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ABSTRACT 
 

At southernmost South America, grass, shrub and dwarf-shrub 

steppes are the most widely distributed plant communities on the 

Patagonian plateaus. Their distribution is mainly determined by the 

prevailing dry conditions (400–100 mm) which are consequence of the 

rain-shadow effect. The uplift of the westerly air masses over the western 

slopes of the Andes produces orographic precipitation leading to a 

maximum there, whereas the forced subsidence over the eastern side of 

the Andes produces very dry conditions in the Patagonian plateaus. Grass 

steppes dominated by Festuca sp. are distributed discontinuously to the 

west, in a latitudinal band between 51° - 52°S to the south and on 

plateaus over 700 masl. The shrub steppes with tall to medium shrubs 

such as Nardophyllum obtusifolium, Colliguaja integerrima, Berberis 

spp., Junellia tridens and dwarf-shrub steppes represented by cushion 
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plants such as Nassauvia, Ephedra frustillata and Azorella sp. are the 

most widespread plant communities at the Patagonian plateaus. Shrub 

and dwarf-shrub steppes are both physiognomically and floristically 

heterogeneous. The patchiness (heterogeneity) within these steppes is 

related to the rainfall spatial variation, the runoff redistribution and the 

edaphic diversity. On the other hand, southernmost South America 

steppes have been disturbed since the end of the 19
th

 century as a 

consequence of human activities (mainly sheep breeding) leading not 

only to a decrease in the species diversity but the introduction of exotic 

species such as Rumex acetosella, Taraxacum officinale and Plantago 

major. 

Modern pollen assemblages clearly reflect the steppe plant 

communities and their regional distribution according the increase of 

aridity to the east. Modern pollen-vegetation relationships from the 

southernmost South America steppes were established to be used as 

modern analogous in a long-term project which aims to understand the 

steppes dynamics particularly during the Holocene. From the pollen 

analysis of different sequences it can be seen that the modern steppes 

were established during the last millennium. Furthermore, pollen records 

clearly show that during the last century plant communities underwent 

important changes in response to intensive overgrazing. These changes 

are evident by over-representation of certain taxa (eg. Asteraceae subf. 

Cichorioideae, Rumex and Plantago). Grass steppes have been the most 

affected communities (due to the high quality pastures for sheep 

breeding) leading to severe changes in floristic composition, 

physiognomy and plant cover whereas in the shrub and dwarf-shrub 

communities these changes have not been so evident. 

 

 

INTRODUCTION 
 

In Southern South America the Patagonian Steppe is mainly set up by 

different grassland heath and shrub formations and occupies a vast area in the 

southern tip of the continent, between latitudes 39° and 55°S. Vegetation is 

characterized by the dominance of xerophytes which have evolved remarkable 

adaptations to cope with severe water deficit (León et al. 1998). These steppes 

cover nearly 600,000 km
2 

(Soriano 1983) of south of Argentina and are framed 

by the Andes to the west and the Atlantic coast to the east and south. In Santa 

Cruz province an extension of 200,000 km
2 

is covered by grasslands and 

shrublands. Vegetation heterogeneity at a regional level reflects the constraints 

imposed by the climatic, topographic, and edaphic features, whereas at meso and 
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local scales, heterogeneity is due to altitude, slope and exposure (Jobbágy et al. 

1996, Paruelo et al. 2004).  

Patagonian plateau vegetation has been broadly studied at the regional 

scale including the floristic compositon and the physiognomy characteristics 

(León et al. 1998, Roig 1998, Soriano 1956, 1983). At southernmost South 

America (46°-52°S) can be cited Boelcke et al. 1985, Movia et al. 1987, Pérez 

Moreau 1959, Pisano Valdés and Dimitri 1973, Tuhkanen 1992, among others. 

Relationship between environmental factors, vegetation structure and 

physiognomic types was analyzed by Paruelo et al. 2004. 

