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PREFACE 1
4

This report was written by Diane B. Clarke, Biology l.aboratory Technician, and :
Stephen F. Ackley, Supervisory Physical Scientist, of the Snow and Ice Branch, and -1
by Dr. Motoi Kumai, Research Physicist, of the Earth Sciences Branch, Research .
Division, U.S. Army Cold Regions Research and Engincering [aboratory, 4
Hanover, New Hampshire. The study was supported by National Science Founda-
tion Agreement DPP80-06922-A03 dated June 1983, Air-Sea Interaction and Sea 4
Ice Studies of the Joint US/ USSR Weddell Polvnva Expedition. o

The authors would like to thank three individuals at Texas A&M University for
their help and support: G.A. Fryxell for use of her inverted light microscope and an-
cillary laboratory equipment as well as her wondertul collection of reference mater-
ials and her helpful discussions; K.R. Buck, for hisv help and expertise in
Choanoflagellate and diatom identifications; and [.K. Medlin, tor her assistance
with Naviculoid diatom identifications. 1.V, Parker and J.A. Richter-Menge
critically reviewed this manuscript.

The contents of this report are not to be used tfor advertising or promotional pur-
poses. Citation of brand names does not constitute an otticial endorsement or ap-
proval of the use of such commercial products.
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MORPHOLOGY AND ECOLOGY OF
DIATOMS IN SEA ICE FROM
THE WEDDELL SEA

D.B. Clarke, S.F. Ackley and M. Kumai

INTRODUCTION

Diatoms are major primary producers of micro-
bial biomass in the Antarctic. They are found both
in the water column and in sea ice. Primary pro-
duction of diatoms in the water column has been
used in the past to determine the productivity of
the Southern Ocean.

During the winter, sea ice covers 20 x 10* km?
of the Southern Ocean surface, but in the summer
melts back to cover 3 x 10® km?. Two processes
enhance the effect of sea ice on primary produc-
tion. From fall to spring, sea ice reduces light pen-
etration, thereby diminishing production in the
water. As light returns in the spring, diatoms in
the ice begin to reproduce (Buynitsky 1977, Hoshi-
ai 1977, Meguro et al. 1967). In the late spring, as
the ice melts, the diatoms contained in the sea ice
are released into the water column. Depending on
the extent of reproduction within the ice, the po-
tential contribution of diatoms in sea ice to overall
productivity could be significant.

Measurements of chlorophyll a concentrations
indicate the amount of viable plant material pres-
ent. Peak chlorophyll a concentrations ranging
from 3.8 to 2100 mg/m* have been reported for
different ice types and are considerably higher
than in adjacent surface waters (Ackley et al.
1979, Bunt 1963, Burkholder and Mandelli 1965,
Clarke and Ackley, in press, Garrison and Buck,
in prep., Hoshiai 1977, Meguro 1962, Sullivan and
Palmisano 1981). One question to consider is

whether these concentrations are due to mechani-
cal incorporation alone or are a result of diatom
growth in a protected environment.

Three different ice types (frazil, congelation,
and snow ice) have been found in the drifting pack
of the Weddell Sea (Clarke and Ackley, in press).
Weeks and Ackley (1982) have described in detail
the formation processes for both frazil and con-
gelation ice. Briefly, frazil ice is associated with
dynamic, turbulent conditions in the water col-
umn where small (~ | mm) ice crystals form,
usually at high growth rates (> 1 cm/hr). These
crystals are advected downstream by wind-
induced circulation in the water column and pile
up into substantial thicknesses of ice in a short
time period. Gow et al. (1982) reported up to 50%
frazil ice during their 1980 cruise, while Clarke
and Ackley (1982) and Ackley et al. (1982) found a
predominance of frazil (70%) during their 1981
cruise. In direct contrast to frazil ice, congelation
ice forms as large columnar grained crystals ( ~ 1
c¢m) resulting from the slow removal of heat from
the water under an existing ice sheet. After a few
centimeters of ice have formed, the low thermal
conductivity of the ice limits the heat transfer and
prevents growth rates greater than 1 mm/hr, and
the rate continues to decrease as the ice thickens,
Congelation ice therefore forms more slowly and
over periods on the order of several weeks to
achieve the thicknesses reported by Clarke and
Ackley (1982). The third ice type—snow ice—is
associated with the ridge-building process in the




e
o

rA0
B . P

i)
ot

CRACRECa §

Weddell region. Ice floes in the Weddell Sea may
be covered by up to 30 ¢m of snow (Clarke and
Ackley, in press). As ice floes collide and deform,
they form ridges, the ice sheet is depressed below
sea level by the weight of the ice piled up in the
ridge, and the snow at the base of these ridges
often becomes infiltrated with sea water. Subse-
quent freezing creates snow ice.

From prior observations it appears that frazil
ice initially concentrates biological material,
whereas congelation ice tends to reject it. Ackley
(1982) and Garrison et al. (in press) have suggested
two physical mechanisms to account for the high
concentrations of algae in young, thin ice samples:
scavenging and nucleation. Reproduction alone
cannot be responsible for high concentrations in
this ice since doubling times are insufficient rela-
tive to the age of the ice. A conservative estimate
of the age of the ice is 24 hours, the ice growth rate
being 1 ¢cm hr ' (Weeks and Ackley 1982). The
chlorophyll concentration is up to 50 times higher
in the ice than in the surface water. Therefore, us-
ing a doubling time of 0.75 doublings/day *, a
minimum of 8 days would be required. Ackley
(1982) and Garrison et al. (in press) suggest that
concentration by ice nucleation occurs when frazil
ice crystals nucleate on suspended algal cells. In
additicn, ice scavenging occurs as a frazil ice
crystal travels through the water column to the
surface and collides with particles along the way.
Unlike nucleation, through scavenging, each frazil
ice crystal may collect several particles rather than
only one.

Contrary to expectation, however, the highest
chlorophyll values reported are from congelation
ice near McMurdo Sound and Syowa Station
{248-2100 mg/m*) rather than from frazil ice
(Bunt 1963, Hoshiai 1977, Sullivan and Palmisano
1981). Intermediate values are found in the snow
ice from Syowa Station and off the Palmer Penin-
sula (407-670 mg/m’*) (Burkholder and Mandelli
1965, Meguro 1962), and the lowest values are
found in the predominantly frazil ice of the Wed-
dell Sea (3.8-29.7 mg/m’) (Ackley et al. 1979,
Clarke and Ackley, in press, Garrison and Buck,
in press). Thus it would appear that several proc-
esses (scavenging, nucleation, and growth) are re-
sponsible for algal concentrations, depending on
the ice type. To determine to what extent the phys-
ical environment of the ice affects the biological
community, we compared the species composition
and abundance between cores with only one ice
type and those with alternating ice types.

In addition to ice algae’s potential contribution
to total productivity, it has been hypothesized that
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they may be a “'seed population’ that s respon-
sible tor the spring bloom in the water column.
Diatoms that are still viable afrer overwintering in
the ice may be the nucleus of the spring growth
after meltout. To confirm this it is necessary to de-
termine species composition in the ice, rather than
just chlorophyvit concentrations, and 1o identify
those cells with intact organic material. To this
end we have examined settled samples under an in-
verted light microscope to determine the ratio of
empty 1o full cells. We have also delineated the
species composition in our Woddell Sea pack ice
samples with illustrative scanning electron micro-
scope (SEM) micrographs of the morphologic
characteristics of each species for future compari-
sons with water column assemblages.

