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Studies of ice-algal communities in
the Weddell Sea

DAVID L. GARRISON, KURT R. BUCK, and
MARY W. SILVER

Center for Coastal Marine Studies
University of California

Santa Cruz, California 95064

In 1980 we began a study of algae in sea ice and in the water
column of the Weddell Sea (Ackley et al. 1980; Foster et al. 1980).
We have previously described our sampling methods and our
studies of algal biomass and nutrient distributions in these
environments (Garrison and Buck 1982; Garrison, Buck, and
Silver 1982). In the present report, we summarize the results of
our population studies, indicating a close coupling between
algal assemblages in ice and water and suggesting the source of
ice-algal populations.

We identified and counted species of major algal groups in
both ice and water using light and electron microscopy (Buck
and Garrison 1982, in press; Mitchell and Silver 1982). We iden-
tified species associations by using a species affinity index and
cluster analysis and compared algal assemblages in ice with
those in the water column using a percent similarity analysis
(Garrison and Buck in preparation).

Many algal species were common to both ice and water, but
none were exclusively associated with ice. Phaeocystis pouchetii
and several diatom species were the numerically important
algae (table). Differences between algal assemblages in ice and
water resulted from altered relative abundance of these few
species rather than from changes in species composition. Our
similarity analysis identified groups of open-water stations, ice-
edge stations, and under-ice stations that possessed similar
species assemblages (figure 1). Algal assemblages in ice floes
were distinct from those in the water column and could be
urther divided into upper and lower floe populations (figure 2).

Species arrays in newly forming ice were not significantly dif-
ferent from those in the water column (in their relative abun-
dance relationships), but algal populations were considerably
more concentrated.

Our observations on newly forming ice suggested that algal
populations in these samples were initially entrapped but also
concentrated during frazil ice formation (Ackley 1982; Garrison,
Ackley, and Buck in press). Because growth of in situ popula-
tions could not account for the very high biomass (up to 50 times
more concentrated than water) that rapidly accumulates in day-
old ice, the algae must be concentrated by some physical pro-
cess. Ackley (1982) and Garrison, Ackley, and Buck, (in press)
describe how frazil ice crystals, which form around suspended
algal cells in the water column and harvest algal cells on the ice
crystal surface as crystals rise to the surface, could explain the
dense populations we observed in new ice. This hypothesis is
further supported by our nutrient studies, which indicated that
there was no nutrient reduction by algal uptake in the brine of
newly forming ice, and by our population studies, which indi-
cated that populations in newly forming ice were nearly identi-
cal with those in the water column. Accumulation by frazil ice
may be important in the formation of ice-algal populations in
the Weddell Sea, since studies by Cow et al. (1981) indicate that
ice floes from this region are primarily composed of frazil ice,
suggesting that frazil ice is continually produced. We have
suggested that sustained frazil ice production may account for
internal algal populations in floes from the Weddell Sea (Gar-
rison, Ackley, and Buck in press) and may be an important
mechanism to ensure that resting stages of pelagic forms are
seasonally incorporated in sea ice (Mitchell 1982).

We conclude that planktonic algae are regularly incorporated
into sea ice, that they overwinter in ice, and that they are
released into the water column during ice melting in the spring
and summer over a prolonged period, thus explaining the
marked similarity between ice and water column assemblages
in this region.

This study was supported by National Science Foundation
grant DPP 80-20616 to M. W. Silver and J . S. Pearse. Field per-
sonnel were Buck and Garrison; dates in field were January and
February 1980.
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Summary of species groups formed by cluster analysis (Garrison
and Buck in preparation) and the relative abundance of these
groups in the water column and in ice floes (Clusters are groups of
species formed by cluster analysis at affinity levels greater than or
equal to 0.5; the relative abundance of a cluster is the sum of the

relative abundances of individual member species)

Cluster	 Species	 Relative	Abundance (%)

Water column	Ice floes

Corethron criophilum	 34
	

85
Nitzschia curta
Chaetoceros dichaeta
Dactyliosolen antarctic
Nitzschia angulata
N. ritscheri
N. sublineata
Rhizosolenia alata f. inermis
Thalassiothrix longissima
Actinocyclus actinochilus
Nitzschia kerguelensis
N. turgiduloides
N. closterium
N. cylindrus
Chaetoceros gracile
Amphiprora kjellmanii
Tropidoneis glacialis	 —1	<1
Nitzschia pseudonana

