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ABSTRACT

The Témpano Sur site in the Chilean Channels is located about 1 km from the margin of Glaciar Témpano, an outlet
glacier of the South Patagonian icefield (48044°S, 74002°W). The lowermost peat bed from a section of interbedded
peats and sands has lower and upper dates of 11,190 and 10,130 yr B.P., respectively. Analyses of fossil beetles and
pollen indicate independently that a brief episode of pioneer vegetation followed glacial recession. This was replaced by a
mosaic of Nothofagus betuloides woodland stands and patches of moorland, similar to the Magellanic Moorland
vegetation of the present day. Thus, climatic conditions which permitted this development between 11,000 and 10,000
yr B.P. must have been similar to those presently existing in the Chilean Channels. This interpretation contradicts claims
for the existence of a significant cooling in the climate of southern South America between 11,000 and 10,000 yr B.P.
equivalent in timing to the Younger Dryas Stade of northwestern Europe.
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RESUMEN

El sitio Témpano Sur se encuentra localizado un km al oeste del Glaciar Témpano, un brazo glaciar que desciende del
Hielo Patagbnico Sur. La turba basal de una secuencia estratigrafica compuesta de varias capas sobrepuestas de turba y
arena, ha sido fechada entre 11.190 y 10.130 afios A.P. (antes del presente).. El anilisis de coledpteros y polen fosil
indican, en forma independiente, que luego de la regresidn del brazo glaciar, se inicia un episodio breve de recolonizacién,
que se completa con el desarrollo del bosque de Nothofagus betuloides y vegetacién de tundra magalldnica. Asi, las
condiciones climaticas que permitieron el desarrollo de este tipo de vegetacion habrian sido semejantes a las actuales. Esta
interpretacién contradice el reciente postulado para la América del Sur de una etapa fria que se desarrollaria entre 11.000
y 10.000 afios A.P. y que seria equivalente al Younger Dryas de Europa.

Palabras claves: Paleoclima tardiglacial, palinologia, Coleoptera, region de los canales chilenos.

INTRODUCTION The beetle fauna, based on studies of fossil

assemblages from the Rio Caunahue section

The strongest evidence for the existence of
a cold episode in southern South America
coeval with the emphatically cold Younger
Dryas Stade of the North Atlantic is based
on palynological studiesin the Chilean lake
region between latitudes 399 and 42°S
(Heusser 1966, 1974, 1984, Heusser and
Streeter 1980), and also in Tierra del
Fuego (Heusser and Rabassa 1987). Not all
pollen records, however, from the Chilean
lake region (Heusser 1981) nor from Chi-
loe Island (Villagran 1985, 1988) docu-
ment an environmental change at that time.

(Received 15 December 1988. Accepted 20 June 1989).

at 40°S 08’W also does not show any
evidence of a past major climatic change
(Ashworth and Hoganson 1984, 1987,
Hoganson and Ashworth 1982). Likewise,
no evidence for an environmental reversal
during the interval 10,000-11,000 yr B.P. is
reflected in pollen profiles from the Argen-
tinian lake region at 41°S (Markgraf 1983,
1984). Earlier, Mercer (1976) pointed out
that the lower temperatures and increased
precipitation proposed by Heusser (1974,
1984) would have caused a glacial readvan-
ce. To date there is no evidence from the
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glacial geology of the region in support of
such an advance. The lack of any suppor-
ting evidence from glacial geology or of
ambiguous evidence from the fossil biota of
the region for a climatic change led to the
conclusion that changes in the Alerce po-
llen profile might not represent a regional
climatic change (Ashworth and Hoganson
1984). The suggestion was made that the
disruption in the vegetation at Alerce could
have had a local cause such as water level
changes, or an eruption of a nearby volca-
no. To further pursue this question, coope-
rative studies in glacial geology, palyno-
logy, and paleoentomology were underta-
ken with John Mercer in the Chilean
Channels adjacent to the South Patagonian
icefield. Records from this southern region
in vicinity of extensive, active glaciers were
expected to be even more sensitive to
paleoclimatic changes than those from the
mid-latitudes lowlands.

