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ABSTRACT. An analysis of pollen, spores and micro-fossils isolated from two post-
glacial organic deposits in Sphagnum Valley, South Georgia, is presented. The
sporomorpha composition of peat and peat—clay sampled from profiles in the two
contrasting valley bog communities indicate that many elements of the present
vascular plant and bryophyte flora were flourishing in this part of the island at least
6650 years ago. These include the forb Montia fontana and the moss Sphagnum
fimbriatum, the native status of which has thus been confirmed. Pollen of exotic taxa,
mainly of southern South American provenance, is present throughout the profiles.
The sporomorpha record throughout the profiles is dominated by grasses and the
woody herb genus Acaena. Each group reaches peaks of maximum occurrence
. asynchronously and these, together with the presence of several less important taxa,
have been interpreted as possibly indicating climatic fluctuations on the island. Peaks
in grass pollen may reflect a cool or coal-wet climate while peaks in Acaena pollen
may be indicative of warmer or drier conditions.

The vegetation of the sub-Antarctic island of South Georgia is well developed in most
snow-free coastal areas and a range of closed plant communities extends to about
250m altitude, although the most extensive and diverse vegetation is generally below
150 m, particularly on the north-east coast (Greene, 1964; Smith and Walton, 1975).
The vascular flora is typical of the sub-Antarctic islands in possessing few native
species (26 taxa listed by Greene and Walton, 1975) due to its isolation and cold
oceanic climate and in particular to the low summer temperatures (Smith and
Walton, 1975). Non-permafrost organic deposits several metres in depth are wide-
spread but seldom extensive, and radiocarbon dates obtained for basal samples at
several sites indicate that peat-forming plant communities were flourishing
9500 years ago. shortly after the end of the last major glaciation (Smith, 1979, 1981).

In order to determine the sequence of vegetational history on South Georgia and
possibly relate any marked changes in floristic composition to climatic fluctuations, a
detailed study was made (by C.J.B.) in 1972-73 of several organic deposits on the
island (Fig. 1). Samples were taken from the surrounding surface litter and soil and at

quent intervals down a profile at each study site for subsequent palynological
analysis in the UK. The results of two profiles in Sphagnum Valley are presented
here: those for three profiles on the south side of King Edward Cove, two on Barff
Peninsula and one on Annenkov Island are provided by Barrow (1983a.b). Pollen
diagrams for the Sphagnum Valley and King Edward Cove sites have been compared
and discussed by Barrow (1978).

The problems of palynological studies in sub-Antarctic islands were outlined by van
Zinderen Bakker (1969, 1970). Depauperate vascular floras in which grass species
predominate result in a low number of pollen and spore types of diagnostic value
since Gramineae pollen varies little morphologically between species. All the South
Georgia vascular flora occurs also in Tierra del Fuego, and most in the Falkland
Islands, from where the island’s flora most probably originated. There will therefore
have been a continuous but variable sparse rain of pollen and spores over South
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Georgia which cannot be distinguished from the sporomorpha of the same taxa of
local origin. Relatively few of the bryophyte species commonly produce sporophytes
so their spore record in the past may also be poorly represented.

Isolated islands are generally not seriously affected by climatic changes which are
experienced by major land masses due to the buffering effect of relatively stable
conditions generated by the surrounding ocean. However, changes in the position of
the Antarctic Convergence may have had a significant influence on the climate of
South Georgia although there is no evidence that there have been major changes in
its position during the Holocene (Sugden and Clapperton, 1977). Minor fluctuations,
as indicated by glacial chronology, may not be reflected in floristic changes since
glaciers are more sensitive to small changes in temperature and precipitation than
most vegetation. Historical trends may be further masked since many of the island’s
phanerogams and cryptogams have wide ecological amplitudes (Smith and Walton,
1975) which can make pollen and spore diagrams difficult to interpret.

PAsT RESEARCH
The only previous palynological investigations of Quaternary deposits l'rn,

South Georgia were carried out by Cranwell (1963, 1964a,b, 1965, 1969), who
examined peat samples from the Cumberland Bay-Stromness Bay area (collected by
Dr S. W. Greene) and from Jason Island (Fig. 1) (collected by the late J. Smith),
Falkland Islands Dependencies Survey (now British Antarctic Survey). Additional
peat samples collected from Jason Island were examined for remains of Coleoptera
by Coope (1963). Cranwell commented on the nature and micro-fossil content of
these samples, referring in particular to pollen derived from South America. Insome
samples she recorded 0.5-1.0% of the total pollen sum per level as Nothofagus fusca
agg., but she recorded no pollen of any other tree or shrub species except for
occasional pollen of Ephedra spp.; spores of some native pteridophytes were
isolated but none belonging to species which occur in South America but do not grow
on South Georgia at present. There was considerable variation from one locality to
another in the record of South American-derived grains. She isolated an interesting
assemblage of micro-fossils and commented on a sparse but varied record of the
island’s native vascular plants. The presence of South American pollen in the peats of
South Georgia emphasizes the possibility of wind-blown volcanic ash also being
included. Cranwell (1969) commented on the occurrence of such ash in samples from
the Cumberland Bay area, but it seems probable that, without petrological study,
fine wind-blown dust of local fluvio-glacial or rockfall origin can easily be mistake
for volcanic ash (e¢.g. Gordon and others, 1978). ‘

STUDY AREA

Following a general survey of the Cumberland Bay area. Sphagnum Valley was
selected for close study because (a) it is extensively vegetated and has a wide range ot
plant communities, (b) there are numerous, relatively extensive, deep organic
deposits, (¢) the geomorphology is relatively simple and already mapped
(Clapperton, 1971), and (d) a radiocarbon date indicated the presence of peat
deposits at least 6 500 + 500 years old (Fergusson and Libbey, 1964).

Sphagnum Valley is a broad glaciated valley lying on the south side of Cumberland
West Bay on the north-east coast of South Georgia (Fig. 1). From the shore, near
Harpon Bay, it extends eastwards for 3.5km, rising to ¢. 320 m below Echo Pass. The
lower part of the valley is very wide and its seaward end opens into an extensive
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Fig. 1. Map of the Cumberland Bay region of South Georgia indicating location of palynological sites.

fluvio-glacial outwash plain. The main valley stream is joined by several tributaries,
mainly from the hills to the north-east. The western boundary of the valley is a long

high ridge with extensive scree, the west side of which flanks the Lyell Glacier.

The valley floor and lower slopes are extensively vegetated with a range of closed

rrassland (predominantly Festuca contracta, with Poa flabellata near the shore)
and bog (predominantly the rush Rostkovia magellanica, and locally Acaena
magellanica, and bryophytes) communities (Fig. 2) These merge into open fellfield
on the drier, more windswept ridges, knolls and higher slopes, while the loose screes
and stony glacial deposits in the upper reaches of the valley are virtually barren.

A Rostkovia magellanica-bryophyte mire complex (Site 1) and a wet Acaena

magellanica—Tortula robusta mire (Site 2) (as classified by Smith, 1979, 1981) were
selected for detailed sampling of organic deposits.

SITE DESCRIPTIONS
Site [

The Rostkovia mire is situated about .75 km from the shore and about 100150 m
to the west of the main valley stream at an altitude of ¢. 30—70 m above sea level (Figs.
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Fig. 2. Lower Sphagnum Valley looking north-west across Cumberland West Bay. The bog complex with
Site 1 lies to the left of the sharp bend in the stream in the mid-left of the photograph and Site 2 lies
across the ridge bevond the double bend in the stream in the centre of the photograph.

3 and 4). The mire lies in a broad shallow basin slightly above the meandering main
stream of Sphagnum Valley which flows diagonally from south-cast to north-west a
little to the north of the basin, The basin opens into a small fluvial plain to the north
but to the west, south and east it is flanked by slopes of morainic material forming a
prominent low moraine ridge on the west side; according to Clapperton (1971) this
material was deposited by an ice advance culminating about 5000-6000 years ago.
Much of the area to the east and south is bordered by a rock bench, below which is an
area of scree to the south. The site was surveyed by plane tabling and a vegetation
map of the surrounding area was produced (Fig. 4). The sampling profile way
situated towards the upper part of the mire at an altitude of 48m. A 25-m* plot i|.
each of the upper, middle and lower parts of the mire was sampled for surface
deposition of sporomorpha and the present vegetation cover analysed.

