VEGETATION RE-EXPOSED AFTER BURIAL BY ICE AND ITS
RELATIONSHIP TO CHANGING CLIMATE IN THE
SOUTH ORKNEY ISLANDS

By J. H. C. FENTON

ABSTRACT. At Signy Island, South Orkney Islands, and other localities in the maritime Antarctic,
remains of former vegetation have recently been exposed after burial under semi-permanent snow
patches that have now decreased in size. The relationship between snow-patch size and climate is
considered and it is concluded that, until more is known about how these snow patches react to
changes in the various climatic variables, it is difficult to identify any firm relationship between
variation in their size and changes in climate. Re-exposed vegetation has been radiocarbon dated
in order to determine the time of burial. It is concluded that on Signy Island the ice cover fluctuates
around a mean close to the present-day levels and there have been at least three minor ice advances/
retreats since A.D. 1450,

THE climate and glacial history of the maritime Antarctic during the last 500 years remain
1 ly unknown; Collins (1976) has reviewed the evidence for past climatic changes with
p™Micular reference to Signy Island, South Orkney Islands (lat. 60°43°S, long. 43°38°'W).
He reported moss turves that have recently been exposed after burial under now shrinking
semi-permanent snow patches. This paper considerably extends the list of sites at which
vegetation has been re-exposed, both in the South Orkney Islands and elsewhere, and includes
sites where vegetation is known still to be buried. Radiocarbon dating of the moss peat has
provided a means of dating the burial of the vegetation; the possibility of relating these dates
to past climatic changes is discussed with particular regard to what is known of the factors
controlling snow-patch size.

THE SITES OF RE-EXPOSED VEGETATION

The locations of 335 sites, at which vegetation has recently been re-exposed on Signy Island,
are shown in Fig. | and details of each are given in Table I. Details of re-exposed vegetation
observed at other localities, two on Coronation Island, South Orkney Islands, and three
on islands off the west coast of the Antarctic Peninsula, are given in Table II.

As the snow patches under which the vegetation has been buried have persisted for many
seasons, most of the snow in them has been transformed into ice; at the present time the
winter accumulation of snow often melts completely or becomes superimposed ice, so that
at the end of the ablation season a surface of smooth ice is revealed. Although the ice adjacent
to sites 13-19, 21-26 and 29-32 is connected to the small slow-moving McLeod Glacier,
1 n fact stationary and is considered here as though it were a snow patch. This area south-
east of McLeod Glacier is where re-exposed vegetation is most abundant. Fig. 2 illustrates
a Chorisodontium aciphyllum-dominated moss bank in this area (site 24), the lower half
of which has been buried by ice and subsequently re-exposed. In the foreground is the snow
patch at the end of the ablation season with the re-exposed peat immediately above it; it
is possible that there is some moss peat still buried. A surface sample of the peat nearest
the ice edge has been dated at A.D. 1425-1535. The healthy living moss, which at the nearest
is 4 m vertically above the ice level, is visible at the top and has probably never been covered
by ice for it is above the lichen “‘trim line”. The trim line is the line below which there are
no lichens growing on the rocks, indicating that the rocks have recently been covered by
snow or ice and have not yet been re-colonized by lichens. Hooker (1977) stated that colonies
of the lichen Rhizocarpon geographicum growing above the trim line could be as much as
500-700 years old. Between the living and most recently exposed moss shown in Fig. 2 is
an area where crustose lichens (visible as white specks and mainly of Ochrolechia frigida)
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TABLE II. SITES OF OTHER RE-EXPOSED VEGETATION

