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Heterotrophic bacteria are considered to be an important
component of planktonic marine ecosystems (Azam et al. 1983;
Hewes, Holm-Hansen, and Sakhaug 1985). The primary func-
tions within the microbial community attributable to bacterio-
plankton are inorganic nutrient regeneration and secondary
carbon production. The latter is supported by dissolved organic
matter ultimately derived from photosynthesis; this photoau-
totrophic dissolved organic matter flux initiates the "microbial
loop.,,

Consequently, one might expect a positive relationship be-
tween the biomass of photoautotrophic algae and heterotrophic
bacteria due to this presumed trophic interdependence. Two
separate empirical analyses of a variety of temperate aquatic
ecosystems have revealed highly significant correlations be-
tween phytoplankton and bacterioplankton populations (Bird
and Kalff 1984; Cole, Findlay, and Pace 1988); however, three
independent studies of antarctic marine environments have
failed to confirm the "predicted" relationships (Lancelot, Bil-
len, and Mathot 1989; Cota et al. 1990; Karl et al. 1991), sug-
gesting that southern-ocean habitats may be different from
other regions in regard to microbial loop processes.

During the second phase of the Research on Antarctic
Coastal Ecosystem Rates (RACER) program in October and
November 1989, we examined the degree of coupling between
autotrophic and microheterotrophic microbial assemblages in
northern Gerlache Strait. Surface water samples were collected
over the entire RACER study area during four quasi-synoptic
fast-grid surveys; 0-100-meter water column profiles were ob-
tained at station A, located in the central region of the study
area (Huntley et al. 1990). The water samples were analyzed
for a variety of chemical and microbiological properties, but
this report focuses on the relationships between bacterial bio-
mass as estimated by particulate lipopolysaccha ride (P-LPS)
concentrations and phytoplankton biomass as estimated by
chlorophyll a concentrations (Holm-Hansen and Vernet 1990).

Water samples for the measurement of total LPS (T-LPS) and
dissolved LPS (D-LPS) were prefiltered through a 20-microm-
eter Nitex screen, transferred to pyrogen-free polypropylene
tubes and processed within 10-20 minutes of sample collection.
A portion of this sample was frozen for a subsequent determi-
nation of T-LPS by the Limulus amebocyte lysate (LAL) assay
as described by Watson et al. (1977). A subsample was placed
into a clean microfuge tube and centrifuged at 1,300g for 13
minutes. The supernatant was transferred to a second pyrogen-
free tube and immediately frozen for subsequent measure-
ment of D-LPS, as above. P-LPS was calculated as the dif -
ference between T-LPS and D-LPS. Bacterial cell carbon
(BACT-C) was estimated by the following relationship:
BACT - C = [P - LPS] x 6.35 (Watson and Hobbie 1979). Chlo-
rophyll a data were kindly provided by M. Vernet.

Surface water chlorophyll a concentrations in the RACER
study area increased from <1 microgram per liter to >20 mi-
crograms per liter during the spring phytoplankton bloom (fig-
ure and table). In spite of this hundredfold variation in chlo-
rophyll a observed during the 1989 RACER field experiment,
bacterial cell carbon varied only tenfold and was not well-cor-
related with the standing stock of phytoplankton cells (figure).
Compared to the ecological predictions of the Bird and Kalff
(1984) and Cole et al. (1988) empirical models, bacterial biomass
was significantly depleted in near-surface Gerlache Strait
waters. In this regard, our 1989 results are consistent with the
previously mentioned southern-ocean data. These observa-
tions suggest a general repression of the microbial loop, at least
during the initiation of the southern-ocean spring bloom (Karl
in press). Possible causes for this apparent uncoupling between
phytoplankton and bacterioplankton populations have been
presented elsewhere (Karl et al. 1991).

This deficit of bacterial cell carbon in the surface waters,
relative to phytoplankton biomass, was also observed through-
out the euphotic zone of the water column (table). Although
we did observe an approximately fivefold increase in bacterial

Phytoplankton and bacterioplankton biomass
during the spring bloom

Sampling	 BACT-C/
date	Depth	Phytoplankton	Bacterial PHYTOCc

(1989)	(in meters)	biomassa	biomassb	(x 100%)

31 October	5	379	0.46	0.12

	

10	389	0.60	0.15

	

20	365	0.43	0.12

	

30	100	0.83	0.83

	

50	45	0.29	0.64

	

75	21	0.21	1.0

	

100	14	0.18	1.3
7 November	1	850	1 .71	0.20

	

5	805	1.36	0.17

	

10	830	0.79	0.10

	

20	191	1.39	0.73

	

30	88	0.62	0.70

	

75	14	0.08	0.57

	

100	 6	0.17	2.8
15 November	1	710	1.27	0.18

	

5	763	1.15	0.15

	

10	711	0.53	0.08

	

20	453	0.51	0.11

	

30	328	0.41	0.13

	

50	38	0.29	0.76

	

100	 9	0.05	0.56
19 November	1	334	3.02	0.90

	

5	369	3.95	1.0

	

10	378	5.34	1.4

	

20	382	1.11	0.29

	

30	55	0.94	1.7

	

50	24	0.39	1.6

	

75	12	0.36	3.0

	

100	 9	0.17	1.9

a Phytoplankton biomass carbon is estimated from measured chlorophyll
a concentrations, assuming a carbon to chlorophyll a ratio of 50 (Vernet,
Letelier, and Karl, Antarctic Journal, this issue). (In micrograms per
liter.)