The surface vegetation of this gently sloping mire is predominantly the rush
Rostkovia magellanica (about 60% cover) with a closed understorey of mosses
(mainly Dicranoloma subimponens, with frequent patches of Drepanocladus
uncinatus and Tortda robusta and, in the wetter areas Calliergon sarmentosum,
each achieving dominance over different parts of the mire and each, except Dicrano-
loma, being locally fertile). Acaena magellanica, A. tenera, Festuca contracta,
Galium antarcticum, Juncus scheuchzerioides, Montia fontana, Phleum alpinum,
Ranunculus biternatus and, locally, Deschampsia antarctica, together with several
additional species of mesic and hydric mosses (notably Bartramia subsymmetrica,
Chorisodontium aciphyllum, Conostomum pentastichum, Polytrichum alpestre, P.
alpinum and Psilopilum trichodon) and liverworts are sporadically associated.
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Fig. 3. The Rostkovia magellanica-bryophyte bog complex in which Site | is situated. (a) Looking south
up Sphagnum Valley; the Site | exposure appears as a scar in the centre of the photograph.
(b) Looking north downhill from the study site.
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Fig. 5. The Site 1 peat exposure in the Rostkovia-bryophyte bog. The lighter colour areas in the
foreground and beyond the section are stands of Sphagnum fimbriatum.

Large crescentic hummocks of Sphagnum fimbriatum occur in several parts of the
mire and were abundant around the position of the sample profile (Fig. 5). Ophio-
glossum crotalophoroides and Uncinia meridensis are rare but grow in a few drier
areas close to the sampling site. The sloping ground rising from the bog to the west,
south and east is dominated by dry Festuca contracta grassland with frequent Acaena
magellanica, Phleum alpinum, bryophytes (of which only Conostomuwm pentas-
tichum is commonly and abundantly fertile) and lichens. Lycopodium magellanicum
occurs amongst sparse Festuca in one small site about 100m east of the mire. A few
small stands of Poa flabellata occur, mainly on the north-west moraine and flanking
Festuca grassland to the north and north-east of the site. The valley floor adjacent to
he stream is dominated by an Acaena—Toriula mire which becomes extensive on the
fluvial plain due north of the site. Within this community. and also around the
southern perimeter of the Rostkovia mire, are wet bryophyte flushes dominated by
Pohlia wahlenbergii, Philonotis acicularis, Bartramia subsymmetrica (each
commonly fertile), Brachythecium spp., and other hydric species. The scree slope to
the south of the mire is partially colonized by dense Acaena magellanica and
elsewhere by very open fellfield with sparse A. tenera, Phlewmn and Deschampsia;,
Hymenophyllum falklandicum occurs in crevices in the rock bench, while small
cushion-forming xeric mosses (mainly species of Grimmia and Racomitrium) grow
on the dry rock and boulder surfaces.

Peat accumulation is greatest towards the centre of the mire where the surface
topography is slightly convex. Locally there are deep sink holes in the peat with
subterranean channels draining spring melt water from the surface; otherwise there
are no permanent surface streams although there are several small permanent pools.
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Several peat exposures, caused by slippage or collapse of underground channels,
occur within the bog and near its periphery. The Site 1 section was in one of these
exposures near the middle of the mire (Fig. 5) and subterranean drainage is audible
about 30m up-slope of the sample profile. Samples with a visible organic content
were taken from 3.17m deep in this section, but below about 2.90-3.00m the deposits
are largely inorganic. The deepest recovery of samples with organic inclusions was
from a depth of 3.74m in a profile ¢. 25m up-slope from the previous section.

Site 2

This mire lies about 0.5km from the shore and 0.5km to the north of Site | (see
Figs. 2 and 4) at an altitude of about 9Yma.s.l. Because this subsidiary site was
topographically and floristically simpler than Site 1 it was not plane tabled or
mapped. It is situated at the southern end of an extensive upper raised beach area
(Clapperton, 1971) and bordered on its southern side by a low cliff cut in a rock
bench. The south-easterly continuation of this rock bench forms part of the boundary
of Site 1 (Fig. 4). A small stream flows from a Rostkovia mireabove the site. th rough
a gully in the rock bench, then disappears into a sub-surface drainage ch;mnc.
through a small hole in the peat covering the upper raised beach.

Although most of the upper raised beach area is vegetated by wet Rostkovia-
bryophyte mire, the sampling site close to the rock bench is wet mire dominated by
dense Acaena magellanica with an understorey of Tortula robusta. In general, it is
floristically much simpler than Site 1. The principal vascular species occurring close
to the site are Juncus scheuchzerioides, Montia fontana, Phleum alpinum,
Ranunculus biternatus and Rostkovia magellanica in the wetter areas: tussocks of
Poa flabellata grow on the rock bench and Festuca contracta grassland, similar to that
around much of Site 1, dominates the ridge immediately to the south of the cliff. The
area of this mire is ¢. 100m* and the peat depth averages about 2 m., grading into clay
in the lowest 0.5m. Samples were taken from three positions but only one has been
analysed palynologically; the collection was from a stream exposure cleaned and
extended downwards. The lowest level at which organic remains were visible was
2.32m.

Stratigraphy of peat profiles

The stratigraphy of the sites is shown on the respective pollen diagrams (Figs. 9
and 10). Peat deposits examined in several sections in Sphagnum Valley appear to
have developed in situ as semi-ombrogenous mires resting directly upon glacial or
fluvio-glacial substrates which were exposed after the ice receded from the area.
Although a radiocarbon date of 6650 = 120yr B.P. was determined for a sample o
peat from 2.22m depth in the Site | profile (Harkness, 1979). well above the totally
inorganic deposits, Clapperton (1971) considered this glacial debris as having been
deposited about 5000-6000 years ago. However, the authors believe that this
material, lying well below the radiocarbon-dated organic material, may be 8000~
9000 years old. The peat at Site 2 grades into clay which probably overlies Auvio-
glacial outwash material or raised beach deposits, and is close to the level of the
upper raised beach recognized by Clapperton (1971). Site | has a more varied
stratigraphy than Site 2. Layers of clay, sand, gravel and stones of varying size and
degree of sorting seem to be the result of phases of deposition (Fig. 6) due cither to
down-washing from largely unvegetated slopes above the mire complex during
spring melt or short periods of extremely high rainfall (e.g. 215mm of rain fell within
24h in Cumberland East Bay on 4 April 1972 (Stone, 1974)), or. in the case of the
finer material, to wind-transported dust. The less varied stratigraphy of Site 2 may
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Fig. 6. Stratigraphy of the Site | section. The spade handle (bottom centre) is about | m above the base of
the section. The knife is 20 ¢cm in length.

reflect a constantly wet and more sheltered environment well away from sources of
down-wash.

, MATERIALS AND METHODS
~ollection of material

After a preliminary survey of both study sites by examining exposures and probing
organic deposits with a Hiller sampler or auger, sample cores were collected for
analysis from several sections through the deeper deposits. However. only the
samples from the deepest section at each site have been analysed in detail and are
reported here. Each section was a natural peat exposure which was cut back to
remove all weathered matter. Sampling was carried out during dry weather and all
sample containers were thoroughly washed and rinsed with distilled water before
use. Sixty-two samples from Site | and 46 samples from Site 2 were collected by
pushing 22-ml plastic jars into the freshly cleaned face of the exposure at Scm
intervals down a plumb-line; however, only 54 Site | samples contained adequate
sporomorpha and only 23 (at 10cm intervals) Site 2 samples were analysed. The jars
were immediately sealed with air-tight lids, labelled and stored in their field moist
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state at — 10°C within four hours of collection to reduce chemical and physical
change. Additional samples were collected in the same manner for radiocarbon
dating.

To obtain an indication of present pollen and spore deposition in relation to the
distribution and relative occurrence of local vegetation and to the influx of non-South
Georgia sporomorpha, 20 surface litter samples (each of a few grams fresh weight)
were collected at random from within each of four 25-m? plots in uniform vegetation
along a transect from the north to the south of the Site 1 mire complex (see Fig. 2).
The litter samples from each plot were amalgamated and sub-samples analy sed using
the same treatment and reagents as for the peat samples. Within each plot the mean
percentage cover afforded by the principal plant species was estimated from ten
randomly placed 1-m* quadrats.