Chilean Channels
Geology

The Chilean channels adjacent to the South
Patagonian icefield between 48°30°S and
51050’S is an archipelago of rugged moun-
tainous islands with elevations up to 1 500
m. The entire region has been glaciated
with the possible exception of a narrow
coastal strip north of 490S. At the last
glacial maximum in southern South Ameri-
ca, ca. 19,500 yr B.P. (Mercer, 1976), the
fiords adjacent to the South Patagonian
icefield and main channels such as the
Canal Messier are assumed to have been
filled with glacial ice.

Glaciar Témpano, in the region of the
site (Fig. 1), a major outlet glacier of the
South Patagonian icefield was within its
1968 borders by 11,000 yr B.P. and remain-
ed there until 5,500 yr B.P. By 4,100 yr
B.P. the glacier had advanced westward to
its Neoglacial maximum. Glaciar Témpano
then receded and from 3,100 yr B.P. to
recent centuries was in a shrunken state.
The latest readvance, almost to the early
Neoglacial limit, culminated between A.D.
1760 and 1945. Since 1945 the glacier
margin has receded 5 km (Mercer, pers.
comm.).

Climate

The region has an oceanic climate in which
both winters and summers are cool and
wet, and lack seasonality. The rainfall
according to Almeyda and Saez (1958) is
highest at some distance inland from the
coast. At Isla Guarello, 50923’S, a pheno-
menal average annual precipitation of 7346
mm has been recorded. Further inland at
Puerto Eden the average annual rainfall
recorded was 3032 mm. The mean monthly
temperature range of the coldest to the
warmest months at Puerto Eden is 2.8° to
11.69C respectively. The mean annual tem-
perature of the region is about 7°C.

Vegetation

At low elevations, in sheltered locations
bordering the canals the vegetation is typi-
cally a dense forest of Nothofagus betu-
loides, Pilgerodendron uvifera, Podocarpus
nubigena, Drimys winteri, and Pseudo-
panax laetevirens. Above 200 m open
moorlands persist but patches of Nothofa-
gus antarctica woodland exist to the limit
of vegetation growth. Characteristic moor-
land taxa of poorly drained surfaces are the
dwarf conifer Dacrydium fonckii, and the
cushion plants such as Astelia, Azorella and
Donatia fascicularis. On better drained soils
Empetrum rubrum is common. A clear-
ly defined tree line marked by an elfin
forest and an alpine tundra was not obser-
ved in the Channels. Bare rock, snow and
ice prevail at elevations above 900 m. The
floristics of the different plant communi-
ties and their ecology have been described
in detail by Pisano (1977, 1983). The
ecology of the Nothofagus species, descri-
bed by McQueen (1976) and Young (1972)
provided information on the growth cha-
racteristics of the forest.

Beetle fauna

The beetle fauna of the Chilean Channels
includes some groups such as the miga-
dopine carabids that are restricted in distri-
bution to southernmost South America
(Darlington 1965, Kuschel 1960). The
fauna, however, shares most of its species
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Fig. 1: Locations at which the existing beetle fauna was sampled in the
Chilean Channels (1985 and 1986) and in Argentinian Patagonia (1982). The
dark-shaded area is the South Patagonian icefield. 1. Glaciar Bernardo; 2.
Glaciar Témpano; 3. Glaciar Bruggen; 4. Puerto Edén; 5. Bahia Elizabeth; 6.
Fiordo Exmouth; 7. Fiordo Falcon; 8. Fiordo Ringdove; 9. Fiordo Penguin;
10. Fiordo Guillardi; 11. Isla Guarello; 12. Fiordo Worseley; 13. Puerto
Natales; 14. Cerro Castillo; 15. Rio Pingo; 16. Lago Pehoe; 17. Laguna Azul;
18. Brazo Sur, Lago Argentino; 19. Glaciar Moreno; 20. Lago Roca; 21.
Estancia Bon Accord; 22. Rio Fitzroy; 23. Lago San Martin.

