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Abstract

Questions: Most vegetation descriptions tacitly assume that floristic composi-

tion and physiognomy are tightly linked. However, the two vegetation proper-

ties may not respond in a similar way to environmental and disturbance

gradients, leading to uninformed management planning and difficulties when

attempting to restore degraded ecosystems. In this context, we addressed two

main questions: (1) how close are relations between floristic and physiognomic

types as defined by numerical vegetation classification in mountain ecosystems;

and (2) how are floristic and physiognomic types distributed along the elevation

gradient?

Location: Central mountains of Argentina, between 500 and 1700 m a.s.l.

Methods: We selected 437 sites where we performed complete floristic and

physiognomic relev�es. We classified eight physiognomic and eight floristic types.

We tested the relationship between the two classifications through a chi square

analysis. We tested the association between elevation and each physiognomic

and floristic type with random permutations.

Results: In general, floristic types were significantly and positively associated

withmore than one physiognomic type and vice versa. Physiognomic and floristic

types responded differently to the elevation gradient. Floristic types were

restricted to different sections of the gradient, although having large overlap

among them. In contrast, seven out of the eight physiognomic types did not

show elevation restriction, being distributed along the complete elevation gradi-

ent. The open low woodland with shrubs was the only restricted physiognomy,

significantly absent from the upper part of the gradient.

Conclusions: We highlight the importance of considering the two vegetation

properties independently when characterizing vegetation patterns in heteroge-

neous systems, since they show decoupled responses to environmental gradi-

ents. We note that the assumption of a direct link between floristic composition

and physiognomy may induce bias into the understanding of vegetation pat-

terns and processes. Hence, we encourage managers and restoration practition-

ers to consider the complete range of possible physiognomic types under each

floristic type.

Introduction

Floristic composition and physiognomy are relevant

vegetation properties, commonly used to describe vege-

tation patterns and shifts in plant distribution along

environmental gradients (Whittaker 1967; Jennings

et al. 2009). The former property is related to the taxo-

nomic identity of plants, while the latter refers to the

horizontal and vertical biomass distribution (Shimwell

1971; Jennings et al. 2009). To some extent, plant spe-

cies composition and physiognomy are linked, as plant

growth form and architecture are evolutionarily
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constrained within each species. However, some charac-

teristics inherent to plant growth form (e.g. size and

height), as well as the abundance of one particular spe-

cies may vary according to local disturbance-associated

biotic and abiotic factors, such as herbivory or fire (e.g.

Whittaker 1962; Grau & Veblen 2000; Pyke et al. 2001;

Cairns & Moen 2004; Paruelo et al. 2004; Giorgis et al.

2010). As a result, sites with similar floristic composi-

tion may show a notably different physiognomy

(Westhoff 1967; Pignatti et al. 1995; Carri�on & Fern�an-

dez 2009; Carri�on 2010). For example, a number of

authors reported prominent shifts in physiognomy (e.g.

from forests to shrublands, or from tall to short grass-

lands) along grazing or other disturbance gradients,

without discernible changes in floristic composition

(Felfili et al. 2000; Cingolani et al. 2003; Paruelo et al.

2004; Conti & D�ıaz 2013). On the other hand, abiotic

environmental factors such as climate or topography

usually affect floristic composition, but not necessarily

physiognomy. Hence, it is common to observe shifts in

floristic composition under the same physiognomic type

along environmental gradients (Whittaker 1956). For

example, some authors have reported shifts in forest

types along elevation gradients (Cabido et al. 1991; Li

et al. 2013). These observations indicate that the rela-

tionship between floristic composition and physiognomy

is not a tight one, and that the two properties may

respond differently to different factors.

Despite the above-mentioned observations, traditional

vegetation descriptions often assume that sites character-

ized by a particular floristic composition share the same

physiognomy (Whittaker 1962; Jennings et al. 2009). This

implicit assumption is evident when naming floristic types

as a result of vegetation classifications. Floristic types are

usually named after the dominant species (Shimwell 1971;

Carri�on 2010), followed by terms describing their physiog-

nomy (e.g. Pseudotsuga menziesii forest, Jennings et al.

2009; Artemisia cana/Leymus cinereus shrubland, Cooper

et al. 1999). Although some authors have recognized diffi-

culties when attempting to assign a unique physiognomy

to a given floristic type (e.g. Pignatti et al. 1995), the tradi-

tion persists until now (e.g. Faber-Langendoen et al.

2014). Hence, only one out of various possible physiog-

nomies are recognized for each floristic type, which is

generally the dominant physiognomy (i.e. the most wide-

spread in the landscape), but not necessarily the potential

one (i.e. that which would dominate in absence of distur-

bance).

The implicit link between floristic composition and

physiognomy in vegetation classifications may lead to two

different problems when attempting to use these classifica-

tions for conservation or restoration purposes. First, it may

be assumed that both properties respond in the same way

to biotic and abiotic factors, producing uninformed selec-

tion of reference systems for restoration purposes. For

example, a floristic type may be selected as reference sys-

tem, linked with a given physiognomy that could be the

most frequent, but not necessarily the potential physiog-

nomy in a given habitat. In such cases, when eliminating

disturbance to attain the conservation or restoration of the

area, unexpected changes may occur (e.g. woody

encroachment) (Asner et al. 2004; Maestre et al. 2016).

Second, it may lead to the use of only physiognomic, or

only floristic properties when selecting indicators for

restoration or conservation monitoring. The selection of

representative and useful indicators is a key and controver-

sial point in ecosystem management (Clewell & Aronson

2007). While some authors argue that indicators related to

physiognomy are adequate (Durigan & Suganuma 2015;

Suganuma & Durigan 2015), others suggest that the use of

floristic indicators is essential (e.g. Leighton Reid 2015). In

summary, the failure to recognize that floristic composi-

tion and physiognomy are not always tightly linked and do

not necessarily respond in a similar way to the same biotic

and abiotic factors, may lead to uninformed management

planning and difficulties when attempting to restore

degraded ecosystems and select indicators (Pignatti et al.

1995; Carri�on 2010).

The effective conservation, management and restora-

tion of species, communities and ecosystems in mountain

environments demand a deep understanding of vegetation

responses along environmental gradients (Lamb & Gil-

mour 2003; Temperton & Hobbs 2004; Clewell & Aronson

2007). We suggest that the floristic perspective and the

physiognomic perspective may be integrated in a single

approach but treated as independent vegetation properties.

In this contribution we illustrate this approach using as an

example from themountains of central Argentina.

In mountain ecosystems, vegetation patterns are mainly

framed by elevation, which produces a climatic gradient of

decreasing temperature from base to top, often accompa-

nied with precipitation variations (K€orner 1999). Secon-

darily, the elevation gradient may be associated with the

disturbance regime (Nogu�es-Bravo et al. 2008). In differ-

ent regions worldwide, traditional vegetation descriptions

have divided this gradient into altitudinal belts character-

ized by one floristic composition directly linked to a single

physiognomic type (e.g. Hemp 2006). Following this tradi-

tion, the vegetation of the central mountains in Argentina

has been historically divided into different altitudinal belts,

ranging from xerophytic woodlands in the lower slopes,

followed by shrublands at intermediate elevations and

grasslands mixed with high mountain woodlands in the

upper parts (Luti et al. 1979; see study area section for

more details). For the lower altitudinal belts, detailed

floristic descriptions were performed by Cabido et al.
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(1991), describing shifts in the floristic composition of

xerophytic woodlands between 450 and 1050 m a.s.l., and

by Cantero et al. (2001) describing shifts in grassland

floristic composition between 900 and 1800 m a.s.l. How-

ever, each of those studies addressed only one physiog-

nomic type (woodlands or grasslands, respectively),

assuming that xerophytic woodlands are climatically

restricted to the lower elevations, and neither of them

described possible physiognomic variation among and

within floristic types. This assumption was later challenged

through the evaluation of a transitional zone between 900

and 1100 m a.s.l., which suggested that the upper limit of

the xerophytic woodland is not primarily conditioned by

temperature, but rather determined by fire and domestic

grazing (Giorgis et al. 2013). Similar findings were

reported in other transitional zones between forests and

grasslands in mountain ecosystems around the world

(Cairns & Moen 2004; Behling & Pillar 2007; Gehrig-Fasel

et al. 2007; Coop et al. 2010).

