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a b s t r a c t

“Mallines” (wet-meadows) are Patagonian ecosystems that provide hydrological, biological and scenic
resources. They develop in landscape locations that are favourable for water concentration. The area of
each “mallín” is usually limited to a few, tens, or hundreds of hectares at most, but independently of their
size, they present high variability in their internal physiographic characteristics. These are reflected on
the vegetation distribution that basically responds to the space and time water distribution in the
“mallín”, both at the surface as well as across the soil profile.

We analyze the internal variability of a “mallín type” and present a conceptual map that illustrates the
functional relationships established between four basic elements: geomorphology, hydrology, soils and
vegetation, whose interrelationships allowed the differentiation of various situations, which may
correspond both to different “mallines” and to subunits within the same “mallín”.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

Patagonia is a vast region located in the southernmost portion of
the South American continent. The area has approximately
1 000 000 km2 in surface and 2200 km in length, extending
between latitudes 36� and 56� S. Its maximum width is 900 km,
gradually narrowing southwards. The eastern and western
boundaries of Patagonia are the Atlantic and Pacific oceans,
respectively. Climatic conditions are mainly determined by the
location of the Andean ranges and the South Pacific anticyclone.
These two factors generate a noticeable west-east decrease in
precipitation, creating a clear differentiation between a narrow,
humid belt to the west (Patagonian Andean Environment) and the
rest of the territory characterized by semiarid and arid conditions
(Patagonian Tableland Environment, Fig. 1).

In both units, wet grasslands of Cyperaceae, Juncaceae and
Gramineae, locally known as “mallines” (wet-meadows), are
developed in association with particular conditions of the land-
scape where an unusual amount of water is available for plants
(Movia et al., 1987). These azonal freshwater ecosystems are clearly
distinguished from the steppe in arid environments (Fig. 2) and
provide the most productive soils for cattle production. In some
i@yahoo.com.ar (E. Mazzoni),
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sectors of Patagonia where the steppe has been severely affected by
desertification (e.g., Soriano and Movia, 1986; Del Valle, 1998; Del
Valle et al., 1998; Mazzoni and Vázquez, 2009) or natural disas-
ters (e.g., the 1991 eruptions of the Hudson Volcano) mallines have
become the only source of income for the rural population. Mallines
are also habitat for several wildlife species, mainly birds, which use
them as feeding, breeding and/or roosting sites (Blanco, 1999;
Imberti and Barnet, 2003). Moreover, their landscape features
have turned them into sites of interest for ecotourism.

Despite the importance of mallines, the area they cover in
Patagonia is unknown, because in general they are small and are
heterogeneously distributed in diverse geomorphological envi-
ronments. Estimations made in different sectors of Patagonia
provide values ranging between 1 and 4% for the tableland envi-
ronment and between 5 and 7% for the Andean mountain range
environment (Iriondo, 1989; Bran, 2004; Mazzoni and Vázquez,
2004). Bran (2004) stated that the total mallín area would be
about 1000 000 and 2 000 000 ha, depending onwhether mallines
are considered in a strict sense, i.e., including dry or degraded
mallines, or not.

“Mallín” is an aboriginal term pertaining to the Mapuche nation
language that denotes flooded areas with herbaceous ground cover
(Ruiz Leal, 1972; Wilhelm de Moesbach, 1980). The name “pasto
mallín” (mallín grass) designates the typical vegetation of the area
(Vuletín, 1979), especially some rush species, like Juncus balticus
and Juncus lesueurii, which are very abundant in these ecosystems.
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Fig. 1. Provinces of Argentine Patagonia, higher environmental units and location of study area.
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According to the definition of wetland provided by the RAMSAR
Convention, mallines are a particular type of wetland (Canevari
et al., 1998). In wetlands water is the primary factor controlling
the environment and associated plant and animal life, whereas its
presence is determined by the geomorphological emplacement
(Brinson and Malvárez, 2002).

Cowardin et al. (1979) and Mitsch and Gosselink (2000) defined
wetland as the ecosystem that fulfils the following conditions: a)
periodic presence of shallow waters or wet soils, b) hydromorphic
soils that are different from the soils of surrounding sectors, and
whose biochemical features are influenced by the anaerobic
conditions of flooded soils, and c) presence of plant species adapted
to direct contact with water (hydrophytes). Mallín ecosystems also
fulfil these conditions.

