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Chapter 8
Biogeography, Ecology, and Spatial 
Patterns of Patagonian Lizards

Ignacio Minoli, Cristian Hernán Fulvio Pérez, Mariana Morando , 
and Luciano J. Avila 

Abstract  Patagonia has a great diversity of lizards, including 6 families, 11 genera, 
and 163 species. The majority of this diversity with documented geographical 
records corresponds to the Liolaemidae family (Phymaturus and Liolaemus). 
Latitudinally, lizard richness is higher between 37° and 39° S, decreasing gradually 
until latitude 54° S; longitudinally, it is higher between 69° and 71° W. The georef-
erenced records and the number of collected specimens have some biases, with 
higher values in the northern regions (up to latitude 42° S). However, there are areas 
up to latitude 45° S with species richness similar to others with a greater number of 
collected individuals. The vegetation units with the highest species richness (S) in 
Argentinean Patagonia are the northern and central areas reaching west of Chubut 
Province: Western District (S = 60) and Typical Southern Monte (S = 49), passing 
through areas with intermediate richness and with only one species (Wet Magellanic 
Steppe) or none (Evergreen shrub, Monte’s Mountains and Valleys, Western Interior 
Pampa, and Peat Bogs). There is a general trend toward lower species richness in 
vegetation units located in the extreme south of Argentina and south of latitude 41° 
S in Chile. We evaluated differences in lizard diversity and evenness among vegeta-
tion units through a dendrogram based on species incidences and found six clusters. 
Then, we compared species richness between members of each cluster with rarefac-
tion curves. Species marginally distributed in Patagonia have a narrower altitudinal 
range than Patagonian endemics. Species in genus Liolaemus have small differ-
ences in altitudinal range, but species of Phymaturus have pronounced differences 
in altitudinal ranges. Our spatial analyses, based on intensive systematic-taxonomic 
activity over the last two decades, shed light into the understanding of lizard distri-
butions in one of the regions with the greatest diversity of reptiles in the world. We 
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also provide ecological and spatial metrics for an updated list of Patagonian lizards. 
We highlight that the usefulness of discretizing large volumes of information and 
geographic space into a synthetic framework allows using quantitative results for 
the study of spatial patterns of biodiversity, decision-making for design studies, use 
of resources, and creation of protected areas.

Keywords  Geographic · Distribution · Range · Diversity · Lizards

8.1  �Biogeography and Ecological History

The biogeography of a region is defined by the study of organisms or species’ dis-
tributions and ecosystems, taking into account their relationships with the geo-
graphical space and geological periods (Cox and Moore 2010). The applications of 
biogeography and its constant changes through time and spatial scales, are not only 
limited to knowing where species inhabit, but have a very important role in public 
health, economic production, environmental assessment, sustainable use of 
resources, landscape planning, and conservation management (Spellerberg et  al. 
1999). In a more general context, biogeographical studies help us to understand the 
processes associated with the origin and maintenance of distributional patterns 
(Sanmartín 2012). Geological and climatic processes could affect biological charac-
teristics through time such as reproduction (Pyron and Burbrink 2014; Liang et al. 
2018), trophic level (Pianka 1986; Cooper 1997), body size (Pincheira-Donoso 
et al. 2008), and even the emergence of new species (Pincheira-Donoso et al. 2015). 
This strong relationship between species diversity and climatic and geological his-
tory makes Patagonian lizards an interesting object for biogeographical studies.

Knowledge of the geological and climatic events that occur over time in an area 
is essential to understand the processes that led to differences in biodiversity among 
different regions of the planet (Morrone 2001a). In the Patagonian region, the distri-
bution of species’ assemblages has been shaped by two important geological-
climatic events: the orogeny of the Andes (Middle-Late Miocene ~15–10 Ma) and 
the Pleistocene Glaciations (~ 2.5 Ma 11.7 ka) (Paruelo et al. 1998; Morrone 2001b; 
Albino 2011; Ruzzante and Rabassa 2011). The Andean orogeny introduced an 
important rain shadow toward the east, creating a cold and dry climate throughout 
the Patagonian steppe that promoted a reduction of South American forests in the 
southern sector and the expansion of taxa adapted to xeric environments (Barreda 
and Palazzesi 2007). Although Patagonian glaciations began at the end of the 
Miocene, the Patagonian ice sheet reached its full development during the early 
Pleistocene (Rabassa 2008). These glacial advances were represented with great 
impact in this region, such as the Great Patagonian Glaciation (GPG, 1–1.2 Ma) and 
the Last Maximum Glacial (LGM, 21 ka). In comparison with the LGM and other 
Pleistocene glaciations in the Patagonian Steppe, the GPG turned out to be the max-
imum expansion of the ice sheets (Rabassa 2008) and paleoenvironmental 
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reconstructions allow us to know that the amount of terrestrial area in the past was 
very different from the current one (Ponce et al. 2011). Glaciations in Patagonia 
produced sea-level changes, exposing part of the continental shelf in the east and 
considerably increasing the available geographical space for colonization by plants 
and animals (Ponce et al. 2011), and promoted latitudinal movements of major eco-
systems (Rabassa and Coronato 2009). The increase in extreme temperatures, aridi-
fication of the surrounding areas, decrease in precipitation, and the absence of the 
sea conditioner effect that displaced its coastline to the east (Rabassa and Coronato 
2009) were factors that influenced the high-latitude biota of Patagonia, even in areas 
that were not encompassed by glaciers. However, substantial areas remained free of 
ice during glacial episodes and climatic conditions were less severe than those of 
North America (Markgraf et al. 1995). The climatic history has a strong relationship 
with the creation of biomes in the Patagonian region (Markgraf et al. 1995).

Biomes or ecological regions are defined as relatively large biogeographical 
areas distinguished by their unique climate, soils, hydrology, ecology, flora and/or 
fauna, and intended to serve as a geographic organizational tool for ecosystem man-
agement (Clements and Shelford 1939; Sodhi and Ehrlich 1995; Burkart et  al. 
1999). From an ecological historical point of view, these are strongly cohesive units, 
large enough to cover the ecological processes or the life history for most of the 
species that inhabit and interact therein (Sodhi and Ehrlich 1995). The spatial rela-
tionship between lizard species and these ecological units is one of the main axes in 
the analyses carried out for this chapter. Here we used discrete spatial subsamples, 
consisting of hexagonal, latitudinal–longitudinal, and vegetation zoning units, to (1) 
analyze patterns of richness, diversity, density, and number of sampling geographi-
cal records, and (2) analyze altitudinal patterns between genera and species.