Analytical procedure

Analyses were carried out in the UK, as far as possible during winter to reduce the
risk of locally derived pollen and spore contaminants. All equipment and containers
were cleaned with ‘Decon 90" detergent, washed with hot water and rinsed wil’
distilled water. By taking these precautions it was possible to overcome the probler
of contamination by northern hemisphere species. which have affected the results of
other workers (e.g. Hafsten, 1951, 1960; personal communication from D. M.
Churchill). The removal of unsaturated soil colloids was achieved by the kydrolysis
method of Faegri and Iversen (1975). Each sample, comprising 5-10 g of moist peat,
was placed in a conical centrifuge tube to which was added 10ml of 7% potassium
hydroxide solution. The mixture was heated and stirred at 100°C for 2min in a water
bath, then centrifuged at 4000 r.p.m. for 4min. The supernatant was decanted and
the residue washed with distilled water, centrifuged and decanted again, and this
procedure repeated two or more times, the supernatant being discarded until it was
clear and free of the alkaline KOH. The residue left after each decantation was
stirred well before and after the addition of each solution or distilled water wash. The
residue was washed through clean copper gauze (625holesem™) and the coarser
fraction retained for examination of macro-fossils while the sieved solution was
centrifuged and the supernatant decanted. leaving a sieved residue in the tube. This
was washed first with 109% acetic acid, centrifuged and decanted. then with glacial
acetic acid, and again centrifuged and decanted. The dehydrated organic residue was
then subjected to acid hydrolysis to remove the cellulose.

An acetolysis mixture (Erdtman, 1960) was prepared immediately before use by
adding 1 ml concentrated sulphuric acid to 9 ml of acetic anhydride; about Sml of thig
solution was added to each tube containing the sample residue and the mixtu
stirred while heating in a water bath, commencing at 70°C and rising to 100°C in not
more than 2min. The reaction was stopped by the addition of glacial acetic acid, the
solution stirred, centrifuged and decanted.

Washing, stirring, centrifugation and decanting were repeated with glacial acetic
acid, and twice with distilled water until the supernatant was clear, to remove all
soluble cellulose acetate products of acetolysis. The removal of soluble silicates was
necessary in twelve samples from Site 1. This was achieved by adding 40% hydro-
fluoric acid to each tube containing the sample solution, the quantity varying
according to the amount of silica in the residue. It was then boiled in a water bath for
2—10min, the mixture being stirred continuously with a glass rod. 5% hydrochloric
acid, heated to 100°C, was added to the mixture before centrifuging (if necessary a
few drops of 95% ethanol was added to reduce specific gravity). The residue was

rashed with 10% HCI at 100°C, centrifuged and decanted, then again washed until
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the supernatant was clear. The residue was washed with distilled water twice to
remove the acid.

Diatoms were isolated from selected samples at Site 1 using chemical techniques
described by Evans (1968).

Microscopic examination and counting procedure

The material was examined using a Meopta S 13 microscope equipped with Nikon
HKW 15 eyepieces, Nikon apochromatic * [00 oil immersion objective and
Meopta phase contrast stage and objectives X 10, x 20, x 40. Most of the photo-
graphy was with Nikon Apo x 40. A Carl Zeiss automatic photomicroscope was used
for difficult determinations, and could be linked by a Wild ‘comparator-tube’ to the
Nikon apophot microscope to allow simultaneous viewing of fossil and reference
pollen. displayed side-by-side in the one eyepicce.

Prepared slides were examined at random rather than counting those from one
level to the next in series. Trends shown in the pollen diagrams should therefore not

aliect any bias due to order of sample examination. Totals were recorded on an
ctric counter.

A count of 200 or more vascular pollen grains per sample was regarded as the
desirable pollen sum; however, the pollen concentration at Sites 1 and 2 averaged
only around 100 grains per sample (compared with 200 to over 500 grains per sample
from other sites on the island). Ten or more (22 x 40mm area) slides had to be
examined to obtain this number of pollen grains. At Site 1 ten samples yielded very
low counts and have been omitted from the pollen diagram.

The whole area of the cover-slip was examined at a magnification of x 150, taking
care that the edges of the cover-slip were not ignored (Brooks and Thomas, 1967).
Each grain or micro-fossil encountered was identified at x 300, x<600 and if
necessary > 1500 magnification. Some samples were examined additionally for the
presence of diatoms, but these were not recorded for all levels in the profiles.

Identification of sporomorpha

South Georgia pollen and spores are generally well preserved, and grains corroded
or damaged beyond recognition are few. However, the pollen of Juncus scheuch-
zerioides and Rostkovia magellanica and spores of Tortula robusta do not preserve.
Pollen and spores of the island’s native vascular flora have been described and
illustrated by Barrow (1976). Undetermined grains are recorded, the majority of
‘n’ch are tricolpate and probably derived from herb or shrub species of southern

ith American origin. Because of the unknown provenance and the lack of South
American reference material most are not identified below family level but have
been compared with descriptions and illustrations in several authoritative accounts
of the region and other sub-Antarctic islands (e.g. Auer and others, 1955: Bellair,
1967; Cranwell, 1939, 1953; Heusser, 1966, 1971; Romero and Maronna, 1971:
Schalke and van Zinderen Bakker, 1971; Villagran, 1980).

Whenever identification is in any way uncertain the limits of confidence are
indicated by the following notations (see also Benninghoff and Kapp. 1962):

sim.:  strong similarity to the taxon indicated, based on close resemblance to
reference material;
cf.: compares favourably with the representatives of that taxon known from

literature published for southern South America. the Falkland Islands or
the sub-Antarctic islands;
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closely related taxa which are difficult to separate are grouped togetherin a
single aggregate category (e.g. the two species of Acaena plus their hybrid,
the two species of Colobanthus, some species of Nothofagus, while the
grasses have been aggregated as Gramineae).

Presentation of data

The analyses are presented as relative (percentage frequency) diagrams for each
sporomorpha category at each sample depth, with pollen sums consisting of total
vascular plant pollen but excluding all spores and unidentified micro-fossils. Thus,
while the numbers of pollen grains of each vascular plant taxon are expressed as a
percentage (the sum total being 100%), the numbers of cryptogam spores and
micro-fossils of each taxon or type are given as a percentage of the total pollen count.
For example, a sample may contain 250 pollen grains of which 150 (60% ) are Acaena
and 100 (40% ) are Gramineae; however, there may in addition be 50 Conostomum
spores (expressed as 209 ) and 750 type 6 micro-fossils (expressed as 300% ).

In the diagrams, percentages derived from a total pollen count of more than 100

%_\ins are represented by solid bars and those from a total of less than 100 grains by
en bars.

REsuLTs

Present sporomorpha deposition

The principal plants occurring in the four surface sample plots at Site 1 were as
follows:

Plot A was dominated by Rostkovia magellanica (c. 45% cover) and Acaena
magellanica (30%) with Festuca contracta (20%) and Phleum alpinum (5%) being
the main associates; Galium antarcticum and Ranunculus biternatus were present as
scattered plants. There was a virtually complete understorey of Tortula robusta.

Plot B was dominated by Acaena (80% ) with small amounts of Festuca (10%).
Phleum (5%) and Rostkovia (59%) and scattered plants of Galium. There was an
almost complete understorey of Tortula robusta.

Plot C comprised dense (almost 100% ) Rostkovia with only occasional Acaena.
The bryophyte understorey was dominated by Chorisodontium aciphyllum and
possibly Dicranoloma subimponens; Sphagnum fimbriatum occurred just outside
the plot.

Plot D was also almost pure (c. 100%) Reostkovia but with occasional Festuca

lants; Sphagnum occurred within the plot but not in the quadrats.

The results of the analysis of these are presented in Fig. 7. Gramineae and Acaena
pollen comprised almost 909 of the total pollen count reflecting the present day
dominance of these plants both near the site and also in the island’s flora in general;
several grains of South American provenance were also recorded. Various unidenti-
fiable micro-fossils and diatoms were prominent, some of which were abundant; a
key to the various types is given in Fig. 8.

