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or by the depletion of atmospheric ozone with its consequences
of increased ultraviolet radiation, serious aberrations in the
meiofaunal-microbial trophic relationships within benthic sed-
iments may become apparent. These aberrations may surely
lead to serious trophic-level consequences throughout this high-
latitude food chain.

This research was funded by National Science Foundation
grant DPP 86-12348 awarded to David C. White and Anna C.

Palmisano. We wish to express thanks for the excellent help
and cooperation of the Palmer Station staff and employees of
ITT/ANS with field studies.
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Although unicellular cyanobacteria in the marine environ-
ment were described almost 80 years ago (Lohmann 1911),
their widespread distribution and importance as a component
of oceanic food webs has become apparent only during the
last decade. In 1979, Johnson and Sieburth (1979) and Water-

bury et al. (1979) reported the presence of large concentrations
of a chroococcalean cyanobacterium assignable to the genus
Syncchococcus in the open ocean. Li et al. (1983) and Platt, Subba
Rao, and Irwin (1983) presented evidence that in Atlantic oh-
gotrophic areas the picoplanktonic fraction of the phytoplank-
ton, often dominated by Synechococcus, may contribute more
than 40 percent of the total chlorophyll biomass and up to 60
percent of the total primary production.

In Antarctica, elevated concentrations of cyanobacteria have
been found in selected saline lakes (Wright and Burton 1981)
and during the austral winter, in coastal marine habitats (Mar-
chant, Davidson, and Wright 1987). Nevertheless, it appears
that antarctic marine cyanobacteria are present in considerably
lower abundances when compared with values for tropical and
temperate marine ecosystems. For example, the concentration
of cyanobacteria in surface waters between Australia and Ant-
arctica showed a strong decrease in abundance south of the
Antarctic Convergence (Marchant et al. 1987). Here we present
data on the distribution and abundance of phycoerythrin-con-
taming cyanobacteria in the surface waters of the Drake Pas-
sage, based on samples collected during the 1986-1987 austral
summer.

Samples were collected from the RIV Polar Duke along a
transect from the South Shetland Islands (62°S 57°W) to the
Beagle Channel (55°S 70°W), on 4-7 February 1987 (figure 1).
Surface water was sampled continuously by a pumping system
used for the shipboard aquaria. Every 2 hours, duplicate 50-
milliliter samples for the enumeration of cyanobacteria were
withdrawn, filtered onto Nuclepore filters (0.2 micrometer),
mounted on microscope slides with immersion oil and stored
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Figure 1. Temperature (in degrees Celsius) of surface waters at the
sampling stations across the Drake Passage and along the Beagle
Channel.

at —20°C. Simultaneously, a 100-milliliter sample was pre-
served with buffered formalin (1 percent final concentration)
for total bacterial enumeration. The enumeration of both het-
erotrophic bacteria and cyanobacteria on the filters was done
by epifluorescence microscopy (Porter and Feig 1980) at the
University of Hawaii. Thirty random fields for total bacteria
and at least 50 for cyanobacteria were counted per filter. The
orange fluorescence of phycoerythrin was used to detect the
presence of cyanobacteria.

A modified Sipican expandable bathythermograph probe was
mounted in the intake to the ship's aquaria allowing a contin-
uous record of sea surface temperature. Every hour the water
temperature was also measured using a mercury thermometer
as a means of calibration.

The cyanobacteria concentration varied by approximately
three orders of magnitude along the north-south transect with
maximum concentrations of 8.7 x 106 cells per liter at the
eastern entrance of the Beagle Channel and minimum con-
centrations in the southern Drake Passage. In the Beagle Chan-
nel, cyanobacteria concentration varied between 3 x 10 6 and
5 x 106 cells per liter (figure 2). The abundance of cyanobacteria
in our study was positively correlated with temperature not
only for samples collected along the Drake Passage portion of
the transect, where the surface water temperature increased
northward but also for those from the Beagle Channel portion,
when temperature declined (figure 3). This result is in good

agreement with reports by Murphy and Haugen (1985) for the
North Atlantic and Marchant et al. (1987) for the Indian Ocean
sector of the southern ocean. It also supports the suggestion
that temperature is a principal factor controlling cyanobacterial
abundance in the southern ocean (Marchant et al. 1987).

Nevertheless, we remain unconvinced that temperature per
se is the ultimate controlling factor. Other physical, chemical,
and biological variables may also be important. For example,
Joint (1986) found that temperature appears to control only the
upper limit of cyanobacteria abundance when comparing a
wide range of oceanographic provinces. The latitudinal trends
that we observed in the abundance of cyanobacteria (figure 2)
are consistent with this hypothesis. On the other hand, Mar-
chant et al. (1987) reported the presence of "abundant pico-
planktonic coccoid cyanobacteria" in antarctic coastal waters
during the austral winter and in the pack-ice ablation zone.
Although it is not clear whether these cyanobacteria were ben-
thonic, derived from the sea-ice, or truly planktonic, their pres-
ence indicates that marine coccoid cyanobacteria can be abundant
at low temperatures under favorable growth conditions. Other
environmental factors, such as the increase in nutrients in the
southern ocean, may be responsible for the apparent selection
against cyanobacteria, in favor of eukaryotic microalgae, as
environmental temperature declines.