8.2  �Study Area

The area considered as Patagonia for this chapter is located between 33°53′48.62″ 
S–55°58′55.71″ S and 75°41′27.83″ W–62°06′31.39″ W, covering approximately 
1,305,870 km2 (~ 7.38% of South America) and corresponding to central–southern 
Argentina and Chile (Fig. 8.1a). Based on a coarse classification, the study area can 
be divided into a cold, humid, mountainous Andean-Patagonian forest region in the 
west, and the Patagonian steppe region, which extends widely eastwards to the 
Atlantic Ocean and is mostly low, cold, dry and characterized by scattered grasses 
and shrubs (Cabrera 1976; León et al. 1998). Patagonia can be defined as a temper-
ate or cool-temperate region and presents a characteristic NW-SE temperature pat-
tern, determined mainly by the presence of the Andes. Local factors such as 
topography and wind affect air temperature. The climate is dry and cold in most of 
the territory, with an extremely variable temperature ranging from −30 °C in the 
winter to 45 °C degrees in the summer (Chap. 3).

The influence of the Pacific air masses and the Andes as a topographic barrier 
parallel to the Pacific coast results in a strong west-east gradient of precipitation 
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across the region (Barros et al. 2015). The rising air cools faster on the west side of 
the Andes, originating an annual rainfall exceeding 2000 mm on the Chilean side. 
On the eastern side of the Andes, the total annual precipitation decreases exponen-
tially and most of the central portion of Patagonia receives less than 200 mm per 
year (Paruelo et  al. 1998). Additionally, there are large areas that are annually 
affected by fallen snow and permanent ice fields. The different patterns of tempera-
ture, soil type, precipitation, and geological history have shaped different types of 
vegetation that prevail today in this broad region (Morello et al. 2012).

Patagonia had major changes since the 1890s and has undergone steady change 
as a result of human activity, but there has been no clear understanding of the result-
ing effects on biodiversity. Over the twentieth century, business activities such as oil 

Fig. 8.1  (a) Patagonian region and lizard’s georeferenced records reviewed for this study. (b) 
Vegetation divisions used in this study following the proposal of Luebert and Pliscoff (2017) and 
Oyarzabal et al. (2018). (c) Lizard’s species richness by vegetation units. References: Endorheic 
Bolsons = BEnd, Deciduous Forest = BC, Sclerophyllous Forest = BEsc, Thorny Forest = BEsp, 
Laurel Forest  =  BL, Resinous Forest  =  BR, Evergreen Forest  =  BS, Andean—Patagonian 
Forests = BAP, Central District = DC, Erial Central District = DCE, Central District—Quilenbai 
steppe bushes  =  DCEAQ, Central District—Mountain steppe bushes  =  DCEAS, Payunia 
District  =  DLP, San Jorge Gulf District  =  DGSJ, Fueguino District—Wet Magellanic 
Steppe = DFEMH, Western District = DO, Sub Andean District—Steppe of white coiron = DSECB, 
Sub Andean District—Dry Magellanic Steppe  =  DSEMS, Valdés Península Ecotone  =  EPV, 
Rionegrino Ecotone  =  ER, Shrub steppe of black bush  =  EAMN, Steppes and pastures  =  EP, 
Altitude grass = HA, Low altitude scrub = MBA, Deciduous scrub = MC, Evergreen shrub = MS, 
Typical southern Monte = MAT, Monte’s Mountains and Valleys = MSB, Eastern or Transitional 
Monte = MODT, Western Interior Pampa = PIO, Altoandina Province = PA, Peat Bogs = T, and 
Without vegetation = SV
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extraction, mining, and ranching have affected different ecosystems of this area. In 
particular, sheep overgrazing (Bisigato and Bertiller 1997; Cesa and Paruelo 2011) 
has led to desertification in the vast semiarid portion of Patagonia (Ares et al. 1995; 
Aguiar et  al. 1996). Another factor that may affect the diversity and ecological 
dynamics of large xerophytic areas like Patagonia (e.g., Schulze et al. 1996) is the 
creation of hydroelectric dams, which implies anthropic management of regional 
water availability and seasonal changes in rainfall (Paruelo et al. 1998) or river flow 
rates (Masiokas et al. 2008). An overall analysis of lizard diversity based on accu-
rate species distributional data is essential for understanding the impact and conse-
quences of these types of human activity (Böhm et al. 2013; Cook et al. 2013).

8.3  �Methods

8.3.1  �Data Collection

We carried out extensive biological surveys that began in early 1998 and continued 
until 2018, with field trips made in different representative areas of the Patagonian 
region. Throughout these decades of fieldwork, we sampled different ecoregions 
and completed gap areas without previous records. Each record has a voucher num-
ber with a species identity assigned, date, and place of origin. Collection sites were 
geographically referenced using a Garmin GPS 12TM Global Position Device. The 
systematic classification for families was according to Oppel (1811), Gray (1827, 
1865), Frost et al. (2001), and Gamble et al. (2008). Specimens were deposited or 
consulted in several herpetological collections (Fig. 8.2a): LJAMM-CNP (IPEEC-
CONICET), BYU (Monte L. Bean Museum, Brigham Young University), MLP (La 
Plata Museum), and FML (Miguel Lillo Foundation). Additional museum collec-
tions, literature vouchered, and GBIF records were obtained from AMNH (American 
Museum of Natural History, USA), APN-AR (Administration of National Parks 
Argentina), CAS (California Academy of Science, USA), CH (Colección Centro 
Regional Universitario Bariloche, Universidad Nacional del Comahue, Río Negro, 

