
very rare, and the high mortality of the eggs and young have
been all but eliminated. This is an extreme case, but almost
all the infaunal species show adaptations to reduce mortality
to settling larvae. These conclusions are supported by studies
of gut contents of infaunal predators that live among the
dense tube assemblage of the filter and deposit feeders at the
surface of the mud. The most convincing evidence for these
patterns will come from the laboratory and field experi-
ments being established. Such convincing experiments could
not have been established in the absence of the detailed
natural history data being collected by the winter party.
The experiments described earlier (Oliver et al., 1976) are

being monitored, but analysis is slow because sorting and
picking samples is difficult. We saw no significant trends of
the ophiuroid exclusion experiments on infaunal larval
recruitment into the dish pan and excavation experiments at
New Harbor nor for similar Odontaster validus exclusion ex-
periments at Cape Armitage. Epifaunal animals, however,
are strongly influenced by asteroid cropping. These effects
on epifaunal animals are clearly demonstrated by ex-
perimental manipulations of sediment containers, natural
rocks and cages, and other artificial substrata. Dramatic
species-specific infaunal differences are seen in organic
enrichment experiments and in experiments established to
see differences in dispersal tactics. Increased sedimentation,
an artifact of cage experiments, drastically affects succes-
sional patterns by accelerating it the first year but inhibiting
it in subsequent years.
The deep-sea barnacles collected in January 1976 (see

Oliver et al., 1976) reproduced in 1977, and the young have
settled on the sides of the adults. These data may represent
the first successful transplants of deep-sea animals into
shallow water situations. The primary productivity data are
being analyzed and corroborate the higher rates in more
northerly sites discussed in Dayton and Oliver (1977). Final-
ly, baseline survivorship data are being collected in the
sponge community, and many experiments regarding com-
petitive overgrowths of sponges and the biology of sponge
predators (Dayton et al., 1974) are being monitored.
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Ice-dominated regions of the world's oceans are of special
interest to students of marine ecosystems because an ap-
parent anomaly exists whereby such cold waters have large,
rich, and varied populations of birds, mammals, and fishes.
Low temperature per se does not seem to inhibit strongly the
biological activity. In arctic regions productivity at the
photosynthetic level is highly seasonal, mostly occurring in
spring. Typically a spring bloom in the ice adjacent to the
water/ice interface is followed by a bloom in the water.
Presumably this highly seasonally restricted activity is due to
nutrient exhaustion during the summer months.
Antarctic waters, however, are known to be richer in

nutrients, and therefore the seasonal production regime dif-
fers. On the other hand, ice-associated plant production is
known to be important here also (Bunt, 1963; Meguro,
1962, and others). In addition, ice plays a significant role in
determining the composition and structure of the sea water
column in its immediate vicinity. The effect of such physical
and chemical conditions on the biological system is of in-
terest. We therefore proposed to study the effects of ice on
the local near-shore system in the vicinity of Palmer Station,
Antarctica, concentrating on low trophic level biology and
on aspects of seawater chemistry.
Three cruise tracks for the R/V Hero were selected to carry

out the field sampling and oceanographic observations. The
first was directly outside Arthur Harbor, with a series of 10
stations in a grid west of Anvers Island taken over a 3-day
period. The second was somewhat farther south, with
several stations taken enroute, but basically a transect of
four major stations was completed running out to sea off the
Biscoe Islands at a longitude of 66°W. A few samples of sea
ice, some newly forming, were collected. The third track
was to the north of Palmer Station and included another
transect at approximately 62°S. latitude, west of the South
Shetland Islands. We also worked in the bay of Deception
Island and took a series of surface samples on the run back
to Palmer Station. The final aspect of our work was analysis
of nutrient levels in glacial ice, snow, runoff, and precipita-
tion, to be used in estimating nutrient input in the coastal
regions. El-Sayed (1970) describes the shelf west of the Ant-
arctic Peninsula as an area of high production; this may well
be related to a relatively high nutrient input.