Distance of

|
|
Site Altitude vegetation from Dominant [
number Locality (m) nearest ice edge species ‘ Notes
(m)
36 Cape Hansen, c. 70 ¢. 5 (13 March 1974) Chorisodontium ‘ Dead turf ¢. 15 cm deep on gently sloping
Coronation Island, aciphyllum scree
South Orkney Islands
37 Near Shingle Cove, c. 150 0 (March 1975) Polytrichum | Ac.10 m by 10 m moss bank on a
Coronation Island, alpestre | 25° slope; ¢. 20 cm deep with dead
South Orkney Islands Chorisodontium } moss nearest the ice edge extending to
aciphyllum living moss away from it. Some moss
still buried
38 Litchfield Island, c. 10 1-2 (vertical) Polytrichum A ¢. 15 m by 15 m moss bank on a 25°
Arthur Harbour, Anvers Island i (24 December 1975) alpestre slope. Most of the bank is living though
(lat. 64°45°S, long. 64°10'W) | the lowest 3 m (vertically) has been
[ [ killed by previous advance of a small
| i semi-permanent snow patch
39 Bonaparte Point, - 0-12 ! Polytrichum l Remains of the base of moss banks
Anvers Island (7 February 1977) | alpestre with re-exposed by retreat of snout of Marr
(lat. 64°47°S, long. 64°05'W) | some Ice Piedmont (see Smith 1981)
Chorisodontium
aciphyllum 4
40 Galindez Island, 5-30 See notes | See notes | Where Polytrichum alpestre moss banks

Argentine Islands
(lat. 65°15°S, long. 64°15"W)

terminate above snowdrifts, their edges
have often been killed. There are also
areas of dead re-exposed Drepanocladus
uncinatus carpets, including one ¢. 15 m
in diameter with 20-25 cm high
hummocks of Polytrichum alpestre.
There has been up to 2 m vertical retreat
of snow (February 1976)




