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Abstract

Palynological records from eight sites located in the eastern plains of Argentina, from the humid Pampa in the
east to the xerophytic woodland—dry Pampa ecotone in the west, allow a regional reconstruction of the vegetation of
Late glacial-Holocene transition. Fossil pollen records were interpreted in terms of palacoenvironmental information
using the modern pollen—vegetation—climate relationship as an analogue. Although an exact analogue does not exist
today, Late glacial vegetation consisted mostly of psammophytic steppe in large areas of the central and south-
western Pampa grassland which, in the south west, is associated with a shrub steppe, suggesting subhumid-dry to
semi-arid climatic conditions. The replacement of dry steppe by humid grassland and the rapid evolution of pond
environments during the early Holocene (starting during the Late glacial-Holocene transition) suggests a shift towards
subhumid to humid climate conditions. The Late glacial-Holocene transition is indicated in the pollen records by
repeated abrupt changes in the proportions and concentrations of some taxa, such as Brassicaceae, Asteraceae and
Carduus-type. In the modern vegetation they represent species of common occurrence in human-induced disturbance
habitats, suggesting an environment that was subject to frequent natural disturbance such as rapid and repeated
flooding episodes that inundated the depressions along the valley floodplains, caused by unusual rainfall events. Some
species of Carduus may have been native and not introduced by the Europeans, suggesting that Late glacial vegetation
of the Pampa grasslands may account for the abundance of ruderal species. Of special interest is the presence of
Myrtaceae in some pollen assemblages between 11,000 and 9000 yr B.P. At present, Myrtaceae are not part of the
natural vegetation in the Pampa grassland. Their presence in the fossil pollen records may be interpreted as local
deposition instead of extra-regional origin. Myrtaceae formed part of the psammophytic steppe, and after Late
glacial-Holocene transition they disappeared from the regional flora, perhaps due to the climatic change that occurred
at the beginning of the Holocene. It is the most significant cause of extending the area of some Pampa grassland taxa,
but it may have reduced the area for others. Of the Late glacial vegetation, at least Myrtaceae were probably not
able to adapt to the new habitats and hence disappeared from the regional flora at the Pleistocene—Holocene transition.
Although other plants may have disappeared as well, these cannot be identified because pollen from these plants
cannot be differentiated morphologically. During the Late glacial-Holocene transition, communities with no modern
counterparts probably formed and disappeared. © 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

The Pampa grasslands are the most extensive
area covered by grasses in Argentina. The entire
region has been the scene of the development of a
vast livestock industry and of a rapid increase in
arable agriculture, especially during this century
(Soriano, 1991). The distribution of grasslands
was modified by human activities, and the grass-
lands were invaded by ruderal taxa and other non-
native grasses. Human activities have also modified
the land surface as a result of the extension of
agriculture in marginal areas, although some relicts
of pristine vegetation are preserved (Ledn, 1991).
In addition to that, flood, drought and fire induced
floristic changes in the Pampa grasslands (e.g.
Insausti and Soriano, 1987; Chaneton, et al., 1988;
Chaneton and Facelli, 1991). During the Late
Quaternary the vegetation underwent several
changes related to palaeoclimatic variations and
sea level changes (e.g. Prieto, 1989, 1996;
Quattrocchio et al., 1995). Taking into account
that the Pampa grasslands are one of the largest
humid temperate grassland regions in the world,
and given the sensitivity of grassland to climatic
change and episodic weather events (Parton et al.,
1994), it is important to know the environmental
response of this area to Late glacial-Holocene
transition climatic change as a possible indicator
of the future sensitivity of the Pampa grasslands
to human-induced global climate change. The Late
glacial-Holocene transition in South America was
a time of marked climate variability, characterised
by repeated climate oscillations that included the
maximum warmth (Holocene Hypsithermal condi-
tions) (Clapperton, 1993) and the controversial
Younger Dryas period (see Markgraf, 1991, 1993;
Heusser, 1993). At about this time, the earliest
palaeoindians appeared in the Pampa grassland
(Flegenheimer and Zarate, 1993) and numerous
families of autochthonous and holoarctic verte-
brates became extinct (Cione and Tonni, 1995). In
this article, several dated pollen records from the
Pampa grasslands were analysed for the Late gla-
cial-Holocene transition and interpreted in terms
of palaeoenvironmental information using the
modern pollen—vegetation—climate relationship as
an analogue. The purpose of these analyses was:

(1) to consider how the climatic variability during
the Late glacial-Holocene transition may have
affected the Pampa grasslands; and (2) to elucidate
possible vegetation responses to future climate
change.

2. Geographical features of Pampa grasslands
2.1. Stratigraphy and age

The late Pleistocene and Holocene periods are
represented in the Pampa grasslands by the
‘Lujanense’ and ‘Platense’ stratigraphic units
(Fidalgo et al., 1975 and references cited therein).
The names ‘Lujanense’ and ‘Platense’ have been
used for several types of sediment (Fidalgo, 1992).
The ‘Lujanense’ consists of fluvial or lacustrine—
fluvial facies (Fidalgo et al., 1973; Tonni and
Fidalgo, 1978; Dangavs and Blasi, 1995) and aeo-
lian facies (sandy loess to loessial sands) (Zarate
and Blasi, 1991) with extinct fossil megafauna
(Cione and Tonni, 1995). The ‘Platense’ corres-
ponds in continental areas to a fluvio-lacustrine
and paludal facies in morphological depressions
and eolian facies (e.g. Dangavs and Blasi, 1995;
Zarate et al., 1995) with vertebrate remains of
extant fauna only and of some species only recently
extinct, such as Dusicyon avus (Cione and Tonni,
1995).

According to Fidalgo et al. (1973) and Fidalgo
(1992), the ‘Lujanense’ is equivalent to the
Guerrero Member of the Lujan Formation, the
‘Platense fluvial’ is equivalent to the Rio Salado
Member of the Lujan Formation and the eolian
facies of both units correspond to the ‘La Postrera’
Formation.

Deposition of the ‘Lujanense’ began prior to
ca. 29,000 yr B.P. and ceased some time between
10,000 and 11,000 yr B.P., and that of the
‘Platense’ ranges between ca. 11,000 and 3000 yr
B.P. (Carbonari et al., 1992; Bonadonna et al.,
1995; Prieto et al., 1998). A relatively well-devel-
oped soil is formed on top of the ‘Lujanense’
(Suelo Puesto Callejon Viejo; Fidalgo et al., 1973).
The uppermost part of the A Horizon of this soil
has been dated at 9000 +70 yr B.P. at La Horqueta
II, Rio Quequén Grande (Zarate et al., 1995).
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Table 1
Pampa grassland vegetation units

Frenguelli (1940) Cabrera (1968)

Ledn (1991)

Bailey (1989)

Humid Pampa Central Zone Oriental District

Occidental District

Dry Pampa Peripheral Zone Southern District
Xerophytic Monte puntano— Caldén District
woodland pampeano

rolling pampa; inland pampa
(flat Pampa); major part of
the flooding pampa

inland pampa (west pampa)
southern pampa and western
part of the flooding pampa
Espinal

subtropical prairies (humid
steppe and wooded steppes);
humid temperate domain
steppes and shrub of moderate
continental climate; dry domain

dry steppes, open woodland
and shrub of continental climate

All radiocarbon dates given in this paper are
in *C yr B.P. on bulk sediment samples.