Fossil sporomorpha record

The pollen and spore diagrams for Sites 1 and 2 are presented in Figs. 9 and 10,
respectively. In general the sporomorpha represented in the samples analysed are
those of species growing at present in the immediate vicinity of the sites. Large-scale
fluctuations in actual numbers of pollen grains or spores of certain species may reflect
significant changes in the composition of the flora and development of vegetation.
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However, the presence of very low numbers representative of a particular species or
the apparent absence of such evidence of species must be treated with caution. No
woody remains, besides partly decomposed rhizomes of Acaena magellanica, sub-
morainic peat, marine mollusc shells or bones were found in the profiles. Photo-
micrographs of sporomorpha from both sites are illustrated in Figs. 11-13.

Graminoids

The pollen of grass, together with that of the suffruticose herbs, Acaena spp.,
dominate both profiles as illustrated in the pollen diagrams (Figs. 9 and 10). Because
of the morphological similarity of pollen grains of the various South Georgia grasses,
all Gramineae have been amalgamated in each pollen histogram. However,
graminoid pollen isolated from the two profiles (Fig. 11) includes occasional grains
which are sufficiently diagnostic to suggest the presence of Phleum alpinum and Poa
flabellata. Poa flabellata, with its large and often abundant inflorescences, each of
which may have over 1500 florets per panicle. produces a very large proportion of the
grass pollen and must provide a heavy and fairly even ‘rain’ over all coastal parts of
"lC island. Site 2 is fairly close to some dense stands of tussock grass, but Site 1 1s

Fig. 8. Key to micro-fossil types recovered from South Georgia peat deposits. (Drawings not to scale;
approximate largest dimensions given for each type.)
I'ype 1. Alga or coccoid desmid. possibly Volvox (¢. 12 pm diameter).
Type 2. Small ribbed ?spore, possibly fungal (¢. 11pm diameter, 13 wm long).
Type 3. Monoaperturate micro-fossil. possibly fungal, or desmid, cf. Oocystis (. 12 pm
diameter).
Type 4. Globose ?fungal spore, possibly Myxomycota. Scleroderma or Ustilaginales (see

Graham, 1962, 1971) (¢. 12-14 pm diameter).

Copepod ?spermatophore (see van Geel, 1972) (¢. 10 um diameter)

Type 6. Sub-reticulate ?fungal ascospore, often in groups of up to eight, probably Microthyriales
(cf. Microthyrium fuegianum), or possibly Pleosporales (cf. Pleospora sp.) or Pyreno-
mycetes; possibly parasitic on Rostkovia magellanica, or less likely on Acaena
magellanica, Poa flabellata or other grasses (c. 40 pm long)

Type 7. Fungal ascospore (c. 40 pm long).

Tvpe 8. Lichen or fungal spore, possibly Buellia (¢. 20 um long).

Type 9. Lichen or fungal spore (c. 20 pm long).

I'ype 10. Unidentified micro-fossil (¢. 42 pm diameter).

I'vpe 11. Umdentified micro-fossil (¢. 80 pm long).

Tvpe 12. Ribbed micro-fossil, possibly ciliate protozoan (¢. 50 pm long).

Type 13. Tardigrade egg-case, possibly Macorbiotus (c. 70-80 pm diameter).

Type 14, Desmid ?zvgospore or diatom, possibly Coscinodiscus or Stephanodiscus (c. 19 pm

<
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N

diameter).
I'vpe 15. Alga or foraminifera, possibly Pandorina (see Reinsch. 1980) (¢. 100 wm diameter).
. I'vpe 16. Unidentified micro-fossil (¢. 80 wm long).
Type 17. Unidentified micro-fossil (¢. 110 pm diameter).
Type 18. Desmid, lunate form. possibly Clesterium or Dactyloccopsis (see Fritsch, 1912;

Holdgate. 1967, p. 106) (¢. 35 pm long).

I'ype 19. Alga, possibly Chrysophyceae, cf. Clericia (see Frenguelli, 1955) or Trachelomonas (c.
14 wm diameter).

Type 20. Unidentified renitorm ?desmid (¢. 39 um long).

I'ype 21. Desmid semicell, Cosmarium sp. (see Reinsch, 1980; Coesel, 1974) (c. 21 pm diameter).

I'vpe 22. Unidentified micro-fossil. possibly dinoflagellate (see photograph by Cranwell, in
Holdgate, 1967) (¢. 120 pm diameter)

DIATOMS

I'ype A. Pinnularia sp. or Fragillaria sp. (¢. 40 pm long).

Type B. Eunotiasp. (¢. 12-30 um long).

I'ype C. ?Pinnularia borealis (c. 25 pm long).

Type D. Nuzschiasp. (¢. 40 pm long).

Type E. ?Anomoeoneis type (c. 45 pm long).

Type F. Pinnularia sp. or Navicula sp. (see Fritsch, 1912: Carlson, 1913) (up to ¢. 80 pm long).
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¢. 0.5km from the nearest large stands. Phleum alpinum pollen is considerably more
abundant at the latter site. Festuca contracta is generally cleistogamous and appears
to release very little pollen (Tallowin and Smith, 1977) so that despite the abundance
of this grass near the sites, little of the grass pollen in the samples is likely to be of this
species. Deschampsia antarctica is not common in the immediate vicinity of the sites,
but it is locally abundant near the shore and may, therefore, be one of the main
contributors to the grass pollen sum in the samples. The nearest location of the only
other native grass, Alopecurus magellanicus, is c. 6km to the north-west of the sites.
Although the naturalized alien grass Poa annua occurs near the shore its pollen is not
likely to occur in the profiles as, despite being well established around the island, it is
considered to be a relatively recent immigrant to South Georgia (Walton and Smith,
1973).

Of the rushes, both Rostkovia magellanica and Juncus scheuchzerioides are
abundant at Site 1 and close to Site 2. However, they are commonly sterile in bogs
and mires. In common with all Juncaceae, the pollen is delicate and is either not
preserved in the peat or is destroyed during the treatment of peat samples, but

%ttened rhizome and shoot remains are visible to below 2.40m at Site 1. The early
istence of Rostkovia at Site 1 may further be inferred by the frequent occurrence of
spores believed to belong to a fungus parasitic on the rush (Cranwell, 1964a, b, 1965,
1969). Although the sedge Uncinia meridensis occurs sporadically in the vicinity of
Site 1, no pollen was isolated from either section. There is considerably greater and
more irregular variation in the abundance of grass pollen at Site 1, where it reaches
90% of the total pollen at some levels, than at Site 2. At the latter site grass pollen
does not fluctuate greatly in abundance and never exceeds 40% of the total pollen
count per sample. This may reflect the closer proximity of Poa flabellata. Even at the
base of the Site 1 profile (3.17m), grass pollen comprises about 50% of the total
pollen recovered.

Suffruticose herbs
Large quantities of pollen belonging to the genus Acaena occur throughout both
profiles (Figs. 9 and 10). Since pollen of Acaena magellanica, A. tenera and their
hybrid intergrade morphologically (Barrow, 1976) it is possible to ascribe only a
small proportion with confidence to a particular taxon. Consequently, all such grains
obtained from the sections have been grouped as Acaena agg.. although the great
majority are almost certainly those of A. magellanica.
Acaena and Gramineae pollen dominate the total pollen sum with each reaching a
’ak at intervals down the profiles while the other is relatively low. In the samples
om Site 2 the Acaena grains are never less than 60% of the total pollen counted in
each sample, while in samples from Site 1 the Acaena sum is much more variable and
falls well below 50% of the total pollen at many levels,

Forbs

Of the non-graminoid herbs. Galium antarcticum is represented most frequently
in both sections and is the only forb to show distinct trends in the pollen diagrams. It
is fairly common in small quantities in the Festuca grassland and drier mires
dominated by Acaena magellanica and Tortula robusta near Site 1. In the Site 1
profile it shows two peaks exceeding 10% of the total pollen at 2.05 and 2.55m. and it
was 1solated from the base of the profile at 3.17m depth. In the profile from Site 2 it
peaks once, at 80 cm depth, but otherwise occurs only below 1.60m and is present at
2.30m at the base of the profile.
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Periporate grains belonging to the genus Colobanthus occur sporadically
throughout both sections, although Colobanthus spp. were not seen in the
immediate vicinity. C. quitensis is frequent in the high rocky areas to the south and
on the nearby outwash plain towards the shore, while both C. quitensis and C.
subulatus are present near the coast in rocky situations. Although the former species
would appear to be the more frequently occurring grain in these deposits, both
species have been grouped together as their pollen is very similar. The only other
species with Colobanthus-like grains which occurs on the island is the naturalized
alien Cerastium fontanum, also belonging to Caryophyllaceae, but its grains are
unlikely to be confused with those of Colobanthus on account of their larger size.
Walton and Smith (1973) considered it to be a recent arrival on the island, occurring
close to the former whaling stations, although it has been recorded from the headland
between Mercer Bay and Harpon Bay about 3 km west of the sites. However, a few
of the grains grouped as Colobanthus may be those of Caryophyllaceae derived from
South America; Groot and others (1967) noted grains of this family to be common in
sediments from the Argentine Basin, the closest site being about 250 km north-west

" South Georgia.

