
During their 4-month lactation period, female antarctic
fur seals make a series of feeding trips to sea, returning to
shore between each trip to suckle their pups for 1-2 days. Lac-
tating females' attendance on the rookery beach was moni-
tored continuously for 40 females using radio transmitters
and an automated radio reception/data-logging system. For
the 21 females that completed six trips to sea without losing
their pups (CEMP Standard Method C.1), the average forag-
ing-trip duration was 107.2 hours (SD=45.5, n=126 trips).
Mean trip duration for the 1992-1993 season was greater than
averages recorded in the 1991-1992 season for all of the first
six trips, with the exception of trip 1, which was approximate-
ly 2.7 hours longer than the mean duration in 1992-1993.

Fifteen female fur seals in the foraging-trip/attendance
studies were also instrumented with time-depth recorders
(TDR5) to document diving behavior as a measure of foraging
effort expended while at sea. Some of these TDR-instrument-
ed fur seals were at sea during the small-area survey conduct-
ed by the NOAA ship Surveyor (see other AMLR program
papers in this volume), which will allow subsequent compar-
isons of fur seal dive profiles and the distribution of antarctic
krill (Euphausia superba) as detected acoustically.

At least 306 fur seal pups were born on Seal Island during
the 1992-1993 season, a small increase (5 percent) over the
previous season. A census of the breeding colony of fur seals
on nearby Large Leap Island (1 kilometer north of Seal Island)
produced a count of 304 pups on 21 January 1993, an increase
of 46 pups over the previous season's total.

For the field study of seabirds, a total of 21,717 chinstrap
penguin nests was counted during an islandwide census of
Seal Island at the beginning of the field season, a level close (4
percent less) to that observed during the previous season. The
island's breeding population of macaroni penguins (266
nests) was slightly larger (5 percent) than the previous year.
Observations at a chinstrap penguin study plot revealed that
of nests active at the start of observations on 13 December,
1.3 chicks per active nest were raised to creching. Chinstrap
chick weight at fledging was similar to the 2 previous years'

values [3.1 kilograms (kg) in 1992-1993; 3.1 kg in 1991-1992;
2.9 kg in 1990-1991]. The number of macaroni penguin chicks
per active nest raised to creching was 0.85; the fledging suc-
cess rate (chicks that survived to fledging) was 0.77 fledglings
per active nest.

The chronology of penguin reproductive events from
hatching through creching was documented for comparisons
to other years. For chinstrap penguins, hatching occurred 21
December to 28 January; creching began 25 January; and
fledging occurred 13 February to 8 March. For macaroni pen-
guins, hatching occurred 24 December to 12 January; creching
began 18 January; and fledging occurred 19 to 26 February.

Preliminary analyses of chinstrap penguin diet indicated
that, as in past seasons, krill was the major prey species evi-
dent from stomach lavaging. However, evidence of fish prey
was present in diet samples taken from birds returning from
nocturnal feeding trips. Sixty percent of the samples taken
from nocturnal/early morning foragers (n=15) contained fish
in addition to krill. In contrast, only 10 percent of the samples
taken from diurnal foragers (n=20) had evidence of fish.

The durations of foraging trips of 40 chinstrap penguin
adults were monitored by radio transmitters to determine the
amount of time at sea required by breeding adults to meet
their own energetic needs and procure food for their chicks.
In addition, TDRs were deployed on 49 chinstrap penguins to
obtain detailed information on their diving behavior at sea.

The breeding success of cape petrels at Seal Island in
1992-1993 (0.90 chicks per active nest) was intermediate
between values for the two previous seasons (0.93 vs. 0.62 for
1991-1992 and 1990-1991, respectively). The mean mass of
cape petrel chicks (540 g, n=76) just prior to fledging was
comparable to that observed in 1991-1992 and 1990-1991
(570 g and 630 g, respectively).

The authors thank the officers and crews of the NOAA
ship Surveyor and the M/V Explorer for providing spirited
logistical support. This research was supported by NOAA' s
National Marine Fisheries Service, as part of its Antarctic
Marine Living Resources (AMLR) Program.

AMLR program: Interannual variability in the Elephant Island
surface waters in the austral summer

ANTHONY F. Amos, University of Texas atAustin, Marine Science Institute, PortAransas, Texas 78373

T
he austral summer of 1992-1993 was the fourth field sea-
son of the U.S. Antarctic Marine Living Resources (AMLR)

program (Rosenberg, Hewitt, and Holt, Antarctic Journal, in
this issue) that included a physical oceanography component
to study the Elephant Island regional hydrography. A grid of
conductivity-temperature-depth (CTD)/rosette stations
around the Elephant Island group has been occupied annual-
ly during the summer since 1989-1990. Each year, two

month-long cruise legs are so planned that Leg I stations will
be made from early January through early February and Leg II
stations from mid-February through mid-March. The bulk of
CTD stations are done on a grid during the large-area surveys.
The grid is repeated during Leg II. Cross-shelf transects of
more closely spaced stations are usually done on each leg. A
Sea-Bird SBE 9 (upgraded for AMLR 1993 to SBE-9 Plus) CTD,
with fluorometer, beam-transmissometer, and dissolved oxy-
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gen and photosynthetically available radiation (PAR) sensors
attached, is lowered to 750 meters (m) or less, depending on
water depth. The same CTD sensors have been used all 4
years and are calibrated prior to and following each cruise.
Calibration differences are minor compared to the interannu-
a! variability. Consequently, the sampling scheme with its
close temporal similarity allows us to examine the year-to-
year variability in the upper water structure and ultimately
relate that to the findings of the other component studies in
AMLR.