As rainfall decreases to less than 400 mm/yr the forest communities give 

rise to the steppe which dominates most of eastern Patagonia. There are 2400 

recorded vascular plant species belonging to 138 families in arid and semi-arid 

Patagonia (Correa 1998), almost all of which are angiosperms and close to 

30% of which are endemic species. The 59% of the endemism are distributed 

in the Extra-Andean region (Beeskow et al. 2005), and then the most of the 

Patagonian endemic taxa belong to the Patagonian Andean Domain. 

According to Cabrera (1976) this flora origin in mainly Neotropical, exception 

taxa belonging to Brassicaceae and Caryophyllaceae, of holarctic origin, and 

the genera Acaena, Azorella and Abrotanella of antarctic origin (Beeskow et 

al. 2005). Santa Cruz province and, particularly Lago Argentino sector were 

identified as areas of higher endemic diversity. Adesmia and Anarthrophyllum 

(Fabaceae), Xerodraba (Brassicaceae) and Benthamiella (Solanaceae), are 

exclusive genera of the South of South America.  

      The study of surface sediments samples taken from the different vegetation 

types of South of Patagonia reveals that the composition of modern pollen 

spectra is largely specific to the vegetation types. Modern pollen-vegetation-

climate relationships from the southernmost South America steppes were 

established to be used as modern analogous in a long-term project which aims 

to understand the steppes dynamics particularly during the Holocene. Analyses 

of fossil pollen from different deposits provide information regarding the 

establishment of the modern distribution patterns of the Patagonian steppes 

(Bamonte and Mancini 2009; de Porras 2010, de Porras et al. 2009, Mancini 

1998, 2002, 2007, 2009, Markgraf et al. 2003, Prieto et al. 1998, Tonello et al. 

2009, Wille et al. 2008, among others).  

In the present chapter we aim to show that modern pollen assemblages provide 

a good reflection of southernmost South America steppes leading to interpret 

fossil pollen records from different areas of the Patagonian plateau and to 

understand the steppe dynamics in the late Holocene and particularly, since the 

European settlement (19
th

 century).  
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2. ENVIRONMENTAL SETTING 
 

Two main landscape regions can be distinguished in southernmost South 

America: the Andean Patagonia and the Extra-Andean Patagonia which is 

further divided in the foot of the Andes and the Patagonian plateau. The 

Andean region is dominated by rugged mountain ranges, with cirque glaciers, 

longitudinal and transversal valleys occupied by lacustrine basins and stream 

network composed of the upper reaches of the allochtonous streams that 

discharge in the Atlantic Ocean and the Pacific slope streams. Furthermore, 

the Andean region at Santa Cruz province presents the southern ice sheet 

(‘‘Campo de Hielo Sur”) with large outlet glaciers, and countless, smaller 

mountain glaciers and snowfields. The Austral Extra-Andean occurs at the 

foot of the Andes and consists of various morainic hills, glaciofluvial and 

glaciolacustrine plains and terraces, sometimes associated with low ranges. 

The Patagonian plateau is characterized by a stepped tableland landscape 

ranging from 1000 to 100 m asl, with erosion scarps, rotational slumps, 

pediments and deflation hollows that presents a noted homogeneity with 

variations imposed by lithological and geomorphological characteristics. In 

northern and central Santa Cruz, hilly and volcanic landforms become an 

important element of the landscape (Coronato et al., 2008).  

 

 

Figure 1. Location of the study area (a, b), isohyets and isotherms (c). 

Southernmost South America (Patagonia, south of 40°S) climate is mainly 

influenced by the atmospheric circulation patterns given by its proximity to 

Antarctica, the differences between the ocean and land masses as well as the 

Andes cordillera presence. It is situated between the southern flank of the 

subtropical anticyclones (Atlantic and Pacific) and the subpolar low pressure 
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belt (60°S) but dominated by the permanent influence of the southern westerly 

winds. Following the Intertropical Convergence Zone (ITCZ) migration, the 

systems undergo seasonal shifts, migrating northwards in the austral winter 

and southwards in the austral summer. Consequently, the westerlies are 

stronger during the summer, peaking between 45° and 55°S but weaken in 

winter, particularly at ~50°S (Garreaud and Aceituno 2007; Garreaud et al. 

2009). 