Sitios de colecta de coledpteros en los canales chilenos (1985 y 1986) y en la Patagonia
Argentina (1982). El area sombreada corresponde al area ocupada por el Hielo
Patagbnico Sur. 1.Glaciar Bernardo; 2. Glaciar Témpano; 3. Glaciar Bruggen; 4. Puerto
Edén; 5. Bahia Elizabeth; 6. Fiordo Exmouth; 7. Fiordo Falcon; 8. Fiordo Ringdove;
9. Fiordo Penguin; 10. Fiordo Guillardi; 11.Isla Guarello; 12. Fiordo Worseley;
13. Puerto Natales; 14. Cerro Castillo; 15. Rio Pingo; 16. Lago Pehoe; 17. Laguna Azul;

18. Brazo Sur, Lago Argentino; 19. Glaciar Moreno; 20. Lago Roca; 21. Estancia Bon
Accord; 22. Rio Fitzroy; 23. Lago San Martin.
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with the lake region to the north. Compa-
red to the fauna of the lake region,
however, that of the Channels is species
poor reflecting a harsher climate (Fig. 2A).
The pattern of species diversity for the
endemic ground beetle Ceroglossus, for
example, is typical. In the lake region
Ceroglossus is represented by four species
whereas in the Channels it is represented by
a single species. Most genera in the
Channels are represented by single species.

Collections of the existing fauna of the
Channels were made from various habitats
and various locations (Fig. 1) during field
studies in 1985 and 1986. A plot of the
distribution of species by the gross charac-
teristics of the vegetation illustrates that
the majority of species are adapted to
forest habitats (Fig. 2B). Several species,
however, are restricted to the barren and
sparsely vegetated zones adjacent to the
glaciers.

The Témpano Sur site

The Témpano Sur site at 48944’S
74902°W, was located by John Mercer in
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1968 (Fig. 3). At that time the site was
about 1 km east of the calving terminal of
the Glaciar Témpano (Mercer, 1970). Pre-
sently the site is about 1 km west of the
terminal.

The Témpano Sur section is located in a
linear, presently inactive, meltwater
channel on the south side of the Témpano
fiord about 1 km west of the present
margin of the ice (Fig. 3). Downstream
from the channel narrows to a gorge with
vertical bedrock walls 15 m high. The
accumulation of organic sediments in the
channel in the past probably resulted when
water. ponded behind a rock fall dam to
form a small lake. Spalling of large blocks
of the welljointed diorite from the walls of
the gorge into the channel is an active
process.

A vertical section was excavated from
the overgrown cutbank on the south side of
the channel on January 30, 1985. The
section consisted of interbedded sandy
peats and sands overlying a dark gray
(10YR 4/1) clay. The clay, probably repre-
senting lacustrine deposition of rock flour,
accumulated on a gravel with sub-rounded
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Fig. 24: Comparison of the numbers of beetle species in the Chilean lake region and

Chilean Channels faunas.

Comparacioén entre el nimero de especies de Coleoptera en la region de los lagos y los canales chilenos.

Fig. 2B: Distribution of beetle species in the Chilean Channels and southern Patagonia
(see Fig. 1) by physiognomic categories. White columns; total number of species. Black
columns: numbers of species restricted to the category.

Distribucion en categorias fisionémicas de Coleoptera en los canales chilenos y en la Patagonia argen-
tina. En blanco: nimero total de especies; en negro: niimero de especies correspondientes a las cate-

gorias fisiondmicas,
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Fig. 3: Location of the Témpano Sur site in the Chilean Channels and of
collection sites for existing beetle fauna (see also Fig. 1). 1. Glaciar Bernardo;
2. Témpano Norte; 3. Témpano Sur; 4. Bahia Elizabeth; 5. Puerto Eden; 6.

Glaciar Bruggen; 7. Fiordo Exmouth.

