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the recently erected powershack. At the very least it should
redirect the engine exhaust to the north-eastern wall of the
shack (the side away from the screen) and thoroughly examine
its influence on temperatures being recorded in the screen.

The South African Weather Bureau supplied the temperature data

for the Island from 1949 1o 1991. The temperature measurements for
the comparison of the two screens were made by Clive McMahon,
meteorologist of the 1991/92 expedition team to the Island. The work
reported on here forms part of a project on the biological effects of
climate change at Maron and Prince Edward Islands and was spon-
sored by the South African Department of Environment Affairs.
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Radiocarbon dates of snow petrel
regurgitations can reveal exposure
periods for nunataks in Antarctica

Nuna'aks are exposed areas of rock protruding through the
polar ice sheets. Away from the coastline, life in Antarctica is
largely restricted to nunataks and other ice-free oases.! Nuna-
taks support simple biotas, consisting predominantly of bacter-
ia, fungi, lichens, mosses and such invertebrates as tardigrades,
mites and collembolans. In addition, some nunataks support
breeding colonies of petrels (Procellariiformes). Conceivably,
the nutrient input of these birds, in the form of guano, carcass-
es and regurgitated proventricular oil, is of great importance to
the nunatak ecosystem as a whole.”? However, nunatak €COosys-
tems have been relatively little studied to date.

Many petrels regurgitate proventricular oil as a means of
defence against potential predators, such as skuas (Catharacta
spp.). Microbial activity is reduced at nunataks, because of low
ambient temperatures, allowing these proventricular oils to
accumulate. Deposits of proventricular oil, mixed with some
guano,” are known as ‘mumiyo’ after similar-looking deposits
found in the mountains of central Asia*® Antarctic mumiyo
generally has a stratified internal structure and sometimes
occurs as large accumulations of several kilogrammes? This
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provides an opportunity to use radiocarbon dating techniques
to estimate the length of occupation of nunataks by petrel
breeding colonies.? Samples of mumiyo and guano from a few
sites in Antarctica have previously been radiocarbon dated. >’
If occupation by breeding seabirds is an important preliminary
stage in the colonization of nunataks by some plant and inver-
tebrate species, knowing the length of time a bird colony has
been established should be of great value in studies on the
colonization of nunataks by floral and faunal elements.

Methods

During January 1988, two large pieces of mumiyo were
collected from the vicinity of snow petrel Pagodroma nivea
nests at the Robertskollen nunatak group (71°27'S; 3°15'W),
northern Ahlmannryggen, Dronning Maud Land, Antarctica
(Fig. 1).8 The first was collected on ‘Cairmn Peak’, some 20 m
above the current ice-line. This piece was roughly hemispheri-
cal in shape with a radius of 100 mm and a mass of 3.0 kg.
The second piece was a 150-mm-deep block with a mass of 1.6
kg, collected from the summit of ‘Tumble Ice’ nunatak, 40 m
above the current ice-line. Following collection, the mumiyo
pieces were sealed in plastic bags and kept deep-frozen for
later analysis.

Antarctic krill (Euphausia superba) is thought to be the
major prey of snow petrels off Dronning Maud Land (e.g.
Griffithsg). Therefore, a specimen of Antarctic krill was collec-
ted from the Southern Ocean at 69°S, 2°W and used to obtain
a radiocarbon date for present-day organic material within the
Southern Ocean food web, from the vicinity of the Roberts-
kollen snow petrel colony.

THERN OCEAN

FIMBULISEN

—

/AHLMANNRYGGEN

Westemn Dronning Maud Land, Antarctica, showing
location of the Robertskollen study site.

Fig. 1.
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In the laboratory, the mumiyo pieces were sectioned and
small samples of about 10 g extracted, from different stratified
layers, along a transect between the base and the outer layer of
each mumiyo piece. The surface layers of the mumiyo pieces
were not sampled, to avoid the potential problem of surface
contamination. The isotope analyses were done by one of us
(J.V.C.) at the CSIR, Pretoria. All samples were treated with
hot, dilute hydrochloric acid to remove the more mobile organ-
ic matter. Radiocarbon dates were calculated in conventional
radiocarbon years before present (BP) based on a YC half-life
of 5 568 years.

