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Volume changes in the Antarctic ice sheets and their impacts on sea-level rise during the last 10,000
years are poorly constrained. During periods of ice-sheet retreat, it is hypothesized that meltwater
would have been introduced directly into the coastal zone around the continent (The 'Meltwater Test').
As an analog for interpreting the ecological signatures of these Holocene meltwater pulses, live
Antarctic scallops (Adamussium colbecki) were collected adjacent to glacial streams which flow into
West McMurdo Sound. Above 10 m depth, Adamussium smaller than 35 mm were absent as were
other epizoic species on the larger adult scallops. Summer mark-and-recapture experiments also indi-
cated that the growth rates of the adult scallops were significantly lower above 10 m depth. This depth
variation in the Adamussium assemblage was paralleled by the trace element geochemistry of their cal-
citic shells. Holocene fossils of these scallops, which are well-preserved and abundant in emerged
beaches adjacent to extant populations around the continent, provide a framework for extending these
ecological interpretations over geological time scales.
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INTRODUCTION

With ninety percent of the ice on the Earth, the
Antarctic ice sheets have a dynamic connection
with global sea level. However, during the last
10,000 years (“Holocene™) the relationship
between sea level and the Antarctic ice sheets is
poorly constrained (Fairbanks, 1989). The purpose
of this paper is to consider the development of a
circumpolar dataset that could be used for empiri-
cally testing and resolving the role of the Antarctic
ice sheets in Holocene sea-level rise.

Ice core records indicate that there was a
“climatic optimum” in Antarctica between 10,000
and 6,000 years ago (Cias et al., 1992) that may
have influenced ice sheet melting. Isostatic models
indeed suggest that the Antarctic ice sheets influ-
enced an eustatic sea level rise up to 25 meters dur-
ing the middle Holocene (Nakada and Lambeck,
1988; Tushingham and Peltier, 1991). Early-mid-
dle Holocene deglaciation also is suggested by sed-

121

imentary, glaciological and emerged species’
records along the coasts of East Antarctica
(Domack et al., 1991a; Adamson and Colhoun,
1992; Goodwin, 1993) and West Antarctica (Clap-
perton and Sugden, 1983; Denton et al., 1989).

In contrast to the suggestions of significant
Antarctic glacial retreat, recent coastal geomor-
phology studies suggest that the Antarctic ice
sheets influenced less than a 2.5 m sea level rise
and remained virtually unchanged since the early
Holocene {(Colhoun et al., 1992). Middle Holocene
marine sedimentation in East Antarctica (Domack
et al., 1991b) and glacial stratigraphy in West
Antarctica (Ingolfsson et al., 1992) also appear to
have been influenced by ice sheet advances, as has
been suggested for warmer climates (Jacobs,
1992).

Contemporaneous raised beaches around the
continent contain nearshore marine species which
can be used for interpreting changes in the adjacent
ice-sheet margins during the Holocene (Berkman,
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1992). During periods of ice-sheet advance, coastal
marine habitats along with any benthic species
would be eliminated. During periods of ice-sheet
retreat, benthic species in the coastal zone would
be directly affected by meltwater runoff and isosta-
tic processes that result in their emergence as fos-
sils above sea level (Berkman et al., 1992). How-
ever, if Antarctic fossil emergence during the
Holocene was influenced by eustatic sea-level
changes which originated elsewhere on the planet,
then these fossils would not have been directly
exposed to meltwater runoff. The paleoecology of
these emerged fossils provides a test for interpret-
ing the contribution of the Antarctic ice sheets to
Holocene sea-level rise.

The critical assumption of the ‘meltwater test’ is
that the Antarctic fossils can be used to interpret
hydrochemical changes in coastal environments
around the continent. Circumpolar species which
are exposed to meltwater runoff today and which
have analogous fossils in adjacent beaches will be
used to assess the validity of this assumption.

MATERIALS AND METHODS

Along the coasts of West Antarctica (Stuiver et
al., 1981; Baroni and Orombelli, 1991) and East
Antarctica (Pickard, 1985; Yoshida, 1983) there
are abundant living populations of the Antarctic
scallop, Adamussium colbecki, which are adjacent
to dense fossil assemblages. In Explorers Cove
(77°35" S, 163°40° E), which is at the base of the
Transantarctic Mountains in the southern Ross Sea,
scallop populations have been exposed to summer
runoff from glacial meltwater streams since the
middle Holocene (Elston and Bressler, 1981). Data
from live Adamussium, which had been analyzed
across a depth gradient in the vicinity of these
streams (Berkman, 1990, 1991, 1994; Berkman et
al., 1992), will be compiled to assess whether the
ecology of the scallops and their shell geochem-
istry were jointly impacted by the meltwater
runoff.

