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Abstract . Macrobenthic faunas were grab-sampled from 11 stations in Maxwell Bay, South Shetland Islands,
Antarctica February 4 through 6, 1989, Substrate type is varied, ranging from mud to gravelly muddy sand. Biomass
ranges from 0.3 to 154g wet wt per 0.1m? (79 inds. x 0.1m?2). The highest biomass occurred in muddy bottom
on the bed slope at a depth of 342m and the lowest in anoxic muddy bottom of the central deep basin (400~
500m). Polychaetes are the most abundant faunal group, comprising 68 % of the total biomass. Echinoderms are
the next commonly occurring group, making up 22% of the total biomass. Bivalves comprise 5% of the samples
in terms of numbers but form only 1.4% of the total biomass due to their small body sizes. Species composition
seems to be related to the sediment type. In muddy bottom the deposit-feeders such as the tube-building
polychaete Maldane sarsi antarctica are well represented. On the other hand, in sandy bottom of Bransfield
Strait benthic fauna is more diverse although only a few individuals were sampled for each of the majority
of the species. The large polychaete species Pista spinifera and Neoamphitrite affinis antarctica, the mobile
epifauna such as decapods, amphipods, isopods and pycnogonids, the deposit-feeding holothuroids, and the
suspension-feeding cirripedes occur in sandy bottom.
Key words . Antarctica, Maxwell Bay, Bransfield Strait, soft bottom, macrobenthos, polychaetes, echino-
derms, biomass, species composition

82} HH FHERETE Hdvte] dA Al A4lshe AN FEES 198932 94U FE 286Ul A A,
11702 el A A7z f3stadch, A4 Fele VYA (mud) A #p2e] 413l YA (muddy sand) ol o1&
717 erekstet, Qg AUZ1H0.1m?) 03154522 BFE 45g(7978A) /0.1m oleh, BERL ot U
4] 342me] VA e] Aol A b 3, 44 400~500m ] T4 YA (anoxic mud) 2 FAUE F49
Foll A 78 g}, AR R 7P Be) £85 0 550 2AET 68% 9 °)ETh FIF-Eo] thEo 2 W)
Z9shy 35T 22% o G} Pl e AAsEe SN 5% o) DI =)0} Aot FFE L
4% o) BFsir}, FxAL A4 Felo} Falo) 9= AL R Holzd, vl AdF VA 289 ARelRa
Mealdane sarsi antarctica?} 5331, vk vl sl R ey e VARG A Hi3e) Ax#e]F4l Pista spi
nifera$t Neoamphitrite affinis antarctica, N 25, 2%, 245, oblin] 281 d4t5-50) dgsiA &33,
F20 35, G249, 2AA0=6Y, dAAA, dARASE, AAHlF, SHEE, AEY, F2A4



In-Young Ahn and Young-Chul Kang

Introduction

The littoral and shallow sub-littoral zones in An
tarctic waters are subject to fluctuating environmen-
tal conditions caused by the ice abrasion and by
the inflow of icemelt water. In deeper water, ho-
wever, benthic environment is characterized by
stable and uniform physical regime, and benthic
communities exhibit high diversity and biomass
comparable with those in other areas of the world’s
oceans (reviewed by Picken, 1985a).

Antarctic benthic samples have been amassed
since the earliest voyages of exploration (reviewed
by Dell, 1972), but our understanding about taxo-
nomy, systematics and biogeography is unsatisfac-
tory. The qualitative and quantitative description of
the benthos is still continuing (reviewed by Picken,
1985h).

Despite the increasing human activities in Max-
well Bay, no qualitative or quantitative studies on

benthic communities of the bay have been reported
yet. This paper presents preliminary data on the
abundance and species composition of benthic mac-
rofauna and the nature of sediment environment

in Maxwell Bay.

Environment

Maxwell Bay is a typical U-shaped fjord charac-
terized by a deep sill (Park et al.,, 1989) and a rela-
tively small amount of freshwater input (Chang et al.,
1990). Geographic location of Maxwell Bay and Ba-
thymetric contours in the bay are shown in Fig. 1.
The bay is about 18km long and 6 to 14km wide, and
surrounded by King George Island and Nelson Is-
land which belong to South Shetland Islands. To the
northwestern end of the bay, between King George
and Nelson Islands, lies Fildes Strait which is 400
~800m wide and connected to Drake Passage. The
mouth of the bay is open to Bransfield Strait. Water
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Fig. 1. Geographic location of Maxwell Bay and the sampling stations in the bay. Bathymetric contours
are drawn based on the information given by Instituto Hidrografico de la Armada de Chile(1989).



