
inity approaching the Elephant Island shelf appears to be as-
sociated with kniT and phytoplankton biomass increases
(Amos, Heibling, and Holm-Hansen, Antarctic Journal, this is-
sue). The complexity of the hydrography in this region, and its
variability may well govern the variation in the foraging dis-
tance of krill consumers observed by Bengtson et al. (Antarctic
Journal, this issue).

Hydrographically, it is interesting to note (figure 3) that the
temperature/salinity curves for all types intersect at approxi-
mately +0.5 CC and 34.35 parts per thousand at a depth of
about 100 meters and a Sigma-theta of nearly 276. Also at
depths of 750-1,000 meters, Sigma-theta is 27.8 for all the
water-mass types. Thus, from density considerations there
could be horizontal communication at depths around 1000150
meters throughout the area and potential for mixing up or
down in the water column to 1,000 meters.

Further analysis is in progress on the hydrography of the
Elephant Island surface waters and its relationship to the dis-
tribution of the plant and animal biomass investigated by our
AMLR colleagues. We will also relate this to the hydrography
of the Gerlache and Bransfield straits investigated earlier in the
1989°1990 season (Amos, Jacobs, and Hu 1990) for the Research
on Antarctic Coastal Ecosystems and Rates (RACER) program.

This research was performed under U.S. Department of
Commerce, National Oceanic and Atmospheric Administra-
tion/National Marine Fisheries Service contract NA90AA-H-
AF025. We wish to thank the officers and crew of the Surveyor
and especially the Survey and Electronic Technicians on board.

The authors also acknowledge Barney Trams and Christian Bo-
nert Anwandter who assisted in the conductivity-temperature-
depth work.
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AMLR program: Meteorological
conditions in the

vicinity of Elephant Island

A.F. AMOS

University of Texas at Austin
Marine Science institute

Port Aransas, Texas 78373

Do the winds blowing over the surface of the waters around
Elephant Island influence the observed distribution of krill (Eu-
phausia superba) as the structure of the upper waters change due
to wind mixing? This question has been tested during the U.S.
Antarctic Marine Living Resources (AMLR) program by moni-
toring weather conditions continuously throughout the Na-
tional Oceanic and Atmospheric Administration's Surveyor
cruises in 1990 and 1991. Although the answer is not obvious
from the preliminary analysis of these data, the results are of
sufficient interest to be presented here. Weather observations
have long been routine during oceanographic expeditions in
the Antarctic and elsewhere, but too often the data are collected
in a spotty fashion and are seldom incorporated into the final
results of the cruise investigations. For the past few years, I
have attempted to collect continuous meteorological (wind
speed and direction barometric pressure, air temperature, and

humidity), and sea-surface (sea temperature and salinity) data
in the Antarctic (Amos 1990). More recently, these data have
been augmented with atmospheric solar radiation, water trans-
missivity, and chlorophyll fluorescence monitoring by the
Scripps Institution of Oceanography phytoplankton research-
ers (see Amos, Helbling, and Holm-Hansen, Antarctic Journal,
this issue).

Aboard Surveyor, a Coastal Climate Weatherpak provides the
wind input. Other inputs come from Weathermeasure barom-
eter, air temperature, sea temperature, and humidity sensors
and signal conditioning units. A Sea-Bird thermosalinograph
provides surface salinity and additional sea-temperature in-
puts. A Hewlett-Packard data-acquisition system channels the
inputs to a personal computer and navigation information from
the ship's Magnavox global positioning system provides a po-
sitional as well as a temporal reference frame. Data were aver-
aged over 1 minute, at 10-minute intervals and at more frequent
intervals whenever a station or other event took place.

Two methods of presenting the data are given here. Figure 1
shows the data as a function of time without regard to position.
The time period covers AMLR 91, leg I from 16 January to 11
February 1991, including Drake Passage crossings at the start
and end of the leg. Note how, during the body of the time in
the Elephant Island region, the northwesterly winds bring
warmer air and the air temperature is persistently warmer than
the sea surface (light shading in figure 1D). A cold front with
southerly winds on 5 February (dark shading in figure 1D)
brought the only subfreezing air temperatures of the cruise,
reversing the air-sea heat-transfer process.
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Figure 1. Time series surface weather data, AMLR 1991, leg I. A. Wind vectors (up to north). B. Barometric pressure. C. Relative humidity
(malfunctioned on leg I). D. Air and sea temperature. When the air is warmer than the sea, the gap is shaded light gray. When the air is
colder than the sea, the gap is filled solid. (kt denotes knots. mB denotes millibars.)

In figure 2, data are presented (as if it were synoptic) for the
latter part of January in both 1990 and 1991. Surface winds near
Elephant Island are known for their strength and are predom-
inantly westerlies. Cyclones (low pressure systems), migrate
regularly from west to east, year round (van Loon and Shea
1988). A disruption in the westerly flow will occur if the low-
pressure center moves over, or north of Elephant island, or if
anticyclones or surface frontal zones cause wind-shear and
meridional flow (Kaufeld 1988). Duration of individual events
following cyclonogenesis may be from 4 to more 11 days. This
is clearly illustrated in figure 2A when winds were persistently
northeasterly for 7 days in January 1990 and west to northwest-
erly for 14 days in January 1991. We will be examining these

events to see how the surface waters may have responded to
the wind forcing, and how the observed conditions compared
to the surface-level synoptic maps sent to the ship via facsimile.

One would expect a noticeable deepening of the upper mixed
layer in the ocean under the influence of winds blowing with a
mean of more than 10 meters per second for several days. Under
the arctic pack ice, I observed a dramatic correlation between
the upper water-column stability and local winds (figure 3 in
Amos 1972). One of our tasks is to see if this is so, and if it is
responsible for a mixing into the deeper layers of krill or phy-
toplankton. Preliminary analyses show no such general deep-
ening of the pycnocline although individual events seem to be
wind-mixing related.

62 L_-	 --_____J	 62
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Figure 2. "Synoptic" weather data, AMLR 1990 and 1991. A. Late January, 1990. B. Late January 1991. Winds are hourly averaged vectors.
Surveyor's track is shown by the dotted line. (m/sec denotes meters per second.)
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This research was performed under National Oceanic and
Atmospheric Administration award NA17FD0060 to the Uni-
versity of Texas Marines Science Institute. I wish to thank the
officers and crew of the Surveyor and the Electronic Technicians
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AMLR program: Antarctic fur seal
foraging patterns

at Seal Island, South
Shetland Islands, Antarctica,

during austral summer 1990-1991
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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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