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Abstract: The at-sea behavior of juvenile male northern fur seals, Callorhinus ursinus (L., 1758), captured at two
haul-out sites on St. Paul Island, Alaska, during the 1999 and 2000 breeding seasons (July–September) was studied. To
compare at-sea locations, dive behavior, and changes in body mass, 31 juveniles between the estimated ages of 3–
6 years were captured, instrumented, and released. Individuals behaved like central-place foragers by making trips to
sea and returning to the Pribilof Islands. Trip durations ranged between 8.74 and 29.81 d, whereas distances from de-
parture site ranged between 171.27 and 680.68 km (maximum straight-line distance). Differences in maximum straight-
line distance traveled and trip duration were not observed when comparing years or departure site. Diving tended to re-
flect patterns associated with different bathymetric domains; shallow nighttime diving was common in ~3000 m deep
waters, whereas deeper diving was generally observed in <200 m deep waters. Proportion of body mass gained over a
single trip to sea averaged 27.8% (range 3%–65%, n = 19). Mass gain was similar between individuals that dove in
shallow waters (over the continental shelf; 10.9 ± 1.8 kg (mean ± 1 SE), n = 11) versus individuals that dove in pe-
lagic waters (8.5 ± 1.0 kg, n = 8). These results demonstrate that the at-sea behavior of juvenile males can extend far-
ther from the Pribilof Islands when compared with previous reports of parturient female at-sea behavior, thus revealing
important variation within this species.

Résumé : Nous avons étudié le comportement en mer de jeunes mâles de l’otarie à fourrure du nord, Callorhinus ursi-
nus (L., 1758), capturés dans deux échoueries de l’île St-Paul, Alaska, durant la saison de reproduction (juillet–
septembre) en 1999 et 2000. Afin de comparer les positions en mer, les comportements de plongée et les changements
de masse corporelle, nous avons capturé 31 jeunes dont l’âge estimé était de 3–6 ans, les avons munis d’instruments de
mesure et relâchés. Les individus se comportent comme des consommateurs rayonnant à partir d’un point central, en
faisant des excursion aller-retour en mer à partir des îles Pribilof. La durée des excursions varie de 8,74 à 29,81 j et
les distances parcourues (distances maximales en ligne droite) varient de 171,27 km à 680,68 km. Les distances maxi-
males en ligne droite et les durées des excursions ne varient pas en fonction de l’année, ni du point de départ. La
plongée tend à suivre des patterns associés aux différents domaines bathymétriques; les plongées de nuit de faible pro-
fondeur sont communes dans les eaux de ~3000 m, alors que les plongées plus profondes s’observent généralement
dans les eaux moins profondes de <200m. Le pourcentage de gain de masse corporelle dans une seule excursion en
mer est en moyenne de 27,8 % (étendue 3 % – 65 %, n = 19). Les gains de masse sont semblables chez les individus
qui plongent en eau peu profonde (sur le plateau continental; 10,9 ± 1,8 kg (moyenne ± 1 erreur type), n = 11) et ceux
qui plongent dans les eaux pélagiques (8,5 ± 1,0 kg, n = 8). Par comparaison à des études précédentes sur le compor-
tement en mer de femelles gravides, nos résultats montrent que le comportement en mer des jeunes mâles peut
s’étendre à des distances plus grandes des îles Pribilof, ce qui indique une importante variation chez cette espèce.

[Traduit par la rédaction] Sterling and Ream 1637

Introduction

Measuring foraging patterns of metapopulations or of dif-
ferent sex and age groups may reveal important variation in
the behavioral ecology of a species (Boyd et al. 1998). The
recent and significant population decline of the northern fur
seal, Callorhinus ursinus (L., 1758), highlights the impor-

tance of sampling the at-sea behavior of multiple population
segments (Towell 2004). However, many foraging behavior
studies on northern fur seals specifically sample parturient
females, thereby neglecting other population segments; a sit-
uation similar among other studies involving otariid species
(Goebel et al. 1991; Kiyota et al. 1992; Arnould et al. 1996;
Baba et al. 2000; Bonadonna et al. 2000, 2001; Guinet et al.
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2001; Boyd et al. 2002; Goebel 2002; Harcourt et al. 2002;
Lea and Dubroca 2003; Robson et al. 2004).

Results from multiple techniques (satellite-tracking, VHF-
tracking, pelagic harvest, bycatch records, and opportunistic
sightings) used to measure northern fur seal spatial and tem-
poral distributions reveal several at-sea patterns: (i) parturient
northern fur seals from St. Paul Island and St. George Island
segregate their foraging habitat by colony and by island;
(ii) parturient northern fur seals nurse their young from
June/July to October/November and then migrate from the
Bering Sea into the North Pacific Ocean; (iii) the winter mi-
gration ranges from pelagic waters off southern California to
the western Pacific waters east of Hokkaido, Japan; and
(iv) during the winter migration, adult males appear to range
at higher latitudes in the North Pacific Ocean than do adult
females (Kajimura 1984; Perez and Bigg 1986; Ragen and
Dayton 1990; Goebel et al. 1991; Kiyota et al. 1992; Ragen
et al. 1995; Loughlin et al. 1999; Baba et al. 2000; Robson
et al. 2004). However, lacking in each of the above listed
studies is information detailing the at-sea behavior of juve-
nile males during the breeding season.

