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Abstract

Climate change has modified the distribution and abundance of numerous species. Being ectotherms, reptiles are
especially susceptible to this phenomenon, which worldwide threatens almost 40 % of known species of lizards. Its
impact on the herpetofauna of Cuba has been little studied. Therefore, we estimate the possible effects of climate change
on the distribution of 46 endemic lizard species. To modelling the climatic niche of the species with the MaxEnt program,
we used 3 698 presence records and 17 WorldClim bioclimatic variables. For transferring to the future, we used two
climate scenarios with RCP 2.6 and RCP 8.5, at two times periods (2050 and 2070). We assumed vulnerability as the
potential reduction of future areas of climatic suitability (ACS) compared to current ones. We superimposed the
distributions to detect sites of greater potential richness and those of greater exposure to climate change. We evaluated
the models obtained as useful and excellent according to the AUC values, reflecting their high predictive capacity. The
most extensive current ACS corresponded to Anolis equestris (98 213 km?), and the smallest to A. quadriocellifer (3 074
km?2). With the most alarming scenario (RCP 8.5), a loss of more than 30 % of the ACS and a greater probability of
extinction in their current areas of occupation was predicted in almost 85 % of the species by 2070. Mesophilic species
showed greater vulnerability, losing 30.8 to 100 % of their future ACS for the RCP 8.5 scenario. The trend in all
projections was the reduction of ACS, mainly in the West and Center regions. The greater richness of lizards, and the
greater gain and stability of future ACS, corresponded to the main mountainous massifs of the country, so that these
regions could act as climatic refuges against the conditions of climate change. However, the little dispersal capacity of
these species and low landscape connectivity resulting from anthropic activities could limit the future colonization of

available habitats.
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Introduction

In recent decades, climate change has produced
changes in the distribution and abundance of numerous
species in various regions of the planet [1], so it has
received increasing attention [2]. It is predicted that its
effects will get worse in the coming years, so it could
contribute to the extinction of 18 % of all species by 2050
[3], and almost 40 % of all lizard species by 2080 [4].
Given their condition as ectotherms, the current
distribution patterns and ecology of squamous reptiles
(lizards, snakes and amphisbaenians) are a reflection of
the temperature and rainfall regimes of the places where
they live [5] which makes them especially vulnerable to
warming, so their decline is predicted to occur at higher
rates than those of other organisms [6]. However, the data
to validate these predictions are still relatively scarce,
since this group is one of the least studied in this regard,
especially at the local level [7,8].

The National Report to the Convention on Biological
Diversity identifies climate change as one of the greatest
threats to biodiversity in Cuba [9], and our region is
among those with the highest concentration of species,
both marine and terrestrial, vulnerable to this
phenomenon on a global scale [8]. Among the predicted
effects are: the increase in the mean annual temperature,
the intensification and expansion of the periods of
drought, the rise in the mean sea level and the increase in
the frequency and intensity of hurricanes [10]. In our
country, various actions have been carried out that
address this issue and its impact on various aspects of
society and the economy; however, for the Cuban land
biota, studies focused on this issue are still scarce. For
example, Rodriguez, et al. [11] and Blanco, et al. [12]
analyzed the effect of sea level rise on the herpetofauna of
Ciénaga de Zapata and coastal birds through the Cuban
archipelago, respectively. Both studies suggest the loss of
important habitats and the possible local disappearance
of some reptile and amphibian species, as well as
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important nesting sites for birds. In the specific case of
lizards, Velazco, et al. [13] uses Ecological Niche Models
for the first time to assess the effect of climate change on
the distribution of 13 species of the Sphaerodactylus
genus.

Currently, 161 reptile species inhabit the Cuban
archipelago, grouped into 32 genera and 21 families, with
a high percentage of endemism (approximately 82.6 %)
[14]. The Red Book of Vertebrates of Cuba [15] includes
87 of these species under different threat categories. The
negative effects of climate change on the Cuban
herpetofauna are not only related to the increase in
temperatures, but also to a greater frequency of
hurricanes and prolonged droughts, and with
penetrations of the sea in low coastal areas and keys of
the island groups, to which adds the very restricted
distribution of many of the species [15,16]. For all this, it
is vitally important to identify which species or groups of
these may be at greater risk in the face of this
phenomenon.