1111
	Eucampia antarctica	 <1

Leptocylindrus mediterraneus
Distephanus speculum
Chaetoceros convolutum
C. neglectum
C. atlanticum
Thalassiosira gravida
T gracilis
Coscinodiscus oculus-iridis

lv
	Nitzschia obliquecostata	 <1

N. vanheurckii
V	Coscinodiscus furcatus	 <1	—1

Thalassiosira ritscheri
Porosira pseudodenticula

VI	Odontella weissflogii	 4	—1
Haslea trompii

VII	Nitzschia subcurvata	 56
	

8
Phaeocystis pouchetti

VIII	Tropidoneis fusiformis	 <1
	<1

Navicula criophila
Ix	Chaetoceros curvisetum	 <1

	<1
Chaetoceros flexuosum
Thalassiosira tumida
Rhizosolenia styliformis
Asteromphalus hooked

X	Rhizosolenia alata f. indica	<1
	<1

R. imbricata v. shrubsolei
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Relative abundance of diatoms in
Weddell Sea pack ice

D. B. CLARKE and S. E ACKLEY

U.S. Army Cold Regions Research and Engineering Laboratory
Hanover, New Hampshire 03755

In previous studies of algal communities in antarctic sea ice, it
has been shown that pennate diatoms are generally numerically
dominant to centric forms (Burkholder and Mandellj 1965;
Fukushima and Meguro 1966; Richardson and Whitaker 1979).
Ackley, Buck, and Taguchi (1979), Bunt and Wood (1963), and
Watanabe (1982) are the only authors to have found centric
species "in abundance" in sea ice. These comprised five genera
and six species and were found in both frazil (fine-grained,
equiaxial) and congelation (coarse grained, columnar) ice.

Among the pennates, five genera and fourteen species have
been reported in abundance in both ice types.

We sampled sea ice in the Weddell Sea during the October
-November 1981 joint U.S.-U.S.S.R. (wEP0LEx) Expedition
(Gordon and Sarukhanyan 1982). (See Antarctic Journal, 17 (5)
1982, Weddell Polynya expedition chapter, for cruise report of
the expedition). We recovered both ice cores [drilled with a 7.6-
centimeter U.S. Army Cold Regions Research and Engineering
Laboratory (CRREL) ice coring auger] and chunks of snow ice
floating in the water cleared by the ship or at the bases of ridges.
These samples were taken between 59°09. 1' and 62°12.4'S lati-
tude and 0014.2 and 3°24.9'E longitude. Diatoms from several
cores (table) were examined under a scanning electron micro-
scope (SEM) and an inverted light microscope to determine the
species composition and relative abundances (see Clarke and
Ackley in preparation for additional information on ecology and
relationships to sea-ice structure). Diatoms were found
throughout the length of the cores, the average length being 75
centimeters (Ackley, Clarke, and Smith 1982) while snow cover
on the cores ranged from 10 to 30 centimeters with an average of
20 centimeters (Clarke and Ackley in preparation).

Ice sample depth, location, ice type, and percentage of each abundant species

Core
number

3-24/0
4-24/0
9-1/N

14-4/N

17-8/N

22-10/N

23-10/N

24-11/N

26-13/N

Ice chunk
10—N/K

Longitude	Abundant species

3 024.9'E	Nitzschia prolongatoidesa
3 024.9'	Nitzschia prolongatoidesa
2053.8'	Nitzschia subcurvata

Nitzschia turgidu/oidesa
Nitzschia prolongatoidesa

1003.5	Nitzschia prolongatoidesa
Nitzschia cylindrusa
Chaetoceros dichaetaa'

0043.5	Nitzschia prolongatoides
Nitzschia closterium

00 15.3'	Nitzschia closterium
Tropidoneis glacialisa

00 15.3'	Tropidoneis glacialisa
Nitzschia cylindrusa
Nitzschia prolongatoidesa
Nitzschia closterium

0014.2	Nitzschia cylindrusa
Navicula speciesa
Nitzschia closterium

0045.6	Nitzschia closterium
Navicula speciesa

Percentage
of total	Ice type

	

89
	

Frazil

	

85
	

Frazil
39

	

24
	

Frazil
14
35

	

28
	

Congelation
10

	

54
	

Congelation
31

	

52
	

Frazil
28
24

	

21
	

Frazil/

	

21	congelation

	

36
	

Frazil/

	

15	congelation
10

	

48
	

Frazil/

	

12	congelation

	

94
	

Snow ice

Depth interval
(in centimeters)	Latitude

	

55-63	 59053.7'S

	

33-49	 590537

	

17-36	 62011.20'

	

44-58	 62'12.4'

	

23-53
	

60°57.7'

	

0-54	 60°17.0'

	

0-59	 60'17.0'

	

32-69	 60005.1

	

0-54	 59'091'

60017.0	0015.3'	Tropidoneis glacialisa

a Not previously reported as being abundant.
b Centric form, all other species listed are pennate forms.

1983 REVIEW 181




