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Executive Summary 
 
1. Harp and hooded seals congregate every February and March on pack ice in the 

Gulf of St. Lawrence and on the “Front” off Newfoundland and Labrador to 
reproduce and nurse their pups.  

2. In six of the past seven years, ice cover on the east coast of Canada was 
significantly below the seasonal (Feb./Mar.) average for the period 1983-2002. 

3. In poor ice years, ice cover in some regions was up to 60% less than the yearly 
average observed between 1969 and 2002. 

4. Reduced ice cover in Gulf of St. Lawrence and off Newfoundland and Labrador 
during the breeding season may represent a serious environmental challenge for 
pagophilic (ice loving) seals, which require an ice platform for whelping and nursing. 

5. Whether the observed variations in ice cover are related to cyclical climate change 
(e.g. North Atlantic Oscillation or El Nino events), global warming, or a combination 
of these effects, remains to be investigated. 

6. Variability in ice cover should be incorporated into management plans for pagophilic 
seals on the east coast of Canada.   

 
Introduction 
There is growing evidence that climate change may be having significant effects 
on Arctic sea ice (Johannessen et al. 1999; Rothrock et al. 1999) as well as on 
the distributions of a variety of animals (Parmesan & Yohe 2003; Root et al. 
2003). Recent qualitative observations of reduced ice presence on the east coast 
of Canada suggest that yearly ice coverage in this region may be in decline. 
Variation in the quality and quantity of seasonal ice cover may reflect the effects 
of regional or cyclical climate variability (such as the North Atlantic Oscillation) or 
global climate change on ice dynamics in eastern Canada. Such variation may 
also represent an environmental challenge for pagophilic (ice loving) seals – 
such as harp (Pagophilus groenlandicus) and hooded (Cystophora cristata) - 
which have evolved to use ice in this region as pupping and nursing substrate. 
To test for changes in ice cover over time, we are employing a dual approach, 
combining a numerical statistical analysis of ice coverage data (currently 
available for 1983 and 2002) with a spatial analysis of the same data (available 
for 1969 to 2002). 
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Data Details and Study Area 
Ice coverage data (in Arc interchange format) were downloaded from the 
Environment Canada Ice Services website (http://ice-glaces.ec.gc.ca/). Each 
coverage represents the mean weekly ice cover data during February and March 
for the east coast of Canada and the upper United States within horizontal 
bounding coordinates (in decimal degrees) of: 80.34 to 36.41 West, and 64.79 to 
35.81 North. These data are derived from a combination of remote sensing (e.g. 
RADARSAT synthetic aperture radar scenes) and direct sampling of the area for 
ice cover and are used for a variety of purposes, including climatological studies 
and logistical planning for shipping and transportation.  
 
Numerical Analysis 
To conduct the numerical statistical analysis, we exported each weekly mean 
area ice polygon (excluding icebergs and fast ice polygons) from Eastern Coast 
Weekly Regional Ice Charts and multiplied its 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 case to produce a mean 
weekly total area of ice coverage (t_ct) in the study area. These data were 
compared statistically by year and month with an analysis of variance (ANOVA). 
The results of the ANOVA revealed significant differences in ice cover amongst 
years and between months. Mean ice cover was significantly higher in February 
than in March (Figure 1). The mean values of total ice coverage per year are 
presented in Figure 2. The last five years illustrate a significant negative 
deviation from the overall mean level of ice cover (Figure 3). 
 
Spatial Analysis 
To determine the spatial distribution of ice variability along the east coast of 
Canada between 1969 and 2002 the numerical concentration of ice cover (n_ct, 
all classes of ice) was analyzed.  Each survey for the study area was converted 
to a grid with a 500 m cell size based on the n_ct value. This means that each 
500 m cell has a value of a percent ice concentration associated with it. Figure 4 
illustrates the mean ice cover (Feb. and Mar. combined) in the years with highest 
(1985) and lowest (2001) ice cover in the study area as determined by the 
numerical analysis. 
 