TABLE I. DETAILS OF SITES OF RE-EXPOSED VEGETATION ON SIGNY ISLAND IN LATE SUMMER, 1975

Distance of

Site Grid Alritude vegetation from Dominant
nunther reference (m) nearest ice | species Notes
edge ‘
(m) ‘
I I
1 102! 0482 80 Snow patch now | Chorisodontium | The lowest 25 cm of this small moss bank has been
almost vanished | aciphiyllum ‘r blackened and killed by a previous advance of this
E snow patch
2 102° 048° 80 Snow patch now Chorisodontium | The lowest 25 cm of this small moss bank has been
almost vanished aciphyllum [ blackened and killed by a previous advance of this
snow patch
3 102° 0474 20 25 Drepanocladus Most of this dead moss carpet now eroded by a melt
uncinatus stream
4 1027 0472 40 0-c. 5 Polytrichum Re-exposed rock outcrop ¢. 30 m by 25 m rising 2 m
Jjuniperinum \ above the surrounding ice. Moss consists of dead
| Polytrichum turves up to 10 cm thick and species
characteristic of marble knolls (all dead)
5 1028 0472 45 35 Andreaea sp. Small patch of dead Andreaea
6 1027 0472 45 3 (vertical) Polytrichum sp. Dead moss on a rock platform above the ice edge;
a small eroded patch of dead Calliergon sarmentosum
nearby
7 102¢ 047+ 40 0-20 Andreaea spp. Extensive ice retreat here with dead re-exposed moss
Calliergon areas and some re-colonization by Pohlia nutans
sarmentosum
Drepanocladus
uncinatus
Chorisodontium
aciphyllum
8 1028 047° 40 c. 20 Andreaea spp. | Extensive ice retreat here with dead re-exposed moss
Calliergon areas and some re-colonization by Pohlia nutans
sarmentosum
i Drepanocladus
uncinarus
Chorisodontium
| aciphy!lum
9 102% 046° 75 £S5 Chorisodontium Edge of a small moss bank has been killed
aciphyllum
10 102° 046! 20 12 Chorisodontium A 4 m by 10 m area of dead discontinuous moss turf
! aciphyllum
\
11 1028 046! 20 10 | Chorisodontium A 10 m by 4 m turf, mostly dead, although the moss
aciphyllum more than 18 m from the ice edge still living
12 1028 045°¢ 20 1 Not seen A possible area of re-exposed moss but obscured by
melt water
13 103* 044° 190 <5 Andreaea sp. | A moss-lichen community re-exposed during the |
Himantormia 1974-75 summer
lugubris
i Sphaerophorus
i globosus
14 103% 043¢ 85 Still under ice; | Chorisodontium Dead moss bank at least 20 cm deep and under 1.5 m
I minfromedge aciphyllum of ice (4 April 1974) (Fig. 3)
15 1034 043¢ 85 0-6 Chorisodontium Small moss turf continuous to the ice edge; some moss
aciphyllum still buried under 65 ¢cm of ice and moss more than 5 m
from ice edge is still living
16 103° 0438 80 0-2 Chorisodontium Dead turf ¢. 15 cm deep on level ground.
aciphyllum Between 4 April 1974 and 7 April 1975, ice retreated
170 cm with some moss still under ice
17 103° 043 80 0-7 Chorisodontium Continuous shallow turf 10 cm deep; 1-2 m living moss
i aciphyllum at top of slope then 5 m dead turf to ice edge with
! some moss still buried (Fig. 3)
18 103°% 0437 70 [ Chorisodontium A continuous turf, the lower ¢. 1 m of which has been
i aciphyllum killed
!
19 103% 0437 70 ‘ 0-2 ' Chorisodontium Re-cxposed dead moss on a ledge vertically below a
| aciphylliem living moss bank. Therc was a vertical ice retreat of
| 1.5-2 m in the 197475 summer
20 1029 043° 104 0-1 Drepanocladus Dead carpet ¢. 1 m® on outcrop in McLeod Glacier,
uncinatus probably exposed in the 1974-75 sumimer. The ice
has diminished by 3—4 m in thickness since 1965
(personal communication from R. I. L. Smith)
21 102° 043° 104 0-1 Usnea Re-exposed on same outcrop as site 205 Himantormia
antarctica lugubris also present. Both species presumed dead
22 104° 043° 20 0-15 Drepanocladus A 15 m wide moss carpet on gently sleping ground
| . uncinatios with some moss still buried
23 103° 0435 25 | n.m. Chorisodontium A small moss bank, the upper half living and the lower
| aciphyllum half dead but now well away from the ice edge
24 1039 043° 35 0.5 (vertical) Chorisodontium A large moss bank on a 25" slope; re-exposed moss
aciphyllum from the lower half is 15-20 cm deep; 4 m vertically
above the ice level, the moss is living and deep enough
to have a permafrost (at 25 cm) (Fig. 2)
25 103% 0435 40 | n.m. Andreaea spp. | Many small patches of dead moss in this area
| Drepanocladus
| uncinatus
26 1037 0434 45 | 0 Charisodontium Largest area of re-exposed moss on Signy Island
aciphyllum consisting of a turf 10-15 cm deep and ¢, 20 m by
50 m in area, on level ground abcut 2 m vertically
above the present ice level. Cn one side it leads into
a living moss bank; on the other scme moss is still
buried but the majority is now re-exposed
27 1037 0432 45 Snow patch now | Chorisodontivm The outer 10-30 cm of this bank has been killed by a
vanished aciphyllum previous ice advance (evidence from trim lines)
28 104° 0432 20 c. 3 Andreaea sp. Dead and probably re-exposed moss patches around
Drepanocladus frost boils
uncinatus
29 103° 0433 25 c. 10 Drepanocladus Patches of dead moss carpet
uncinatus
30 1035 043* 20 e. 10 Drepanacladus Patches of dead moss carpet
uncinatus
31 103% 043 20 0 Calliergon Dead moss carpet with some moss still under ice
sarmientosum
32 103* 0432 20 0 Cherisodontium Dead moss patches, some still under ice
aciphyllum
Calliergon
sarmentosum
} Polytrichum
‘i alpinum
33 | 1014 042¢ 100 0 Polytrichum Dead moss patches, some still under ice
] alpiniin
| Andreaea sp.
| Drepanociadus
| uncinatus
34 101* 042° 90 ¢. 1 (vertical) Chorisodontium - Moss turf 10-15 em deep, most of which is living
aciphyllum \ though the lower edge is Killed, the bzunczry bring
| 2 m vertically above the present ice level; prebably
’ no more moss buried
35 | 1015 0428 80 0 Chorisodontium Dead re-exposed moss extending to living moss; also
i aciphyllum dead Drepanocladus nearby, some still buried

n.m. Not measured. o
* From D.0.S. 210 Signy Island with 1 km grid, second edition, 1975.
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TasBLE 1. DETAILS