In this context, the objectives of this study were to: (1)

classify and characterize independently the floristic com-

position and physiognomy of the xerophytic woodland

and shrubland belts (500–1700 m a.s.l., sensu Luti et al.

1979) in Cordoba mountains; (2) evaluate the relationship

between the floristic and physiognomic classifications; and

(3) compare the distribution patterns of floristic and phys-

iognomic types along the elevation gradient.

Methods

Study area

The study was carried out in the mountains of C�ordoba in

central Argentina. These mountains are formed by three

main ranges that run 430 km from north to south

(29°000 S–33°120 S) and 110 km from east to west

(64°180 W–65°290 W). Their elevation varies from ca. 500–
2790 m a.s.l., with Mt. Champaqui being the highest peak

(Fig. 1).

As in a typical mountain system, the climate in our

study area is framed by the elevation gradient. At

500 m a.s.l., in the centre of the latitudinal range,

mean annual temperature is 17 °C, while at 1800 m

a.s.l. it is 11.2 °C, and at 2700 m a.s.l. 7.4 °C (De Fina

1992; Marcora et al. 2008). Along with the cooling of

climate as elevation increase, precipitation and soil

moisture content also increases (Colladon 2014; Tecco

et al. 2016). At the upper parts of the mountains, mean

annual precipitation reaches 900 mm, while at low ele-

vations there is a marked rainfall regional gradient from

east (annual rainfall >700 mm) to west (annual rainfall

<500 mm), with most rainfall concentrated in the war-

mer months. Additionally, temperature tends to

decrease slightly from north to south (Capitanelli 1979;

Giorgis et al. 2015).

(a) (b) (c)

500 1000 2000 m a.s.l.

Fig 1. (a) Location of the study area (■) in C�ordoba Province in Argentina. (b) Elevation gradient in the study area. (c) Distribution of the 437 relev�es in the

five sectors of the study area ( ). Agricultural zones in the lower plains and the sub-Andean zone above 1700 m were not sampled ( ).
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Current vegetation description of the study area

According to traditional descriptions, the vegetation of

the central mountains in Argentina belongs to the

Chaco Serrano district, within the Chaco phytogeo-

graphic province (Cabrera 1976). The Chaco Serrano

vegetation dominates the slopes of the mountains of

central and northwest Argentina, and southern Bolivia,

and forms complex ecotones with upper mountain

ecosystems, as well as with woody communities domi-

nating the Chaco-Pampean plains (Prado 1993). The

floristic knowledge of the Chaco Serrano, as well as the

relationships with other neighbouring ecosystems is

scarce throughout its whole extension.

Considering the identity of the dominant plant spe-

cies, the vegetation of the central mountains of Argen-

tina has been historically divided into different

altitudinal belts. Kurtz (1904) described two main belts:

the low-mountain woodland zone in the lower part

and the sub-Andean zone above 1700 m a.s.l. In turn,

Luti et al. (1979) divided the Chaco Serrano district

into three altitudinal belts. According to this descrip-

tion, the mountain xerophytic woodland belt, domi-

nated by Schinopsis marginata and Lithraea molleoides,

occupies the lower part of the gradient (between 500

and 1300 m a.s.l.), followed by the mountain shrubland

belt (locally named Romerillal) dominated by Baccharis

aliena (up to 1700 m a.s.l.). Finally, the grassland belt

with patches of high-mountain Polylepis australis wood-

lands occupies the upper part of the mountains (up to

2790 m a.s.l.).

Selection of study sites

To achieve a representative sampling, we divided the

mountains into three areas: one area in the north, one

area in the south and one in the centre, which in turn

was divided into an east-central, middle-central and a

western-central area (Fig. 1). Additionally, to focus our

attention on the Chaco vegetation, we excluded the

upper part of the mountains since the vegetation belt

above 1700 m has been related to the Andean and

Patagonian flora and vegetation (Cabido et al. 1998;

Mart�ınez et al. 2017). As the lower limit we considered

the elevation of 500 m a.s.l. proposed by both Kurtz

(1904) and Luti et al. (1979) as the transition zone

between lowland ecosystems and the mountain ecosys-

tems corresponding to the Chaco Serrano district (Cabr-

era 1976). However, due to some variation in the limits

along the latitudinal gradient some sites were located

slightly above and below to that elevation.

During field trips in the growing seasons (Dec to Mar) of

2006 to 2009 we selected and sampled a total of 437

homogeneous sites of 20 m 9 20 m. We used a preferen-

tial stratified sampling design. Sites were stratified between

the five areas and represented all vegetation patch types

within them (Fig. 1). We included some sites in pine plan-

tations because they have an important cover in these

mountains (13,000 ha). Moreover, Pinus species are escap-

ing from plantations (Giorgis et al. 2011a) and could

potentially cover the complete elevation gradient (Urcelay

et al. 2017), as is happening in others ecosystems in South

America (Zalba et al. 2008; Orellana & Raffaele 2010; Sim-

berloff et al. 2010).

Data collection

At each of the 437 sites we recorded latitude, longitude

and elevation with a GPS and performed a complete

floristic relev�e comprising all vascular plant species pre-

sent. We visually estimated the cover (%) of each species

(from + for species with <1%, then 1, 2, 3, 5, 8, 10%,

and thereafter with increment ranges of 5% until 100%).

As physiognomic properties we estimated the maximum

height of vegetation (cm), mean height (cm) and cover

(%) of the herbaceous, shrub and tree layers, and total

vegetation cover. These properties provide a three-

dimensional representation of the biomass vegetation dis-

tribution (Jennings et al. 2009). The tree layer was

defined by the presence of woody plants >4-m tall, while

the shrub layer was defined by the presence of woody

plants <4-m tall (modified from Jennings et al. 2009).

The herbaceous layer was defined by the presence of

herbaceous vascular species rooted on the ground. Epi-

phytic herbaceous plants were recorded in some sites, but

in general they had very low cover. It is important to

note that the addition of the three layers’ cover may

exceed 100%, because layers may overlap.

Data analyses

We used TWINSPAN to classify relev�es into different

groups of floristic composition (MjM Software Design,

Gleneden Beach, OR, US). We used a matrix of 437

relev�es 9 776 species, as species with a single presence

were removed from a total of 893 species (Microcomputer

Power, Ithaca, NY, US; Kent 2011). For this analysis we

transformed cover data into the following scale: 1 (cover

<1%, annotated with + in the field), 2 (cover from 1% to

5%), 3 (cover from 6% to 15%), 4 (cover from 16% to

35%), 5 (cover from 36% to 70%) and 6 (cover from 71%

to 100%; adapted from Jennings et al. 2009). We consid-

ered the eight groups of relev�es segregated at the third divi-

sion level. Each floristic type was named after the genus of

the species with highest average cover present in >40% of

the relev�es (i.e. constancy of III or more; see Appendix S2
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for more details on the constancy index), followed by the

genus of the second most abundant species present in

>80% of the relev�es (i.e. constancy V).

For physiognomy we performed a K-means classifica-

tion procedure (Jain & Dubes 1988). We used a matrix of

437 relev�es 9 six physiognomic variables: total vegetation

cover (%), cover of the tree, shrub and herbaceous layers

(%), maximum height of the vegetation within the site

(cm) and, finally, the mean vegetation height in the site

(cm). This last variable was estimated as the average height

of the different layers weighted by their cover (more details

in Appendix S1). We standardized the values of the maxi-

mum and the mean vegetation height to vary in a similar

range as the other variables (from 0 to 100). Eight clusters

were identified as physiognomic types, and each of them

was named considering the tallest and the dominant lay-

ers. In some cases we used the term ‘open’ or ‘closed’ to

differentiate between some types of shrublands or wood-

lands according to the cover of the shrub or tree layer,

respectively.