With reference to the most outstanding characteristics of
wetlands, Brinson (2004) emphasizes the fact that in wetlands
“patterns and processes are more variable than in terrestrial
ecosystems”. Accordingly, the range of variation inwetland habitats
is greater than that in terrestrial habitats situated in the same
geographical region. This aspect is the one analyzed in this paper,
taking into consideration examples of mallines developed in
volcanic environments of extra-Andean Patagonia.



Fig. 2. View of a Patagonian mallín. Notice the contrast with xeric vegetation of the
Patagonian steppe. Cordillera del Viento, Neuquén Province.

Fig. 3. Hydro-geomorphological model of mallines distribution in a basaltic Patago-
nian plateau. Fig. 4 shows different types of wet meadows located in its slopes.

Fig. 4. Mallines developed on slopes of volcanic tablelands. Type A are mallines
located in principal drainage lines; type B are beaded mallines along small valleys; type
C are “hanging” mallines from the basaltic plateau slopes and type D are mallines
bordered by slumping lobes. (Campo volcánico Pali Aike, Santa Cruz Province).
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2. The mallines of volcanic environment

In the vast Patagonian territory, mallines are sparsely distrib-
uted occupying small portions of the landscape. Their distribution
is a consequence of particular topographic, geomorphological, and
hydrological factors; they are located at sites where, besides the
volume of water contributed by precipitations, there is an extra
water supply to the system. This input is originated mostly at the
water table, although water may also be supplied by allochthonous
streams. Thus, mallín ecosystems are mainly located in foodplains,
glacial plains and hydro-eolian basins.

The location of some mallines is also associated with ground
water emerging on mountain slopes, tableland slopes (mainly
volcanic tablelands) and, occasionally, at the contact zone between
different levels of glaciofluvial terraces. In these cases, mallines
appear “hanging” from the slopes and are usually extending
longitudinally, following small streams.

Large mallines occupy glacial plains and flood plains. Mallines
occupying glacial plains are located in the Andean environment, at
the head of Patagonian hydrographical basins, and are frequently
associated with lacustrine basins. A mallín can be as large as
1200 ha in area. These mallines are highly uniform in their
ecological characteristics due to the fine, homogeneous sediments
composing the glaciolacustrine plain. Variations are due to prox-
imity to both surface and ground water. In the highest sectors or in
those sectors that are more distant to water sources, floristic
composition acquires mesophyllic characteristics, whereas in
sectors near water sources hydrophytic species prevail (Gandullo
and Schmid, 2001).

In the extra-Andean environment, large mallines are located at
the bottom of valleys. The most important valleys are composed of
complex terrace systems, which were modelled during the
numerous glaciation and deglaciation events that affected Patago-
nia (Rabassa, 1999, 2008). In general, glaciofluvial deposits are
highly permeable and are not landforms favourable for wetland
development. Springs feeding small mallines usually occur only in
scarps separating topographic levels.

In flood plains, these wetlands acquire the greatest develop-
ment. Mallín presence and characteristics vary with stream
hydrological conditions, mainly flow type and drainage velocity.
The most important mallines occur in those valleys where water
flows slowly through numerous small streams. The slow and
dispersed drainage pattern increases the infiltration capacity,
allowing soil saturation and development of these ecosystems
(Mazzoni and Vázquez, 2004).

Another characteristic landscape in the extra-Andean environ-
ment with good mallín availability, although of smaller size, is the
slopes of volcanic plateaus. Due to its high secondary permeability,
basaltic rock plateaus receive the precipitation falling in the region.
Water infiltrates thoroughly in the soil, thanks to the almost perfect
horizontal position of the volcanic tablelands, until it finds under-
lying impermeable levels, discharging in the tableland slopes,
forming springs (Fig. 3). This permanent water supply allows the
formation of mallines, which are restricted to the area near the
spring or develop along the slope, depending on bothwater volume
contributed by the spring and space available between mass
movement deposits covering the slope.