Fig. 8.2  (a) Information sources from the georeferenced records used for analysis in this chapter. 
(b) Number of genera by family. (c) Species number by genus
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Argentina), CHDPD (Colección personal Daniel Pincheira-Donoso), CNHM 
(Chicago Natural History Museum; in the present The Field Museum of Natural 
History, FMNH, USA), CRILaR (Centro Regional de Investigaciones Científicas y 
Transferencia Tecnológica, Argentina), CTALA_LB (Ministerio del Medio 
Ambiente de Chile), FBC (Félix Benjamín Cruz Field Collection, Argentina), 
IADIZA (Instituto Argentino de Investigaciones de las Zonas Áridas, Argentina), 
IBA-UNC (Universidad Nacional de Cuyo, Argentina), JAS-DC (José Alejandro 
Scolaro, Centro Nacional Patagónico, Puerto Madryn, Argentina), JMC-DC 
(Colección Herpetológica José Miguel Cei, Argentina), KU (Kansas University rep-
tile collection, USA), MACN (Museo Argentino de Ciencias Naturales “Bernardino 
Rivadavia”, Argentina), MCN (Museo de Ciencias Naturales, Universidad Nacional 
de Salta, Argentina), MCZ (Museum of Comparative Zoology, Harvard University, 
USA), MHNG (Muséum d’histoire naturelle de la Villede De Genève, Switzerland), 
MLP (Museo de la Plata, Argentina), MNHN (Museum National de Histoire 
Naturelle, France), MNHNC (Museo Nacional de Historia Natural, Chile), MNW 
(Muzeum Narodowe w Warszawie, Poland), MVZ (University of California at 
Berkeley, USA), MZUC (Museo de Zoología de la Universidad de Concepción, 
Chile), NMBA (Zoologische Expedition des Naturhistorischen Museums Basel), 
OMNH (Osaka Museum of Natural History, Japan), PT (Proyecto Tupinambis, 
Félix Benjamín Cruz, Argentina), RBINS (Royal Belgian Institute of Natural 
Sciences, Belgium), SDNHM (San Diego Natural History Museum, USA), SDSU 
(San Diego State University, USA), SMNS (Staatliches Museum für Naturkunde, 
Germany), SSUC (Colección Patricio Sánchez Reyes de la Pontificia Universidad 
Católica, Chile), TCWC (Texas A & M University, USA), UNMDP (Colección 
Herpetológica de la Universidad Nacional de Mar del Plata, Argentina), UWBM 
(Burke Museum, University of Washington, USA), and ZSM (Zoologische 
Staatssammlung, Germany). Literature and museum records with acronyms or spe-
cific localities were quoted literally.

8.3.2  �Spatial Analyses

We constructed a hexagonal grid with 1122 cells (White et al. 1992; White 2000) 
with a hexagon average area of 1163.5 km2, covering the entire territory of Patagonia 
(Fig. 8.3). We used hexagons rather than squares because they possess greater sta-
tistical efficiency (Olea 1984) and are more dynamically adaptable (Yfantis et al. 
1987), allowing them to adjust to the boundaries of a highly irregular perimeter 
(such as Patagonian Pacific and Atlantic coastlines). In this approach with continu-
ous tessellations, hexagons have the advantage over squares in that all six adjacent 
sides are equally distant, while squares have four closer and four more distant 
neighbor sides (Dengler 2009). This facilitates the comparison of different and large 
data sets by discretizing a major and continuous area (White 2000).

Since there are multiple zoning proposals for Patagonian ecoregions (Burkart 
et al. 1999; Morello et al. 2012) based on plant formations (Roig 1998) and phyto-
geographic provinces (Cabrera 1994), we decided to use the spatial plant units from 
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two of the latest available works on this topic (Luebert and Pliscoff 2017 for Chile; 
Oyarzabal et al. 2018 for Argentina). These contributions proposed a discretization 
of Patagonia comprising 33 characterized vegetation units. This refined classifica-
tion considers the following vegetation units: Endorheic Bolsons = BEnd, Deciduous 
Forest  =  BC, Sclerophyllous Forest  =  BEsc, Thorny Forest  =  BEsp, Laurel 
Forest = BL, Resinous Forest = BR, Evergreen Forest = BS, Andean—Patagonian 
Forests  =  BAP, Central District  =  DC, Erial Central District  =  DCE, Central 
District—Quilenbai steppe bushes = DCEAQ, Central District—Mountain steppe 
bushes  =  DCEAS, Payunia District  =  DLP, San Jorge Gulf District  =  DGSJ, 
Fueguino District—Wet Magellanic Steppe = DFEMH, Western District = DO, Sub 
Andean District—Steppe of white coiron  =  DSECB, Sub Andean District—Dry 
Magellanic Steppe  =  DSEMS, Valdés Península Ecotone  =  EPV, Rionegrino 
Ecotone = ER, Shrub steppe of black bush = EAMN, Steppes and pastures = EP, 
Altitude grass = HA, Low altitude scrub = MBA, Deciduous scrub = MC, Evergreen 
shrub = MS, Typical southern Monte = MAT, Monte’s Mountains and Valleys = MSB, 
Eastern or Transitional Monte = MODT, Western Interior Pampa = PIO, Altoandina 
Province = PA, Peat Bogs = T, and Without vegetation = SV (Fig. 8.1b).

We evaluated the source and overall number of lizard records, and grouped them 
by families, genera, and species. We used the constructed hexagonal tessellation to 
obtain the lizards’ sampling density (number of localities), density of individuals 
(number of individuals) and species richness per cell, and assessed their variation 
latitude, longitude, and vegetation units. We analyzed the species richness number 

Fig. 8.3  Discrete spatial analysis of Patagonian lizards implementing hexagonal grid cells. (a) 
Number of locations of logs recorded per cell. (b) Number of individuals registered per cell. (c) 
Species richness per cell
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and records by latitude-longitude and by vegetation zonification. Additionally, we 
performed the Shannon Wiener Index (a diversity metric) and Jaccard’s similarity 
index among the vegetation units. We evaluated the lizard’s assemblages per vegeta-
tion units through cluster analysis and compared species richness between cluster 
members with rarefaction curves, to remove the potential bias of uneven catch rates 
(Gotelli and Colwell 2001; Buddle et al. 2005). Finally, we analyzed the altitude 
ranges ordered by mean values for all genera and species of Phymaturus and 
Liolaemus. All figures, spatial and statistical analyses were performed with R 3.4.4 
(R Core Team 2018) and vegan 2.5–2 (Oksanen et  al. 2018), tmaptools 1.2–4 
(Tennekes 2018), rgdal 1.3–3 (Bivand et al. 2018), rgbif 1.0.2 (Chamberlain et al. 
2018), raster 2.6–7 (Hijmans 2017), maps 3.3.0 (Becker and Wilks 2018), geo-
sphere 1.5–7 (Hijmans 2015), SDMTools 1.1–221 (VanDerWal et  al. 2014), 
GISTools 0.7–4 (Brunsdon and Chen 2014), rgeos 0.3–28 (Bivand and Rundel 
2018), maptools 0.9–2 (Bivand and Lewin-Koh 2018), sp. 1.3–1 (Pebesma and 
Bivand 2005), and cluster 2.0.7–1 (Maechler et al. 2018) R packages.