The SEM provides the high resolution necessary
to resolve internal and external features and thus
allows positive species identification. Some of the
morphologic features that are readily apparent
under SEM, but not always under the light micro-
scope, are the central, labiate, and marginal proc-
esses of the Thalassiosira and the labiate and strut-
ted processes of the Porosira (see Appendix B for
terminology). Other features, indistinguishable
without SEM, are the puncta forming the the fine
striae on some of the Nitzschias or the puncta on
the girdle bands of several centric species. In addi-
tion, some of the Nitschia specimens in our
samples are quite small (2-5 gm) and would not be
identifiable without the SEM.

MATERIALS AND METHODS

During a cooperative scientific expedition
(WEPOLEX) between the United States and the
U.S.S.R., the NES Mikhail Somov maneuvered
within the pack ice of the Weddell Sea from 22 Q¢-
tober to 13 November 1981 (Fig. 1) (Gordon and
Sarukhanyan 1982). Two types of ice samples
were obtained: ice cores and ice chunks. The cores
were drilled using a USACRREL 7.6-cm ice-
coring auger, while chunks weighing a few kilo-
grams and composed primarily of snow ice were
retrieved either from the open water cleared by the
ship or from newly formed ice ridges. Different
techniques were employed to prepare samples for
examination with the SEM and the optical and in-
verted light microscopes.

For optical light microscope analysis, the
samples were melted and tiltered through a 0.4-um
Millipore or Nucleopore filter. The diatoms were
then washed off the filter and decanted into centri-
fuge tubes. Additional distilled water was added
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Figure 1. Cruise track of the NES Mikhail
Somov during the U.S.-U.S.S.R. Weddell
Polynya Expedition, October-November 1981,
and the relationship of the study area to Ant-
arctica. Total ice cover in the area is given in

tenths.

to each sample to bring the total volume to 90 ml.
The samples were then centrifuged for 5 minutes
at 1500 rpm, the supernatant liquid was siphoned
off, and more distilled water was added. This rins-
ing procedure was repeated three times to remove
salt crystals. After the last rinse, 0.1 m! of the resi-
due was pipetted onto a 24 x 50 mm coverslip and
heated until dry. The coverslip was then affixed to
a glass slide using Aroclor 5442 (refractive index
1.6) and was subsequently observed under a lLeitz
optical light microscope with a 100X oil immer-
sion lens (total magnification 1000X).

For the SEM study, the samples were melted
and then cleaned of organic material to obtain op-
timum clarity. Fifty milliliters each of hydrogen
peroxide (30%) and hydrochloric acid (30%) were
added to a melted sample, which was gently boiled

P SRS S SEP G PP SPAP SP P O S  P S P SV AEAP S  A SE  ON V SEAY S  r T S N RY

for 20 minutes. Distilled water was added to bring
the volume to 1 liter, and the sample was trans-
ferred to centrifuge tubes. The rinsing procedure
cited above was used to remove inorganic residues
and salt crystals. Subsequently, 3 to 20 mi of sam-
ple was filtered through a 0.4-um Nucleopore
filter to obtain a suitable concentration of dia-
toms. The filter was affixed with double-stick tape
to a sample mount and coated with palladium-
gold (40:60) vapor to a thickness of about 100\ in
a vacuum chamber. An accelerating voltage of 20
kV was used to examine the sample on a Hitachi
S-500 SEM.

Samples tor the inverted hight microscope were
melted and several mithliters of 4% buffered
formaldehvde were added. Samples were agitated
and 10 ml was poured into a counting chamber.
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Figure 2. Core profile of 22-10/N showing salinity,

Sluorescence, nutrients (silicic acid, phosphate, nitrate, nitrite),
and structure vs depth. In the structural cartoon, circles in-

dicate frazil ice structure.

The aliquot was allowed to settle for 24 hours
prior to examination under a Zeiss microscope
(total magnification 500-800X).

RESULTS

Two ice cores and an ice chunk were obtained
on 10 November 1981, at 60° 17°S, 0° 15.3 'E.
The ice chunk (10-N/K) was composed of snow
ice (sea-water-infiltrated snow); ice core 22-10/N
(54 cm long) was all frazil ice; and ice core
23-10/N (59 ¢m long) had 16 cm of congelation
ice at the bottom overlain by 43 ¢m of frazil ice.
Structural and salinity profiles for these two cores
are shown in Figures 2 and 3.

Samples of the ice chunk were examined under
the SEM and the optical light microscope, samples
of core 22-10/N were examined under the SEM
and the optical and inverted light microscopes,
and samples of core 23-10/N were only observed
under the inverted light microscope. When com-
paring species differences, therefore, one must
take into account the different preparation tech-
niques involved as well as the optical qualities of
the microscopes. These differences as they pertain
to different techniques are discussed in Appendix
B.

Figures 4a and 4b are schematic representations
of pennate and centric diatom frustules il-

Salinity (%)

-~ 0 8
E T ‘ 0:-’:
(3]

‘; 20 o
a >0
Ld DO
a 40 o

60

Core 23-10/N
Long. 0°15'E
Lat. 60°47's

Figure 3. Core profile of 23-10'N show-
ing salinity, fluorescence, nutrients (silicic
acid, phosphate, nitrate, nitrite), and
structure vs depth. In the structural car-
toon, circles indicate frazil ice structure
and vertical lines show congelation or col-
umnar ice strucrure.

lustrating their various components. Some of the
more common morphologic characteristics used to
identify species are the valve outline and di-
mensions, the pattern of areolation, the presence
or absence of a raphe or pseudoraphe, the type
and arrangement «f processes, and the number
and arrangement ol intercostal poroids. (Appen-
dix B defince “he raxonomic features.) Whole
frustules (Fig. 5) av well as separated valves (Fig.
6) and girdle bands (Fig. 7) were observed under
the SEM, but relatively few fragments were
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found. Undoubtedly the separation ot most ot o ¢
frustules was a result of the aad-cleanny 1edh
nigue we emploved. For the most part, the salves
were in good condition. The setae of (hacioceron
were the most susceptible to breakage.

In the three samples taken on 10 November 12
penera and 33 species were wdentihied. O these,
cight species were notidentitied at the species fevel
but were given numeric designations. Fifreen ot
the species were observed i only one of the thiee
samples. Of these, only three (Chactoceros neglec
tum Karsten, Nuzschua lecomier Van Hearch, and
Thalassiosira gravidua Cleve) were seen more than
once in a sample, but stull notin signiticant guunti
ties. Table 1 lists all of the species wdentitied from

Figure 7. Girdle bands of a centric diatom
(oblique viewy. White bar at botrom 5 jan.

Table 1. Diatoms identified under optical, inverted, and scanning electron

microscopes.