2.2. Climate and vegetation

Pampa grasslands include humid temperate
prairies (humid Pampa) and dry steppes of moder-
ate continental climate (dry Pampa). Climate in
this region is classified as southern temperate.
Temperatures are lowest in July-August and high-
est in January—February. The Pampa grasslands
are influenced by the South Atlantic quasi-station-
ary high pressure, with prevailing light tropical
humid north-eastern winds. Intermittent polar
front irruption from the south modifies this
pattern. Due to the prevailing circulation, most of
the humidity comes from the N and the NE.
Therefore, when the westerly flow reaches latitudes
to the north of their mean position, lower than
normal rains can be expected over the Pampa
grasslands and conversely, when it is south of its
mean position, prefrontal and frontal rains are
more abundant (Castafieda and Barros, 1997). As
a result, the annual total rainfall increases towards
the east from ca. 400 mm in the SW to 1000 mm
in the NE. In addition, precipitation also becomes
seasonal with two well-defined rainy seasons,
spring and fall (Burgos, 1968). The ratio of annual
rainfall to potential evapotranspiration ranges
from 1 to 1.3 in the humid Pampa, 0.8 to 1 in the
dry Pampa, and 0.5 to 0.8 in the xerophytic
woodland—grassland ecotone, revealing an increase
in aridity from east to west across the Pampa
grasslands. The transition from the maritime

winter rains in the NE to the subtropical continen-
tal summer rains in the W (Prohaska, 1976) is
reflected in the change in natural vegetation
between the humid and the dry Pampas.
Frenguelli (1940), Cabrera (1968) and Leo6n
(1991) have described the major regional Pampa
grassland plant formations (Table 1, Fig. 1). The
humid Pampa is characterised in the north-eastern
part by a well-integrated drainage provided by a
distinct network of fluvial valleys, whereas the
eastern part is characterised by a poor drainage
due to the negligible slope of the plain in this area.
These topographical characteristics result in
extensive and lengthy flooding during periods of
abundant precipitation. Vegetation is dominated
by grass species (Bothriochloa laguroides, Stipa
neesiana, Piptochaetium montevidense, Aristida
murina and Stipa papposa). Shrubs and suffrutices
(several genera of Asteraceae) are poorly repre-
sented, although in some places they are dominant.
Pond, swamp and floodplain communities are fre-
quent, with wet-ground and aquatic plants such
as Schoenoplectus californicus, Typha domingensis
and T. latifolia, Zizaniopsis bonariensis and
Spartina spp. Common broad-leaved herbs include
species of the genera Alternanthera, Vicia and
Eryngium.  Halophytic =~ communities  with
Chenopodiaceae (Salicornia, Cressa, Atriplex), and
Poaceae (Spartina and Distichlis) are important in
this part of the pampas. Some of the more common
introduced weeds in these grasslands are Carduus
acanthoides, Cirsium vulgare, Cynara cardunculus,
Carthamus lanatus and several species of
Centaurea. The humid Pampa is characterised by
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Fig. 1. Location of pollen fossil sites and surface pollen sites in relation to vegetation and physical features in Pampa grasslands.

a mean precipitation of 900 mm/yr and average
temperatures of 22°C in January (summer) and
9°C in July (winter) and annual water excess
between 50 and 200 mm.

The dry Pampa includes two units, the inland
pampa and the southern pampa (Fig.1). The
former is located to the NW of the Pampa grass-
land and also in a continuous narrow belt which
penetrates into the region of xerophytic woodland
(Leén and Anderson, 1983). It lacks a fluvial
network and is characterised by fixed sand dunes.
The dominant grasses are Sorghastrum pellitum,
Elyonurus muticus and various species of Stipa.
The most important edaphic communities are
those developed on dunes (psammophytic steppe)
with predominance of Panicum urvilleanum, Poa
ligularis and Hyalis argentea. Species of Baccharis
and other shrubby members of the Asteraceae are
frequent. Halophytic communities appear in flat,

low-lying areas and along the margins of ponds.
The southern pampa constitutes the southernmost
unit. It includes the only two low-altitude moun-
tain systems of the Pampa grassland, the Tandilia
and Ventania ranges, as well as their piedmonts
and the coastal plain. The fluvial network is well
defined. Stipa and Piptochaetium are the dominant
steppe grasses. The dominant species in the range
areas are the grass Paspalum quadrifarium and
several species of Eryngium. Colletia paradoxa and
Dodonaea viscosa represent the shrubby edaphic
community. In the Tandilia range this community
is accompanied by Eupatorium buniifolium and
Baccharis tandiliensis and in the Ventania range
by Discaria longispina associated with various
endemic grasses.

Introduced weeds in the dry Pampa, such as
Centaurea solstitialis, Cynodon hirsutus, Kochia
scoparia, Diplotaxis tenuifolia, Carduus nutans and
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Salsola  kali, often dominate in several
communities.

The dry Pampa is delimited by the isohyets of
700-800 mm in the east and 500—-600 mm in the
west. One characteristic property of this region is
that it belongs during some years to the humid
eastern part, and during others to the dry western
part (Krepper et al., 1987). In the southern pampa
the average temperature is between 21°C (summer)
and 7°C (winter), with incipient water deficit. The
climate in the inland pampa is drier than in the
rest of the dry Pampa. Temperatures are higher
than in the southern Pampa in summer (23°C) as
well as in winter (8°C), causing an increase in
water deficit.

The boundary of the Pampa grasslands is deter-
mined by its contact with xerophytic woodland
vegetation, the ‘Espinal’, which is characterised by
the dominant trees Prosopis flexuosa and P. calde-
nia. In the west and southwest, the xerophytic
shrubs form a broad ecotone with the dry Pampa.
Prosopidastrum globosum, Condalia microphylla
and Discaria longispina make up the thorn shrub
communities, together with few Prosopis caldenia
and P. flexuosa. These taxa coexist with a psammo-
phytic steppe with thorn shrub communities and
herbaceous and shrub halophytic steppe taxa near
the Atlantic coast. Part of this woodland has been
destroyed by clearing at the beginning of the 20th
century. Annual precipitation is <500 mm with
water deficit >300 mm. The annual temperature
is between 20 and 7°C.

Based on the climatic classification proposed by
Burgos and Vidal (1951), the humid Pampa can
be classified as humid—subhumid (C,) with incipi-
ent water excess, the dry Pampa as subhumid-dry
(C,) with incipient water deficit, and the xerophytic
woodland—grassland ecotone as semi-arid (D).

3. Palynology laboratory methods

Pollen samples from the Empalme Querandies,
Cerro La China and La Horqueta II profiles and
modern surfaces were treated following standard
pre-treatment methods (Gray, 1965; Faegri and
Iversen, 1989). Samples from Naposta Grande and
Sauce Grande were processed by Grill (1993)

and Borromei (1995), respectively in the
Universidad Nacional del Sur (Bahia Blanca),
following the technique used by Heusser and
Stock (1984).

