
Larval fishes collected in MOCNESS samples at station A, 20-21 November 1989

Depth of
maximum

Mean	 Depth	 abundance
Number	 no/lU m2	Percent	 range(m)	 of larvae

Nototheniops larseni	 260
	

15.50
Trematomus lepidorhinus	 156

	
5.61

Trematomus newnesi	 143
	

3.56
Bathylagus sp.	 18

	
1.33

Chionodraco rastrospinosus	 9
	

0.30
Artedidraco skottsbergi	 8

	
0.15

Nototheniops nudifrons	 6
	

0.11
Electrona antarctica	 2

	
0.14

Bathydraconidae	 2
	

0.10
Champsocephalus gunnari	 2

	
0.06

Racovitzia glacialis	 0.04
Notolepis sp.	 0.04
Damaged/unidentified
	

8

TOTAL	 616	 27.15

This work was supported by National Science Foundation
grant DPP 91-17832. The author thank M. Huntley, E. Brinton, W.
Nordhausen, and J. Lovett for their support and assistance in the
sample processing.
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Two fundamentally different, but not necessarily mutually
exclusive, southern oceans habitats are known to sustain dense
phytoplankton blooms and elevated levels of biological produc-
tivity at all levels of the marine food web: the highly stratified
coastal regions of the Antarctic Peninsula (Holm-Hansen et al.
1989; Holm-Hansen and Mitchell 1991; Mitchell and Holm-Hansen
1991) and the receding zone of seasonal pack ice (Smith and
Nelson 1985; Sullivan et al. 1988). The Research on Antarctic
Coastal Ecosystem Rates (RACER) program was designed to gain
a better understanding of interaction between physical, biologi-
cal, chemical, and optical elements in these regions of elevated
ecosystem productivity. In our field experiments, we have spe-
cifically emphasized the comprehensive documentation of the
inception, progression, and demise of the spring bloom of phy-
toplankton. [See special (1991) RACER volume of Deep-Sea Re-
search, 38(8/9A) and the series of RACER articles in the 1990
Antarctic Journal, 25(5).] To date, the RACER program prod-
uctivity hypotheses have been tested in the generally ice-free
areas of Gerlache Strait. However, during the 1991-1992 austral
summer, we had an opportunity to extend our measurements
south along the west coast of the Antarctic Peninsula and into the
marginal ice-edge zone of Marguerite Bay (figure 1). In ad-
dition to the standard ship-based methods of data and sample
collection (see below), our studies at the ice-edge also includ-

1992 REVIEW	 175



69°W	 68°W

68°
S

Figure 1. Map of the Antarctic Peninsula region showing the location
of the two main RACER study areas: Geriache Strait and Marguerite
Bay. The approximate position of the ice-edge in Marguerite Bay is
also shown.

Figure 2. Map of Marguerite Bay showing the locations of the
RACER Ice-edge study hydrostations. Sta. #110 and #111 were
within the pack-ice, Sta. #1124118 were within the marginal ice-
edge zone, and Sta. #119-121 were in open water.

ed the deployment of a Twin Otter aircraft equipped with an
ocean color optical imager (POLDER; see Panouse et al. this issue)
and 35-millimeter cameras. These aerial surveys were made
possible through a collaboration with the British Antarctic Sur-
vey (BAS) and were supported by personnel from Rothera Base
on Adelaide Island (figure 2). This brief report provides an
overview of the Marguerite Bay reconnaissance, including sta-
tion locations, sampling strategies, and hydrographic setting. It
also presents preliminary evidence for an extensive nutrient-
limited phytoplankton bloom in the meltwater-stratified portion
of the ice-edge zone.