Composite species list

Actnocyelus acninochilus (Ehrenberg) Simonsen

Present in
10 N-A 22-10 N 2310\

. ’
Asteromphalus hyalinus Karsten +

Chaetoceros dichaera Fhrenberg + + .
Chaetoceros gracilis Schutt . + .
Chaetoceros neglecium Karsten +

Chaetuceros sp. 7 . .
Dactvliosolen antarcticus Castracane . + .
Navicula sp. | + + .
Navicula sp. 2 +

Nuzseing angulata Hasle + + .
Niuzschia closterium (Ehrenberg) W. Smith + + -
Niutzschia curta (Van Heurck) Hasle + 3 -
Nuzschia cyvlindrus (Grunow) Hasle + ¢ ‘
Nitzschia kerguelensis (O'Meara) Hasle + + M
Nitzschia lecointei Van Heurck -
Nuzschia prolongatoides Hasle .
Nuzschia ritscheri (Hustedt) Hasle - +

Nuzschia subcurvata Hasle . . .
Nuzschia turgiduloides Hasle B + +
Nitzschig sp. | ¢

Nirgschia sp. 2 *

Porosira pseudodenticulata (Hustedt) Jouse B .

Rhzosolenma alata Brightwell .

Svaedra sp. | .

Thalasstostra ambigua Kozlova .

Thalasstasirg frenguelli Kozlova +

Thalassiosira gracilis var. graciis (Karsten) Hustedt . .

Thalassiosirg gravida Cleve

Thalassiosira lentiginosa (Janischy Fryxell
Thalussiosira sp. |

Thalasstosira sp. 2

Thalassiothrix antarctice Shimper
Tropidoners glacialis Heiden
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these samples. They are predominantly composed
of pennate forms, with Tropidoneis glacialis
Heiden, Niizschia closterium (Ehrenberg) W.
Smith, Nitzschia prolongatoides Hasle, and Nitz-
schia ¢vlindrus (Grunow) Hasle being the major
constituents. Brief descriptions of each species,
with SEM micrographs to illustrate their mor-
phologic characteristics, are in Appendix C.
After all of the species were identified under
SEM, observations were made using optical and
inverted light microscopes to obtain relative
species abundances and numbers of cells per liter.
Although 27 species were identified in the ice
chunk, the diatom assemblage was nearly mono-
specific, with T. glacialis accounting for 85-94%
of the total. Nitzschia curta (Van Heurck) Hasle,
Chaetoceros dichaeta Ehrenberg, N. closteri-
um,and N. cylindrus each accounted for 1 to 3%;
the remaining species were less than 1% of the
total. In both ice cores several species were co-
dominant. In 22-10/N, 21 species were identified.
The dominant species were N. closterium and T.
glucialis with Svnedra sp. 1, Nitzschia kerguelen-
sis (O'Meara) Hasle, N, cvlindrus, Ch. dichaeta,
and Navicula sp. 1 comprising 4 to 8% cach. In
23-10/N, the dominant species were T. glucialis,
N, cvhindrus, N prolongaioides, N. closterium,

.
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= Table 2. All species identified under the inverted light microscope inice cores 22-10°N o
'_' and 23-10 N and the number of full and empty cells liter of cach. y
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Navicula sp. | 12 qo 4¢ e
Nuowiud uneulaia Tapo- ot
N oschud closteriun 1.76 < 1o 1. e [ 1 [~ o
Nyovchid curtd 22 toe 2 e
Nerzschud cviindrus 12« j0 17 Hia 2.0
Nuschua herguelensis s 10 IR AN
- Nischia leconnien 13 bt
° Nptsehia probongatoudes 17 14 METREE
Nirzscohia subcurvaty 20 < 26 1n 2% e
Nirovchia turgrdudodes 40 -4 2 1 22 - e
Svaedra sp. | 26 - o
Thalusstothrix antarctica - 2o
Fropedoneds glaciain 96 . 10 1o - o R Iy 26 - e
Nussciua (Fragilanopsis group) - oo 12 -0
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Choanoflageltlida 4.0 « [y - Py
- Dinophyceae 2.0 « 1 9o
. Prymnesiophyceae (Phaeocystis of . pouchetis) 2.2 <0 AR

and Ch. dichaeta. In addition, Nirsschia subcur-
vata Hasle and Awzschia rurgiduloides Haste ac-
counted for 2 1o 3% each.

One of the advantages of using the inverted
light microscope is that it allows ditferentuation
between full and empty diatom frustules, that is,
whether the chloroplasts and other organic
material are still intact within the cetl. We counted
the number of cells per liter that were empty or
full in both the ice cores. Due to sampling limita-
tions, 22-10/N was counted as one compuosite
sample but we were able 1o examine 23-10 N at
nominal 10-cm intervals. A composite species list
with the total number of cells/liter for cach species
in the two cores is shown in Table 2. There is a
significant difference in the number of species
present in each of the two cores as well as a ditter-
ence in the fullzempty cells. Almost twice as many
species are present in 23-10-N. There are 10 times
more full cells/liter and 20 times more empty
cells/liter in 23-10N. Figure 8 shows the number
of ¢cells/liter down the length of 23 10 N Ttis evi-
dent that the highest  concentration ot tull
cellss liter occurs near but not at the bottom ot the
core. There were 10 times more full cells Titer
the bottom 16 ¢m than at the surtace. The vana
tions in abundance ot the dommant species i this
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each core at the specitied depth interval.

Depin Jora
Core o Forepon ler P aler Vherndar. species Forpiny Fud Joo
1210 R Q4. R N predongd s ondes RIS T 2010 [RIPAN
4240 LRIV 12210 P lo Nooprenongdnondes (42100 P2l tiasil
91N 17 [N IR TN RIS Nohournvaiag
(B I 4500 N ruretdudondes (3 1oy N Trasu
.10y 2710 Noprodinaiondes
143N 44 8N (2010 49100 N prodongaiondes
(20l 9. Nocvindrue (RIS 13 conechatio
(5400 1310 Ch dichaeia
17 X N 21 R 97 {0 | 1o N prodongarondes
(RNt 1.0 1y N closierian: [E R [BRIEIR L coeteelton
22 010N 0 S3 (30104 1810 N closierium
(1.0« 10% 9.6« J0* I eluctals 44 - 10" 1300 tast
21 100N 0 Sy (2.6« 109 20100 T glucials
(23100 P <107 N cviindrus s EXUEETL Prazt! coreelanot
(2.0 109 1.7 10 N prodongarondes
2100 1S <100 N closterium
2400 N 269 (1.0« 109 R7T 100 N cvlmdrus
(5.0 104 38100 Saviewla sp. (7.6 00 24 e trazil congelaion
(7.2« 10 24100 N closterium
6 13N [LELEY 1S 100 4.0 =100 N closierion
(6.9« 107 1O Ngvictda sp. t (3010 N0 trazil congelation

e
.n S

* 10 nmes gfculcir Tull than cmpty.

core are shown in Figure 9. It ts obvious that three
of the species (N. cvlindrus, N. prolongatoi-
des,and Ch. dichaeta) are most abundant near the
bottom, while T. glacialis is highest just below the
surface and V. closterium has a bimodal curve
with two equal peaks, one just below the surface
and the second at the bottom.

Seven additional cores were examined under the
inverted light microscope, three composed solely
of frazil ice, two of congelation ice, and two a
combination of these two ice types (Table 3).
None of these cores was examined at discrete
10-cm depth irtervals, but rather as a composite
sample ranging from 8 to 54 ¢m (the whole core);
the average sample interval was 20 ¢cm. Among
these samples, two had monospecific assemblages
{ >85%) of N. prolongatoides and the remainder
had assemblages comprising several co-dominant
species (Table 3). The diatoms that comprised the
remainder of a sample were the same as those in
cores 22- and 23-10/N.

