
mental design will be expanded during the 1982-83 field season
to determine the factors that influence the growth and develop-
ment of the sea ice microbial community in McMurdo Sound.

We are grateful to Greta Fryxell for identifying Porosira pseudo-
denticulatus. We thank Sarah McGrath Grossi for reviewing the
manuscript and Linda Reppas for typing the manuscript. This
research was supported by National Science Foundation grant
DPP 79-20802.
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Ice algal communities
in the Weddell Sea

DAVID L. GARRISON, KURT R. BUCK, and MARY W. SILVER

Center for Coastal Marine Studies
University of California

Santa Cruz, California 95064

Algae that live within sea ice may be important primary
producers and may serve as seed populations for communities
in the underlying water column. To study these ice populations

Table 1. Average chlorophyll a concentrations and total chlorophyll
biomass In the water column and In Ice algal communities

Total
Chlorophyll a	chlorophyll

concentrations	(milligrams	Ice
(milligrams per	per square	thickness
cubic meter)	meter)	(meters)

Water column (upper
50 meters)	 0.30	12.2	-

Sea ice
Newly forming	 8.04	 0.9	<.26
First year	 1.25	 1.6	1.3
Multiyear	 1.00	 4.8	4.2

achiorophyll biomass was integrated over the upper 50 meters in the
water column.

and to determine their relationships to pelagic communities, we
collected both water and ice samples from the Weddell Sea in
January and February 1980. From the samples we have deter-
mined chlorophyll a biomass and species composition and have
correlated our findings with data on the nutrient levels from
these environments (Ackley et al. 1980; Foster et al. 1980).

Our samples indicate that algal concentrations are higher in
sea ice than in the water column. However, since ice is limited to
a relatively thin surface layer, total standing crop in the water
column is usually greater than in sea ice (table 1). In newly
formed ice, high chlorophyll concentrations that could not be
explained by in situ growth led us to hypothesize that algae can
be physically harvested during frazil ice formation (Ackley 1982;
Buck and Garrison 1982; Garrison and Buck 1982).

We have used nutrient concentrations and salinity as indica-
tors of biological activity within ice. The pattern of reactive
silicate distribution was characteristic of that of other nutrients:
concentrations were high in surface waters and markedly re-
duced in ice samples (figure 1). If silicate functions as a con-
servative salt, its concentration can be predicted by salinity, and
salinity decreases in ice as a result of brine rejection. Deviations
from the silicate value predicted by salinity (i.e., residual con-
centrations) most likely indicate biological uptake or regenera-
tion. We tested for such biological processes by comparing
residual nutrient concentrations with algal biomass (figure 2).

In newly forming ice, residual nutrient concentrations were
small and were not correlated with algal biomass. Such results
are consistent with the hypothesis that these populations are
mechanically harvested during ice formation. In ice floes, on
the other hand, observed concentrations of reactive silicate were
considerably lower than predicted, indicating uptake by diatom
populations; however, algal biomass was unrelated to residual
concentrations, and chlorophyll concentrations were less than
would be expected if these residual nutrients had been incorpo-
rated into diatom populations. Siliceous heterotrophs were not
sufficiently abundant to explain the low silicate concentrations;
furthermore, there were relatively high concentrations of am-
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Figure 1. The relationship between reactive silicate (S'02) and sali-
nity in ice samples. The solid line is the Si02/saiinity relationship in
surface water samples at ice edge stations (i.e., 93.2 micromoles of
S102 per liter/33.9 %).

monium in floe ice. These observations suggest decomposition
of diatoms within the older ice. Thus, algae in young ice and floe
ice are in different stages: the early stage of physical accumula-
tion and the later stage of decomposition following algal
growth, respectively.

A preliminary analysis of the composition of the algae in the
water and ice samples showed that Phaeocystis was the dominant
alga in man y water column and newly forming ice samples,
whereas diatoms predominated in ice floes (table 2). Diatom
assemblages were very similar in water and newly forming ice,
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Figure 2. Residual silicate concentrations (R-S!02; in mlcromoies
per liter) vs. chlorophyll a (in milligrams per cubic meter). Residual
concentration = observed concentration - concentration pre-
dicted by the Si02/sailnity relationship shown in figure 1. * = newly
forming ice samples; + = ice core samples from first-year and
multiyear ice floes.

Table 2. Abundance of major taxa of microplankton (in cells per
milliliter) In the water column and in ice algal communities

Station Pi02a

Group	 Water	New ice	Core 51 G41
(first-year floe)

Phaeocystis	 3,641	41,644	1,825c
Diatoms	 746	38,613	84,000c
Archaeomonads	 12	835

a station Pi02: 39026'W 70016'S.
bCore 51G4: 4343'W 73024'S.
C Mimum number in core.
dpresent but not enumerated.

and the same species occurred in the water column and in ice
floes (see table 3). A few diatom resting stages were observed in
the water column and in newly forming ice, and Archaeomonad
cysts were abundant in both ice and water (Mitchell and Silver
1982).

