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Table 6. Swim velocities of seals bearing along with the current 

Range Dayl Day2 DayJ Day4 DayS 

(m/s) •;. •;. •;. •;. •;. 

0.0-0.1 26.0 5.9 5.6 20.0 6.1 

0.1 - 0.5 48.1 50.4 54.0 66.2 37.9 

0.5- 1.0 16.7 20.4 34.8 9.3 43 .9 

1.0 ­ 1.5 5.6 11.0 4.5 1.5 8.3 

1.5-2.0 1.8 2.2 0 0 2.3 

2.0-5.0 1.8 7.3 l.l 1.5 1.5 

5.0- 10 0 1.4 0 0 0 

10- 100 0 1.4 0 1.5 0 

Total 100 100 100 100 100 

%Sum ofO.l -1 

90.8 76.7 94.4 95.5 87.9 

% Sum of 10- 100 

0.0 2.8 0.0 1.5 0.0 

Average Swim Speed 

0.40 0.66 0.49 0.34 0.63 

Variance 

0.37 0.48 0.18 0.34 0.18 
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Figure 7a. 1993 Overall swim velocities for various velocity categories. 
Velocities greater than 5 m/s were atributed to errors associated with 
multipath. 
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Figure 7 (b and c). 1993 Swim velocities for seals swimming against and 
with the currents. Note that overall, velocities are faster for seals swimming 
along with the currents, and slower for seals swimming against the currents. 
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Bearing vs Time for 16 April 1993 
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Figure 8(a-c). Examples of tracking seals over time. Bearings are from 
Carolyn Perch. Distances from Carolyn Perch are not shown here. 
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Bearing vs Time for 23 April 1993 

iii 330 

3:... 325 
2' 

J--Track#212 J~ 320 
Cl 
1: 
·;: 315 

~ 310 
r; \'1 1l ~ § § I! ~ :=! 

0 ! « 

Time 

Bearing vs Time for 5 May 1993 

iii 350 e 300 
2' 250 J--Track #8 J 
Cl 200 
~ 

.5 
li 150 
~ 100 

~ill :;: lil i! 1l 1!l 
:1: g ; 

0 "' ::i Iii "' ;~ ~ ~ ~ 0 "'" ­
Time 

340 
iii 
t 330... 
2' 
~ 320 
Cl 
1: 
·;: 310.. 
~ 

300 
0·45"57 1 48 36 3 33 111 4.10 40 5.27 44 5 45 45 •"·" ..,... ,,... ,,, I 

Bearing vs Time for 5 May 1993 

j--Track#117
Time 

Figure 8(d-f). Examples of tracking seals over time. Bearings are from 
Carolyn Perch. Distances from Carolyn Perch are not shown here. 
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Bearing vs Time for 15 May 1993 
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Figure 8(g-i). Examples of tracking seals over time. Bearings are from 
Carolyn Perch. Distances from Carolyn Perch are not shown here. 
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Figure 8(j-l). Examples of tracking seals over time. Bearings are from 
Carolyn Perch. Distances from Carolyn Perch are not shown here. 
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Seal Bearings for 16 April 1993 
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Figure 9a. Polar plot depicting the bearings of seals for the 16th of April. 
The lines show the bearing range of the currents for that day and their 
direction of travel. 
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Seal Bearing for 23 April 1993 
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Figure 9b. Polar plot depicting the bearings of seals for the 23th of April. 
The lines show the bearing range of the currents for that day and their 
direction of travel. 
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Seal Bearing for 5 May 1993 
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Figure 9c. Polar plot depicting the bearings of seals for the 5th of May. 
The lines show the bearing range of the currents for that day and their 
direction of travel. 
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Seal Bearing for 15 May 1993 
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Figure 9d. Polar plot depicting the bearings of seals for the 15th of May. 
The lines show the bearing range of the currents for that day and their 
direction of travel. 
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Seal Bearing for 28 May 1993 
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Figure 9e. Polar plot depicting the bearings of seals for the 28th of May. 
The lines show the bearing range of the currents for that day and their 
direction of travel. 
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CHAPTER 5: MOVEMENT AND DISTRIBUTION 

Introduction: 

The bearded seal prefers pack ice conditions and relatively shallow water less than 200 m 

(Bums, 1979). In the spring, the majority of the population off the west coast of Alaska migrates with 

the ice edge (Bums & Frost, 1979). Migration varies with seasonal ice cover, but usually these animals 

winter in the Bering Sea and follow the shrinking edge to spend the spring and summer in the Chukchi 

and Beaufort Seas. This species is very solitary and often widely dispersed throughout the year (Bums 

& Frost, 1979). However, during the spring a part of the breeding population inhabits the ice leads off 

Point Barrow, Alaska (Burns & Frost, 1979). 