This research aims to estimate the possible impact of
anthropogenic climate change on the distribution of 46
endemic lizard species in Cuba by using Ecological Niche
Models and spatial analysis for the years 2050 and 2070
in two different emission scenarios. In addition,
potentially more exposed groups and biogeographic
regions will be identified, as well as potential climatic
refuges of importance for the conservation of Cuban
lizards. These predictions would help guide monitoring to
detect unrecognized populations of these species, re-
evaluate their threat categories and implement measures
for their conservation.

Methods

Description of the Study Area

The Cuban archipelago is located in the northwest end
of the Caribbean basin, specifically between 74°08'03
"(Punta de Quemado, Mais{) and 85°57'07" (Cape of San
Antonio) west longitude, and the 19°43'38" (Punta del
Inglés) and 23°1709" (Cruz del Padre Key) of north
latitude [17]. The main island has about 107 466 km? of
extension, and its maximum width is 191 km between the
north coast of Camagiiey and the southeast portion of
Granma.
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The proximity of Cuba to the North American
continent, its relatively little rugged terrain, its island
status, and the amount of solar radiation that affects its
surface, determine its moderate tropical climate [17]. The
mean annual temperature values range from 24°C in the
plains, to 26°C and more in the eastern coasts, with a
decrease in the values of this variable of 0.6°C for every
100 m of ascent in the main mountainous systems of the
country [18]. The element of greatest variability in the
climate of Cuba is rainfall. In most of the territory, the

year is divided into two seasonal periods: the rainy
season, from May to October, where approximately 80 %
of the total annual rainfall (1375 mm) is recorded; and
the dry one, from November to April, with the remaining
20 % (344 mm). In the mountainous regions, the largest
accumulated are recorded, with an increase of 150 - 170
mm for every 100 m of ascent in the west, and of 100 to
120 mm for every 100 m of ascent in the rest of the
archipelago. From 400-500 m above sea level, these
gradients decrease (Figure 1).

Figure 1: Climate regions of Cuba. Modified from Diaz and Cadiz [19].

This unequal distribution of temperature and rainfall
throughout the country, together with the geographic
isolation given by its insular condition, the mosaic of soils
from the complexity and geological heterogeneity, and the
relief, favor vegetation characterized by its extraordinary
richness and considerable endemism, mainly in
mountainous areas, where the areas of greatest forest
cover are located [20]. The vegetation has different types
of forests, shrubs, herbaceous vegetation, vegetation
complexes and secondary vegetation [21].

Obtaining Presence Data

For modeling the climatic niche, we compiled
information from 3 698 localities with records of the
presence of 46 endemic lizard species belonging to five
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genera included in the same amount of families (Table 1),
from 239 different sources, including publications,
management plans, data from Cuban (BIOECO, CZACC,
MNHNCU) and foreign (AMNH, MCZ, USNM) zoological
collections, personal communications and field data. The
compilation of Rodriguez, et al. [22] was the main source
of consultation. Each of these presence records was
georeferenced in decimal coordinates according to the
description of the sampling sites, for which cartographic
sheets were used in the WGS84 projection, with a scale of
1:50 000. To reduce the effect of spatial autocorrelation in
the presence data, all duplicate data was eliminated for
each 1 km? cell per species, as recommended by Phillips,
et al. [23]. The whole process was carried out in the
ArcMap 10.2 GIS program [24].
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Taxa ‘ localities Taxa localities
Family Dactyloidae A. porcus 40
Anolis ahli 16 A. pumilus 52
A. alayoni 33 A. quadriocellifer 39
A. allogus 221 A. rubribarbus 28
A. alutaceus 193 A. smallwoodi 57
A. argenteolus 158 A. vanidicus 15
A. argillaceus 86 A. vermiculatus 52
A. bartschi 25 Family Xantusiidae
A. bremeri 46 Cricosaura typica | 24
A. centralis 33 Family Diploglossidae
A. chamaeleonides 69 Diploglossus delasagra 64
A. clivicola 15 D. nigropunctatus 22
A. cyanopleurus 34 Family Leiocephalidae
A. equestris 201 Leiocephalus cubensis 202
A. homolechis 405 L. macropus 158
A. inexpectatus 16 L. raviceps 56
A. isolepis 53 L. stictigater 121
A. jubar 138 Family Sphaerodactylidae
A. loysianus 62 Sphaerodactylus celicara 20
A. lucius 131 S. intermedius 12
A. luteogularis 92 S. oliveri 11
A. mestrei 35 S. ramsdeni 21
A. noblei 36 S. ruibali 22
A. ophiolepis 82 S. scaber 22
A. paternus 23 S. torrei 22
A. porcatus 435 Total 3698

