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Diatom resting spores usually are heavily silicified cells with
morphology and metabolism markedly different from actively
growing, vegetative cells. Since diatom resting spores can sur-
vive periods of darkness, it is reasonable to assume that con-
version into spores would be an effective over-wintering strat-
egy. Resting spores are not commonly reported in antarctic
waters (Hargraves and French in press). However, their appar-
ent absence may in part be matters of timing, place of collec-
tion, or nonrecognition. Foster and associates (1980) found
what they considered to be resting cells (if not specialized
resting spores) in newly formed ice in the Weddell Sea. We
have found resting spores of centric diatoms in cultures and
now understand better the preserved samples from past
cruises. Collections from the SA Agulhas, a successful cruise
extending far south during the austral fall in remarkably good
weather, promise a continuation of this study.

Many antarctic Chaetoceros species belong to a section of the
genus not known to have resting spores. Another section of
the genus is represented in the southern Indian Ocean by the
resting spore-forming C. radicans Schütt, which is considered
to be a cosmopolitan species. On the cooperative, 1976 French
cruise of the Marion Dufresne (cruise MD-08) this species, col-
lected under the direction of S. Z. El-Sayed, was dominant in
many stations. Net hauls were crowded with chains of vege-
tative cells having bifurcating spines (Fryxell and Medlin in
press), and the paired resting spores had specialized setate
valves holding them together (figures 1 and 2). These special-
ized "extra" valves are not part of the resting spore, but are
the valves formed at the first nuclear division in the resting
spore process.

Although much can be learned about morphology and stages
in resting spore production from such preserved field samples
in which the dominant organism is forming spores, questions
concerning ecological triggering mechanisms require work
done with living material. Thalassiosira antarctica Comber,
examined in culture at Texas A&M University, has been found
to form resting spores (Fryxell, Doucette, and Hubbard 1981;
Fryxell, Villareal, and Doucette 1980).

Study of the antarctic clones (T. antarctica var. antarctica)
has revealed that high salinity (such as cells might experience
in interstitial brine in sea ice) triggers resting spore production
(Villareal in preparation) and is especially effective when cou-
pled with a controlled nitrogen source (up to 75 percent resting
spores) (Doucette in preparation). These resting spores also
have "extra" valves—in this case, the last nuclear divisions
originating with a single vegetative cell are unequal. A rudi-
mentary valve is left as the hypotheca and usually telescopes
into the nearly empty vegetative epitheca husk. Most com-
monly, pairs of resting spores originating from a vegetative

Figure 1. Chaetoceros radicans single resting spore. Taken during
Marion Dufresne cruise MD-08, at station 17 (46052.6'S 37°53.7'E),
25 March 1976, with a 35-micrometer net hauled to the surface
from a depth of 100 meters. Magnification, 4,800X.

Figure 2. Chaetoceros radicans specialized setate valves that hold
twin resting spores together but are not part of the resting spore
frustule. Taken during Marion Dufresne cruise MD-08 at station
17. Magnification, 3,200X.

cell are seen in field samples, but a determinate number of
divisions can produce up to four resting spores per vegetative
cell. Figure 3 illustrates a single resting spore with limp rudi-
mentary valves remaining after final nuclear divisions. Its
appearance, with limp rudimentary valves still clinging to
both domed resting spore valves, indicates that, in this
instance, one vegetative cell produced only one resting spore.

T. antarctica is a bipolar species. The northern clone (T.
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Figure 3. Thalassiosira antarctica var. antarctica resting spore with
a rudimentary valve clinging to each valve, showing that there
were two unequal divisions of the original vegetative cell nucleus.
Clone AA4 originally was isolated from the South Atlantic during
Islas Orcadas cruise 17/78, at station 34 (51 '47'S 39 030'W), 5 Octo-
ber 1978; isolated 6 November 1978. Magnification, 3,000x.

antarctica var. borealis Fryxell, Doucette, and Hubbard) is also
in culture at Texas A&M University. Besides having markedly
different resting spore morphology, the boreal and austral
varieties have slight structural differences in vegetative bands.
Production of resting spores is not a response to high salinities
in T. antarctica var. borealis, but resting spores have been
produced in senescent cultures.

Samples of another bipolar species, Porosira glacialis (Gru-
now) Jorgensen, taken from both Narragansett Bay and the
Scotia Sea, also are in culture. They have been studied in light
and scanning electron microscopes. Although few resting
spores have been produced in the boreal clones, and fewer in
the austral cultures, observations on vegetative girdle bands
suggest that varietal status for these two species may be jus-
tified (Villareal and Fryxell in preparation). Girdle band struc-
ture appears to show genetic separation as effectively as valve
morphology (Fryxell, Hubbard, and Villareal 1981).

All clones of T. antarctica and P. glacialis from the north and
south reveal surprisingly wide tolerances to changes in salin-
ity, with all clones able to grow in salinities ranging from 10
to 50 parts per thousand. Thus far, all clones are able to grow
if fully acclimatized to each increment in temperature from
—2°C to 10°C. In addition, morphological differences exist in
cultures grown at temperatures of melting ice. Cold tempera-
tures (0° to —2°C) result in loss or marked reduction of external
tubes. Cold temperatures also result in the constriction of the
foramen (external opening of the areola), but this characteristic
is somewhat variable and also is noted in P. glacialis grown at
a salinity of 50 parts per thousand. This "cold-water form" has

been seen previously in field samples, but it was not recog-
nized for what it was. We have not experimented yet with
different nutrient levels at low temperature; however, resting
spores are not produced by near-freezing temperatures alone.
Culture work on these and other antarctic clones (totaling more
than 90 clones of a dozen species) is continuing (Villareal in
preparation).

