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Glomar Challenger left Ushuaia, Argentina, on
April 4, 1974, and arrived in Rio de Janeiro, Brazil,
on May 22, 1974, after completing leg 36, the fourth
of five scheduled southern ocean legs of the Deep Sea
Drilling Project (DSDP). The fifth installment, leg 40,
is scheduled for the 1974-1975 austral summer in the
region south of South Africa. Leg 36 sites originally
were chosen to study the tectonically complex Scotia
Sea-Drake Passage region. Constraints imposed by
long term DSDP planning, however, resulted in an
undesirably late start. Because of bad weather, long
periods of darkness, and icebergs, none of the Scotia
Sea, Drake Passage, or Argentine Basin sites was
drilled effectively. Instead the program concentrated
on the Falkland (Malvinas) Plateau and on the
Falkland (Malvinas) Outer Basin (immediately to
the east of the plateau). Data from the four sites in
this region contribute to knowledge of the tectonic
and the oceanographic evolution of the southernmost
Atlantic Ocean Basin.

Important preliminary conclusions follow:
(1) The eastern part of the Falkland (Malvinas)

Plateau has a basement of metasedimentary gneiss
and granite that was continuous with the southern and
southeastern margin of the African continent prior to
the opening of the South Atlantic Ocean Basin ap-
proximately 130 million years ago.

(2) The history and the nature of the basement
rocks suggest that they once formed part of a Pre-

Drs. Daiziel and Barker were co-chief scientists aboard
Deep Sea Drilling Project leg 36. Other scientists on the
cruise included: David H. Elliot, The Ohio State Univer-
sity; Robert W. Thompson, Humboldt State College; George
Plafker, U.S. Geological Survey; R. C. Tjalsma, Woods
Hole Oceanographic Institution; Sherwood W. Wise, Jr.,
Menno G. Dinkelman, and Andrew M. Gombos, Jr., Florida
State University; Alberto Lonardi

'
Buenos Aires (Argen-

tina); John Tarney, University of Birmingham (England).

cambrian shield. They are probably the oldest rocks
drilled by the DSDP.

(3) The basement was weathered by a Mediter-
ranean-type climate during or before the Middle
Jurassic.

(4) The earliest marine transgression of the Falk-
land (Malvinas) Plateau occurred in the Middle to
Late Jurassic prior to the opening of the South
Atlantic.

(5) Conditions of restricted circulation over the
plateau gave way to an open oceanic environment in
the Early Cretaceous. The plateau sank to its present
depth in the Late Cretaceous and since has been
tectonically stable.

(6) The mid-sediment reflector in the Falkland
(Malvinas) Outer Basin previously correlated with
horizon "A" of the Argentine Basin results from in-
duration within an Upper Cretaceous-Paleocene
clay/claystone sequence.

(7) There appears to have been significant fluctua-
tion in the flow and load of bottom currents (Antarctic
Bottom Water) into the Argentine Basin from the
south since the Late Mesozoic.

(8) Cool water faunal assemblages were presenton
the Falkland (Malvinas) Plateau since the Mid le
Cretaceous. Further cooling took place in the earliest
Cenozoic and severe climatic deterioration occur ed
in the Oligocene.

(9) Icerafted detritus is present in Upper Miocene
to Recent sediments. Almost all the clasts have c r-
relatives in Antarctica but none are certainly of a
uniquely antarctic lithology.
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The Canadian "Hudson '70" expedition circum-
navigated the Americas between November 1969 and
October 1970 using the 115-meter, 3,600-metric-ton
css Hudson of the Bedford Institute of Oceanogra-
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Figure 1. CSS Hudson's
cruise track in the Drake
Passage and near the

South Shetland Islands,
January and February 1970- 6

ph , Dartmouth, Nova Scotia. A large portion of the
crtiise was devoted to physical oceanography, geo-
ph'sics, submarine geology, and marine chemistry, but
some biological work on plankton and benthic ani-
mals was accomplished, particularly in the South
Atlantic Ocean and near Antarctica. A general out-
line of the cruise and its scientific objectives is in
Cameron et al. (1971) and Edmonds (1973).

This paper outlines our work on benthic ecology
near Cape Horn, in Drake Passage, and in the South
Shetland Islands, and presents some of the recent
results and their implications. Our aim in making the
collections was to begin studies on the relationship
between deep sea and shallow antarctic faunas
(Hessler, 1970) and to collect data on abundance and
species diversity of soft-bottom antarctic benthos for
ccmparison with assemblages at other latitudes and in
the deep sea. Only a few other comparable surveys
have been reported recently (e.g., Burch, 1972;
Gllardo and Castillo 1969; Richardson, 1972) or are
in progress (e.g., British surveys of soft-bottom benthos
at Signy Island, personal communication from M. G.
Richardson, British Antarctic Survey).

Our collections were made in 1970 at 13 locations.