This study was supported by National Science Foundation
grant DPP 80-20616 to M. W. Silver and J. S. Pearse. Ship time was

Table 3. Relative abundance In diatom species in newly forming sea
Ice compared with adjacent surface water sample and the present

(+) or absence (-) of these species in ice core samples

Adjacent
surface

	

New ice waters	ice core
Species	 (%)	(%)	samples

Nitzschia cylindrus	 56
 

30
 

+

N. closterium	 18
 

5
 

+

N. curta	 7
 

45
 

+

N. kerguelensis	 3
 

0

N. turdiguloides	 3
 

3
 

+

N. angulata	 2

N. subcurvata	 2
 

+

N. pseudonana	 0

N. sublineata	 0
 

1

N. ritscheri
	

0

N. neglectum	 0
 

1
 

+

Tropidoneis glacialis	 4
 

1

T. fusiformis	 2
 

1

T. gaussii
	

0
 

1

T. belgicae	 0
 

1

Amphiprora kjellmanii
	

0
 

1
 

+

Chaetoceros simplex	 1
 

4
 

+

C. dichaeta	 2
 

2
 

+

C. criophilum	 0
 

+

Rhizosolenia inermis	 2
 

1
 

+

Odontella weissfolgii
	

0
 

1
 

+

(resting cells)
Dactyliosolen antarcticus	 0
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made available by T. D. Foster, and J. G. Mitchell helped on the
sampling cruise. Much of this study is part of a collaborative
effort with S. E Ackley, and we thank him for his continuing
support and involvement.
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Biology and ecology of shallow-water
rhizopodia in McMurdo Sound

TED E. DELACA
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The principal objective of this investigation was to study the
distribution, ecology, and physiology of shallow-water benthic
foraminifera in McMurdo Sound. Study sites were chosen to
include a wide range of the environmental conditions known to
exist in the sound. The shallow-water benthos of the eastern
and western sides of McMurdo Sound differ in diversity, abun-
dance, and species composition (Dayton and Oliver 1977).
These differences in the benthic communities probably result
from the effects of patterns of water currents and the per-
sistence of ice cover on organic input to those areas (DeLaca,
Lipps, and Hessler 1980; Hodson et al. 1981; Holm-Hansen et al.
1977). Recent findings (Stockton in preparation) have revealed a
spectrum of environments that differ in organic input and sub-
strate composition on the western side of the Sound.

In mid-January 1981, the participants of this project began a 2-
year investigation. The first summer's work consisted of a 3-
week survey of foraminiferal distribution and the initiation of
laboratory investigations at the Eklund Biological Center at
McMurdo Station for continued studies during the winter of
1981. In latter studies, winter-over personnel monitored en-
vironmental parameters and the population dynamics (stand-
ing stocks and biomasses) of Gromia oviformis (Testacida) and
associated foraminifera in the immediate vicinity of the salt
water intake pipe at Cape Armitage. These investigations
provided information on small-scale distributions of benthic
rhizopodia and yielded interesting correlations with substrate
type and the proximity of various larger organisms in the soft-
bottom communities in that area.

The second year's investigations began in early October 1981
with the reoccupation of study sites on the western side of the
sound. A field camp was established at Explorers Cove, New
Harbor. Much of our effort focused on this camp on the sea ice
and on the marine sediments under it. We used 10 diving access
holes in the vicinity of Wales Stream to extend our knowledge of
this area, and we studied two widely separated areas on the
northern margins of Explorers Cove. A total of 350 man dives
were made. We extended our knowledge of western McMurdo
Sound through aerial and diving reconnaissance at several sites
from Miers Valley, near the Koettlitz Glacier, to Discovery Bluff
in Granite Harbor (a distance of 120 kilometers).

Studies have demonstrated marked differences between the
rhizopod species in the eastern side of the sound (Cape Armi-
tage) and those in the western side (Explorers Cove). Although
these two regions have some of the same species, within com-
parable substrates, Explorers Cove has a higher species diver-
sity and a lower total abundance and biomass than has the more
productive Cape Armitage. Several species of the New Harbor
assemblages have extremely wide bathymetric ranges
(Bathysiphon fihiformis and Rhabdammina abvssorum; see Milam
and Anderson 1981), and several possess arborescent mor-
phologies or erect habits (e.g., Notodendrodes antarctikos; DeLaca
et al. 1980). Four large (greater than 0.5 millimeter) species were
found in the western sound that have not been described pre-
viously. Comparisons of rhizopod species representing a spec-
trum of morphologies and behaviors were undertaken in field
studies at the New Harbor camp, at the Eklund Biological Cen-
ter, and later at Scripps Institution of Oceanography. Included
in the comparison were the foraminifera Notodendrodes ant-
arctikos, Astrammina rara, Astrorhiza c.f. limicola, Pyrgo de-
pressa, Psammetta globosa (Xenophyophorida), and G. oviformis
(Testacida). These studies found quantitative and qualitative
differences in physiological tolerance, ability to take up and
metabolize dissolved organic substances, and ability to con-
sume marine bacteria.

Field operations were concluded 9 February. For a second
year, winter-over personnel continued year-long studies, in-
cluding monitoring of chlorophylls, phaeopigments, and par-
ticulate organic carbon in the sediments; analyses of change in
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