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The present study used the previously deﬁned biogeographic provinces from Argentina as the starting point for a
parsimony analysis of endemicity and cluster analysis. The goal of the study was to use a dataset of distributional
patterns of mygalomorph spiders from Argentina to evaluate the historical relationships of the biogeographic
provinces. The analyses showed the following relationships: Yungas and Puna; Pampa and Chaco, Monte and
Prepuna; Parana Forest and Araucaria angustifolia Forest; Central and Subandean Patagonia. Biogeographical
regionalizations are useful as general reference models and their heuristic value should be explored by examining
the geographical distribution of other taxa.
Keywords: Argentina; biogeography; Araneae; biogeographical regionalization

Introduction
South America has been subject to many biogeographical studies due to the particular distribution patterns of its ﬂora and fauna, especially the austral
region, which has been considered as different from
the rest of South America (Monrós 1958; Jeannel
1967; Kuschel 1969). Consequently, the biota of
Southern South America has always captivated the
minds of those interested in biogeography. Several
theories have been proposed to explain the origin of
this region’s biota and its relationship with other
temperate areas such as Australia, New Zealand,
and South Africa (Crisci et al. 1991). Biogeographic
analyses based on the distribution of South American
monophyletic groups represent, in turn, operative
tests directed to corroborate or refute area relationship hypotheses.
Biotic components are sets of spatio-temporally
integrated taxa that characterize a biogeographic
area. They are historical entities, so their unity is the
result of their common history, and identifying them
is a key element in understanding evolution (Morrone
2006). Regionalization studies attempt to divide an
area into regions by studying the distribution of its
biotic components and applying an analytical method
(Nori et al. 2011). Areas of endemism are the smallest
units of biogeographical analysis and can be deﬁned
as groupings of organisms with restricted distributions
caused by historical factors (Harold & Mooi 1994;
Morrone 1994; Linder 2001). These areas may be
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especially important because they maintain unique
taxa due to biodiversity production in the past and
also prevent the extinction of species that were once
widespread (Brooks et al. 1992). An important property of such areas is that they may be hierarchically
organized, with endemic areas that share common
histories grouped into biogeographic provinces,
which in turn can be grouped to form biogeographic
regions (Morrone 2006). Many biogeographic proposals that describe different regions, provinces, or
domains in South America have been put forward
(Cabrera 1971; Cabrera & Willink 1973; Ab’Saber
1977; Hueck 1978; Willink 1991; Morrone 2000,
2001a, 2006). Although based on the considerable
experience of one or more specialists, most of these
compilations are qualitative and/or based solely on
the authors’ common sense. Consequently, the validity of many of the areas proposed in these studies is
difﬁcult to reformulate and/or assess (Navarro et al.
2009).
Morrone (2001a, 2006) made the ﬁrst effort
towards a standard biogeographical classiﬁcation in
several levels of endemism for Latin America using
many biological groups, and compiled a list of apparently endemic taxa, which includes some insect species. In this classiﬁcation, Argentina is included in the
Neotropical Region, the South American Transition
Zone and the Andean Region and is divided into 11
biogeographic provinces coincident with main physiognomies of the biome: Yungas, Chaco, Pampa,
Parana Forest and Araucaria angustifolia Forest
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(Neotropical Region) from central to northeastern
Argentina; Puna, Prepuna and Monte (South
American Transition Zone) from northern to central
western Argentina along the Andes mountain chain;
and Magellanic Forest, Central Patagonia and
Subandean Patagonia (Andean Region) from central
western to southern Argentina.
Although Argentina has biogeographic relevance
due to the inclusion of three different Regions (one of
them a Transition Zone), few contributions analyze
the historical relationships between the areas of endemism proposed for Argentina. The most relevant studies that covered fully or in part the Argentinean
territory include the study of Roig-Juñent et al.
(2006) of the historical relations of arid and semiarid areas in South America based on arthropod distribution. Roig-Juñent et al. (2003) evaluated the relationships of areas of endemism of Argentina, mainly
in the pre-Andean zone based on Coleoptera and
Scorpiones. López et al. (2008) provided a geographic
framework of Argentina based on the distribution
patterns of freshwater ﬁshes. Sigrist & de Carvalho
(2009) examined the historical relationships among
areas of endemism in the Neotropics (but considering
mainly Amazonian areas). Ciprandi Pires & Marinoni
(2010) evaluated the historical relationships among
Neotropical endemic areas based on Diptera
(Sepedonea) distribution data. Urtubey et al. (2010)
analyzed the biotic evolution of the South American
Transition Zone based on Asteraceae distributional
patterns; ﬁnally, de Carvalho et al. (2013) estimated
the area relationships in South America based on
distributional records of lizards (Tropidurus).
Mygalomorph spiders are well-suited models for
biogeographical analysis (Ferretti et al. 2012a,
2012b). These spiders are distributed worldwide, but
they are especially abundant in tropical regions and
temperate austral regions of South America, southern
Africa and Australasia (Raven 1985; Platnick 2013).
They are long-lived and univoltine, and show high
local endemicity. Moreover, mygalomorphs possess
life-history traits that markedly differ from other spiders. For example, some species live for 15–30 years
and require 5–6 years to reach reproductive maturity
(Main 1978). They are habitat specialists and females
and juveniles are sedentary (Main 1978; Coyle &
Icenogle 1994). These life-history traits promote geographic isolation through fragmentation over space
and time, resulting in a large number of taxa that
have small geographical distributions (Bond et al.
2006). Biogeographically, they are informative
because mygalomorphs are animals with poor vagility, limited dispersal mechanisms and sedentary
habits (Griswold 1985; Raven 2010). These biological
characteristics of the Mygalomorphae make them a