The preliminary evaluation of the interannual variability
in the upper water column has been made using a simple
quasivolumetric analysis technique. In total, 654 CTD stations
were used in the analysis (figure 1). I calculated the overall 4-
year mean at 1-rn depth intervals grouped into 0.25°-latitude
by 0.5°-longitude [approximately 750 square kilometers
(km2)] columns. Annual departures from the mean were then
computed as anomalies of temperature, salinity, and sigma-T.
Similar techniques were used to investigate the variability of
the depth of various near-surface extrema (temperature mini-
mum, oxygen, and chlorophyll-a maxima, beam-transmission
minimum). There is room here to show only some aspects of
the temperature variability (figures 2 and 3).

In the figures, each square contains two numbers: those
in bold are the parameter value or anomaly and those itali-
cized are the number of stations (n) used in calculating the
values. Squares are shaded according to the key, with darker
shading representing higher values. To aid in visualization,
white lettering is used on the darker background positive, and
black lettering is used on the lighter negative values. There is
some statistical weighting error inherent in calculating the
means because of the preponderance of stations north of Ele-
phant Island and in certain grid squares. Also, the AMLR sta-
tion survey grid pattern has been refined and has changed
from year to year (figure 1) as we learn more about the area.
Some of the squares were not surveyed in all 4 years. Finally,
stations falling just outside a given square will be included in
an adjacent square when ship-drift took Surveyor off-station
(although between events at each location, the ship maneu-
vered to re-occupy the position).

The temperature range for the complete data set of
500,000 1-m--averaged bins is from -1.49°C at 101 m (1993) to
3.59°C at the surface (1993), a span of 5.08°C. Salinity ranged
from 33.624 practical salinity units (psu) at the surface (1991)
to 34.730 psu at 753 m (1990), a span of 1.106 psu. Figure 2
shows the 4-year mean temperature field at selected depths.

A	AMLR9O
	

B	AMLR 91
Jan - Mar 1990
	

Jan - Mar 1991

C	AMLR92	 D	AMLR 93
Jan-Mar 1992
	

Jan - Mar 1993

Figure 1. Locations of CTD stations used in this study. A. 1990. B. 1991. C. 1992. D. 1993. Positions are
shown by the letter of the survey (A through E for the standard large- and small-area surveys, X for cross-
shelf surveys).
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AMLR Program: Mean Temperature (C) 1990 - 1993

Figure 2. Mean temperature in the Elephant Island waters, 1990-1993. A. 1990. B. 1991. C. 1992.
D. 1993.

At the surface (figure 1A), the dividing line between the Drake
Passage water and Bransfield Strait water can be clearly seen
given the constraints of the coarse grid used. At a depth of 100
m (figure 1B), the boundary between the summertime Drake
water with its Winter Water minimum less than 0°C can also
be discerned. Note that although there is a west-to-east mean
temperature gradient at the surface of -1.4°C, the reverse is
true at 100 in a +1.1'C gradient (compare figures 1A and
lB between 60°30'S and 61°00'S). Circumpolar Deep Water
(CDW) begins to show at 200 in lCD and dominates the
Drake Passage at 500 m. At this depth, the Drake- Bransfield
boundary is abrupt, but some evidence of CDW penetrating
into the Bransfield is evident. Amos and Lavender (1991,

Variability at selected depths, 1990-1993

1990	+0.513	+0.096 +0.150	+0.093	+0.038
1991	-0.154	+0.168 +0.053	+0.002	+0.019
1992	-0.410	-0.036	-0.020	-0.027	-0.063
1993	+0.225	-0.093	-0.059	+0.025	+0.050

1992) outline the water masses and dynamics of the AMLR
region, and Capella et al. (1992) discuss the role of CDW using
temperature data alone.

Few, however, have looked at the year-to-year variation
in these waters. In figure 2, I show the temperature anomalies
at the surface: 1990 and 1993 were "warm" years; whereas
1991 and 1992 were "cold." Note that 1992 was as much as
1.7°C cooler than 1990 in some locations and overall about
1°C cooler at the surface than 1990 and 1993. Differences
were also recorded at other depths and in other parameters.
There is not room here to show details, but the table summa-
rizes the overall temperature variability for each of the 4 years
at selected depths.

What biological significance do these variations have for
the AMLR program? Loeb and Siegel (Antarctic Journal, in this
issue) report that saips were ten times more abundant in 1993
than they were in 1992; whereas Euphausia superba were in
similar abundance in those years. Do salps prefer warmer sur-
face waters? Villafafle et al. (Antarctic Journal, in this issue)
have investigated the relationship between the Winter Water
temperature minimum and the chlorophyll-a maximum.
How does the variation in the depth of this water mass affect
the phytoplankton? These and other questions related to
annual variability are being investigated by the AMLR
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Figure 3. Temperature anomaly (departure from the 4-year mean, 1990-1993) at 4 m depth in the
Elephant Island area. A. 1990. B. 1991. C. 1992. D. 1993.

researchers. What has emerged from the hydrographic inves-
tigations is that interannual variability exists both spatially
and vertically in the AMLR study area.

This work was supported by National Oceanic and
Atmospheric Administration (NOAA) cooperative agreement
number NA37FR0004-01. Margaret Lavender, Chuck Rowe,
Andi Wickham, and I constituted the University of Texas
Marine Science Institute field party aboard the NOAA ship
Surveyor. We thank Surveyor's officers, crew, and survey and
electronic technicians for their invaluable assistance,
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