Site [ Grid
number | reference
Bl B bk
| 1 ‘ 102! 048?
,‘ 2 | 10200480
J ‘
[ 3| 102 0ame
: !
‘ 4 | 1027 0472
|
5 . 1028 047°
|
| 6 ' 1027 047?
\
. 1
|
i T ‘ 1028 047!
|
. l
i
8 102¢ 047°
9 102¢ 046°
10 102° 046!
1 1025 046!
12 102# 045°
13 103* 044°
1
| |
|
14 1031 0438
15 103% 0438
16 1035 043
17 1035 043%
18 | 1039 0437
19 ' 103% 0437
20 | 1029 043°
i
\ 21 ‘ 102° 043°
22 1 1049 0438
23 103° 043¢
24 103 043°
\
\
25 | 1032 043¢
\
26 | 1037 043+
27 1037 043*
|
28 w 104° 0432
29 | 103¢ 043°
30 , 103% 043¢
|
31 | 103% 043¢
!
32 1034 0432
|
33 ‘ 1014 0424
|
14 1014 0427

Altitude
(m)

80

80

40

45

40

40

190

85

85

80

80

104

104

s
L

45

100

90

9
e

Distance of
vegetation from
nearest ice
edge
(m)

Snow patch now

almost vanished

Snow patch now

almost vanished

25

0-c. 5

35

3 (vertical)

0-20

£

l’?

Still under ice;

I min fromedge

0-6

0-2

0-7

n.m.

0.5 (vertical)

n.m.

Snow patch now
vanished

.3

¢. 1 (vertical)

Dominant
species

Chorisodontium
aciphyllum

Cherisodontium
aciphyllum

Drepanocladus
uncinatus

Polytrichum
Juniperinum

Andreaea sp.

Polytrichum sp.

Andreaea spp.
Calliergon
sarmentosum
Drepanocladus
uncinatus
Chorisodontium
aciphylium

Andreaea spp.
Calliergon
sarmentosum
Drepanocladus
uncinatus
Chorisodontium
aciphy!lum

Chorisodontium
aciphyllum

Chorisodontium
aciphylluin

Chorisodontium
aciphyllum

Not seen

Andreaea sp.

Himantormia
lugubris

Sphaerophorus
globosus

Chorisodontium
aciphyllum

Chorisodontium
aciphyllum

Chorisodontiim
aciphyllum

Chorisodontium
aciphyllum

Chorisodontium
aciphyllum

Chorisodontium
aciphviium

Drepanocladus
uncinaius

Usnea
anlarclica

Drepanocladus
uncinatus

Chorisodontium
aciphyllum

Chorisodontium
acipliyllum

Andreaea spp.
Drepanocladus
URCINATUS

Chorisodontium
aciphyllum

Chorisodontivm
aciphyllum

Andreaea sp.
Drepanocladus
uncinatus

Drepanocladus
uncinatus

Drepanacladus
uncinatus

Calliergon
sarmenrosumnm

Chorisodontium
aciphylium

Calliergon
sarmentosum

Polytrichum
alpinum

Polytrichum
alpiniin

Andreaea sp.

Drepanocladus
uncinatus

Chorisodontium
aciphyllum

OF SITES OF RE-EXPOSED VEGETATION ON SIGNY ISLAND IN LATE SUMMER, 1975

Notes

The lowest 25 cm of this small moss bank has been
blackened and killed by a previous advance of this
snow patch

The lowest 25 cm of this small moss bank has been
blackened and killed by a previous advance of this
snow patch

Most of this dead moss carpet now eroded by a melt
stream

Re-exposed rock outcrop ¢. 30 m by 25 m rising 2 m
above the surrounding ice. Moss consists of dead
Polytrichum turves up to 10 cm thick and species
characteristic of marble knolls (all dead)

Small patch of dead Andreaea
Dead moss on a rock platform above the ice edge;
a small eroded patch of dead Calliergon sarmentosum

nearby

Extensive ice retreat here with dead re-exposed moss
areas and some re-colonization by Pohlia nutans

Extensive ice retreat here with dead re-exposed moss
areas and some re-colonization by Pohlia nutans

Edge of a small moss bank has been killed

A 4 m by 10 m area of dead discontinuous moss turf

A 10 m by 4 m turf, mostly dead, although the moss
more than 18 m from the ice edge still living

A possible area o
melt water

re-cxposed moss but obscured by

A moss-lichen community re-exposed during the
1974-75 summer

Dead moss bank at least 20 cm deep and under 1.5 m
of ice (4 April 1974) (Fig. 3)