promising group for biogeographical studies.
Unfortunately, to date, there have been few formal
contributions to the biogeography of mygalomorph
spiders. Bond et al. (2006) used an ecological biogeographical approach to evaluate population extinction
while other studies focused on molecular biogeography inferred from the phylogeny of a single species
from the Nearctic region (Hendrixson & Bond 2007;
Starrett & Hedin 2007). Some works deal with cladistic biogeography of Brazilian species, mainly of the
Theraphosidae (Bertani 2001, 2012; Guadanucci
2011). Recently, Ferretti et al. (2012a) used a panbiogeographical approach that involved all mygalomorph species from the peripampasic orogenic arc in
southern South America, and Ferretti et al. (2012b)
evaluated the historical biogeography of a
Neotropical tarantula according to an event-based
method and spatial analysis of vicariance.
The objective of this study is to test previous
hypotheses of historical relationships among areas
proposed for the Argentinean territory (southern
South America) (Morrone 2001a, 2006) by using parsimony analysis of endemicity (PAE) and a cluster
analysis based on the distributional records of the
Mygalomorphae spiders.

Materials and methods
Areas
The units of the analysis were the 11 biogeographic
provinces of Argentina (Figure 1), which have been
identiﬁed by analyzing distributional patterns of
several plant and animal taxa (Morrone 2001a,
2006): Yungas, Chaco, Pampa, Parana Forest,
Araucaria angustifolia Forest, Puna, Prepuna,
Monte, Magellanic Forest, Central Patagonia and
Subandean Patagonia.

Species and records
All analyses employed the distributional dataset based
on an exhaustive survey of the literature and the
most representative Argentinean collections for
Mygalomorphae, accessed to review specimen records
and identiﬁcations. The accessed museums were:
Museo Argentino de Ciencias Naturales “Bernardino
Rivadavia” (MACN-Ar), Buenos Aires and Museo de
La Plata (MLP), La Plata. We obtained 772 records of
mygalomorph spiders belonging to 55 species (Table 1)
present in Argentina. Species represented the families
Dipluridae Simon 1889, Hexathelidae Simon 1892,
Idiopidae Simon 1889, Migidae Simon 1889,
Mecicobothriidae Holmberg 1882, Microstigmatidae
Roewer 1942, Nemesiidae Simon 1889 and

3

Downloaded by [Pontificia Universidad Javeria] at 05:55 13 May 2014

Studies on Neotropical Fauna and Environment

Figure 1. Southern South America, Argentina. Biogeographic provinces analyzed with PAE and multivariate analysis.
(A) Araucaria angustifolia Forest; (B) Parana Forest; (C) Chaco; (D) Pampa; (E) Yungas; (F) Puna; (G) Prepuna;
(H) Monte; (I) Central Patagonia; (J) Subandean Patagonia; (K) Magellanic Forest.