Ubicacién del sitio Témpano Sur en los canales y de los sitios de colecta de la fauna
actual de coledpteros (ver Fig. 1): 1. Glaciar Bernardo, 2. Témpano Norte; 3. Témpano
Sur; 4. Bahia Elizabeth; 5. Puerto Edén; 6. Glaciar Bruggen; 7. Fiordo Exmouth.

and sub-angular clasts of igneous and meta-
morphic lithologies. The lower peat chan-
ges from a dark brown (7.5YR 2/2) moss
peat with twigs and leaves at the base to a
black (5YR 2.5/YR) woody peat at the
top. Clay laminae and sand lenses occur
throughout the peat. Wood from the base
of the lower peat collected in 1968 was

dated at 11,100 £ 170 yr B.P. (I-3825)
and that collected in 1985 dated at
11,100+ 80 yr B.P. (Beta-12597). Wood
from the top of the lower peat had an age
of 10,130 + 140 yr B.P. (Beta 14496).

A column of sediment was collected for
pollen analysis through the lower peat and
the clay. Bulk samples of about 10 kg size
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were collected at each 12 cm interval from
adjoining parts of the section for fossil
beetle analysis.

METHODS

Preparation and identification
of fossil beetles

More than a thousand well-preserved disar-
ticulated skeletal parts of insects were
removed from the lower peat samples
employing a kerosene flotation technique.
The procedures followed those described
by Ashworth (1979). The fossils were
mounted on micropaleontological slides
and are stored in the Quaternary Entomo-
logy Laboratory at North Dakota State
University. The skeletal fragments are mos-
tly the elytra, pronota, and heads of
Coleoptera (beetles) (Fig. 4). However,
cephalothoraces of oribatid mites, head
capsules of chironomid midges, and puparia
of flies were also recorded. The fossils were
identified by comparing them directly to
identified specimens of extant species. Re-
ference specimens were difficult to locate
because few collections have been made in
the remote Channels. Charles Darwin’s spe-
cimens in the British Museum of Natural
History, Philip Darlington’s specimens in
the Museum of Comparative Zoology, Har-
vard University, and Guillermo Kuschel’s
specimens in the New Zealand Arthropod
Collection were especially useful for identi-
fication purposes. Some of the fossils repre-
sent undescribed species (Fig. 5) and some
may be new discoveries. The species which
could be identified are listed in Table 1.

Preparation of polien samples

Samples were taken volumetrically (1.8 ml
vol) and treated according to standard
techniques with hydrofluoric acid to remo-
ve silicates, and with acetolysis mixture to
reduce organic matter (Faegri and Iversen
1975). Fern spore tablets were added to
the samples as tracers before treatment to
calculate pollen concentration per volume
of sample. In view of several noticeable
changes in sediment composition in the
analyzed section, ranging from silty clays

to sand to different peat types, and only
two bracketing radiocarbon dates, a cons-
tant sedimentation rate cannot be assumed
for the interval in question. Indeed, the
values of total pollen concentration of the
analyzed samples differ substantially for
the different sediment types from less than
10,000 pollen/1.8 ml volumen in the clays
to 80,000 grains/1.8 ml volume in the
Sphagnum peat to over 300,000 pollen/1.8
ml volume in the moss peat (Fig. 6). Such
differences cannot represent changes in
pollen production alone, but more likely
reflect different sediment deposition or
growth rates. Therefore, calculation of
pollen influx did not seem warranted.

Except for the lowermost level (74 cm
depth) that yielded a low pollen count, all
other levels had excellent pollen preserva-
tion and yielded statistically significant
pollen counts. Pollen taxa are given in
percent of total pollen, based on the sum
of all arboreal and non-arboreal compo-
nents. The arboreal component in the
assemblages is represented by Nothofagus
betuloides, Pilgerodendron, Myrtaceae, and
traces of Drimys, Pseudopanax, and Griseli-
nia. The non-arboreal component is repre-
sented by Dacrydium, Empetrum, Grami-
neae, Cyperaceae, Compositae (Tubuliflo-
rae, Liguliflorae, and Mutisieae), and herba-
ceous taxa: Astelia, Gunnera, Ranuncula-
ceae, Umbelliferae, Caryophyllaceae, Acae-
na, Plantago, etc. Taxa excluded from the
pollen sum and calculated out-of-the sum,
are fern spores (Polypodium, Hymeno-
phyllum), moss spores (Sphagnum), club-
moss spores (Lycopodium magellanicum),
and pollen of water plants (Potamogeton,
Ruppia), and algae (Pediastrum).