Small moss turf continuous to the ice edge; some moss

still buried under 65 cm of ice and moss more than § m

from ice edge is still living

Dead turf ¢. 15 cm deep on level ground.
Between 4 April 1974 and 7 April 1975, ice retreated
170 cm with some moss still under ice

~

‘ontinuous shallow turf 10 cm deep; 1 2 m living moss

at top of slope then 5 m dead turf to ice edge with
some moss still buried (Fig. 3)

A continuous turf, the lower ¢. 1 m of which has been

killed

Re-exposed dead moss on a ledge vertically below a
living moss bank, Therc was a vertical ice retreat of
1.5-2 m in the 1974 -75 summei

Dead carpet ¢. 1 m* on cutcrop in McLeod Glacier,
probably exposed in the 1974-75 summer. The ice
has diminished by 3-4 m in thickness since 1965
(personal communication from R. I. L. Smith)

Re-exposed on same outcrop as site 20; Himantorniia
lugubris also present, Both species presumed dead

A 15 m wide moss carpet on gently sloping ground
with some moss still buried

A small moss bank, the upper half living and the lower
half dead but now well away from the ice edge

A large moss bank on a 25" slope; re-exposed moss
from the lower half is 15-20 cm deep; 4 m vertically
above the ice level, the maoss is living and deep enough
to have a permafrost (at 25 cm) (Fig. 2)

Many small patches of dead moss in this area

Largest area of re-exposed moss on Signy Island
consisting of a turf 10-15 ¢cm deep and ¢. 20 m by
50 m in area, on level ground abcut 2 m vertically
above the present ice level. Cn one side it leads into
a living moss bank; on the other scme maoss is still
buried but the majority is now re-exposed

The cuter 10-30 ¢m of this bank has been killed by a
previous ice advance (evidence from trim lines)

Dead and probably re-exposed moss patches around
frost boils

Patches of dead moss carpelt

Patches of dead moss carpet

Dead moss carpet with some moss still under ice

Dead moss patches, some still under ice

Dead moss patches, some still under ice

Moss turf 10-15 em deep, most of which is living
though the lower edge is killed, the boundury bring
2 m vertically above the present ice level; prebably
no more moss buried
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Fig. 1. Map of Signy Island showing the locations of the re-exposed sites listed in Table I. The asterisk (*) indicates a
site with a radiocarbon date.
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Fig. 2. Re-exposed site 247 the -~ 1 half of this Chorisodontium moss bank is still living, whereas the lower
half has at one time been killed by ice advance. The pale rocks visible in the foreground are below
the trim line. (Photograph taken 4 April 1974.)

and moss shoots have begun to cnlonize the dead moss, the first stage in the sequence of
re-colonization described b Collins (1976).

Table I shows that a spectrum of community types, as found on Signy Island today (see
Smith, 1972), has in the past been buried. In some localities the permanent ice edge is now
well away from any re-exposed vegetation (e.g. sites 5, 10 and 11), whereas in others moss
peat, visible where melt streams have eroded the ice, is still buried (e.g. site 14; Fig. 3).

RELATIONSHIP BETWEEN CLIMATE AND SNOW-PATCH SIZE

Before attempting to relate dates of burial to past climatic changes, it is necessary to consider
the relationship between climate and the presence of permanent snow patches. Climatic
records for Signy Island have been maintained for the period 1947—present (Falkland Islands
. Dependencies Meteorological Service, 1951-62; Pepper, 1954: British Antarctic
eteorological Service, 1964-70; Limbert and Loan, 1976a, b; Limbert, 1977a, b, 1979:
British Antarctic Survey unpublished data) and there is also a complete record for nearby
Laurie Island since 1904 (Servicio Meteoroldgico Nacional, Argentina, 1951 ; Limbert, 1974).
The mean air temperature in December, January, February and March for 1948-75 was
0.0, 0.8, 0.9 and 0.1° C, respectively, and the mean annual air temperature for 1948-75
was —3.7" C (personal communication from D. W. S. Limbert). As these monthly means
are near freezing point and diurnal fluctuations are slight, very minor changes in temperature
will determine whether the precipitation falls as rain or snow, which will greatly influence
the rate of summer ablation of the snow patches. The high degree of cloudiness of Signy
Island is shown by the sunshine data, the annual mean for the period 1947-72 being 14.65°

of the maximum possible (personal communication from D. W. S. Limbert).
The summer climatic regime of cloudiness, high humidity and low temperatures leads to
a low ablation rate. It is probable that on Signy Island summer ablation is more important
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Fig. 3. Site 14, where the moss peat (approximately under the ice-axe) was still buried under 1.5 m ¢ :
on 4 April 1974, the date on which the photograph was taken.