Theraphosidae Thorell 1869. For species with wide distributions occurring in other countries, we only consider
the presence data in the study area. The species
Acanthogonatus birabeni Goloboff 1995, A. pissii
(Simon 1889), A. parana Goloboff 1995, Chaco patagonica Goloboff 1995, C. sanjuanina Goloboff 1995, C.
tecka Goloboff 1995, Diplura argentina (Canals 1931),
D. parallela (Mello-Leitão, 1923) and Neocteniza spinosa
Goloboff 1987 are known only for their type locality.

Because this type of data does not contribute to the score
of the PAE, they were excluded from the analyses.

Biogeographic analyses
PAE (Rosen 1988; Rosen & Smith 1988) is a historical biogeography method using presence/absence data
to recover natural distribution patterns of organisms
(Morrone & Crisci 1995; Crisci et al. 2000). PAE was
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Table 1. List of Mygalomorphae species from Argentina used in the biogeographical analysis and the biogeographic provinces
with occurrences.
Species

Biogeographic provinces

Acanthogonatus centralis (Goloboff 1995)
Acanthogonatus confusus (Goloboff 1995)
Acanthogonatus fuegianus (Simon 1902)
Acanthogonatus notatus (Mello-Leitão 1940)
Acanthogonatus patagonicus (Simon 1905)
Acanthoscurria chacoana (Brèthes 1909)
Acanthoscurria cordubensis (Thorell 1894)
Acanthoscurria sternalis (Pocock 1903)
Acanthoscurria suina (Pocock 1903)
Calathotarsus simoni (Schiapelli & Gerschman 1975)
Catumiri argentinense (Mello-Leitão 1941)
Chaco obscura (Tullgren 1905)
Chaco tucumana (Goloboff 1995)
Chilehexops misionensis (Goloboff 1989)
Cyriocosmus versicolor (Simon 1897)
Diplothelopsis bonariensis (Mello-Leitão 1938)
Diplothelopsis ornata (Tullgren 1905)
Diplura paraguayensis (Gerschman & Schiapelli 1940)
Euathlus truculentus (Koch 1875)
Eupalaestrus campestratus (Simon 1891)
Eupalaestrus weijenberghi (Thorell 1894)
Grammostola anthracina (Koch 1842)
Grammostola burzaquensis (Ibarra-Grasso 1946)
Grammostola chalcothrix (Chamberlin 1917)
Grammostola doeringi (Holmberg 1881)
Grammostola grossa (Ausserer 1871)
Grammostola inermis (Mello-Leitão 1941)
Grammostola pulchripes (Simon 1891)
Grammostola vachoni (Schiapelli & Gerschman 1961)
Homoeomma uruguayense (Mello-Leitão 1946)
Homoeomma elegans (Gerschman & Schiapelli 1958)
Idiops clarus (Mello-Leitão 1946)
Idiops hirsutipedis (Mello-Leitão 1941)
Ischnothele annulata (Tullgren 1905)
Lycinus longipes (Thorell 1894)
Mecicobothrium thorelli (Holmberg 1882)
Melloleitaoina crassifemur (Gerschman & Schiapelli 1960)
Neocteniza australis (Goloboff 1987)
Neocteniza chancani (Goloboff & Platnick 1992)
Neocteniza minima (Goloboff 1987)
Neocteniza toba (Goloboff 1987)
Paraphysa scrofa (Molina 1788)
Plesiopelma longisternale (Schiapelli & Gerschman 1942)
Pycnothele modesta (Schiapelli & Gerschman 1942)
Rachias timbo (Goloboff 1995)
Scotinoecus fasciatus (Tullgren 1901)
Stenoterommata crassistyla (Goloboff 1995)
Stenoterommata iguazu (Goloboff 1995)
Stenoterommata palmar (Goloboff 1995)
Stenoterommata platensis (Holmberg 1881)
Stenoterommata quena (Goloboff 1995)
Stenoterommata tenuistyla (Goloboff 1995)
Stenoterommata uruguai (Goloboff 1995)
Vitalius paranaensis (Bertani 2001)
Xenonemesia platensis (Goloboff 1989)

