
pinniped species (no Ross seals were seen in the area) were
seen individually and grouped together in higher densities
than we saw anywhere else. The usually solitary leopard seal
was commonly seen in groups of 2 or 3. Bird and whale densi-
ties also appeared to be higher. The possible correlation of
high animal biomass to this particular area is intriguing and
warrants further study in conjunction with the chemical and
physical data.

Our second major focus was to collect blood and tissue
samples from as wide a distribution of crabeater and Wed-
dell seals as possible. The four species of antarctic pack ice
seals are all circumpolar in distribution, yet it is unknown
whether these constitute individual, homogenous popula-
tions or distinct subpopulations. Using modern genetic
mapping techniques, we plan to analyze the degree of genet-
ic relatedness among individuals of the same species across
sample areas.

This research was supported by National Science Foun-
dation grant OPP 94-03672 to D.B. Siniff. We thank the crew

and members of other science parties on the RIV Nathaniel B.
Palmer for their assistance and cooperation.
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Is this little PIG in hot water?
ADRIAN JENKINS, British Antarctic Survey, High Cross, Madingley Road, Cambridge CB3 OET, UK
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T
he glaciers discharging into Pine Island Bay (figure 1) have
been the subject of controversy since Hughes (1981)

noted the lack of any substantial ice shelf that could regulate
the outflow. He proposed that this made them the weakest
points in the potentially unstable west antarctic ice sheet, the
collapse of which could be initiated by the retreat of their
grounding lines into the Bentley Subglacial Trough. Determi-
nations of the mass budget of Pine Island Glacier (PIG) by
Crabtree and Doake (1982) and Lindstrom and Hughes (1984)
indicated that the catchment basin received 40-60 gigatons
per year (Gt yr') more snowfall than was discharged at the
glacier terminus. The PIG goes afloat approximately 85-kilo-
meter (km) upstream of its terminus, but the implicit
assumption that basal melting of a 2,200-square kilometer
(km2) floating glacier would contribute negligibly to the mass
budget led to the conclusion that the ice sheet was growing in
this region.

Recently Lucchitta et al. (1993, pp. 147-151) derived
velocities over a 100-km section of PIG straddling the
groundling line, where they found a velocity of 2 kilometers
per year (km yr_'). Calculating an ice flux into the ocean of 75
Gt yr- 1 , they pointed out that this left the mass budget of the
inland catchment basin approximately in balance. Only two
thickness soundings are coincident with the grounding line,
and using the lower rather than the higher value would
reduce their grounding-line flux to approximately 60 Gt yr-1.
These values, however, exceed the estimated frontal fluxes by

4° 30'S

5°O0'S

Figure 1. Sketch map of Pine Island Bay and positions of the front of
Pine Island Glacier in 1966 (Anonymous 1968), 1973 (Swithinbank
1988), and 1994.
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35-50Gt yr'. The calving rate might be increased by 25-50
percent in the light of the recent observations, but beyond
that, the terminal velocities become too high to be compati-
ble with earlier measurements.

In mid-March 1994, we measured the position and height
of the terminus of PIG from the Nathaniel B. Palmer. Prelimi-
nary results show the location of the calving front to be simi-
lar to its 1973 position (figure 1); 1994 elevations were some-
what lower than reported by Kellogg et al. (1985). These find-
ings seem more consistent with a steady-state condition than
with thickening or surging, but this implies that a consider-
able volume of ice must be lost to basal melting of the floating
glacier, even allowing for possible losses to surface sublima-
tion. We infer a mean basal melt rate in excess of 10 meters
per year (in more than an order of magnitude higher
than has been estimated for the larger antarctic ice shelves
(Jacobs et al. 1992).

We also made a variety of oceanographic observations in
Pine Island Bay, and these help to explain the probable high
basal melt rate of the floating portion of PIG. In figure 2, one of
several similar profiles of salinity and temperature obtained
near the ice front reveals a relatively warm and salty water
mass near the seafloor. This is "Modified" Circumpolar Deep
Water (MCDW), slightly cooler and fresher than its source but
still more than 3°C above the in situ freezing point. MCDW is
also found beneath the George VI Ice Shelf, where it has been
implicated in approximately 2 in of net melting (Potter,
Paren, and Loynes 1984). George VI Ice Shelf is relatively thin,
and little of its ice will be directly exposed to the warmer water.
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Figure 2. Temperature (°C, dashed line) and salinity (practical salinity
units, solid line) vs. pressure (decibars, approximate depth in meters)
at Nathaniel B. Palmer station 93, taken near the front of Pine Island
Glacier on 14 March 1994. The water depth at this location (74054.3'S
101 028.6'W) is approximately 845 meters.

The grounding line of PIG, however, is approximately 1,300 m
below sea level, and the ice thins rapidly downstream. The
steep basal slope of the floating glacier effects a strong buoy-
ancy forcing on the sub-ice circulation and is another reason
why we would anticipate a high melt rate (Jenkins 1991).

The temperature minima below 200 in figure 2 are
substantially fresher than the MCDW at bottom and may indi-
cate meltwater-laden outflows. If our estimates are borne out
by more detailed evaluation of the data, including analyses of
oxygen isotope samples, they raise some provocative ques-
tions. For example, can large ice shelves survive in this sector
if such high basal melting rates are common? If they did so in
the past, was the ocean circulation quite different then? If the
projected stability of Southern Hemisphere atmospheric tem-
peratures occurs at the expense of warming the deep ocean
(Manabe, Bryan, and Spelman 1990), is "the weak underbelly
of the west antarctic ice sheet" (Hughes 1981) especially vul-
nerable to climate change?

Many people helped to obtain the data sets that will be
used in this study, which is supported by National Science
Foundation grant OPP 92-20009.
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