The purpose of this study was to use satellite telemetry
and archival tags (time–depth recorders, TDRs) to character-
ize the at-sea behavior of juvenile male northern fur seals.
Specifically, we report on (i) trip durations, trip distances,
and regions in the Bering Sea where they foraged; (ii) dive
behavior and patterns relative to bathymetry, diel variation,
and distance from the departure colony; (iii) movements
among haul-out sites and islands; and (iv) mass changes of

individuals recaptured and weighed when they returned from
their foraging trip.

Material and methods

Study site, capture techniques, and instrumentation
During the 1999 and 2000 breeding seasons, 31 (n = 15

and n = 16 for 1999 and 2000, respectively) juvenile males
were captured at haul-out sites on St. Paul Island, Alaska
(57°06.54′N, 170°17.5′W; Fig. 1a). St. Paul Island is lo-
cated in the Bering Sea on an extensive continental shelf re-
gion (<200 m deep) and is within 100 km of oceanic and
narrow shelf domains (Fig. 1a). Males were captured on the
northeastern (Vostochni haul-out site) and southwestern
(Reef haul-out site) sides of St. Paul Island (Fig. 1b). These
locations represent the two most geographically contrasting
haul-out sites on St. Paul Island.

During late July through to the beginning of September,
3- to 6-year-old males were captured with a hoop net
(Fuhrman Diversified Inc., Seabrook, Texas) and placed in a
restraining device (Gentry and Holt 1982). After restraint,
they were weighed (±0.5 kg MSI7200 DYNA-LINK3 tension
load sensor; Measurement Systems International, Seattle,
Washington), measured to the nearest centimetre, and instru-
mented with either a Telonics ST6 PTT (Telonics Inc., Mesa,
Arizona) or a Sirtrack Kiwisat 101 PTT (Sirtrack Ltd.,
Havelock North, New Zealand) satellite transmitter. A subset
of these groups (4 in 1999 and 15 in 2000) received TDRs
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Fig. 1. Shelf domains identified in the Bering Sea and used for geographical comparisons of diving data and location data (a); Otter
Island, Walrus Island, and St. Paul Island with haul outs (b); and St. George Island with haul outs (c).

3 Reference to trade names does not imply endorsement by the National Marine Fishery Service, NOAA.



(Wildlife Computers Models MK7 and PAT, Redmond,
Washington).

Instrument programming and analysis
To conserve battery power, Telonics ST6 (1/2 W) and

Kiwisat 101 (1/2 W) satellite transmitters were programmed
with a transmission duty cycle of 8 h (4 on / 4 off) and 6 h
(4 on / 2 off), respectively. Transmitters were equipped with
a salt-water switch that turned the transmitter on once at the
surface and had a transmission interval between 40 and 45 s.
TDRs were set to record depth and temperature every 5 s.
Data from the TDR was processed using the software pro-
grams Zero Offset Correct and Dive Analysis (Wildlife
Computers, Redmond, Washington) to retrieve estimations
of dive parameters.

We subsampled the location data obtained through Service
Argos Inc. to quantify trip parameters and to integrate diving
with location data. This subsampling was based on location
quality, transmission intervals, and calculated horizontal
swim speed. Initially, locations with an Argos quality of A
or B were removed as a result of the magnitude of their
mean and maximum error as demonstrated by a location ac-
curacy test conducted on St. Paul Island in 1999 (Table 1).
Next, following methods similar to Robson et al. (2004), we
sampled the best-quality location every 6 h. From the re-
maining locations the horizontal swim speed between two
locations was determined. If it exceeded 3 m/s, one of the
two locations was arbitrarily removed and the calculation of
swim speed was repeated. Of the 8467 locations at sea esti-
mated by Service Argos Inc., 1232 were used for our analy-
sis — an average of 2.4 ± 0.1 locations/animal daily. From
these locations, maximum straight-line distance from the de-
parture haul-out site was calculated. Total distance traveled
was determined by summing the distances between sequen-
tial locations of an individual trip.

Classification of dive data
We distinguished between foraging and nonforaging dives

by assuming that dives ≥3 m and >15 s were foraging dives.
Foraging dives were then integrated with locations by inter-
polating along the straight line between two successive loca-
tion fixes, with the assumption of a constant rate of speed
between locations. After estimating a latitude and longitude
for each dive, we designated day or night diving, region, and
ocean depth where each dive occurred. Region and seafloor
depth of each dive was determined by integrating
bathymetric data (D North American 1983 Datum or NAD
1983) and estimated location of each dive in ArcMap™ ver-
sion 8.2 (Environmental Systems Research Institute, Inc.,
Redlands, California). The dive data were summarized for
each individual equipped with a TDR in a 10 km × 10 km
grid for analysis.

Mass measurements
Some individuals were weighed during the initial capture

and final recapture to obtain at-sea mass gain or loss mea-
surements. These mass measurements were adjusted for time
fasting on shore between the two captures by applying a
fasting mass loss correction factor of 0.68 kg/d. The value of
0.68 kg/d was obtained from Baker et al.’s (1994b) paper
that summarized mass change in fasting immature male

northern fur seals. In addition, this study obtained three op-
portunistic on-land fasting measurements that corrobrated
Baker et al. (1994b) by yielding an average mass loss of
0.67 kg/d.

