of St. Lawrence (1 March, left) and off the coast of Newfoundland and Labrador (7 March, right) for 1995 (aver-
age year, middle), 2003 (above average, top) and 2006 (below average, bottom). From Canadian Ice Service, Environment Canada.
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Discussion 
The reduced ice cover in the Gulf of St. Lawrence and off the
coast of Newfoundland in recent years (Figures 1 & 2) coincides
with increasing global near surface temperatures (Met Office
2006). It also coincides with a period when the extent of sea ice
over the entire Arctic has declined, remaining below the long-
term (1973-2004) average since the late 1980s (Parker et al.
2004).

Closer to our study area, the Canadian Department of
Fisheries and Oceans reported that annual sea-ice extent on the
Newfoundland and Labrador Shelf remained below normal for
the eleventh consecutive year (Canadian Science Advisory
Secretariat 2006). In 2006, Environment Canada again
reported above normal temperatures and poor ice conditions, so
the possibility exists that Northwest Atlantic harp and hooded
seals have actually experienced unstable and reduced breeding
habitat for the past 12 years, a consistent but even more
pessimistic view than the one that emerged from our study.

Global warming per se is not the only factor involved in the
reduced ice conditions since 1995. In our previous study
(Johnston et al. 2005), we noted that sea ice cover varied
cyclically in eastern Canada between 1969 and 2002 (see Figure
1), influenced to some degree by the North Atlantic Oscillation
(NAO). Heavy ice years were correlated with positive spring
NAO conditions, whereas below average ice conditions tended
to coincide with negative NAO conditions. Toward the end of
the data set (post-1995), however, that correlation became more
ambiguous (see Johnston et al. 2005, Figure 1). It is now evident
that ice conditions have remained below normal (with one
exception) through 2006.  

We are currently re-examining the possible roles of
stochastic interannual variation, the NAO, the 2006-2007 El
Niño event, and global warming, in determining the pattern of
ice concentration off eastern Canada. These analyses are on-
going and will be presented in a subsequent paper. Whatever the
causes, the reduced ice cover observed over the past 11 years has
important implications for the conservation of ice-breeding
harp and hooded seals, which continue to be hunted both in the
Gulf of St. Lawrence and off the coast of Newfoundland and
Labrador each spring. 

Effects on ice-breeding seals
While it is relatively easy to document changes in ice conditions
over time, it is more difficult to measure the precise impacts on
reproducing seals (Johnston et al. 2005; Lavigne 2006). A lack
of suitable ice, combined with violent storms, and early break-
up, disrupts the seals’ normal pupping season. Reduced ice
cover may result in increased abortions if female seals do not
find ice upon which to give birth, or increased mortality of
newborns if the ice breaks up or melts before the end of nursing. 

In several years, Canadian government scientists have
assumed that some proportion of harp seal pups have died due
to poor ice and intense storms, which have caused significant
destruction of the ice, prior to the beginning of the annual seal
hunt (e.g. Sergeant 1991). For the years 1981, 1998, and 2000,
they assumed that 25, 6, and 12 per cent, respectively, of pups
died before the hunt began (Hammill and Stenson 2005). In
2002, they assumed that 75% of pups born in the Gulf of St.

Lawrence died, which translates into an total mortality of 25%
for the Gulf and Front combined, the same figure they used for
2005. In 2006, a particularly poor ice year according to our
analysis, the figure they used was only 5% (M. Hammill, DFO
pers. comm.12 February 2007). Reduced pup survival due to
ice conditions in any given year would result in a reduced
cohort size, something that may implications for population size
and trends over the longer term (Sergeant 1991). It is important
to note that although estimates of increased mortality have been
incorporated into population models which generate estimates
of total harp seal numbers based on pup production (Hammill
and Stenson 2005), there have been little actual data on which
to assess changes in pup mortality. This is a concern because if
pup mortality has increased due to poor ice conditions from
1998 onwards this would not have shown up in either of the
most recent pup surveys in 1999 and 2004 because of the time
it takes for harp seals to reach maturity (Lavigne and Kovacs
1988).  

If warm years with reduced ice coverage become the norm
– as appears to be the case – there will likely be additional effects
on ice-breeding seals, including both harp and hooded seals
(Johnston et al. 2005, Lavigne 2006). These include possible
effects on timing of reproduction (Lavigne and Kovacs 1988)
and the loss of critical breeding habitat. They also include
potential effects on fish and invertebrates, leading to changes in
availability of prey for seals, potential effects on seal predators,
e.g. killer whales, Orcinus orca, and concomitant effects on seal
condition, growth, reproductive success, and survival. A recent
examination of the potential effects of global warming on
marine mammals included harp and hooded seals among the
species expected to experience a reduction in the size of their
ranges if global warming continues (Learmonth et al. 2006). A
reduction in total population size might also be expected if their
historical critical habitat – particularly their breeding habitat –
were to contact. 

Prospects for February – March 2007
In December 2006, Environment Canada predicted that winter
freeze-up over the Gulf of St Lawrence, Newfoundland and
southern Labrador (essentially our study area) would occur later
than normal, with near to above normal temperatures forecast
for the spring over most of the Gulf (Canadian Ice Service –
Environment Canada 2006). The seasonal outlook for January
and February indicated that temperatures would be above
normal over most of the Gulf of St. Lawrence, and that ice
extent would be somewhat less than normal (Figure 3A). Ice
thickness was also predicted to be slightly less than normal over
most of the Gulf.  On 5 February 2007, however, there was far
less ice (compare Figures 3A and 3B) than Environment Canada
had predicted the previous December. 