Hydrographic stations in Marguerite Bay (see table and figure
2) were aligned approximately normal to the ice edge, which was
of variable thickness and cover during the period of our observa-
tions. Aerial photographic surveys taken immediately prior to
and during our sampling program placed the consolidated ice-
edge near the boundary shown in figure 1. Each station consisted
of a rosette cast to within 10 meters of the bottom, the collection
of 11 discrete water samples, and real-time continuous profiles of
temperature (T), conductivity (C), dissolved oxygen (DO), photo-
synthetically available radiation (PAR), flash fluorescence of
chlorophyll, and beam transmission. The water samples were
analyzed for a variety of dissolved and particulate parameters,
including oxygen and total carbon dioxide; nutrients; dissolved
organic carbon; particulate carbon, nitrogen, and phosphorus;
biogenic silicon; ATP; and pigments (by fluorometry and high-
pressure liquid chromatography), phytoplankton floristics, bac-
terial biomass, and productivity. A separate cast was also made
to record both downwelling and upwelling spectral irradiance at
12 discrete wavelengths (Panouse this issue). Macrozooplankton
were sampled at eight discrete depth intervals using a multiple-
opening-and-closing-net-and environmental-sensing system
(MOCNESS). Only selected data from representative stations are
presented here.

The receding ice edge had a significant effect on the salinity
and density fields of Marguerite Bay (for example, see figure 3).
Because of this "freshwater" lens, the water column was stable
(delta sigma-t = 0.76 from 0 to 50 meters), and environmental
conditions were conducive for the development of a phytoplank-
ton bloom (Smith and Nelson 1985; Mitchell and Holm-Hansen
1991). In fact, the "greening" of Marguerite Bay was already well
established during the period of our study (table; also see Dore et
al. this issue). Dense assemblages of phytoplankton (chlorophyll
a concentrations in excess of 10 to 15 milligrams per cubic meter)
were routinely observed both at the ice edge and at distances up
to 10 to 20 kilometers seaward of the leading edge. These
chlorophyll a (chl-a) concentrations are among the highest mea-
sured during the RACER program and exceeded those measured
at the Ross Sea ice edge by at least 2-to 3-fold (Smith and Nelson
1985). Based upon the measured chl-a-to-ATP ratios in the upper
portion of the water column (2.3 to 9.5 for water samples less than
20 meters deep), we conclude that these microbial assemblages
are nearly exclusively autotrophic. This conclusion is supported
by the observed depletion of inorganic nutrients (Dore etal. this
issue), the supersaturated dissolved oxygen concentrations (up
to 150 percent), and the low standing stocks of bacterial cells. In
this regard, the Marguerite Bay ice-edge plankton bloom is
similar to the coastal water blooms previously observed in
Gerlache Strait (Karl et al. 1991). The absence of a well-developed
microheterotrophic ecosystem component remains unexplained
(Karl 1993).

Based upon the observed euphotic zone [ nitrate+nitrite] deple
-tions, and assuming that the phytoplankton bloom started in
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Figure 3. Continuous-depth profiles (0-100 meters) of salinity (in
parts per thousand), density (expressed as sigma-T) and in situ
fluorescence (arbitrary units) for Marguerite Bay station #115 (see
table for coordinates). The solid circles In the right-hand panel are
the values of chlorophyll a (units of micrograms per liter) measured
for the discrete water samples.

early November, we estimate that the initial phase of the spring
bloom could have contributed up to 1 mole nitrogen per square
meter in the form of new phytoplankton production (equivalent
to 6 to 7 moles carbon per square meter) to the local ecosystem.
Furthermore, our data on dissolved oxygen and on the derived
ratio of silicon uptake-to-[nitrate+nitrite]-uptake suggest that
only a negligible portion of the total primary production was
supported by regenerated nutrients. Consequently, unless ice-
edge upwelling processes can supply allochthonous nutrients at
a rate required to sustain this apparent demand for new nitrogen,
the Marguerite Bay phytoplankton bloom appears to be on the
verge of collapse, or at least ripe for macrozooplankton grazing.