than winter precipitation in controlling the balance of these snow patches; the ablation
season is relatively short, 3 to 4 months, and thus a heavy snowfall in this period (which
increases albedo as well as insulating the layers below) or the rare occurrence of heavy rain
will have a disproportionate effect on the mass balance. Glaciological studies by Koerner
(1964) at Hope Bay, northern Antarctic Peninsula, where the annual temperature regime
is about 2° C cooler and where there is more than twice the sunshine recorded at Signy Island,
have shown that what determines the height of the firn line at the end of the ablation season
is not winter precipitation but the frequency of snowfalls, féhn conditions and violent
south-south-west winds during summer. Similarly, studies by LaChapelle (1965) on a maritime
temperate glacier in the Rocky Mountains showed that the type of spring and autumn
precipitation, when the mean temperature is around freezing, disproportionally affects the
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glacier’s budget for that year. Thus, snow patches will be particularly sensitive to small
year-to-year changes in the summer climate.

There is also the possibility of a feed-back mechanism affecting the size of these snow
patches; after a year of exceptional ablation, the snow patch becomes smooth, often dirty
ice, the snow and firn having all melted. Thus, albedo is considerably reduced and the amount
of winter accumulation will be less, since the dry winter snow is readily blown off the smooth
ice by strong winds. Increased summer ablation, combined with less winter accumulation,
may thus result in a positive feed-back situation; this process can occur over one or two seasons
(Hoinkes, 1964) but whether it can occur over a longer period is unknown. Bradley and
Miller (1972) also mentioned the possibility of the reverse situation occurring: positive
feed-back reinforcing the ice advance. Thus it could be tentatively suggested that ice advance
and retreat can occur without significant climatic changes.

The relationship between climate and mass balance of glaciers has been discussed by
Hoinkes (1964) and Sugden and John (1976); the former stated that attempts to relate the
overall budget of glaciers to any single climatic variable have not been too successful. For
example, Lliboutry (1953) noted glacier advances in Patagonia in spite of higher summer

eratures; he attributed this to increased cloudiness and precipitation. Unlike glaciers,
snow p~tches respond immediately to changes in climate because there is no time lag induced
by mass transfer (glacier movement) as occurs in glaciers; indeed, because they normally
exist near the equilibrium line, they are particularly sensitive to climatic changes. Bradley
and Miller (1972) have reported the advance of snow patches on Baffin Island concurrent
with a lowering of summer temperature and increased precipitation; on the other hand, nearby
glaciers continued to retreat. On Signy Island, the mean annual air temperature since 1950
has been slightly higher than in the previous 50 years (Limbert, 1974) but sometime during
the period 1950-60 (see below) several areas of vegetation were buried (sites 4, 20, 26 and 34)
and are only now (mid-1970’s) being re-exposed. Thus there is no direct correlation here
between annual average air temperature and changes in snow cover. It should be noted
that changes in mean annual air temperature on Signy Island are primarily due to changes
in winter temperature, the means for the summer months showing little year-to-year change
(Limbert, 1974). However, since 1959 there has been an increase in the precipitation frequency
as well as a period of reduced sunshine (1963-68) to about 129 of the maximum possible
(personal communication from D. W. S. Limbert), both of which will influence snow-patch
size. Unfortunately, the accuracy of radiocarbon dating is such that the exact date of burial
cannot be determined so that in this case no correlation between time of burial and any
specific meteorological data can be made.