Intense vocal activity of bearded seals occurs during the breeding season and is thought to be 

associated with breeding activity (Dubrovskii, 1937). Like the Weddell seal, it has been hypothesized 

that only the adult male bearded seals vocalize (Ray et al. , 1969). Further, it is thought that the males 

hold underwater territories during breeding season and may use vocalizations to maintain these 

territories and or advertises breeding status to females (Ray et al. , 1969). Male bearded seals have been 

found with deep claw marks along the posterior third of their bodies which may suggest that some form 

of aggression occurs between individuals (Burns, 1981 ). Budelsky ( 1992) suggests a lek or a serial 

monogamy (polygyny) breeding system. A lek system as exhibited in walrus, in which a large 

percentage of breeding animals aggregate, does not conform with the solitary nature of the bearded seal 

(Fay et al. , 1984). However, in most lekking species of birds, females are solitary. Perhaps, display 

behavior in association with territorial defense may take place as part of another form of a lek breeding 

system in bearded seals. For example, in birds, one population of dunnocks (Prunella modularis) has 

been found to exhibit an almost complete spectrum of breeding strategies; the variation of available food 

determines how females distribute themselves spatially, which in turn is a major contributor to the 

variation of breeding systems of individual birds (Davis and Lundberg, 1984 ). 

The numbers of bearded seals that remain in the Barrow area during the breeding season and 

their distribution is not known. Aerial surveys have been used to census population size and distribution 

in the Canadian high arctic (Stirling, Kingsley & Calvert 1982, Heard & Donaldson 1981) and along 

the coast of Alaska (Burns & Harbo 1972). Abundance in censused areas, during the spring, is roughly 

less than 1 seal per square kilometer (Bums & Frost, 1979). Acoustic studies on bearded seals (Cieator 
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and Stirling, 1990) were used to measure late winter and early spring abundance by song rates. 

Budelsky (1992), also studied population size and distribution off Point Barrow Alaska. 

The purpose of this section of the thesis was to track bearded seals and to determine their 

distribution off Barrow, Alaska in the spring of 1993. I used satellite images and visual data logs for 

the Bowhead whale census to add information to the acoustic data collected. I also studied call rates for 

diurnal patterns and compared them with Cleator et al. (1989) and Green (1988) who found no late 

spring cycles. Analysis of tracked seals may lead to an understanding of possible causes of movement 

including foraging, territorial defense, and search for females . Seal movement and distribution can 

provide information on seal interactions, and behavioral responses to ice conditions which may lead to a 

better understanding of the breeding system employed. 

Methods: 

Methods for data collection and determination of individual seal locations are discussed in 

Methods Chapters 3 and 4. I calculated distances between seals as follows : It was estimated in Chapter 

3 that an average seal could swim 1 km in 10 minutes. I decided to use Budelsky (1992) nearest 

neighbor minimum value of roughly 1 km and Burns (1981) observation on individual localization of 1 ­

3 km radius to establish the 10 minute time period in which to calculate distances. I then selected a seal 

point and calculated the distances to all other individual seal points falling within the 10 minute interval. 

The next point in time for a seal location was then taken and distances to other individual seals were 

again calculated. This continued until all the distances were calculated for each seal point for each seal. 

I analyzed and grouped the distances for each seal into the following spacing categories : 0­

1000m, 1000-2000m, 2000-5000m, 5000-10000m, 10000-15000m, 15000-20000m, 20000-25000m, 

25000-30000m, 30000-40000m, 40000-60000m, resulting in a frequency distribution of spacing for 

each individual seal. I then grouped and analyzed the frequency distributions of each seal for 

maximum, minimum and median spacing percentages, resulting in a general qualitative look at spacing 

for each day. These figures provide data on the " average" seal percent spacing. 