RESULTS

Paleoenvironmental interpretation
based on beetles

The habitats of the beetle species are listed
in Table 1. Both aquatic and terrestrial
species are represented in the Témpano Sur
fossil assemblage. Several types of water
beetles inhabited the bog in which the peat
formed. Predaceous species were repre-
sented by the dytiscids Liodessus delfini,
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Fig. 4: Scanning electron micrographs of selected beetle fossils from the
Témpano Sur site. 1. Left Elytron of Apion fuegianum; 2. Head of Baryopsis
brevipennis; 3. Pronotum of Baryopsis brevipennis, 4. Elytra of Neocamiarus
sp-; 5. Sternites of Neocamiarus sp.; 6. Head of Cryptorhynchinae sp. indet.;
7. Pronotum of Cryptorhynchinae sp. indet.; 8. Setae on the pronotum of
Crypthorhynchinae sp. indet.; 9. Pronotum of Listroderes rugipennis; 10.
Elytra of Listroderes sp. A; 11. Elytra of Listroderes lugens, 12. Right of
elytron of Ceroglossus suturalis.

Microfotografias de algunas especies de coledpteros fosiles de Témpano Sur. 1. Elitro
izquierdo de Apion fuegianum; 2. Cabeza de Baryopsis brevipennis; 3. Pronoto de
Baryopsis brevipennis, 4. Elitros de Neocamiarus sp. 5. Esternitos de Neocamiarus sp. 6.
Cabeza de Cryptorhynchinae sp. indet.; 7. Pronoto de Cryptorhynchinae sp. indet.; 8.
Setas del pronoto de Cryptorhynchinge sp. indet.; 9. Pronoto de Listroderes rugipennis,
10. Elitros de Listroderes sp.; 11. Elitros de Listroderes lugens; 12. Elitro derecho de
Ceroglossus suturalis.
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Fig. 5: Cascellius sp. A, an undescribed species
from the Chilean Channels. (A) Drawing of a
modem specimen of the species discovered inP.J.
Darlington’s notes at the Museum of Comparative
Zoology, Harvard University. (B) Scanning elec-
tron micrographs of fossil parts from the lower
peat at the Témpano Sur section.

Especie no descrita de Cascellius de los Canales. (A)
Dibujo de un ejemplar moderno encontrado en las notas
de P.J. Darlington en el Museo de Zooologia Comparativa
de la Universidad de Harvard. (B) Microfotografia de las
partes fdsiles encontradas en la turba basal de Témpano

Sur.
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Fig. 6: Pollen diagram of the Témpano Sur section. Lowest sample (74 cm) yielded a statistically low

polien count.

Diagrama polinico de Témpano Sur. La muestra basal (74 cm de profundidad) no tenfa suficiente polen para calculos

estadisticos.
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Stratigraphic distribution of Coleoptera species in the Témpano Sur Section. Skeletal parts:
H=head(s); P=pronotum(a); LE=left elytron(a); RE=right elytron(a). Habitat:
=woodland; M=moorland; A=aquatic; P=pioneer; U=undefined.
Distribuci6n estratigrafica de Coleoptera en la seccion Témpano Sur. Partes esqueietarias:
H=cabeza(s), P=pronoto(a); LE=élitro(a) izquierdo; RE=litro(a) derecho. Hibitat

TABLE 1

W=bosque abierto; M=turbera; A=acuitico; P=pionero; U=no definido.
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Coleoptera
taxa

Skeletal

Parts

P LE

RE

Stratigraphic distribution
Peat

Habitat

CARABIDAE

Ceroglossus suturalis (Fab.)
Cascellius aenoniger Waterh.
Cascellius hyadesi Fairm.
Cascellius sp. A

Bembidiomorphum convexum Champ.