Other evidence that no great climatic change is needed to affect the size of semi-permanent

w patches is the fact that immediately prior to burial there seems to have been no change
e growth rate of the moss. In shoots of Pohlia nutans dissected out of a Chorisodontium
aciphyllum moss bank, which has recently been re-exposed (site 24), annual growth segments
were clearly visible, including etiolated growth of 2 mm in the last year, suggesting that
shoot production continued under the snow before ceasing altogether. The year prior to
this the growth was 2-3 mm and the year before that it was 3-5 mm, these increments being
similar to the average for healthy Chorisodontium (Baker, 1972; Fenton, 1980). The growth
rate of Polytrichum alpestre from a re-exposed bank has also been measured (site 37); here it
cannot be certain whether the present re-exposed surface is exactly the same as the old
pre-burial surface, although it will be within 1 or 2 cm of it. At this site, the annual growth
increment at the surface varies from 3 to 4 mm, again similar to the present-day mean (Longton,
1970; Fenton, 1980); in the previous year it averaged 1-4 mm.

The pattern of ice retreat at some of the re-exposed sites has been traced over three seasons
using fixed stakes at the ice margin; the total retreat of the permanent ice for the 1974-75
summer at site 17 was 95 cm, whereas at sites 24 and 25 there was no retreat. This was because
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of a storm in late February when much snow drifted against the latter two sites but none
against site 17. During 1975-76 summer there was no ice retreat at any of the sites at the
south-east of McLeod Glacier probably because of snowfalls throughout March 1976; this
contrasts with the 1973-74 summer when the ice retreated 60 cm in the last 3 weeks of March
1974. It appears that the weather during March will be the most critical in determining the
current year’s balance of these snow patches and that the rate of ice retreat will vary from
season to season. It should be noted that a given change in snow depth will expose or cover
a greater area of substrate on level as opposed to sloping ground.

Thus, in an area like Signy Island, where air temperatures in the ablation season fluctuate
around a mean within 1 deg of 0° C, snow patches will be particularly sensitive to minor
changes in one or more of the climatic variables and it is even possible that they react to
vear-to-year changes too small to be easily detectable in the meteorological records. Until
more is known about their response to climatic change, it will be difficult to correlate variations
in their size with any particular climatic change.

DATE OF BURIAL OF VEGETATION a

The approximate date of burial of the vegetation was determined by radiocarbon da
samples taken from the top of the exposed surface and as near the ice edge as possible or,
in one instance (site 15). from under the ice. All but one of the radiocarbon dates determined
fall within the “modern™ category. Unfortunately, this results in ambiguity for, because
of the burning of fossil fuels since the eighteenth century, a given "C determination can
result in two different dates (Pennington and others, 1976). Table II1 lists the possible age
ranges into which the samples fall (the ranges are a function of the accuracy of the dating),
for most samples there being two possible ages. The Signy Island samples fall into three
groups: one relatively old sample dated at A.D. 1425-1535, eight samples dated in the period
17001940 and four post-1950 samples. These results are illustrated graphically in Fig. 4.

For most of the sites, including the two on Coronation Island (both are within 4 km of
the north-east of Signy Island), there are two periods in which the ice advance could have
taken place, ¢. 1720-1850 or ¢. 1900-40. What evidence is there in favour of either of these?
At site 15, a moss bank much of which is still buried by ice, a sample from the surface of
the buried moss has been dated at either 17331843 or 1900-35 and a sample from the base
as either 1814-1944 or 1850-1910. Now, unless the moss bank has been grossly distorted by
the ice advance, and observations of other re-exposed moss banks suggest this is unlikely,
the surface of the moss bank must be younger than the base. In this case, the younger
radiocarbon ages must be the correct ones, i.e. the general ice advance was in the period
1900-40. On the other hand, a sample from a Chorisodontium turf 30 cm deep (site 10/11D)
has been dated at either 1661-1731 or 1900-35 (Collins, 1976). This sample was taken H,
the base of the turf and there must have been about 100 years’ growth before the moss Wis
buried, assuming an annual growth increment of 3 mm year~' (Collins, 1976), so that the
date of burial must have been in the period 1761-1831 as a date of 2000-35 is obviously
impossible. In this case, the older radiocarbon date must be the correct one, i.e. the ice advance
must have been in the period 1720-1850. Thus there is conflict of results and all that can be
concluded is that there were one or even two ice advances in the period 1720-1940.

The four sites dated as post-1950 may, as stated above, be correlated with a period of
increased precipitation frequency even though the mean temperature was slightly higher
than in the previous 50 years. This increase in snow-patch size must have been very temporary,
for Collins (1976) gave evidence of extensive ice retreat in 1961. This supports the statement
given above that the size of a snow patch is very sensitive to small changes in climate.