Fig. 1 shows the cruise track, and table 1 gives details
of station dates, locations, and depths. We relied pri-
manly on use of a small epibenthic sled (fig. 2) with
net of 1 millimeter nylon mesh, supplemented at some
stations by a 1/10 square meter Smith-McIntyre grab.
Where possible, we concentrated on mud (silt-clay)
bottoms to make sediment conditions comparable to
those in the deep sea. Animals were screened on 0.7
millimeter screens, fixed in 4 percent formnalin, and
stored in 70 percent ethanol, then sorted and weighed
later at Dalhousie University. Sediment samples
were analyzed for grain size by sieving and pipetting.
Frozen samples of sediment were saved for determina-
tion of organic carbon and nitrogen in the laboratory,
using a Hewlett-Packard F and M carbon hydrogen
nitrogen analyzer, and for determination of percent
carbonate by acidification.

We have more information on stations in the South
Shetland Islands than elsewhere (table 2) and will
concentrate on their characteristics. The sediments, al-
though poorly sorted, generally are in the medium to
coarse silt range. Organic carbon values are sur-
prisingly low (0.33 to 0.43 percent) for nearshore
sediments; these are similar to those at abyssal depths
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Table 1. Station data for benthic collections made by CSS
Hudson near Cape Horn and the South Shetland Islands.

	

Station	Location	Depth	Gear *
and date, 1970	 (meters)

SOUTHERN CHILE

1 (1 /29) Puerto Williams. Chile
54 0 54.6'S. 68 0 33.2'W.	36-38.4

2 (1/29) Wollaston Island
55 036.98. 67 0 11.8'W.	51-58

3 (1/29) E. of Wollaston Island
55°42.6'S. 66 057.5'W.	66-73

DRAKE PASSAGE

	

4, 5 (2/4)	NW of Anvers Island
63 036.5'S. 66 051.6'W. to
63 0 35.9'S. 66 047.8'W.	3301-3379

	
1, 3

SOUTH SHETLAND ISLANDS

	

6 (2/5)	South Bay, Livingston
Island
62 040'S. 60 022'W.	 146

	

7,8 (2/5)	Discovery Bay, Green-
wich Island

62 029.1'2. 59°44.3'W.	58.6
	

2, 1

	

9, 10 (2/5)	Marion Cove, King
George Island

62 012.9'S. 58 046.6'W.	104-115
	

2, 1

	

11, 12 (2/6)	Visca Cove, Admiralty
Bay, King George
Island

62°05.3'S. 58 022.6'W.	46-86
	

2, 1
13 (2/7) North of King George

Island
61 047.5'S. 58 043.2'W.	282

14 (2/15) Port Foster, Decep-
tion Island

62 057.8 1S. 60039 1W.	165
	

I

BRANSFIELD STRAIT

15 (2/16) Near Bridgeman Island
61°51.4'S. 55 038.2'W. to
61 047.6'S. 55 035.5'W.	2561-2572

	
I

SOUTHERN CHILE

16, 17 (2/19) Beagle Channel just W
of Islas Becasses

54 059'S. 66 050'W.	95-102
	

2, 1
18, 19 (2/20) Bahia Gretton, Islas

Wollaston
55 031.5'S. 67 028 1W.	51-57

	
2, 1

* 1: epibenthic sled; 2: Smith-McIntyre grab; 3: Sanders
anchor dredge.

in Drake Passage (0.35 percent) and in several other
abyssal regions. Similar values have been recorded
by Warnke et al. (1973) for sediments near Anvers
Island. Carbonate values range from 10.7 to 33.1
percent, probably related to an abundance of bi-
valve molluscs. In contrast, Warnke et al. (1973)
found much lower values, 0.66 to 2.0 percent, near

Anvers Island in areas where molluscs apparently
were not abundant.

Infaunal animals at our stations in the South Shet-
land Islands were not strikingly abundant by tem-
perate zone standards. In fact the biomasses of
infaunal animals recorded in table 2 fall well within
the range (69 to 320 grams per square meter wet
weight) encountered on similar sediments in unpro-
ductive arctic waters by Ellis (1960). It is interesting,
however, that Ellis records much lower abundances,
216 to 1,293 relatively large animals per square meter,
compared to 6,720 to 17,960 per square meter in our
samples composed of many very small polychaetes,
crustaceans, and bivalves from the South Shetland
Islands.

Our recorded values of biomass. 86 to 217 grams
per square meter, are in close agreement with those

Figure 2. Small epibenthic sled used near the South Sh.tlaad
Islands.
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published by Gallardo and Castillo (1968, 1969) from
near Deception Island (260 grams per square meter)
and Greenwich Island (164 to 180 per square meter),
but are much lower than many other estimates from
Antarctica that are summarized, for example, by
White and Robins (1972) for Signy Island and other
areas. The differences suggest some fascinating prob-
lems of benthic ecology in Antarctica.