Trechisibus sp.
Agonum sp.
DYTISCIDAE
Lancetes sp.
Rhantus signatus (Fab.)
Liodessus delfini (Regimb.)
HYDROPHILIDAE
Enochrus fulvipes (Sol.)

LEIODIDAE
Neocamiarus sp.

SCYDMAENIDAE
Euconnus sp.

STAPHYLINIDAE

Baryopsis brevipennis
Fairm. and Germ.
Paederinae sp. indet
Philonthini sp. indet
Aleocharinae spp. indet

PSELAPHIDAE
Spp. indet

BYRRHIDAE
Sp. indet

MELANDRYIDAE
Orchesia sp.

CURCULIONIDAE

Dasydema sp.
Listroderes lugens Germ.
Listroderes rugipennis Blanch.
Listroderes sp. A.
Listroderes sp. B.
Rhopalomerus

tenuirostris Blanch.
Aegorhinus vitulus (Fab.)
Apion fuegianum Enderl.
Cryptorhynchinae sp. indet
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Rhantus signatus, and Lancetes sp. Present-
ly these species occur in a range of shallow
aquatic habitats from vegetation-free to
moss-choked pools. The most abundant
water beetle in the fossil assemblage, the
hydrophilid Enochrus fulvipes, inhabits the
submerged mosses on the margins of
shallow pools. The ground beetle Agonum
sp. also represented by numerous fossils, is
a very hydrophilous species restricted in its
occurence to water-saturated moss on the
margins of shallow pools.

The terrestrial species provide informa-
tion about the nature of the environment
that bordered the bog between 11,000 to
10,000 yr B.P. Several of these species are
obligate woodland inhabitants. The large
(25 mm long), flightless, predaceous
ground beetle Ceroglossus suturalis lives
primarily in woodland habitats. Of 93
specimens collected during the study of the
existing fauna only two did not come from
forested habitats. The broscine carabids of
the genus Cascellius, represented by three
species in the Témpano Sur assemblage, are
also obligate forest inhabitants. The staphy-
linid, Baryopsis brevipennis was not collec-
ted in the study of the modern fauna but
on Isla Chiloé it is restricted to the moist
leaf litter of dense rain forest. The paede-
rine staphylinids and pselaphids, both re-
presented by abundant fossils, are abundant
in the leaf litter and moss of Nothofagus
betuloides forests.

Several of the species represented as
fossils are planticolous. The melandryid
Orchesia probably inhabits vegetation for
the cover it provides. Several weevils feed
directly on the rain forest vegetation. Some,
such as the weevil Rhopalomeris tenuiros-
tris, appear to feed on several plants while
others, such as Apion fuegianum and Aego-
rhinus vitulus feed exclusively on Nothofa-
gus. Some of the species represented by
fossils are inhabitants of open environ-
ments. These species have stratigraphically
restricted distributions in the Témpano Sur
section. Very few specimens were retrieved
from the basal clay but one of them, the
small ground beetle Trechisibus sp., occurs
on sparsely vegetated outwash plains and
moraines adjacent to meltwater streams.
Weevils of the genus Listroderes typically

occur in non-woodland habitats. Fossils of
the Listroderes in the Témpano Sur section
are concentrated in the basal peat layer
(48-60 cm) and in the uppermost peat layer
(0-12 cm). In the modern faunal survey
Listoderes lugens was collected in grasses in
an area of Berberis shrubs. A single speci-
men, however was collected on the fern
Blechnum magellanicum in a patch of
dense forest on Isla Guarello. Specimens of
Listroderes rugipennis, fossils of which
occur only in the basal peat layer, were
collected only on the sparsely vegetated
moraines adjacent to glacier margins. Lis-
troderes sp. A was not collected during the
modern faunal survey but G. Kuschel
collected specimens of this species in moor-
land ground mats and litter between
600-800 m elevation on Isla Wellington and
on Mount Jervis across the bay from Puerto
Eden. A single specimen of the undescribed
cryptorhynchine weevil was also collected
by Kuschel in litter at 850 m, near the limit
of vegetation growth on the mountains at
Puerto Eden.