Preliminary Study on the Macrobenthic Community of Maxwell Bay, South Shetland Islands, Antarctica

depth gently increases from the coastline to 200m
depth, but sharply increases from 200m to 400m.
The central part of the bay is relatively flat, ranging
from 400m to 500m in depth. The surface layer of
the bay was frozen during the preceding winter, from
the late July to the mid-September, 1988. As spring
progressed sea ice melted, and fresh water input
occurred. Druing the sampling period water tem-
perature ranged from -0.1C to 1.5C, decreasing with
depth. Salinity varied from 33.5%-to 34.6 %., gra-
dually increasing with depth. However, at the head
of the bay the surface temperature was lower than
that at 5~10m, and the salinity sharply dropped to-
ward surface due to thawing of sea ice (Chang et al.,
1990). Mean air temperature was 2.5C in February,
1989. Details of meteorological observation at King
Sejong Station was described in Lee et al.(1990).

Materials and Methods

Eleven stations were selected for benthos samp-
ling at various points in Maxwell Bay (Fig.1). Sam-
ples were collected with a van Veen grab which co-
vered an area of 0.1 to a sediment depth of 20cm.

One sample was taken at each station aboard M/V
Cruz de Froward February 4 through 6, 1989. Sub-
samples (ca. 500ml) for grain size analysis were
scooped from the top 5cm of each undisturbed grab
sediment. The rest of the sediment was sieved
through 1-mm-mesh screen in order to extract
macrofauna. Extracted animals were fixed in 10%
formalin and transported to the lab in King Sejong
Station, King George Island. Animals were sorted
into major faunal groups. Polychaetes were identi-
fied, if possible, to species. Biomass was expressed
in terms of wet weight. Wet weight was determined

to the nearest 0.1g from the preserved samples.

Polychaete tubes and bivalve shells were included

in the measurement of wet weight.

Results

Sediment Type and Sampling Depth

Bottom Substrate is varied from mud to gravelly
muddy sand (Table 1). Sediment tends to become
coarser toward the coast and also toward Bransfield

Table 1. Depth and substrate composition of the
sampling stations in Maxwell Bay.
Subsamples (ca. 500ml} for grain size
analysis were taken from the top 5cm
of the undisturbed grab sediment. Sta-
tions are rearranged in order of sedi-
ment grain size (coarse to fine).

St Depth(m)  Gravel{%)  Sand{%)  Mud{%)
23 425 256 64.94 325
6 40 10.29 4707 42.64
22 440 0.19 26.95 72.86
9 80 0.08 19.85 8007
8 342 1.29 174 81.31
i8 520 0 10.66 89.34
2 150 333 714 89.53
3 90 09 88 90.3
15 498 0.32 65 93.18
i1 470 0 7.39 92.61
7 440 024 6.41 93.356

Strait. Stations 22 and 23 are located at Bransfield
Strait and bottom sediment is characterized by
relatively high content of sand. These two stations
are separated from the other stations in Maxwell
Bay by a sill at a depth of 430m. Station 6, which
is shallow and close to land, is subject to ice scour,
and its sediment consists of nearly 60% of sand
and gravel. The central basin is covered with
92~94% of mud, and anoxic mud was sampled at
stations 7 and 11. Sampling depth ranged from 40

to 408m.
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Abundance and Species Composition of Ma-
crofauna

Biomass shows a considerable variation among
the stations, ranging from 0.3 to 154g wet wt (3 to
422 ind.) per 0.1 (Table 2 and Fig. 2). The mean
values of wet weight and number of individuals are
45¢g x 0.1m2and 79 inds. x 0.1m?2 respectively. Bio-
mass is the highest at muddy bottom of St. 8 (342m),

moderately high at muddy bottom of St. 2 (150m) and
in sandy bottom of Sts. 22 (440m) and 23 (425m) in
Bransfield Strait. Anoxic muddy bottom of Sts. 7 and
11 (440 and 470m) and muddy bottom of St. 18 at the
central basin (520m) are almost devoid of macro-
fauna.

