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Application of quantitative chemical measures of biomass
and community structure (White 1983) to the microbiota (pro-
karyotes and microeukaryotes) of near-shore marine sediments
and sponge spicule mats in McMurdo Sound at Cape Armitage
yielded four distinctive microbial communities with a biomass
equivalent to a subtropical Florida estuary and low metabolic
activity.

Sediment cores and sponge spicule mats were recovered by
divers from three areas: an anchor ice area (14 meters under the
ice), a nonspicule mat area (18 meters under the ice), the sponge
spicule mat area (22 meters under the ice), and the subspicule
mat sediment. The spicule mat was about 10 centimeters thick in
this area. The sediments and mats were extracted with a one-
phase chloroform-methanol solvent; the lipid and lipid-
extracted material was dried and returned to the Florida State
University laboratory for analysis. The lipids were fractionated
on silicic acid, and the polar lipid fraction was treated by mild
alkaline methanolysis. The alkyl fatty acid methyl esters (FAME)
that were ester-linked were purified and then analyzed by gas-
liquid chromatography/mass spectrometry. Macroscopic inver-
tebrates were removed from the spicule mat prior to extraction.
The major invertebrate was the giant Deontostoma sp. nematode.
The proportions of the polar lipid ester-linked FAME were ana-
lyzed by a stepwise discriminant analysis and each of the four
areas showed a distinctive composition. By knowing the pro-
portions of 15 FAME (of 45 used in the analysis), it was possible to
distribute samples into the four classes with 100 percent ac-
curacy. The subspicule mat sediments were characterized by
low proportions of diatom "signature" fatty acids. The non-
spicule mat sediments showed decreased proportions of sulfate
reducing bacterial "signatures" possibly reflecting the relatively
high level of sedimentary bioturbation. The anchor ice sedi-
ment stripped of its epibenthic invertebrates by the ice platlet
and the subspicule mat sediments under 10 centimeters of
spicule mats showed higher proportions of FAME characteristic
of anaerobic bacteria.

Microbial biomass (ester-linked phospholipid fatty acids) in marine sediments
(In nanomoles per gram of dry weight)

Location
	 Under ice, McMurdo	 Deep sea

Anchor ice	Nonspicule mat	Spicule mat	HEBBLE	Venezuela	Florida estuary

Depth (in meters)	14
	

18
	

22
	

4,500
	

5,000

Fatty acid 
15:0	 0.6	(0.5)

	
0.3
	

(0.3)
	

33	(33)
	

0.1
	

(0.02)
	

0.01	(0.006)
	

(0.7)
i + a 15:0	2.5	(0.9)

	
1.4
	

(1.0)
	

142	(100)
	

0.8
	

(0.1)
	

0.1	(0.05)
	0.7 (0.4)

16:0	 16.0	(11)
	

9.0
	

(9.0)
	

1020	(940)
	

1.3
	

(0.3)
	

0.2	(0.1)
	

12.6 (8.0)
16:1w7 cis	1.6	(2.7)

	
8.1
	

(8.0)
	

61	(62)
	

1.8
	

(0.6)
	

0.1	(0.06)
	

3.0 (2.0)

10 me 16:0	0.3	(0.2)
	

0.2
	

(0.2)
	

12	(17)
	

0.2
	

(0.03)
	

0.06	(0.04)	0.2 (0.08)
cyclo 17:0	0.2	(0.2)

	
0.01
	

(0.1)
	

8	(9)
	

0.08
	

(0.01)
	

0.03	(0.01)	0.4 (0.4)
cyclo 19:0	0.06 (0.08)

	
0.03
	

(0.03)
	

13	(16)
	

0.1
	

(0.02)
	

0.06	(0.02)	0.2 (0.04)
20:4w6	 0.3	(0.2)

	
0.3
	

(0.5)
	

3	(3)
	

0.1
	

(0.8)
	

0.001	(0.02)	0.4 (0.8)
22:6w3	 0.04 (0.06)

	
0.009 (0.004)
	

17	(38)
	

0.062 (0.037)
	

0.0007 (0.003)

Phospholipid	 37 (39)	 72 (57)	2240 (3050)	16 (5)	 2.2 (0.7)	 44 (17)

a Data are given as mean with the standard deviation in parentheses. Phospholipids are measured as extractable lipid phosphate.
Fatty acids are designated as number of carbon atoms: number of double bonds, position of unsaturation nearest the methyl (w) end with cis or trans
configuration for monoenoic acids. Prefixes 'i," 'a," "cyclo," and 10 me" indicate isoanteiso branching, the presence of a cyclopropane ring, or methyl
branching 10 carbons from the caboxyl end.
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The biomass of these sediments calculated from the extracta-
ble phospholipid and polar lipid ester-linked alkyl FAME
showed levels equal to those in a highly productive Florida
estuary. The antarctic sediments contained about 10 times the
biomass of a deep-sea area subjected to abyssal storms [high
energy benthic boundary layer experiment (HEBBLE)], and 100
times that of the relatively undisturbed deep sea (Venezuela)
(see table). The antarctic sediments showed a diversity essen-
tially equivalent to that of the subtropical Florida estuary. The
sponge spicule mat contains a rich microbial (algal and bacteri-
al) community.

