
The role of the ocean as a reservoir in the global carbon cycle is dependent upon the ability of the 
oceans to sequester carbon as particulate matter exported from the euphotic zone.  Cross-ecosystem 
studies of the carbon pump are beginning to provide a predictive capability but Southern Ocean 
ecosystems are undersampled relative to more accessible marine habitats.  Since 1992, Pal-LTER 
scientists have obtained year round collections of carbon export using an autonomous sediment 
trap mooring.  Significant results include: (1) daily export in the LTER region varies by four orders 
of magnitude; summertime export fluxes are the highest ever measured for non-polluted marine 
waters (13 mmol C m-2 d-1) and wintertime export fluxes are the lowest ever measured (<0.001 
mmol C m-2 d-1), (2) annual export varies 2-3 fold between years with highest values following ice-
extensive winters and (3) the C:N:P stoichiometry of the exported material is seasonally phased 
with elevated C:N and C:P ratios in spring and summer.  The primary export mechanism appears 
to be physical and controlled by ice dynamics.

The role of the ocean as a reservoir in the global carbon cycle is 
dependent largely upon the ability of the oceans to sequester carbon as 
particulate materials exported from the euphotic zone.  Studies of the 
rates and mechanisms of this so-called "biological pump" are of great 
contemporary interest in biological oceanography.

During austral spring-summer, phytoplankton blooms in the Antarctic 
Peninsula can result in standing stocks of algae in excess of 20 mg chl a m-3 
and sustained rates of primary production exceeding 0.5-1 mol C m-2 d-1.  
Although the bloom condition is well documented, we know much less 
about the nature or controls of the biological pump, especially the effects 
of seasonal forcing by physical processes, including sea-ice dynamics.

As one component of a multidisciplinary research project, the Palmer 
Long-Term Ecological Research (Pal-LTER) program, we obtained year-
round measurements of sea-ice cover and particulate matter export.  
Except for the automatic weather stations (AWS), these ice and particle 
flux data sets are the only continuous measurements in the Pal-LTER 
program.  These data sets will be used to test hypotheses concerning the 
relationships between sea-ice dynamics and ecosystem function.  This 
poster constitutes a status report of these ongoing studies.

1.  Sea ice extent and duration vary considerably, and independently, in 
the region west of the Antarctic Peninsula.  These complex patterns 
are a direct result of both local and regional climate forcing 
including, but not limited to, ACC current dynamics and ENSO 
forcing.  There is significant seasonal mean ice cover variation (left) 
and interannual variation (right) in the LTER study area.

2.  The spring-summer season following an ice-extensive (cold) winter 
sustains a higher level of primary and secondary production and, in 
the subsequent year, a greater breeding success in penguins.  Export 
production also should be higher in the season immediately 
following an ice-extensive (cold) year.

 
3.  Population dynamics of the macrozooplankton communities will also 

contribute to the patterns and magnitude of export flux.  In warm 
years (low ice) salps are favored over krill.  Salps are efficient grazers 
and effect a large export of particulate matter in the form of fecal 
pellets.  In heavy ice years, krill are favored.  These population 
alternations have implications for both pelagic and benthic 
ecosystems.

The magnitude, composition and timing of particulate matter export 
in the Antarctic Peninsula region are independent of sea ice dynamics 
(extent and timing).

The magnitude, composition and timing of particulate matter export in 
the Antarctic Peninsula region are independent of food web structure.

Sea ice dynamics (extent and timing) control primary and secondary 
production processes in the Antarctic Peninsula and ultimately control 
particulate matter export.

The data summarized in this poster are only a small portion of the 
extant LTER data set now under analysis.  Presented herein are:

These data will eventually be combined with primary production 
(M. Vernet, P.I.), krill biomass and growth rates (R. Ross / L. 
Quetin, P.I.s), seabird foraging (W. Fraser, P.I.) and other field data 
to provide a comprehensive test of our carbon flux hypotheses.

ICE DYNAMICS
Ice concentrations were derived from passive microwave satellite 
data (SSM/I) using the NASA Team algorithm.  The nominal 
resolution is 30-70 km; the grid is resampled to 25 x 25 km pixel 
sizes.  The accuracy of individual pixel concentrations is unknown 
for this region, but based on comparisons with other satellite-
derived ice concentrations, deviations can be as high as 40% and 
sometimes higher during extreme weather events.  In general terms, 
ice concentrations below 15% indicate open water, ice 
concentrations between 15% and 40% indicate diffuse open pack 
conditions, ice concentrations between 40% and 75% may be either 
open pack or close pack and ice concentrations above 75% most 
likely indicate close pack conditions.