Chlorophyll values ranged from undetectable to 9 milli-
grams per cubic meter, with the highest values in the bay at
Deception Island. Primary productivity as measured by the
carbon-14 method (with deck incubation) showed a similar
variation, and light versus photosynthesis experiments sug-
gested two distinct populations with differing responses,
possibly related to nutrient levels. The chlorophyll values
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are in line with those found by other workers at the same
time of year. Bienati et al. (1971) found high levels (13.5
milligrams per cubic meter) at the surface in late March in
Paradise Harbor (Gerlache Strait). Summer primary pro-
ductivity also was found to be high in that area (Bienati et
al., 1975). Previous work in the Arthur Harbor area has
shown three algal blooms during the summer season, with
the highest in midsummer (Krebs, 1974). Krebs suggests
that cool surface water of low salinity due to glacial runoff
and presence of brash ice may be a strong influence. Burck-
holder and Mandelli (1965) also found three production
peaks during the summer. In our work we ultimately will be
able to correlate light levels, light penetration, nutrient
analyses, chlorophyll, and primary production with physical
structure of the water column (salinity and temperature).
Previous work has not included ammonia among the nutri-
ents studied, although our results suggest that it is a major
source of nitrogen for the phytoplankton populations and
that it is sensitive to changes in productivity and influences
algal light response. Warnke et al. (1973) describe the en-
vironment in the Arthur Harbor vicinity in terms of some
chemical aspects and include some microbiological data.
A summary of data from the runoff and precipitation

study is shown in the table. The numbers are means, taken
from all the samples of each kind. There is a suggestion that
runoff may be an important source of ammonia and that
rainfall also could add significant amounts of this nutrient.
The situation is similar for phosphate, although the results
are not as clear.
One very distinct difference between the Arctic and the

Antarctic is related to ice-algal communities. We were in-
terested to find abundant algae associated with newly form-
ing sea ice during our southern cruise track. These algae
showed a high degree of light compensation, and the
photosynthetic rates were not reduced greatly by lowering
the light from full surface intensity to under-ice levels. We
never have observed fall ice-algal production in the Arctic,
although it is well documented for the Antarctic (Hoshiai,
1972). The area of sea ice that we studied near the Biscoe

Islands was rich in birds, seals, and whales, suggesting that
ice-related production may be important in the biological
regime. This has been observed for localized areas of ice oc-
curring during the spring season in the Bering Sea in the
Subarctic U. Burns, personal communication). However, it
is possible that during the fall in the Bering Sea ice forma-
tion occurs at a time of too low light intensity to allow for
algal growth or alternatively nutrient deficiencies may be
prohibiting.
This work was supported by National Science Foundation

grant DPP 75-15851. We appreciate the cooperation and
support of Captain Peter Lenie of the W3[ Hero and his
crew. The facilities of Palmer Station were used as shore
base. The invaluable assistance of Margie Young is
acknowledged.
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Atmospheric contribution to oceanic productivity near Palmer Station, Antarctica.

PO4 - P�NO2 - N�NH4 - N�pH�Alkalinity
,Rn at/I)�,q}n at/1)�,Rn at/1)�(meg/i)

Runoff (6 samples), 24 February - 7 March 1977

�

1.3�0.09�3.0�6.46�0.07

Precipitation (6 samples), 24-26 February 1977

�

1.9�0.17�5.4�5.66�0.007

Precipitation (4 samples), 1-6 March 1977

�

0.19�0.16�12.0

Total snow accumulation (4 samples), 1-7 March 1977

�

0.03�0.07�66

Glacier ice, top 3cm, 7 March 1977

5.41�0.006

�

0.31�0.11
�

42=6�5.85�42456

Glacier ice, 3-6 cm, 7 March 1977

�

4256�0.03�0.48�5.56�0.008

22� ANTARCTIC JOURNAL

William Spindler
October 1977



Warnke, D.A., J . Richter, and C. Oppenheimer. 1973. Charac-
teristics of the nearshore environment off the south coast of
Anvers Island, Antarctic Peninsula. Liinnology and
Oceanography, 18: 131-142.