We chose TWINSPAN for floristic data, because it has

proven adequate in several comparisons of classification

techniques, especially for long floristic gradients with

many zero entries in the datamatrix (Cao et al. 1997;Moss

et al. 1999; Wesche & von Wehrden 2011). For physiog-

nomic classification, we selected K-means clustering

because it is stable and performs well for variables with few

zero entries in the datamatrix (Jain 2009).

We analysed the relationship between the eight floristic

and the eight physiognomic types through a contingency

table. Based on this table, we performed a chi-square test

and goodness-of-fit tests (Agresti 2007) using the R pack-

age ‘stats’ (R Foundation for Statistical Computing,

Vienna, AT). In this way, we detected positive and nega-

tive significant associations between the groups obtained

with the two classifications.

We estimated the mean elevation and the elevation

amplitude of each physiognomic and floristic type to

describe their elevation range of occurrence. The mean

elevation was calculated by averaging the elevation of all

relev�es included in each group (floristic or physiognomic),

and the amplitude was calculated as the difference

between the maximum and the minimum elevation

within each group. We tested if the mean elevation and

the elevation amplitude of each physiognomic and floristic

type were significantly different than expected by chance.

For this we performed 1000 random permutations of the

elevation position of the relev�es. We considered that the

mean elevation was significantly different from chance

expectation when its value was higher or lower than the

95% of the expected average values. For elevation ampli-

tude, we considered that it was significantly shorter than

chance expectation when its value was lower than 95% of

the expected average values.

Results

Floristic and physiognomic classifications

The TWINSPAN based on floristic composition first divided

all relev�es into twomajor groups (Fig. 2). In the two subse-

quent divisions, the first group was divided into four floris-

tic types characterized by a higher abundance of Festuca

hieronymi grasses or Vachellia caven (ex Acacia caven) shrubs

or small trees, while the second group was divided into

four floristic types characterized by a higher abundance of

the tree species L. molleoides, Ligustrum lucidum and/or

S. marginata. Noteworthy, L. lucidum is not native (i.e. Asi-

atic) unlike the rest of the species that characterize the

floristic types (see more details of floristic types in Table 1

and Appendices S2 and S3). The least represented floristic

type was Festuca-Piptochaetium (A), with only 7% out of the

437 sites, while the most represented were the two types

dominated by V. caven (C and D), which accounted for the

41% of the sites, being the most extended floristic types

along the elevation gradient (Table 1, Fig. 2,

Appendix S3).

The eight physiognomic types varied from an average

height of 72 cm for the herbaceous type, up to a maximum

of 13 m for the tallest woodland type (Table 2, more

details in Appendix S4). The least represented physiog-

nomic type was the open low woodland with shrubs (5),

with only 4% out of the 437 sites, while the most preva-

lent was the herbaceous type (1) with 22% of the sites.

Floristic vs physiognomic types

Out of the 64 cells resulting from the combination of the

eight physiognomic and the eight floristic types, only 19

(29.7%) were empty (Table 3). This indicates that each

floristic type can adopt various physiognomies, and each

physiognomic type can include various floristic types.

However, the relationship between floristic and physiog-

nomic types was different than expected by chance

(v2 = 508.33, P < 0.0001), indicating positive and negative

significant associations among them.

The floristic types most tightly linked to physiognomy

Festuca-Piptochaetium (A), Festuca-Cantinoa (B) and Schinop-

sis-Vachellia (G), each of them harbouring various physiog-

nomic types, but with only one type significantly and

positively associated (Table 3). With the opposite beha-

viour, the Lithraea-Celtis (E) and Ligustrum-Lithraea (F)

types, harboured all or most of the eight physiognomic

types, with two or three of them (different types of wood-

lands) significantly and positively associated (Table 3).
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The physiognomic types most tightly linked with floris-

tic types were two types of woodland (5 and 7), with the

strongest link between open woodland with shrubs (5)

and Schinopsis-Senegalia (H). The remaining physiognomic

types harboured more than four or five floristic types, each

of them with two significantly and positively associated

floristic types (Table 3).

The elevation gradient

All the floristic types showed narrower elevation ampli-

tudes than expected by chance, indicating that all of them

tend to be restricted to a given section of the elevation gra-

dient (Fig. 3a). Accordingly, most of them also showed a

different mean elevation than expected by chance, except

the two types distributed at intermediate elevations. The

distribution of Schinopsis-Senegalia (H) was significantly

restricted to the lower elevation extreme of themountains.

Table 1. Average � SE of richness, evenness and diversity (Shannon

index) for each floristic type.

Floristic Types Richness Evenness Diversity

A - Festuca-Piptochaetium 81.6 � 3.6 0.98 � 0.01 4.3 � 0.05

B - Festuca-Cantinoa 74.5 � 3.4 0.98 � 0.01 4.2 � 0.06

C - Vachellia-Acalypha 81.5 � 1.7 0.98 � 0.00 4.3 � 0.02

D - Vachellia-Trithrinax 80.0 � 1.5 0.98 � 0.00 4.3 � 0.02

E - Lithraea-Celtis 57.5 � 1.5 0.97 � 0.01 3.9 � 0.03

F - Ligustrum-Lithraea 40.5 � 2.3 0.96 � 0.00 3.5 � 0.08

G - Schinopsis-Vachellia 62.4 � 2.2 0.97 � 0.01 4 � 0.04

H - Schinopsis-Senegalia 61.3 � 1.6 0.98 � 0.01 4 � 0.04

Table 2. Mean values of diagnostic variables for each physiognomic type. (1) Herbaceous type (2) degraded herbaceous type with shrubs; (3) open shrub-

land; (4) closed shrubland; (5) open low woodland with shrubs; (6) open low woodland with herbs; (7) closed low woodland; (8) closed tall woodland.

Variable 1 2 3 4 5 6 7 8

Total Vegetation Cover (%) 94.7 66.1 91.0 81.3 93.4 95.8 98.0 92.7

Tree Cover (%) 3.0 1.7 5.3 6.5 49.2 66.0 89.0 80.2

Shrub Cover (%) 13.8 21.3 50.3 62.0 64.7 23.0 30.3 15.5

Herb Cover (%) 90.1 50.9 72.7 30.7 38.1 79.0 26.7 18.7

Max Height (cm)* 328.5 264.2 418.5 572.4 911.1 840.0 801.9 1264.3

Mean Height (cm)* 71.9 74.1 115.8 160.3 349.8 303.2 443.5 741.6

*Non-standardized values.
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(Alo gra), V. caven (Vac cav), Anredera cordifolia (Anr cor), Salpichroa origanifolia (Sal ori), Turnera sidoides (Tur sid), Lantana grisebachii (Lan gri),

Bouteloua curtipendula (Bou cur), Schizachyrium tenerum (Sch ten), Cologania broussonetii (Col bru), C. mutabilis (Can mut), Desmodium uncinatum (Des

unc). Pavonia aurigloba (Pav aur), Sida rhombifolia (Sid rho), Glandularia sp. (Gla sp), Croton lachnostachyus (Cro lac), Dichondra microcalyx (Dic mic),

Fleischmannia prasiifolia (Fre pra), L. lucidum (Lig luc), Nassella cordobensis (Nas cor), Setaria parviflora (Set par), S. gilliesii (Sen gil), Cardiospermun

corindum (Car cor), Indigofera parodiana (Ind par). At the lower end of the tree, the eight floristic types (A–H) are named by their two most representative

species (i.e. most abundant and constant; see Methods for more details). Finally, the dominant species of the two main groups (after the first division) are

highlighted at the bottom of the diagram.
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It showed both the lowest mean and shortest amplitude

among all floristic types. Indeed, the other two floristic

types characterized by tree species, Lithraea-Celtis (E) and

Schinopsis-Vachellia (G), were also restricted to the lower

part of the elevation gradient (Fig. 3a), but in both cases

the restriction was less severe than for the previous type

(H). The Vachellia-Acalypha type (C) was restricted to the

lower and central parts of the gradient, although its mean

elevation (1000 m a.s.l.) was slightly but significantly

higher than expected by chance (Fig. 3a). The floristic

types Ligustrum-Lithraea (F) and Vachellia-Trithrinax (D)

were restricted to the intermediate part of the elevation

gradient. Finally, the two floristic types dominated by a tall

tussock grass (A: Festuca-Piptochaetium and B: Festuca-Canti-

noa) were restricted to the upper part of the gradient

(Fig. 3a), with their mean elevations higher than expected

by chance.