The North-South distribution of the Andes cordillera represents a 

formidable obstacle for the low-level westerlies coming from the Pacific 

Ocean. The uplift of the westerly air masses over the western slopes of the 

Andes produces therefore the orographic precipitation leading to a maximum 

there (8000 m/ yr), whereas the forced subsidence over the eastern side of the 

Andes produces very dry conditions (< 200 mm) in the Patagonian plateau 

(Garreaud and Aceituno 2007; Garreaud et al. 2009; Moy et al. 2009). At the 

Patagonian plateau, precipitation is associated to frontal systems that tend to 

drift eastwards along rather narrow latitudinal bands known as “storm-tracks”. 

The climate of the Patagonian plateau is temperate semi-arid with autumn-

winter rainfalls that range from 180 mm in the eastern and central part to 400 

mm at the foot of the Andes. At the Andes cordillera, the gradient is steeper 

than in the Patagonian plateau recording annual precipitation values between 

400 and 800 mm. Isotherms show a northeast - southwest distribution with 

mean annual temperature values between 10º and 14ºC to the north, 8° and 

10C in the central plateaus and 6° and 8C to the southwest (Fig. 1c). The 

dryness of the Patagonian plateau is not only a consequence of the low annual 

precipitation but the combination of the high temperatures during the summer 

and the prevailing strong winds, which produces high evaporation rates 

resulting in strong summer water deficit (Paruelo et al. 2000).  

 

 

3. VEGETATION (46°-52° S) 
 

The vegetation distribution at southernmost South America is mainly 

related to the precipitation gradient but other factors such as the topography, 

slope orientation and edaphic characteristics play an important role 

determining the vegetation composition and distribution. According to Cabrera 

(1976) and Roig (1998), the phytogeographical divisions coincide with the 

landscape regions (Table 1). 
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Table 1. Landscape regions, phytogeographic provinces (after Cabrera 

1976) and physiognomic units at continental southernmost South 

America.  

 

Regions Phytogeographic Province Physiognomy 

Andean High-Andean forests 

Foot of the Andes Subantarctic grasslands 

Patagonian plateau Patagonian dwarf-shrub and shrub steppes 

 

Since the European settlement around the end of the 19
th
 century, exotic 

taxa (eg. Trifolium repens, Taraxacum officinalis, Rosa silicua, Matricaria 

inodora) have been introduced accidentally or incidentally to most of the 

southern South America plant communities. However, the human disturbance 

has been stronger in the Nothofagus forests and grass steppes since their high 

potential for breeding sheep. 

The Andean region vegetation is characterized by the Subantarctic forests 

of Nothofagus. To the west, between 1200 and 800 mm/yr, the evergreen N. 

betuloides forest develops whereas to the east (between 800 and 400 mm/yr) 

and limiting with the Festuca pallescens grass steppe, the deciduous N. 

pumilio and N. antarctica forest is present. Extensive areas of the deciduous 

forest have been largely disturbed by fires and sheep grazing since the 

European settlement around the beginning of the 20
th
 century.  

The grass steppe grows discontinuously to the west, along the Andes (Sub-

Andean District), in a latitudinal band between 51°-52°S to the south 

(Magellan District) and on some plateaus over 700 m asl (High plateau grass 

steppe) (Movia et al. 1987). High grass steppe is found where higher moisture 

conditions are due to topography, altitude, orientation and soil characteristics. 

Festuca pallescens predominates with increased presence of cushion plants. 

To the west, the grass steppe is dominated by Festuca pallescens 

accompanied by Carex andina, Poa ligularis, Cerastium arvense, Calceolaria 

lanceolata, Relbunium richardianum and Rumex acetosella whereas dwarf 

shrubs such as Senecio filaginoides, Nassauvia darwinii, Azorella caespitosa, 

Acaena pinnatifida and Colobanthus lycopodiodes become abundant above 

800 m asl (Boelcke et al. 1985, León et al. 1998, Roig 1998). This grass steppe 

also occurs in peatbog areas but integrated by Carex magellanica, C. 

canescens, Gunnera magellanica, Empetrum rubrum, Juncus sp., Triglochin 

sp., Ranunculus sp. and Acaena magellanica.  