Table 1: List of Cuban endemic lizard species (Squamata: Sauria) whose climate niche was modeled and number of

localities (sample) used for each one.

Selection of the Area for Model Calibration

During the modeling process, presence points are
compared to random points within calibration areas
(background), to detect the conditions under which a
species can potentially live. With this in mind, 0.5 km
equidistant random points were generated throughout
the area occupied by the Cuban territory. In the case of
pancuban species, this entire area was used for modeling
their ecological niche, while only the Western, Central or
Eastern region was used for species that had restricted
distribution to those respective regions, to avoid
increases in the rate of commission errors (i.e. false
positives) [25,26].

Obtaining the Environmental Data

The bioclimatic variables used in the processing were
extracted from the WorldClim database [27] with a spatial
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resolution of 0.75 km? and with the WGS84 datum. To
model the climatic niche of the 46 species, we selected
between five and six variables (Table 2), according to the
combination of two different criteria: their contribution to
the model and the degree of correlation with the others.
The contribution of each of the variables to the model
calibration process was evaluated using the Jackknife test,
which was executed with the Maxent 3.3.3k program [28],
with 10 replicas. In addition, to avoid the use of variables
that provide the same information, a Pearson correlation
was performed in the Statistica 8 program [29], and then
those poorly correlated with the others were selected (i.e.,
with r < 0.8), giving priority to the variables with the
highest contribution.
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Species Variables
Anolis ahli BIO 6, BIO 11, BIO 1, BIO 5, BIO 13, BIO 10
A. alayoni BIO 14, BIO 17, BIO 15, BIO 7, BIO 4
A. allogus BIO 14, BIO 17, BIO 15, BIO 7, BIO 12
A. alutaceus BIO 5,BI0 17,BIO 11, BIO 10,BI0 1
A. argenteolus BIO 4, BIO 7, BIO 15, BIO 11, BIO 14
A. argillaceus BIO 7, BIO 14, BIO 17, BIO 15, BIO 4
A. bartschi BIO 4, BIO 17, BIO 14, BIO 5, BI0 11, BIO 12
A. bremeri BIO 3, BIO 2, BIO 17, BIO 5, BIO 4, BIO 7
A. centralis BIO 13, BIO 16, BIO 12, BIO 1, BIO 10, BIO 6
A. chamaeleonides BIO 5, BIO 1, BIO 10, BIO 11, BIO 16
A. clivicola BIO 4, BIO 10, BIO 5, BIO 1, BIO 6, BIO 11
A. cyanopleurus BIO 14, BIO 17, BIO 7, BIO 15, BIO 4,BIO 5
A. equestris BIO 4, BIO 3, BIO 5, BIO 17, BIO 15, BIO 14
A. homolechis BIO 17, BIO 14, BIO 2, BIO 7,BIO 5
A. inexpectatus BIO 15, BIO 17, BIO 14, BIO 12,BIO 7
A. isolepis BIO 10, BIO 1, BIO 5, BIO 7, BIO 15, BIO 17
A. jubar BIO 6, BIO 11, BIO 7, BIO 16, BIO 2, BIO 4
A. loysianus BIO 5, BIO 17, BIO 10, BIO 14,BIO 1,BI0 6
A. lucius BIO 7, BIO 4, BIO 3, BIO 2, BIO 17
A. luteogularis BIO 17, BIO 5, BIO 3, BIO 2, BIO 4, BIO 14
A. mestrei BIO 17, BIO 14, BIO 4, BIO0 11,BI0 12,BIO 5