Xerophytic woodland pollen includes Schinus,
Ephedra, Prosopidastrum  globosum, Prosopis,
Acacia, Celtis, Zygophyllaceae, Rhamnaceae,
Cactaceae and Oleaceae. Wet-ground and aquatic
pollen includes Cyperaceae, Typha, Myriophyllum,
Potamogeton, Alismataceae, Juncaginaceae and
Iridaceae. Carduus-type includes the species and
subspecies of Carduus and a Silybum marianum.

Myrtaceae pollen from La Horqueta II profile
were identified as FEugenia uruguayensis-type
(Plate I) by comparison with the reference pollen
collection at the Palacoecology and Palynology
Laboratory at the Universidad Nacional de Mar
del Plata and published keys (Acevedo and
Anzoétegui, 1998).

Pollen clumps (or aggregates) have been defined
according to Davis and Buchmann (1994) as cohe-
sive masses of two or more pollen grains of the
same type. A few clumps were found which consist
of two or three pollen types. Each pollen clump
was taken as a unit and the percentage was calcu-
lated as follows:

(pollen clumps)% =X clump i/total i x 100
clump i=number of clumps of taxon i
total =X grains of taxon i+ clumps i.

Each type of fossil pollen was photographed under
LM at x 1000 (Plates I and II).

4. Modern pollen data

A suite of 65 modern pollen rain samples was
used in the interpretation of fossil sequences of
the Pampa grassland (Fig. 1). Summary statistics
for modern pollen values of the representative
taxa, Poaceae, Chenopodiineae, wet-ground and
aquatic  plants, Brassicaceae, Asteroideae,
Carduus-type, Cichorioideae and xerophytic wood-
land plants, found in the samples were assigned to
one of the following broad units: humid Pampa,
dry Pampa (southern and inland pampa) and
xerophytic woodland-grassland ecotone (Fig. 2,
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PLATE 1

PLATE 1. Light micrographs of fossil Myrtaceae pollen identified at La Horqueta II (Figs. 1 and 5). The bar-line represents 10 um.
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PLATE II

PLATE II. Light micrographs of fossil pollen. a—c, Carduus-type; d, clump of Carduus-type; f, g, details of clump of Brassicaceae; e,
clump of Brassicaceae. The bar-line represents 10 pm in all micrographs except e, where it represents 50 pm.
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Fig. 2. Boxplot (SYSTAT Inc., 1992) of modern pollen percentages for selected taxa of humid Pampa, dry Pampa and xerophytic
woodland-grassland ecotone (Fig. 1). The box encloses the middle half of the data between the first and third quartiles. The symbols
are at the value of the median. The bisecting line is at the value of the mean. The vertical line extending from top to bottom of the
box indicates the range of typical data values. Outliers are displayed as “* for outside values and “*’ for far outside values.

Table 1). Regional pollen spectra reflect in general
the vegetation and climate gradient.

(1) Humid Pampa: pollen spectra of this unit
are characterised by high percentages of Poaceae
(mean 50%), wet-ground aquatic plants (mean
15%), and  Chenopodiineae,  Asteroideae,
Brassicaceae and Cichorioideae <8%. Carduus-
type and xerophytic woodland appear as traces.

(2) Dry Pampa is represented by two different
units:

(a) southern pampa, characterised by high per-
centages of Poaceae (mean 40%) and by values
<13% of Asteroideae, Cichorioideae,
Brassicaceae, Chenopodiineae and wet-ground
and aquatic plants. Carduus and xerophytic
woodland taxa appear as traces;

(b) inland pampa: Poaceae (mean 36%),
Chenopodiineae (mean 29%) and Asteroideae
(mean 12%). Wet-ground and aquatic <10%,
Brassicaceae 7% and Carduus-type <3%.

Cichorioideae and xerophytic woodland appear
as traces.

(3) Xerophytic woodland-grassland ecotone
is characterised by high percentages of
Chenopodiineae (mean 28%), Brassicaceae (mean
26%), Poaceae (mean 20%), Asteroideae (mean
15%) and xerophytic woodland plants (mean 9%).
Wet-ground and aquatic, Carduus-type and
Cichorioideae appear as traces. From an ecological
point of view this unit can be considered as a
broad ecotone between the dry Pampa and xero-
phytic woodland, with a semi-arid and cooler
climate.

Prieto (1992, 1996) provides additional data
showing the distribution of the taxa from a related
Pampa grassland surface pollen study.

All species included in Carduus-type are intro-
duced weeds and some genera of Brassicaceae,
Asteroideae, Chenopodiaceae and Cichoriodeae
represented in the modern vegetation arable weeds
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and ruderal species. All of them are common in
human-induced disturbance habitats in many parts
of the Pampa grasslands. Due to the inability to
identify these taxa to the species level, it is impos-
sible to separate natural from introduced species.
Brassicaceae and Asteraceae are found in high
percentages and concentrations in several fossil
pollen samples included in this study and, just like
the Carduus-type, they appear prior to the
European settlement (16th century) and the
advance of agriculture. For this reason, these taxa
have been included in the modern pollen data set,
to be compared with fossil pollen in order to
provide some insight into the character of the
vegetation on the Pampa grassland in the Late
glacial-Holocene transition.

The mean values of Brassicaceae vary from 6%
in the humid Pampa to 9% in the dry Pampa and
rise to 26% in the xerophytic woodland—grassland
ecotone, suggesting the importance of semi-arid
conditions as a factor in the increase of this type
of pollen. In contrast, the relatively high percent-
ages indicated as outliers (Fig.2) are related to
disturbed sites or dunes. When Cakile maritima is
dominant in the plant communities of dunes of
the Mar Chiquita lagoon, it is represented by 45%
of Brassicaceae in the modern pollen samples
(Stutz, 1996). Brassicaceae tend to be over-repre-
sented locally because of their self-pollination
(autogamy).

The mean values (expressed in percentages) of
Chenopodiineae and Asteroideae pollen are
inversely related to precipitation from humid
Pampa to xerophytic woodland—grassland ecotone
(Fig. 2). Chenopodiineae are dominant in low-
lying areas in the inland pampa and halophytic
communities where soils are salty, such as in both
the humid Pampa and the xerophytic woodland-
grassland ecotone. By contrast, both the mean and
the median of Poaceae are directly related to the
increase in precipitation (Fig. 2).

5. Fossil pollen records
For comparative palacovegetation analysis,

eight pollen sequences are available: (1) Sauce
Grande and Naposta Grande (Profiles 1 and 2)

located in the xerophytic woodland—southern
pampa ecotone; (2) La Horqueta IT and Cerro La
China situated in the dry Pampa; and (3) Empalme
Querandies (Profiles 1, 2 and 3) located in the
western edge of the humid Pampa (Fig. 1). Pollen
data of the Empalme Querandies sequences are
from Prieto (1989) and those of Cerro La China
from Prieto and Paez (1989). The Naposta Grande
sequences are from percentage tables (Grill, 1993).
Data from Sauce Grande (Borromei, 1995) were
digitised from figures. The previously unpublished
pollen records from Empalme Querandies and La
Horqueta II are shown in detail (Figs. 5, 6, 8-10);
for the other, previously published diagrams, only
the major taxa are reproduced in synthesis dia-
grams (Figs. 3, 4, 7). Data from the upper part of
‘Lujanense’ (Late glacial) and the lower part of
‘Platense’ (early Holocene) were taken into account
and are presented in the form of frequency dia-
grams and total concentration in grains/gram.
With the exception of the Cerro La China profile
that comes from a loess sequence in the Tandilia
range, the rest are alluvial records along the fluvial
valleys with similar stratigraphic sequences. It
should be made clear that in a paper published
recently, Tonni et al. (1999) have mistakenly
claimed that the sedimentary section assigned by
Borromei (1995) to the Late Pleistocene
(‘Lujanense’) and included in this paper is in fact
late Ensenadan (“‘younger than 0.6 Ma but older
than about 0.5 Ma”, p. 270). The above mentioned
authors have mistaken this profile located on
Terrace II of Rio Sauce Grande for the section
located 300 m downstream in Terrace I, of
Ensenadan age (Quattrocchio and Borromei,
1998).