Numerous basaltic lava flows produced in the Andean retro arc
environment since the middle Tertiary (Ardolino et al., 1999;
Ramos, 1999, 2002; Kay et al., 2004; among others) originated
several plateaus that are located following a strip of up to 300 km
wide to the east of the Andes, extending latitudinally from the
south of Mendoza province to the southernmost portion of Santa
Cruz province, along some 1800 km. These tablelands are called
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“escoriales”, due to their usually high scoria content, and cover
approximately 15% of the Patagonia territory.

Geomorphological studies conducted in the province of Neu-
quén that evaluated 163 basaltic plateaus (Fig. 1; Mazzoni,
2007a,b), revealed that mallines occur in the proximity of all lava
fields with an area equal to or greater than 50 km2, regardless of the
precipitation falling on top of the basaltic plateau. These wetlands
are located at sites that can be at the basaltic border or up to
a distance of 10 km, following a negative exponential function. Such
maximum distance is, however, an extreme value, since 90% of
mallines are situated at less than 2 km from the basaltic margin;
72% are at a maximum of 1000 m, and 53% of mallines are situated
at less than 500 m from the basaltic margin. These mallines range
Fig. 5. Location of the wet-meadows. The box indicates the location of “Santo Tom
between 0.3 and 800 ha in area, with a mean value of 16.3 ha.
Eighty-five percent of the mallines is smaller than 25 ha in area and
only 1.3% of them exceed 100 ha.

According to the position that these mallines occupy in the
landscape, four types may be recognized:

(A)mallines located in the basal portion of the slope, where they
receive water supply from different streams; (B) beaded mallines
along small valleys; (C) “hanging” mallines from the basaltic
plateau slopes, whose position is strictly related to the place of
outcropping water, and (D) mallines bordered by lobate slumps
(Fig. 4).

The most abundant mallines are those located closer to the
“escorial”, pertaining to either classes B, C or D. Among them, those
ás Sur Mallín” and the dots show the location of other wet-meadows studied.
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developed along smaller drainage lines which do not extend
beyond the base of the slope are almost 50% of the total. The
geomorphological meaning of this category is that the water
supplied by the springs that merge into this stream allows for the
development of more than one mallín, as it continues draining
down slope. Contrarily, in those mallines pertaining to the C cate-
gory, it may be inferred that the water supplied by the corre-
sponding spring allows for the formation of only this type of
wetland.

Field observations performed on different, representative
examples of these four types of mallines (Fig. 5) allowed the eval-
uation of the degree of internal variability of these wetlands and
permitted to know the functional relationship between the
different components of the physiographic system. In following
paragraphs, we present the analysis of a type B mallín, because this
is the most representative type for this kind ofenvironment.
Fig. 6. General view of the Santo Tomás Sur mallín. The different sectors are separated
by lobate slumps. The grassland alternate with Cortadera tussocks.
3. Within-mallín variability. case study: “the santo tomás sur
mallín”

This “mallín” is located on the eastern slope of the Piedra del
Águila volcanic plateau in Neuquén Province (Figs. 1 and 5). The
area is characterized by a dry-temperate, windy climate, with
awater deficit estimated at around 500mm/year, which is reflected
in a poor development of soils and vegetation. The dominant
ecosystem is the shrubby steppe, with a plant cover index lower
than 40% (León et al., 1998). This volcanic plateau is one of the
largest and geomorphologically more complex of the whole Pata-
gonian region, with a total surface of 840 km2 (Mazzoni and
Rabassa, 2007). The bedrock is formed of Pliocene basaltic lava
flows, whose radiometric age yielded ages close to 5 Ma (Ardolino
et al., 1999).

In its neighbourhood, 292 mallines have been identified, which
altogether occupy a surface of 6236 ha. The average surface of
these ecosystems is of 21 ha, although the most frequent size is
14 ha. Type B mallines account for 49% of the total, of which the
Santo Tomás Sur mallín becomes a good example. This mallín
extends along approximately 300 m following small permanent
drainage lines, and its width varies between a maximum of 80 m
and a minimum of 4 m. Its central coordinates are 39� 470 40” S
and 70� 100 26” W. The “mallín” is elongated and irregular in
shape, with four well-defined areas, separated by slumping lobes
and basaltic boulders that restrict vegetation development (Fig. 6),
which are connected by two principal streams, one bordering the
wetland on its east side and the other on the west margin.
Vegetated areas cover almost 1 ha (9400 m2). They originate
immediately below the basaltic scarp and develop discontinuously
along the slope.