Statistical testing
Statistical analysis using Student’s t test, Mann–Whitney

U test (performed when variances were unequal), and regres-
sion followed methods outlined in Zar (1999). We used
SPSS® version 11 (SPSS Inc. 2001). The data are presented
as means ± 1 SE and results were considered to be signifi-
cant at P < 0.05.

Results

Of the 31 juveniles captured, 3 were not included in the
analysis because of a satellite transmitter failure and an ab-
sence of other data (trip duration, change in mass, or div-
ing). All other individual data contributions to the analysis
can be seen in Table 2.

Trip durations, trip distances, and foraging regions
Juvenile male northern fur seals on foraging trips spent an

average of 17.04 ± 1.22 d (range 8.74–29.81 d, n = 24) at
sea and traveled an average distance of 960.71 ± 67.06 km
(range 423.87–1827.01 km, n = 24; Table 3). Mean maxi-
mum straight-line distance of trips from the capture site was
367.68 ± 24.85 km (range 171.27–680.86 km, n = 24; Ta-
ble 3). There were no significant differences in trip dura-
tion or maximum straight-line distance from the capture site
between years (1999 vs. 2000), capture site (Reef vs.
Vostochni), or geographic region of the trip (Table 4). How-
ever, there were positive significant relationships between
maximum straight-line distance and total distanced traveled
(r2 = 0.90, p < 0.001, n = 24; Table 5), maximum straight-
line distance and trip duration (r2 = 0.76, p < 0.001, n = 23),
and total distance traveled and trip duration (r2 = 0.83, p <
0.001, n = 23).

Eleven out of the 13 juveniles captured at the Reef haul
out foraged primarily in the off-shelf region (Fig. 2, Ta-
ble 6). The remaining two foraged exclusively in the inner-
and middle-shelf regions. By contrast, only 3 out of the 14
juveniles captured at Vostochni haul out had trips that were
concentrated in the off-shelf region. The other 11 foraged
primarily to the middle- and outer-shelf regions (Fig. 2, Ta-
ble 6).
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Transmitter locations

Argos
quality n

Accuracy
(m; mean ± 1 SE)

Minimum
(m)

Maximum
(m)

3 83 297±27 16 1 256
2 89 701±45 113 2 081
1 79 1325±145 16 9 731
0 25 3943±695 182 11 530
A 20 7840±3329 316 64 393
B 31 13450±3648 970 85 732

Table 1. Accuracy of location fixes for the different Service
Argos Inc. location qualities tested at a known location on St.
Paul Island just prior to the 1999 deployments.
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Diving
Dive depths within and among individuals tended to be

highly variable (Fig. 3). Average dive depth of 65 900 dives
used in the analysis was 17.5 ± 1.5 m, with an average dura-
tion of 1.24 ± 0.09 min (Table 7). The maximum depth at-
tained by a juvenile male was 175 m.

Several patterns emerged when examining dives in differ-
ent geographic regions of the Bering Sea (Figs. 3–6). Diving
was generally shallower in the off-shelf/Bogoslof region,
deepest in the outer-shelf region, and most variable in the
middle-shelf region (Fig. 3). For all regions, diving tended to
be deeper during the daytime than during the nighttime.
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Year
ID
No.

Trip
number

Number of
locations

Total distance
traveled (km)

Maximum straight-line
distance from St. Paul
(km)

Median distance
of all locations
from St. Paul (km)

1999 2 1 33 722.79 185.11 127.28
3 1 34 944.85 440.26 224.31
4 1 46 1827.01 680.86 585.12
5 1 33 1003.65 410.81 286.12
6 1 74 1550.77 526.56 433.53
7 1a 60 1152.28 710.63 561.30
8 1b 23 315.45 93.16 71.87

2b 57 1201.68 490.01 357.01
3a 54 1137.37 722.83 531.00

10 1a 56 1448.63 1015.46 802.62
12 1 30 605.57 251.56 194.97
13 1 55 1087.16 420.60 364.69
14 1 47 1016.73 443.48 376.94

2a 39 935.24 832.12 475.02
2000 20 1 48 860.41 303.42 273.03

22 1 59 989.64 382.85 357.37
24 1 59 1112.37 393.61 296.05
25 1 79 1227.29 470.12 344.00
26 1 31 545.99 171.27 114.49
27 1 26 560.81 239.77 183.35
28 1 27 423.87 208.19 155.06
29 1 52 994.13 356.69 317.65
35 1 19 733.07 288.94 211.67
36 1 20 594.30 263.78 227.25
39 1 34 1012.79 422.22 357.39
40 1 34 1214.13 421.26 391.82
41 1 27 1306.25 516.32 430.35
44 1 41 1122.80 432.02 388.68
45 1 53 842.18 303.03 273.76

Mean ± SE 39.77±3.23 960.71±67.06 367.67±24.85 297.06±22.87
aIncomplete trips owing to instrument failure while the seal was at sea or it was the end-of-season winter migration into

the North Pacific. Statistical comparisons do not include these values.
bThe mean was first computed for the two complete trips by seal No. 8 and then included in the statistical comparisons.