These antarctic microbial communities are probably very old.
In preliminary experiments the bacterial rate of synthesis of DNA
from thymidine was some 300-fold slower than that in the
Florida sediments. A six-fold decrease would be expected on
the basis of temperature. A three-fold increase in bacterial DNA
synthesis in the nonspicule mat sediments occurred late in the
summer season as the ice algal "rains" began. In collaboration
with A.C. Palmisano, we were able to prepare carbon-13-la-
beled Nitzschia cylindrus which was injected into perspex cores
in the nonspicule mat areas. This attracted starfish who de-
stroyed some of the experiments possibly consuming the algae.
The Phaeocystis bloom precluded recovery of the starfish or
sediments for examination of carbon-13 incorporation rates.

Distribution of biogenic components
in surface sediments from the

antarctic continental shelf
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In collaborative work with A. C. Palmisano, the sponge
spicule mats were shown to contain a giant diatom Trachyneis
aspira as a major component. This algae has a low light satura -

tion level and no evidence for photoinhibition of carbon fixation
(Palmisano et al. in preparation).

The dynamics of the benthic food web and the regulation of
microbial metabolic activity will be the focus of our study during
next year's field season.

This work was supported in part by National Science Founda-
tion grant DPP 82-13796-01. We thank A.C. Palmisano, S.
Kottmeier, and J. Wood who made our first season productive;
J. S. Nickels and P. S. Vashio for help with the fatty acid analysis;
and L. Burckle and D. Hope for identifying the benthic diatom
and the spicule mat nematode.

References

Palmisano, A.C., J.B. SooHoo, D.C. White, G.A. Smith, G.R. Stanton,
and L. Burckle. In preparation. Extreme shade adaptation in Ant-
arctic benthic diatoms beneath annual sea ice.

White, D.C. 1983. Analysis of microorganisms in terms of quantity and
activity in natural environments. In J.H. Slater, R. Wittenburg, and
J.W.T. Wimpenny (Eds.), Microbes in their natural environments. Society
for General Microbiology Symposium, 34: 37-66.

The surface sediments used in this study were collected from
box core tops (0-1 centimeters) derived from the coring pro-
grams of North Carolina State University, Kiel University, and
the Alfred-Wegener-Institute, für Polarforschung and grab
samples, Phleger, and trigger coretops collected by Rice Univer-
sity. Samples consisting primarily of sands and gravels were not
analyzed. All samples were ground and sieved through a 500-
micrometer screen to remove ice-rafted debris. Organic carbon
and carbonate contents were determined by standard LECO
techniques. Biogenic silica content was measured by a silica
dissolution technique modified from DeMaster (1981).

Biogenic silica contents of antarctic shelf surface sediments
range from less than 1 percent to 48 percent by weight (figure 1).

ANTARCTIC SURFACE SEDIMENTS
DF79 DF80 DF81 DF82 DF83 DF84 ANT 11/3

During the 1983-1984 austral summer, large numbers of sur-
face sediment samples were collected from the Ross Sea (by the
USCGC Polar Sea) and the Antarctic Peninsula/Weddell Sea region
(Antarktis 1113, FS Polarstern). These samples supplement those
collected during previous expeditions: austral summer
1978-1979 (George V Coast), austral summer 1979-1980 (Ross
Sea and Pennell Coast), austral summer 1980-1981 (Amundsen
Sea and Bransfield Strait), austral summer 1981-1982 (Penin-
sula), austral summer 1982-1983 (Ross Sea and Sulzberger Bay).
With a data set of more than 500 samples, we have begun to map
the distribution of organic carbon, biogenic opal, and calcium
carbonate in surface and near-surface sediments of the antarctic
continental shelf. Our principal objective is to provide a base-
line study of the variability in styles of organic sedimentation on
the antarctic shelf during an interglacial interval. We view this
as a necessary first step in the interpretation of downcore proxy
records of paleoceanographic events in the antarctic seas. Sec-
ondary objectives are to estimate the degree of sediment re-
working based on biogenic components and to assess preserva-

tion in the sediments of patterns of primary productivity in
surface waters.
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Figure 1. The percent by weight of organic carbon vs. blogenic silica
in surface sediments from all study areas on the antarctic continent-
al shelf. (Samples were taken during austral summers 1978-1979,
1979-1980,1980-1981,1981-1982,1982-1983, and 1983-1984 from
the USCGC Polar Sea and during Antarktls 11/3 from the FS Polarstern.)
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