SEDIMENT TRAPS
PARFLUX type (MK 7-21; 0.5 m2 opening) sequencing sediment 
traps (Honjo and Doherty, 1988) were deployed at a site near 
Victor Hugo Island (see map).  These bottom-moored traps were 
positioned approximately 150-200 m above the seafloor (total water 
depth = 350 m).  The mooring was serviced annually.  The 
collection period for each of the 21 individual cups varied from 7 d 
in summer to 30-60 d in winter.  After the mooring was recovered, 
the samples were water-sieved through a 1 mm Nitex mesh before 
quantitative splitting into four aliquots using a rotating splitter 
device.  Subsamples were processed for total mass and particulate 
C, N and P.  Additional subsamples for fecal pellet enumeration, 
particulate biogenic Si determination and 13C and 15N isotopic 
analyses have been taken but not yet analyzed.  Quantitative splits 
of these collections are available to all potential collaborators upon 
request.
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Two unexpected results of this initial data set were:  (1) the extremely 
low implied values for annual primary production based on the time-
integrated particulate matter export and (2) the unusual, non-Redfield 
molar C:N:P stoichiometry of the summertime particulate matter 
export pulse (see graph B).

 
If we use our annual particulate carbon export data (261±85 mmol C 
m-2 yr-1) and make the assumption that export production = new 
production, we can then extrapolate our sediment trap estimates to 
total primary production by assigning a f-ratio (ratio of new to total 
production) of 0.25 to 0.50.  From this analysis we estimate that annual 
primary production is 0.5-1.0 mol C m-2 yr-1.  This value is an order of 
magnitude lower than model estimates based on chl a distributions.  
This enigmatic discrepancy must be resolved before we can model 
accurately the Southern Ocean carbon cycle.

 
It is important to distinguish between gross particulate carbon export 
(measured by sediment traps) and net carbon export (the difference 
between gross export and upward advection/diffusion of dissolved 
inorganic carbon, DIC).  A finite rate of export production is a 
necessary, but not sufficient, condition for a net flux of carbon out of 
the surface ocean.  If the elemental ratios (C:N:P) are the same in the 
upward inorganic flux and in the organic downward flux, there is no 
net export of carbon, and no potential for sequestration of carbon 
dioxide.  The distinct stoichiometric uncoupling of the particulate 
matter export each summer with much greater than Redfield (C:N and 
C:P) export (see graph B) is consistent with a net carbon export from 
the euphotic zone.

1.  Daily export production in the LTER region varies seasonally by 4 
orders of magnitude during the 8-yr observation period.  Summertime 
export fluxes are among the highest yet reported for non-polluted 
marine waters (13 mmol C m-2 d-1), and wintertime fluxes are among 
the lowest yet reported (0.001 mmol C m-2  d-1).  

2.  Annual export production in the LTER region varies 2-3 fold with 
higher values following ice-extensive winters.  The 8-yr mean carbon 
export for this Antarctic shelf environment (0.26 mol C m-2 yr -1) is 
much less than the mean value measured for the oligotrophic North 
Pacific gyre at Station ALOHA (0.88 mol C m-2 yr -1).  This serves to 
emphasize the hyper-oligotrophic nature of these coastal ecosystems, 
despite the presence of high nutrient concentrations and a seasonally-
phased bloom of phytoplankton.

3.  The elemental composition of sinking particulate matter is seasonally-
phased with higher C:N, N:P and C:P ratios in spring/summer 
compared to winter.  This implied, lower food quality of the elevated 
summertime export may be a result of a melt-out of detritus 
accumulated in the ice rather than a true reflection of the C:N:P 
composition of contemporaneous production (see model above).  This 
stoichiometric uncoupling sustains a positive, net export of carbon 
from the euphotic zone.

4.  These "feast or famine" type export conditions in the Antarctic coastal 
shelf habitat must have important, but as yet unknown, implications 
for the structure and function of pelagic and benthic communities and 
for the role of natural and anthropogenic habitat perturbations.
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Figure captions:  [A] Particulate C flux and log10 particulate C flux vs. 
sampling date for the Pal-LTER Victor Hugo Island sediment trap 
station (see map).  Note recurrent export maxima in late-spring – 
early summer; [B] C:N (top), N:P (center) and C:P (bottom) molar 
ratios for particulate matter collected in sediment traps.  The solid 

line in each graph is the Redfield ratio (106C:16N:1P).  Note 
significant deviations from Redfield stoichiometry especially 
during the spring-summer export pulse; [C] Summary of primary 
production and particulate carbon flux estimates for samples 
collected in the Palmer LTER study region (shown here as summer 
Nov-Feb vs. winter Jun-Aug extreme and annual average values).  

The two independent estimates of primary production, based on export 
production models and chl a distributions, are more than an order of 
magnitude different for the LTER region.  The coastal Antarctic data sets are 
compared here to similar data collected by us at the Hawaii Ocean Time-series 
(HOT) North Pacific Ocean subtropical gyre Station ALOHA.
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