Table 3. Trip distance parameters of juvenile male northern fur seals captured on St. Paul Island.

Comparisons Parameter U t df p n

1999 vs. 2000 Trip duration 0.63 22 0.54 24
Maximum straight-line distance 1.19 22 0.26 24

Reef vs. Vostochni Trip duration –0.44 22 0.69 24
Maximum straight-line distance 0.12 22 0.90 24

On shelf vs. off shelf Trip durationa 71 0.98 24
Maximum straight line distance 0.02 22 0.98 24
Mass gainb 1.05 17 0.31 19

aMann–Whitney U test conducted as the result of unequal variances between on-shelf trip duration and off-shelf trip durations.
bMass adjusted for time on shore after initial capture and time on shore from arrival to recapture using Baker’s (1994b) equation

value for juvenile male mass loss of 0.68 kg/day.

Table 4. Comparisons between regional foraging, years, and capture rookeries with mass gained, trip duration, and
maximum straight-line distance traveled.
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However, the proportion of dives that occurred during the
nighttime was greatest in the off-shelf region and decreased
as dives occurred in shallower bathymetry (Fig. 4). On-shelf
foragers had more of a uniform distribution of the number of
dives as the distance from the capture rookery increased
throughout the trip (Fig. 5; e.g., seal Nos. 3b, 4b, 25b, 26b,
and 35b). The off-shelf foragers tended to dive most fre-
quently at the farthest extent of their trip (Fig. 6; e.g., seal
Nos. 22b, 29b, 39b, 40b, and 45b).

Movements among haul-out sites and islands
Individuals often visited other haul-out sites or islands

during the tracking period. Of the animals captured, 43%
visited other haul-out sites while 27% visited other islands.
In addition to the initial capture sites of Reef and Vostochni,
other St. Paul haul outs visited were Gorbatch, Lukanin,
Polovina, Marjovi, and Zapadni (Figs. 1a, 1b). All St.
George haul-out visits occurred at North and East Reef, both
located on the north end of St. George (Fig. 1c). In addition
to St. George Island, visits occurred on Otter Island and
Bogoslof Island (Figs. 1a, 1b).

Mass changes
Pre- and post-foraging-trip mass measurements were ob-

Independent variable Dependent variable r2 p df

Maximum straight-line distance Total distance traveled 0.90 <0.001 23
Maximum straight-line distance Trip duration 0.76 <0.001 23
Total distance traveled Trip duration 0.83 <0.001 23
Dives per daya

Mass gainb 0.78 <0.001 15
Trip duration
Number of dives Mass gainb 0.75 <0.001 16
Trip duration Mass gainb 0.55 <0.001 18

aMultiple regression model.
bMass adjusted for time on shore after initial capture and time on shore from arrival to recapture using Baker’s (1994b) equation

value for juvenile male mass loss of 0.68 kg/day.

Table 5. Results of regression analysis of various trip parameters.

Fig. 2. Movements of all juvenile male northern fur seals (Callorhinus ursinus) instrumented in 1999 and 2000 and color coded by
their capture rookery. Males captured at Vostochni are represented by grey lines and �, whereas males captured at Reef are repre-
sented by black lines and �. Males captured at Vostocchni were more likely to travel in an easterly to northwesterly direction, whereas
males captured at Reef were more likely to travel in a southwesterly to southeasterly direction. This foraging pattern is similar to what
Robson et al. (2004) observed with parturient females.



tained from 19 males. After adjusting these measurements
for time fasting on shore, all males gained mass, averaging
9.9 ± 1.1 kg (n = 19) with a range of 2.0–21.9 kg (Table 2).
The maximum-adjusted mass gain from a single foraging
trip was 21.9 kg, which represented 50% of the initial mass
measurement. This individual departed from the Vostochni
haul out, traveled above St. Matthew Island (Fig. 5, seal
No. 41a), and returned to Vostochni within a 23-d period.
There were no significant differences in mass gain between
off-shelf foragers versus on-shelf foragers (t = 1.05, df = 17,
p = 0.31, n = 19; Table 4). However, the number of dives,
dives per day, and trip duration proved to be strong predic-
tors of mass gain (Table 5).

Discussion

Juvenile male northern fur seals from this study exhibited
central place foraging tendencies by traveling far from the
Pribilof Islands and returning, even though they do not have
dependent young (Orians and Pearson 1979). The duration
and distance of these trips were the longest and farthest re-
corded for this species during the breeding season. Dive pat-

terns during the trip were similar to previous reports on
parturient females and were associated with bathymetry and
diel variation. During the tracking period, visits to other
haul-out sites and islands were common. Finally, individuals
measured for mass changes were successful in gaining mass
during their foraging trip.

Trip duration and distance
Juvenile males are not constrained by the need to tend to

dependent young and as a result their trips were longer in
duration and in distance when compared with those of
parturient fur seals from other studies. Trip duration and dis-
tance did not vary significantly between the 2 years of this
study. In addition, individuals captured on the northeast side
of St. Paul foraged predominately on the continental shelf
(11 out of 14), while individuals captured on the southwest
part of St. Paul (11 out of 13) foraged off the shelf, in a
southwestern direction (Fig. 2, Table 3). This pattern of
colony-specific foraging areas is similar to that observed by
Robson et al. (2004) with parturient females.