With the purpose of knowing the degree of intrinsic variability
of the physiographic conditions of this mallín, detailed information
about its topographic and geomorphological characteristics,
hydrological conditions, floristic-physionomic composition and
plant cover were obtained in the field. A brief description of the
methodology used is presented below.

The field survey was conducted with a total station. Points
represent the actual topography and other indicates the position of
salient features of the landscape, such as water springs, streams,
flow types, landforms, and physionomic-floristic limits units were
raised.

The discharge in streams and drainage lines were obtained by
timing the filling time of a container of known volume or by
measuring the channel cross section and velocity runoff.

In regard to vegetation, physiognomic types and dominant
species (Odum, 1986) were recognized, identifying the following:
Pasto mallín o junquillo (Juncus balticus)
Cortadera (Cortaderia araucana)
Pasto salado (Distichlis spicata)
Coirón (Festucas sp. e Stipas sp.)

The plant cover and bare soil were measured from a systematic
sampling, stratified by physiognomic floristic unit. We used
a “square sampling” of 1 m2 with a mesh of 10 cm. At each inter-
ception of the meshan observationwasmade recording if there was
any bare soil or vegetation. After that, the respective percentages
were calculated (Bennett and Humphries, 1985; Mostacedo and
Frederiksen, 2000).

Likewise, the edaphic condition was observed by means of
digging of holes and description of the soil profile in representa-
tive places, particularly in not flooded areas. Samples were
taken in each horizon and chemical and texture analyses were
performed.

In the lab, thematic maps (topography, hydrography, vegetation)
were prepared. The spatial analysis of each variable allowed
making a zoning patternwhich was represented in a synthesis map
of hydro-geomorphologic units, in which each of the studied
components shows a homogeneous behaviour and becomes related
to each other in a similar way. These cartographic tools permitted to
highlight the functional relationships between the diverse
components of the natural environment and to show the variability
degree that these mallines have.

Fig. 7 shows the topography, hydrography, vegetation structure
and stoniness of this mallín. It extends between 839 and 787 m



Fig. 7. Topography, hydrography, vegetation structure and stoniness of Santo Tomás Sur mallín.
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a.s.l. Mean surface slope is 2.2%, with an undulating relief, alter-
nating concave and convex slopes, which concentrate or disperse
water to the different sectors. In some portions, the mallín have
scarps, although they are not abundant on the wetland surface.
These scarps are small topographic steps that interrupt the normal
slope of the mallín. The origin of these landforms is associated
with overweight that occurs in soil when it is saturated during the
winter, either by precipitation increase and/or rise of the water
table. This overweight increases the soil fragility. Under these
conditions, livestock trampling breaks the plant cover and
produces soil compaction processes that trigger scarp formation.

The most important streams are entrenched to a depth of 1.5 m.
Both the scarps as well as the deepening of the stream beds
contribute towards the desiccation of the “mallín” surface, favour-
ing its degradation.

A small spring located at the mallín floor defines the upper
portion, which forms an independent unit, separated from the rest,
with an area of almost 200 m2. Water drains in a laminar flow,
allowing the development of grassland with medium to high plant
cover, depending on water availability. In the last portion, there is
a scarp of about 40 cm in height wherewater infiltrates completely,
a process favoured by the presence of coarse-grained, bare soil. A
few metres downstream water re-emerges allowing the regenera-
tion of the ecosystem.

The remaining sectors of thismallín extend down slope from the
spring located under the scarp and with other water inputs from
nearby springs. The pattern of the drainage network is complex and
is composed of several small streams that converge in the lower
sector of the “mallin” in two principal streams. These drainage lines
are the axis along which the mallín develops. The discharge of the
main streams ranges between 84.6 and 25.1 L per second (l/s),
reaching a total of 221.7 l/s. There is also water draining at sub-
surface levels and emerging in several sectors, generating green
areas with abundant plant cover.