After grouping seal distances together for each sample day, I randomly selected 100 distances from each 

of the 5 days using a Microsoft Excel program, and calculated overall percent seal spacing. Using an 

ANOV A, I calculated the possibility of significant difference in spacing among the five days. Budelsky 

(1992) used nearest neighbor equations to determine spacing, but this equation does not take into 

account the problem of ice conditions skewing the distribution. Nearest neighbor analysis may 
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determine the population is clumped when in fact animals are spaced in an area made smaller by ice 

conditions that have, for example, limited breathing holes. However, I used the nearest neighbor 

analysis to compare 1993 data with that of the (1992) Budelsky study. I then obtained satellite images 

for the Barrow area to correlate with acoustic location plots. Bearded seals tend to prefer flaw zones, 

lees ides of ice floes and leads for breathing holes. These seals have been known to maintain breathing 

holes in thicker ice, but it is rare. It was estimated that seals can use their heads to break ice up to 5 em 

thick (Lowry, pers. comm.). The satellite images were obtained from Alaska SAR Facility (ASF) for 

visual information on ice conditions. The 1993 Bowhead whale visual log was also used for the above 

information. 

I collected and analyzed seal distances that fell below 2000 m for possible seal interactions. I 

selected seal movement and interaction examples from two days to provide information on two different 

types of associations that occurred. These examples were not randomly selected, but I chose those that 

seemed to represent general patterns or a range of possible associations for this discussion. 

Results: 

A total of 1240 seals were detected by the analysis in Chapter 4. The breakdown of the 

number of seals per day is shown below. 

Day Total # of Seals Located # of Seals Located Only Once # of Seals Located more 

Than Once 

#1 314 174 140 

#2 243 119 124 

#3 179 95 84 

#4 265 109 156 

#5 239 139 100 

Figures 11a-e show x-y coordinates for all acoustic seal locations from Carolyn Perch (0,0). In 

these figures, magnetic north is indicated by an arrow. Figures 12a-e show the daily " average" seal 

spacing. These plots provide a qualitative look at the typical spacing that occurred for each day. The 

frequency plots for " average" seal spacing suggest a peak at 10 km during sample days #1 , #3 , #4 and 
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#5 and a 15 km peak on day #2. Peaks on days #1 and #3 were near 20% while days #4 and #5 were 

near 30 %. The daily total of 10 minute spacings and seal associations are as follows : 

Day # of 10 Minute Spacings # of Seal Associations 

#1 

#2 

#3 

#4 

#5 

8262 

5469 

3350 

9276 

5167 

208 

237 

148 

97 

75 

Percent spacing for all five days, as determined by randomly selecting 100 distances, is shown 

in Figure 13 . Table 7 shows the significance of difference in spacing as determined by ANOVA; 

F = 7.58064, P = 6.22E-06. Figures 14 & 15 show selected examples of seal movement and interaction. 

In these figures, individual seals are plotted relative to several other seals. Table 8 provides the 

movement data for the selected examples. Appendix 1 provides detailed data on the point by point 

movements of the associated seals. I considered speeds above 5 m/s to be errors and did not consider 

them in the associations. Also, I considered speeds above 2 m/s to be increased speeds used in 

interactions, i.e., defense of territory. Generally, seals in all examples traveled or maintained positions 

as provided in Table 9. 

The frrst example of how the data can be used to determine multi-animal associations is from 

the 28th of May. Seals #190, #169, #182 and #150 all vocalized in an area ofless than 2 km in a short 

period of time, with three of the calls overlapping one another. All but seal #190 then traveled north, 

while seal #190 maintained position. From calculated swim velocities, seal #169 may have interacted 

with seal #182, and seal #190 may have interacted with seal #169. All seals swam across the current 

and therefore, swim speeds were not influenced by the current. 

The second example is from the 23 of April. Seal #7 exhibited a much different type of 

behavior. This animal traveled 65 km over a 16 hour period. It traveled south and did not make many 

alterations in general direction. Seal #7 may have interacted with seal # 1 over a 2 hour period. Seal # 1 

did increase speed when in proximity to Seal # 1 However, it does not appear that seal # 1 changed 

behavior as exhibited from its maintaining position. Seal #7 may have also interacted with seal #46, but 
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again it does not appear that Seal #46 altered its behavior, as exhibited from its maintaining position. 

The current may have influenced two swim velocities of Seal #7, when it swam along with the current. 

Detailed time, swim velocity, and bearing information is provided in Appendix 2. An example 

of its use is also provided in the appendix. 

Diurnal call rates (Figures 16a-e) show no 24 hour cycle except for the 28th of May. Number 

of seals per unit time (Figures 17a-e) shows no 24 hour cycle. Figures 18a-e also indicate that no cycle 

exists in number of calls per seal except for the 28th of May. 