Attendance behavior and trip distances of parturient fe-
male northern fur seals on the Pribilof Islands have been
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Percentage of locations

Haul-out site Year ID No.
Trip
number

Number of
locations

Inner
shelf

Middle
shelf

Outer
shelf

Off
shelf

Bogoslof
Island

Reef (southwest) 1999 5 1 31 6.5 6.5 87.1
6 1 73 39.7 60.3
7 1a 59 100.0

12 1 28 10.7 17.9 71.4
13 1 52 3.8 1.9 94.2

2000 20 1 47 10.6 89.4
22 1 54 18.5 1.9 35.2 44.4
28 1 25 8.0 20.0 72.0
29 1 50 6.0 6.0 88.0
39 1 32 3.1 12.5 84.4
40 1 33 6.1 12.1 81.8
45 1 49 4.0 20.4 75.5

Vostochni (northeast) 1999 2 1 31 100.0
3 1 32 40.6 59.4
4 1 44 59.1 40.9
8 1b 20 100.0

2b 56 100.0
3a 53 22.6 49.1 28.3

10 1a 55 3.6 1.8 94.5
14 1 44 4.5 4.5 90.9

2a 39 5.1 10.3 84.6
2000 24 1 57 29.8 70.2

25 1 76 32.9 67.1
26 1 31 100.0
27 1 24 100.0
35 1 17 100.0
36 1 17 100.0
41 1 27 3.7 85.2 11.1
44 1 39 2.6 7.7 89.7

aIncomplete trips owing to instrument failure while the seal was at sea or during the end-of-season winter migration into the North Pacific. Statistical
comparisons do not include these values.

bMean was first computed for the two complete trips by seal No. 8 and then included in the statistical comparisons.

Table 6. Percentage of locations used in distance analysis grouped by deployment site, year, and region.
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Fig. 3. Daytime mean dive depths plotted against nighttime mean dive depths summarized for each seal in each geographical region.
One seal can be represented in multiple regions if it traveled in multiple regions.

Dive depth (m) Dive duration (min)

ID No. No. of dives Mean ± SE Median Maximum Mean ± SE Median Maximum

2 2218 23.9±0.6 9.0 103.0 1.45±0.02 1.08 5.42
3 2166 27.9±0.7 11.0 128.0 1.72±0.03 1.17 7.25
4 7393 16.7±0.2 12.0 113.0 1.24±0.01 1.08 8.50
6 4006 26.8±0.4 17.0 85.0 1.93±0.02 1.58 6.83

20 3879 16.5±0.3 12.0 82.0 1.33±0.02 0.92 9.00
22 3546 13.1±0.2 8.0 135.0 1.06±0.01 0.83 5.83
23 3283 13.2±0.3 8.0 161.0 1.16±0.02 0.75 7.08
24 3755 28.7±0.4 25.0 134.0 1.47±0.02 1.33 6.67
25 4735 25.0±0.3 23.0 115.0 1.56±0.01 1.42 9.92
26 1227 19.5±0.6 9.0 71.0 1.77±0.04 1.33 9.25
27 2213 18.8±0.3 15.0 77.0 1.25±0.02 1.08 7.33
28 1713 16.7±0.4 13.0 175.0 1.08±0.02 0.83 5.25
29a 2130 11.0±0.2 9.0 54.0 0.60±0.01 0.50 3.92
35 2848 15.3±0.3 9.0 74.0 1.40±0.02 1.17 6.50
36 2337 20.0±0.2 21.0 82.0 1.37±0.01 1.33 3.58
39 3843 9.1±0.1 7.0 147.0 0.81±0.01 0.67 3.92
40 4520 10.4±0.1 9.0 103.0 0.81±0.01 0.58 5.25
41 6594 10.3±0.1 6.0 91.0 0.71±0.01 0.50 5.00
45 3494 9.0±0.1 7.0 78.0 0.76±0.01 0.58 7.00

Mean ± SE 3468.42±362.74 17.5±1.5 12.1±1.3 105.7±7.7 1.24±0.09 0.99±0.08 6.50±0.42
aIncomplete dive record owing to TDR battery failure.

Table 7. Summary dive behavior of juvenile male northern fur seals (total dives summarized was 65 900).



investigated extensively (Gentry et al. 1986; Loughlin et al.
1987; Goebel et al. 1991; Gentry 1998; Robson 2001;
Goebel 2002). Trip duration tends to range between 6 and
10 d, generally increases as the breeding season progresses,
varies among rookeries within season, and varies among
years. Adult female trip distances (maximum straight-line
distance from the departure rookery to the farthest extent of
the trip) ranges between 90 and 400 km; yet, on average,
they are similar between islands (St. Paul and St. George)
and similar among rookeries within an island. However, av-
erage trip distance can vary among years (260.8 ± 76.3 km
and 229.0 ± 64.6 km for 1995 and 1996, respectively;
Robson et al. 2004). In addition, travel direction and forag-
ing area of adult female fur seals correlate well with depar-
ture rookery and island (Robson et al. 2004). In contrast,
juvenile males in this study had longer and farther trips than
these previously sampled parturient females, but they fol-
lowed the similar pattern of colony-specific foraging areas,
suggesting that during the breeding season this species may
segregate their foraging habitat by sex and by colony.