We would like to express our appreciation to the members of
the RACER3 scientific party for their numerous contributions to
the success of our 1991 field program and to the crew members of
the R/V Polar Duke and ASA personnel for their help in sample
collection. This research was supported by National Science
Foundation grants DPP 88-18899, DPP 88-17635, DPP 89-07287,
and DPP 89-17778. SOEST contribution #3129.
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Marguerite Bay station locations and maximum upper-water-
column chlorophyll and particulate adenosine triphosphate

concentrations (units of micrograms per liter)
Latitude	Longitude	Maximum	Biomass

Station#	(South)	(West)	chl-a	ATP
110	686.3'	68 2.0'	21.8	3.11
111	68' 4.7'	68' 1.8'	17.9	2.26
112	68 3.2'	68' 2.8'	15.0	1.66
113	68 2.0'	68' 3.9'

	16.3	1.97
114	6T 590'	68' 5.0'	14.2	ND1
115	67 56.2'	68 7.1'	11.6	1.75
116	67' 54.8'	68 8.0'	13.4	ND
117	67 53.5'	68' 9.0'	14.1	ND
118	67' 52.3'	68' 10.0'	14.5	1.99
119	6T 50.9'	68' 11.0'	12.8	ND
120	67' 48.2'	68' 12.8'	11.9	1.96
121	67' 45.4'	68 14.8'	17.7	ND

1 ND = not determined

Frouin, R., J.-Y. Balois, M. Herman, M. Panouse, and J . Priddle. 1992.
Aircraft photopolarimetric observations of the ocean, ice/ snow, and
clouds in coastal regions of the Antarctic Peninsula. Antarctic Journal
of the U.S., this issue.

Holm-Hansen, 0. and B. G. Mitchell. 1991. Spatial and temporal distribu-
tion of phytoplankton and primary production in the western
Bransfield Strait region. Deep-Sea Research, 38:961-980.

Holm-Hansen, 0., B. C. Mitchell, C. D. Hewes, and D. M. Karl. 1989.
Phytoplankton blooms in the vicinity of Palmer Station, Antarctica.
Polar Biology, 10:49-57.

Karl, D. M. 1993. Microbial processes in the southern ocean. In E. I.
Friedmann (Ed.), Antarctic microbiology. New York: John Wiley and
Sons, Inc., in press.

Karl, D. M., 0. Holm-Hansen, C. T. Taylor, C. Tien, and D. F. Bird. 1991.
Microbial biomass and productivity in the western Bransfield Strait,
Antarctica during the 1986-1987 austral summer. Deep-Sea Research,
38(8/9):1,029-1,055.

Mitchell, B. C. and 0. Holm-Hansen. 1991. Observations and modeling
of the antarctic phytoplankton crop in relation to mixing depth. Deep-
Sea Research, 38(8/9):981-1,007.

Panouse, M. 1992. Research on Antarctic Coastal Ecosystem Rates
(RACER): Attenuation and backscattering of natural light in the waters
of the Cerlache Strait, Antarctica. Antarctic Journal of the U.S., this issue.

Smith, W. 0., Jr. and D. M. Nelson. 1985. Phytoplankton bloom produced
by a receding ice edge in the Ross Sea: Spatial coherence with the
density field. Science, 227:163-166.

Sullivan, C. W., C. R. McClain, J . C. Comiso, and W. 0. Smith, Jr. 1988.
Phytoplankton standing crops within an antarctic ice edge assessed by
satellite remote sensing. Journal of Geophysical Research, 93:12,487-12,498.

RACER: Distributions of nitrogenous
nutrients near receding pack ice in

Marguerite Bay

J. E. DORE, C. TIEN, R. LETELIER, C. PARRISH, J . SZYPER,
J. BURGETr, AND D.M. KARL

School of Ocean and Earth Science and Technology
University of Hawaii

Honolulu, Hawaii 96822

992 REVIEW

During the RACER3 cruise to the Antarctic Peninsula region,
a series of hydrocasts were made along a transect in Marguerite
Bay, south of Adelaide Island. Twelve stations were occupied,
beginning at the edge of a large formation of pack ice and
extending into the open waters of the bay (see Karl et al. this issue,
for cruise dates and station locations). We report here prelimi-
nary results on distributions of dissolved nitrate (NO), nitrite
(NO 2-) and ammonium (NH 4+) 

along this transect. Analysis of
these results provides an initial evaluation of the nutritional
status of the microbial communities near and away from the
receding ice edge. The primary new nitrogen source for the
spring phytoplankton bloom in the coastal areas of the penin-
sula is nitrate (Holm-Hansen and Mitchell 1991), while ammo-
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