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In 1983, we initiated a study of microzooplankton in the ice-
edge zone as part of Antarctic Marine Ecosystem Research in
the Ice-Edge Zone (AMERIEZ) studies (Garrison, Buck, and Silver
1984; Garrison and Buck 1985c). During this cruise, which was
conducted during the austral spring, we found that micro-
zooplankton reached maximum abundances near the ice edge
in conjunction with elevated biomass of phytoplankton and
bacterioplankton (Garrison, and Buck 1985b, 1985c). We also
found rich and diverse populations of nano- and micro-
heterotrophs in sea-ice microbial communities (Buck and Gar-
rison 1984; Garrison 1985a; Garrison Sullivan, and Ackley 1986).
In March 1986, the austral fall, we participated in the second
cruise of the AMERIEZ program (AMERIEZ 1986) with studies
aboard both the U.S. Coast Guard icebreaker Glacier and the R/V
Melville. The study was located at the ice edge in the Weddell
Sea, approximately 64° to 66°S 44° to 51°W. We continued the
sampling program initiated in 1983 by making observations
throughout the water column and in sea-ice microbial commu-
nities (see Garrison et al. 1984). In addition, our studies during
1986 included more extensive onboard counts of nanoplankton
and microheterotrophs using fluorescence microscopy, the col-
lection of large volume samples by reverse flow concentration
and feeding-rate studies. Our study is an ongoing effort to
assess the role and importance of protozoans and other micro-
zooplankton in the ice-edge system.

Abundance and distribution. A comparison of abundance
among microbial groups in the ice-edge zone is shown in the
table. Although average concentrations of many groups were
similar in 1983 and 1986, the spatial distribution within the
water column was markedly different in the two studies. In
contrast to the relatively well-defined gradient in micro-
zooplankton abundance, we observed in 1983 (Garrison and
Buck 1985b, 1985c), populations were more uniformly dis-
tributed throughout the study area during the 1986 cruise.
Chlorophyll a concentrations were low and similarly uniformly
distributed (W.O. Smith, unpublished AMERIEZ data). We did
not count diatoms aboard ship, but our microscopy observations
suggest planktonic populations were nanoplankton domi-
nated. We again found rich and diverse microbial communities
similar to those we described in 1983 in sea ice (Buck and
Garrison 1984; Garrison and Buck 1985a).

Trophic mode and feeding. By examining samples immediately
aboard ship using epiflourescence microscopy, we were able to
define more clearly the trophic mode of the many small flagel-
lates present. In the water column, autotrophic flagellates out-

numbered heterotrophic flagellates with autotrophic-to-hetero-
trophic ratios ranging from approximately 5 to more than 100.
In ice communities, however, heterotrophic forms were rela-
tively more important (see table). We found a surprising
number of naked dinoflagellates (Gymnodiniaceae) in both ice
and water, with heterotrophic forms often outnumbering auto-
trophs. One of the abundant grazers in ice communities was a
large heterotrophic dinoflagellate that was often filled with ice
diatoms. Naked ciliates with bacteria and algae in feeding vac-
uoles were also commonly observed in samples from ice
communities.

Large (2.5 millimeter) phaeodarian radiolarians of the fam-
ilies Aulacanthidae, Aulosphaeridae, Cannosphaeridae, and
Coelodendridae were common in 35 micrometer mesh
plankton tows from 100- to 200-meter depth and in many of the
162-micrometer mesh zooplankton tows to greater depths
taken by T. Hopkins as part of the trawl samples. These radi-
olarians as well as other common phaeodarians of the Cas-
tanellidae, Challengeriidae, and Tuscaroridae families are pres-
ently being identified and their feeding vacuoles are being ex-
amined with transmission electron microscopy to determine
their feeding habits. Preliminary results include the presence of
diatom frustule fragments, bacteria, protozoan trichocysts,
small algal cells, archaeomonads, and partially digested di-
atoms and dinoflagellates (figure).

We conducted several feeding experiments aboard ship to
determine the grazing rates on bacteria and algae, but we have
not yet analyzed the results of these studies. As part of our
ongoing work at the Institute for Marine Sciences and Institut
for Sporeplanter, we are continuing to examine samples col-
lected during the recent cruise by using both light and electron
microscopy. We were also successful in returning several rough
protozoan cultures to our laboratory and these may be suitable
for continued feeding studies.

This study was funded by National Science Foundation grant
DPi' 84-20184 to D.L. Garrison.

Summary of nanoplankton and microplankton abundance (cells
per liter) for ice and water during AMEERIEZ 1983 and AMERIEZ

1986 cruises. Values for 1983 are based on counts of preserved
samples. Values for 1986 are preliminary data based on

shipboard counts. For some groups, only a small number of
cells were counted, so mean values have wide confidence limits.
("nc" denotes "not counted"; - denotes too few organisms to

estimate.)