A comparison of the number of full to empty
diatom cells/liter in all the ice cores examined
shows that in all but one instance there were more
full than empty cells, and in half of the cores there
were 10 times as many full cells as empty celis
(Table 3). Looking at the individual plots of
cells/liter for the most abundant species
23-10/N (Fig. 9), it is obvious that at cach major

peak (regardless of where in the core it oceurs) the
increase in tull cells liter is considerable, while tor
the empty cells. liter it is not. Chlorophyll a values
in the ice cores at the same depths for which we
have diatom counts ranged trom 0.09 1o 0.672
mg/m’'. Phacophytin values over these same inter-
vals ranged from 0.04 10 0.19 mg. m'. Ahthough
we would have liked to compare the chlorophyll
and phaecophytin values with the full and empty
cells/liter, the number of samples for which we
have both data sets is too small to be significant.
The highest chlorophyll a concentrations were
found in the ice chunks, ranging from 0.14 10 432
mg-'m’'. The phacophytin in these chunks ranged
from 0.03 to 15.9 mg/m’'. Chlorophyll values in
all of the cores and ice chunks were higher than in
the adjacent surface waters (0.07-0.13 mg 'm").

In addition to the diatoms (Bacillariophyeeac),
which were the most abundant group, representa-
tives of several other groups—Choanoftlagelhida,
Chrysophyeeae, Dinophyveeae, Gymnodiniaceac,
Prymnesiophyceae, siliceous  ¢ysts,  and  ar-
chacomonads—were also found.

Two archacomonad  species,  Archaeomonas
areoluta Deflandre and  Lithewsphaerella spec-
tabilis Deflandre (Fig. 10), were observed n
several of our sampls (see, for example, Table 2)
in relatively low concentrations (104, Untl re-
cently, archacomonads had not been reported
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Fivure 10, Archaeomonad: Litheusphaerella spec-

tabilis, M hue bar at botiom 5 o,

from present-day oceans and were thought 1o rep-
resent unknown or estinet marine chrysophytes.
Mitchell and Silver (1982) were the first to report
on the occurrence of 1. wreoluta and L. spec-
tabilie, among others, in their samples from both
the water column and the sea ice of the Weddell
Sea.

A tew  choanotlagellate  species,  Bicostata
spunitera Throndsen, Calltacantha simplex NManton
and  Oates, and  Diwuphunoeca pedicellata
Leadbeater were also seen in several of our
samples ar concentrations =10, A siliceous cyst
(Fig. 1D, dentified by several authors (Booth et
al. 1980, 1981 Silver et al. 1980) as **siliceous cyst
29" was observed in our ice chunk. It has been
suggested by the previously mentioned authors
that this ovstas a resting stage in the choanotlagel-
late hite ovele.

Several specimens  of a  silicoflageliate,
Diceephanus speculum (Ehrenberg) Haeckel (Fig.
120, were observed in the ice chunk and inice core
22 10 N. Several individuals ot an unidentified
Cyvmnodiniaceae were seen in ice core 2310 N

(Table 2). In addition, the colonial torm of

Phaeocvsiis ¢t poucherti was also encountered in
both 22 and 23-10-N (Table 2).

10

Figure 11, Siliceous cvst no. 9. White bar ar bot-

tom = 0.5 m.

Ficure 12 Sthicoflugellare: Distephanus speculum.
W iute bar at botrom S,
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DISCUSSION

The downcore changes in relative abundance of
the species 1n 23-10 N and their apparent correla-
tion to the trazil. congeltation boundary leads one
to wonder whether they are the result of the ice
having tormed from ditferent water columuns or ot
differential diatom growth in the ice types. Since
this core is composed of two different ice types,
we know that the frazil ice formed over a period of
several hours, while the congelation ice at the bot-
tom undoubtedly formed over the next several
weeks. During this time the underlying water col-
umn may have changed slightly. Perhaps a warm
Weddell Deep Water cell (Gordon and Huber
1983) passed under the ice sheet, changing the bio-
logical constituents that were later incorporated
into the ice. Three of the species (N. cvlindrus, N.
prolongatoides, and Ch. dichaeta) show a marked
increase in abundance at and below the frazil/con-
gelation boundary (Fig. 9). This suggests that they
were either at higher concentrations in the water
when the congelation ice formed or that, once in-
corporated into the ice, a suitable environment tor
growth existed. The fact that these same three
species were found in high abundance in other
cores composed only of frazil ice suggests that the
structure alone does not enhance growth. A fourth
species, 7. glacialis, shows the opposite paltern,
that is, a decrease in abundance below the
frazil/congelation boundary. It is possible that
this species was at a lower concentration in the
water column when the congelation ice formed or
that it has a different optimum light intensity for
peak growth than the other three species.

N. prolongatoides was also found in high abun-
dance (14-88%) in several other cores sampled at
depth regardless of ice type. N. closterium is high
(18-48%%) in samples from the surface to depth
irrespective  of structure, while the downcore
abundance in 23-10/N shows a bimodal peak,
near the surface and near the bottom of the core.
Bunt (1964) has demonstrated that certain species
are shade-adapted and that variations in light in-
tensity influence productivity. It is possible then
that optimal light conditions for T. glacialis exist
close to the surface while for N. prolongatoides
conditions are more favorable near the bottom.

Several authors (Bunt 1963, Hoshiai 1977,
Sullivan and Palmisano 1981) have reported high
chlorophyll ¢ concentrations (248-2100 mg/l m’)
in the bottom 20 c¢m of cores taken in fast
(congelation) ice at McMurdo. Clarke and Ackley
(in press) have reported an increase in chlorophyil
congentrations in frazil ice with depth, but this is
not limited to the bottom 20 ¢m and does not

il

reach the maentade ot other studies cave s o e i

surtace trazl e Od6 my mo. trasal e g
depth 36 mye o). Thes supgests that prosing,
tv to the underhving water and thus pasane
nutrient exchange, which would be ereater in con
velation ace, might account tor the near bottonm
abundance peaks ot the three speaies i 23 100 N

Congelatiomace rejects umpunoes durimy forma
tion, but trazil ice is capable of mechamcuatly con
centrating material, sons ditticalt to account tor
the higher chlorophyll values in the congelation e
cores (0.09-0.42 mg m') relamnve to the lower
values 1 the surroundimg  waters (1,07 013
mg - m') unless growth s occurring.

Buck (personal communication) tfound 1o
gametes of two of the abundant species 1in one ot
the cores he examined, which is indicative ot g
production. In addition, Clarke and Acklev (in
press) found that both sihicic acid and nitrate con
centrations in the ice cores were depleted with re-
gard 1o the sea-water dilution curve, indicating the
assimilation of Si0, and NO. by diatoms. There-
fore, one mechanism to explain the relative difter-
ences in species abundances that we see in ow
samples may be the variation in species congcentra-
tion in the water column at the tme of ice forma-
tion. This initial difference appears 1o be greatly
enhanced by subsequent differential growth of
species.