Discussion: 

The acoustic location x-y plots clearly indicate areas of higher vocalization activity. This 

suggests that ice conditions or currents may have influenced where the vocalizing seals were located 

and how they were spaced. Another suggestion for this "clumping" may be the location of females on 

ice flows. However, there is no information available on the location offemales. I obtained satellite 

images to aid in visualizing ice conditions; however, it was not possible to obtain images during the 

exact sample days, as the satellites did not pass over the area at those times. Each satellite image was 

separated in time by a minimum of two days from the corresponding sample day. Also, most images did 

not provide 100% coverage of the study area. I selected an area of 10 x 20 km near the hydrophone 

array from each satellite image and acoustic location x-y plots to compare seal locations with ice 

coverage. The ice conditions observed from the images were not closely correlated to the x-y positions 

for four of the five sample days. However, ice conditions seemed to remain stable between the 5th of 

May and the satellite image of the 8th of May 1993. The image indicates areas of leads which correlate 

with areas ofhigh vocalization. A copy of the satellite image and an overlay of the acoustic data are 

provided in Appendix 3. 

The other satellite images reflect the movement of the ice between the image day and the 

sample day. Currents and atmospheric conditions could have altered the ice configurations to match 

those indicated by acoustic location x-y plots on the sample days. Visual and current logs kept during 

the 1993 census indicate that currents were slower after the 5th of May and at one point reversed. This 

may have resulted in the ice conditions remaining roughly the same when the image was taken on the 

8th of May. The currents of the 21st and the 24th of April did not show marked change in direction or 

speed; however, currents on lOth and the 26th of May did show marked changes in bearing and speed. 
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ANOVA determined the 100 randomly selected distances from each day to be significantly 

different among sample days. Ice conditions may have contributed to the changes in seal distribution. 

The frequency distribution of these randomly selected spacings also show a marked peak at 5 - 10 km. 

Day #2 showed a higher peak at 10 - 15 km. It could be a reflection of currents, ice conditions and or a 

change in breeding strategies. As ice conditions changed, the breathing areas, leads and pack ice, also 

changed, and the seals may have redistributed themselves accordingly. Also, ice floes containing 

females may have moved faster or slower, changed direction and thus altered male movements and 

spacing. Confrontations between males may occur if changes are rapid due to greater sea currents and 

atmospheric activity. The peaks at 5 - 10 and 10 - 15 km may also be a result of some seals vocalizing 

more than others. Seals that called more frequently may have provided more data points and distances 

in these categories. 

A Chi-test of the nearest neighbor equation for each day determined that spacing was not 

significantly different from random. However, due to problems discussed above, ice conditions may not 

have been entered into the evaluation and analysis of spacing. Unfortunately, due to various factors 

including limited image coverage, it is not possible to calculate seal spacing relative to breathing areas. 

The two example plots of seal movements (Figures 14a and b and 15a and b) show various 

types of movement. Associations between seals in the examples provided may indicate several forms of 

behavior. It is possible that there was a multi-confrontation between the seals on the 28th of May, that 

resulted in them continuing the associations north. Seal #190 may have succeeded in defending the 

territory or female while the others left the area. Or, the three northbound seals may have pursued a 

female after displaying. It has been hypothesized that animals may " mask" or vocally duel one another 

during the breeding season to obtain mating privileges with females and preferred territories 

(Kroodsma, 1979). Male Hyla ebraccata, a species of frog, are known to mask rival calls during the 

breeding season, supporting the hypothesis that calls are timed to reduce the effectiveness of competitor 

calls while increasing the individuals ' chances of attracting a mate (y.lells and Schwartz, 1984 ). There 

might have been an interaction near a female on an ice floe, in which the males were trying to compete 

by displaying together. Because of the assumptions made during the initial separation of locations into 

individual seals, seals displaying in a lek would not be detected unless their vocalizations overlapped. 

Individual seals displaying together in the same area and sequentially vocalizing could not be detected, 

and therefore were called the same seal. The overlapping calls in this instance suggest a lek system may 

be employed by the bearded seal. 
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Table 7. ANOVA of significance of difference in seal spacing between sample days. 

ANOV A: Single Factor 

SUMMARY 

Groups Count Sum Average Variance 

Column 1 100 938816.8 9388.168 36259229 

Column 2 100 1150342 11503.42 38239242 

Column 3 100 1169698 11696.98 39663683 

Column4 100 884764.1 8847.641 32809138 

Column 5 100 800396.7 8003 .967 30516188 

ANOVA 

Source of Variation SS df MS F P-value F crit 

Between Groups 1.08E+09 4 2.69E+08 7.58064 6.22E-06 2.389946 

Within Groups 1.76E+l0 495 35497496 

Total 1.86E+10 499 