Fig. 11. Algae, including diatoms and desmids, and fungal, lichen and bryophyte spores recovered from
Sites 1 and 2, Sphagnum Valley.
al. Diatom cf. Pinnularia or Navicula sp. (type F), valve view, mid focus (Site 1, 5cm depth).
a2. Asal (Site 1, 1.55m depth).
bl. Diatom cf. Pinnularia or Fragillaria sp. (type A), valve view, mid focus (Site 1, surface
litter).
b2. Asbl, girdle view, mid focus.
c.  Diatom cf. Pinnularia borealis (type C), valve view. mid focus (Site 1, surface litter)
d1. Diatom cf. Coscinodiscus sp. or desmid zygospore (type 14), polar view, high focus (Site 1,
[.70 m depth) (see Bellinger, 1974).
d2. Asdl, polar view, mid focus (Site 2, 15cm depth).
e. Diatom cf. Nitzschia sp. (type D), valve view, mid focus (Site 1, 15cm depth).
f.  Diatom cf. Eunotia sp. (type B), valve view, mid focus (Site 1, surface litter).
Alga (Chrysophyceace) cf. Clericia sp. (see Frenguelli, 1955) or Chitinozoa (type 19),
oblique equatorial view, high focus (Site 1, 90 cm depth).
As gl, oblique equatorial view, mid focus.
Desmid cf. Closterium sp. or Dactyloccopsis sp. (see Fritsch, 1912; Holdgate, 1967) (tvpe
18). mid focus (Site 2, surface litter).
Desmid zygospore cf. Cosmarium sp. (see Coesel. 1974; Reinsch, 1890) (type 21), polar
view, high focus (Site 2, 1. 10 m depth).
As i1, polar view, mid focus.
Desmid? cf. Volvox (type 1), high focus (Site 2, 1.65m depth)
As jl, mid focus.
As jl aggregate, mid focus.
Fungal spore with attached conidiophore, mid focus (Site 1, surface litter).
Fungal or lichen spore, mid focus (Site 1, 2.85 m depth).
Fungal or lichen (cf. Buellia sp.) spore (type 8), mid focus (Site 1, 85 cm depth)
Fungal or lichen spore (type 7). mid focus (Site 1, 90 cm depth).
Sub-reticulate ascospore of fungus resembling Microthyrium cf. fuegianum or Pleospora
sp.. possibly parasitic on Rostkovia magellanica, Acuenu magellanica or Poa flabellata (type
6), mid focus (Site 1. 90c¢m depth).
Asol, high focus.
Fungal material, mid focus (Site 1. 2.35 m depth).
Trilete bryophyte spore. Sphagnum fimbriatum, mid focus (Site 1, 1.35m depth).
As 1. high focus (Site 1, 1.15 m depth).
Bryophyte spore, Conostomum pentastichum. high focus (Site 1, 5 cm depth).
Asrl, high focus (Site 1, 3.00 m depth).
As r2, mid focus.
Unidentified globose ?fungal spore cf. Myxomycota, Scleroderma or Ustilaginales (see
Graham, 1962, 1971) (type 4), mid focus (Site 1, 1.85m depth).
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Ranunculus biternatus is widespread but scattered in wetter parts of the bog
complex near Site 1 and present in the proximity of Site 2; Callitriche antarctica is
frequent amongst stands of tussock grass on the raised beach but was not recorded at
eithersite. Pollen of both species was low in quantity and erratic in occurrence in both
profiles. Montia fontana, a species typical of flush and mire communities, was seen
near both sites, but its pollen was isolated only from Site 2 deep in the profile at 2.00
and 2.20m (see Fig. 10).

Preridophytes -

Although all six species of fern and the single species of clubmoss occurring on
South Georgia are fertile, pteridophytes are generally poorly represented in the
profiles. Lycopodium magellanicum, Hymenophyllum falklandicum and Ophio-
glossum crotalophoroides grow in small quantities close to Site 1, while Polystichum
mohrioides is slightly more common but a little farther away. None of these species
was seen near Site 2, and their spores are absent in samples from this site. Blechnum
penna-marina, Cystopteris fragilis and Grammitis kerguelensis were not recorded

ear the sites, and no spores were recovered. The only known locality of Blechnum is
“1 the vicinity of Husvik Harbour 10-12 km to the north-west.

At Site 1 (Fig. 10) the distinctive spores of Lycopodium are sporadic and scarce,
but have been isolated down to 2.95m; Polystichum spores showed a slight peak at
1.30m depth, while Ophioglossum spores have been isolated from a considerable
depth (3.00 m) also at Site 1.

Bryophytes

In each section there occurred distinctive spores of Conostomum pentastichum
(Fig. 13) a frequent moss in the more open Festuca grassland and on rock ledges close
to the sites. Little is known of the fruiting cycle of the South Georgian Bartramiaceae
but environmental variation may have a significant influence on sporophyte and
spore production, particularly in a species with a wide ecological amplitude such as
C. pentastichum (Longton, 1972). The occurrence of Conostomum spores at Site 2
provides an indication of trends; those in the Site 1 profile are a little more erratic but
peaks may represent drier periods when Festuca grassland predominated, or merely
conditions suitable for sexual reproduction.

Although Sphagnum fimbriatum is locally abundant in several widely separated
Rostkovia bogs and mires around the island (Smith, 1981) it is probably most
extensive in lower Sphagnum Valley. It has not been recorded with fruit on South
Georgia, yet spores of Sphagnum, strongly resembling those of S. fimbriatum

.g. 12. Invertebrates and unidentified micro-fossils recovered from Sites 1 and 2, Sphagnum Valley.
al. Tardigrade egg-case cf. Macrobiotus sp. (type 13), mid focus (Site 1, 1.15m depth).
a2. Asal, high focus (Site 2, 1.10 m depth).
b. ?Tardigrade egg-case (type 15), high focus (Site 1, 30 cm depth).
cl. Unidentified micro-fossil (type 16), mid focus (Site 1, 30cm depth).
c2. Ascl, high focus (Site 1, 5cm depth).
d1. Unidentified micro-fossil, mid focus (Site 1, 1.65m depth).
d2. Asdl, magnification x 2.
e. Unidentified micro-fossil (type 12), high focus (Site 1, 1.15m depth).
f.  ?Copepod spermatophore (type 5), mid focus (Site 1, 50cm depth).
g.  Unidentified dark brown monoaperturate micro-fossil with annulus around pore (type 3),
mid focus (Site 1, 2.40 m depth).
h.  Unidentified micro-fossil (type 10), mid focus (Site 1, surface litter).
Unidentified micro-fossil (type 17), high focus (Site 1, 30 cm depth).
As i1, mid-high focus.
Unidentified micro-fossil (type 11), high focus (Site 1, 1.65 m depth).
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collected in the Falkland Islands, have been isolated from both profiles (Fig. 12).
Since they appear to be concentrated at certain levels (more than 100 grains were
counted at 1.55m depth at Site 1 while other pollen grains and spores were very
sparse), suggesting a local origin rather than long-distance transport, and possibly
indicative of mild wet conditions favouring the production of sporophytes.

Spores of only a few other bryophyte species were recorded but none was
abundant or positively identified. Occasional spores resembling those of Pohlia have
been isolated but some commonly fertile genera (e.g. Tortula and Polytrichum)
produce spores which are too small to be identified without the aid of electron
MICroscopy.