Initial examination of the nonsiliceous, vegetative ultra-
structure of the two bipolar diatom species by light and trans-
mission electron microscopy has yielded evidence of no
obvious differences between the two populations of the same
species (Doucette in preparation). An observation of multiple
nucleoli in all four populations, although not unusual in
plants, was unexpected in that to our knowledge it had not
been previously reported in diatoms. Work is under way to
determine the contents of specialized secretory vesicles in both
species that may be involved in extrusion of f3-chitin threads
through strutted processes, present only in the family Thal-
assiosiraceae. The fusion of these vesicles with the plasma
membrane and the liberation of their contents into the area
between the plasmalemma and the cell wall has been dem-
onstrated (Doucette 1980).

Plans had been made to cooperate with the British Antarctic
Survey (BAs) on the First International BIOMASS Experiment
early in the austral summer of 1980-81. However, metal fatigue
of the propeller (brought about by vibrations of unknown
origin in the shaft) caused cancellation of this year's field effort
by BAS. S. Z. El-Sayed, who was invited by the South African
Council on Scientific and Industrial Research to participate on
the South African ship SA Agulhas, made some last minute
changes to accommodate our phytoplankton project. From 10
February to 20 March 1981, M. A. Meyer, representing our
project, took phytoplankton collections on a survey of the
relatively little-studied area of the southern ocean north of
Queen Maud Land. The chief scientist, Ian Hampton, con-
ducted the acoustic survey of Euphausia superba Dana by map-
ping a grid from the ice edge north to 60°S, bounded by 15°E
and 30°E, a part of the international effort to assess the abun-
dance of krill.

Discrete samples were taken from Niskin bottles at 17 night
stations (three depths) and 23 day stations (seven depths) for
quantitative estimates by microscopical examination of phy-
toplankton species present. In addition, at each station, ver-
tical hauls with nets of 35-micrometer mesh were made from
a depth of 200 meters for concentration of rarer, larger species,
taxonomic study of abundant species, and study of resting
spore production. Preliminary analysis of the net hauls by El-
Sayed while on board ship revealed the predominance of Cor-
ethron criophilum Castracane, Rhizosolenia spp., Thalassioth rix
antarctica Schimper, and Nitzschia kerguelensis (O'Meara)
Hasle. A bloom of Chaetoceros neglectum Karsten was encoun-
tered in the area of the subantarctic Marion Island (46°53'S
37°52'E, 15 March 1981) near the end of this successful cruise,
but no resting spores were noted in the study of living material
on board ship. Living material was brought back to Texas, and
selected cultures are being established.

This work was supported in part by National Science Foun-
dation grants DPP 78-23463, DPP 80-20381, and DEB 79-23159 and
by the Smithsonian Oceanographic Sorting Center's program,
"Cooperative Systematics and Analyses of Polar Biological
Materials" (DPP 76-23979; B. J . Landrum, principal investiga-
tor).
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First estimates of bacterioplankton production in Drake Pas-
sage of the antarctic ocean were made in the austral summer
of January 1980 (Hanson and Lowery 1981; Hanson et al. in
preparation). The major results of that study were:
(1) bacterioplankton production was less than 1 milligram per
square meter per day (or less than 0.02 microgram carbon per
liter per day); (2) free-floating bacteria were mainly respon-
sible for the production in surface waters; and
(3) bacterioplankton production was an insignificant source of
particulate organic matter, but bacterioplankton were impor-
tant in the consumption of dissolved organic carbon and the
decomposition of particulate organic matter in antarctic cir-
cumpolar deep water.

A followup cruise was made between 13 September and 16
October 1980 to obtain additional estimates of production and
adaptation of bacterioplankton in the antarctic region. We
studied the waters along 90°W from 45°S to the Polar Front
Zone, and across the Drake Passage from ice pack to Cape
Horn (figure 1). Michael McCartney of the Woods Hole Ocean-
ographic Institute studied the hydrographic conditions in the
southeast Pacific Ocean and obtained evidence of a convective
zone (formation of the antarctic intermediate water) in the
southeastern gyre of the Pacific Ocean (McCartney in prepa-
ration).

A microbiological team of R. Hanson, K. Lowery, D. Schafer,
and T. Ryan studied a number of characteristics of microplank-

ton (<100 micrometers) and bacterioplankton (<3 microme-
ters): adaptation to low temperature and nutrient waters, bac-
terial production by frequency of dividing cells, and increase
in cell numbers (Fuhrman and Azam 1980; Hagstrom et al.
1979), percentage of active bacterial cells by the 2-(p-iodo-
phenyl)-3-(p nitrophenyl)-5-phenyl tetrazolium chloride (TNT)
technique (Zimmerman, Iturriaga, and Becker-Berck 1979),
and size fraction of the microplankton biomass (ATP, total
adenylates, and adenylate energy charge). A summary of the
results from this cruise follows.

Bacterioplankton are adapted to low-nutrient waters in the
subantarctic zone (figure 2). Bacterioplankton growth in water
strained through a filter having holes less than 3 micrometers
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Figure 1. Station locations for the RIV Atlantis II cruise 107, leg 11,
in the south Pacific and the Drake Passage, 30 September-13
October 1980. Zones based on conductivity-temperature-depth
and expendable bathythermograph data (modified from McCartney
in preparation).
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