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The foraging behavior of antarctic fur seals (Arctocephalus ga
zella) has been shown to reflect the availability of the seals'
primary prey species, antarctic krill (Euphausia superba) (Bengt-
son 1988; Costa, Croxall, and Duck 1989). To describe this pred-
ator-prey relationship more effectively, fur seals have been
studied at Seal Island in the South Shetland Islands each austral
summer since 1986-1987, as part of the U.S. Antarctic Marine
Living Resources (AMLR) Program. During the 1990-1991 field
season, the objectives of the fur seal research at Seal Island
were to
• monitor pup growth and condition and adult female atten-

dance patterns according to the Convention for the Conser-
vation of Antarctic Marine Living Resources (CCAMLR) Eco-
system Monitoring Program (CEMP) protocols, and

• conduct directed research on pup production, female forag-
ing behavior, diet, and abundance, survival and recruitment
of fur seals.
In support of the first objective, we measured fur seal pup

growth rates by weighing random samples of pups at regular
intervals throughout the pup-rearing season. We also meas-
ured the durations of foraging trips and pup-attendance visits
of 39 female fur seals. The results of these studies were re-
ported to CCAMLR according to agreed-upon formats.

As part of the second objective, we used microprocessor-
controlled time-depth recorders to record the diving behavior
of 28 female fur seals as they foraged at sea to gain energy
necessary for producing milk for nursing their pups ashore. We
report here some of the results of these diving studies, based

on dives made by eight female fur seals during AMLR survey
A (Holt, Hewitt, and Rosenberg, Antarctic Journal, this issue),
with an emphasis on the diel pattern of dive frequency and
dive depth.

In the 1990-1991 season, as well as in previous seasons, we
observed a consistent and strong diel pattern of diving fre-
quency; diving is much more frequent at night than during the
middle of the day, with the distribution nearly centered around
local apparent midnight (table). A similar pattern has been
described for antarctic fur seals foraging near South Georgia
(Croxall et al. 1985). We also noted, however, that mean depth

Summary of diving by eight lactating antarctic fur seal
females, 21 January to 5 February 1991

(AMLR survey A), near Seal Island, South Shetland Islands

Percentage	Depth (in meters)
Hour Number of	dives	of total dives Mean	Standard deviation

	

391	 11.46	36.36	26.65

	

457	 13.40	33.89	25.88

	

269	 7.89	51.99	32.93

	

96	 2.81	27.65	19.08

	

128	 3.75	25.56	13.86

	

110	 3.22	25.25	6.99

	

96	 2.81	24.04	7.26

	

52	 1.52	23.23	6.82

8	 3	 0.09	24.00	5.29
9	27	 0.79	19.63	5.85

10	 25	 0.73	27.84	7.09
11	 45	 1.32	30.53	11.70

12	 71	 2.08	30.96	20.86
13	 80	 2.35	29.55	18.03
14	104	 3.05	31.35	15.54
15	 99	 2.90	30.95	9.96

16	110	 3.22	30.02	9.60
17	 91	 2.67	29.56	9.24
18	102	 2.99	29.57	6.96
19	 95	 2.79	26.74	9.95

20	129	 3.78	20.93	8.14
21	199	 5.83	17.51	10.38
22	303	 8.88	20.53	17.43
23	329	 9.65	38.22	32.79

Total	3,411	 99.88	31.07	23.01
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of dives does not show such a distinct pattern (table) and were
led to ask whether the diel pattern was simply one of diving
frequency or also one involving dive depths. The diel pattern
of standard deviations of dive depths (table) gives some indi-
cation that dive depths are much more variable at night than
during the day. Indeed, graphical representation of the distri-
bution (figure) shows that during daylight, females not only
dive less frequently than at night, but less deeply than at night.
Furthermore, their dive depths are somewhat more consistent
during daylight than during the night.

The consistency and strength of the diel patterns in diving
frequency and depth imply a high likelihood that either the
seals' prey undergoes a corresponding diel pattern in vertical
distribution or that the seals' ability to capture their prey varies
in a way that results in the observed patterns. Croxall et al.
(1985) attributed diel patterns in dive frequency at South Geor-
gia to the former cause. Whether the same is true in the vicinity
of Seal Island has yet to be determined. Evidence is lacking for
a general statement about diel vertical migration by krill; stud-
ies at several locations suggest that vertical migration by krill
is varied and complex (Pavlov 1969; Everson and Ward 1980;
Kalinowski and Witek 1980; Witek et al. 1981; Everson 1984;
Morris, Ward, and Clark 1983, 1984; Godlewsak and Klusek
1987; Ichii 1987; Loeb and Shulenberger 1987). There is, how-
ever, circumstantial evidence for diel changes in the seals' abil-
ity to capture krill; Brinton et al. (1987) and Loeb and Shulen-
berger (1987) suggested that lower catches of krill during
daylight hours may be due to more efficient visual detection of
nets by the krill. Integration of our results with those of AMLR
krill studies conducted concurrently (Macaulay, Antarctic Jour-
nal, this issue; Bengtson, Boveng, and Jansen, Antarctic Journal,
this issue) may reveal which of these hypotheses is most con-
sistent with the patterns in fur seal diving.

We will investigate further the diel pattern of variability in
dive depths (greater variability at night) to determine whether
the variability is due mostly to variation among individual seals
or variation among sampling dates. If the former is true, it
would suggest that individual females employ different diving
strategies or feed in areas where vertical distributions of krill
are different. If the latter is true, it would indicate that the seals
are responding to temporal changes in the vertical distribution
of prey in foraging areas surrounding Seal Island (see Bengtson
et al., Antarctic Journal, this issue).

The authors are grateful to D.A. Croll and J.K. Jansen for
assistance at Seal Island. This research was supported by the
National Oceanic and Atmospheric Administration as part of
its AMLR Program.
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Distribution of diving activity by time of day and maximum depth
of dive for a sample of lactating antarctic fur seals at Seal Island,
South Shetland Islands. (GMT denotes Greenwich Mean Time. m
denotes meter.)
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