A. noblei BIO 4, BIO 3, BIO 15, BIO 10, BIO 14
A. ophiolepis BIO 14, BIO 17, BIO 15, BIO 7, BIO 12
A. paternus BIO 3, BIO 2, BIO 7, BIO 17, BIO 4, BIO 13
A. porcatus BIO 17, BIO 5, BIO 2, BIO 7, BIO 14, BIO 15
A. porcus BIO 4, BIO 7, BIO 15, BIO 14, BIO 6, BIO 2
A. pumilus BIO 3, BIO 4, BIO 5, BIO 17, BIO 2, BIO 14
A. quadriocellifer BIO 6, BIO 7, BIO 4, BIO 11, BIO 2
A. rubribarbus BIO 17, BIO 14, BIO 15, BIO 7, BIO 4, BIO 12
A. smallwoodi BIO 4, BIO 7, BIO 11, BIO 14, BIO 15
A. vanidicus BIO 6, BIO 11, BIO 1, BIO 5, BIO 10
A. vermiculatus BIO 17, BIO 4, BIO 14, BIO 11, BIO 5, BIO 7
Cricosaura typica BIO 4, BIO 16, BIO 7, BIO 12, BIO 3
Diploglossus delasagra BIO 3, BIO 4, BIO 5, BIO 17, BIO 2, BIO 7
D. nigropunctatus BIO 17, BIO 14, BIO 15, BIO 5,BIO 7
Leiocephalus cubensis BIO 10, BIO 5, BIO 1, BIO 11, BIO 7, BIO 2
L. macropus BIO 7, BIO 15, BIO 14, BIO 4, BIO 17, BIO 6
L. raviceps BIO 4, BIO 7, BIO 6, BIO 11, BIO 2
L. stictigater BIO 2, BIO 7, BIO 3, BIO 6, BIO 5, BIO 15
Sphaerodactylus celicara BIO 14, BIO 17, BIO 15, BIO 7, BIO 2
S. intermedius BIO 4, BIO 3, BIO 2, BIO 6, BIO 14
S. oliveri BIO 14, BIO 15, BIO 2, BIO 7,BIO 5
S. ramsdeni BIO 7, BIO 5, BIO 10, BIO 4, BIO 1
S. ruibali BIO 6, BIO 11, BIO 4, BIO 12, BIO 16, BIO 7
S. scaber BIO 3, BIO 4, BIO 14, BIO 17, BIO0 11
S. torrei BIO 4, BIO 11, BIO 6, BIO 16, BIO 3, BIO 12

Table 2: Bioclimatic variables used in the modeling of the climatic niche of 46 species of endemic lizards (Squamata:
Sauria) of Cuba. The variables are arranged in each case in order of contribution to the models.
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To explore the potential effect of climate change on the
distribution of the areas of climatic suitability (ACS), we
used the bioclimatic variables generated by 10 Global
Circulation Models (GCM) for the period of 2050 (interval
2041-2060) and 2070 (2061 -2080) with the same
resolution as the variables for the present. The GCM used
were: BCC-CM1.1, CCSM4, CNRM-CM5.1, GISS-E2-R,
HadGEM-ES, IPSL-CM5A, MIROC5, MPI-ESM, MRI-CGCM3
and NorESM1-M. These models represent physical
processes of the atmosphere, the ocean, the cryosphere
and the earth's surface, and they are considered the most
advanced tools available to simulate the response of the
global climate system based on the emission and
concentration of greenhouse gases [30]. The use of
several GCM allows incorporating the variability
produced by the different models [31]. For each one, two
corresponding scenarios were used with the
Representative Concentration Paths (RCP) 2.6 W/m?2
(mitigation scenario) and 8.5 W/m2 (high emission values
scenario), both representing the two extreme
circumstances of the possible concentration in the
atmosphere of greenhouse gases in the future [32]. In the
mitigation scenario the greenhouse gases will have a
maximum peak in 2040 and for the scenario of 8.5 W/m?
these gases will continue to increase until after 2100 [30].
Climate