Diving
We successfully retrieved dive records from 4 nothern fur

seals in 1999 and 15 in 2000, limiting comparisons between
years. However, we found that variability in dive patterns
tended to reflect differences in the regions where the dives
occurred (inner-shelf, middle-shelf, outer-shelf, and off-
shelf). Goebel et al. (1991) identified three types of diving
by adult female nothern fur seals (deep, mixed, and shallow)
and found that these types of diving were associated with
different bathymetric domains. Our study revealed a similar
pattern, i.e., shallow diving was associated with the oceanic
or off-shelf domain, while the deeper diving was generally
associated with the on-shelf domain. Shallow diving was
also exhibited in the on-shelf domain (Fig. 3). Shallow off-
shelf diving in pelagic waters may reflect diel vertical mi-
grations of pelagic prey species into the upper 20 m of the
water column from depths of >220 m, which during the day-

time may be at a depth greater than the physiological capa-
bility of these juveniles (Beamish et al. 1999). This may ex-
plain why little diving occurs during the daytime in the off-
shelf region (Fig. 4). However, on-shelf diving occurred
throughout the day, with deeper dives during the daytime
and shallower dives during the nighttime. This dive pattern
is similar to the behavior of juvenile pollock, Theragra
chalcogramma (Pallas, 1814), a common prey species of
northern fur seals (Sinclair 1988; Sinclair et al. 1996).
Schabetsberger et al. (2000) found that juvenile pollock ver-
tically migrate from depths of around 40 m during the day-
time to <20 m at night. Daytime versus nighttime diving of
individuals on the shelf reflected a similar pattern of this
vertical migration (Fig. 3).

The difference in dive-density distributions between the
on-shelf foragers versus the off-shelf foragers is intriguing
(Figs. 5, 6). Most of the off-shelf foragers concentrated their
diving at the farthest extent of their trip to sea (Figs. 6a, 6b),
while many of the on-shelf foragers had consistent dive den-
sities all along their trip (Figs. 5a, 5b). The linkage between
dive density and prey distribution and abundance in this
study is not known. However, other studies demonstrate the
relationship between diving, prey distribution and abun-
dance, and oceanography (McCafferty et al. 1998; Guinet et
al. 2001; Lea and Dubroca 2003). Guinet (2001) found that
foraging activity can be closely related to environmental
variables and the abundance of the forage fish, and suggests
that lactating Antarctic fur seals (Arctocephalus gazella (Pe-
ters, 1875)) can be used with some confidence as indicators
of the distribution of their prey, whereas Lea and Dubroca
(2003) showed strong relationships between sea-surface tem-
perature and bathymetry and the diving activity of female
fur seals on a nightly basis. In addition, McCafferty et al.
(1998) found that the foraging behavior of female Antarctic
fur seals and the growth rate of their pups reflected the an-
nual differences in prey abundance. The differences in the
dive-density distributions between the off-shelf foragers and
the on-shelf foragers could suggest that the distribution and
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Fig. 4. Percentage of dives during the day versus the night summarized by geographical region where the dives took place.
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Fig. 5. On-shelf (a) diving and location data summarized in 10 km × 10 km grid cells and (b) distance of each 10 km × 10 km grid
cell plotted against the number of dives in each of the grid cells of juvenile male northern fur seals feeding in the eastern Bering Sea.
Designators on the top right corner of each panel correspond to seal ID numbers.
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Fig. 5 (continued).
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Fig. 5 (continued).
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Fig. 5 (concluded).
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Fig. 6. Off-shelf (a) diving and location data summarized in 10 km × 10 km grid cells and (b) distance of each 10 km × 10 km grid
cell plotted against the number of dives in each of the grid cells of juvenile male northern fur seals feeding in the eastern Bering Sea.
Designators on the top right corner of each panel correspond to seal ID numbers.
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Fig. 6 (concluded).
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abundance of important prey of northern fur seals is unique
to each region, therefore highlighting important differences
in northern fur seal foraging habitat.

Mass gain
Mass gain of juvenile male fur seals from a single trip to

sea was substantial, averaging 27.84% (range 3%–65%) of
their initial trip-departure mass. Baker et al. (1994a) re-
ported an average gain in mass of 10% for juvenile males.
However, the exact timing of a trip arrival and departure was
not known for the sampled males, potentially underestimat-
ing the reported mass gained. In addition, several animals in
the study did gain 25% to almost 50% of their previous mass
measurement, which is similar to values reported in this
study. Interestingly, a good predictor of body mass gain in
juvenile males involved a combination of dives per day and
the trip duration, when using a multiple regression model
(Table 5). Although not previously reported with northern
fur seals, Arnould et al. (1996) reported a positive correla-
tion (r2 = 0.58, p = 0.02, n = 9) between trip duration and
body mass gained in adult female Antarctic fur seals, a spe-
cies of similar mass and life-history patterns. We found a
similar correlation in this study (r2 = 0.55, p < 0.001, n = 19;
Table 5). In contrast, Costa et al. (2000) did not demonstrate
a positive correlation between trip duration and body mass
gained in Antarctic fur seals (r2 = 0.05, p = 0.48, n = 14). It
is important to note that the studies of Antarctic fur seals
were conducted during different years and in different geo-
graphic regions, and that variability in body-mass changes
may reflect differences in prey distribution, density, and
abundance.