In contrast to floristic types, seven out of the eight phys-

iognomic types did not show elevation restrictions, as their

elevation amplitude was not different than expected by

chance (Fig. 3b). Open shrubland (3), open low woodland

with herbs (6), closed low woodland (7) and closed tall

woodland (8) occur indistinctly at any elevation. Both

herbaceous types (1 and 2) were present at any elevation,

but tend to occur preferentially at the upper part of the gra-

dient, as evidenced by their means higher than expected

by chance, while closed shrubland (4) is also present at

any elevation but occurs preferentially at low elevations

(Fig. 3b). Finally, open low woodland with shrubs (5)

showed a significant restriction to the low and medium

parts of the gradient (Fig. 3b).

Discussion

Decoupled relationship between floristic composition

and physiognomy

Our results indicate that a given floristic type may include

various physiognomic types. In line with warnings from

previous authors (Westhoff 1967; Pignatti et al. 1995;

Carri�on & Fern�andez 2009; Carri�on 2010), this finding

highlights the mistake of linking one floristic type with a

single physiognomy. While the results of this approach

may vary slightly depending on the classification tech-

niques used, whose selection is somewhat subjective, the

main conclusions do not change. We tested different

options, and with all of them we found a decoupled rela-

tionship between floristic and physiognomic classifications

(results not shown).

Table 3. Relationship between physiognomic and floristic types. Each cell shows the difference between the observed frequency and the frequency

expected by chance (OBSERVED – EXPECTED) and provide the actual observed frequency between brackets. The final column and row show the total num-

ber of sites in each physiognomic and floristic type, respectively. Significant values are highlighted in bold and with an asterisk.

Floristic types

A B C D E F G H Total

number

of sites

Festuca-

Piptochaetium

Festuca-

Cantinoa

Vachellia-

Acalypha

Vachellia-

Trithrinax

Lithraea-

Celtis

Ligustrum-

Lithraea

Schinopsis-

Vachellia

Schinopsis-

Senegalia

Physiognomic

types

1 Herbaceous

type

3.6 (10) 15* (24) 13* (34) 5.3 (23) �15* (1) �6* (0) �8* (2) �9* (0) 94

2 Degraded

herbaceous

type with

shrubs

14 (18) �2 (3) �4 (8) 4.6 (15) �9* (1) �4 (0) �5* (1) *4 (9) 55

3 Open

shrubland

�6* (0) �5* (2) 16* (34) 13* (28) �5 (9) �4 (2) �2 (6) �7* (0) 81

4 Closed

shrubland

�5* (0) �6* (1) �10* (7) 2.3 (17) �8* (5) �5* (0) 17* (25) 16* (23) 78

5 Open low

woodland

with shrubs

�1 (0) �2 (0) �4* (0) �3 (0) *2.9 (6) 0.8 (2) 2.2 (4) 4.4* (6) 18

6 Open low

woodland

with herbs

�2 (0) �1 (2) 1.8 (9) �6* (0) 5.3* (11) 3.8* (6) �1 (2) �3 (0) 30

7 Closed low

woodland

�4 (0) �5* (0) �11* (1) �10* (0) 26* (35) 9.4* (13) �1 (4) �5* (0) 53

8 Closed tall

woodland

0.1 (2) 2.4 (5) �3.1 (3) �5.3* (0) 3.2 (8) 5.1* (7) �1.9 (1) �0.5 (2) 28

Total number of sites 30 37 96 83 76 30 45 40 437

v2 test = 508.33, P = ≤0.0001.
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The decoupled relationship between floristic and phys-

iognomic types was particularly striking in the case of

Vachellia types (C and D) dominated by a woody species

but showing a large proportion of sites adopting a herba-

ceous physiognomy. This is driven by the occurrence of

numerous subordinate herbaceous species, which reach as

a group far higher cover than the dominant species

V. caven. Similarly, a tall woodland physiognomy (8) was

rather the exception than the rule among floristic types

dominated by native tree species (i.e. 10.5%, 2.2% and

5% of the cases for floristic types E, G and H, respectively),

which in most cases adopt the physiognomy of closed

shrublands or low woodlands (4–7). Since trees of

L. molleoides and S. marginata may reach heights of

15–20 m, our results clearly show that the current floristic

types dominated by native trees are far away from their

potential expression described with traditional approaches

(Cabrera 1976; Luti et al. 1979).

The overall contrasting biomass distribution observed

within each native floristic type might be explained by

the overwhelming resprouting capacity of our woody

species (e.g. L. molleoides, V. caven, R. apetala, P. australis)

in response to fire (Renison et al. 2002; Gurvich et al.

2005; Torres et al. 2014) and grazing (Giorgis et al.

2010). Fire on a woodland physiognomy produces a

drastic reduction in woody biomass followed by an

increase in herbaceous vegetation. However, woody spe-

cies resprout from the base, and a few years after the

fire event, floristic composition became quite similar to

the previous one, while physiognomy needs more time

to recover. The recovery of physiognomy is particularly

slow if the area is under high grazing pressure by

domestic herbivores, because animals browse the new

shoots, slowing down the growth of trees and shrubs

(Giorgis et al. 2010; Torres & Renison 2015). In this

way, a high cover of herbaceous plants is maintained,

A
B
C
D

G
H

*
*

*
*

*
*

E* *
*

*

*

F*

1600140012001000800600400 1800

*

*

*
8
3

7

1
2*

6

5*
4*

1600140012001000800600400 1800
Elevation

*

(a)

(b)

Fig. 3. Amplitude and mean elevation, indicated by horizontal and short vertical lines, respectively, along the elevation gradient for each floristic type (a)

and for each physiognomic type (b). Both types are ordered according their mean altitude. Significant differences from chance expectations are indicated

with an asterisk (*). When the asterisk is plotted at the right of the mean it indicates significantly higher altitude than expected by chance, while the asterisk

at the left of the mean indicates significantly lower altitude than expected by chance. An asterisk at the left of the horizontal line indicates significantly

shorter elevation amplitude than expected by chance. The vertical dotted line indicates the average altitude expected by chance (i.e. mean elevation value

of the 437 sites = 915.8 m a.s.l.). Floristic types; (A) Festuca-Piptochaetium, (B) Festuca-Cantinoa, (C) Vachellia-Acalypha, (D) Vachellia-Trithrinax, (E)

Lithraea-Celtis, (F) Ligustrum-Lithraea, (G) Schinopsis-Vachellia, (H) Schinopsis-Senegalia. Physiognomic types; (1) herbaceous type; (2) degraded

herbaceous type with shrubs; (3) open shrubland; (4) closed shrubland; (5) open low woodland with shrubs; (6) open low woodland with herbs; (7) closed

low woodland; (8) closed tall woodland.
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which may produce a positive feedback with fire, pre-

venting succession towards the full recovery of woody

physiognomies (Giorgis et al. 2013; Arga~naraz et al.

2015). In summary, disturbance is a major driver of

physiognomic changes in our system as well as in other

systems (Dantas et al. 2016), but seems to be a less

important driver of floristic composition variations

(Paruelo 2005).