To the south (51º-52°S), the grass steppe is dominated by Festuca 

gracillima and is divided in humid and xeric grass steppe by the 250-300 mm 
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isohyet (Boelcke et al. 1985; León et al. 1998, Oliva et al. 2001, Roig 1998). 

The humid grass steppe presents different physiognomy whether it is 

dominated by F. gracillima, Empetrum rubrum or Chiliotrichum difussum. 

Deschampsia flexuosa, Hierocloe pusilla, Poa rigidifolia, Senecio 

magellanicus, Primula magellanica, Ranunculus peduncularis, Geum 

magellanicum and Perezia recurvada are regularly accompanying the 

dominant species (León et al. 1998) whereas some thickets of Berberis 

buxifolia or Junellia tridens rarely interrupt the grass steppe homogeneity. To 

the southwest, the humid grass steppe is mixed with the deciduous forest 

(Boelcke et al., 1985) while to the north, with patches of Junellia tridens. The 

xeric grass steppe is dominated by F. gracillima accompanied by 

Nardophyllum bryoides and Nassauvia ulicina. In areas disturbed by sheep 

grazing, Nardophyllum fueguiana and Ephedra frustillata are common. To the 

east and west, the xeric grass steppe mixes with the humid grass steppe 

whereas to the north, with the shrubland of Junellia tridens.  

Even though Rumex acetosella is present at the road sides at the humid 

and the xeric grass steppe, it is not considered a component of the steppe but 

as a signal of human activities disturbance (Boelcke et al. 1985).  

The dwarf-shrub steppe, the most widely distributed vegetation unit in 

southernmost South America, is dominated by dwarf shrubs such as Nassauvia 

glomerulosa, N. ulicina and Ephedra frustillata, cushion plants (Azorella 

caespitosa, Acantholippia seriphioides), bunch grasses (Stipa speciosa, S. 

humilis, S. chrysophylla, S. ibari) and some isolated patches of shrubs 

(Junellia tridens, Berberis heterophylla, Nardophyllum obtusifolium). At a 

regional scale the dwarf-shrub steppe is generally considered a homogeneous 

unit although, it is quite heterogeneous at the meso and local scales and 

presents important differences in composition as a consequence of the 

complex geomorphologic features of the Patagonian plateau (Roig 1998). 

Furthermore, edaphic communities related to local conditions such as 

topography, slope orientation or soil characteristics are really common. For 

example, soils under frequent superficial runoff are dominated by Chuquiraga 

aurea whereas salty soils present halophytic communities (mainly integrated 

by Atriplex lampa). 

Similar to the dwarf-shrub steppes, the shrub steppes of Santa Cruz 

province are quite heterogeneous. 

To the west and close to the Subantartic forests, the shrublands are 

integrated by Maytenus magellanica, Embothrium coccineum, Ribes 

magellanicum, Pernettya mucronata, Empetrum rubrum and Escallonia rubra 

whereas Baccharis patagonica, Berberis heterophylla and Mulinum spinosum 
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grow in drier areas (Pisano Valdés and Dimitri 1973). In rocky places repaired 

the wind, with accumulation of organic matter and higher humidity Adesmia 

boronioides is found. 

At the Patagonian plateau, the shrub steppe distribution is primarily 

related to the availability of water which is actually controlled by 

unpredictable precipitation inputs, runoff redistribution and edaphic diversity 

and is clearly reflected by the vegetation differences between the plateaus and 

valley and ravines (“cañadones”). The most widespread shrub steppe is 

constituted by species of Junellia, Nardophyllum, Senecio and Berberis 

whereas on plains and plateaus a low shrub steppe with Nardophyllum 

obtusifolium and N. bryoides is found. A homogenous grass-shrub steppe with 

Senecio filaginoides, N. obtusifolium, Mulinum, Acaena platyacantha, 

Nassauvia darwinii, Perezia patagonica and Azorella sp. is in part interrupted 

by heathlands of J. tridens. To the north and northeast, a tall (1.5-2 m high) 

shrub steppe integrated by Anarthrophyllum rigidum, Berberis heterophylla, 

Lycium chilense, Junellia ligustrina, Prosopis denudans, Junellia tridens and 

Senecio filaginoides is present.  