The water yield increase that is generated at each joint
contributes to increase the erosion power of the streams,
forcing the main channel deepening which reaches a depth of
1.50 m in the lower portion of the wetland. In this way, water
abandons the mallín system without having been used by the
vegetation.

The vegetation is composed of the following types: a) short
grassland, composed of rushes and other grass species with
dominance of J. balticus; b) tall grassland (>30 cm) with abundant
tussock grasses, mainly by the locally well-known grasses “coirón”



Fig. 8. General view of drainage lines flowing across the mallín. They are bordered by
Cortaderia tussocks.
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(Festuca sp.e Stipa sp.) and “cortadera” (C. araucana); c) shrubs and
sub-shrubs which occupy the marginal positions in the mallín,
defining its boundaries, and d) salt grasses with dominant D.
spicata.
Fig. 9. Left: Plant cover and soil degradation map; Right: hydro-geomorphologic un
Plant distribution shows a clear association with water avail-
ability and the topographic factors already described. Regarding
water availability, this mallín widens at sites where there is water
input and where water drains into shallow streams or has a laminar
flow. In these areas, seasonally flooded, abundant short grasses and
Juncus grow. By contrast, this wetland gets narrower where stream
channels are deep, producing surface soil desiccation. The grada-
tion in the edaphic moisture is accompanied by a lower percentage
of Juncus and the gradual increase in tussock grasses, particularly
“coirón”, which form sub-humid grasslands. Along the two most
important streams, which are trenched, tussocks of Cortaderia
grow, connecting the different sectors that compose this wetland
(Fig. 8). These big clumps occasionally grow in the space between
basaltic blocks, where there is accumulation of fine material, with
scarce or no soil development. Salt grasses appear in the lower
sector of themallín, together with salt concentrations at the surface
of the soil.

Fig. 9 shows the plant cover and hydro-geomorphological units.
The plant cover map (left) shows also the close relationship
between the water availability and vegetation. Simplifying the
information presented in this map, three categories have been
differentiated:
its map of Santo Tomás Sur mallín. Note the similarity between the two maps.



Fig. 10. Scarps of different size and pedestal tussocks at the edges of the mallín. Fig. 12. Internal variability of a Patagonian mallín proved through different vegetation
units (Mallín Tropezón, Neuquén Province, 39� 470 Se70� 230 W)
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- Tall plant cover (more than 75%): dominance of herbs with
abundance of hydrophytic species (dominant species: J. balti-
cus). Abundant water is available during all year long, with
predominantly laminar flow.

- Plant cover of medium height: grasses with tussock graminoids
are combined. It lacks surface laminar flow. “Cortaderas” and
“coirones” are highly represented. The former behavemainly as
riparian species, located on the dry margins of the drainage
lines, whereas “coirones” are farther away from the hydrolog-
ical network. The soil shows abundantmottling between 90 cm
and the water table, located at 1.5 m depth in the summer.
These features are interpreted as an indicator of seasonal water
table elevation. The pH is 6.67 and the salinity is low (240 mU/
cm) at the surface horizon.

- Poor or no plant cover: it presents water disperser slopes and
dry soils. Where vegetation is present, some isolated rushes
and other herbaceous species appear with sub-shrubs and
shrubs dispersed as well. In these areas, the soil profile has
coarse texture and abundant salinity; with electrical conduc-
tivity values reach 1000 mU/cm in the surface horizon. The pH
is 7.25 in the same horizon. Hydromorphic features are not
present.

In the same map, the main features associated to soil degrada-
tion processes have been represented. The most important are the
scarps that appear in the upper unit of themallín and in its terminal
portion (Fig. 10), which are also accompanying the pattern of the
main streams.

The formation of these scarps is related to overgrazing
processes, in which not only excessive grazing or grazing during
Fig. 11. Partial view of mallin which indica
inadequate periods is involved, but also pressure exerted by cattle
trampling, especially in flooded sectors of the mallín where soil is
very fragile. Depending on the severity of the damage, overgrazing
may lead to two situations that are correlated with the vegetation
type: a) an undulate relief in sub-humid environments of themallín
with pedestal tussocks, where these graminoids acquire an aspect
of “islands” with respect to the surrounding compacted soil, or b)
the break in topographic profile and the origin of scarps, which
usually modify the drainage features of the mallin, as it happens in
the upper sector of this mallín. Immediately below the scarp is
a gradually increasing sector denuded of vegetation and exposed to
water and wind erosive processes.