Our approach may be used as a framework to hypothe-

size about successional relationships within and between

floristic types occupying similar elevation ranges. For

example, the floristic type of Lithraea-Celtis (E) adopts four

main physiognomies (the four types of woodlands), which

may be interpreted as different stages of post-disturbance

succession. Further successional relationships could be

inferred between this floristic type, which has high con-

stancy of V. caven, and the Vachellia-Acalypha type (C),

which has relatively high constancy of L. molleoides and

C. ehrenbergiana. This last floristic type (C), mostly found as

herbaceous and shrubland physiognomic types, could then

be expected to change into woodlands of Lithraea-Celtis

type (E) in the absence of disturbance, as was suggested by

Giorgis et al. (2013). Similarly, in the case of the floristic

type of Schinopsis-Vachellia (G), the conversion from shrub-

land into woodland in the absence of disturbance could be

proposed. Additionally, the floristic type (F) co-dominated

by an alien tree (L. lucidum) is closely related to Lithraea-

Celtis type (E). As woody invasion in the system is currently

conditioned by propagule pressure (Giorgis et al. 2011a,

2016), our results suggest an alternative successional path-

way when availability of L. lucidum propagules increases

(e.g. Zeballos et al. 2014). These examples illustrate the

type of hypotheses that can be proposed about the

dynamic of the system based on our results. A further step

would be to summarize those hypotheses through state

and transition models (Hobbs & Norton 2004; Clewell &

Aronson 2007).

Elevation and vegetation

According to our results, most physiognomic types can

occur along the whole elevation gradient, while floristic

types, although restricted, overlap widely. This means that

a given altitudinal belt cannot be named by a single phys-

iognomic or floristic type (see Appendix S5 for a simplified

mountain scene).

It is important to highlight that our findings challenge

the most established vegetation descriptions in which

S. marginata and L. molleoides woodlands constitute a dis-

crete altitudinal belt at the lower part of the gradient,

replaced by the Romerillal belt (shrublands dominated by

B. aliena) above 1300 m a.s.l.; sensu Luti et al. 1979). Pre-

sent data showed that while the distribution of

S. marginata types are restricted to lower elevations in line

with the traditional description (Luti et al. 1979), types

dominated by L. molleoides or V. caven (C, D, E) have the

potential to reach higher elevations than 1300 m a.s.l.,

and most of our woodland physiognomies showed no ele-

vation restriction. Since neither of our floristic types is

dominated by B. aliena, our results do not support the exis-

tence of the Romerillal belt at a regional scale. The range of

elevation between 1300 and 1700 m rather comprises var-

ious floristic types and almost all physiognomic types (i.e.

seven out of the eight physiognomic types were not signifi-

cantly restricted along the elevation gradient). This,

together with the presence of P. australis high mountain

woodlands down to 1400 m a.s.l. (Marcora et al. 2008),

suggests that woody physiognomic types do not have an

elevation restriction in the study gradient. Moreover, it

provides further support to local studies reporting success-

ful establishment and growth of woody species, either

natives or aliens, along the whole elevation gradient in

C�ordoba Mountains (Marcora et al. 2008, 2013, 2016;

Giorgis et al. 2011a,b; Pais Bosch et al. 2012; Tecco et al.

2016; Urcelay et al. 2017). These findings support the old

vegetation description provided by Kurtz (1904), in which

all the area below 1700 m a.s.l. belongs to the low-moun-

tain woodland zone.

Taking into consideration the lack of altitudinal restric-

tion of most woody physiognomic types, together with the

preference of herbaceous types (1 and 2) for the medium

and upper parts of the gradient, we hypothesize that dis-

turbances, interacting with climatic harshness, are the

major factors conditioning vegetation physiognomy along

the elevation gradient (Cingolani et al. 2008; Giorgis et al.

2013). In this context, the overall decline in growth rate

associated with lower temperatures and the increase of

frost events at higher elevation (Coomes & Allen 2007)

may slow woody recovery after disturbance, as has been

demonstrated for V. caven in our study area (J. Alinari,

unpubl. results). Additionally, the dominance of the grass

F. hieronymi in floristic types restricted to upper altitudes

(A and B) may be explained by the adaptation of this spe-

cies to cold temperatures (Cabido et al. 2008; Giorgis et al.

2015) and by its shorter life cycle than woody species

which may be associated with a fast recovery after distur-

bance.

All in all, our results indicate important differences

between floristic composition and physiognomy in their

response to the same gradient, suggesting that both charac-

teristics are partially independent. The floristic restriction

along the elevation gradient suggests that the pool of spe-

cies is mainly conditioned by climate (temperature), which

is a relatively stable factor that varies at the regional scale

(Woodward 1987; D�ıaz et al. 1999). In turn, the occur-

rence of different physiognomic types at all elevations
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suggests a rapid response of biomass distribution to factors

changing at short temporal and spatial scales like fire and

grazing (Felfili et al. 2000; Cingolani et al. 2003).

Management implications

Traditionally, managers in the study area assume that

native grasslands or shrublands were the potential phys-

iognomy at elevations above 1000–1300 m a.s.l., in

which native woodlands were naturally absent. Conse-

quently, they have introduced pine plantations and

managed grasslands through the use of grazing and fire

(Jobbagy et al. 2013; Cingolani et al. 2014). Recently, it

has been demonstrated that pine plantations reduce

watershed performance (Jobbagy et al. 2013). Addition-

ally, heavy livestock pressure and high fire frequency on

grasslands trigger soil erosion, reducing soil depth and

organic matter content, compared with soils protected

with woodlands (Renison et al. 2010; Giorgis et al.

2013). Based on our results and previous findings, and

taking into consideration that our mountain area is the

main reservoir of biodiversity and water in the region

(Cingolani et al. 2015), we suggest three main manage-

ment recommendations.

First, due to the restriction of floristic types along the

elevation gradient, we emphasize that any restoration or

conservation project should start with a description of all

floristic types present at the elevation of interest. Then it

would be necessary to hypothesize about the possible suc-

cessional relationships between different physiognomic

types within each floristic type, and between floristic types.

These hypotheses could be formalized in a state and transi-

tion model (as recommended by Clewell & Aronson 2007).

These considerations may help to understand trajectories,

and to select resilient and self-sustaining systems of refer-

ence (Clewell & Aronson 2007). This point is particularly

important for ecosystems like ours having still scarce

knowledge about their dynamics.

Second, the system of reference should be selected pri-

oritizing late-succesional physiognomic/floristic types (i.e.

dominated by native trees), which are the least common in

the area and the most difficult to attain (Zak & Cabido

2002; Clewell & Aronson 2007; Hoyos et al. 2013). In this

point we highlight that shrublands may have an important

potential for fast recovery and transformation into more

mature successional stages. As a consequence, shrubland

physiognomic types should receive special focus because

they are abundant and could be transformed into valuable

woodland types with little effort, by preventing invasions

and disturbance by fire and heavy grazing (Clewell &

Aronson 2007).

Finally, we recommend special attention to alien species

management in any conservation or restoration project.

The alternative successional pathway into exotic-domi-

nated woodlands should be prevented through extracting

individuals of exotic trees when present. Due to their

widespread occurrence, alien plant invasion threatens

effectiveness of any landscape management in the region

(Hoyos et al. 2010; Giorgis et al. 2011a,b, 2016; Gavier-

Pizarro et al. 2012; Salazar et al. 2013; Furey et al. 2014;

Giorgis & Tecco 2014; Zeballos et al. 2014; Ferreras et al.

2015).

Acknowledgements

This study was conducted with the support of the Inter-

American Institute for Global Change Research (IAI)

CRNII-2005, SECYT, CONICET and MINCyT C�ordoba. We

thank N. P�erez-Harguindeguy, S. Zeballos, J. Astegiano, P.

Venier, A. Pais Bosch, M. Bonino, L. Enrico, B. Garro, I.

Lezcano and J. Alinari for help in data collection. We also

thank three anonymous reviewers and the editor, who

made important suggestions that greatly improved the

manuscript. All the authors are researchers from CONICET

and MAG, AMC, DEG, PAT and MC are professors at the

National University of C�ordoba, Argentina.

MAG, AMC and MC designed the study. MAG, AMC,

MC, DEG and PAT contributed to data collection. MAG,

MC, JC, FC and DEG contributed plant identification.

MAG and AMC carried out data analyses. MAG, AMC and

PAT wrote the article with contributions from MC and

DEG.

References

Agresti, A. 2007. An Introduction to categorical data analysis, 2nd

edn. JohnWiley & Sons, New York, NY, US.

