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Information on the behavior of the Antarctic marine
ecosystem as a whole is important to understanding the
behavior of interdependent populations of krill, fish,
cephalopods, birds, and mammals. To provide a means of
handling the complexity of ecosystem level interactions,
development of mathematical models and computer simula-
tion of the southern ocean marine ecosystem began in 1974.

A 12-compartment model for the Ross Sea (Green, 1975)
was developed using Eltanin data (McWhinnie, 1972; Fay,
1973) and other antarctic literature. Compartments chosen
to incorporate all components of the ecosystem were ice
algae, ice community invertebrates, phytoplankton,
zooplankton, fish, squid, penguins, seals, whales, detritus
and decomposers, dissolved organic carbon, and inorganic
nutrients. Light regime and ice cover were the physical driv-
ing forces. Carbon flows between compartments were ex-
pressed as linear functions of prey standing stock, with some
transfer coefficients varied seasonally for increased
biological reality. A full annual cycle was simulated in week-
ly time steps.

Results from sensitivity analysis on the Ross Sea model
suggest that penguin population size or chick survival rates
may be good indicators of zooplankton abundance, and that

winter phytoplankton standing stock is closely correlated
with total primary production in the following summer
season. The fluctuations of all model compartments with
changes in krill abundance reflect the central position of
krill in antarctic ecology

To increase resolution, the conceptual model of the
southern ocean ecosystem has been expanded to 24 compart-
ments (figure). The zooplankton compartment is split into
krill and other zooplankton; seals are split into six species;
whales are partitioned into five baleen and two toothed
whale compartments. Other compartments are retained.
Respiration, migration, and losses to man through har-
vesting are incorporated in the model even though they are
not indicated in the figure. In the revised mathematical
model, most flow formulations remain linear terms, with
time-varying transfer coefficients. Receiver-controlled flows
are more realistic for migratory whales. Nonlinear terms of
the form cX 1 X 2 , or (transfer coefficient) x (prey standing
stock) x (predator standing stock) produce instability in ant-
arctic models since both predator and prey stocks tend to be
high or low at the same time. Much more realistic simula-
tions are achieved with nonlinear flow terms that in-
corporate upper limits based on maximum feeding capacity
of the predator. A simulation of the 24-compartment model
was run for the Ross Sea region.

A summary of annual carbon flows for the 24-compart-
ment model for all waters south of the Convergence was
based on estimates discussed at the 1976 conference on living
resources of the southern ocean sponsored by the Scientific
Committee on Antarctic Research (SCAR) and the Scientific
Committee on Oceanic Research (scoR) (Laws, 1977; El-
Sayed, in press). Results (Green, 1977) include the apparent
low utilization of other zooplankton by predators in com-
parison with consumption of krill. Crabeater seals are the
main krill predator. Cephalopods potentially have a similar
impact. Estimated phytoplankton production rates (Holm-
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Hansen et al., in press; El-Sayed, in press) are compatible
with a summer krill standing stock of 600 million metric
tons, but not with a much higher estimate. In the general
southern ocean model, krill turnover rates sufficient to sup-
port estimated predation require reproduction to begin in
the second year. In contrast, physiological data indicate a
much longer maturation period (M.A. McWhinnie, presen-
tation at Weddell Gyre Conference, Boulder, Colorado,
June 1977). Model results have pointed out an unexpected
incompatibility between krill population estimates and life
span data.

Predictive modeling of the antarctic marine ecosystem is a
long term goal. Present models are useful for organizing
data and revealing information gaps. Quantitative data on
stocks of fish and cephalopods and their krill consumption
are needed. Krill replacement rates as well as better stock
estimates will be useful. When logistics permit, biological
studies in spring, fall, and winter and quantitative data on
ice edge communities will increase information on some fac-
tors controlling populations.

In the future I will develop models for other southern
ocean regions to compare with Ross Sea model results. One
objective of the Biological Investigation of Marine Antarctic
Systems and Stocks (BIOMASS) program planned by SCAR is
the use of whole ecosystem models and population sub-
models for expressing assumptions and formulating
hypotheses on antarctic biological dynamics that can be
tested through field studies.

The 12-compartment Ross Sea model was supported by
graduate fellowships from the National Science Foundation
and the American Association of University Women. The
revised 24-compartment model was supported by Marine
Mammal Commission grant MM6AC-032.
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Phytoplankton studies in the
water column and in the pack ice

of the Weddell Sea

SAYED Z. EL-SAYED and SATORU TAGUCHI

Department of Oceanography
Texas A &M University

College Station, Texas 77843

Since the International Weddell Sea Oceanographic Ex-
pedition (IwsoE) began nearly a decade ago, great interest
has been shown in the study of the physical, chemical, and
biological oceanography of the Weddell Sea. The Weddell
Sea, particularly its southwestern part, is an important
region for the formation of Antarctic Bottom Water which
has a profound influence on ocean circulation. Also, the
northern Weddell Sea is noted for its heavy krill concentra-
tion. The reasons for these rich concentrations are not
known.

Knowledge of the primary productivity and standing crop
of phytoplankton in the Weddell Sea is based primarily on
the observations made by the principal investigator during
two cruises: one in 1963-1964 on the Argentine icebreaker
General San Mart/n (El-Sayed and Mandelli, 1965), and the
other during the IWSOE in 1968 (El-Sayed, 1971). Of special
interest during the latter cruise was the extensive bloom of
phytoplankton that was encountered off the Ronne Ice
Shelf.

The availability of USCGC Burton Island early in 1977 gave
an excellent opportunity to get new information regarding
the productivity of the Weddell Sea. Because the distribu-
tion of krill corresponds, in general, with the area that is
seasonally covered by pack ice, this ice mantle is of con-
siderable significance in the study of the krill. For this
reason special effort was made during the Burton Island
cruise to study the ecology and the metabolism of ice algae
in the pack ice and to assess their contribution to organic
production of antarctic waters (see below). The Burton
Island cruise also enabled us to add hitherto unstudied
parameters in the Weddell Sea. They include the contribu-
tion of nannoplankton, or organisms less than 20 microns,
to primary production and estimates of the standing crop of
phytoplankton, extracellular metabolites, Adenosine
Triphosphate (.ATP), and others. Feeding experiments utiliz -
ing several species of euphausiids and copepods were made.

During the Burton Island cruise (10 February to 15 March
1977), 20 stations were occupied. The table summarizes the
observations made and the parameters studied.

At the 18 primary productivity stations occupied, water
samples were collected at nine depths corresponding to 100,
50, 25, 12, 6, 3, 1, 0.1, and 0.01 percent of surface light in-
tensity for estimating the concentrations of chlorophyll a, b,
c, carotenoids, phaeopigments, ATP, particulate organic
carbon, particulate organic nitrogen, and dissolved organic
carbon. Also at these stations, size fractionation experiments
were conducted to determine the percentage contribution of
the nannoplankton to primary production and phytoplank-
ton standing crop. Vertical net hauls (using 35- and 333-
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