The decrease in plant cover also modifies water retention
capacity in the mallín, increasing runoff and favouring gully
formation. Gullies induce changes in irrigation conditions, from
a slower sheet flow to a faster stream flow, with greater erosion
power; in addition, water table drops, with the consequent desic-
cation of the wetland surface area.

Furthermore, plant cover reduction may lead to surface salt
concentration due to an increased evaporation rate. Del Valle
(1993) considers that the prevalence of either process (soil
erosion or salinization) is determined by the slope of the mallín;
thus, sodification-salinization processes prevail in lower basins
with slighter slopes, whereas in intermediate basins with steeper
slopes, the dominant process is water erosion with formation of
gullies that drain and dry the mallín.

According to the combination of the aforementioned factors, six
hydro-geomorphological units are defined in this “mallín” (Fig. 9
right and 11), which have the following characteristics:
ted the different physiographic units.



Table 1
Zonation of mallines (simplified from Boelcke, 1957).

Species Marginal zone Intermediate zone Central zone

Festuca pallescens X e e

Acaena magellanica X e e

A. pinnatifida X X e

Geranium sessiliflorum X X e

Juncus balticus X X X
Carex gayana X X X
Deschampsia cespitosa e X X
Eleocharis albibracteatus e e X
Juncus stipulatus e e X
Taraxacum officinale X X X
Trifolium repens X X X
Poa pratensis X X X
Verónica serpyllifolia X X X

Source: Roig, 1998.
Species in bold are the most abundant and common in wet-meadows ecosystems.
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I Permanently flooded areas with gentle slopes and laminar
flow. Vegetation of herbaceous with abundance of hydro-
morphic species (dominant species: J. balticus). Vegetation
cover is more than 75%.

II Humid to semi-humid areas seasonally inundated by the
rising water table in winter. Vegetation of short grasses and
scattered tussock grasses with plant cover is greater than 75%.
Soil shows hydromorphic features from 25 cm depth.

III Areas with dry and sandy soil on the surface with a predom-
inance of tussocks grasses and scattered distribution of Juncus
balticus. Soil moisture increases in depth to the water table,
which is located below 50 cm throughout the year. The plant
cover varies between 50 and 75%.

IV Areas with dry soil and salt concentrations in surface, with
hard grasses and plant cover between 25 and 50%. D. spicata is
dominant.

V Marginal areas with dry soil, abundant stoniness and
predominance of shrubs and sub-shrubs, with vegetation
cover less than 25%.

VI Riverside areas in entrenched streams, with plant cover of
tussocks of Cortaderia greater than 75%. This type of vegeta-
tion is connecting the different sectors that compose this
wetland.

The variability in the ecological conditions of this ecosystem
occurs in very small areas, depicting the high intrinsic heteroge-
neity of these wetlands. This should be taken into consideration
when range management planning is developed.
4. Internal variability of mallines in different
geomorphological environments

Other authors, working inmallines situated in glacial, periglacial
and fluvial environments, have also noted the internal variations of
the mallines, particularly expressed by the botanical composition,
as indicator of the structural and functional characteristics of the
landscape (González Bernáldez, 1981; Monedero, 2005). Different
examples are presented in Figs. 12 and 13.
Fig. 13. Types of vegetation in wet-meadows A) short and dense prairie, typical of humid a
balticus; C) grassland formed by Juncus balticus y Cortaderia araucana; D) Cortaderia arauca
humid areas; and F) saline granssland with Distichlis spicata.
In glacial mallines of northern Patagonia, Boelcke (1957) iden-
tified three areas (central, intermediate, and marginal), according
to a zoning of the communities determined by decreasing water
availability in the mallín. A simplified description of floristic
composition of each type of mallín is presented in Table 1. As it can
be observed, the species J. balticus and Carex gayana are present in
all the mallín areas; this shows their strong adaptive capacity and
makes them the most typical native species of these wetlands.
Exotic species, such as Taraxacum officinale, Trifolium repens, and
Poa pratensis, are also present.

