
work under this award. As a result, our research activities focused
primarily on expanding the scope of our ongoing work on seabirds
under the AMLR and other awards to accommodate the hypoth-
eses being tested by our LTER component. These activities in-
cluded the development of additional study sites, increasing sample
sizes and sampling frequency of some parameters to better repre-
sent Palmer seabird populations, and adding several research
protocols to the suite of data being collected to provide a more
comprehensive look at aspects of these species' behavior, de-
mography, foraging ecology, and reproductive biology (table 1).

Our field work began on 13 October 1991 and ended on 7
March 1992. Some preliminary results of this first LTER field
season are shown in table 2, which compares aspects of the
ecology of Adélie penguins and south polar skuas during sum-
mers following cold (1991; heavy sea ice development) and warm
(1990; light sea ice development) winters. In contrast to south
polar skuas, Adélie breeding success and foraging efficiency
improved during the summer season following the 1991 winter.
Although heavy ice during the spring after the 1991 winter
delayed reproduction in skuas (table 2), breeding success was not
affected, indicating the availability of silverfish did not change
(cf. Trivelpiece et al. 1990). This would suggest that approxi-
mately 8-10 years prior to the 1991 winter, sea-ice conditions were
light and favored high silverfish recruitment. That such winter

conditions did in fact occur a decade ago has been shown by
Fraser et al. (1992), who also discuss how changing sea-ice condi-
tions might influence the biology of Adélie penguins. These very
preliminary data thus suggest that our LTER component's hy-
potheses are both testable and appropriate as a vehicle for guid-
ing our research.

This research was supported by National Science Foundation
grants DPP 89-18324, DPP 90-11927, and DPP 91-03429. Addi-
tional support was received from NOAA/NMFS.
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The Palmer long-term ecological research (LTER) program
focuses on marine ecosystem processes that link physical forcing,
especially the annual advance and retreat of pack ice, to biological
factors at different levels of the food web. The abundance and
distribution of phytoplankton biomass and primary production
include contributions from open water, the marginal ice zone,
and ice algae. Controls on phytoplankton production reflect the
space/time variability in ice cover, turbulent mixing, nutrient
availability, and solar irradiance. We selected the LTER sampling
strategy to elucidate the relative importance of these mecha-
nisms, and our hydrographic and bio-optical observations pro-

vide data necessary to quantify linkages between the physical
and biological components of the system. During the Palmer
LTER cruise on the R/V Polar Duke in mid-November 1991, we
used the bio-optical profiling system (BOPS II) (Smith et al. 1984;
Smith et al.) to sample and define the physical, optical, chemical,
and biological characteristics of the marginal ice zone in the large-
scale area surrouding Palmer Station. We carried out transects
along the Renaud (500), Palmer basin (600), and Dallmann Bay
(700) lines of the Pa1LTER Peninsula grid (Waters and Smith
1991). Here we present preliminary hydrographic and optical
results which complement the LTER phytoplankton (Prezelin et
al. 1991) and krill work (Quetin et al. 1991).

Figure 1 is a defense meterological satellite program (DMSP),
optical line scanner image showing ice cover in LTER cruise area
at the start of the cruise. The ice edge was compacted, the pack ice
snow covered, and the concentration of large icebergs relatively
high. The image shows open water in portions of the Gerlache
and Bismarck Straits.

Temperature, conductivity, and sigma-t as a function of depth
are shown for each transect line in figure 2. Also shown is the
approximate location of the ice edge. Ship observations are
consistent with the satellite image. On the Renaud I (500) line the
compacted ice edge was near and seaward of station 500.100,
which was snow-covered and rafted pack ice. Open and ice-free
water was to the northwest, with many large icebergs to the
southeast toward the Peninsula. On the Palmer basin line there
was open water to the southeast near the Bismarck Strait, snow-
covered and rafted packice (within which the R/V Polar Duke was
held fast for four days) between stations 600.040 and 600.060, and
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Figure 1. Defense Meterological Satellite Program, Optical Line Scanner (DMSP/OLS) image from 7 November 1991 (1023z) of the Antarctic
Peninsula (coast simplified and outlines in black) and the Palmer area during the LTER cruise on the RN Polar Duke. Small arrow points to
the compacted ice edge to the west of the Antarctic Peninsula. Station points are shown as black asterisks and bottom topography as white
lines with depth in meters.

ice-free water northwest of stations 600.080. The Dallmann Bay
line had snow-covered and heavily rafted pack ice and icebergs
near station 700.020, with open water in Schollaert Channel and
Ice-free water at all stations farther northwest.

The beam attenuation coefficient (660 nanometers), stimu-
lated fluorescence, and downwelling irradiance at 488 nanom-
ters as a function of depth are shown in figure 3. Beam c, often

:haracteristic of biogenic particulate matter (Bishop et al. 1992),
and fluorescence, an indicator of chl-a, show spatial coherence
and are consistent with HPLC chl-a observations (Prezelin et al.
1991). Elevated values of pigment biomass appear to be associ-
ated with the marginal ice zone along the Renaud and Dallmann
Lines. The Palmer basin line, with open water at each end and a
wind-compacted ice edge, had relatively low pigment biomass.