The ratio between the two stable isotopes of carbon, *C and
2C, in organic material, relative to that in a reference sample
of Peedee Belemnite, is widely used as a standard measure,
allowing comparison between sa.mg;les (e.g. Harkness!®). This
value is generally expressed as 8'°C, measured in paris per
thousand. It is now standard practice to determine the 3>C for
all samples that are radiocarbon dated to determine the degree
of fractionation that has occurred, and allow for correction of
chenges in relative 1*C abundance caused by this factor (e.g.
Harkness'® and Hiller ef al%). The 8*C values of all samples
were determined to estimate the degree of isotope fractionation
to which they had been exposed.

Results

The mean 3°C value for the mumiyo samples was ~30.6 =
0.4%0 (N = 10) (Table 1) compared to —28.4%o for the Antarc-
tic krill specimen. Radiocarbon-derived dates of the mumiyo
samples indicate that the oldest date of occupation of Roberts-
kollen by snow petrels was more than 7 000 years ago (Table
1). The conventional radiocarbon dates shown in Table 1 have
been corrected for fractionation of the carbon isotopes. The
modern krill sample analysed in this study had an apparent age
of 830 * 45 years BP.

The radiocarbon dates of the two mumiyo pieces show a
general decrease in age from the base to the top (Fig. 2).
Accumulation rates of mumiyo were very low. The Cairn Peak
sample had 100 mm laid down over approximately 1 000 years
(or 3 g yr'!) and the average accumulation rate for the Tumble
Ice sample was only 21 mm per 1 000 years (or 0.2 g yr)
(Table 1). However, there may have been discontinuous use of
the Tumble Ice breeding site, causing a discontinuous accumu-
lation of mumiyo (Fig. 2).

Discussion

Due to isotopic effects causing fractionation, 313C values
become less negative as carbon moves up the trophic levels.

Table 1. Radiocarbon-derived dates of subfossilized petrel
proventricular oil regurgitations at Robertskollen.

Sample Conventional Corrected

depth 3 C "C age age
Sample no. (mm) (%) (yr BP) (yr BP)
Cairn Peak
Pra-4791 2-3 -30.2 1690 = 45 400
Pta-4800 30 -30.3 232050 1000
Pra-4832 60 =300 261050 1300
P1a-4783 100 -30.1 264060 1300
Tumble Ice
P1a-4795 1-2 -30.7 1540 % 50 200
Pta-4962 20 -31.0 3230260 1900
Pta-4957 50 -31.0 3760 =50 2400
Pta-4912 80 -31.1 4530260 3200
Pra-4907 125 =309 791080 6600
Pra-4786 150 -30.7 833070 7000
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Fig. 2. Relationship between thickness of mumiyo and its
radiocarbon age, showing possible discontinuous use of the
Tumble Ice site.

Increases of 0.7 and 1.4%o0 per trophic level have been
measured in pelagic food chains."! Marine phytoplanktons
generally exhibit 8"*C values of between —19 and ~20%o.!'?
However, 8C values of marine phytoplankton are directly
related to water temperature,'> although variation due to this
influence is small. Furthermore, lipid fractions are "*C-depleted
relative to other tissues*'® and these facts may explain the
very low 8C value (~28.4%c) exhibited by the lipid-rich
Antarctic krill specimen analysed. Antarctic fishes analysed by
Mizutani and Wada'® were found to have a mean 3“C of
—26%o, the value expected for animals feeding predominantly
on Antarctic krill or similar organisms. Tissue from animals
feeding on these Antarctic fishes would have an expected 8°C
value in the order of -24.5%e.

The 8C values determined from the mumiyo samples at
Robertskollen are in general agreement with 3'>C values deter-
mined for mumiyo, proventricular oil and tissue from snow
petrels at Untersee Oasis (71°21'S; 13°28'E), Dronning Maud
Land, reported by Hiller et al® If snow petrels feed predomin-
antly on Antarctic krill their body tissues would be expected to
have 3'*C values of between —26 and —27%o0, similar to those
found for Antarctic fishes. In fact, snow petrel body tissue
analysed by Hiller e/ al. exhibited a mean 8°C value of
-28%0.> Snow petrel mumiyo is even more negative at ca.
—30%o (Hiller et al.? this study). This may be due to the fact
that petrels concentrate the lipid fractions of their food in the
form of proventricular oils,' making their diet BC-depleted.
Although fish is reported to be the most important prey of
snow petrels from Adelie Land,'”®® the 8C values determined
for tissue and mumiyo of snow petrels from Dronning Maud
Land (Hiller er al.’ this study) suggest that these birds are
unlikely to have fed predominantly on fishes. However, uniil
more 8°C values are determined for fish species that are
potential prey for snow petrels, this must remain a speculative
conclusion.