Along the Atlantic coast and without any relationship to the west-east 

precipitation gradient, edaphic community with Lepidophyllum cuppresiforme 

and Chenopodiaceae (Atriplex sp.) dominate brackish soils.  

Given that the Patagonian steppe grass and shrub communities have been 

studied at different scales (eg. Baetti 2004, León et al. 1998, Roig 1998), the 

terminology applied to describe the vegetation units varies slightly. Thus, the 

terminology used in the main vegetation studies and in the present chapter is 

summarized in Table 2. Furthermore, the vegetation map (Fig. 2) is based on 

Baetti´s (2004) map and modified according to field work information and 

vegetation sampling carried out by the authors. 

 



 

Table 2. Comparison among physiognomic classifications of different authors and that followed in this chapter 

and their relationship to the topographic features. *Erial: steppe with low cover (50%) with dwarf shrub, cushion plants and 

grasses. (1) San Jorge Gulf District 

 
Phytogeografic 

units 

This chapter León et al., 1998 Roig, 1998 Baetti, 2004 Topography 

Subantarctic 

Province 

Sub-Andean 

District 

 

Magellan District 

 

grass steppe 

 

western 
 

High steppe 

 
 

Xeric steppe 

Humid steppe 

grass steppe 

 

of F. pallescens 
 

 

Magallan steppe of F. 
gracillima 

Xeric steppe 

Humid steppe 

grass steppe 

 

      of F. pallescens 
 

 

Magallan steppe of F. 
gracillima 

Xeric steppe 

Humid steppe 

grass steppe 

 

with F. pallescens, F. argentina 
and Stipa. 

F. pallescens with dwarf shrubs  

 
 

Xeric steppe 

Humid steppe 

 
Plateaus, depressions, terrace 

levels and valleys 

 
 

 
Fluvioglacial plains, plateaus and 

moraines 

 

Patagonian 

Province 

 

 

 

 

 

 

 

Central and 

Austral 
 Sub - district 

 

Dwarf-shrub 

steppe 

 

Shrub steppes 

1. W shrub with 

Mulinum and 
Berberis 

2. Asteraceae subf. 
Asteroideae 

(Nardophyllum) 

3. NW arid shrub 
4. dwarf shrub with 

J. tridens 
5. Colliguaja and 

tall shrubs 

6. Junellia tridens 

 

*Erial of Nassauvia 

glomerulosa 

 

Shrub steppes 

 

 
 

Low steppe with Nardophyllum 
 

 

Grass-shrub steppe 
Erial with J. tridens 

 
Tall steppe (1) 

 

Low steppe with Junellia 
tridens 

Arid Shrub Steppes 

*Erial of Nassauvia 

glomerulosa and N. 

ulicina 

 

Semiarid shrubland 

with Mulinum 
 

Erial of 
Nardophyllum 

 

Shrub with Stipa 
Erial with J. tridens 

 
with Colliguaja (1) 

 

Heathland of Junellia 

 

Dwarf-shrub steppe 

 

 

 

Shrub steppe with 

Berberis and Mulinum 
 

Shrub-grass with Nardophyllum 
 

 

Shrub steppe (Senecio) 
Shrub/dwarf-shrub steppe with J. 

tridens 
Shrub steppe with Colliguaja 

 

Shrub-grass steppe 
with Junellia 

 

Fluvioglacial plains, alluvial 

valleys, basaltic plateaus and 

terraces 

 

 

 
Abandoned glacial valleys, 

dissected plains 
 

 

 
 

Conglomerate plains, terraces, 
depressions and basaltic plateaus 

 

Plateaus, depressions, steep 
slopes and fluvioglacial plains 
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Figure 2. Map of Santa Cruz province showing the vegetation units and the pollen 

samples. 

 

4. 4. Modern Pollen Assemblages  
 

Modern pollen assemblages reflect the different vegetation units and their 

distribution at southernmost South America (regional scale) even though the 

limits between the units are not so distinct because of the pollen dispersion. 