The oldest radiocarbon date, 1425-1535 at site 24 (Fig. 2), appears slightly anomalous;
the sample was taken from the surface of the moss nearest the ice edge and must reflect the
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Fig. 4. Dates of burial of re-exposed moss on Signy and Coronation Islands. The numbers refer to the sites
listed in Table 1.

TaBLE III. DATES OF BURIAL OF RE-EXPOSED VEGETATION
|
Site Possible dares of burial Notes and sampling date
number (A.D.) ‘
i

(20 March 1975)
10/11* 1661-1731 or 1935-50 These dates give the age of the base of a 30 cm deep
turf; ¢. 100 years growth would have taken place

4 Post-1950 ‘ Sample taken from a turf ¢. 10 cm thick
|
|
| before burial (data from Collins (1976))

14 I 1770-1910 or 1850-1920 ‘ Sample taken from moss =20 c¢m thick still under
! 1.5 m of ice (4 April 1974)
15 | 1733-1843 or 1900-35 ‘ Sample from surface of moss turf still under |
i 65 cm of ice (4 April 1974) ‘
15 l 1814-1944 or 1850-1910 ‘ Sample from base of moss turf (4 April 1976) .
17 17311811 or 1900-30 (7 April 1975) |
20 | Post-1950 ‘ (4 March 1975)
21 | 1799-1909 or 1850-1910 This date may reflect the age of the lichen, which

could be 50-200 years old, rather than the date of
burial (7 April 1975)

’ 24 1 1425-1535 ‘ (7 April 1975)

26 Post-1950 Sample taken ¢. 4-5 m from the ice edge

\ (7 April 1975)

\
34 Post-1950 ‘ Sample taken ¢. 2 m from ice edge and 0.5 m

vertically above it (7 April 1975) |

36 \ 1722-1842 or 1890-1945 i (13 March 1974) i
37 | 1738-1818 or 1910-40 1 (17 April 1975) l
39 1270-1565 | Dates from Smith (1981) (7 January 1977).

The dates probably relate to the commencement of |
moss-bank development rather than time of
removal by the advancing ice sheet ‘

* Uncertain whether sample from site 10 or 11.
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time at which it was buried and killed, although it is surprising that since that time it has
never been re-colonized or eroded. This suggests either that it has been buried until the present
day or that it has been so near the ice margin that re-colonization has not been able to occur.
This would suggest that during the past 400-500 years the ice margin must have remained
near the present-day level, fluctuating only a few metres because the living moss on this
bank, which at the nearest is 4 m above the ice edge, is above the lichen trim line and can
never have been buried. These slight fluctuations have left some areas of ground free from
permanent ice long enough to be colonized by mosses and lichens; the depth of the moss
turf would suggest that this ground would have been ice-free for about 100 years before
a slight change in one or more climatic variables produced an ice advance of the order of
a few metres and killed the vegetation.

Thus, it appears that there has been one such advance in the period 1425-1535, at least
one in the period 1720-1940 and another in the period 1950-61. There may, of course, have
been other advances since 1425 which have not been recorded. Since the growth rate of the
moss at the time of burial was similar to present-day growth rates, it seems probable that
the climate was also similar. In addition, growth-rate studies on Polytrichum and
Chorisodontium moss banks have shown that there could not have been major ChangeQ
climate over the past 200 years and that a particular Chorisodontium-dominated moss ban
on the west coast of Signy Island, which has been studied in detail, has probably been growing
continuously for ¢. 1 000 vears (Fenton, 1980). The base of another moss bank in the same
area has been dated at 48014300 vears B.p. (Fenton and Smith, 1981); thus, parts of
Signy Island must have been ice-free and favourable for moss growth for the past c. 5 000 years.
It may perhaps be concluded, therefore, that no major climatic changes have occurred in
the past 5000 years, although minor fluctuations in climate may have altered the area of
permanent snow on Signy Island. It is probable that small changes in the amount of snow
cover occur continuously around a mean within a few metres of the present-day level, although,
until the main factors responsible are determined, it 1s not possible to correlate changes
in snow-patch size with changes in any specific climatic variable.
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