Watanabe (1982) has summarized the abundait
species present in Antarctic sea ice. To his list we
add eight additional species that were abundant
(> 10%) in Weddell Sea ice (Ackley et al. 1979,
Buck and Garrison, in prep.; this paper) (Table 4).
Of these eight species, five are pennate forms and
two are centrics. Only Bunt and Wood (1963) and
Watanabe (1982) have reported diatom com-
munities that are dominated by centric forms. The
centric-to-pennate ratio i our samples ranges
from 1:6 to 1:34, with an average of 1:16. Ch.
dichaeta and Porosira pseudodeniiculata Jouse
were present in those samples where centrics were
more abundant. The latter is one of the species re-
ported by Watanabe (1982), whereas Ch. dichueta
has never been reported as numertcally sigmificant
in Antarctic sea ice.

We anticipated some correlation between the
number of tull and empty cells iter with chloro-
phyll ¢ and phacophytin ratios, but we did not
tind one. This may be attributed 1o the small
number  of  samples (9) tor which we have
cells liter data or it mayv be due to ditterences m
cell volumes. The chlorophyll i a small nunher
of large-volume cebls can be equal to that ina laree
number of smull-volume cells.
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Table 4. List of dominant diatom species found in Antartic sea ice.

Diatom species

Ampiupleura rcdunce var unarcticd
Amphuprora Autteraih

Kemphuprora hgellmani

Ampiuprora oestrupi

Buddulphia wensstiogu
Chueroceros sp. ot gracilis
Chaetaceros dichueta
Coscinodiscus furcatus
Coscentodiscus subidi
Eucamma antarctica
Nuviculu glacier

Nuzschua closterium

Nuzseha curta

Nuzschia eviindrus

Nutaseha linearis
Nuzschia martiana
Nuzschia prolongaiodes
Nuzschia seriata
Nuzschia stelluta
Nitzscha subcurvaia

Nitzschia turgrdulowdes
Pleurosigma antarcticd
Parosira pseudodenticulatu
Rhizosolema alata
Rhizosolema rosirata
Tropidoneis elacialis

CONCLUSIONS

Diatoms are found throughout the length of the
ice cores, although relative species abundances
fluctuated downcore. Pennate forms were numeri-
cally dominant over centrics. Three of the species
previously reported as being abundant in Ant-
arctic ice (V. closterium, N. cylindrus, and N. sub-
curvata) were also abundant in our samples. Four
additional species (Ch. dichaeta, N. pro-
longatoides, N. turgiduloides, and T. glacialis) not
previously reported were found to be numerically
dominant. Comparison of the size ranges reported
in the literature with our measurements shows
that, particularly among the Nitzchia species, our
specimens were often smaller than those previous-
ly reported from the water column. Full diatom
cells are generally 10 times more abundant than
empty cells. In 23-10/N, examined at 10-cm inter-
vals, the peaks of the most abundant species were,
in all but one instance, due to a sharp increase in
the number of full cells/liter, without a concomi-
tant increase in empty cells/liter.
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Bunt and Wood 1961
Bunt and Wood 1963
Clarke et al. this paper

Differences in species abundances are attributed
initially to incorporation of biological material at
different times from slightly different water col-
umns. Subsequent growth within the ice, which is
affected by differences in light intensity, ice struc-
ture, and proximity to nutrients in the underlying
water, changes the original species abundances.
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Areolae

Apical axis
Arcuate
Canal raphe

Central nodule
Cingulum
Copula

Connecting band
Costae

Cribrum
Dentate
Epitheca
Foramen
Frustule
Granule

Girdle

Girdle view
Hyaline
Hypotheca
Infundibulum
Intercalary band
Keel

Keel puncta

Labiate process

Lanceolate
Ligula

Linear
Mantle

Pleurae

Pseudonodulus

APPENDIX A: TAXONOMIC TERMS

Regularly repeated perforations (polvgonal or rounded) through the basal
siliceous layer, normally occluded by a velum.

L ongitudinal axis of a valve.

Arched or bow shaped.

Raphe with a tubular passage running along s inner side, separated from the
rest of the interior ot the frustule by the tibulae (keel puncta); the spaces be-
tween are called interspaces.

A thickened area between the two central pores of the raphe.

The portion of the girdle associated with a single valve.

One of three elements of the cingulum, it is a band between the valvocopula
and the pleurae. Often but not always areolate; less ornate than the valvo-
copula.

Element of the cingulum distal to the copula or any element when no intercal-
ary bands are present.

Ribs, elongated solid thickenings of the valve.

A velum perforated bv regularly arranged pores.

Toothed; the teeth, if spine-like, are very short.

The upper and theretore older half of a frustule; fits over the hypotheca.
The passage through the constriction in the valve wall that is opposite the
velum.

The cell wall of a diatom, composed of two valves (epitheca and hypotheca).
A small rounded projection on the surface of the valve, a type of spine.

Part of the frustule composed of the cingulum (intercalary or connecting
bands).

Side view of a diatom, with the overlapping halves (valves) of the trustule ap-
parent, the girdle uppermost in optical view,

An area where the basal siliceous layer is not penetrated by areolae or puncta,
The lower and younger half of the frustule, within the epitheca.

A funnel-shaped body that is the internal termination of the raphe.

An element of the cingulum proximal to the valve, diftferent in structure or
form from distal elements.

In those pennate forms whose valve is sharply angled at the raphe, the sum-
mit of the ridge bearing the raphe.

Pores, or membranes appearing as pores, in the plate Iving below the canal
raphe.

A tube or opening through the valve wall with an internal flattened tube or
longitudinal slit usually surrounded by two lips.

Lance-shaped, long and narrow with subparallel margins, tapening at the avis,
Extension of a girdle band that completelv fills in the gap of the opening ot
the adjacent band. It points toward the valve 1o which it is attached.

[.ong and narrow with parallel sides.

The outermost part of the valve that is apparent in girdle view, but excluding
the girdle bands.

One of three elements of the cingulum, the pleurac are bands provimal to the
copula and are usually hvaline.

A marginal-submarginal structure set ott trom the pattern ot the rest of the
valve structure,
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Puncia
Raphe

Setae
Spine
Stria

Strutted process

Terminal nodule
Terminal pore
Transapical axis
Truncate

Valve
Valvocopula

Velum

SMinute pores, vabve markmes usually i orow s (st

An clongated fissure o pae ot fissares through rthe salve wail talone the man
ANIN)

Hollow outgrowths of the valve projecong outside the valve margin, with g
ditterent structure trom the valve,

A closed or solid structure projectimg out trom the valve watl

Parallel lines of rows ot areolae or puncta ~so crowded as 1o appear as o sohd
line.

A tube through the valve wall surrounded by 25 chambers or pores separated
iternally by arched supports, otten with threads extraded trom the externion
part.

A thickened area at the apical end of the valve where the raphe terminates.
An expansion ot the raphe at the apical end.

The transverse axis of the valve.

Having the ends square or even.

One of two overlapping halves of a trustule.

One of three elements of the cingulum; a band proximal to the valve, usualhy
ornately areolate.