8.4  �Diversification and Sampling of Lizards

For 300 years Patagonia has been the stage of herpetological discoveries by natural-
ists and explorers, from the abbot Juan Ignacio Molina, who made a great contribu-
tion to the Chilean fauna with his work “Saggio sulla Storia Naturale del Chili” in 
1782, to J. G. Koslowsky (early twentieth century) with great contributions to the 
exploration of Patagonia’s herpetology. Also, great explorers like J.  B. Hatcher 
(1896–1899), F. Meyen (1830–1832), and Charles R. Darwin himself (1833) con-
tributed innumerable materials for the description of the Patagonian herpetofauna 
by A. M. G. Duméril, G. Bibron, T. Bell, R. P. Lesson, and A. F. A. Wiegmann, 
among others. In the middle of the twentieth century, herpetologists such as J. M. Cei 
and J. A. Scolaro explored and sampled large areas of Patagonia and described new 
species of amphibians and reptiles. In Chilean Patagonia, R. Donoso-Barros con-
ducted numerous and important studies on the herpetofauna. Recently, Patagonia 
has been visited by many herpetologists and is one of the most explored areas in 
Argentina, with numerous new species described (see Chap. 1).

We recorded 163 species, 11 genera and 6 families of lizards, obtained from 
14,985 distribution records from 2637 unique localities (Table 8.1 and Fig. 8.2). The 
families with the greatest genera diversity were Teiidae and Leiosauridae, followed 
by Liolaemidae, Phyllodactylidae, Tropiduridae, and Amphisbaenidae (Fig. 8.2b). 
We found the highest diversity in Liolaemus (110 species) and Phymaturus (34), 
followed by Diplolaemus (4), Pristidactylus (4), and Homonota (3) (Fig. 8.2c).

The number of sampled localities was highest in northwestern Patagonia, 
between 35°–42° S and 74°–70° W (Fig. 8.3a). The density of collected specimens 
was highest in northwestern Patagonia, the southern portion of Río Negro Province, 
and the central-northeastern strip of Chubut Province (Fig. 8.3b). The independence 
between high values of sampled localities vs. number of specimens collected for 

I. Minoli et al.

https://doi.org/10.1007/978-3-030-42752-8_1


197

Table 8.1  Lizards’ presence recorded by vegetation units in Patagonia

Family Genus Species Vegetation unit

Amphisbaenidae Amphisbaena kingii MAT
plumbea DGSJ, DO, ER, MAT, MODT

Leiosauridae Diplolaemus bibronii DC, DCE, DCEAS, DGSJ, DO, DSECB
darwinii DC, DCE, DGSJ, DO, EAMN, EP
leopardinus DLP, PA
sexcinctus BC, BAP, DCEAQ, DCEAS, DLP, DO, 

DSECB, ER, PA
Leiosaurus bellii DCE, DCEAQ, DCEAS, DLP, DGSJ, DO, 

EPV, ER, MAT, MODT
Pristidactylus araucanus DLP, DO, PA

fasciatus MAT, MODT
nigroiugulus DCE, DCEAQ, DCEAS, DO, MAT
torquatus BC, BEsc, BEsp, BL, BR

Liolaemidae Liolaemus abdalai BAP, DSECB, PA
antumalguen DLP, MAT, PA
araucaniensis BC, BAP, DSECB, PA
archeforus DC, DCE, DO, DSECB, DSEMS, EAMN, 

MC
austromendocinus DLP, DO, MAT, PA
avilae DSECB
baguali DC, DCE
bibronii BAP, DC, DCE, DCEAQ, DCEAS, DLP, 

DGSJ, DO, DSECB, ER, EP, MAT, PA
boulengeri DCE, DCEAQ, DCEAS, DGSJ, DO, 

DSECB
brattstroemi BS
buergeri BC, BR, DO, DSECB, HA, MBA, MAT, 

PA
burmeisteri DLP
calliston MAT
camarones DGSJ
canqueli DCE, DCEAQ, DCEAS, DO
caparensis DCE
carlosgarini BC, MBA
casamiquelai DCEAQ, DO
ceii BAP, DSECB, PA
chacabucoense DC, EP
chehuachekenk DCEAQ, DO
chiliensis BC, BEsc, BEsp, BL, BR, BAP, DSECB, 

MBA, PA
chillanensis BC
choique PA
coeruleus DSECB, MBA, PA

(continued)
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Table 8.1  (continued)

Family Genus Species Vegetation unit

confusus BEsc
crandalli DLP
cristiani BC
curicensis BC, MBA
curis MBA
cuyanus MAT
cuyumhue MAT
cyaneinotatus DLP
cyanogaster BC, BEsc, BL, BR, BS, DSECB, PA
darwinii BEnd, DCEAQ, DLP, DO, EPV, ER, 

MAT, MODT, PA
donosobarrosi MAT
duellmani PA
dumerili ER, MAT
elongatus BAP, DCE, DCEAQ, DCEAS, DLP, DO, 

DSECB, ER, MAT, PA
escarchadosi DCE, DSECB, DSEMS, EAMN, SV
exploratorum DO
fitzingerii DC, DCE, DCEAQ, DCEAS, DGSJ, DO, 