5.1. Sauce Grande (38° 29’ S; 61° 47" W; 100 m)

The ‘Lujanense’ unit is characterised by 22%
Chenopodiineae, 17% Brassicaceae, 16% Poaceae,
6.5% Asteraceac and low percentages of wet-
ground and aquatic plants (Fig.3). The
Brassicaceae pollen percentage shows three peaks
with 65%, 43% and 41%. Pollen from woodland
xerophytic plants < 15%. Myrtaceae pollen ranges
from 2 to 28%. Pollen clumps of Brassicaceae,
Asteraceae and Chenopodiineae were observed
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Fig. 3. Fossil pollen diagram at Sauce Grande (Fig. 1) including stratigraphic units. Total pollen sum includes all pollen taxa. Modified

from Borromei (1995). Dotted zone =sterile. Dashed zone = gap.

(Grill, personal communication, 1996). These
pollen spectra are similar to the inland pampa and
the xerophytic woodland—grassland ecotone.

The base of the ‘Platense’ interval is character-
ised by high percentages of Poaceae (60%), 25%
Asteraceae and 10% wet-ground and aquatic taxa.
Pollen from woodland xerophytic plants is < 1%.
These pollen assemblages resemble the modern
humid Pampa.

5.2. Naposta Grande

Profile 1 (38° 21’ S; 62° 20" W; 180 m) (Fig. 4).
Pollen assemblages from the ‘Lujanense’ unit are

dominated by 26% Chenopodiineae, 17%
Asteraceae, 12% Brassicaceae, 11% Poaceae.
Pollen from woodland xerophytic plants is < 10%.
Pollen from wet-ground and aquatic plants is
<5%. Myrtaceae pollen ranges from 3 to 30%.
Pollen concentration ranges from 80 to
150 grains/g.

Profile 2 (38° 32" S; 62° 03’ W; 87 m) (Fig. 4).
Pollen assemblages from the ‘Lujanense’ unit
are dominated by 43% Brassicaceae, 25%
Chenopodiineae, 10% Asteraceae, 4% Poaceae.
Pollen from woodland xerophytic plants is < 3%.
Pollen from wet-ground and aquatic plants is
<10%. Myrtaceae pollen ranges from 0 to 8%.
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Fig. 4. Fossil pollen diagrams at Naposta Grande, Profiles 1 and 2 (Fig. 1) including stratigraphic units and total pollen concentration
(grains/gram). Total pollen sum includes all pollen taxa. Modified from Grill (1993). Dashed zone in Profile 2 =gap.

Pollen concentration ranges from 280 to
500 grains/g.

These pollen assemblages resemble the modern
inland pampa with less Poaceae and more shrubs.

In both profiles, pollen clumps of Brassicaceae,
Asteraceae and Chenopodiineae were observed
(Grill, personal communication, 1996). Pollen
samples from the lower ‘Platense’ unit are sterile.
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Fig. 6. Fossil pollen diagram at La Horqueta II for Brassicaceae in percentage and concentration.

5.3. La Horqueta Il (38° 18" S; 58° 49'W, 40 m)

In the ‘Lujanense’ interval, only one sample
from fluvial facies and one of the eolian facies
contain pollen (Figs.5 and 6). The former is
dominated by 56% Brassicaceae (16% are clumps)
and 32% Asteroideae. Myrtaceae and the other
pollen types appear as traces. Pollen concentration
is 2100 grains/g. The latter is dominated by 62%
Brassicaceae (14% are clumps), 20% Asteroideae
(11% are clumps), 11% Carduus-type (8% are
clumps, Plate IT) and 6% Cichorioideae (6% are
clumps) and pollen concentration is 670 grains/g.
This sample is younger than 19,840+310 yr B.P
and was obtained from a nearby sediment section
that is interdigitated with the fluvial facies (Zarate
et al., 1995). The pollen assemblage does not have
a modern analogue.

The samples corresponding to the ‘Platense’
interval span  between 10,2704+ 70 and
9070+ 140 yr B.P. The pollen assemblages are
dominated by 62% Brassicaceae (between 1 and
17% are clumps, Plate IT), 13% Poaceae and 11%
Asteroideae, accompanied by Carduus-type
(Plate IT1), Ambrosia/Xanthium, Cichorioideae and
Chenopodiineae. Pollen from pond plants include
Cyperaceae, Myriophyllum, Typha and colonies of
the freshwater algae Pediastrum. Pollen from dune
vegetation include Calycera, Daucus and Phacelia.
Myrtaceae (Eugenia uruguayensis-type, PlateI)
pollen ranges from 0 to 27% (8% are clumps).
Total pollen concentrations range between 80 and
3700 grains/g. This pollen assemblage does not
have a modern analogue. Excluding the
Brassicaceae pollen, the assemblage resembles
pond vegetation in interdune areas.
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5.4. Cerro La China Profile 2 (37° 57" S; 58° 37
Ww; 150 m)

The pollen profile between 10,610 and ca. 9000 yr
B.P. is dominated by a high proportion (up to 60%)
of wet-ground and aquatic pollen (Cyperaceae
only), 30% Poaceae and 12% Asteroideae (Fig. 7).
Cichorioideae, Chenopodiineae and Brassicaceae
pollen together are < 10%. Myrtaceae pollen range
from 1 to 20%. Total concentrations range from
6240 to 12,300 grains/g. These pollen assemblages
are similar to those of the humid Pampa.

5.5. Empalme Querandies (37° 00" S; 60° 07" W
180 m)

Three laterally connected alluvial sections along
the Tapalqué Creek were selected. These sections
represent the coexistence of different sedimentary
environments, reflecting a notable sedimentologic
facial variability across the former floodplain
during the late Quaternary. Profiles 1 and 2 repre-
sent the most extensive pollen sequence for the
‘Platense’ and ‘Lujanense’, respectively. An integ-
rated pollen diagram was published by Prieto
(1996).

Profile 1 (Fig. 8). The ‘Lujanense’ pollen assem-
blage is dominated by 42% Poaceae, 23%
Chenopodiineae, 11% Asteroideae. Brassicaceae

Cerro La China Profile 2

pollen is <1%, wet-ground and aquatic pollen
<5%. Calycera, Rubiaceae (Rubia and Relbunium
type), Malvaceae, Verbenacae (Glandularia type)
pollen are each < 5%. Xerophytic woodland pollen
is <1%. Total pollen concentration ranges from
10,500 to 2800 grains/g. The ‘Platense’ is character-
ised by 35% wet-ground and aquatic pollen (mainly
Cyperaceae), 33% Poaceae, 11% Chenopodiineae,
8%  Asteroideae and 5% Apiaceae and
Rannunculaceae. Total pollen concentration
ranges from 21,000 to 144,000 grains/g.