Obtaining Current and Future

Suitability Models

The climate niche was modeled with the Maxent 3.3.3k
program [28] that estimates the uniform distribution of
the species based on presence-only records based on the
principle of maximum entropy and their relationship with
predictive variables. Maxent carries out a posterior
transformation of the results in a logistic output with
assumptions about the prevalence and sampling effort to
get a better estimate of the suitability of the environment
for the presence of the species rather than its probability
of occurrence [28]. For the current work, we used the
filtered presence records (Table 1) and the environmental
variables that were selected based on the previous
analysis (Table 2). As background, the same random
points were used within the calibration areas generated
in the previous process of evaluation of the variables.

For each of the species analyzed, the final models
(current and those of future projections) were the
average of 50 replicates. As training sample, 75 % of the
presence data was used to generate the models and the
remaining 25 % as test data to validate them. To obtain
each model 500 iterations were performed and Bootstrap
was used as a resampling method, which is very useful
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when there are not large sample sizes [33]. The rest of the
parameters remained with their characteristics and
recommended values by default [28]. Then the average
outputs of the 50 replicates of the 10 GCM were averaged
each other per year and per emission scenario, which
resulted in a total of four projections per species.

For the creation of presence-absence outputs (binary),
the minimum training presence threshold was used as the
cut-off threshold, because it is the least restrictive.
Peterson, et al. [34] suggest that Maxent generates better
models at low threshold values, while raising them causes
an over-adjustment to training data. Reclassification in
binary maps was performed with the ArcGis ver program
10.1 [24].

Validation of Ecological Niche Models

The effectiveness of the models was analyzed using the
value of the AUC index (area under the curve) calculated
from the ROC (Receiver Operating Characteristic) curve,
which measures the ability of the model to discriminate
between locations where the species is present or absent.
To assess the predictive value of the models, the AUC of
the training and test data was used and the two were
compared to assess their differences [35]. For the
classification of the models, we followed the criteria of
Broennimann, et al. [36] who propose that models with
AUC <0.7 must be considered as poor, between 0.7 < AUC
<0.9 as useful, and excellent those with AUC = 0.9.

Data Analysis

The areas of climatic suitability (ACS) of the studied
species were described, based on binary presence-
absence maps and trend maps, both for the present and
for future projections. To estimate the ACS the area of
each of the pixels of presence of the species in the final
models was added. The species were classified using the
PPD (percentage of potential distribution), defined as
(number of pixels of presence of the species x 100)/total
number of pixels of Cuba, in: species with restricted
distribution (0-30 %), species with intermediate
distribution (31-59 %) and species with wide distribution
(60-100 %).

Exposure to climate change at the species level was
evaluated as the percentage of change in their ACS as:
Vulnerability = 100 x (future area - current area) /
current area; where current area represents the extension
of the ACS in the current model and future area the ACS in
the models projected in the climate change scenarios [37].
From these results, the possible threat status at present
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and in the future for each species was estimated,
according to criterion A3(c) (projected reduction towards
the future of the area of occupation) of the International
Union for the Conservation of the Nature [74]. A direct
relationship of the ACS with the extension of presence
was assumed, so that the reduction of the ACS in the
future could indicate a continuous reduction and
fragmentation of the area of occupation of the species. For
a loss = 30 % the species were considered as Vulnerable,
> 50 % as Endangered, =2 80 % as Critically Endangered
and = 100 % as Extinct. All statistical procedures were
performed in the Past 2.17 program [38].

To explore changes in the patterns of current and
future potential richness, the model stacking method was
used [39]. This method consists of the sum of the binary
models (presence-absence) of each individual species to
generate raster maps where the value of each pixel
corresponds to the species ACS richness. Exposure to
climate change was estimated as: Percentage of
extinction=100 x (future richness- current
richness)/current richness; richness values were
obtained using ArcGis ver. 10.1.