The environment indicated by the fossil
beetle assemblages is that an initially spar-
sely vegetated environment was rapidly
colonized by trees. For most of the interval
betweel 11,000 to 10,000 yr B.P. the site
consisted of a bog surrounded by a Notho-
fagus betuloides woodland. The truncation
of the peat by sand deposition implies a
significant environmental change. The
appearance of moorland species in the
uppermost peat layer further implies that
this depositional change was accompanied
by harsher climatic conditions that were
not supportive of woodland growth.

Paleoenvironmental interpretation
based on pollen

Judging from the succession of algae, wa-
terplants, mosses, and ferns between
11,000 and 10,000 yr B.P. it seems likely
that the local environment represents a
hydrosere, i.e. a succession from a small
pond to a peat bog. The lowermost samples
(64 c¢cm, 57 cm and 49 cm) contain taxa
representative of open water (Potamo-
geton, Pediastrum), as well as Sphagnum,
growing probably along the pond’s margin.
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Assemblages in the overlying levels (36 cm
and 26 cm) contain much less Potamoge-
ton, but instead cushion bog plants (Aste-
lia) and herbaceous, wetland plants (Ra-
nunculaceae), indicating that a bog had
developed. The uppermost levels (18 cm
and 10 cm) with initially high percentages
of fern spores, followed by increases in
Pilgerodendron and Dacrydium suggest that
at that stage the bog surface has become
sufficiently dry to allow trees and shrubs to
grow.

An enigmatic aspect in the oldest sam-
ples from Témpano Sur concerns the abun-
dance of Ruppia pollen. Ruppia today
grows in brackish to marine environments,
although Moore (1983) reports Ruppia
filifolia also from one freshwater lake in
Tierra del Fuego. Rupia pollen neither
transports well, nor preserves well in sedi-
ments, thus should represent a local source.
The absence of marine or brackish diatoms
from these samples and presence of fresh-
water plants and algae (Potamogeton, Pe-
diastrum) does not suggest a marine envi-
ronment,

In interpreting the pollen assemblages in
terms of regional vegetation, the samples
older than 11,000 yr B.P. from silty clay
material (74 cm and 64 cm) suggest a
treeless pioneer vegetation, based on the
dominance of Empetrum, Gramineae,
Cyperaceae, herbaceous taxa, Lycopodium
magellanicum and Gunnera, and less than
30% of Nothofagus betuloides (Fig. 6).

Between 11,000 and 10,000 yr B.P.,
Nothofagus betuloides percentages in-
creases to 50% and 70%, suggesting that
trees were locally present and dominant,
especially in the two lowermost levels (58
cm and 49 cm). This is supported by the
abundance of Misodendrum pollen. Miso-
dendrum, a mistletoe on Nothofagus is
known to disperse only locally (Markgraf et
al. 1981) and thus can be used as an
indicator for the local growth of trees.
Because of relatively low levels of other,
non-arboreal taxa in these lower levels and
continuing high levels of Gunnera, it seems
likely that the high amounts of Nothofagus
betuloides represent the next stage of
colonization. As with Nothofagus dombeyi,
Nothofagus betuloides is known to prefe-

rentially colonize disturbed terrain (Veblen
et al. 1977), once the climate is suitable.

In the following levels (from 36 cm
upwards), Misodendrum disappears, other
tree taxa (Griselinia, Drimys, Maytenus,
Aristotelia) appear and non-arboreal and
shrub pollen reach relatively higher levels.
This suggests that the typical modern No-
thofagus betuloides woodland had become
established locally. The high levels of Aste-
lia, and Myrtaceae (probably Mpyrteola)
indicate that Magellanic Moorland commu-
nities expanded as well, resulting in an
environment, similar in type to the modern
mosaic of rainforest and moorland.