Polychaetes are the most abundant fauna, com-
prising 69% of total wet weight and 74% of total
number, and occur in all stations except St. 11

Table 2. Abundance and species composition of macrofaunal communities in Maxwell Bay. Values are the
biomass for each species or faunal group (g wet wt/0.1m?). The numbers in parentheses are the
number of individuals for the same sample. + :present but less than O.1g

. Stations
Species 2 3 6 7 8 9 1 15 18 2 23

POLYCHAETES

Maldane sarsi antarctica  256(57) 132034 124.1{400)

Potamilla antarctica 2722 48(8) 9.7(5) 3.8(2) 131(37)

Pista spinifera 159(2)  13.8(5)

Neoamphitrite 16.4(2)

affinis antarctica

Polychaete sp. A 17.7(3) 4.6(4) 28.1(15)

Others 45(1) 2.5(5) 0.8(1) 2.8(1) 21(18) 05(5) 5.3(1) 05(16)
ECHINODERMS

Echinoidea 0.5(5) 5.8(51)

Ophiuroid sp. A 1.6(2) 112(3) 104(4} 0.9(1) 13.5(3} 7.3(4)

Ophiuroid sp. B 04(7) 0.2(8) 0.6(6) 0.4{2) 04(7)

Holothuroid sp. A 16.6(1) 37.3(1})

Holothuroid sp. B 36(7)

Crinoidea +(1)
MOLLUSKS

Bivalves 12y 11 0.2(2) +(3) 23(2) 0.3(4) 16(21) 0.2(4) +(2) 04(5)

Gastropods +(1)  0.3(2)

Scaphopods +(3) 04{9) +{1) +H +4)
CRUSTACEANS

Decapods 1.2(2)

Amphipods +1) {7

Isopods +(4)

Cirripedes +(2)
Pycnogonids 0.1(3)  +{2)
ASCIDIANS 14.8(1) 8.7(2)
BRYOZOANS 21(3) 1.2{3) +{2) 3.2(4) 0.7(3)
COELENTERATES

Primnoella sp. 5.4(2)
Total wet weight 793 348 29 1 1544 131 03 218 55 575 986
Total No. of ind. 88 66 19 3 422 29 4 89 6 78 61
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Fig. 2. Biomass of macrobenthic fauna in terms of wet weight and number of individuals per
grab (0.1m?)in the sampling stations of Maxwell Bay. * : Black mud was sampled.
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(Table 2 and Fig. 3). Echinoderms are the next
commonly occurring group, forming 22 % of the total
biomass and about 89%, 49%, 39%, 37% and 35%
of the biomass at stations 15, 22, 23, 6 and 3.
Bivalves were sampled at 7 out of 11 stations but
form only 2% of total biomass due to their small
body sizes. Only three ascidians were sampled from
2 stations but they comprise 5% of the total biomass
because of their large body size.

Of the polchaetes, the tube-building Maldane
sarst antarctica is the most dominant species, form-
ing 33% of total biomass and comprising 80%, 38 %
and 32% of the total biomass at stations 8, 3 and 2,
respectively (Table 3 and Fig.4). Another polychaete
species Potamilla antarctica is the next abundant
species, making up about 12% of the total biomass
and about 38%, 33% and 23% of the biomass at
stations 2, 6 and 22, respectively.

Table 3. Structure of macrobenthic communities in Maxwell Bay with the species or faunal groups listed in
order of biomass (high to low). The biomass values from 11 stations were pooled together. Numbers
in the parentheses are the number of individuals for the same species or faunal group. P:polychaetes,
E:echinoderms, C:crustaceans, Co:coelenterates, M:mollusks, A:ascidians, +:present but less than