A thin and perforate laver of silica across an arcola (cribrum, rota, or vola
are three tvpes).
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APPENDIN B: DIFFERENCES IN SPECIES COMPOSULEON AND ABUNDANCE IN
DUPLICATE SAMPLES EXAMINED UNDER OPTICAL AND INVERIED LIGH ]

MICROSCOPES

In the past, numerous techimques have been em-
ploved to prepare diatoms for microscopie exami-
nation, The chotee of preparanion rechmgue and
the type of microscope used s dependent on one’s
goals: to study morphologic characteristicos and
tavonomic relavonships or to determine relative
or absolute species abundances. The SEM, for ex-
ample, 1s the optimal tool to study morphology, as
1t provides the highest resolution of surtface detail
and gives a three-dimensional view of the valve,
Both the optical and the inverted light micro-
scopes mas be used for diatom enumeration, since
their resolution is usually adequate to identity
most species. But while the optical light micro-
scope can only provide relative abundance due to
the sample preparation, the inverted light micro-
scope vields absolute abundance. In addition, it
allows one to ditferentiate between full and empty
cells; that is, whether the organic material is still
intact.

We prepared five duplicate composite samples
for examination under both Leitz (optical) and
Zeiss (inverted) microscopes, using the appropri-
ate preparation technigues for cach as described in
the Materials and Methods section, Qur aim was
to determine how preparation techniques might
change the species compositions,

In all of the samples the majority of the species
were the same, with a few species observed under
one microscope and not the other. However, two
species that occurred in abundance, Nitzschia pro-
longuroides (76%) and Dactvliosolen antarcticus
(0-23%%), were consistently observed under the in-
verted microscope but never under the optical
microscope.  Three additional species, N,

closterigm (2990, N suhcurvata (008 150 and
Chodichaera (006 1490 were commuon i severil
samples examined under the inverted microscope
but were notseen i the same ~ample under the op
teal microscope. They were however, obsenved i
other optical microscope samples. A tew species
were seen under the opucal microscope but not
under the inverted microscope, but these generalls
acvounted for fess than 3%% except in the case of
Noocurta and N evimdrus, which were higher. For
these two species, optical microscope counis were
considerably higher than the inverted microscape
counts in three of the samples (37 63% opucal,
1- 2% mverted).

A possible explanation tor the higher optical
microscope counts of Nocurta and N, eviindrus in
these three samples is that, having lost (through
preparation) the original dominant species (N
prolongatoides), these two now assume dispropor-
tionate significance. The fact that they are found
in equal numbers in the other two samples, which
do not have N. prolongaroides, might seem to sub-
stantiate this.

We do not believe any of these discrepancies are
artifacts of the optical microscope, but rather that
they result from the preparation technique em-
ployed. Species not observed under the optical
microscope may have been selectively eliminated
during sample preparation. Several steps are in-
volved that could conceivably lead to loss of
material. Theretore we conclude that the inverted
microscope, which only requires that a sample be
thawed, agitated, and then settled overnight, is the
better method for diatom cnumeration from sea
ice and water column samples,
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APPENDIN C: MORPHOLOGIC DESCRIPZONS AND NEM MICROGRAPHS

ANLSENM mucrographs have a white bar i the
lower right hand corner. The length ot this hae
usually represents S om, but may be 0.8 or S0 0mn,
as indicated below the hne. The tvpucal view ot the
dratom valve trustule represented v an exterior
valve view . Intenior, wirdle, or obhgue views are
indicated in the figare caprion.

Asteromphalis hvalines Karsten

The valves are conves with a diameter of 16 10
26 wm. There are 4 or 5 hvahne ravs consisting of
elongated chambers that open 1o the interior in

seudonodulus ¢he € L v il 20

waide and are cunved. wah CNOCPIICT el e
that s stradeht and narrew - Onothie marene side
ot cach rav, there s o larve cunved Tabriee proce.s
that extends a shon desccance o the e by,
Cibio The central area s coventoe, and s dia
metet s approsimarely one balt ot the total valhve
diameter. Thereare v to Py areolacm 10 o eben
ner ¢t al, 1976y The enibrum s eviernal and the
toramen s miernal.

91864 20KV

at Valve showing curved hvaline ravs, pseudorniodidus fy Valve tnieriory shonvpre Jivalone vavs, foranies,

tluree arrowy, exiernal openmye of lubiate process aned labiate processes o the wegremal sde ol cacl raa

fthan arrow s, and cribrum (arronyg.
[overe €1 Nsterompliahis hvar

19

3

- ceom o T A
PREVIOUS PAGE %’
1 B ANK T




A

- .
po o PRI

. -
‘e g 4L o

LY |
P1811 20KV 5U

-
SO il

| 1 hy Spherical frusiule (girdle view). Central labiate

process is evident und setae are hroken,

'
) SR T )

t"' ) |
r -
>' o]
o= ]
b 4 . -4
. : ‘ o) Valve anierior, aoblique view) shownge the open d
s mgs 1o the hollow labiate process (laree arrows h
r ® @016 67 20 KV S U aned hollow setae (Hhn arronyy. ) 4
p

..‘ -
) Frowre €20 Chactoceros dichiaera ]
}

- () Y

- 20 N
4

ME £ e un am et e
-




T

T Y

Chactoceros dichae:a Fhirenbery

Lhis species tvpreally occars e stiaehe chaons
composed of several mdiadualss The cells varns
trom rectaneular (higs C2a to sphencal (b
C2b)in shape. Length alony the apical aas ranyes
from 10 o 47 pm (Manguimn 1960) Nbour 1020
am above the valve, the setace bend abrupth ata
right angle and cross those of the adiacent vo!oe
The setae are circular in cross secthion with small
spines (Byvenson and Hasle 1975)0 They are the
same diameter for most ot thenr length but thin
slightly at the extremities, Both the setae and the
long central labrue process are hollow | which can

be seen i the interior view shown in (Fig, €2¢).

Chuetoceros neglectum Karsten
This species occurs i flesible chains of weakly
sthicitied rectangular cells (Big. Cla), Perivahvar

a) Chainr ot frustides (eodle view) shosvinge 1o
ranctdar valve oudlme and soooth curved setae
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pernalvar nibs G vary Conn e 00
within o sinele Drasinle chch to sy b

cabiry band consasts of two hadve
locking of these balt Sands ronie oode s
que e Fhevalve wall i deboase et i

costae that converve tom dhee walve
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towand o labiee process thig Cda The costae g beopettonaied By twe posv et e e e 1
srateht on e shallow vabve mantle but enaniate 22 26 10 an tHele 196Sh) barnre U8 s :
Lid dre bronched over most of the valve tace. A A entertor and Dvure CShamnraror vaoe e 4
row of small granules can be seenim Freure C4b on S
the vabve mantle. Whiie the labrue process s usu
atly located acar the margin, it may occasionaliy Notzschug chosicren (b hrenbery) W soi
be near the center. Tt has noesternal extension, Fhis species s not well documented mour SEA :“
bput internally it has a typeal Tabrate ~shape. micrographs, as 1 s delicare and weakdsy sihotied
and henee whole halves were net ofren observed. _'-.
Nirzschua anvdaia Hasle Pigure Co showsa tvpreal valve The range of varn 3
This apecies bas o variable valve outline; the ation in shape that we observed, trom strangeht o
wtaliest specinens are cireular to elipucat and the spmoid-shaped cells wath either stranght or curved J
largest are tanceolate. Hasle (1965h) reported it to rostra, s topical and has presiousdy been noted in j
be 833 g fong and T OI3 wm wide, with 816 the hterature. However, while Hasle (1964) tound 4
transapical costae in 10 m. The specimens we the largest specimens i the Antarcte (< 3060 jem
meastred were 13 16 am long and 7 7.5 i wide. fong) with a mean range ot 125 150 @m, our 4
The transapical costae are straight in the middle Jargest specimen was 190 cm and our range 70 (o
and curved at the ends. The intercostal membrane 190 ;o
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81697 208KV

a) Fristule (oblique view), heteropole axis is evi-
dent.