Bran et al. (2004) indicate that J. balticus is also the most
frequently occurring species in mallines of northern Patagonia. This
species was recorded in 93% of the vegetation surveys conducted in
mallines of the provinces of Neuquén and Río Negro. Besides being
very tolerant to different hydrological conditions, they appear in
a wide range of pH values, preferably under neutral and high pH
conditions and with a high water table.

Other authors (Movia et al., 1982) also working in mallines of
northern Patagonia mention the presence of J. lesueurii both in
flooding conditions (seasonal or permanent) and in drier areas of
the mallín, showing a great capacity of this plant to adapt along the
reas, with Cyperacea, Juncacea and Gramineae. B) detail of the dominant specie Juncus
na as riparian; E) grassland with tussock grasses (“coironales”) characteristic of semi-



Fig. 14. Above: zonation patterns of mallines that occupy glacial and fluvial plains (left and right, respectively). The dark grey tone represents the most humid area of the wet-
meadows. Below: photographs that illustrate these situations.
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entire hydrological gradient of these ecosystems. Gandullo and
Schmid (2001) stated that this would be a pioneer species in
colonizing the mallín, with its intricate root system and vigorous
rhizomes favouring accumulation of sediments and organic matter.

In a description of different physiographic systems of northern
Patagonia, Speck et al. (1982) identified six homogeneous units in
Fig. 15. Simple model (left) and complex model (right) of the distribution of water in malline
area of the mallines. The arrow indicates the direction of flow.
mallines located in flat-bottomed valleys (the “Tres Ojos de Agua”
Land-System). These units have soil and vegetation gradients, from
depressed, wet and vegetated zones of the relief to valley margins,
higher and drier, with open vegetation dominated by tussock
grasses (mallín-steppe ecotone). In the flooded areas, canes, Juncus
and other hydrophyllous plants are found, whereas in the non-
s located on slopes of volcanic plateaus. The dark grey tone represents the most humid
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flooded lower lands, J. balticus grasslands occur. Units of similar
characteristics as the ones described in this physiographic system
are usually found in other valleys in extra-Andean Patagonia.

Movia et al. (1987) distinguished different floristic physiog-
nomic units in fluvial mallines of southern Patagonia, which
include hydrophyllous prairies usually associated with the
meandering patterns of small streams, mixed grasslands composed
of graminoids and rushes, gramineous grasslands, steppes and
bushland. The distribution of this association depends on the soil
humidity gradient and on changes in the composition of soil
materials, although it may be seriously altered by land use condi-
tions (e.g., Soriano, 1956; Boelcke, 1957; Anchorena and Collantes,
1989; Bonvissuto et al., 1992; Del Valle, 1993; Raffaele, 1999).

Despite the long distances between the sites studied by the
authors mentioned above, the internal zoning of mallín ecosystems
shares similar features determined by their position along the
moisture gradient, with presence of similar species despite the NeS
temperature gradient and the W-E precipitation gradient. These
similarities are explained by the condition of azonal mallines.
However, species of Cortaderia, a tall tussock grass that is abundant
in the arid areas of extra-Andean mallines of northern Patagonia, is
absent in the mallines of southern Patagonia.

According to the geomorphological environment where these
mallines are developed, the internal variations that they possess
may be explained by different conceptual models, assuming that
the determinant factor is water distribution in these ecosystems
which diminishes from the inner to the outer, periphery parts
(Fig. 14):
Fig 16. Conceptual map of the physiog
a) a concentric model, for the mallines that occupy glaciolacus-
trine plains, where the water supply is given by rising phreatic
level, which outcrops in the zones with depressed topography.

b) a parallel model, in mallines that occupy flood plains, where
the moisture provided by the longitudinal axis of the streams
decreases towards the margins of the valley and the phreatic
level is deepened in the same direction. In this geomorpho-
logical environment water flows in two directions: horizon-
tally, following the river drainage direction, and vertically,
associated with water table fluctuations (Neiff, 1996).