Arga~naraz, J.P., Gavier Pizarro, G., Zak, M. & Bellis, L.M. 2015.

Fire regime, climate, and vegetation in the Sierras de

C�ordoba, Argentina. Fire Ecology 11: 55–73.

Asner, G.P., Elmore, A.J., Olander, L.P., Martin, R.E. & Harris,

A.T. 2004. Grazing systems, ecosystem responses, and global

change. Annual Review of Environment and Resources 29: 261–

299.

Behling, H. & Pillar, V. 2007. Late Quaternary vegetation, biodi-

versity and fire dynamics on the southern Brazilian highland

and their implication for conservation and management of

modern Araucaria forest and grassland ecosystems. Philo-

sophical Transactions of the Royal Society of London, series B: Bio-

logical Sciences 362: 243–251.

Cabido, M., Carranza, M.L., Acosta, A. & P�aez, S. 1991. Con-

tribuci�on al conocimiento fitosociol�ogico del Bosque

Chaque~no Serrano en la provincia de C�ordoba, Argentina.

Phytocoenolog�ıa 19: 547–566.

Cabido, M., Funes, G., Pucheta, E., Vendranimi, F. & D�ıaz, S.

1998. A chorological analysis of the mountains from Central

Argentina. Is all what we call Sierra Chaco really Chaco?

Applied Vegetation Science
10 Doi: 10.1111/avsc.12324© 2017 International Association for Vegetation Science

Physiognomy and floristic are decoupled M.A. Giorgis et al.



Contribution to the study of the flora and vegetation of the

Chaco. XII. Candollea 53: 321–331.

Cabido, M., Pons, E., Cantero, J.J., Lewis, J.P. & Anton, A. 2008.

Photosynthetic pathway variation among C4 grasses along a

precipitation gradient in Argentina. Journal of Biogeography

35: 131–140.

Cabrera, A. 1976. Regiones fitogeogr�aficas argentinas. 2 ed. Enciclop.

Arg. Agric. Y Jardiner�ıa. ACME, Buenos Aires, AR.

Cairns, D.M. & Moen, J. 2004. Herbivory influences tree lines.

Journal of Ecology 92: 1019–1024.

Cantero, J.J., Cabido, M., Nu~nez, C., Petryna, L., Zak, M. &

Zobel, M. 2001. Clasificaci�on de los pastizales de suelos sobre

rocas metam�orficas de las Sierras de C�ordoba, Argentina.

Kurtziana 29: 27–77.

Cao, Y., Bark, A.W. & Williams, W.P. 1997. A comparison of

clustering methods for river benthic community analysis.

Hydrobiologia 347: 25–40.

Capitanelli, J. 1979. Clima. In: Vazquez, J., Miatello, R. & Roque,

M. (eds.) Geograf�ıa F�ısica de la Provincia de C�ordoba, pp. 45–

138. Boldt, Buenos Aires, AR.

Carri�on, J.S. 2010. The concepts of potential natural vegetation

(PNV) and other abstractions (trying to pick up fish with wet

hands). Journal of Biogeography 37: 2213–2215.

Carri�on, J.S. & Fern�andez, S. 2009. The survival of the ‘natural

potential vegetation’concept (or the power of tradition).

Journal of Biogeography 36: 2202–2203.

Cingolani, A.M., Cabido, M.R., Renison, D. & Sol�ıs Neffa, V.

2003. Combined effects of environment and grazing on veg-

etation structure in Argentine granite grasslands. Journal of

Vegetation Science 14: 223–232.

Cingolani, A.M., Vaieretti, M.V., Giorgis, M.A., Poca, M., Tecco,

P.A. & Gurvich, D.E. 2014. Can livestock grazing maintain

landscape diversity and stability in an ecosystem that

evolved with wild herbivores? Perspectives in Plant Ecology,

Evolution and Systematics 16: 143–153.

Cingolani, M.A., Poca, M., Giorgis, M.A., Vaieretti, V., Gur-

vich, D., Whitworth Hulse, J. & Renison, D. 2015. Water

services in central Argentina, identifying priority land-

scapes for conservation. Journal of Hydrology 525: 178–

187.

Cingolani, A.M., Renison, D., Tecco, P.A., Gurvich, D.E. &

Cabido, M. 2008. Predicting cover types in a mountain range

with long evolutionary grazing history: a GIS approach. Jour-

nal of Biogeography 35: 538–551.

Clewell, A.F. & Aronson, J. 2007. Ecological restoration: princi-

ples, values, and structure of an emerging profession. Island

Press, Washington, DC, US.

Colladon, L. 2014. Anuario pluviom�etrico 1992–2012. In: Cuenca

del R�ıo San Antonio, Sistema del R�ıo Suqu�ıa, Provincia de C�ordoba.

Instituto Nacional del Agua y del Ambiente (INA) y Centro

de Investigaciones de la Regi�on Semi�arida (CIRSA),

C�ordoba, AR.

Conti, G. & D�ıaz, S. 2013. Plant functional diversity and carbon

storage – an empirical test in semiarid forest ecosystems.

Journal of Ecology 101: 18–28.

Coomes, D.A. & Allen, R.B. 2007. Effects of size, competition

and altitude on tree growth. Journal of Ecology 95: 1084–

1097.

Coop, J.D., Massatti, R.T. & Schoettle, A.W. 2010. Sub-alpine

vegetation pattern three decades after stand-replacing fire:

effects of landscape context and topography on plant com-

munity composition, tree regeneration and diversity. Journal

of Vegetation Science 21: 472–487.

Cooper, S.V., Jean, C. & Heidel, B. 1999. Plant associations and

related botanical inventory of the Beaverhead Mountains Section,

Montana. Montana Natural Heritage Program, Helena, MT,

US.

Dantas, V.D.L., Hirota, M., Oliveira, R.S. & Pausas, J.G. 2016.

Disturbance maintains alternative biome states. Ecology Let-

ters 19: 12–19.

De Fina, A.L. 1992. Aptitud agroclim�atica de la Rep�ublica Argentina.

Academia Nacional de Agronom�ıa y Veterinaria, Buenos

Aires, AR.

D�ıaz, S., Cabido, M., Zak, M., Mart�ınez Carretero, E. & Ara-

n�ıbar, J. 1999. Plant functional traits, ecosystem struc-

ture and land-use history along a climatic gradient in

central-western Argentina. Journal of Vegetation Science 10:

651–660.

Durigan, G. & Suganuma, M.S. 2015. Why species composi-

tion is not a good indicator to assess restoration success?

Counter-response to Reid (2015). Restoration Ecology 23:

521–523.

Faber-Langendoen, D., Keeler-Wolf, T., Meidinger, D., Tart, D.,

Hoagland, B., Josse, C., (. . .) & Comer, P. 2014. EcoVeg: a

new approach to vegetation description and classification.

Ecological Monographs 84: 533–561.

Felfili, J.M., Rezende, A.V., Silva Junior, M.C. & Silva, M.A.

2000. Changes in the floristic composition of cerrado sensu

stricto in Brazil over a nine-year period. Journal of Tropical

Ecology 16: 579–590.

Ferreras, A.E., Giorgis, M.A., Tecco, P.A., Cabido, M.R. & Funes,

G. 2015. Impact of Ligustrum lucidum on the soil seed bank in

invaded subtropical seasonally dry woodlands (C�ordoba,

Argentina). Biological Invasions 217: 3547–3561.

Furey, C., Tecco, P.A., Perez-Harguindeguy, N., Giorgis, M.A. &

Grossi, M. 2014. The importance of native and exotic plant

identity and dominance on decomposition patterns in

mountain woodlands of central Argentina. Acta Oecologica 54:

13–20.

Gavier-Pizarro, G.I., Kuemmerle, T., Hoyos, L.E., Stewart, S.I.,

Huebner, C.D., Keuler, N.S. & Radeloff, V.C. 2012. Monitor-

ing the invasion of an exotic tree (Ligustrum lucidum) from

1983 to 2006 with 1 Landsat TM/ETM+ satellite data and

support vector machines in C�ordoba, Argentina. Remote Sens-

ing of Environment 122: 134–145.