Profile 2 (Fig. 9). The ‘Lujanense’ unit is char-
acterised by 53% Poaceae, 17% Chenopodiineae,
10% Asteroideae, Brassicaceae <2% with the
exception of two samples with 73% (16% are
clumps) and 19%. Calycera, Rubiaceae, Malvaceae
and Papilionatae pollen are each <5%. Plant
communities of the interdunes (Alternanthera,
Triglochin striata and wet-ground and aquatic)
<5%. Xerophytic woodland <1%. Total pollen
concentration is variable, ranging from 67 to
16,157 grains/g with a peak of 56,000 grains/g.
Pollen clumps of the Carduus-type and Asteroideae
were observed. Myrtaceae pollen is represented by
only a few grains. The base of the ‘Platense’ unit
is represented by one sample dated 9490-10,750 yr
B.P. It is characterised by 84% Asteroideae, 9%
Chichoriodeae and 5% Brassicaceae. Poaceae,
Chenopdiineae and wet-ground and aquatic taxa
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Fig. 7. Fossil pollen diagram at Cerro La China, Profile 2 (Fig. 1) including radiocarbon-dated horizon (yr B.P.) and total pollen
concentration (grains/gram). Long-distance excluded for the pollen sum. Redrawn from Prieto and Paez (1989). Estimated age ca.

9000 yr B.P. from Zarate and Blasi (1991).
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Empalme Querandies Profile 3
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Fig. 10. Fossil pollen diagram at Empalme Querandies, Profile 3 (Fig. 1) including total pollen concentration (grains/gram) and
stratigraphic units. Total pollen sum includes all pollen taxa. Dotted zone =sterile.

occur in traces. Total pollen concentration is
137 grains/g.

Profile 3 (Fig. 10). The ‘Lujanense’ unit is repre-
sented by only one sample. It is dominated by
80% Brassicaceae, 6% Asteroideae and 5%
Cichorioideae. Poaceae, wet-ground and aquatic
and Caryophyllaceae occur in traces. Total pollen
concentration is 480 grains/g. Pollen clumps of
Brassicaceae were observed. This sample is situated
at the same stratigraphic level as the one sampled
at 205.5 cm in Profile 2. The base of the ‘Platense’
unit is characterised by 49% Poaceae, 22% wet-
ground and aquatic, 15% Asteroideae and 7%
Chenopodiineae. The other types appear as traces.
Total pollen concentration ranges from 460 to
1150 grains/g.

The ‘Lujanense’ pollen assemblages resemble
the modern inland pampa assemblages. The closest
modern analogue to the ‘Platense’ pollen assem-
blage is the humid Pampa, in particular the eastern
part where extensive and lengthy floodings occur.

6. Palaeovegetation analysis and
palaeoenvironmental inferences

Late glacial pollen assemblages at Sauce Grande
and Naposta Grande share pollen characteristics
with the inland pampa and the xerophytic wood-
land—grassland ecotone units, suggesting that these
steppe environments may have been a mixture of
herbs and shrub species, where shrub communities

covered more extensive areas than they do today.
Quattrocchio et al. (1995) have interpreted these
pollen assemblages as halophytic and psammophy-
tic steppe with shrubby elements. However, the
pollen assemblages do not correspond to those of
the modern halophytic steppe, represented in the
modern assemblages by a predominance of
Chenopodiineae (50-80%) (Grill and Guerstein,
1995). To the contrary, Chenopodiineae in the
fossil records suggest the development of halo-
phytic communities in low-lying areas near the
edges of intermittent ponds, where soils are salty.
Late glacial pollen assemblages at Empalme
Querandies are related to the modern spectra from
the inland pampa, but with comparatively more
Poaceae. Pollen concentration is low in all the
profiles, suggesting a reduced vegetation cover.
Brassicaceae pollen is present in variable per-
centages in all the pollen fossil records in the
‘Lujanense’, with higher percentages in the SW
and SE sequences than in the central ones. A
similar tendency is seen for Chenopodiineae and
Asteraceae, while Poaceae values increase towards
the centre of the present Pampa grassland. The
present spectra show similar tendencies, suggesting
a progressive increase in arid conditions from the
centre to the SW. When Brassicaceae pollen
appears as peaks, forming clumps, they suggest a
local deposition related to some form of local
disturbance and/or communities dominated by
Brassicaceae. They are often associated with occur-
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rence of other ruderal plants such as Carduus-type,
Cichorioideae and Asteroideae.

Although these pollen records do not have an
exact analogue today, they show that large areas
of the central and south-western Pampa grassland
during the Late glacial were covered with a psam-
mophytic steppe, which in the southwest is associ-
ated with a shrubby steppe with thorn-shrub plant
communities, suggesting subhumid-dry to semi-
arid climatic conditions. This interpretation is
compatible with the palaeoecological inferences
from the late Pleistocene mammalian faunas
(Prado et al., 1997). The presence of vegetated
sandy areas could be an indication of dune stabili-
sation and could be interpreted as an indicator of
greater former aridity during the full glacial. This
stabilisation is in agreement with the soil develop-
ment at the end of the ‘Lujanense’ interval, related
to a period of floodplain stability (Zarate et al.,
1998).

The conditions of the Late glacial-Holocene
transition are indicated in the pollen records by
abrupt changes of proportions of several taxa.
Some pollen changes are typically quantitative (the
same taxa, but changes in abundance), while others
show qualitative changes (the taxa change, some
disappear and are replaced by others).

The pollen record from Sauce Grande indicates
that a humid grassland replaced the psammophy-
tic—shrubby steppe at the beginning of the
Holocene, while the xerophytic woodland plants
decreased notably. At Empalme Querandies and
Cerro La China a humid grassland started to
develop during the Late glacial-Holocene trans-
ition. In Empalme Querandies the transition is
related to a pond and floodplain vegetation, and
in Cerro La China to environments with locally
more effective moisture. A sudden replacement of
Brassicaceae by Asteroideae in Empalque
Querandies (Profile 2, Fig.8) suggests a local
disturbance in the interfluvial environment, simul-
taneous with the development of ponds in the
fluvial area (Profiles 1 and 3, Figs. 7 and 9). These
habitat variations are induced by different topo-
graphic positions. The beginning of the evolution
of ponds in the NE of Pampa grasslands has been
dated as 11,160-11,060 yr B.P. Nowadays, the
humid Pampa is subject to periodic occurrence of

floods of varying size and magnitude. In rainy
years, several connected or isolated shallow ponds
form rapidly. Due to the low relief, the reduced
slope and the lack of an integrated drainage
system, these temporary ponds merge with perma-
nent ones, creating extensive inundated areas

The pollen assemblages of La Horqueta II
suggest the development of small shallow ponds
in interdune areas during the Late glacial-
Holocene transition. This is in agreement with the
diatom, ostracod and sedimentologic analyses
which indicate 1 to 3 m deep shallow freshwater
ponds (Zarate et al., 1998). The variable percent-
ages of Brassicaceae pollen clumps and the abrupt
changes in percentage and concentration values
(Fig. 6) suggest a local pollen deposition, and a
habitat exposed to severe and rapid disturbances,
respectively. A physical disturbance such as the
rapid and repeated flooding episodes that inun-
dated the depressions along the valley floodplain
(Zarate et al., 1998), caused by unusual rainfall
events, could strongly affect the plants, favouring
grasses and inhibiting dicotyledonous taxa
(Insausti and Soriano, 1987). At present the flood-
ings are a consistent driving force of the humid
Pampa (Chaneton et al., 1988), and extreme infre-
quent floods may act as a disturbance at the
community level (Chaneton and Facelli, 1991).