81791 28KV B8.5U

by Closeup of three valves (top 1o bottom: interior,
exterior, interior) with  costae, double rows of
poroids, and keel puncta (on botom valvey evideni.

Fiewre C7. Nitzschia curta.

Fovrere €50 Natzschia oshindeos: P rusode toblgue

View) witlt costae. heel and raphe visible

Nitzschia curta (Van Heurck) Hasle and N, cviind-
rus (Grunow) Hasle
These two species exhibit an overlap in both

their size range and the number of rows of

poroids. The most eastly distinguished characterix.
tic iy the heteropolarity of N, curta as seen in
Figure C7a, which shows that one pole is broader
than the other. In comparison, the isopolarity ot
N evlindrus can be seen in Figure C8, which clear-
Iy shows the straight parallel margins and the
broadly rounded apices. In addivon, N curia s
characterized by straight transapical costae over
most of the valve with those near the poles being
curved. Hasle (1965b) reported the length as 10 42
am, and the width as 3.5 6 pm, with 9 12 costae
i 10 pm. We tound several smaller individuals
and none as large as Hisle's. Our size range was
S.5:29 m long and 0.8 S ,om wide. Double rows
of poroids are sttuated close o the costae and usu-
ally occur at a frequency ot 30 in 10 pm (Hasle
1965h). Figure C7b shows the double rows of
poroids as seen trom both the mternor and exteri-
or. The strarght transapical costae ot N evlindris




L W T T atW e W—wW W W o w W T T WU W TR N T WO o T T e N W T ST W Y W T T ey e T Y v Ll Tl S d

. '

« s

T rv YTyl

are contined 1o the rectangular portion ot the s i oveept tear the poles where b o
valve, with more weakiy siicitied  obligue or shiehthy The vk wadled mnrercecal mecr i
longitudinal costae at the ends. Hasle (1965h) 1¢- punctate with two tows of abernanine porod
ported No oviindrus’s length as 6 40 amand the IS 1O Ty The hee! pusicla are med as v
width as 2-4 gm, wath 13 17 mransapical costace in distineashied as s othier Nl speaies (Has e
10 . As with N ocurta, we tound some spedt F9OR) Huasle (1965 reporis feneths of T8 760
mens smaller than Hasle reported and none guite and widths o 20 G Some o o spectnet s
so large. Our ~ize range was 3.5 15 om long and were staller and none so barees feneth, 605 2808
1.25-4 jm wide. There were S 8 porowds pertorat am, and owidth, 3 1 me Fhis speaies s casily
ing the intercostal membranes in I yom, arranged recovnized i girdle view due s coarse striations
in 2 to 4 transapical rows (Hasle 1965h). Fivure C9a o a valve at an obligue angle shows

both the valve tace and wirdle. brgure CYbas anmn
Nitzschia kerguelensis (O'NMeara) Hasle terior valve siew showing the robust costae and

Frustules of this species are strongly silicitied double rows of poroids.

and coarsely structured. The transapical nibs are

01863 20KV

a) Frustule (oblique, girdle view). Robust costue b) Valve (mteriory with costae and porowds evi
and double rows of poroids; and girdle bands are dent.
visihle.

Fioure 9. Nitzschia Kerguelensis.
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Nzschid prolongarondes Hasle

I'his species oecurred m low abundance in the
samples examined under the SEM, o we have on-
Iv one photo. Figure C10 shows the characteristg
valve outhine with sheghtly enlarged ends. Thas
specimen measured SO om long and 1o wide,
which v withun the swze range enven by Hadle
(19654) (length, 20-70 ;om; width 0.5 2.8 pm).

Nirzschua rieschert (Hustedt) Hasle

The valve outline of this species varies with the
size of the individual. Small specimens are lincar
to ellipucal with broadly rounded poles. Large
specimens are linear to lanceolate with a hetero-
pole apical axis, rounded at the broad pole and
tapering at the narrow. Costae adjacent to the
broad pole are more eblique than those near the
narrow pole. Poroids (18-24 1n 10 gm) are ar-
ranged in two rows (Hasle 1965b). Figure Cl1
shows a slightly heteropole individual.

Nitzschiad subcurvara Hasle

This species has valves that are narrow, dilated
in the middle, and abruptly attenuated towards
long slender rostra. The apical axis is curved in the
transapical direction. One side of the valve is

Figure C'10. Nitzschia prolongatoides. Single valve
farrow).

P, U YO Ty D )

strateht o shvhrly concave, and the e e

conven, espearally o rhie mddic o e valve T
canbbe seenm bivure CL2a0 anntenon vicas ot
Prustules Hausle (1964 recorded Tenvits o 47 vo
it and widths ot 1S 2 mm Our speannicts weid
comparables length, 4560 oo and widtho 1S
o Phe transapical costae 43 39 00 Yo ) ane
not resohvable under o hivht nocroscope oHasde
1964). The imtercostad membrane, pertorared i
one row of porords (30 10 s, and the kel
puncta can be seenan brgure ¢ 120

Nuzschua tereidulowdes Hasle

[hiv species has parallel aides with broadiy
rounded apices. Usually the salve as shghitly en
larged in the middle. According to Hiasle (19650).,
the length is 63 126 om, and the width wi the ends
s 1L2-18 o and L8 2.7 suman the mddie., O
specimens measured 73 TS jam long and 12 om
wide near the ends, which talls wihin her size
range. Figure C13a shows the valve extenior, b
ure C13b, a closeup of the interior, shows the ur-
cuate keel puncta (10-13 in 10 xm), transapical
costac (17-21 in 10 pm), and intercostal mem-
brane, which is perforated by 1 or 2 rows of small
poroids (8-10 in 1 wm) (Hasle 19654a).

81593 20KV

Fovwre CHE Nuzschia nitschen balve weie e
tached eodie bards Paticre ot coneae gnd dondic
roows of porowds are eviden
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df balve shawing pactertt af areolution and labiate
[rocess farrow),
e WM

5

) Claseup of valve (inierior) showing cribrum,
sirulted processes (hun arrowsy, and labuate pro-
coss fHlarge arrow).

Higwre €140 Porosita pseudodentculana,
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91552 20KV 8.5

by Closeup of valve showing areolae, which are
elongated but constricted in the middle, and strutied
Processes (arrows).

Porosira pseudodenticulata (Hustedt) Jousé

This is a coarsely silicified species 60 to 80 m in
diameter with 10-12 areolae in 10 gm (Hasle
1973). Some of our specimens were smaller, rang-
ing from 33 to §2 jm. The arcolae are arranged in
straight, radial rows with secondary irregular
spiral rows (Fig. Cl4a). The shape ot the areolac is
distinctive, being either elongated and constricted
in the middle or tripartite (Fig. C14b). They havea
cribrum on the inner valve surface, which can be
seen in Figure Clde. Strutted processes dre seat-
tered over the valve surface, but they are more
numerous in the marginal sone than at the valve
center (Fig. Cl4d). Figure Clde shows ananterior
and Figure Clde an exterior view of the strutted
processes and the single labiate process close to the
margin, Externally the strutted processes appeat
as orcular holes with thickened edges, while in-
rernally they are tanly <hort, surrounded by two
or three pores. Bither internally or externadly, the
fabrate process does ot progect much above the

basal siliceous laver.
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d) Valve showing numerous siruired processes ai
the margin and fewer at the center.

et Closeup showing the lurge lubiate tlurge arrow)
and strutted processes (Hun arrows/.