DSECB, MAT
flavipiceus MBA, PA
gallardoi DC, DCE, DO
goetschi DO, ER, MAT
gracilis DCEAQ, DLP, DO, EPV, ER, MAT, 

MODT, PA
gravenhorstii BC, BEsc, BL
grosseorum DLP, ER, MAT
gununakuna DO, MAT
hatcheri BAP, DC, DCE
hermannunezi BC
inacayali DCEAQ, DO, ER
janequeoae BC
josei DLP, MAT, PA
kingii DC, DCE, DCEAS, DGSJ, DO, DSECB, 

DSEMS, EAMN, EP, PA
kolengh DSECB, EP, HA, SV
kriegi BC, BAP, DCEAQ, DO, DSECB
leftrarui BC
lemniscatus BC, BEsc, BL, BR, BAP, MBA, PA
lentus MAT
lineomaculatus BAP, DC, DCE, DO, DSECB, EAMN, 

MC, PA
loboi BAP, DCEAQ, DO, DSECB

(continued)
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Table 8.1  (continued)

Family Genus Species Vegetation unit

magellanicus BS, DFEMH, DSECB, DSEMS, EAMN, 
EP, MC

mapuche DLP, DO, MAT
martorii MAT, MODT
melanops DCE, DCEAQ, DO, EPV, ER, MAT
monticola BC, BR
morandae DGSJ, DO
morenoi DLP, DO
multimaculatus MAT, MODT
neuquensis DSECB, PA
nitidus BEsc, BEsp
parthenos DLP, MAT
petrophilus DCE, DCEAQ, DCEAS, DO, ER, MAT
pictus BC, BEsc, BEsp, BL, BR, BS, BAP, 

DSECB, MBA, PA, SV
puelche PA
punmahuida MAT, PA
purul BAP, DO
rabinoi MAT
riodamas MBA
rothi BAP, DCEAQ, DO, DSECB, ER, MAT
sagei DO
sarmientoi DSEMS
schroederi BC, BEsc, BEsp, BL, BR, MBA
scolaroi DSECB, EP, HA, MC, SV
scorialis BC, BR
senguer DCE, DCEAS, DGSJ, DO
septentrionalis BC, BR
shehuen DCEAQ, DO, MAT
shitan ER
silvanae DSECB
sitesi DLP
smaug PA
somuncurae DCEAQ, DO
tari DCE
tehuelche DO
telsen DO
tenuis BC, BEsc, BEsp, BL, BR, BAP, DSECB, 

MBA, PA
thermarum PA
tirantii DO, MAT
tregenzai BC, PA

(continued)
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Table 8.1  (continued)

Family Genus Species Vegetation unit

tristis DCE, DO
tromen DO, DSECB, MAT, PA
uptoni DO
villaricensis SV
wiegmannii MAT, MODT
xanthoviridis DCE, DCEAQ, DGSJ, MAT
yatel DCE
zabalai BC, MBA
zullyae DCE, DSECB, EP, HA, MC

Phymaturus cacivioi DO
calcogaster DCEAQ, MAT
camilae DO
castillensis DCE
ceii DCEAQ, DO, ER, MAT
curivilcun DO
delheyi PA
desuetus DCEAQ
dorsimaculatus DSECB, PA
etheridgei DCEAQ, DO
excelsus DO
felixi DCEAS
indistinctus DCE, DCEAS, DO
manuelae DCEAQ
maulense BC, MBA
nevadoi DLP
palluma PA
patagonicus MAT
payuniae DLP
querque DO
rahuensis DSECB
roigorum DLP
sinervoi DO
sitesi DLP
somuncurensis DCEAQ, DO, ER
spectabilis DCEAQ
spurcus DCEAQ, DO
tenebrosus DO, DSECB
tromen PA
verdugo PA
videlai DCEAS
vociferator BC, PA
yachanana ER, MAT

(continued)
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some cells indicates no absolute positive relationship between these two variables. 
Species richness was highest in northern Patagonia, west of Río Negro Province, the 
northeast and southeast strip of Chubut Province, and north of Santa Cruz Province 
(Fig. 8.3c).

Species richness gradually increased from 34° to 36° S and peaked between 
37°–39° S at 49 species, and then gradually decreased toward the south (Fig. 8.4a). 
This pattern was clearly not correlated with the number of records, which indicated 
a homogeneous sampling with only a small increase in around 42° S (Fig. 8.4c). The 
analysis based on longitude showed that on both marine coasts (Pacific and Atlantic) 
there are very few locality records as well as in the Andean zone between 72° and 
73° W, while the largest amount was located between 72°–65° W (Fig.  8.4d). 
Longitudinally, species richness showed a clear relationship with the number of 
records. We found the greatest species richness between 71° and 69° W, with a 
maximum of 75 species (Fig. 8.4b).

Table 8.1  (continued)

Family Genus Species Vegetation unit

zapalensis DO
Phyllodactylidae Homonota darwinii DCE, DCEAQ, DCEAS, DLP, DGSJ, DO, 

DSECB, EPV, ER, MAT, MODT, PA
horrida DLP, MAT
underwoodi MAT

Teiidae Aurivela longicauda BEnd, DLP, DO, ER, MAT, PA
Salvator rufescens MAT
Teius oculatus BEnd, MAT, MODT

teyou MAT
Tropiduridae Stenocercus pectinatus MAT, MODT

References: Endorheic Bolsons = BEnd, Deciduous Forest = BC, Sclerophyllous Forest = BEsc, 
Thorny Forest  =  BEsp, Laurel Forest  =  BL, Resinous Forest  =  BR, Evergreen Forest  =  BS, 
Andean—Patagonian Forests = BAP, Central District = DC, Erial Central District = DCE, Central 
District—Quilenbai steppe bushes = DCEAQ, Central District—Mountain steppe bushes = DCEAS, 
Payunia District  =  DLP, San Jorge Gulf District  =  DGSJ, Fueguino District—Wet Magellanic 
Steppe = DFEMH, Western District = DO, Sub Andean District—Steppe of white coiron = DSECB, 
Sub Andean District—Dry magellanic steppe  =  DSEMS, Valdés Península Ecotone  =  EPV, 
Rionegrino Ecotone  =  ER, Shrub steppe of black bush  =  EAMN, Steppes and pastures  =  EP, 
Altitude grass = HA, Low altitude scrub = MBA, Deciduous scrub = MC, Evergreen shrub = MS, 
Typical southern Monte = MAT, Monte’s Mountains and Valleys = MSB, Eastern or Transitional 
Monte = MODT, Western Interior Pampa = PIO, Altoandina Province = PA, Peat Bogs = T, and 
Without vegetation = SV
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8.5  �Ecological Aspects of Lizards in Patagonia’s Ecoregions