Gehrig-Fasel, J., Guisan, A. & Zimmermann, N.E. 2007. Tree line

shifts in the Swiss Alps: climate change or land abandon-

ment? Journal of Vegetation Science 18: 571–582.

Giorgis, M.A. & Tecco, A.M. 2014. �Arboles y arbustos invasores

de la provincia de c�ordoba (Argentina): una contribuci�on a

11
Applied Vegetation Science
Doi: 10.1111/avsc.12324© 2017 International Association for Vegetation Science

M.A. Giorgis et al. Physiognomy and floristic are decoupled



la sistematizaci�on de bases de datos globales. Bolet�ın de la Soci-

edad Argentina de Bot�anica 49: 581–603.

Giorgis, M.A., Cingolani, A.M., Teich, I. & Renison, R. 2010. Do

Polylepis australis trees tolerate herbivory? Seasonal patterns

of biomass production and its consumption by livestock.

Plant Ecology 207: 307–319.

Giorgis, M.A., Tecco, P.A., Cingolani, A.M., Renison, D., Mar-

cora, P. & Paiaro, V. 2011a. Factors associated with woody

alien species distribution in a newly invaded mountain sys-

tem of central Argentina. Biological Invasions 13: 1423–1434.

Giorgis, M.A., Cingolani, A.M., Chiarini, F., Chiapella, J., Bar-

boza, G., Ariza Espinar, L., Morero, R., Gurvich, D.E., Tecco,

P.A., Subils, R. & Cabido, M. 2011b. Composici�on flor�ıstica

del Bosque Chaque~no Serrano de la Provincia de C�ordoba,

Argentina. Kurtziana 36: 9–43.

Giorgis, M.A., Cingolani, A.M. & Cabido, M. 2013. El efecto del

fuego y las caracter�ısticas topogr�aficas sobre la vegetaci�on y

las propiedades del suelo en la zona de transici�on entre bos-

ques y pastizales de las sierras de C�ordoba, Argentina. Bolet�ın

de la Sociedad Argentina de Bot�anica 48: 493–513.

Giorgis, M.A., Lopez, M.L., Rivero, D. & Cingolani, A.M. 2015.

Variaciones paleoclim�aticas en las monta~nas del centro de

Argentina, una primera aproximaci�on a trav�es del an�alisis de

silicofitolitos del sitio arqueol�ogico del Alto. Bolet�ın de la Socie-

dad Argentina de Bot�anica 50: 361–375.

Giorgis, M.A., Cingolani, A.M., Tecco, P., Cabido, M., Poca, M. &

von Wehrden, H. 2016. Testing alien plant distribution and

habitat invasibility in mountain ecosystems: growth form

matters. Biological Invasions 18: 2017–2028.

Grau, H.R. & Veblen, T.T. 2000. Rainfall variability, fire and veg-

etation dynamics in neotropical montane ecosystems in

north-western Argentina. Journal of Biogeography 27: 1107–

1121.

Gurvich, D.E., Enrico, L. & Cingolani, A.M. 2005. Linking plant

functional traits with post-fire sprouting vigour in woody

species in central Argentina.Austral Ecology 30: 789–796.

Hemp, A. 2006. Continuum or zonation? Altitudinal gradients

in the forest vegetation of Mt. Kilimanjaro. Plant Ecology 184:

27–42.

Hobbs, R.J. & Norton, D.A. 2004. Ecological filters, thresholds,

and gradients in resistance to ecosystem reassembly. In: Tem-

perton, V.M., Hobbs, R.J., Nuttle, T. & Halle, S. (eds.) Assem-

bly rules and restoration ecology: bridging the gap between theory

and practice, pp. 72–95. Island Press, Washington, DC, US.

Hoyos, L.E., Gavier-Pizarro, G.I., Kuemmerle, T., Bucher, E.H.,

Radeloff, V.C. & Tecco, P.A. 2010. Invasion of glossy privet

(Ligustrum lucidum) and native forest loss in the Sierras Chi-

cas of C�ordoba, Argentina. Biological Invasions 12: 3261–

3275.

Hoyos, L.E., Cingolani, A.M., Zak, M.R., Vaieretti, M.V., Gorla,

D.E. & Cabido, M.R. 2013. Deforestation and precipitation

patterns in the arid Chaco forests of central Argentina.

Applied Vegetation Science 16: 260–271.

Jain, A.K. 2009. Data clustering: 50 years beyond K-means. Pat-

tern Recognition Letters 31: 651–666.

Jain, A.K. & Dubes, R.C. 1988. Algorithms for clustering data. Pren-

tice Hall, New Jersey, NJ, US.

Jennings, M.D., Faber-Langendoen, D., Loucks, O.L., Peet, R.K.

& Roberts, D. 2009. Standards for associations and alliances

of the U.S. National Vegetation Classification. Ecological

Monographs 79: 173–199.

Jobbagy, E.G., Acosta, A.M. & Nosetto, M.D. 2013. Rendimiento

h�ıdrico en cuencas primarias bajo pastizales y plantaciones

de pino de las sierras de C�ordoba (Argentina). Ecolog�ıa Austral

23: 87–96.

Kent, M. 2011. Vegetation description and data analysis: a practical

approach. JohnWiley & Sons, Chichester, UK.

K€orner, Ch. 1999. Alpine plant life. Functional plant ecology of high

mountain ecosystems, pp. 343. Springer, Berlin, DE.

Kurtz, F. 1904. Flora de C�ordoba. In: R�ıo, M.E. & Ach�aval, L.

(eds.) Geograf�ıa de la Provincia de C�ordoba, vol 1, pp. 270–343.

Compa~n�ıa Sudamericana de Billetes de Banco, Buenos Aires,

AR.

Lamb, D. & Gilmour, D. 2003. Rehabilitation and restoration of

degraded Forests, pp. 110. IUCN, Gland, CH and Cambridge,

UK andWWF, Gland, CH.

Leighton Reid, J. 2015. Indicators of success should be sensitive

to compositional failures: reply to Suganuma and Durigan.

Restoration Ecology 23: 519–520.

Li, C.F., Chytr�y, M., Zelen�y, D., Chen, M.Y., Chen, T.Y., Chiou,

C.R., Hsia, Y., Liu, H., Yang, S., (. . .) &Wang, J.C. 2013. Clas-

sification of Taiwan forest vegetation. Applied Vegetation

Science 16: 698–719.

Luti, R., Bertr�an de Sol�ıs, M.A., Galera, M.F., M€uller de Ferreira,

N., Berzal, M., Nores, M., Herrera, M.A. & Barrera, J.C.

1979. Vegetaci�on. In: V�azquez, J., Miatello, R. & Roque, M.

(eds.), Geograf�ıa F�ısica de la provincia de C�ordoba, pp. 297–368.

Ed. Boldt, Buenos Aires, AR.

Maestre, F.T., Eldridge, D.J. & Soliveres, S. 2016. A multifaceted

view on the impact of shrub encroachment. Applied Vegeta-

tion Science 19: 369–370.

Marcora, P., Hensen, I., Renison, D., Seltmann, P. & Wesche,

K. 2008. The performance of Polylepis australis trees along

their entire altitudinal range: implications of climate

change for their conservation. Diversity and Distribution 14:

630–636.

Marcora, P.I., Renison, D., Pa�ıs-Bosch, A.I., Cabido, M.R. &

Tecco, P.A. 2013. The effect of altitude and grazing on seed-

ling establishment of woody species in central Argentina.

Forest Ecology andManagement 291: 300–307.

Marcora, P.I., Tecco, P.A., Zeballos, S.R. & Hensen, I. 2016. Influ-

ence of altitude on local adaptation in upland tree species

from central Argentina. Plant Biology 19: 123–131.

Mart�ınez, G.A., Arana, M.D., Oggero, A.J. & Natale, E.S. 2017.

Biogeographical relationships and new regionalisation of

high-altitude grasslands and woodlands of the central Pam-

pean Ranges (Argentina), based on vascular plants and ver-

tebrates.Australian Systematic Botany 29: 473–488.