White and Robins (1972) show that most previous
reports of high biomasses from antarctic inshore areas
come from hard bottoms, which are often heavily
overgrown by suspension-feeding sponges, tunicates,
bryozoans, and cnidarians. Low biomass values from
soft bottoms, like those sampled in the South Shetland
Islands, may result from the reduced abundance of
epifaunal animals on soft bottoms. It is not correct,
however, to conclude that epifauna such as sponges
and tunicates are absent on soft bottoms, as White
and Robins (1972) have done. Although these two
groups are not abundant in our grab samples, they
dominate epibenthic sled samples from the same loca-
tions (Stations 8, 10, 12) by volume and sometimes
by number (fig. 3). It is likely that the relatively
small biomnasses of infaunal animals on soft bottoms
are controlled by filter feeders, which must greatly
reduce the food material reaching the sediments.

The low values of organic carbon and other features
of antarctic surface sediments have broader signifi-
cance than virtually complete utilization of food

:

.	4
- 4

Figure 3. Epifauna from a soft-bottom station, South Shetland
Islands. The screen is about 30 centimeters in diameter.

Table 2. Biological and sediment features of stations from CSS Hudson.

Benthos	 Mean	 Percent
Station wet weight Number!	 Sediment	 grain	Sorting Percent organic Percent	C:N

(grams/ meter 2	 description	 (milli-	0	CaCO3	C	N
meter 2)	 meter)

SOUTHERN CHILE

I	 Gravel and sand
2	 Barnacle shell gravel
3	 Barnacle shell gravel and sand	1.25	0.96

DRAKE PASSAGE

4,5
6
7,8
9,1q
11,12
13
14

15

60 Fine silt	 -015
Gray silt-clay	 0.014

202	6,720 Gray silt-clay	 0.013
86	8,850 Gray medium silt	 0-029

217	17,960 Deep gray fine silt, surface brown	0-017
Green silty sand	 0-072
Dark brown volcanic ash

BRANSFIELD STRAIT

Mud, no other notes

2 . 36	96	0-35	0.056	6.21
3 . 05	195	0-60	0.087	6.97
291	33.1	041	0.057	7.21
2-13	107	033	0.045	1.34
2-91	146	0-43	0.063	5.36
1.53	7.1	0.33	0.043	7,64

SOUTHERN CHILE

	

16, 17
	

Dark green sandy silt	 0.052	2. 29 	5.4	0.34	.039	8.53

	

18,19
	

Fine green sand with barnacle clumps

November/December 1974	 315



reaching the bottom. We found carbon: nitrogen
ratios of 6.9 to 7.3, representing only a small loss
(6 to 12 percent) of nitrogen from the usual ele-
mental composition of phytoplankton (carbon:
nitrogen = 6.7; see Redfield et al., 1963). Thus the
organic carbon and nitrogen of the sediments probably
represent fairly recent production in the water col-
umn. Then why are the levels so low? The correct
answer depends on the levels of primary production
in nearshore areas of Antarctica, and on the level of
metabolism of antarctic benthos.

Dayton and Robilliard (1971a, 1971b) and Dayton
et al. (1974) have noted the slow rate of respiration,
repair, and growth of many abundant sessile animals
in McMurdo Sound. It seems very likely that infaunal
animals in the same areas also have low metabolic
rates. Estimates of annual primary production in
inshore areas of Antarctica practically are nonexistent,
but the evidence from papers by Mandelli and Burk-
holder (1966), Home et al. (1969), Walsh (1969),
and El-Sayed (1970), indicates that annual produc-
tion in the richest areas (such as Bransfield and
Gerlache straits) is not markedly higher than in many
temperate zone locations. This directly contradicts
statements in the older literature (e.g., Ryther, 1963)
that production levels are very high, especially in
coastal areas. If high production occurred we might
expect either accumulation of carbon in the sedi-
ments, if metabolism is low, or low carbon in the sedi-
ments resulting from high metabolism of the benthos.
Neither suits known facts.

In summary, the high biomass of many antarctic
benthic communities (primarily epifauna) cannot
indicate high turnover rates, a point made by Dayton
and Robilliard (1971a, 1971b). Low levels of organic
carbon in the sediments are evidence of modest
primary production and virtually complete utilization
by the benthos. The high biomass benthic communi-
ties of Antarctica appear to be severely carbon lim-
ited. The modest biomasses of infauna on soft sedi-
ments also must result from food limitation caused
by the presence of abundant particle feeders above
them. The time seems ripe for detailed studies of
feeding, metabolism, and pathways of energy flow in
nearshore ecosystems around the southern ocean to
explain the unique features of these systems.

Our research is supported by a grant from the Na-
tional Research Council of Canada and by National
Science Foundation grant GA-18946. Sheila Byers
sorted most of the samples after preliminary work by
the Canadian Oceanographic Identification Centre,
and did the sediment analyses for grain size and or-
ganic content. M. G. Richardson, Department of
Zoology, University of Durham, England, kindly in-
formed us of British Antarctic Survey benthic studies
in progress near Signy Island, and J . H. Dearborn,

Department of Zoology, University of Maine, com-
mented on the manuscript.
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