Both models may present variations according to the quantity
and location of the water sources. In the first case, more than one
outcrop may exist, depending upon the land topography. In the
second case, the variations are associated particularly with the
pattern of the stream bed and the grain size distribution of the
fluvial deposits. Likewise, changes in the ecological conditions of
the mallines along the stream basin do exist, particularly associated
with the chemical properties of the soils, such as pH and salt
concentration (Del Valle, 1993; Nakamatsu, 1998; López et al.,
1998).

In the mallines developed in volcanic environments, such as the
case presented in this paper, the water supply comes from springs
located in diverse positions along the slopes, starting at the base of
the basalt scarp. Some of these springs usually originate creeks. In
this way, the moisture gradation in these mallines combines both
aforementioned models, with an initial supply in the upper portion
of the mallín. The sketch of Fig. 15 illustrates this situation.
raphic characteristics of mallines.
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5. Conclusions

“Mallines” are Patagonian ecosystems that provide hydrological,
biological and scenic resources. They develop in landscape loca-
tions that are favourable for water concentration. The area of each
mallín is usually limited to a few, tens, or hundreds of hectares at
most, but independently of their size, they present high variability
in their internal physiographic characteristics. These are reflected
on the vegetation distribution that basically responds to the space
and time water distribution in the “mallín”, both at the surface as
well as across the soil profile.

The comparison of the results obtained in the “Santo Tomás Sur
Mallín” and in the other studied mallines in the same environment,
together with the observations performed by other authors, shows
a strong similarity between the recognized units, and also in the
variation of the dominant species.

J. balticus is distributed fromtheflooded areas to the semi-humid
“mallín” areas, thus becoming the characteristic species of these
wetlands. This distribution is favoured by the sub-surface irrigation
that is provided by the phreatic table, which during winter and
spring months reaches the surface of the “mallín” or very shallow
depths. In the semi-humid zones, it appears combined with
“tussock grasses” or “coirón”, particularly Festuca sp. and Stipa sp.

In the areas with superficial saline accumulations, D. spicata is
the only species that is present.

In addition to the aforementioned dominant plants, in the
“Santo Tomás Sur Mallín” C. araucana occurs as well, established as
a riparian form along deep, wadi-like stream beds and other dry
and sandy areas. This species is not present in the “mallines” of
Southern Patagonia.

The inherent properties of each of the physiographic compo-
nents of the mallines have been sketched in the conceptual map
presented in Fig. 16. The diagram illustrates the functional rela-
tionships that are established between the four basic, analyzed
elements (geomorphology, hydrology, soils and vegetation), whose
interrelationships permitted to differentiate various situations,
which may correspond both to different mallines and to subunits
within the same mallín.

From the geomorphological point of view, the effect of slope and
the presence of topographic breaks (scarps) that interrupt their
continuity were considered. The hydrological factor takes into
consideration the type of runoff (concentrated e laminar) and the
quantity of available water. Both components are closely related,
generating favourable conditions for vegetation development
(smooth slopes/over ground superficial runoff) or forcing the
displacement of the water resources outside of the mallín system
(by means of the drainage lines) or unleashing erosion processes
(particularly scarps). The soil analysis included physical and
chemical properties closely related to the water retention capacity.
Concerning the vegetation, the physiognomic and floristic
composition was considered, particularly the existence of herbs
and grassy plants as a necessary condition of the nature of the
mallines, and the cover percentage.

The combination of these elements defines four situations
representative of these ecosystems: a) wet mallines; b) semi-
humid mallines; c) degraded mallines with salinization evidence;
or d) dry mallines, with transitional elements towards the steppe,
that is, the mallín-steppe ecotone.

Each of these situations has a different degree of fragility in
relation to the agricultural practices adopted. In general, although
the rural dwellers give a great value to these wetlands due to their
high plant productivity, their utilization does not differ from the
extensive utilization that takes place in the surrounding steppe
ecosystem, allowing access to cattle and sheep in the “mallín”
during the entire year, which leads to its degradation. This
deterioration is exposed by the presence of scarps, stream bed
deepening and superficial saline and aeolian accumulations.

In consequence, and with the aim of developing a sustainable
exploitation of this resource, “mallines” should be treated taking
into consideration their as a management internal variability.
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