Algae, fungi and lichens

A wide range of spores belonging to non-vascular cryptogams, excluding bryo-
phytes, has been isolated from many of the peat samples. These are illustrated in
Figs. 12 and 13, and their provisional determinations, referred to as micro-fossil type
1, 2, 3, etc., are also provided. These types include algae (mainly desmids and

iatoms), spores and other material of fungi (especially basidiomycetes and ascomy-
cetes) and the spores of lichens. The abundance of each micro-fossil type is expressed
as a percentage of the vascular pollen sum in the pollen diagrams (Figs. 5 and 6), but
it is difficult to interpret the trends in terms of possible environmental change.

Two types of desmid have been isolated and tentatively identified. The form
described as micro-fossil type 18, which resembles either Closterium sp. or Dactyloc-
copsis sp. (illustrated by Cranwell, in Holdgate, 1967), is abundant between 1.40 and
1.60 m at Site 2, but apparently absent from Site 1. The second (micro-fossil type 21)
is the semicell of a desmid resembling a species of Cosmarium and has been isolated
from samples from Site 2 only. Two other micro-fossils (types 1 and 14) may also be
the remains of desmids, but this is uncertain.

Fig. 13. Pollen and spores of vascular plant taxa recovered from Sites 1 and 2. Sphagnum Valley.
a. Gramineae cf. Phleum alpinum, mid focus (Site 1, 1.50 m depth).
bl. Montia fontana, high focus (Site 2, 2.20 m depth).
b2. Asbl, mid focus.
¢.  Galium antarcticurn, polar view, mid focus (Site 2, 1.70m depth).
d1. Caryophyllaceae cf. Colobanthus sp., high focus (Site 2. 1.70 m depth).
d2. Asdl (Site 2, 50cm depth).
d3. Asd2, mid focus.
e. Tricolpate grain cf. Compositae, polar view, mid focus (Site 1, surface litter).
. f. Compositae. equatorial view, high focus (Site 1, surface litter).
g. Compositae, polar view, mid focus (Site 2, 1.70 m depth).
h. Compositae, polar view, high focus (Site 1, surface litter)
il. Compositae, oblique equatorial view, mid focus (Site 2. 1.70m depth)
As i1, semi-oblique polar view, high focus.
jl. Nothofagus fusca agg.. mid focus (Site 1, 5cm depth).
j2. Asjl(Site 1, 90 cm depth).
j3. Asjl(Site 1. 1.70 cm depth).
k1. Ephedra cf. fragilis agg., polar view, mid focus (Site 2, 80 e¢cm depth).
k2. Askl, high focus.
k3. Askl, equatorial view, mid focus.
11. Podocarpus sp., high focus (Site 1, 55cm depth).
2. Asll, mid focus.
m. Polystichum mohrioides with monolete scar on left side obscured, equatorial polar view,
high focus (Site 1, 1.65 m depth).
nl. Lycopodium magellanicum, distal surface, high focus (Site 1, 30 cm depth)
n2. Asnl, mid focus.
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Diatoms were common in samples of surface litter collected in the bog complex in
the vicinity of Site 1. Within these samples there appears to be some variation
between drier sites and the wetter sources of litter lower down the valley side. In
analyses of profile samples from the two sites some diatoms were sporadically
isolated; type D (cf. Nitzschia sp.) was isolated from 1.55m depth, and type A (cf.
Fragillaria of Pinnularia sp.) from 2.50m at Site 1.

Basidiomycetes and ascomycetes were scarce but present in the vicinity of both
sites; however, collected specimens do not appear to be the source of the large
ascospore with sub-reticulate sculpture (type 6), or the barely sculptured type 7
ascospore; the former is often exceedingly abundant at certain levels in Site 1 but rare
in Site 2 and may be that of an endophytic ‘fly-speck’ fungus which parasitizes
Rostkovia magellanica (Microthyrium fuegianum) (Dennis, 1968; Cranwell, 1969;
personal communication from R. W. G. Dennis); however, it may possibly belong to
a parasitic fungus that infects Acaena magellanica, Poa flabellata or other grasses
(e.g. Pleosporasp.). Spore types4, 7, 8 and 9 may be of either fungal or lichen origin.

In general, micro-fossil types, other than pollen and spores of higher plants,
increase from about 2.30 m towards the surface in both sections. They are p:lrticulurlb

abundant above 1.05m at Site 1 and between 1.60 and 1.40m at Site 2.

Sporomorpha not of South Georgian origin

The limited variety and quantity of the native pollen in the samples makes the
recognition of material believed to have been transported from South America
comparatively easy. The majority of these grains are those of Nothofagus fusca agg.
(Fig. 11). Only one Nothofagus grain was recovered from the Site 2 samples, but 49
were isolated from samples at Site 1 and four from surface samples nearby. The
variable representation of non-South Georgian pollen from site to site probably
reflects the influence of local topographical features on air currents and hence on
deposition since the long-distance ‘fall-out’ should be similar for sites only 0.5km
apart and within the same valley. Additional pollen in the two profiles includes
species of Compositae (but excluding Taraxacum officinale, an alien established
around the former whaling stations (Walton and Smith, 1973), Podocarpus, Ephedra
and various unidentified sporomorpha, but there are no trilete or monolete fern
spores. The absence of pteridophyte spores derived from species common in South
America was also noted by Cranwell (19644, b, 1969) although such spores have been
isolated from sea-bed sediments in the Argentine Basin (Groot and Groot, 1964;
Groot and others, 1967). It seems unlikely that any of these alien grains isolated in
the present study are of northern hemisphere origin, with the possible exception of a
single grain of Alnus (although Groot and others (1967) commented on the rm:nvc'
from the Argentine Basin of Alnus possibly derived from South American sources a'
far south as 30°S). No pollen or spores of common European species has been
recognized in any of the samples. A wide range of pollen and spore types probably of
South American origin (predominantly Nothofagus spp.. Podocarpus sp., Ephedra
sp., Chenopodiaceae, Araliaceae, Compositae, Umbelliferae and Gramineae) have
been isolated from a peat deposit on Signy Island, South Orkney Islands (Churchill,
1973).

Invertebrates

Various invertebrate animal fragments and micro-fossils have been isolated from
the two sites, among the more easily identifiable being the egg-cases of a tardigrade
resembling those of Macrobiotus sp. (Fig. 12). Fragments of mites and occasional
beetle fragments have also been found in preparations from both sites. Beetle
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fragments and mites have previously been recorded in a deep tussock grass peat
deposit on Jason Island to the north of Cumberland Bay (Coope, 1963; Smith, 1981).

Discussion

As environmental indicators pollen and spores in South Georgia peat deposits
should be considered with caution, since many of the plant species have a wide
ecological amplitude, at least with regard to their present distribution on the island.
Attempts have previously been made to correlate elements of the pollen sum,
recovered from other sub-Antarctic islands, with specific environmental conditions.
Bellair-Roche (1973) considered Acaena magellanica and Galium antarcticum as
indicators of a temperate climate on Iles Crozet. In their study of the Late Quater-
nary of Iles Kerguelen, Young and Schofield (1973) recognized Acaena magellanica
as representative of a warm element, Galium antarcticum of a warm, perhaps dry
element, and Lycopodium magellanicum as indicating a warm lowland element.
Schalke and van Zinderen Bakker (1971) regarded Acaena magellanica and ferns,

rticularly Polystichum marionense (a species very similar to P. mohrioides), as

pifying a lowland vegetation existing under warm conditions on Marion and Prince
Edward Islands.

Of the two South Georgia profiles discussed here the pollen diagram for the Site 2
deposit indicates certain trends more clearly than that of the deeper Site 1 deposit.
The pollen record of the former section is dominated by Acaena but does not
fluctuate as much as the gramineous pollen. This pattern appears to reflect the
present local distributions of vegetation, the study site being dominated by
A. magellanica and partly surrounded by grassland; the grass pollen in this diagram
(Fig. 10) probably derives from nearby stands of tussock grass (Poa flabellata). In
samples from Site 1, the more variable and often more dominant grass curve may
reflect the local prominence of species like Phleum alpinum (less likely Festuca or
Deschampsia) in addition to the background pollen rain from tussock grass. It seems
likely that a peak in the Gramineae curve would reflect a cool or cool-wet period while
a peak in the Acaena curve may be indicative of a warm or dry climate. Montia
fontana may indicate wet mire conditions, and Galium antarcticum seems, in Site 1 at
least, to be correlated with an increase in Acaena. Young and Schofield (1973) noted
in their studies on Iles Kerguelen that G. antarcticum tended to reach a peak later
than other ‘lowland’ species.