Conclusion
The results of this study indicate that the at-sea behavior

of juvenile males can extend farther from the Pribilof Islands
when compared with previous reports of parturient female
at-sea behavior, thus revealing important variation within
this species. Dives were generally deeper during the daytime
than during the nighttime and were different depending on
which bathymetric domain they occurred in, which is a pat-
tern similarly described for parturient females. In addition,
the dive densities and their spatial distribution showed a con-
tinued pattern of colony-specific foraging areas between
Reef and Vostochni colonies. However, juvenile male diving
is probably occurring outside of parturient female foraging
habitat. As a result, some level of sexual segregation may be
occurring during the breeding season.

Acknowledgements

This research was conducted under the authority of Ma-
rine Mammal Protection Act permit No. 782-1455. We thank
K. Call, R. Caruso, K. Holser, S. Lekanof, T. Loughlin, B.
Robson, R. Towell, A. Zacharof, and T. Zepplin for field as-
sistance. A. Greig and J. Benson provided help with geo-
graphic information system analysis. The manuscript was
improved by comments from B. Fadely, H. Huber, M.
Lander, T. Loughlin, G. Swartzman, G. VanBlaricom, and an
anonymous reviewer.

References

Arnould, J.P.Y., Boyd, I.L., and Speakman, J.R. 1996. The relation-
ship between foraging behaviour and energy expenditure in Ant-
arctic fur seals. J. Zool. (Lond.), 239: 769–782.

Baba, N., Boltnev, A.I., and Stus, A.I. 2000. Winter migration of
female northern fur seals Callorhinus ursinus from the Com-
mander Islands. Bull. Natl. Res. Inst. Far Seas Fish, 37: 39–44.

Baker, J.D., Fowler, C.W., and Antonelis, G.A. 1994a. Body-
weight and growth of juvenile male northern fur seals,
Callorhinus ursinus. Mar. Mammal Sci. 10(2): 151–162.

Baker, J.D., Fowler, C.W., and Antonelis, G.A. 1994b. Mass
change in fasting immature male northern fur seals. Can. J.
Zool. 72(2): 326–329.

Beamish, R.J., Leask, K.D., Ivanov, O.A., Balanov, A.A., Orlov,
A.M., and Sinclair, B. 1999. The ecology, distribution, and
abundance of midwater fishes of the Subarctic Pacific gyres.
Prog. Oceanogr. 43(2–4): 399–442.

Bonadonna, F., Lea, M.A., and Guinet, C. 2000. Foraging routes of
Antarctic fur seals (Arctocephalus gazella) investigated by the
concurrent use of satellite tracking and time–depth recorders.
Polar Biol. 23(3): 149–159.

Bonadonna, F., Lea, M., Dehorter, O., and Guinet, C. 2001. For-
aging ground fidelity and route-choice tactics of a marine preda-
tor: the Antarctic fur seal Arctocephalus gazella. Mar. Ecol.
Prog. Ser. 223: 287–297.

Boyd, I.L., McCafferty, D.J., Reid, K., Taylor, R., and Walker, T.R.
1998. Dispersal of male and female Antarctic fur seals
(Arctocephalus gazella). Can. J. Fish Aquat. Sci. 55(4): 845–
852.

Boyd, I.L., Staniland, I.J., and Martin, A.R. 2002. Distribution of
foraging by female Antarctic fur seals. Mar. Ecol. Prog. Ser.
242: 285–294.

Costa, D.P., Goebel, M.E., and Sterling, J.T. 2000. Foraging
energetics and diving behavior of the Antarctic fur seal,
Arctocephalus gazella, at Cape Shirreff, Livingston Island. In
Antarctic ecosystems: models for wider ecological understand-
ing. Edited by W. Davison, C. Howard-Williams, and P. Broady.
The Caxton Press, Christchurch, New Zealand. pp. 77–84.

Gentry, R.L. 1998. Behavior and ecology of the northern fur seal.
Princeton University Press, Princeton, N.J.

Gentry, R.L., and Holt, J.R. 1982. Equipment and techniques for
handling northern fur seals. NOAA Tech. Rep. NMFS-SSRF
No. 758.

Gentry, R.L., Kooyman, G.L., and Goebel, M.E. 1986. Feeding and
diving behavior of northern fur seals. In Fur seals: maternal
strategies on land and at sea. Edited by R.L. Gentry and G.L.
Kooyman. Princeton University Press, Princeton, N.J. pp. 61–
78.

Goebel, M.E. 2002. Northern fur seal lactation, attendance and re-
productive success in two years of contrasting oceanography.
Ph.D. dissertation, University of California, Santa Cruz.

Goebel, M.E., Bengtson, J.L., Delong, R.L., Gentry, R.L., and
Loughlin, T.R. 1991. Diving patterns and foraging locations of
female northern fur seals. Fish. Bull. (Wash., D.C.), 89(2): 171–
179.