0.1gor 0.1%.
. Biomass

Species g wet wt. % cumulative %
Maldane sarsi antarctica(P) 162.9(491) 329 329
Potamilla antarctica(P) 61.1( 74) 123 452
Holothuroid sp. AE) 539 (2) 109 56.1
Polychaete sp. A{P) 504 (22) 10.2 66.3
Ophiuroid sp. A(E) 449(17) 9.1 754
Pista spinifera (P) 287{ 7 6.0 814
Neoamphitrite affinis antarctica {P) 164( 2) 33 847
Ascidian sp. A{A) 148( 1) 30 87.7
Aglaopharus sp.(P) 130( 5) 26 903
Ascidian sp. B(A) 87( 2) 18 92.1
Bryozoans 72{15) 15 936
Bivalves(M) 7.0 46) 14 95.0
Echinoidea(E) 6.3 { 56) 1.3 96.3
Primnoella sp.{Co) 54{ 2) 1.1 97.4
Holothuroid sp. B(E) 36( 7 07 98.1
Sabellaria s.(P) 30( 6) 06 987
Ophiuroid sp. B{E} 2,0{30) 04 99.1
Polychaete sp. B(P) 1.4(16) 0.3 99.4
Decapods(C) 12( 2) 02 99.6
Nicomache lumbricalis(P) 08( 1) 02 9938
Polychaete sp. C(P) 06( 15) 0.1 99.9
Scaphopods (M) 04(18) 0.1 1000
Gastropods(M) 03¢( 3) +
Polychaete sp. D(P) 02( 5) +
Peynogonids(C) 01{ b) +
Amphipods(C} +( 8 +
Isopods(C} +{ 4 +
Cirripedes(C} +{ 2) +
Crinoidea(E) +H 1) +
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Fig. 4. Composition of dominant macrobenthic species at the sampling stations of Maxwell Bay.
Stations are rearranged in order of sediment grain size (coarse to fine). Black mud was
sampled from Sts. 7 and 11.
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Discussion

Stations 22 and 23 in Bransfield Strait are se-
parated from the rest of the stations in Maxwell
Bay by a sill at a depth of 430m. The substrates
at these stations are strikingly different from those
of the stations in the bay at similar depths. Coarser
sediment at the stations 22 and 23 reflects stronger
water movement in Bransfield Strait than in
Maxwell Bay. In contrast, anoxic mud at the sta-
tions 7 and 11 implies restricted water circulation
in the central basin of the bay.

St. 6 is shallow and close to land, thereby subject
to repidly fluctuating environment conditions cau-
sed by melt-water inflow from surrounding icefield
and by breakup of drifting icebergs. The sediment
consists of muddy sand mixed with substantial
amount of terrigenous gravel particles.

The mean biomass value of 45 g (79 inds.) x 0.1m?
is comparable to those at the shallow mobile sub-
strates (3—35m) at Signy Island, South Orkney
Islands (Hardy, 1972), but one order of magnitude
lower than those in Arthur Harbor (Lowry, 1975)
and two to three orders of magnitude lower than
those in the shallow shelf areas (20~40m) in Mc-
Murdo Sound, Ross Sea (Dayton and Oliver, 1977)
(Table 4).

Due to the lack of replicates and the inadequacy
of van Veen grab in sampling mobile epifauna and

deep-burrowing infauna, it is rather difficult to
evaluate the data quantitatively. However, the
following speculation can be made. The lack of
fauna at the stations of the central basin appears due
to the anoxic condition of bottom sediment, and the
low biomass at the stations near the coast seems
to be due to the ice abrasion or due to freshwater
inflow. During the sampling period ice floes were
observed in the bay, and the substrates at shallow
depths were frequently scourced by drifting ices.

There is an alternative explanation for the lack
of fauna at St. 6. Mobile epifauna and deep-burrow-
ing infauna, such as Laternula elliptica which is
common in shallow Antarctic waters (Hardy, 1972;
Ralph and Maxwell, 1977: Fischer and Hureau,
1985), could not be adequately sampled with van
Veen grab. Densely-packed siphones of L. elliptica
were observed by SCUBA diving in the shallow
waters of Marian Cove in Maxwell Bay (personal
observation).

The low benthic biomass may also be related to
the low level of pelagic production in this area. Pri-
mary production which was measured 1 week prior
to the present study (Yang, 1990) is close to those
reported in oligotrophic regions (0.1gC/m?/day).
Higher values, which are comparable to the highly
productive areas in the world’s ocean, such as the
upwelling systems off Peru, were reported in several
coastal regions and in the Vicinity of Antarcticislands
(Table 5).