Both the pollen and sedimentary analyses sup-
port the argument of a rapid evolution of these
pond environments in most of the Pampa grassland
at the beginning of the Holocene, suggesting a
shift towards subhumid to humid climate condi-
tions. Some studies of mammal remains disagree
with this interpretation, while others support it.
Tonni (1990) and Tonni and Cione (1994), for
example, conclude that the early Holocene was a
dryer and cooler time than today, while Prado
et al. (1997) argue that between 12,000 and 8500 yr
B.P. the conditions were transitional from temper-
ate and semi-arid to more humid.

Brassicaceae are represented in the Pampa
grassland by about 50 species, of which 60% are
introduced weeds and the other 40% are native
species (Cabrera, 1968). Among the latter, many
are weeds or are common in disturbed sites. Native
as well as introduced taxa occur in dunes or sandy
soils (e.g. Diplotaxis muralis, Cakile maritima and
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Lepidium bonariense) or halomorphic soils. They
can often be dominant in several communities and
are remarkably encouraged by frequent distur-
bance (Facelli et al., 1988). Are Brassicaceae over-
represented in some fossil pollen samples due to a
differential preservation? The best indicators that
pollen assemblages have been altered by
differential pollen preservation are: (1) high fre-
quencies of deteriorated grains; (2) low total pollen
concentration; and (3) abundance of indeterminate
grains (Hall, 1981). In the fossil pollen records,
the only sample with deteriorated grains is found
at Empalme Querandies (Profile 2, 232.5cm
depth). It contains 77% of grains with evidence of
microbial decay and 7% of indeterminate grains.
However, in this sample Brassicaceae pollen does
not exceed 1%. To the contrary, when Brassicaceae
percentage and concentration values are high, there
is no evidence of differential preservation.
Conversely, during the early and middle Holocene,
Brassicaceae values are less than 5% in all the
Pampa grassland records and increase notably
during the late Holocene (Prieto, 1996). Because
this taxon depends on repeated disturbance for its
establishment, Brassicaceae populations could
likely decline quickly if the climate stabilises,
whereas they have the potential to become
extremely important as early colonisers as climate
changes (Bazzaz, 1998). Based on these findings,
it is possible to interpret the over-representation
of Brassicaceae as a rapid local deposition in a
natural disturbed environment where ruderals pre-
vail, instead of a record of differential pollen
preservation.

Of special interest in the fossil pollen assem-
blages is the presence of Myrtaceae. They are a
persistent component in the Sauce Grande and
Naposta Grande pollen assemblages before ca.
10,000 yr B.P. and in the Cerro La China and La
Horqueta II pollen assemblages between 11,000
and 9000 yr B.P. At present, Myrtaceae are not
part of the natural vegetation in the Pampa grass-
lands and only one native species (Psidium luridun)
was found once in the Tandilia range (38° S)
(Cabrera, 1968). Taking into account that: (1)
they occur in clumps in the La Horqueta II pollen
record (PlateI); (2) they are found in relatively
high percentages in all the fossil pollen records;

and (3) only small amounts of pollen are dispersed
within short distances of tree/shrub populations
due to their bee-pollination dominated system (Nic
Lughadha and Proenca, 1996), their presence may
be interpreted as local deposition and may indicate
local occurrence of taxa instead of extra-regional
origin as suggested by Prieto and Paez (1989),
Grill (1993) and Borromei (1995). In the fossil
pollen records Myrtaceae are associated with
psammophytic steppes, with interdune plant com-
munities and with humid grassland in hill areas.
It can thus be inferred that Myrtaceae probably
formed part of these communities during the Late
glacial-Holocene transition, growing as erect or
creeping xerophyllous shrubs able to tolerate both
deflation and accumulation of sand as they do
now on the crests or flanks of fixed or vegetated
dunes (Rambo, 1956). The fixation of the sand,
soil development and the invasion of non-psammo-
phytic species due to the climatic change that
occurred during the Late glacial-Holocene trans-
ition probably caused the destruction of the psam-
mophytic communities. Soil development may
have resulted in a change in pH and the invasive
species may have affected the community through
competitive interactions with the psammophytic
plants. As a consequence of the development of
new habitats, Myrtaceae and other plants were
probably not able to acclimatise and were
eliminated.

7. Conclusions

Pollen analysis indicates vegetational response
to environmental change. Some taxa such as
Brassicaceae, Asteraceae and Carduus-type that
represent, in the modern vegetation, arable weeds
and ruderal species of common occurrence in
human-induced disturbance habitats in many parts
of the Pampa grassland, are found in high percent-
ages and concentrations in several pollen samples
during the Late glacial-Holocene transition. They
had already evolved in habitats subject to natural
disturbance, suggesting that Late glacial vegetation
of Pampa grasslands may account for the abun-
dance of ruderal species, and there exists the
possibility that some species of Carduus may have
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been native and not just introduced by the
Europeans. Climatic change at the beginning of
the Holocene is the most significant cause of
extending the area of some Pampa grassland taxa,
but it may have reduced the area for others. Of
the Late glacial vegetation, at least Myrtaceae were
probably not able to adapt to the new habitats
and hence disappeared from the regional flora at
the Pleistocene—Holocene transition. Although
other plants may have disappeared as well, these
cannot be identified because pollen from these
plants cannot be differentiated morphologically.
During the Late glacial-Holocene transition, com-
munities with no modern counterparts probably
formed and disappeared.

The replacement of dry steppes by different
humid grassland environments and the rapid evo-
lution of pond environments beginning at the Late
glacial-Holocene transition suggests a shift
towards subhumid to humid climate conditions.
The palaeoclimatic inferences indicate that the
major change is in precipitation, probably in terms
of seasonality, suggesting a westward displacement
of the isohyets. During the present century, a
displacement of the isohyets westward by ca.
200 km in the Pampa grassland occurred. This
positive trend in precipitation has been explained
as a consequence of the poleward displacement of
the Atlantic Subtropical high pressure by 6° in
latitude, due to the decrease in mean meridional
temperature gradient and in particular to the
warming of the high latitudes (Castafieda, 1995;
Barros et al., 1996). A similar situation at the
beginning of the Holocene can thus be suggested.

Acknowledgements

This research has been funded through grants
from the Universidad Nacional de Mar del Plata
(E039/97 and Exa 136/98) and CONICET (PEI
0211/97). The field work in La Horqueta II was
made possible through funds granted by
Universidad Nacional de Mar del Plata (Exa
EO65/97). My special thanks go to V. Markgraf
for her useful comments. I sincerely appreciate
discussions with: J. Gardiol, M. Quattrocchio, M.
Zarate, M.L. Lorscheitter, R.J.C. Ledén and A.

Rotman; the technical help of M. Tomas who
drafted the map, and D. Rodbell for reviewing the
English manuscript. I thank H. Hooghiemstra and
O. Davis for their suggestions on an earlier version
of this manuscript.