We are analyzing these data further with respect to the cou-
pling between ice-edge dynamics, circulation, optical properties,
nutrient distribution, and biological variability. Our goal is to
define and model this coupling, using full spectral bio-optical

models (Smith et al. 1987; Smith et al. 1989; Bidigare et al. 1992).
This work was supported by National Science Foundation

grant DPP 90-11927 (RCS) and is Palmer LTER Publication No. 10.
Bob Whritner, Manager of the Arctic and Antarctic Research
Center, Scripps Institution of Oceanography, kindly provided
the satellite image.
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Figure 2. Temperature (degrees Celsius), salinity (percent), sigma-t (kilogram per cubic meter) vs. depth (meters) for transects along the
Renaud 1(500), Palmer basin (600) and Dallmann Bay (700) lines. Along these lines the approximate location of the ice edge was at grid locations
500.100, 600, 080, 700.025.
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Figure 3. Beam transmittance (percent per meter), stimulated fluorescence (relative), and downweliing Irradiance at 488 nanometers (per
square meter per nanometer) vs. depth (meters) for transects along the Renaud, Palmer, and Dallmann lines. Scale as for figure 2.
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The linkages between different trophic levels is a key focus of
the Palmer long-term ecological research program (LTER). We
selected seabirds, Adélie penguins and south polar skuas (Fraser
et al. 1991) to represent upper-tropic level predators, and our
study site included the breeding areas of these birds near Palmer
Station. We established a fixed set of sampling stations (Palmer
grid), within the small boat range of Palmer Station, in order to
provide high-resolution time-series data in the immediate area of
the LTER predator field and sampling linkage with cruise obser-
vations on the larger-scale Pa1LTER peninsula grid (see figure
Waters and Smith 1991). Our objective was to obtain higher
resolution physical, optical, chemical, and biological observa-
tions, comparable with ship observations, on the Palmer grid.

A Mark V zodiac was outfitted with a platform, two davits
with blocks, hand winch, gas powered generator, and consoles
for electronics (figure 1). We called this zodiac, when so outfitted,
the regional optical zodiac experiment (ROZE) and used it to
deploy
• a SeaBird conductivity-temperature-depth recorder (CTD)
with SeaTech transmissometer and fluorometer to determine
temperature, conductivity, depth, beam transmittance (660 na-
nometers), and stimulated fluorescence (chlorophyll a);
• an optical free-fall instrument (OFFI) to determine
downwelling spectral irradiance and upwelling spectral radi -
ance (Waters et al. 1990); and

• a biosonics instrument to acoustically estimate krill school
density.

We used a Trimble Pathfinder Global Positioning System
(GPS) and hand-held compass for navigation, a fishfinder for
depth information, and an above-water spectral irradiance sen-
sor to complement the in-water component of the OFFI. Here we
present a few preliminary hydrographic and optical results that
complement the Palmer grid pigment and nutrient observations.

Sigma-t, as a function of depth and time, are shown for the
Palmer stations A through E (figures 2 and 3; see map: figure 2
Waters and Smith 1991 or figure 2 Prezelin et al. 1991a). Snow-
covered pack ice covered most of Arthur Harbor (and station A)
until mid-December 1991. During early December stations B
through E shifted between open pack ice (0.4 to 0.6 ice cover) and
open water (less than 0.1 ice cover) with several large icebergs in
the area. By the end of December open water conditions (with
occasional icebergs) prevailed. Pack ice covered the area sur-
rounding stations A (95 percent), B (95 percent), and C (40
percent) for a few days in late January (20 January). In spite of the
nearshore environment, these stations show a high degree of
coherence with fresher water stabilizing the upper layer as the
season progresses. Preliminary analysis suggests that stations D
and E are reasonably representative of Palmer basin, but further
work is necessary to test this hypothesis.

Figure 3 shows a comparison of beam transmittance (a mea-
sure of both organic and inorganic particulate material) and
stimulated fluorescence (a measure of chl-a) as a function of depth
and time at station A. The fluorescence data are consistent with
high-pressure liquid chromatography chl-a observations (Prezelin
et al. 1991b). Beam transmittance and fluorescence show space/
time coherence until late January. At that time a heavy rain,
accompanied by island and glacier runoff, decreased pigment
biomass and increased the non-phytoplankton component of
attenuation. Energy available for photosynthesis (data not shown)
was redirected to nonviable particulate material. This same event
reduced surface stratification (figure 3, sigmat) and mixed par-
ticles to greater depth, further reducing energy available for
photosynthesis. This is a particularly dramatic illustration of
physical and bio-optical coupling.

We are further analyzing these data with respect to the cou-
pling between physical forcing, optical properties, nutrient dis-
tribution, and biological variability. Our goal is to define and
model this coupling, using full spectral bio-optical models (Smith
et al. 1987; Smith et al. 1989, Bidigare et al. 1992).

This work was supported by National Science Foundation
grant DPP 9O-11927(RCS) and is Palmer LTER Publication No. 11.
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