Table 4. Comparison of macrobenthic biomass in Maxwell Bay with those of other Antarctic shelf waters.

Site Dominant Gr. Biomass per sq. m. Reference
Maxwell Bay Polychaetes 450g {790 inds.) This study
McMurdo Sound Arthropods, Polychaetes 2184~145782 ind. Dayton and Oliver (1977)
Arthur Harbor Polychaetes, Arthropods, Bivalves 6285~7629 inds. Lowry (1975)
Signy Is. Polychaetes, Bivalves 300~800g Hardy (1972)
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Table 5. Comparison of the primary productivity in Maxwell Bay, which was measured 1 week prior to the
present study, with those reported in other Antarctic waters.

. Primary productivity
Site g C/m?/day Reference
Maxwell Bay 0.30 Yang {1990)
Gerlache St 320 Reviewed by El-Sayed (1984)
Deception Is. 362 Reviewed by El-Sayed (1984)
Signy Is. 2.80 Reviewed by El-Sayed (1984)
Ross Sea 1.00 El-Sayed et al. (1983)

The relationship between the productivity of the
water column and the benthic production has been
studied in some detail at McMurdo Sound (Dayton
and Oliver, 1977). Dayton and Oliver suggested that
the diverse and abundant benthic biomass on the
east side of the sound result from the eutrophic and
organically rich water flowing above the benthos,
and in contrast, the lower benthic biomass on the
west side result from the oligotrophic, nutrient-poor
water flowing from the permanent ice-shelf. It
remains to be determined whether Maxwell Bay
is oligotrophic and whether the low values of ben-
thic biomass are directly related to the low level
of food input from water column.

Species composition is greatly different between
Maxwell Bay and Bransfield Strait. In Maxwell Bay
deposit-feeders are well represented. The tube-
building polychaete Maldane sarsi antarctica occurs
in dense patches at the muddy stations on the bed
slope of the bay, comprising 80%, 38% and 32%
of the total biomass at Sts. 8, 3 and 2, respectively
(Fig4). On the other hand, in Bransfield Strait (Sts.
22 and 23) macrofauna is more diverse although
only a few individuals were sampled for each of the
majority of the species. The larger ( >10cm in body
length) polychaete species Pista spinifera and
Neoamphitrite affinis antarctica, the mobile epifauna

such as decapods, amphipods, isopods and pycno-

gonids, the deposit-feeding holothuroids, and the
suspension-feeding cirripedes occur at Sts. 22 and
23,

The difference in the species composition bet-
ween the two neighboring areas appears to result
from the difference in sediment type. Animals in
the Strait are exposed to open ocean condition and
apparently to stronger current which carries away
fine sediment partcles. On the other hand, the
water motion may be slackened as it enters the bay,
and as a result fine sediment partcles deposit on
the bottom. Chang et al. (1990) reported that the
hydrological features of the deep water in Bransfield
Strait are greatly modified as it enters the bay. The
deep sill may also cause some influence on the
circulation of the deep water, thereby resulting in
the different sediment environment between Max-
well Bay and Bransfield Strait at similar depths.

Ophiuroids and the polychaete Pofamilla antarc-
tica occur in various sediment types in both Max-
well Bay and Bransfield Strait. Another interesting
thing is that small deposit-feeding bivalves, such as
Yoldia eightsi, which is a dominant member of soft
bottom macrofaunal communities in other Antarctic
waters (Hardy, 1972; Lowry, 1975; Platt, 1979) are
impoverished in this area,

There are several problems in the sampling

technique of the present study: the lack of replicates
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and the inadequacy of van Veen grab in sampling
mobile epifauna and the large and deepburrowing
infauna. Sampling techniques should be improved
for the appropriate estimation of biomass. Further-
more, the interactions of benthic communities with
the pelagic ecosystem should be considered in the
future study. Benthic response to the highly sea-
sonal pelagic production should be an exciting topic.
In particular, autecological studies to quantify the
roles of some dominant species such as Maldane
sarst antarctica and Laternula elliptica in the cycling
of organic matter should prove rewarding.
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