Guinet, C., Dubroca, L., Lea, M.A., Goldsworthy, S., Cherel, Y.,
Duhamel, G., Bonadonna, F., and Donnay, J.P. 2001. Spatial dis-
tribution of foraging in female Antarctic fur seals Arctocephalus
gazella in relation to oceanographic variables: a scale-dependent
approach using geographic information systems. Mar. Ecol.
Prog. Ser. 219: 251–264.

Harcourt, R.G., Bradshaw, C.J.A., Dickson, K., and Davis, L.S.



© 2004 NRC Canada

Sterling and Ream 1637

2002. Foraging ecology of a generalist predator, the female New
Zealand fur seal. Mar. Ecol. Prog. Ser. 227: 11–24.

Kajimura, H. 1984. Opportunistic feeding of the northern fur seal,
Callorhinus ursinus, in the Eastern North Pacific Ocean and
Eastern Bering Sea. NOAA Tech. Rep. NMFS-SSRF No. 779.

Kiyota, M., Baba, N., Loughlin, T.R., and Antonelis, G.A. 1992.
Characteristics of winter migration of female Pribilof fur seals.
In XV Symposium on Polar Biology, Tokyo, Japan, 1992. Na-
tional Institute of Polar Research, Tokyo. p. 75. [Abstract.]

Lea, M.A., and Dubroca, L. 2003. Fine-scale linkages between the
diving behaviour of Antarctic fur seals and oceanographic fea-
tures in the southern Indian Ocean. ICES J. Mar. Sci. 60(5):
990–1002.

Loughlin, T.R., Bengston, J.L., and Merrick, R.L. 1987. Character-
istics of feeding trips of female northern fur seals. Can. J. Zool.
65(8): 2079–2084.

Loughlin, T.R., Baba, N., and Robson, B.W. 1999. Use of a
surface-current model and satellite telemetry to assess marine
mammal movements in the Bering Sea. In Dynamics of the Be-
ring Sea. Edited by T.R. Loughlin and K. Ohtani. University of
Alaska Sea Grant, Fairbanks. pp. 615–630.

McCafferty, D.J., Boyd, I.L., Walker, T.R., and Taylor, R.I. 1998.
Foraging responses of Antarctic fur seals to changes in the ma-
rine environment. Mar. Ecol. Prog. Ser. 166: 285–299.

Orians, G.H., and Pearson, N.E. 1979. On the theory of central
place foraging. In Analysis of ecological systems. Edited by D.J.
Horn, G.R. Stairs, and R.D. Mitchell. Ohio State University
Press, Columbus. pp. ix, 312.

Perez, M.A., and Bigg, M.A. 1986. Diet of northern fur seals,
Callorhinus ursinus, off western North America. Fish. Bull.
(Wash., D.C.), 84: 957–971.

Ragen, T.J., and Dayton, P.K. 1990. Migration of northern fur seal
(Callorhinus ursinus) pups in the Bering Sea. Rep. No. MMS
90-0058, Scripps Institution of Oceanography, University of
California San Diego, La Jolla.

Ragen, T.J., Antonelis, G.A., and Kiyota, M. 1995. Early migration
of northern fur seal pups from St. Paul Island, Alaska. J. Mam-
mal. 76(4): 1137–1148.

Robson, B.W. 2001. The relationship between foraging areas and
breeding sites of lactating northern fur seals, Callorhinus
ursinus in the eastern Bering Sea. MS. thesis, University of
Washington, Seattle.

Robson, B.W., Goebel, M.E., Baker, J.D., Ream, R.R., Loughlin,
T.R., Francis, R.C., Antonelis, G.A., and Costa, D.P. 2004. Sep-
aration of foraging habitat among breeding sites of a colonial
marine predator, the northern fur seal (Callorhinus ursinus).
Can. J. Zool. 82(1): 20–29.

Schabetsberger, R., Brodeur, R., Ciannelli, L., Napp, J.M., and
Swartzman, G.L. 2000. Diel vertical migration and interaction
of zooplankton and juvenile walleye pollock (Theragra
chalcogramma) at a frontal region near the Pribilof Islands, Be-
ring Sea. ICES J. Mar. Sci. 57(4): 1283–1295.

Sinclair, B., Antonelis, G.A., Robson, B.W., Ream, R.R., and
Loughlin, T.R. 1996. Northern fur seal, Callorhinus ursinus,
predation on juvenile walleye pollock, Theragra chalcogramma.
NOAA Tech. Rep. NMFS No. 126. pp. 167–178.

Sinclair, E.H. 1988. Feeding habits of northern fur seals
(Callorhinus ursinus) in the Eastern Bering Sea. MS. thesis, Or-
egon State University, Corvallis.

SPSS Inc. 2001. SPSS®. Version 11 [computer program]. SPSS
Inc., Chicago.

Towell, R.G. 2004. 2004 northern fur seal pup production on
the Pribilof Islands, Alaska. National Marine Mammal Labora-
tory, Alaska Fisheries Science Center, Seattle, Wash. Available
from http://nmml.afsc.noaa.gov/AlaskaEcosystems/nfshome/
survey2004pribpups.htm [cited 15 December 2004].

Zar, J.H. 1999. Biostatistical analysis. 4th ed. Prentice-Hall Inc.,
Upper Saddle River, N.J.