Furthermore, the differences within the grass and shrub steppes are based on 

the accompanying taxa rather than the dominant since the low pollen 

taxonomic resolution for Poaceae and Asteraceae subf. Asteroideae.  

Excluding the forest samples three main sample groups with subgroups 

are observed in the pollen diagram (Fig. 3): a) grass steppe that represents the 

region with the higher moisture availability, b) dwarf-shrub and c) shrub 

steppe belonging to the arid and semiarid region. Poaceae with different 

associations characterize the different groups.  
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a) The grass steppe pollen assemblages are dominated by Poaceae (values 

up to 80%) accompanied by Caryophyllaceae and Cyperaceae and other 

accompanying taxa that allow identifying the different grass steppe types: (1) 

Asteraceae subf. Asteroideae (up to 40%), Berberis and Mulinum point out the 

typical grass steppe belonging to the Subantartic province and located at the 

foot of the Andes; (2) Asteraceae subf. Asteroideae and Empetrum (30%) 

distinguish to the humid grass steppe (Magellan District) and (3) Azorella, 

Nassauvia and Ephedra indicate the xeric grass steppe which is richer in dwarf 

shrubs and cushion plants; (4) samples from high plateaus over 700 m asl 

present high Poaceae pollen values (up to 75%) similar to other pollen 

assemblages from grass steppes. This high steppe also occurs adjacent to or in 

a mosaic with shrub and dwarf-shrub steppes, for this reason cushion plants 

such as Azorella (15 %) and Acaena (20%) are common. 

The presence of Rumex in the pollen assemblages of the grass steppes 

points out human disturbance, particularly due to sheep grazing.  

b) The dwarf-shrub steppe pollen assemblages are dominated by dwarf 

and cushion shrubs such as Ephedra, Nassauvia (both up to 40%) and Azorella 

(15%) whereas Poaceae (up to 60%) representing several species of Stipa (eg. 

Stipa speciosa, S. crysophylla, S. humilis, S. ibari), Chenopodiaceae (up to 

50%) as well as shrub taxa such as Asteraceae subf. Asteroideae (40%) and 

Junellia (< 10%) are associated taxa.  

c) The shrub-steppe is characterized by dominance of different shrubs that 

predominates on hilly areas, generally covered by a basaltic mantle, but 

mainly within ravines (cañadones) and valley bottoms. (1) To the west, the 

shrub steppes are dominated by Asteraceae subf. Asteroideae (50%) that 

represent mainly to Chiliotrichum diffusum accompanied by Berberis (up to 

20%), Mulinum (40%) and Empetrum rubrum with low values (5%).  

(2) On high plateaus (800-1100 m asl) near the San Martín and Viedma 

lakes, shrub steppe pollen assemblages are characterized by Asteraceae subf 

Asteroideae reaching up to 50% (mostly Nardophyllum obtusifolium) 

accompanied by Rosaceae (around 20%, mainly Acaena), Fabaceae (5%, 

Anarthrophyllum) and Solanaceae (5%). Nassauvia and Ephedra have the 

lowest values (< 5%).  

(3) To the north, the shrub steppe is represented by Asteraceae subf. 

Asteroideae (20%) and Junellia tridens (< 10%) accompanied by dwarf shrubs 

such as Nassauvia (30-40%) and grasses (Poaceae, 50%). These pollen values 

are related to the bordering communities: “erial” of Nassauvia to the east and 

F. pallescens grassland to the west. 
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(4) In “Bajo de San Julián”, a depressed area, patches of Junellia < 10% 

accompanied by tussock grasses (40%) and low shrub (Nassauvia 40%, 

Ephedra 40% and Azorella > 5%) are present. 

(5) To the northeast of the Central Plateau, the shrub steppe is uniformly 

distributed in flat areas but also within “cañadones” or valleys and is 

represented by Schinus (< 20%), Colliguaja integerrima (30%), Asteraceae 

subf. Asteroideae (up to 60%), Lycium (up to 40%) and Prosopis (15%) 

whereas Junellia and Chuquiraga also are present but under 10%. 