Chaco – Monte – Pampa
Subandean Patagonia
Central Patagonia – Subandean Patagonia – Pampa
Central Patagonia – Subandean Patagonia
Central Patagonia – Subandean Patagonia
Chaco
Chaco – Monte – Yungas
Chaco – Monte – Puna – Yungas
Araucaria angustifolia Forest – Chaco – Pampa – Parana Forest
Pampa
Chaco – Monte – Pampa
Chaco – Yungas
Chaco – Puna
Parana Forest
Chaco
Central Patagonia – Chaco – Monte – Pampa – Subandean Patagonia
Chaco – Monte – Pampa – Subandean Patagonia
Araucaria angustifolia Forest – Pampa – Parana Forest
Central Patagonia – Chaco – Prepuna – Puna – Subandean Patagonia
Araucaria angustifolia Forest – Parana Forest
Chaco – Pampa – Parana Forest
Chaco – Pampa
Pampa
Chaco – Monte
Central Patagonia – Monte – Pampa
Chaco – Pampa – Parana Forest
Central Patagonia – Chaco – Monte
Chaco – Pampa – Yungas
Central Patagonia – Chaco – Monte – Pampa
Pampa
Parana Forest
Araucaria angustifolia Forest – Chaco – Pampa
Chaco – Parana Forest
Chaco
Central Patagonia – Chaco – Monte –Prepuna
Pampa
Chaco – Monte – Yungas
Chaco – Pampa – Parana Forest
Chaco
Chaco
Chaco – Yungas
Central Patagonia – Prepuna – Puna – Subandean Patagonia
Chaco – Monte – Pampa – Parana Forest
Chaco – Pampa
Araucaria angustifolia Forest – Parana Forest
Central Patagonia
Pampa
Araucaria angustifolia Forest – Parana Forest
Chaco – Pampa
Araucaria angustifolia Forest – Pampa – Parana Forest
Chaco
Pampa
Araucaria angustifolia Forest – Parana Forest
Araucaria angustifolia Forest – Parana Forest
Pampa

implemented to identify patterns of area relationships
in Argentina. We adopted the protocols proposed by
Morrone (1994), employing the biogeographic

provinces for Argentina deﬁned by Morrone (2001a,
2006) as operational geographic units. For this purpose, we analyzed the binary matrix with TNT 1.1
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package (Goloboff et al. 2003), using a traditional
heuristic search using collapsing rule “tbr” (tree bisection reconnection) (Goloboff et al. 2008).
Multivariate methods can be used as an alternative
to PAE for classifying biotas. Assemblages can be identiﬁed subjectively by assessing how far the biota in one
area corresponds to that in another, and thereby grouping areas accordingly. Some assemblages are closer in
taxonomic composition, which can be expressed statistically in terms of cluster hierarchies or relative biotic
distances. The resulting patterns are expressed in numerous ways, cluster diagrams being the most common
(Rosen 1988; López et al. 2008; Nori et al. 2011). In
order to perform the cluster analysis, we used the
Jaccard association index to construct the similarity
matrix (Hubalek 1982; Murguía & Villaseñor 2003;
López et al. 2008) and UPGMA (unweighted pairgroup method using arithmetic averages) was applied
to obtain the clustering graph (dendrogram). Cluster
analysis was performed using the program Past
(Hammer et al. 2009). We also computed the co-phenetic coefﬁcient (Sokal & Rohlf 1962) to evaluate the
degree of distortion of the analysis.
Results
The PAE resulted in 15 trees of length 89, consistency
index of 0.618 and retention index of 0.558; the strict
consensus of them had a length of 92 (Figures 2, 3). This