Water	 Ice

Spring	Fall	Spring	Fall
1983	1986	1983	1986

Autotrophs
Diatoms	 0.7 x 106	nc	1.2 x 10	nc
Dinoflagellates	2.2 x 1003	2.8 x 104	1.2 x 105	7.8 x 10
Other flagellates	3.5 x 105	4.4 x 105	6.0 x 106	3.3 x 106
Heterotrophs
Dinoflagellates	nc	2.0 x 105	nc	5.6 x 10
Flagellates	1.1 x104	2.4x 104	1.5x10°	5.0x 10
Ciliates	 9.3x102	3.4x103	1.0x104	5.6x103
Other protists	-	-	4.1 x 102	nc
Metazonans	-	-	2.6 x 102	nc
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Transmission electron micrograph of contents of food vacuoles of phaeodarian radiolarians collected during AMERIEZ 1986. Scale bars = 1
micrometer. A. Archaeomonad: "cy" denotes cytoplasm(s) silicious wall. B. Diatom: "cy" denotes cytoplasm(s) silicious frustule. C. Partially
digested dinoflagellate: "cs" denotes chromosomes. D. Vacuole containing trichocysts "I". The arrow indicates the boundary of food vacuole:
"cy" denotes cytoplasm of radiolarian surrounding food vacuole.
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Because of the relatively low light levels which exist in and
beneath the annual sea ice of McMurdo Sound, we postulated
that chemosynthesis may have an important role in the overall
primary production of this region. Chemosynthesis uses re-
duced compounds, including ammonium, nitrite, methane,
and hydrogen sulfide. The energy generated from the oxidation
of these reduced compounds, is used by certain bacteria to
assimilate carbon dioxide into cellular material. Because am-
monium is the most likely of these substrates to exist in the well
oxygenated waters of McMurdo Sound (Littlepage 1965), nitri-
fication, i.e. the oxidation of ammonium to nitrate ion, should
be the predominate chemosynthetic pathway in these waters.

Nitrification measurements were made on ice and pelagic
communities at 4 sites in McMurdo Sound: (1) near the tip of the
Erebus Ice Tongue, (2) the western portion of Wohlschlag Bay,
(3)10 kilometers east of Marble Point and (4) approximately 200
meters off Cape Armitage. Nitrification rates were determined
by measuring dark carbon-14/bicarbonate fixation with and
without the specific nitrifier inhibitor nitrapyrin (2-chloro-6-
trichioromethyl pyridine) (Billen 1976; Priscu and Downes
1985).

Pelagic nitrification under annual ice between 20-27 De-
cember 1985 ranged from below detection to greater than I
micromole of carbon per cubic meter per hour (table). The
highest rates were obtained just beneath the sea ice. Taking 300
meters as the average depth of McMurdo Sound, and assuming
that nitrification rates in the upper 25-50 meters are representa-
tive of deeper water, we estimate that nitrifying bacteria can
contribute between 40.8 and 135.0 (mean = 84.4) micromoles of

carbon per square meter per hour of new carbon to this region.
Palmisano et al. (in press) estimated phytoplankton production
under the annual ice in the eastern portion of McMurdo Sound
to be about 2,000 micromoles of carbon per square meter per
hour (assuming a 3 meter deep euphotic zone). Using their
carbon dioxide uptake per unit chlorophyll a ratio in conjunc-
tion with the chlorophyll a values we measured on the western
side of McMurdo Sound, phytoplankton productivity in the
latter region can be estimated at 225 micromoles of carbon per
square meter per hour. The depth-integrated (0-300 meters)
nitrification rates computed in the present study represent
about 21 percent of total hourly phytoplankton primary pro-
duction in McMurdo Sound. The largest contribution by nitri-
fiers (approximately 37 percent) occurred on the western side of
the Sound where phytoplankton photosynthesis was lowest.
These proportions can be expected to change seasonally; the
greatest contribution by nitrifying bacteria should occur during
winter, spring and early summer when photoautotrophic pro-
duction is low (Palmisano et al. in press).

Horrigan (1981) concluded that carbon dioxide fixed by chem-
oautotrophic nitrifying bacteria under the Ross Ice Shelf (site J9)
may be an important contributor to the overall primary produc-

Nitrifying activity measured in and under annual sea ice in
McMurdo Sound, Antarctica, 20-27 December 1985. ("WB"

denotes "Wohlschlag Bay"; "MP" denotes "Marble Point"; "EIT"
denotes "Erebus Ice Tongue"; "CA" denotes "Cape Armitage";

"ND" denotes "not detectable"; dashes denote no data
available.)

	

WB	MP	EIT	CA

Micromoles of carbon

Pelagic	 per cubic meter per hour

Depth
(in meters)

0	 0.80	1.02	0.38	-
12	 -	-	0.04	-
25	 0.05	ND	0.10	-
50	 0.05	0.01	-	-

Micromoles of carbon
per square meter per hour

Integrated
(0-300
meters)	135.0	77.4	40.8

Micromoles of carbon
per square meter per hour

Sea ice	0.01	1.61	2.03	2.20
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