We also observed a significant positive linear correlation
between the abundance of cyanobacteria and total bacteria
along the transect (figure 2, insert). These results suggest that
the two independent prokaryotic assemblages may be closely
coupled in space and, perhaps, controlled by similar environ-
mental variables. It is interesting to point out, however, that
the regression of cyanobacteria and total bacteria yields a X-
intercept of 86 x 106 total bacteria per liter at the hypothetical
point where cyanobacteria are completely absent from the sur-
face water. Consequently, as cyanobacteria become less abun-
dant in the surface waters of antarctic habitats, the ratio of
total bacteria to cyanobacteria becomes increasingly large. Un-
der these circumstances, it is difficult to imagine how the abun-
dance of cyanobacteria might directly influence heterotrophic
bacteria or vice versa. Differential grazing pressures by pro-
tozooplankton in the antarctic marine environment or direct
competition for an essential biomass-limiting factor (e.g., mo-
lybdenum or vitamin B12) may be occurring, but we have no
direct information on these processes at the present.

We thank A. Amos, B.C. Mitchell, U. Magaard, I. Hecker,
and D. Bird for help in the collection and the analysis of the
samples, the crew of the WV Polar Duke and Antarctic Services
Inc., personnel for field assistance. This research was sup-
ported, in part, by National Science Foundation grant DPP 85-
18748.
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Sea-ice microalgae are known to reach high abundances in
congelation and platelet ice layers covering McMurdo Sound.
Concentrations as high as 10 to 1010 cells per square meter (3
milligrams chlorophyll a per liter) have been reported (Sullivan
et al. 1983; Grossi et al. 1987). Substantial cell densities not
only affect the amount of photosynthetically active radiation
available to the underlying ice algae communities, they also
affect the spectral composition of the incident irradiance along
its path through the ice. Thus, ice algae are the prime biological
determinants of the quantity and quality of light that is avail-
able to the water-column phytoplanktonic and epibenthic mi-
croalgal communities that occur under land-fast sea ice. The
only available information regarding spectral characteristics of
ice algae is derived from measurements of the whole com-
munity collected from different locations in McMurdo Sound
(SooHoo et al. 1987) and in the Weddell Sea (Lizotte et al.
Antarctic Journal, this issue). Such determinations provide an
average of the in vivo absorption properties of all particulates
present in the ice; however, information about the spectral
absorption characteristics of individual algal cells of such com-
munities is not possible with such measurements. We have
applied a microphotometric technique to study the spectral
absorption characteristics of individual sea-ice microalgae and
their taxonomic identification during early summer at three
locations in McMurdo Sound.

Samples of ice microalgae were collected at three different
sites in McMurdo Sound during December of 1986: Erebus Ice
Tongue, Granite Harbor, and Hut Point. Small core sections
of sea ice collected by drilling with an ice auger were diluted
in 2 times volumes of filtered seawater (0.45 micrometer Mil-
lipore) and kept in darkness at 0°C. Samples of ice meltwater
were pepared for microphotometric analysis as described by
Iturriaga, Mitchell, and Kiefer (1988) and Iturriaga and Siegel

(1988). Briefly, this technique consists of concentrating the
sample at very low vacuum pressure (<5 millimeters of mer-
cury) or gravity to minimize cell rupture. Cells concentrated
on the upper face of a 0.4-micrometer pore-size Nuclepore filter
are then transferred to a microscope slide coated with a gelatin
mixture containing preservative. The sample is covered with
one or two drops of a glycerol solution and cover slip, then
stored at - 20°C unless measurements are performed imme-
diately.

A universal microscope equipped with a type 03 photometer
(Carl Zeiss, West Germany), interfaced to a tungsten-halogen
light source and a scanning monochromator was used for this
study. Determination of the spectral absorption of individual
cells requires direct determination of the spectral transmittance
of the sample (is) compared to a blank (1 0(X)), which is deter-
mined by focusing on the targeted cell and then on an adjacent
area with no particles, respectively. Such determinations en-
abled us to calculate the absorption efficiency factor (Q ,1 (X)) for
observed cells.

Qa('\) = 1 - (1/I)
The absorption efficiency factor is defined as the ratio of the
energy absorbed by the cell to the energy impingent upon its
geometrical cross-sectional area (Morel and Bricaud 1981; Bri-
caud, Morel, and Prieur 1983). The microphotometric tech-
nique allowed us to measure the spectral shapes and magnitude
of Qa(X). These methods enable us to determine for individual
algal cells the major in vivo absorption bands corresponding
to the photosynthetic pigments present, as well as to determine
the taxonomic position of cells.

The variation in spectral shape and magnitude of Q ,1 (X) was
studied in several ice algae from different locations of Mc-
Murdo Sound. The cells selected for analysis constituted the
most representative species at each location. Examples of Qa(X)
spectra for the following species: Nitzschia ste/Iota (1), Amp/u-
prora kufferathii (2), Pinnularia quadratarea (3), and Nitzschia ker-
gue/ensis (4) are shown in figure 1. The spectral resolution of
these measurements allows discrimination of major absorption
bands corresponding to algal pigments: chlorophyll a at 435
and 675 nanometers, chlorophyll c at 465 and 630 nanometers,
as well as the accessory pigments such as fucoxanthin from
470 to 550 nanometers. Individual diatoms appear to have
species specific absorption spectral features. In addition, spec-
tral variability within the clones of colonial algal species, such
as Nitzschia kergue/ensis or Amphiprora kufferathii, were mea-
sured. Figure 2 shows a family of spectra derived from a clonal
chain of 10 cells of Nitzschia kerguelensis. The variability of the
absorption efficiency factor Qa(X), in shape and magnitude, is
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