A similar grid was created to describe the spatial distribution of the mean 
numerical concentration of ice (n_ct) along the east coast of Canada from 1969-
2002 (Figure 5). Additionally, the mean n_ct value for each month of survey effort 
(February and March) for each year was calculated. These grids were used to 
create two grids of the mean n_ct ice cover for February and for March from 
1969-2002. These two grids were compared to produce Figure 6, which displays 
the mean spatial distribution of ice cover (n_ct) change from February to March. 
 
Finally, years with highly significant differences in ice cover, either above or 
below average, determined through the numerical analysis, were compared to 
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the mean ice cover grid to determine the locations and level of ice variability.  
Two years with above average ice cover (1984 and 1997) and two years with 
below average ice cover (1991 and 2001) were analyzed. The results are 
depicted in Figure 7.  
 
Discussion and Further work 
The preliminary results of this analysis confirm significant variability in ice cover 
on the east coast of Canada in recent years. The numerical analysis indicates a 
decrease in total ice cover during 1983 to 2002, with the last 6 of the last 7 years 
being significantly lower than the mean for this period (Figure 3).  
 
The results of the spatial and numerical analysis appear consistent. Both 
analyses illustrate a decrease in ice cover from February to March, and variation 
in ice cover between years was also consistent across both analyses. Combining 
these approaches illustrates both the location and extent of significant changes in 
ice cover detected during recent years. For example, the numerical analysis 
indicates a significant decrease in ice cover during 2001, and the spatial analysis 
confirms this and reveals this change occurred both within the Gulf of St. 
Lawrence and off of the east coast of Newfoundland as well (See Figure 7). 
 
Our results confirm that significant changes in ice cover have occurred in recent 
years. While the effects of changes in ice cover on harp and hooded seal 
populations remain unstudied, it is obvious that such variation may have serious 
implications for animals that have evolved to use ice in these areas as pupping 
and nursing habitat. Clearly, research into the effects of ice cover variability on 
reproductive success in harp and hooded seals is required. As well, managers 
who are charged with ensuring the sustainability of these populations should 
acknowledge and account for this type of environmental uncertainty in current 
management efforts. 
 
Our dual approach to the analysis of these data is a powerful technique, 
combining the rigor of parametric statistics with the heuristic power of spatially 
explicit visual representations of ice cover. These analyses are preliminary, and 
both will be continued, including further processing of data collected during 1969 
to 1982 for integration into the numerical analysis. We will also conduct spatial 
and numerical comparisons between means of all years versus the overall mean 
and conduct further study of the data available on different qualitative and 
quantitative classes of ice (e.g. volumes of ice). These analyses will also be 
related to physical environmental factors, such as local temperature changes and 
larger scale cyclical climate phenomena such as the North Atlantic Oscillation. 
These data will also be extended to the study of biological phenomena such as 
the locations and habitat preferences of breeding pagophilic seals.   
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Figure 1. Monthly means of total ice coverage (t_ct) on Canada’s east 
coast between 1983 and 2002. March exhibits significantly lower ice 
coverage than February. 
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Figure 2. Mean area of total ice cover (t_ct) per year (February and March combined) from 1983 to 2002.  
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Figure 3. Deviations in yearly mean total ice coverage (t_ct) from the overall mean between 1983 and 2002 
(February and March combined). 
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Figure 4. Ice cover (n_ct) on the east coast of Canada in a good ice year (1985) and a poor ice year (2001) 
(February and March combined). 
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Mean Ice cover (n_ct) from 1969 to 2002
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Figure 5. Mean Ice cover (n_ct) for the east coast of Canada from 1969 to 2002 (February and 
March combined). 
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Figure 6. Changes in mean ice cover (n_ct) between February and March during 1969 to 2002 
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Figure 7. Deviations from overall mean ice cover (n_ct) for 1969 through 2002 for 1984, 1991, 1997 and 2001 
(February and March combined). 