b Bacterial biomass carbon is estimated from measured particulate lipo-
polysaccharide (P-LIPS) concentrations, assuming a carbon to P-LPS
ratio of 6.35 (Watson and Hobbie 1979). (In micrograms per liter.)
Phytoplankton biomass/bacterial biomass expressed as a percentage.
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Regression plot of the logarithm of bacterial biomass (log Bact-C) in units of nanograms of carbon per liter as determined by P-LPS
analyses versus the logarithm of chlorophyll a (log Chi a) in units of nanograms of chlorophyll a per liter for 132 surface water samples
collected in the northern Gerlache Strait during the RACER program (October and November 1989). The simple model I regression statistics
are: log Bact-C (in nanograms per liter) = 2.48 + 0.264 log Chi a (in nanograms per liter); r2 = 0.24, n = 132.

biomass as the spring bloom developed and then stabilized (19
November sampling; table), even these maximum bacterial cell
abundances represented a small percentage of the standing
stock of phytoplankton carbon. Assuming a per bacterial cell
carbon content of 10 x 1015 grams (Watson and Hobbie 1979)
our data predict a maximum bacterial cell density of about 3-
5 x 10 cells per milliliter, a value which is nearly identical to
previous antarctic ecosystem measurements based on direct
microscopy (Bird and Karl 1990; Cota et al. 1990; Karl et al.
1991).

Collectively, these results provide strong support for the hy-
pothesis that microbial loop processes are probably not very
important to total southern-ocean ecosystem dynamics during
the austral summer period of maximum energy flux (Karl in
press). These results may be unique to the eutrophic coastal
regions of Antarctica where extensive phytoplankton blooms
occur. This uncoupling of photoautotrophic and microhetero-
trophic processes may have fundamental consequences for car-
bon and oxygen cycling (Karl and Hebel 1990; Huntley, Lopez,
and Karl 1991) and for the export of particulate matter from the
euphotic zone.
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Year-long settling plate
study yields

no antarctic placozoans,
and surprisingly little else
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A recent study of diverse sites in the western tropical Pacific
(Pearse 1989) revealed that small glass settling plates, left for a
week or so in shallow coastal waters almost anywhere, were
likely to yield specimens of Trichoplax adhaerens, the sole species
currently recognized in the phylum Placozoa and arguably the
simplest known metazoans (Grell and Ruthmann 1991). Al-
though these tiny animals are probably abundant in tropical
and subtropical waters around the world, their distribution has
been only haphazardly documented, and they have rarely been
looked for outside the tropics. We present here the results of a
search for placozoans in McMurdo Sound, Antarctica.

We were also interested in discovering what community of
benthic organisms might be recovered on settling plates in ant-
arctic waters, compared to the rich and diverse assemblages
that are routinely observed on such plates in the tropics.

Our settling plates were standard glass microscope slides
(approximately 75 x 25 millimeters). One set of 33 slides di-
vided among four glass histological slide racks was set out on
6 December 1989, attached to a wire cage on the bottom at 17
meters depth, just off the jetty at McMurdo Station; these slides
were retrieved and examined a year later, on 10 December 1990.
Another set of 23 slides in six slide racks was deployed on 17
October 1990; the racks were suspended in pairs at approxi-
mately 2 meters (just below the underside of the sea ice), at 11
meters, and at 22 meters (just above the bottom) through a hole
in the ice at Danger Slopes, off the northwest shore of Hut Point

Peninsula; these slides were retrieved and examined 2 months
later, on 13 December 1990. After retrieval, the slides were kept
submerged in ice-cold seawater and examined within 12 hours
in a shallow dish surrounded by ice, under a dissecting micro-
scope.

No placozoans were found. Occasionally, such negative re-
sults were also obtained at tropical Pacific sites, though in these
cases fewer slides were examined and in no case were slides
left in the water for more than a month. It should further be
noted that placozoans have been looked for but not found on
the Pacific coast of North America (VB. Pearse unpublished
observation).

The table is a qualitative listing of the major categories of
organisms found in both McMurdo slide sets, compared to
those represented on slides set out at a tropical site for a much
shorter time.

Differences between the two slide sets at McMurdo presum-
ably reflected the total time, the seasons at which they were
exposed, and the sites. There were no evident differences
among the Danger Slopes slides at different depths. The most
conspicuous settlements of animals were by tiny clams, spiror-
bid polychetes, and several species of bryozoans (with colony
sizes from 1 to about 35 zooids) on the jetty slides, and by
hydroids (single polyps) on the Danger Slopes slides.

The relative paucity, in both numbers and diversity, of or-
ganisms settling on our plates, even after a year's exposure, is
striking. Whereas slides left longer than about 2 weeks at most
tropical sites became too densely overgrown to survey the set-
tled organisms, all the slides at McMurdo appeared fairly clean
to the naked eye. Few of the attached organisms had grown
much beyond the recently settled stages, even on plates left out
for a year. The low rates of recruitment and growth are consis-
tent with other observations of slow growth and turnover of
antarctic biota (Clarke 1983; Pearse, McClintock, and Bosch
1991).
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J.S. Pearse, respectively. We thank L.V. Basch, J . Levitt, J . Her-
polsheimer/Mastro, and J.S. Oliver for assistance in deploying
and retrieving the slides.
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