Moss, D., Wright, J.F., Furse, M.T. & Clarke, R.T. 1999. A com-

parison of alternative techniques for prediction of the fauna

Applied Vegetation Science
12 Doi: 10.1111/avsc.12324© 2017 International Association for Vegetation Science

Physiognomy and floristic are decoupled M.A. Giorgis et al.



of running-water sites in Great Britain. Freshwater Biology 41:

167–181.

Mu~noz, J.D. 2000. Anacardiaceae. In: Hunziker, A.T. (ed.) Flora

Fanerogamica Argentina, vol 65, pp. 1–28. CONICET, C�ordoba,

AR.

Nogu�es-Bravo, D., Ara�ujo, M.B., Romdal, T. & Rahbek, C. 2008.

Scale effects and human impact on the elevational species

richness gradients.Nature 453: 216–219.

Orellana, I.A. & Raffaele, E. 2010. The spread of the exotic coni-

fer Pseudotsuga menziesii in Austrocedrus chilensis forests and

shrublands in northwestern Patagonia, Argentina. New Zeal-

and Journal of Forestry Science 40: 199–209.

Pais Bosch, A.I., Tecco, P.A., Funes, G. & Cabido,M. 2012. Efecto

de la temperatura en la regeneraci�on de especies le~nosas del

Chaco Serrano e implicancias en la distribuci�on actual y

potencial de bosques. Bolet�ın de la Sociedad Argentina de

Bot�anica 47: 401–410.

Paruelo, J.M. 2005. Cu�anto se han desertificado las estepas

patag�onicas? Evidencias a partir de la memoria del sistema.

In: Oesterheld, M., Aguilar, M.R., Ghersa, C.M. & Paruelo,

J.M. (Eds.). La heterogeneidad de la vegetaci�on de los agroecosis-

temas. Un homenaje a Rolando J. C. Le�on, pp. 303–319. Facultad

de agronom�ıa, Buenos Aires, AR.

Paruelo, J.M., Golluscio, R.A., Guerschman, J.P., Cesa, A.,

Jouve, V.V. & Garbulsky, M.F. 2004. Regional-scale relation-

ships between ecosystem structure and functioning: the case

of the Patagonian steppes. Global Ecology and Biogeography 13:

385–395.

Pignatti, S., Oberdorfer, E., Schamin�ee, J.H.J. & Westhoff, V.

1995. On the concept of vegetation class in phytosociology.

Journal of Vegetation Science 6: 143–152.

Prado, D.E. 1993. What is the Gran Chaco vegetation in South

America? II. A redefinition. Contribution to the study of the

flora and vegetation of the Chaco. VII. Candollea 48: 615–

629.

Pyke, C.R., Condit, R., Aguilar, S. & Lao, S. 2001. Floristic com-

position across a climatic gradient in a neotropical lowland

forest. Journal of Vegetation Science 12: 553–566.

Renison, D., Cingolani, A.M. & Suarez, R. 2002. Efectos del

fuego sobre un bosquecillo de Polylepis australis (Rosaceae)

en las monta~nas de C�ordoba, Argentina. Revista Chilena de

Historia Natural 75: 719–727.

Renison, D., Hensen, I., Suarez, R., Cingolani, A.M., Marcora, P.

& Giorgis, M.A. 2010. Soil conservation in Polylepismountain

forests of Central Argentina: is livestock reducing our natural

capital? Austral Ecology 35: 435–443.

Salazar, J., Barri, F. & Cardozo, G. 2013. Distribuci�on espacial y

tasa de invasi�on de flora ex�otica en la Reserva Natural de

Vaquer�ıas – Provincia de C�ordoba (Argentina). Quaderni di

Botanica ambientale e applicata 24: 3–12.

Shimwell, D.W. 1971. The description and classification of vegetation.

Sidgwick & Jackson, London, UK.

Simberloff, D., Nu~nez, M.A., Ledgard, N.J., Pauchard, A.,

Richardson, D.M., Sarasola, M., (. . .) & Pe~na, E. 2010. Spread

and impact of introduced conifers in South America: lessons

from other southern hemisphere regions. Austral Ecology 35:

489–504.

Suganuma, M.S. & Durigan, G. 2015. Indicators of restoration

success in riparian tropical forests using multiple reference

ecosystems. Restoration Ecology 23: 238–251.

Tecco, P.A., Pais Bosch, A.I., Funes, G., Marcora, P., Zebal-

los, S.R., Cabido, M. & Urcelay, C. 2016. Mountain

invasions on the way: are there climatic constraints for

the expansion of alien woody species along an elevation

gradient in Argentina? Journal of Plant Ecology 9: 380–

392.

Temperton, V.M. & Hobbs, R.J. 2004. The search for ecologycal

assembly rules and its relevance to restoration ecology. In:

Temperton, V.M., Hobbs, R.J., Nuttle, T. & Halle, S. (eds.)

Assembly rules and restoration ecology: bridging the gap between

theory and practice, pp. 34–54. Island Press, Washington, DC,

US.

Torres, R.C. & Renison, D. 2015. Effects of vegetation and herbi-

vores on regeneration of two tree species in a seasonally dry

forest. Journal of Arid Environments 121: 59–66.

Torres, R.C., Giorgis, M.A., Trillo, C., Volkmann, L., Demaio,

P., Heredia, J. & Renison, D. 2014. Overwhelming

post-fire recovery by resprouting in the Chaco Ser-

rano forest of Central Argentina. Austral Ecology 39: 346–

354.

Urcelay, C., Longo, S., Geml, J., Tecco, P.A. & Nouhra, E. 2017.

Co-invasive exotic pines and their ectomycorrhizal sym-

bionts show capabilities for wide distance and altitudinal

range expansion. Fungal Ecology 25: 50–58.

Wesche, K. & vonWehrden, H. 2011. Surveying SouthernMon-

golia: application of multivariate classification methods in

drylands with low diversity and long floristic gradients.

Applied Vegetation Science 14: 561–570.

Westhoff, V. 1967. Problems and use of structure in the classifi-

cation of vegetation. The diagnostic evaluation of structure

in the Braun-Blanquet system. Acta Botanica Neerlandica 15:

495–511.

Whittaker, R.H. 1956. Vegetation of the Great Smoky Moun-

tains. Ecological Monographs 26: 1–80.

Whittaker, R.H. 1962. Classification of natural communities.

Botanical Review 28: 1–239.

Whittaker, R.H. 1967. Gradient analysis of vegetation. Biological

Reviews 42: 207–264.

Woodward, F.I. 1987. Climate and plant distribution. Cambridge

Univeristy Press, Cambridge, UK.

Zak, M.R. & Cabido, M. 2002. Spatial patterns of the Chaco

vegetation of central Argentina: integration of remote

sensing and phytosociology. Applied Vegetation Science 5:

213–226.

Zalba, S.M., Cuevas, Y.A. & Bo�o, R.M. 2008. Invasion of Pinus

halepensisMill. following a wildfire in an Argentine grassland

nature reserve. Journal of Environmental Management 88: 539–

546.

13
Applied Vegetation Science
Doi: 10.1111/avsc.12324© 2017 International Association for Vegetation Science

M.A. Giorgis et al. Physiognomy and floristic are decoupled



Zeballos, S.R., Tecco, P.A., Cabido, M. & Gurvich, D.E. 2014.

Woody species composition in invaded communities from

mountains of central Argentina: their relations with local

environmental factors. Revista de Biolog�ıa Tropical 62: 1549–

1563.

Supporting Information

Additional Supporting Information may be found in the

online version of this article:

Appendix S1.Mean vegetation height.

Appendix S2. Average cover and constancy of the

important species.

Appendix S3.Description of the floristic types.

Appendix S4.Description of the physiognomic types.

Appendix S5.A simplified mountain scene.

Applied Vegetation Science
14 Doi: 10.1111/avsc.12324© 2017 International Association for Vegetation Science

Physiognomy and floristic are decoupled M.A. Giorgis et al.