In summary, the pollen data imply that
following initial deglaciation prior to
11,000 yr B.P. a pioneer vegetation colo-
nized the site to be replaced shortly after
by a mosaic of Nothofagus betuloides
woodland and moorland vegetation similar
to the modemn vegetation. This suggests
that climate between 11,000 and 10,000 yr
B.P. must have been similar to today, both
in terms of temperature and precipitation.
Part of the pollen and spore assemblage
changes during this 1000 year long interval
represent a succession of the local environ-
ment, ranging from a pond, to a highly wet,
to an ultimately well drained bog, where
shrubs and tress could grow.

DISCUSSION

The details of the local environment of the
site provided by the fossil beetle analysis
complements the interpretation of the ve-
getation over a larger area provided by the
pollen analysis. The results of both analyses
are in agreement that between 11,000 to
10,000 yr B.P. the site was the location of
a well developed mosaic of Nothofagus
woodland and moorland.

Woodland stands, in the harsh climate of
the Chilean Channels, develop only in the
most favorable locations and due to the
slow growth of the tree species require
several hundreds of years to develop. The
development of woodland stands in ice-
marginal positions such as that of the
Témpano Sur site depends on environ-
mental stability that is controlled by advan-
ces and retreats of the glacier margin (Fig.
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7). Advances and retreats of the glacier
margin during the recent centuries have
destabilized the environment with the re-
sult that extensive woodlands are not pre-
sent at the site. The border of more
continuous woodland is about 1 km to the
west. The vegetation of the site is presently
a cushion plant moorland with Dacrydium
fonckii and occasional, stunted trees of
Pilgerodendron wvifera. Nothofagus betu-
loides grows as isolated specimens in the
vicinity of the site but only in the shelter
of the bedrock channels. The woodland
stands that were present at the site between
11,000 to 10,000 yr B.P. implies an envi-

ronmental stability that could only have
resulted if the glacier margin was at least as
far to the east of the site as it is presently.

In summary, the lithology and paleonto-
logy of the Témpano Sur sections suggests
the following series of events.

1. Retreat of the glaciar in the Témpano
Fiord shortly before 11,000 yr B.P. to a
position near the present margin or fur-
ther to the east. The gravel in the base of
the Témpano Sur section was deposited
at this time.

2. Ponding of meltwater and the deposition
of clay in a small lake. The margins at

€ .~ 110,000 - 11,000 yr BP.

2 pre 11,000 yr BP.

glacier barren ground

D sparse vegetation

[E forest bog-marsh

Fig. 7: Generalized relationship of glacier margin to different habitats pre-11,000 yr B.P. (A), 11,000 to
10,000 yr B.P. (B), and post-10,000 yr B.P. (C), as inferred from beetle and pollen analyses of Témpano

Sur section.

Diagramas paleocambientales de Témpano Sur interpretados segiin el andlisis de coledpteros y polen fosil. (A) Anterior a
11.000 afios A.P. (B) Entre 11.000 y 10.000 afios A.P. (C) Posterior a 10.000 afios A.P.



LATEGLACIAL CLIMATE OF SOUTHERN CHILE 73

this time were sparsely vegetated (Fig.
7A).

3. Rapid development of woodland stands
in a mosaic with moorland cushion bogs,
as the environment stabilized (Fig. 7B).

4. After 10,000 yr B.P. the glacier advan-
ced causing reactivation of the meltwater
channel and deposition of sand (Fig.
70).

CONCLUSION

The objective of our study was to test the
proposition that the summer climate of
southern South America was significantly
colder (59 to 89C) and wetter between
11,000 to 10,000 yr B.P. than it is presen-
tly. Such a paleoclimate, proposed origi-
nally for the Chilean lake district, would
have been expected to have caused even
more severe environmental changes in the
higher latitudes, especially manifested by
glacial advances. Glaciar Témpano would
have advanced to a position west of the
Témpano Sur site, and if the site itself was
not under ice, the biota preserved in the
peats would have been that of barren or
sparsely vegetated terrain.

The geological and paleontological evi-
dence from the Témpano Sur section does
not support such a scenario. The climate
that supported a mosaic of Nothofagus
woodland and Magellanic Moorland
communities at Témpano Sur between
11,000 and 10,000 yr B.P. could not have
been any more severe than that of the
present day.
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