Several studies found a relationship between lizards’ ecology, such as feeding 
(Celedón-Neghme et al. 2005; Corbalán and Debandi 2014), shelter (Halloy et al. 
2013) and thermoregulation (Ibargüengoytía 2005; Cruz et al. 2009), and vegetation 
of the environments they inhabit. The combination of these aspects that are directly 
influenced by vegetation type might determine the presence of lizard species 
(Pietrek et al. 2009; Halloy et al. 2013). Hence, we decided to assess the relation-
ship between vegetation units and lizard richness in Patagonia.

We found lizards in 29 of the 33 vegetation units. We found no lizard records in 
Evergreen shrub, Monte’s Mountains and Valleys, Western Interior Pampa, and Peat 
Bogs (Fig. 8.5). The units with the highest species richness (S) in northern and cen-
tral Argentinean Patagonia, reaching western Chubut Province were the Western 
District (60) and Typical southern Monte (49), followed in S by Altoandina Province 
(40) that is restricted to Andean environments. We found low S values in northern 
Chilean Patagonia, pre-mountain range and south of Santa Cruz Province in 

Fig. 8.4  Cumulative spatial analysis of Patagonian lizards. References: red lines (implementing 
movingFun function with “moving average” from R “raster” package); (a) number of accumulated 
species by latitude; (b) number of accumulated species by longitude; (c) number of accumulated 
records by latitude; (d) number of accumulated records by longitude
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Argentina: Sub Andean District—Steppe of white coiron (35), Central District—
Quilenbai steppe bushes (30), Erial Central District (28), Deciduous Forest (26), 
and Payunia District (26). Without a clear spatial pattern, we found an even lower S 
for the Rionegrino Ecotone (20), Andean—Patagonian Forests and Central 
District—Mountain steppe bushes (16), and San Jorge Gulf District and Low alti-
tude scrub (14). We found the lowest S values in northern Chile (Resinous Forest: 
11, Sclerophyllous Forest: 10, Thorny Forest: 6, Laurel Forest: 8, and Altitude 
grass: 4) and in vegetation units located south of 41° S (Deciduous scrub and 
Without vegetation: 5, and Evergreen Forest: 4). Finally, we recorded the lowest S 
values for Argentina in the northern and eastern strip (Eastern or Transitional Monte: 
11, Valdés Península Ecotone: 5 and Endorheic Bolsons: 3) and in the southern strip 
of Patagonia (Central District: 11, Shrub steppe of black bush: 6, Sub Andean 
District—Dry Magellanic Steppe: 5 and Fueguino District—Wet Magellanic 

Fig. 8.5  Bar plot with lizard species richness in increasing order for each vegetation unit. 
References: number of species in blue, Shannon Wiener Index in red; Endorheic Bolsons = BEnd, 
Deciduous Forest = BC, Sclerophyllous Forest = BEsc, Thorny Forest = BEsp, Laurel Forest = BL, 
Resinous Forest  =  BR, Evergreen Forest  =  BS, Andean—Patagonian Forests  =  BAP, Central 
District = DC, Erial Central District = DCE, Central District—Quilenbai steppe bushes = DCEAQ, 
Central District—Mountain steppe bushes  =  DCEAS, Payunia District  =  DLP, San Jorge Gulf 
District = DGSJ, Fueguino District—Wet Magellanic Steppe = DFEMH, Western District = DO, 
Sub Andean District—Steppe of white coiron = DSECB, Sub Andean District—Dry Magellanic 
Steppe = DSEMS, Valdés Península Ecotone = EPV, Rionegrino Ecotone = ER, Shrub steppe of 
black bush = EAMN, Steppes and pastures = EP, Altitude grass = HA, Low altitude scrub = MBA, 
Deciduous scrub  =  MC, Evergreen shrub  =  MS, Typical southern Monte  =  MAT, Monte’s 
Mountains and Valleys  =  MSB, Eastern or Transitional Monte  =  MODT, Western Interior 
Pampa = PIO, Altoandina Province = PA, Peat Bogs = T, and Without vegetation = SV
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Steppe: 1). The vegetation units and their species richness are detailed in Fig. 8.1b, 
c, and vegetation units by species in Table 8.1.

The Shannon Wiener diversity index (H) is one of the most commonly indices 
used to characterize species diversity in a community and accounts for both abun-
dance and evenness (EH) of the species present (S) (Colwell 2009). Technically, 
H quantifies the uncertainty associated with predicting the identity of taxa given the 
number of taxa and evenness in abundances of individuals within each taxon (Gotelli 
and Colwell 2001; Chao and Chiu 2016). The S values of the vegetation units varied 
from 0 to 60 species and the average H indices among the 29 vegetation types 
ranged from 0 to 3.29. Vegetation units with moderate S values between 1 and 8 
(DFEMH, BEnd, BS, HA, DSEMS, EPV, MC, SV, BEsp, EAMN, BL, EP) showed 
a gradual H increase. DFEMH unit showed only Liolaemus magellanicus presence 
and BEnd was represented mostly by L. darwinii. BS and HA had the same number 
of species, but the Eh of BS is lower and is mostly represented by L. pictus, whereas 
HA is mainly formed by L. kolengh. The units DSEMS, EPV, MC, and SV had five 
species, but showed different EH. In DSEMS we found L. sarmientoi as the most 
frequent species, EPV and SV had a more equitable distribution of the species that 
conform them, and MC is mostly represented by L. scolaroi. The vegetation units 
BEsp and EAMN had six species with equality components, while BL and EP had 
eight species, but BL was mostly represented by L. pictus. We found a greater fre-
quency of L. lemniscatus presence for BEsc, L. pictus for BR, L. baguali and 
L. hatcheri for DC, Homonota darwinii for MODT, L. fitzingerii and L. kingii for 
DGSJ, L. curis for MBA, and L. elongatus for BAP. DCEAS and ER units showed 
greater evenness among the taxa present there without a dominant species. The spe-
cies L. pictus and L. tenius showed high frequency for BC, L. austromendocinus for 
DLP, L. kingii for DCE, L. inacayali for DCEAQ, L. pictus for PA, and L. darwinii 
for MAT. Finally, DO and DSECB showed high evenness (Fig. 8.5).