There are several problems associated with determining
radiocarbon dates, particularly for organic material from
Antarctica®!? The radiocarbon dates listed in Table 1 need to
be adjusted for the apparent age of the surface seawater of the
Southern Ocean. The exact number of years that needs to be
subtracted from marine-related dates in order to obtain the true
age is not well known. The krill specimen showed an apparent
age of 830 years, but this value will have been influenced b_y
post-bomb, 4 C.enhanced, carbon uptake. Therefore, to obtain
accurate ages for the mumiyo samples, a correction factor
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greater than 830 years should be subtracted from the conven-
tional radiocarbon ages. Hiller e al. proposed a correction
factor of 850 % 300 years for the Antarctic nearshore oceanic
region between 10°W and 40"15,3 but this is probably too
small. Stuiver et al. quote two measurements of marine speci-
mens collected in 1912, which suggest a correction factor of
1 300 years.® The uncertainty in this value is probably in the
region of * 200 years. Due to fluctuations in the *C content
of the atmosphere/ocean system, the cormrection factor to be
applied is not constant but will vary over time by up to a few
hundred years.

In the present context, the correction factor to be applied can
be taken as 1 300 * 200 years, indicating that the Tumble Ice
nest was first occupied about 7 000 BP (Table 1). This conclu-
sion is supported by the results of other studies of snow petrel
breeding sites; on mumiyo from Untersee Oasis® and guano
from Bunger Oasis (66°16'S; 100°45’E), Wilkes Land.’
These results are not unexpected, because the start of the
Holocene, some 10 000 years ago, was marked by relatively
warm climatic conditions and glacial retreat. Only once ice had
retreated sufficiently to expose a nunatak, would this become
available as a breeding site for snow petrels. However, occupa-
tion of nunataks by breeding snow petrels may occur in cycles,
coinciding with ice-level movements. Because ice cover is
likely to obliterate all traces of occupation by snow petrels
prior to the Holocene, it may be possible to obtain dates for the
occupation of nunataks by breeding petrels only in the last
10 000 years.

The Tumble Ice sample was collected from a position some
20 m higher, above the current ice-line, than the Cairn Peak
sample. Results indicate that the Tumble Ice mumiyo sample
had been accumulating over 5 000 years before the Caim Peak
sample (Table 1). This may be attributed to the petrels’ nesting
lower down nunatak slopes as ice retreated.> Nest height above
the ice-line is an important factor in the breeding success of
snow petrels. Lower nests tend to become blocked by snow
during storms, which leads to the death by starvation of the
chick if the adults are not able to clear the nest entrance.!

The shape which mumiyo takes will depend on the topogra-
phy of the ground at the nest entrance. If the ground is flat, the
mumiyo deposits will be thin and flat, whereas if the regurgi-
tations and defecations fall on a rock crevice, the mumiyo will
form deeper deposits over the same period of time. Therefore,
accumulation rates of mumiyo are expressed as mass accumu-
lation as well as simply depth accumulation. Calculated
accumulation rates for snow petrel mumiyo at Robertskollen
are within the range found for mumiyo at Untersee Oasis.
Hiller et al. calculated accumulation rates of between 9 and
> 100 mm per 1 000 years at this site.> With the available data
it is not possible to show conclusively that there was discon-
tinuous occupation by snow petrels of the Tumble Ice breeding
site.

Although there are several factors which are potential
sources of error, radiocarbon dating of mumiyo from petrel
colonies in the Antarctic can provide a relatively accurate
measure of the length of time these colonies have been estab-
lished since the last glacial period and, by inference, the length
of time nunataks have been exposed. At present, radiocarbon
dates are available for very few petrel breeding sites in
Antarctica. Additional studies of this nature will be of potential
biogeographical value and may provide information on ice-
sheet dynamics. It is intended to undertake further radiocarbon
dating of snow petrel breeding sites as part of the new South
African  Biological Antarctic Research Subprogramme
(SABARSP), which commenced field work in Dronning Maud
Land during the austral summer of 1991/92.2
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