Environment Canada’s 30-day forecast of 1 February 2007
confirmed that near to above normal temperatures were
recorded during the second half of January 2007 for the central
and eastern Gulf, and predicted a freeze-up two to three weeks
later than normal (Environment Canada 2007). Temperatures
were predicted, however, to be below or much below normal for
the entire Gulf of St. Lawrence for the first two weeks of
February, with near to below normal temperatures for the
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Figure 3. A. Predicted ice cover in the Gulf of St. Lawrence  and the coast of Newfoundland and Labrador for
February 2007. Compare with B. the observed ice cover for 5 February 2007. From Canadian Ice Service,
Environment Canada. See text for discussion.
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Figure 4. Landed catches (green bars) in relation to total allowable catches (red line) for Northwest Atlantic harp seals, from the introduction of
quota management (1971) to 2006 inclusive. Yellow triangles designate years with below average ice coverage relative to the mean observed over
the period 1969-2006 (see Figure 1).

1 In recent years, hooded seals have been a negligible part of Canada’s landed catch (2004 – 389; 2005 – 20; 2006 – 10; G. Stenson, DFO,
unpublished ms). For that reason, they will not be discussed further here.

second half of February (Environment Canada 2007).  At the
time of writing, the extent of the ice cover in the latter half of
February and throughout March – the time of particular
importance to whelping harp and hooded seals – remains
uncertain. 

Implications for the management of Canada’s
commercial seal hunt
Our observations have important implications for the
management of Canada’s commercial hunt for harp seals, the
largest remaining hunt for a marine mammal population
anywhere in the world. That hunt now targets mainly young
harp seal pups (98% of the animals killed in the past two years
have been pups aged about 2 weeks to 3 months).1

Managers have limited options for dealing with the
scientific and environmental uncertainty associated with climate
change. One thing management authorities can do, however, is
limit non-climate stresses – including overhunting – on
exploited species like harp seals that are being affected by global
warming (WWF 2005).

WWF’s approach to “building resilience to climate change”
is a good example of implementing a precautionary approach in
conservation.  Canada has included the precautionary approach
in the preamble to its Oceans Act (Campbell and Thomas
2006), and the government claims that its seal hunt

management is “precautionary.”  In fact, the government has
repeatedly failed to respond to calls for implementing a
precautionary approach for dealing with either scientific
uncertainty (e.g. Johnston et al. 2000), or the increasing
environmental uncertainty associated with climate change (e.g.
Johnston et al. 2005, Leaper and Matthews 2006, Lavigne
2006).

Since 1995 – corresponding to the period of reduced ice
cover off eastern Canada in February and March – the Canadian
government has actually increased the total allowable catch
(TAC) for Northwest Atlantic harp seals from 186,000  to as
high as 350,000 (Figure 4). In recent years, the TAC has often
been set at even higher levels than the population can sustain.
The 2006 TAC, for example, was set 85,000 animals higher
than the “sustainable yield” estimated by Canadian government
scientists.

Landed catches have also increased since 1995, reaching a
high of 365,971 in 2004, the highest recorded catch since the
introduction of quota management in 1971 (Figure 4). And, in
four of the past five years, the government has failed to regulate
the hunt sufficiently to avoid quota over-runs. In 2006, for
example, the TAC was exceeded by almost 20,000 animals. 

Canadian government scientists now estimate that the
Northwest Atlantic harp seal population, which is currently
declining, numbers about 5.5 million (M. Hammill, DFO,
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pers. comm., 12 February 2007). That estimate has 95%
confidence limits of 3.8 to 7.1 million animals.  The
“replacement yield” – the number of animals that can be
removed from the population without causing it to decline –
has fallen to 165,000. But, that estimate is also uncertain. If the
population were actually lower than 5.5 million – and there is a
50% chance that it is – then the estimated replacement yield
would be lower as well. The confidence limits for total harp
seal numbers are also only valid if the assumptions of the model
are correct.  If indeed there has been additional pup mortality
due to ice conditions that has not been incorporated in the
model then total numbers could be very different.

In contemporary precautionary models, total removals
from a wild population are linked directly to the degree of
scientific and environmental uncertainty. When uncertainty is
high, the total allowable removals are reduced, to ensure that
wild populations are maintained at sufficiently high numbers
that their future is not jeopardized (Wade 1998). 

In marked contrast, there is no mechanism in Canada’s seal
hunt management approach that links Total Allowable Catches
to current scientific and environmental uncertainty.
Furthermore, Canada’s management approach has never been
subjected to the rigorous testing that is a mandatory
requirement in the development of modern, precautionary
management procedures.

A recent scientific study specifically examined the
Canadian government’s approach for determining population
status and trends for Northwest Atlantic harp seals, and for
providing advice on Total Allowable Catches (Leaper and
Matthews 2006).  It found that Canada’s management approach
is likely to maintain a high Total Allowable Catch, despite a
declining population, and risks seriously depleting the harp seal
population by as much as 50 to 70 per cent over the next 15
years.  

That study reiterated an earlier recommendation (Johnston
et al. 2000) that Canada reduce the current TAC for harp seals
to levels calculated from a well established precautionary
procedure, such as the Potential Biological Removal (PBR)
method mandated for use with marine mammals under U.S.
law (for a discussion of PBR in relation to harp seals, see
Johnston et al. 2000). Such a step would reduce Canada’s TAC
for 2007 to a level below the currently estimated replacement
yield of 165,000. It would also dramatically reduce the
likelihood that the population will be depleted by overhunting,
and provide some measure of reslience for the seals in the face
of global warming and uncertain ice conditions. 
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