References

Acevedo, T.L., Anzotegui, L.M., 1998. Myrtaceae. In: Pire,
S.M., Anzoétegui, L.M., Cuadrado, G.M. (Eds.), Flora poli-
nica del Nordeste Argentino Vol. 1. Editorial Universitaria
de la Universidad del Nordeste, Corrientes, pp. 67-80.

Bailey, R.G., 1989. Ecoregions of the Continents. Environmen-
tal Conservation Vol. 16 (4) suppl.. US Department of Agri-
culture Forest Service, Washington, DC.

Barros, V., Castaieda, M.E., Doyle, M., 1996. Recent precipita-
tion trends in Southern South America to the east of the
Andes: an indication of a mode of climatic variability.
Greenhouse gas emissions under developing countries point
of view, in: Proc. Latin-American Workshop on Green-
house Gas Emission of Energy Sector and their Impacts,
Rio de Janeiro, 41-76.

Bazzaz, F.A., 1998. Plants in Changing Environments. Cam-
bridge University Press, Cambridge. 320 pp.

Bonadonna, F.P., Leone, G., Zancheta, G., 1995. Composicion
isotopica de los fosiles de gasterépodos continentales de la
Provincia de Buenos Aires. Indicadores paleoclimaticos. In:
Alberti, M.T., Leone, G., Tonni, E.P. (Eds.), Evolucién bio-
logica y climatica de la region pampeana durante los ultimos
cinco millones de afios. Un ensayo de correlacion con el
mediterraneo occidental, Monografias. Museo Nacional de
Ciencias Naturales, Madrid, pp. 77-104.

Borromei, A.M., 1995. Palinologia, estratigrafia y paleoam-
bientes del Pleistoceno tardio-Holoceno en el valle del rio
Sauce Grande, Provincia de Buenos Aires, Argentina. Polen
7, 19-31.

Burgos, J.J., 1968. El clima de la Provincia de Buenos Aires en
relacion con la vegetacion y el suelo. In: Cabrera, A.L. (Ed.),
Flora de la Provincia de Buenos Aires. Coleccion Cientifica
Parte 1. INTA, Buenos Aires, pp. 33-99.

Burgos, J.J., Vidal, A.L., 1951. Los climas de la Republica
Argentina segun la nueva clasificacion de Thornwaite. Mete-
oros 1, 1-32.

Cabrera, A.L., 1968. Vegetacion de la Provincia de Buenos
Aires. In: Cabrera, A.L. (Ed.), Flora de la Provincia de
Buenos Aires. Coleccion Cientifica Parte 1. INTA, Buenos
Aires, pp. 101-123.

Carbonari, E.J., Huarte, R.A., Figini, A.J., 1992. Miembro
Guerrero, Formacion Lujan (Pleistoceno, Pcia de Buenos
Aires) edades *C. 3rd J. Geol. Bonaeren., 245-247.

Castaneda, E., 1995. La influencia de algunos aspectos de la
circulacion sobre Argentina, en la climatologia de la precipi-
tacion. Doctoral Thesis, Universidad Nacional de Buenos
Aires (unpublished).



A.R. Prieto | Palacogeography, Palaeoclimatology, Palaeoecology 157 (2000) 167188 187

Castafieda, E., Barros, V., 1997. OLR and precipitation fields
in relation to the maximum wind latitude over Argentina.
In: 5th Int. Conf. on Southern Hemisphere Meteorology
and Oceanography, Pretoria, 65-67.

Chaneton, E.J., Facelli, J.M., 1991. Disturbance effects on plant
community diversity: spatial scales and dominance hierar-
chies. Vegetatio 93, 143-155.

Chaneton, E.J., Facelli, JM., Ledn, R.J.C., 1988. Floristic
changes induced by flooding on grazed and ungrazed low-
land grasslands in Argentina. J. Range Manag. 41 (6),
495-499.

Cione, A.L., Tonni, E.P., 1995. Bioestratigrafia y cronologia
del Cenozoico superior de la region Pampeana. In: Alberti,
M.T., Leone, G., Tonni, E.P. (Eds.), Evolucion biologica y
climatica de la regién pampeana durante los tltimos cinco
millones de afios. Un ensayo de correlacion con el mediterra-
neo occidental, in: Monografias. Museo Nacional de Cien-
cias Naturales, Madrid, pp. 49-74.

Clapperton, C.M., 1993. Quaternary Geology and Geomor-
phology of South America. Elsevier, Amsterdam. 779 pp.

Dangavs, N.V., Blasi, A.M., 1995. El ‘Lujanense’ y ‘Platense’
(sensu Ameghino) en el Rio Lujan, Provincia de Buenos
Aires. 4th J. Geol. Geofis. Bonaerens. (1), 109-117.

Davis, O.K., Buchmann, S.L., 1994. Insect sources of pollen
clumps in archaeological sites in Southwestern USA:
ground-nesting bees and mites. AASP Contrib. Ser. 29,
63-73.

Facelli, J.M., Montero, C.M., Ledén, R.J.C., 1988. Effect of
different disturbance regimen on seminatural grasslands
from the subhumid Pampa. Flora 180, 241-249.

Faegri, K., Iversen, J., 1989. . In: Faegri, K., Kaland, P.E.,
Krzywinski, K. (Eds.), Textbook of Pollen Analysis, fourth
ed., Wiley, New York.

Flegenheimer, N., Zarate, M., 1993. The archaeological record
in Pampean loess deposits. Quat. Int. 17, 95-100.

Fidalgo, F., 1992. Provincia de Buenos Aires Continental. In:
Iriondo, M. (Ed.), Holoceno. CADINQUA, Buenos
Aires, pp. 23-38.

Fidalgo, F., De Francesco, O., Colado, U., 1973. Geologia
superficial en las hojas Castelli, J.M. Cobos y Monasterio
(Provincia de Buenos Aires). Sth Congr. Geol. Arg. 4,
27-39.

Fidalgo, F., De Francesco, F.O., Pascual, R., 1975. Geologia
superficial de la llanura bonaerense. In: Geologia de la Pro-
vincia de Buenos Aires, Relatorio. Bahia Blanca, Buenos
Aires, pp. 103-138.

Frenguelli, J., 1940. Rasgos principales de Fitogeografia Argen-
tina, Publicacion dicactica y de divulgacion cientifica del
Museo de La Plata., 119 pp.

Gray, J., 1965. Techniques in palynology. In: Kummel, B.,
Raup, B. (Eds.), Handbook of Paleontological Techniques.
Freeman, San Francisco, pp. 471-481.

Grill, S., 1993. Estratigrafia y paleoambientes del Cuaternario
en base a palinomorfos, en la cuenca del Arroyo Naposta
Grande, Provincia de Buenos Aires. Doctoral Thesis, Uni-
versidad Nacional del Sur (Bahia Blanca) (unpublished).

Grill, S.C., Guerstein, G.R., 1995. Estudio palinolégico de sedi-

mentos superficiales en el estuario de Bahia Blanca, Buenos
Aires (Argentina). Polen 7, 40—49.

Hall, S.A., 1981. Deteriorated pollen grains and the interpreta-
tion of Quaternary pollen diagrams. Rev. Palacobot. Paly-
nol. 32, 193-206.