-

-

 —c{{p

Kiuy£yzks yz{joky gtj
sgznksgzoigl sujkl lux Rgqk

Huttk£/ Zg£lux \gllk£/ yu{znkxt
\oizuxog Rgtj

LEONARD W. HOWELL, JR., RICHARD G. KRUTCHKOFF,
and BRUCE C. PARKER

Virginia Polytechnic Institute and State Unwersity
Blacksburg, Virginia 24061

The fifth and final austral summer of our study of the
Lake Bonney ecosystem pursuant to a mathematical model
was undertaken from November 1976 to January 1977.
Measurements throughout the season included dissolved 02,
pH, sulfates, NH,,-N, NO3 -N, NO2 -N, primary produc-
tivity, algal counts, temperature, alkalinity, and PO4 -P. In-
creasing emphasis was given to assessment of glacial
meltwater input to the lake, inorganic nitrogen and or-
thophosphorus composition of the meltwater and the ice-
cemented permafrost, and a new investigation of carbon-14
organic substrate uptake by the plankton microorganisms.
These data will be reported subsequently following detailed
analysis and interpretation.
In addition, we are investigating the growth of Lake Bon-

ney, the volume of which has more than doubled since its
discovery and description by Scott's field party in 1903. The
lake's growth in recent years is emphasized by the necessity
to abandon the hut in January 1977 when the water level
reached its foundation (figure 1). This hut was erected in
1962 and was several meters above Lake Bonney ice at that
time. The remainder of this report describes the
mathematical model, now nearly complete and to our
knowledge the first such model for an arheic, meromictic
lake.
Our modeling approach for the Lake Bonney ecosystem

has been to employ three categories of information to
develop a model as a tool for exploring interactions between
various lake organisms and their environments. These three
categories are (1) real data or measurements taken at Lake
Bonney (e.g., nutrient levels, productivity rates), (2) real
data or measurements from other aquatic ecosystems (e.g.,
nutrient uptake rates, cell composition) and (3) intuitive
guesses (e.g., death rates, consumption rates). The Lake
Bonney model is deterministic and consists of 21
simultaneous differential equations, 21 parametric equa-
tions, 42 submodels, and 180 coefficients. We have written a
FORTRAN program that solves these equations numerically,
giving the solutions graphically and/or in tabular form.
Four programs permit a variety of input-output options.

Figure 1. Lake Bonney hut (built 1962) and analytical
chemistry lab (built 1971) in early January 1977, showing
lake water surrounding the hut and at a level nearly

touching the foundation.

Each program calls each of the subprograms, and many of
the subprograms call each other as they run on the IBM
370/158 computer. Other important features of the model
are mass-balance, which checks the consistency of the equa-
tions, and a confidence interval submodel that allows for
confidence intervals in prediction.
Differential equations used in our model consist of

derivatives of biomass and nutrient (or other variable) con-
centrations with respect to time, as follows: (1) suspended
(plankton) algae, (2) suspended (plankton) bacteria, (3)
suspended (plankton) yeasts, (4) water column phosphorus,
(5) water column inorganic nitrogen, (6) water column in-
organic carbon, (7) water column particulate organic mat-
ter (nonliving), (8) water column dissolved organic matter,
(9) water column dissolved oxygen, (10) mat algae (referring
to benthic attached felts), (11) mat yeasts, (12) mat bacteria,
(13) mat consumers (referring to ciliates, rotifers, tar-
digrades and nematodes in mats and which are not found in
the plankton), (14) mat inorganic nitrogen, (15) mat
phosphorus, (16) mat inorganic carbon, (17) mat dissolved
organic matter, (18) mat particulate organic matter (nonliv-
ing), (19) mat dissolved oxygen, (20) mat volume, and (21)
lake volume (living part only).
Parametric equations, which are those for environmental

variables influencing the biomasses and nutrients of interest,
are: (1) boron concentrations in the water column, (2) boron
concentration in the mat, (3) salt concentration in the water
column, (4) salt concentration in the mat, (5) glacier and
mountain blockage of sunlight, (6) daily/seasonal sunlight
intensity, (7) water column temperature, (8) mat tempera-
ture. (9) water column pH. (10) mat pH. (11) freezing/
melting of lake ice, (12) meltwater input of algae
(tychoplankton). (13) meltwater input of bacteria, (14)
meltwater input of yeasts, (15) meltwater input (freshwater),
(16) meltwater input of inorganic carbon, (17) meltwater in-
put of dissolved organic matter, (18) meltwater input of par-
ticulate organic matter, (19) meltwater input of phos-
phorus, (20) meltwater input of inorganic nitrogen, and (21)
meltwater input of dissolved oxygen.
Sensitivity studies have been conducted to examine the

depth of various concepts in the submodels. Such submodels
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