(6) The shrub steppe with Junellia tridens that develops between 50° and 

51° S is characterized by low pollen values of this taxa (5%) because it is 

entomophilous and then produces low pollen amounts. Other shrubs 

(Asteraceae subf. Asteroideae, < 20%) and dwarf shrubs (Nassauvia, < 10%) 

present low values whereas Poaceae reaches up to 60% in those samples 

located close to the ecotone with the xeric grass steppe. J. tridens is pioneer 

specie in bare and removed soils, which act as nurse-plant for seedlings of 

several herb species as indicated in the pollen assemblages by the presence of 

Cyperaceae (10%) and Fabaceae (5%).  

To the Atlantic coast, pollen assemblages are dominated by Asteraceae 

subf. Asteroideae reflecting the development of Lepidophyllum cuppresiforme 

halophytic steppe.  

 

 

Figure 3. Pollen diagram in percentage. Samples are arranged according to the 

vegetation units of table 3. 
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Table 3. Summary of vegetation units and their modern pollen 

assemblages at the Patagonian steppe. Sample numbers match those from 

the pollen diagram (Fig. 3). 

 

Samples Dominant pollen variables Vegetation units Disturbance indicator 

1-15 Nothofagus, Misodendrum Forest Rumex, Asteraceae 

subf. Cichorioideae, 

Plantago 

16-21 Poaceae, Cyperaceae, 

Caryophyllaceae, Acaena, 

Mulinum, 

West grass 

steppe 

Rumex, Plantago 

22-33 Poaceae, Empetrum, 

Cyperaceae, Asteraceae 

subf. Asteroideae, Azorella 

Humid grass 

steppe 

Rumex, Brassicaceae 

34-53 Poaceae, Azorella, Junellia 

Ephedra, Nassauvia 

Xeric grass 

steppe 

Brassicaceae, 

Asteraceae subf. 

Cichorioideae, Rumex 

54-59 Poaceae, Azorella, Acaena High grass 

steppe 

Brassicaceae, 

Asteraceae subf. 

Cichorioideae 

60-94 Poaceae, Nassauvia, 

Ephedra, Azorella, 

Chenopodiaceae, 

Asteraceae subf. 

Asteroideae, Junellia 

 

Dwarf scrub 

steppe 

Brassicaceae, 

Rumex 

95-113 Berberis, Mulinum, 

Fabaceae, Asteraceae subf. 

Asteroideae 

 

Shrub steppe 1 

Rumex, Brassicaceae 

114-120 Asteraceae subf. 

Asteroideae, Acaena, 

Poaceae 

Shrub steppe 2  

121-130 Junellia, Fabaceae 

Nassauvia, Poaceae 

Shrub steppe 3 Brassicaceae 

131-146 Acantolippia, Junellia, 

Nassauvia, Ephedra 

Shrub steppe 4  

147-171 Colliguaja, Prosopis, 

Lycium, Schinus, 

Chuquiraga, Junellia 

Asteraceae subf. 

Asteroideae 

 

Shrub steppe 5 

Plantago 

172-185 Junellia, Fabaceae, 

Ephedra, Poaceae, 

Caryophyllaceae 

Shrub steppe 6 Rumex, Brassicaceae 
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5. NATURAL AND ANTHROPOGENIC CHANGES IN THE  

PATAGONIAN PLATEAU STEPPES 
 

The vegetation and climate regional patterns at southernmost Patagonian 

plateau were established at beginning of the Late Holocene. However, during 

this period, changes in moisture availability related to temperature and 

precipitation changes influenced the vegetation structure and composition at 

the regional scale. During the last centuries, edaphic characteristic variations 

(such as soil moisture, organic matter, carbon and nitrogen content) and 

human activities have produced changes at the meso and local scales.  

Pollen records located at the foot of the Andes at 47º, 49° and 50°S (Perito 

Moreno National Park, San Martin and Argentino lake areas) suggest that the 

grass, shrub and dwarf-shrub steppes expanded along the west-east 

precipitation gradient between ca. 1200 and 200 yr BP. The shrub steppes are 

dominated by Asteraceae subf. Asteroideae and to the east, in the ecotone with 

the dwarf-shrub steppe, Poaceae with Ephedra and Nassauvia suggests a 

decrease in the moisture availability (Bamonte and Mancini under review, 

Mancini 2002, 2009, Mancini et al. 2002). 