RESULTS AND DISCUSSION

Prior to entering the marine environment at
Explorers Cove, glacial meltwater streams from the
Commonwealth and Wales Glaciers flow over

rocks and sediments in the Lower Taylor Valley
(See McGinnis, 1981). Afterward, trace elements
solubilized by these meltwater streams are intro-
duced into the marine environment in higher con-
centrations than in seawater (Boswell et al., 1967).
Mixing of the meltwater creates a buoyant lens of
relatively low salinity water which can be visually
distinguished from the underlying denser seawater
(Berkman et al., 1991). Given this vertical stratifi-
cation, it can be predicted that meltwater impacts
would be elevated in relatively shallow water.

Based on the observed salinity responses of com-
parable molluscan species (Carriker, 1951; Kaut-
sky, 1982), low salinity impacts on the Adamussi-
um population can be expected to cause higher
mortality and slower growth. The absence of live
or dead scallops less than 35 mm in shell height
(Fig. 1a) indicates that juvenile survival was dimin-
ished above 10 m depth. Those scallops larger than
35 mm (Berkman, 1994), which could swim into
these shallow water areas, also appear to have been
impacted. Based on a mark-and-recapture experi-
ment with similar size scallops at the same densi-
ties in the absence of predators (Berkman, 1990), it
was observed that adult scallops grew slower
above 10 m (Fig. 1b). Moreover, epizoic macrofau-
na with planktonic larvae that could be affected by
low salinities (Long, 1972) were virtually absent
above 10 m (Fig. 1c). The consistent ecological
transitions above and below 10 meters depth
strongly suggest that nearshore marine species at
Explorers Cove were environmentally limited.

The carbonate shells of bivalve molluscs are
known to reflect the hydrochemical conditions in
which they are grown (Rosenberg, 1980). At
Explorers Cove, relatively high trace element con-
centrations in shallow water would be a specific
indicator of glacial meltwater input. The fact that
iron, manganese, copper, zinc and chromium all
had significantly higher concentrations in the shells
of the shallowest scallops (Fig. 2) is evidence that
this species was impacted by glacial meltwater.

Depth variation in shell geochemistry (Fig. 2)
coincided with the observed ecological transitions
(Figs la-lc) in which the most distinct changes
occurred above and below 10 meters. These com-
plementary datasets demonstrate that extant marine
species in Antarctic coastal environments respond
to glacial meltwater impacts. As analogs, living



Berkman and Yoshida: Ice Sheet-Sea Level Dynamics 123

60.0

&
Q5001 ®
u / Nen=108
T 400] n2ies
L.TIJ/'\
= £ 300]
uE
= 200
s
= 10'01 n=139 0 n=112 - ng66
= 0.0 — poet
0 5 10 15 20 25 30

DEPTH  (meters)

0.05

(8)

0.044 n=5

nw= 15
0.034
0.024

001

SHELL GROWTH RATE
(mm day—'1)

n =10

0.00
6 12 21
DEPTH (meters)

0.30

(©

02543 n =42
0.20
015+
0.10¢+
0.05 4

PROPORTION OF SHELLS
WITH ERIZOIC MACROFAUNA

0004
0-10 11-20 21-30
DEPTH RANGE (meters)

Fig. 1. Ecological variability in the nearshore marine
environment at Explorers Cove, Antarctica, dur-
ing the 1986-87 austral summer. (a) Variation in
the minimum shell heights of Adamussium col-
becki across a depth gradient from 3-27 m. (b)
Summer shell growth rates of adult Adamussium
which were released and recaptured at 6 m, 12 m
and 21 m depth. (c) Proportion of Adamussium
shells with attached epizoic macrofauna from 0-
10 m, 11-20 m, and 21-30 m depth. Sample sizes
(n) are shown. Based on data from Berkman
(1990, 1991, 1994).

and fossil marine species in coastal areas around
the continent can be used to interpret the relative
magnitudes of meltwater pulses from Antarctica at
different times in the Holocene. These data will
help constrain the contribution of the Antarctic ice
sheets to sea-level rise during the last 10,000 years.

FUTURE RESEARCH

Independent ecological and geochemical datasets
indicate that nearshore marine species, such as
Adamussium colbecki, can be analyzed to assess
glacial meltwater impacts in Antarctic coastal
areas. Paleoenvironmental interpretations, based on
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Fig. 2. Trace element variability in the upper valves of
Adamussium colbecki shells (n = 3 for each
depth) which were collected alive at 6 m, 10 m
and 21 m depth at Explorers Cove, Antarctica,
during the 1986-87 austral summer. Concentra-
tion differences were significant (p < 0.05) for
each of the elements across this nearshore depth
gradient. Based on data and statistical analyses
from Berkman et al. (1992).

the emerged Holocene fossils around Antarctica
(Berkman, 1992), will depend on well chosen geo-
chemical criteria that can be controlled for diage-
netic and vital effects (Raup and Stanley, 1971).

Given the importance of understanding Antarcti-
ca’s role in global change (Weller, 1992), the
‘meltwater test’ provides a circumpolar research
framework for evaluating alternative hypotheses
regarding the dynamic relationship between the
Antarctic ice sheets and Holocene sea level. Imple-
menting this interdisciplinary research program
will require the coordinated effort of scientists
from different nations who are working together in
coastal areas around the continent.
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