5

cladogram shows a basal polytomy with three biogeographic provinces with remarkably different physiognomic characteristics: Yungas, Puna and Magellanic
Forest. All remaining areas formed three distinct components. The ﬁrst component comprised Central
Patagonia and Subandean Patagonia (from Andean
Region) deﬁned by the species Acanthogonatus notatus
and A. patagonicus. The second component comprised
the Atlantic Forest areas (Parana Forest and Araucaria
angustifolia Forest) from the Neotropical Region supported by the species Eupalaestrus campestratus and
Rachias timbo. The third component comprised four
areas belonging to Neotropical and the South
American Transition zone, within which Pampa is
nested and closely related to Chaco supported by the
species Grammostola anthracina, G. pulchripes,
Pycnothele modesta and Stenoterommata palmar. Note
that in this component, Chaco and Pampa grouped with
Monte (deﬁned by the species Acanthogonatus centralis
and Grammostola chalcothrix) and Prepuna, both from
the South American Transition Zone.
The dendrogram (Figure 4) derived from the
application of the Jaccard index presented three
groups at a similarity level of approximately 0.12.
Magellanic Forest was unresolved and joined the
other clusters at the lowest level of similarity.
Cluster C1 grouped Yungas and Puna. Cluster C2
included the biogeographic provinces of Parana
Forest and Araucaria angustifolia Forest. Cluster C3

Figure 2. Consensus of the cladogram generated by parsimony analysis of endemicity based on the distribution of
Mygalomorphae spiders from Argentina.
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Figure 3. Schematic area relationships of Argentinean biogeographic provinces resulting from PAE based on the distribution
of Mygalomorphae spiders. (A) Araucaria angustifolia Forest; (B) Parana Forest; (C) Chaco; (D) Pampa; (E) Yungas;
(F) Puna; (G) Prepuna; (H) Monte; (I) Central Patagonia; (J) Subandean Patagonia; (K) Magellanic Forest.

appeared to be related to C2 and included Chaco,
Pampa, Monte, Prepuna, Central Patagonia and
Subandean Patagonia. Inside this cluster, Central
Patagonia and Subandean Patagonia joined at the
maximum level of similarity (0.50 of similarity).
Then Pampa and Chaco joined at a similarity level
of 0.40. Finally, Monte and Prepuna grouped at a
level of approximately 0.30.

Discussion
The historical relationships obtained in this study in
part adjusted to the scheme proposed by Morrone

(2001a, 2006) for Argentina. Magellanic Forest,
Yungas and Puna were unresolved in PAE.
Moreover, from the cluster analysis this biogeographic province joined the other clusters at the lowest level of similarity. This could be explained by the
presence of only one mygalomorph species reported
for Magellanic Forest, Scotinoecus fasciatus
(Hexathelidae). Also, Yungas and Puna joined at
low similarity from the rest of the provinces (Chaco,
Pampa, Monte, Prepuna, Central Patagonia,
Subandean Patagonia, Araucaria angustifolia Forest
and Parana Forest). This relationship of the Andean
province of Yungas and Puna from the South
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Figure 4. Cluster analysis of the biogeographic provinces from Argentina (UPGMA: unweighted pair-grouped method using
arithmetic averages) resulting from the Jaccard matrix of 11 biogeographic provinces by 55 species. Cophenetic correlation
value = 0.86. C1, C2 and C3: main groups detected by the analysis.

American Transition Zone has been recovered for
lizards (Tropidurus) by de Carvalho et al. (2013).
From PAE and cluster analysis we obtained a
group formed by the biogeographic provinces of
Pampa and Chaco (Chacoan Subregion), Monte and
Prepuna (both from the South American Transition
Zone), and a closely related Pampa and Chaco. This
relationship is based on the species Grammostola
anthracina, G. pulchripes (both from Theraphosidae),
Pycnothele modesta and Stenoterommata palmar from
Nemesiidae. Numerous authors have considered the
biogeographic province of Pampa as a complex from
biotic components that originated from Monte and
Chaco, and to a lesser extent from the Atlantic and
Parana Forests (Porzecanski & Cracraft 2005;
Morrone 2001a, 2006; Ciprandi Pires & Marinoni
2010). However, Morrone (1993, 2001a, 2006) proposed a close relationship between Pampa and Chaco.
The historical relationship obtained from Prepuna
and Monte (both from the South American
Transition Zone) with Chaco and Pampa did not ﬁt
to the scheme of Morrone (2001a, 2006), but partially