Heusser, C.J., 1993. Late-glacial of southern South America.
Quat. Sci. Rev. 12, 345-350.

Heusser, L.E., Stock, C.E., 1984. Preparation techniques for
concentrating pollen from marine sediments and other sedi-
ments with low pollen density. Palynology 8, 225-227.

Insausti, P., Soriano, A., 1987. Efecto del anegamiento prolon-
gado en un pastizal de la depresion del Salado (Provincia
de Buenos Aires—Argentina): dinamica del pastizal en con-
junto y de Ambrosia tenuifolia (Asteraceae). Darwin. 28,
1-4, 397-403.

Krepper, C.M., Scian, B.V., Pierini, J., 1987. Variabilidad de la
precipitacion en la region sudoccidental pampeana, in: II
Congreso Interamericano de Meteorologia y V Congreso
Argentino de Meteorologia 12.2.1-5, Buenos Aires.

Ledn, R.J.C., 1991. Setting and vegetation. In: Coupland, R.T.
(Ed.), Natural Grassland: Introduction and Western Hemi-
sphere. Elsevier, Amsterdam, pp. 371-378; 382-389.

Leon, R.J.C., Anderson, D.L., 1983. El limite occidental del
pastizal pampeano. Tuexenia 3, 67-82.

Markgraf, V., 1991. Younger Dryas in southern South Amer-
ica? Boreas 20, 63—-69.

Markgraf, V., 1993. Climatic history of Central and South
America since 18,000 yr B.P.: comparison of pollen records
and model simulations. In: Wright Jr., H.E., Kutzbach,
J.E.Webb III, T., Ruddiman, W.F., Street-Perrott, F.A.,
Bartlein, P.J. (Eds.), Global Climates Since the Last Glacial
Maximum. University of Minnesota Press, Minneapolis,
pp. 357-385.

Nic Lughadha, E., Proenga, C., 1996. A survey of the repro-
ductive biology of the Myrtoideae (Myrtaceae). Annal. Mis-
souri Bot. Garden 83, 480-503.

Parton, W.J., Ojima, D.S., Schimel, D.S., 1994. Environmental
change in grasslands: assessment using models. Climat.
Change 28, 111-141.

Prado, J.L., Azanza, B., Alberdi, M.T., 1997. El registro de los
mamiferos en el Pleistoceno superior-Holoceno de la region
pampeana y su relacion con los cambios climaticos. Ameghi-
niana 34 (4), 539.

Prieto, A.R., 1989. Palinologia de Empalme Querandies (Pro-
vincia de Buenos Aires): un modelo paleoambiental para el
Pleistoceno tardio-Holoceno. Doctoral Thesis, Universidad
Nacional de Mar del Plata, 207 (unpublished).

Prieto, A.R., 1992. Dispersion polinica actual en relacion con
la vegetacion en la Estepa Pampeana: primeros resultados
in: VII Simposio Argentino Paleobotanica y Palinologia,
Buenos Aires, in: Asociacion Paleontologica Argentina
Publicacion Especial 2, 91-95.

Prieto, A.R., 1996. Late Quaternary vegetational and climatic
changes in the Pampa grassland of Argentina. Quat. Res.
45, 73-88.

Prieto, A.R., Paez, M.M., 1989. Pollen analysis of discontinu-
ous stratigraphical sequences: Holocene at Cerro La China



188 A.R. Prieto | Palacogeography, Palaeoclimatology, Palaeoecology 157 (2000) 167188

locality (Buenos Aires, Argentina). Quat. South Am.
Antarct. Penin. 7, 219-236.

Prieto, A.R., Blasi, A., De Francesco, C.G., Fernandez, C.,
1998. Paleoambientes y cronologia desde el limite Luja-
nense—Platense en el rio Lujan (Provincia de Buenos Aires).
5th J. Geol. Geofis. Bonaerens. (2), 255-256.

Prohaska, F., 1976. The climate of Argentina, Paraguay and
Uruguay. In: Schwerdtfeger, W. (Ed.), Climates of Central
and South America. Elsevier, Amsterdam, pp. 13-112.

Quattrocchio, M.E., Borromei, A.M., 1998. Paleovegetational
and paleoclimatic changes during the Late Quaternary in
Southwestern Buenos Aires Province and Southern Tierra
del Fuego (Argentina). Palynology 22, 67-82.

Quattrocchio, M.E., Borromei, A.M., Grill, S., 1995. Cambios
vegetacionales y fluctuaciones paleoclimaticas durante el
Pleistoceno tardio-Holoceno en el sudoeste de la Provincia
de Buenos Aires, Argentina. 6th Congr. Arg. Paleontol.
Bioestratigr., 221-229.

Rambo, B., 1956. A Fisionomia do Rio Grande do Sul. Ensaio
de monografia natural. second ed., Livraria Selbach, Sel-
bach Cia, Porto Alegre. 471 pp.

Soriano, A., 1991. Rio de la Plata grasslands. Introduction. In:
Coupland, R.T. (Ed.), Natural Grassland: Introduction and
Western Hemisphere. Elsevier, Amsterdam, pp. 367-368.

Stutz, S.M., 1996. Evoluciéon comparada de las lagunas Mar
Chiquita y Los Hinojales (pcia de Buenos Aires): recon-
struccion de la historia de la vegetacion durante el Holo-

ceno. Informe final, Beca de Iniciacion CONICET, 42 pp.
(unpublished).

SYSTAT Inc., 1992. SYSTAT for Windows: Graphics, Version
5. SYSTAT Inc., Evanston, IL. 636 pp.

Tonni, E.P., 1990. Mamiferos del Holoceno en la Provincia de
Buenos Aires. Paula-Coutiana 4, 3-21.

Tonni, E.P., Cione, A.L., 1994. Los mamiferos y el clima en el
Pleistoceno y Holoceno de la Provincia de Buenos Aires.
J. Arqueol. Interdisc. Progr. Estud. Prehist.-CONICET.,
127-142.

Tonni, E.P., Fidalgo, F., 1978. Consideraciones sobre los cam-
bios climaticos durante el Pleistoceno tardio-Reciente en la
Provincia de Buenos Aires. Aspectos ecoldgicos y zoogeo-
graficos relacionados. Ameghiniana 15, 1/2, 235-253.

Tonni, E.P., Cione, A.L., Figini, A.J., 1999. Predominance of
arid climates indicated by mammals in the pampas of Argen-
tina during the Late Pleistocene and Holocene. Palaeo-
geogr., Palaeoclimatol., Palacoecol. 147, 257-281.

Zarate, M., Blasi, A., 1991. Late Pleistocene and Holocene loess
deposits of the southeastern Buenos Aires Province, Argen-
tina. GeolJ. 24 (2), 211-220.

Zarate, M., Espinosa, M., Ferrero, L., 1995. La Horqueta II,
rio Quequén Grande: ambientes sedimentarios de la transi-
cion Pleistoceno—Holoceno. 4th J. Geol. Geofis. Bonaerens.
(1), 195-204.

Zarate, M., Espinosa, M., Ferrero, L., 1998. Palaeoenviron-
mental implications of a Holocene diatomite, Pampa Inter-
serrana, Argentina. Quat. South Am. Antarct. Penin. 11,
135-152.