Pollen records from sites located in ravines at Central Plateau (Los Toldos; 

La María) suggest the presence of shrub steppes with different composition. 

Vegetation reconstruction carried out from cave pollen records at 47° S 

suggests the presence of a shrub community of Colliguaja integerrima and 

Asteraceae subf. Asteroideae analogous to the modern one since 3750 yr BP. 

Furthermore, the pollen record points out a minor change in the dominant 

species proportions at the beginning of the 20
th
 century, coinciding with the 

introduction of sheep in the area (de Porras 2010, de Porras et al. 2009). 

However, de Porras et al. (2007) explained that this change is not a 

consequence of sheep grazing but an indirect effect of the use of the caves for 

sheltering flocks. At 48º S, pollen records from other caves (La Martita) 

represent a shrub steppe characterized by high percentages of Asteraceae subf. 

Asteroideae, Nassauvia, Azorella, Ephedra with grasses similar to the modern 

shrub steppe in the area. Contrary to those located at 47°, 48° pollen records 

do not show any changes related to sheep introduction (Mancini 1998). 

At 52º S, soil and mire (“mallín”) pollen records located in south 

easternmost Patagonia (southern Rio Gallegos and Cabo Vírgenes) indicate a 

shrub and a grass-shrub steppe in the mire surroundings prior to ca. 1000 yr 

BP reflecting drier conditions than present. After ca. 700 yr BP a grass steppe 
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similar to the present-day steppe at regional scale suggest moisture increase 

(Mancini 2007, Graham 2008).  

Similar climatic trends were observed with high resolution paleoclimatic 

and paleoenvironmental archives from crater lakes in the Pali Aike volcanic 

field (Laguna Potrok Aike, Laguna Azul). During the late Middle Ages (ca. 

AD 1230–1410) the lake level was rather low representing a signal of the 

‘Medieval Climate Anomaly’ in southeastern Patagonia. From ca. AD 1400 to 

1700 the records point to high lake levels and therefore to wetter conditions 

(Haberzettl et al. 2005).  

During the last century, southernmost South America vegetation have 

experimented gradual changes in response to climate changes as well as to 

considerable disturbance of human activities such as, forest burning and 

clearance and heavy grazing pressure from sheep and cattle. Intensive 

overgrazing led to severe changes in floristic composition, physiognomy and 

plant cover in some areas of the Patagonian plateau, especially in the grass 

steppe. At the eastern foot of the Andes settlers extensively burned forest areas to 

create grazing land as shown by an increase in grass steppe species. Strong 

anthropogenic disturbance in the different vegetation units is reflected in modern 

pollen spectra by the over-representation of certain disturbance taxa (e.g. 

Brassicaceae, Asteraceae subf. Cichorioideae, Rumex and Plantago) (Bamonte 

and Mancini 2009, de Porras et al. 2009, Mancini 1993, 1998, 2007, 2009). 

 

 

6. CONCLUSION 
 

Southernmost South America vegetation unit distribution is related to the 

precipitation gradient at the regional scale but also to the topography, edaphic 

characteristics and slope orientation at the meso and local scales. Modern 

pollen assemblages reflect the distribution and composition of the grass, shrub 

and dwarf-shrub steppes and prove to be useful to interpret fossil pollen 

records to understand whether vegetation changes during the late Holocene 

and particularly during the last century, were related to natural or anthropic 

changes. Fossil pollen records from different sequences at the Patagonian 

plateau points out that the modern steppes were established during the late 

Holocene but experimenting some changes up to the last millennium. 

Furthermore, pollen records clearly show that during the last century plant 

communities underwent important changes in response to intensive 

overgrazing indicated by the over-representation of certain disturbance taxa 

(eg. Asteraceae subf. Cichorioideae, Rumex and Plantago). Grass steppes have 
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been the most affected communities (due to the high quality pastures for sheep 

breeding) leading to severe changes in floristic composition, physiognomy and 

plant cover whereas in the shrub and dwarf-shrub communities these changes 

have not been so evident. 
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