The Jaccard similarity index (Chao et al. 2005) compares members of two data-
sets to see which members are shared and which are distinct, and ranges from 0 to 
1 (1 = no taxon in common; 0 = all taxa in common). It is usually implemented at 
large spatial scales (e.g., comparing regions) to assess biodiversity considering only 
species’ presence-absence records (Real et al. 1996). According to these similarity 
comparisons, none of the 406 paired comparisons among vegetation units had the 
exact same taxa (Fig. 8.6). Most of the paired comparisons (217) had values of 1, 
indicating that in most cases vegetation units do not have any lizard species in com-
mon (Fig. 8.6). By contrast, 189 comparisons had values less than one (Fig. 8.6) and 
the greatest similarity was found between BL versus BR (0.16), BS (0.42) and BEsp 
(0.67), BR versus BS (0.43); and DGSJ versus DCEAS (0.67).
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8.6  �Spatial Patterns for Patagonian Lizard Assemblages

Organism assemblages can provide a conceptual basis for understanding the pro-
cesses that determine how many, which and how species that inhabit in a particular 
region relate (Chase 2003). Regional and local factors can determine the patterns by 
which communities of organisms are assembled, as well as the resulting degree of 

Fig. 8.6  Jaccard similarity index pairwise comparisons between species and vegetation units. 
References: 0 = identical species, 1 = different species, Endorheic Bolsons = BEnd, Deciduous 
Forest = BC, Sclerophyllous Forest = BEsc, Thorny Forest = BEsp, Laurel Forest = BL, Resinous 
Forest = BR, Evergreen Forest = BS, Andean—Patagonian Forests = BAP, Central District = DC, 
Erial Central District  =  DCE, Central District—Quilenbai steppe bushes  =  DCEAQ, Central 
District—Mountain steppe bushes  =  DCEAS, Payunia District  =  DLP, San Jorge Gulf 
District = DGSJ, Fueguino District—Wet Magellanic Steppe = DFEMH, Western District = DO, 
Sub Andean District—Steppe of white coiron = DSECB, Sub Andean District—Dry Magellanic 
Steppe = DSEMS, Valdés Península Ecotone = EPV, Rionegrino Ecotone = ER, Shrub steppe of 
black bush = EAMN, Steppes and pastures = EP, Altitude grass = HA, Low altitude scrub = MBA, 
Deciduous scrub = MC, Typical southern Monte = MAT, Eastern or Transitional Monte = MODT, 
Altoandina Province = PA, and Without vegetation = SV
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similarity or difference between localities with similar environments (see Thompson 
et al. 2016; Palmeirim et al. 2017).

Hierarchical clustering is one of the most typical multivariate ordination and 
agglomerative analysis for biological communities (McGarigal et al. 2013). These 
methods start with combining two most similar sites to each other, then they pro-
ceed by combining points to points or to groups, or groups to groups using different 
aggregation criteria (Gardener 2014). We used the vegan R package (Oksanen et al. 
2018) to implement a hierarchical clustering from the vegdist’ similar -dissimilarity 
structure from the “hclust” function (“stats” R base package), which needs dissimi-
larities as input. Function “hclust” provides several alternative clustering strategies, 
and we selected the Ward’s minimum variance method. This method minimizes the 
total within-cluster variance, merging at each step the pair of clusters with minimum 
between-cluster distance. We found six clusters of vegetation units (Fig. 8.7). All of 

Fig. 8.7  Species hierarchic clustering using vegetation units as clusters. References: Endorheic 
Bolsons = BEnd, Deciduous Forest = BC, Sclerophyllous Forest = BEsc, Thorny Forest = BEsp, 
Laurel Forest  =  BL, Resinous Forest  =  BR, Evergreen Forest  =  BS, Andean—Patagonian 
Forests = BAP, Central District = DC, Erial Central District = DCE, Central District—Quilenbai 
steppe bushes  =  DCEAQ, Central District—Mountain steppe bushes  =  DCEAS, Payunia 
District  =  DLP, San Jorge Gulf District  =  DGSJ, Fueguino District—Wet Magellanic 
Steppe = DFEMH, Western District = DO, Sub Andean District—Steppe of white coiron = DSECB, 
Sub Andean District—Dry Magellanic Steppe  =  DSEMS, Valdés Península Ecotone  =  EPV, 
Rionegrino Ecotone  =  ER, Shrub steppe of black bush  =  EAMN, Steppes and pastures  =  EP, 
Altitude grass  =  HA, Low altitude scrub  =  MBA, Deciduous scrub  =  MC, Typical southern 
Monte = MAT, Eastern or Transitional Monte = MODT, Altoandina Province = PA, and Without 
vegetation = SV
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these clusters had differences higher than one, and within the clusters there were 
differences in distance among their components. In the first cluster (in red), the most 
different unit of vegetation was BEsp, and the fourth cluster (cyan) showed differ-
ences between HA  +  SV versus DC, and EP  +  MP.  The fifth cluster (magenta) 
showed differences between DCEAS + DGSJ + DCE + DO versus BAP + DSECB 
+ DCEAQ + ER, and in the sixth group (yellow) showed differences for DLP + MAT 
versus BEnd + EPV + MODT (Fig. 8.7). To compare the diversity of species among 
the vegetation units, we considered the groups defined by this hierarchical clustering.