adjusted to the phytogeographic scenario from
Cabrera & Willink (1973) for Argentina. Also, there
is a sequential biotic impoverishment from the biogeographic province of Chaco through Pampa, with
Monte being an intermediate province between both
(Ringuelet 1956; Cabrera 1971, 1976; Ribichich
2002). The relationship between Chaco and Monte
has been observed in arthropods by Roig-Juñent
et al. (2003).
The separation of the high altitude biotas must
have been due to the subsequent phases of the uplift
of the Andes (Roig-Juñent et al. 2006). Between 14
and 11 Ma in the middle Miocene, the uplift of the
Andes attained the Quechua phase, and the Andes
reached altitudes of 2000 to 3000 m which generated
the formation of high altitude environments such as
the Puna (Roig-Juñent et al. 2006). Likewise, it
resulted in the development of dry climates along
the west coast of South America and on the east
side of the Andes the development of xeric scrubs
steppes such as the Monte in Argentina (Axelrod
et al. 1991). At this time, 9.55–9.11 Ma, one of the

Downloaded by [Pontificia Universidad Javeria] at 05:55 13 May 2014

8

N. Ferretti et al.

greatest marine transgressions occurred (Pascual et al.
1996); it covered a large portion of the northern area
of Patagonia and the Chaco plain and Pampean
region, reaching the northern portion of the subAndean mountains and Northwestern Pampean
mountains in Argentina. This probably isolated the
areas of the Monte, together with the Chaco of the
Patagonian areas (Pascual & Bondesio 1982). These
two biotas, the Patagonian and the Chacoan, evolved
under different climatic conditions, in accordance
with their latitudinal location (Pascual et al. 1996).
Porzecanski & Cracraft (2005) highlighted the physiognomic heterogeneity presented by the Pampa
(which carries a mosaic of physiognomies of Monte,
Chaco, and Atlantic Forest) and proposed the structural diversity of this area as a possible factor responsible for guaranteeing “hospitality” to dispersal of
organisms coming from adjacent provinces.
Roig-Juñent & Debandi (2004) found that Pampa
could be more closely related to Patagonia based on
carabid beetles, a relation not observed in the present
study. Roig-Juñent et al. (2003, 2006) observed a
relation between the provinces of Chaco and Monte,
based on the distributional patterns of arthropods,
but unlike in the present study, the arthropod fauna
of these provinces were more related to the biota of
the Pre-Andean and Patagonic.
Another identiﬁed group through PAE and cluster
analysis was formed by Parana Forest and Araucaria
angustifolia Forest. This relationship has been proposed by many authors based on insect distributional
data (Morrone 2001a, 2006; Nihei & de Carvalho
2007; Ciprandi Pires & Marinoni 2010). Atlantic
Forest has been recently regarded as a biogeographical unit by Sigrist & de Carvalho (2009) who investigated area relationships. However, several studies of
the monophyly of Atlantic Forest (one of the most
biodiverse regions in South America) indicate that the
area is hybrid (non monophyletic) (Cracraft & Prum
1988; Costa 2003; Nihei & de Carvalho 2007; de
Carvalho et al. 2013; Morrone 2013). Moreover,
paleontological, paleoclimatological and geological
evidence of Tertiary show that a temperate climate
prevailed in southern South America. This climate
probably allowed the development of a continuous
rainforest even more southerly extended than at present (Kuschel 1969; Maury et al. 1996; Morrone
2006). Consequently, during the Oligocene and
Miocene, southern South America showed cooling
and intense aridiﬁcation, and then the cloud forest
suffered fragmentation along with the climatic
changes produced from the Andean uplift and the
expansion of the Chacoan biota (Kuschel 1969; Ron
2000).

Finally, we obtained a close relationship between
Central Patagonia and Subandean Patagonia, both
from the Andean Region. These two provinces belong
to the Patagonian Subregion that extends in southern
Argentina from central Mendoza, widening through
Neuquén, Río Negro, Chubut, and Santa Cruz, to
northern Tierra del Fuego (Morrone 2001b). The
relation of these two provinces was also observed in
insects, plants and birds (Morrone 2001a, 2006).
Biogeographical regionalizations are useful as
general reference models (Ribichich 2002; Morrone
2013) and their heuristic value should be explored
by examining the geographical distribution of other
plant and animal taxa.
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