Distinct trends shown by Conostomum pentastichum spores in the Site 2 profile
may relate to the grass curve. At both sites the micro-fossil record is generally similar

d suggestive of moist conditions.

The presence of Sphagnum spores in the profile may be a useful indicator of warm
moist conditions. S. fimbriatum fruits in the Falklands Islands but, although locally
abundant in the present flora of South Georgia, it is not known to be fertile,
suggesting that climatic conditions are not optimal for sexual reproduction; never-
theless, spores of this moss were recovered from surface litter samples by C.J.B.
during the 1972-3 summer. Although little is known about the occurrence of fungal
spores in peats, van Geel (1972) considered that a high percentage of fungal spores
and hyphae compared with pollen grains was an indication of moist conditions at the
time of deposition. If the trends shown in the Site 1 profile, particularly for the type 6
fungal spores, occur in other localities it may be possible to interpret past conditions
from the fungal record.

Although the sites are well separated and differ in local topography and peat
conditions, they share general similarities in palynological results. It is suggested that
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the two pollen diagrams reflect vegetational fluctuations at the local level due to
some degree of environmental change resulting from climatic fluctuations during the
deposition of organic matter.

The analyses of peat samples from the two sections and of surface litter have
revealed the pollen and spores of most species currently growing in the vicinity of the
sites. even several comparatively rare ones. With the exception of Uncinia meriden-
sis, a generally infrequent sedge but which occurs close to Site 1, the major gaps in
the record are mainly restricted to pteridophytes, particularly those of very restricted
distribution and growing well away from the sites. There is no evidence of species
existing on the island which are no longer components of the flora.

The palynological record of the Sphagnum Valley sites indicates that many of the
present species have probably been present on South Georgia for at least 6 500 years.
Acaena sp., Gramineae, Galium antarcticum, Colobanthus sp., Ranunculus biter-
natus, Lycopodium magellanicum, Ophioglossum crotalophoroides and the moss
Conostomum pentastichum were all isolated below 2.35m depth at Site 1 (radio-
carbon dated as ¢. 6635 = 120yrB.P.), and all but Lycopodium occurred between 3.00
and 3.20m. The presence of Montia fontana pollen at Site 2 in a sample dated almos
4000yr B.P. confirms the native status of this species. Moore (1963) suspected it m;‘
be a recent immigrant but Cranwell (1964a) found Montia to be one of the oldest
members of the flora, recording pollen of two forms of this taxon. Similarly, the
abundance of spores at various levels of the very localized moss Sphagnum
fimbriatum suggest that it has been present on the island for at least 4000 ycars, iis
not known to be fertile yet its spores occur even in surface litter near stands of the
moss so it is presumed to occasionally reproduce sexually. Pollen of Poa annua,
which may be distinguished from that of other South Georgia grasses (Barrow, 1976)
was not recovered from deposits below the surface litter, suggesting that it 1s very
probably an introduced species. It is the most widespread alien plant on the island
and is frequent amongst the coastal vegetation near Sites | and 2. Walton and Smith
(1973) considered it to have become established by multiple introductions around
the island by sealers and whalers since about A.D. 1800.

ACKNOWLEDGEMENTS

We are grateful to Dr 1. Strachan, Department of Geology, University of Birming-
ham, and Dr R. J. Adie, British Antarctic Survey, for helpful criticism and
comments in the early preparations of this work. We also wish to thank the following
for their valuable advice and discussion in connection with the palynological investi-
gation of South Georgia peat deposits: Professor V. Auer (University of Helsinkg
Professor C. J. Heusser (New York University), Professor E. M. van Zinder
Bakker, Sr (University of the Orange Free State), Dr J. H. Dickson (University of
Glasgow), Dr L. M. Cranwell (Mrs Watson-Smith) (University of Arizona); also Dr
D. D. Harkness. NERC Radiocarbon Laboratory, Glasgow, for determining the
radiocarbon dates.

MS received 30 September 1982

REFERENCES

AUER, V.. Sami, M. and Satminen, K. 1955, Pollen and spore types of Fuego-Patagonia. Suomalaisen
Tiedeakatemian Toimituksia, Ser. A, 111, No. 43, 14 pp

Barrow, C. J. 1976. Palynological studies in South Georgia: . Pollen and spore morphology of the native
vascular species. British Antarctic Survey Bulletin, No. 43, 63-75




PALYNOLOGICAL STUDIES IN SOUTH GEORGIA: Il 41

Barrow, C. J. 1978. Postglacial pollen diagrams from South Georgia (Sub-Antarctic) and West Falkland
Island (South Atlantic). Journal of Biogeography, 5,No. 2, 251-74.

Barrow. C. J. 1983a. Palynological studies in South Georgia: I11. Three profiles from near King Edward
Cove. Cumberland East Bay. British Antarctic Survey Bulletin, No. 58, 00-00.

Barrow, C. J. 1983h. Palynological studies in South Georgia: IV. Profiles from Barff Peninsula and
Annenkov Island. British Antarctic Survey Bulletin, No. 58, 00-00.

Berrair, N. 1967, Sedimentologie et palynologie d'une tourbi¢re des Kerguelen (Porr-Christmas,
Peninsule Loranchet). D.E.S. thesis, Faculté des Sciences, Université de Paris, 43 pp.
(Unpublished.)

BeLLalR-RocHE, N. 1972. Palynological study of a bog in Valée des Branloires, Ile de la Possession, Iles
Crozet. (In Apie, R. J., ed. Antarctic geology and geophysics. Oslo, Universitetsforlaget,
8314.)

BerninGer, E. G. 1974, A key to the identification of the more common algae found in British fresh-
waters. Journal of Water Treatment and Examination, 232, No. 1, 76-131.

BENNINGHOFF, W. S, and Kapp, R. O. 1962. Suggested notation to indicate identification stature of fossil
pollen. Pollen et Spores, 4, 332,

Brooks, D. and Tromas, K. W. 1967. The distribution of pollen grains on microscope slides. Part I: The
non-randomness of the distribution. Pollen er Spores, 9, 621-9.

Carison, G. W. F. 1913. Susswasseralgen aus der Antarktis, Sud-Georgien und den Falkland Inseln
Wiss. Egebn. Schwed. Sudpolar exped. 1901-1903, 4, Lief 14, 94 pp.

LAPPERTON, C. M. 1971, Geomorphology of the Stromness Bay-Cumberland Bay area, South Georgia.
British Antarctic Survey Scientific Reports, No. 70, 25 pp.

CrurchiLL, D. M. 1973. The significance of tropical mangroves in the early Tertiary floras of southern
Australia. Special Publications of the Geological Society of Australia, 4, 79-86

Cokeser, P. F. M. 1974, Notes on sexual reproduction in Desmids. 1. Zygospore formation in nature (with
special reference to some unusual records in Zygotes). Acta Botanica Neerlandica, 23, No. 4.
361-8.

Coore, G. R. 1963. The occurrence of the beetle Hydromedion sparsutum (Mull.) in a profile from Jason
Island, South Georgia. British Antarctic Survey Bulletin, No. 1, 25-6.

CranwEeLL, L. M. 1939, Southern beech pollens. Record of the Auckland Institute and Museum, 2,
175-196.

CranweiLL, L. M. 1953. New Zealand pollen studies: the monocotyledons. Bulletin of the Auckland
Institute and Museum, 3, 1-91.

CranwEiLL, L. M. 1963. Nothofagus living and fossil. (fn Gressirr, 1. L., ed. Pacific Basin biogeography.
Honolulu, Bishop Museum Press, 387-—400.)

CranweLL, L. M. 1964a. Problems and potentialities of subantarctic palynology with special reference to
wind-blown pollen of Nothofagus and Ephedra in South Georgia Island peats. Unpublished
manuscript, 10 pp.