The species richness metric increases with sample size, and differences in rich-
ness actually may be caused by differences in sample size. To address this potential 
bias, we used rarefaction curves to rarefy species richness to the same number of 
individuals, because they are often seen as an objective solution for comparing spe-
cies richness with different sample sizes. We implemented rarefaction curves and 
evaluated them using the interval of step sample sizes, determined by the minimum 
sample count achieved over each cluster. The number of expected species was 
between 2.42 and 4.25 for BEnd, EPV, MODT, and MAT at the same minimal sub-
sample of 5. The number of expected species within clusters were BAP (15.88), 
DCEAS (15.88), DGSJ (13.56), ER (19.35), DSECB (33), DCEAQ (26.56), DCE 
(24.88), and DO (46.76) at the minimal subsample of 346. The number of expected 
species within clusters were SV (5), HA (3.80), MC (3.10), EP (5.72), and DC 
(6.30) at the minimal subsample of 19. The number of expected species within clus-
ters was DFEMH (1), DSEMS (2.96), and EAMN (4.37) at the minimal subsample 
of 10. The number of expected species within clusters was MBA (14), BEsc (9.40), 
BC (23.34), and PA (29.80) at the minimal subsample of 205. The number of 
expected species within clusters was BEsp (6.00), BS (3.12), BL (5.55), and BR 
(7.50) at the minimal subsample of 34 (Fig. 8.8).

The parameters referring to landscape structure (e.g., altitude) are essential in 
any biogeography study given the relationship between landscape structure and the 
ecological processes (Jongman et  al. 1995). In the altitude analysis, we found a 
higher limit between 2100 and 2400  m  a.s.l. for the genera Phymaturus, 
Pristidactylus, Diplolaemus, Liolaemus, and Homonota. On the other hand, 
Leiosaurus, Aurivela, and Amphisbaena showed an upper limit of 1400 m a.s.l., 
while Teius, Salvator, and Stenocercus did not exceed 800 m a.s.l. (Fig. 8.9). Within 
the 34 Phymaturus taxa we found a group of species above 1450 m a.s.l.: P. pal-
luma, P. verdugo, P. roigorum, P. tromen, P. payuniae, P. maulense, P. dorsimacula-
tus, P. nevadoi, P. delheyi, and P. sitesi up to a maximum of 2784  m  a.s.l. We 
identified another group of species consisting of P. vociferator, P. querque, 
P. zapalensis, P. somuncurensis, P. cacivioi, P. rahuensis, P. excelsus, P. desuetus, 
P. curivilcun, P. camilae, P. etheridgei, P. ceii, P. spurcus, P. tenebrosus, P. specta-
bilis, and P. sinervoi between 865 and 1450 m a.s.l. Finally, we found P. manuelae, 
P. videlai, P. calcogaster, P. yachanana, P. indistinctus, P. felixi, P. castillensis, and 
P. patagonicus between 33 and 865 m a.s.l. (Fig. 8.10). Among the 110 Liolaemus 
taxa we found a group of species above 2365 m a.s.l.: L. punmahuida, L. villaricen-
sis, L. riodamas, L. thermarum, and L. antumalguen up to a maximum height of 
3000  m  a.s.l. Another group with a narrow range of altitude was formed by L. 
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Fig. 8.8  Rarefy curves with the expected species richness in random subsamples of size sample 
among each cluster. Vertical line is drawn at minimum sample and horizontal lines for the rarefied 
species richnesses. References: Endorheic Bolsons = BEnd, Deciduous Forest = BC, Sclerophyllous 
Forest  =  BEsc, Thorny Forest  =  BEsp, Laurel Forest  =  BL, Resinous Forest  =  BR, Evergreen 
Forest  =  BS, Andean—Patagonian Forests  =  BAP, Central District  =  DC, Erial Central 
District = DCE, Central District—Quilenbai steppe bushes = DCEAQ, Central District—Mountain 
steppe bushes  =  DCEAS, Payunia District  =  DLP, San Jorge Gulf District  =  DGSJ, Fueguino 
District—Wet Magellanic Steppe  =  DFEMH, Western District  =  DO, Sub Andean District—
Steppe of white coiron  =  DSECB, Sub Andean District—Dry Magellanic Steppe  =  DSEMS, 
Valdés Península Ecotone = EPV, Rionegrino Ecotone = ER, Shrub steppe of black bush = EAMN, 
Steppes and pastures = EP, Altitude grass = HA, Low altitude scrub = MBA, Deciduous scrub = MC, 
Typical southern Monte = MAT, Eastern or Transitional Monte = MODT, Altoandina Province = PA, 
and Without vegetation = SV
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wiegmanni, L. yatel, L. brattstroemi, L. camarones, L. martorii, and L. multimacu-
latus between 0 and 64 m a.s.l. The rest of the Liolaemus taxa presented broader 
ranges or appeared to have restricted ranges, but those last ones actually had only 
few of geographical locations (Fig. 8.11).

8.7  �Conclusions

The analyses performed for this chapter allowed us to transform an extensive review 
into synthetic results about the biogeography and species diversity of lizards in the 
vast Patagonian region. The increasing number of field samples, and the subsequent 
descriptions of new species during the last decades, considerably improved our 
understanding and knowledge of lizard species’ distributions in the extreme south 
of South America. The geographic distribution data presented here should be per-
manently updated and subject to revisions by specialists in taxonomy, systematics, 

Fig. 8.9  Box plot of altitudinal range among lizards’ genera in Patagonia
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and phylogeography, since there are numerous active research programs, which dur-
ing the last 15 years have described, revalidated, and synonymized species as well 
as their distributions (mostly within Liolaemus and Phymaturus genera) (Avila et al. 
2008; Abdala et al. 2012a, b; Vera-Escalona et al. 2012; Olave et al. 2014, 2015; 
Lobo et al. 2016; Troncoso-Palacios et al. 2016, 2018). To sum up, our spatial analy-
ses improve our understanding of geographic distributions in one of the regions with 

Fig. 8.10  Box plot of altitudinal range among Phymaturus species in Patagonia
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the greatest diversity of lizards in the world and we provide ecological and spatial 
metrics with an updated list of taxa for Patagonian lizards. We highlight that the 
framework implemented here allows the analysis of large volumes of information 
and geographic space to obtain quantitative results that can support the study of 
spatial patterns of biodiversity, decision-making to design studies, use of resources, 
and creation of protected areas.
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Fig. 8.11  Box plot of altitudinal range among Liolaemus species in Patagonia
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