Figure C14 (cont'dy.
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) mina (64 in 10 wm).

'.' : ¢) Several overlapping hands (oblique, cirdle views, )
Ficure C15 (cont'dy
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)y Valve rinterior) showinye pattern of arceola-
rront, central and marginal strudted processes
(large arrow), and labiare processes (thin ar-
rowj almost directly n line with central proc-
€85,

by Closeup of sume valve showing deep pene-
tration of marginal strutted processes and la-
brare process.

Freure €170 Thalassiosita frenguelh,

Thaluassiosira frenguelli Kozolova

This species has arcolae in anrregular linear ar-
ray, 12-20in 10 pm. There 1s one central strutted
process and a ring of margimal strutted processes
(Fig. C17a). The single labiate process, which oc-
curs midway between the margin and the center, is
almost directly in line with the central progess.
Both the labiate and the strutted processes project

33

quite far into the valve mterior (B C1I7b)s Al tar
as the girdle bands are concerned there s a pertor-
ated valvocopula with a row of large pores adia-
cent to the valve and several tows of smaller pores
towards the copula. The copula also has 4 row of
large pores, while the plearae are hvaline (f rvwell
and Hasle 1979a).
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) Closeupy finterior) showing a marginal sirutied
process with a moditied operculur over the pores
flarge arros), small lubiate process (ohin arrow ),
and the clevated poroid cribruom.

o) Closeupy tinreriory shonane 100 corral sivie o
process wirh g nioditied opercidar e e puns
(large arronw g, e marainal 20 fed Do esse e

arrowd, and soall labiaie process iveoge o
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u) Frustule /u/’/u/m‘ View s NPonany scdtiored s
ted processes and patiorn of areolatoon

Py Closetp of same valve show, g fluted marainal
stratied processes darge arrow) and large labwaie

process ol arrow,

Figure C19. Thalassionra vravida

Thalussiosira gravida Cleve

[his species has radial rows of arcolae, with g
tendency 1o tasciculation, The valve diameter
ranges from 1310 27 ym. There are several ceniral
strutted provesses, which torm a cluster, while ad-
dittonal processes are evenly scatrered over the
valve tace (Fig. C194). The two rows on the valve
mantle have somewhat tfluted external tubes (e,
C19b) wihule those nearer the center do not (Fig.

16

[
prominent: the strutted processes have a moditied
apercala over the pores m the basal siliceous mem-

brang

Trernallvy none o the processes is ven

Fhe fabuate, whaoch o borh externally and
nitetnadly Tareer than the strutted procosses, never -
theless fas w ~hort neck nrernaliy . The unevenly
thickened hand (Svvertsen 1977y noted as being
only g g

chatactenistio, b crred valvocopuala

was seett attached toour vme truscade the C19dy
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' d) Closeup of same valve showing ornate valvocopula und
- ::'- large labiate process of lower valve (large arrow).
) @

E Figure C19 (cont'd).
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hy Closeup of same valve showing struited proc-
esses (ukimg the place of an areola (thin arrow).

AR BAR S Ae Sre o ae ik A S S A A RS AR

W) Vadive ciew stonwee radial areodaioon and scat

fered stridied I OCesses

Figure C20. Thalassiosira lentiginosa.

Thalusstosira lentiginosa (Jamsch) Fryxell

This species has radial rows of areolae, some-
umes irregular and sometimes with fasciculated
rows ot areolae parallel to a central row. The valve
is tlat and disk-shaped (Fig. C20a). The diameter
reported by Fryxell (1977) is 47-95 jm and by
Hendy (1937) is 40-120 pum, while our specimens
were 37-70 um. There are 7-9 areolae in 10 um.
The foramen is external and the strutted processes
appear as smaller holes. They are located within
the radial rows of areolae and occupy almost the
space of an areola, as can be seen in Figure C20b.
The marginal strutted processes appear as small

holes with a slight indentation (Fig. C20c). The
margin is serrated and the number of girdle bands
is unknown. The valvocopula has one row of large
areolae pores near the valve with several rows of
smaller pores below. Externally, the single labiate
process appears as a ridge near the margin with a
slit on the valve mantle. The cribrum is internal,
with the pores in the cribrum oriented in circles
(Fig. €20d). Internally, the labiate process also
appears as a slit, and the strutted processes are al-
most flat. The strutted processes are surrounded
by four chambers on the margin, but by only two
chambers on the valve (Fryxell 1977).
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¢) Closeup of valve margin showing marginal strutted -
processes (thin arrows), areolae, and girdle bands. ',:
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; d) Closeup (interior) showing circular cribrum and strurted
l‘" ) processes (thin arrows) with minimal internal extension.
¢
b . . . .
b Figure C20 (cont’d).
- 39
b .
S
o

CRR A P et




TR W

T

T

A

" ity

MR AN e

) Closeupr (interiory showng strae (31 o 10 pnyg,

central nodule (arrow,

and canal raphe
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by Interior and exterior of several valves. Striue are
evident in the intertor but are covered by a thin stlica
shell on the outside.

In addition 1o the Thalassiosira species de-
scribed above, we observed two additional species
as yvet umdentfied, and labeled them Thalassio-
sira species Land Thalassiosira species 2. Since we
observed only i single specimen of each, our ob-
servations are limited. Unul additional specimens
are observed, these will not be desceribed.
Fropidoners glucualiy Heden

Comparing Figures C2la and b, it s evident
that the rows of striae (which are composed of fine
poroids) visible in the valve interior are covered by
a4 thin sitica shedl on the extenor, Figure C21e, a
closeup of the interior, shows the poroids (3110 10
pm), central nodule, and canal raphe. Figure C21d
s a closeup of the exterior view of the termnal
nodule and rernmmal pore, and Figure C2te, ann-

tertor view, shows the imtundibulum.
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d) Closeup tgirdle view) showing terminal nodule, terminal
pore, und raphe.
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e) Closeup (interior) showing striae and infundibulum (ar- .

row), 4

4

Figure C21. Tropidonens placialis, '1
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A facsimile catalog card in Library of Conuress MARC
format is reproduced below. o

Clarke, D.B.

Morphology and ecology of diatoms in sea ice f{rom
the Weddell Sea / by D.B. Clarke, S.F. Ackley and M.
Kumai. Hanover, N.H.: Cold Regions Research and Fn-
gineering Laboratory; Springfield, Va.: available
from National Technical Informacion Service, 1984,

iv, 46 p., illus.; 28 cm. ( CRREL Report 84-5. )

Bibliography: p. 12.

1. Antarctic region. 2. Diatoms. 3. Morphology.
4. Phytoplankton. 5. Sea ice. 6. Taxonomy.

I. Ackley, S.F. II. Kumai, M. III. United States.
Army. Corps of Engineers. IV, Cold Regions Research
and Engineering Laboratory, Hanover, N.H. V. Series:
CRREL Report 84-5.
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