CranweLL, L. M. 1964b. Subantarctic pollen and spore spectra with consideration of West Wind Drift
contaminants in South Georgia Island peats. Abstract, 10th International Botanical Congress,
Edinburgh, 1964, 1 p.

CranwerLr, L. M. 1965. Notes on the age, development and microfossil assemblages of some South
Georgia peat bogs. Unpublished manuscript, 12 pp.

CranweLL, L. M. 1969. Antarctic and circum-Antarctic palynological contributions. Antarctic Journal of
the United States, 4, No. 5, 197-8.

EnNIs, R. W. G. 1968. Fungi from South Georgia. Kew Bulletin, 22, No. 3. 445-8.
‘l)lM.-\h. (. 1960. The acetolysis method. Svensk Botanisk Tidskrift, 54, Ht. 4, 561-4.
vans, G. H. 1968, Diatom Analysis. (In West, R. G., Pleistocene geology and biology. London,
Longmans, Green and Co. Ltd, 364-5.)

Faecri, K. and Iverses, 1. 1975, Textbook of pollen analysis (with a chapter on pre-Quaternary pollen
analysis by H. T. Walterbolk), 3rd edition. Oxford, Blackwell Scientific Publications.

FerGusson G. J. and LisBey. W. F. 1964, U.C.L.A. radiocarbon dates 111, peat series South Georgia
Island. Radiocarbon, 6, 335.

FRENGUELLL, J. 1955. Cristomataceas Platensis. Acta Geographica, 4, No. 12, 149-54.

Fritscu, F.E. 1912 Freshwater algac. (In: National Antarctic Expedition, 1901-1904, Natural History,
Vol. 6. Zoology and Botany. London, Trustees of the BritishMuseum, 1-60.)

Gorbon, 1. E., BIrNIE, R. V. and Timmis, R. 1978. A major rockfall and debris slide on the Lyell Glacier,
South Georgia. Arctic and Alpine Research, 10, No. 1, 49-60.

GranaM, A. 1962 The role of fungal spores in palynology. Journal of Palaeontology, 36, No. 1, 60-68.

Granam. A. 1971. The role of Myxomyceta spores in palynology (with a brief note on the morphology of
certain algae zygospores). Review of Palacobotany and Palvnology, 11, Nos. 1-3, 89-99.

GREENE. S. W. 1964, The vascular flora of South Georgia. British Antarctic Survey Scientific Reports, No
45, 58 pp.




42 BARROW AND SMITH

GREENE, S. W. and Warton, D. W. 1975, An annotated check list of the sub-Antarctic and Antarctic
vascular Aora. Polar Record, 17, No. 110, 473-84.

Groort, J. ). and Groot, C. R. 1964. Quaternary stratigraphy of sediments of the Argentine Basin: a
palynological investigation. Transactions of the New York Academy of Sciences, 2, No. 26,
881-6.

Groor, J. 1., Groor, C. R., EwWING, M., BurcLE, L. and Connovy, J. R. 1967. Spores, pollen and diatoms
and provenance of the Argentine Basin sediments. (/n: Progress in oceanography (the
Quaternary history of the ocean basins), 4. Oxford, Pergamon Press, 179-217.)

Harsten, U. 1951. A pollen-analytic investigation of two peat deposits from Tristan da Cunha. (/n:
Scientific Results of the Norwegian Expedition to Tristan da Cunha, 1937-1935. Det Norske
Videnskaps-Akademi i Oslo, No. 22,42 pp.)

HarsteN, U, 1960, The Quaternary history of vegetation in the South Atlantic Islands. Proceedings of the
Roval Society, Series B, 152, 516-629.

HarkNESs, D. D. 1979, Radiocarbon dates from Antarctica. British Antarctic Survey Bulletin, No. 47,
43-59.

Heusser, C. 1. 1966, Late-Pleistocene pollen diagrams from the province of Llanguihue, Southern Chile
Proceedings of the American Philosophical Society, 110, No. 4, 269-305.

Heusser, C. J. 1971. Pollen and spores of Chile. Modern types of the Pteridophyta, Gymnospermae, and
Angiospermae. Tucson, University of Arizona Press, 167 pp. (incl. 60 plates)

HorpGate, M. W. 1967. Antarctica and the surrounding oceans: Quaternary studies. (/n VAN ZINDEREN
BAKKER, Sr, E. M., ed. Palaeoecology of Africa, the surrounding islands and Antarctica, 2
Cape Town, A. A. Balkema, 104-7.)

Lonaton, R. E. 1972, Reproduction of Antarctic mosses in the genera Polytrichum and Psilopilum with
particular reference to temperature. British Antarctic Survey Bulletin, No. 27, 51-96.

Moorg, D. M. 1963. The subspecies of Montia fontana L. Botaniska Notiser, 116, 16-30.

REINscH, P. F. 1890. Die Suswasseralgen flora von Sud-Georgien. (In: Die Internationale Polarforschung
1881-1883. Die deutschen Expedinonen und thr Ergebnisse, Bd. 2. Berlin. Asher and Co.,
329-63.)

Romero, E. J. and Maronna, R, 1971, Metodos numericos para la classification de pollen actual y fossil
Ameghiniana, 8, Nos. 3and 4, 219-316.

ScHALKE, H. J. W. G. and vaN ZiNDEREN BAKKER, Sr, E. M. 1971. The history of the vegetation. (/n van
ZINDEREN BAkkEeRr, Sr, E. M., Wintersorrom, J. M. and Dyer. R. A, eds. Marion and
Prince Edward Islands. Cape Town, A. A. Balkema, 89-97.)

SmitH, R. . Lewis. 1979. Classification of peat and peatland vegetation on South Georgia in the
sub-Antarctic, (fn KiviNen, E., HEIKURAINEN, L. and PakariNen, P, organizers. Classification
of peat and peatlands. Helsinki, International Peat Society, 96-108.)

SmitH, R, 1. LEwis. 1981. Types of peat and peat-forming vegetation on South Georgia. British Antarctic
Survey Bulletin, No. 53, 119-39.

Smith, R. 1. Lewis and Warton, D. W. H. 1975. South Georgia Subantarctic. (/n Rosswart, T. and
Hear, O. W., eds. Structure and function of tundra ecosystems. Ecological Bulleting
(Stockholm), 20, 399-423.)

Stone, P. 1974, Physiography of the north-east coast of South Georgia. British Antarctic Survey Bulletin,
No. 38, 17-36.

SuGben, D. E. and Crapperton, C. M. 1977, The maximum ice extent on island groups in the Scotia Sea,
Antarctica. Quaternary Research, 7, No. 2, 268-82.

Tavrrowin, J. R, B. and Smiru, R, 1. L. 1977. Studies in the reproductive biology of Festuca contracta
I'. Kirk on South Georgia: I. The reproductive cycle. British Antarctic Survey Bulletin, No. 43
63-76.

van GEEL, S. 1972, Palynology of a section from the raised peat bog ‘Wietmarscher Moor’ with \pcu,
reference to fungal remains. Acta Botanica Neerlandica, 21, No. 3, 261-84

vaN ZINDEREN BAkkEr, E. M. 1969. Quaternary pollen analytical studies in the southern hemisphere with
special reference to the sub-Antarctic. (/n vax ZINDEREN BAKKER, St. E. M. ed. Palaeoecology
of Africa, the surrounding islands and Antarctica, 5. Cape Town, A. A. Balkema, 175-212.)

VAN ZINDEREN BAKKER, E. M. 1970. Quaternary climates and Antarctic biogeography. (/n HoLpGate, M.
W., ed. Antarctic ecology, 1. London and New York, Academic Press, 31-40.)

ViLeacran, C. M. 1980. Vegetationsgeschichtliche und pflanzensoziologische Untersusuchungen im
Vicente Perez Rosales Nationalpark (Chile). Dissertationes Botanicae, Bd. 54. Vaduz, J.
Cramer.

Warton, D. W. H. and SmitH, R. 1. L. 1973. Status of the alien vascular flora of South Georgia. British
Antarctic Survey Bulletin, No. 36, 79-97.

Youna, S. B. and Schorierp, E. M. 1973. Pollen evidence for Late Quaternary climate changes on
Kerguelen Islands. Nature, London, 245, No. 5424, 311-12.