Results

Evaluation of the Models and Contribution of
the Variables

The ecological niche models obtained for all species
were significantly better than random predictions. The
highest value of training AUC corresponded to Anolis
quadriocellifer (0.9875), while the lowest was that of
Leicephalus cubensis (0.7252), for a general average of
0.8909 (Figure 2). According to these values, the models
of 24 species had excellent performance, and for the
remaining 22 species, we obtained useful models,
according to the classification proposed by Broenniman,
et al. [40]. Test AUC values behaved in the same way as
training. The differences between the training and test
AUC values were between -0.0073 and 0.0691, which
shows that the models were not over-adjusted to the data
[41].

The contribution of the bioclimatic variables to the
models varied among taxa, in line with their species -
specific selection (Table 2) and with the differences
between the presence records. In all cases, the variables
derived from temperature were the ones with the
greatest contribution, since they behave in a more
homogeneous way in the sites that served to train the
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obtained models, given the climatic conditions of the
country. The temperature annual range (BIO 7) and
temperature seasonality (BIO 4), which were selected for
their importance in the construction of the models in 30
and 29 of the 46 species, respectively (Table 2), were also
the variables that reached the highest contribution
percentages. They were followed by the precipitation of
the driest quarter (BIO 17), the precipitation of the driest
month (BIO 14) and the maximum temperature of the
warmest month (BIO 5).

1.00

L T

0.90

0.85

0.80

0.75
[] Mean+SD

Area Under the Curve (AUC)

0.70 T Non-Outlier Range

0.65

Training Data Test Data

Figure 2: Mean value (* standard deviation),
maximum and minimum of the AUC statistic for
training and test data, obtained from the climatic niche
models of 46 endemic lizard species (Squamata:
Sauria) in Cuba. Performance values are displayed on a
scale of 0 to 1.

Areas of Climatic Suitability of the Cuban
Endemic Lizards and Possible Future Changes

The current areas of climatic suitability (ACS) of the
studied species coincide spatially with their presence
records, and include other areas similar to those of
training. The species with most restricted ACS were Anolis
quadriocellifer (3 074 km?) and A. clivicola (3 726 km?),
and those of greater extent were A. equestris (98 213 km?)
and Leiocephalus cubensis (97 681 km?) ones (Figure 3).
The current PPD values (percentage of potential
distribution), showed that 56.5 % of the species
presented restricted distribution, only 10.9 % had
intermediate distribution, while the remaining 32.6%
showed wide distribution.
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Figure 3: Areas of climatic suitability of four of the analyzed endemic lizard species (Squamata: Sauria) of Cuba.
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Figure 4: Richness of areas of current climatic suitability for the 46 species of lizards (Squamata: Sauria) endemic to
Cuba analyzed.
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According to the climate niche models, in the Eastern
region of the country lays the greatest concentration of
Cuban lizards ACS (Figure 4). The entire Cuban
archipelago has suitable climatic conditions for housing at
least two species of this suborder, but never more than 32
species at a time. The areas of greatest suitability (26-32
species) are disjoint between and within regions, for a
total area of 4 268.25 km?, which represents only 6.95 %
of the national territory. The highest values of climatic
suitability were obtained towards the most eastern end of
Cuba and in the main mountainous massifs, principally in

Sierra Maestra and Sierra de la Gran Piedra mountain
ranges, and in Nipe-Sagua-Baracoa. They are followed in
importance by other mountain systems such as Sierra de
los ()rganos, Sierra del Rosario, Alturas de Habana -
Matanzas, Cordillera de Cubanacan, Sierra de Trinidad
and Sierra de Sancti Spiritus, as well as the
Guanahacabibes Peninsula in the West, much of the west
and south of the Isla de la Juventud, Sabinal Key in the
Center region, while in the East region of the country
stands out the north coast of Holguin, and the Plateau of
Cabo Cruz in the south (Figure 4).

Figure 5: Proportion of change of the areas of climatic suitability (ACS) of four of the most vulnerable species of
Cuban endemic lizards (Squamata: Sauria) to climate change, given by four future projections (2 years x 2 scenarios)
averaged from 10 global circulation models. The maps only show the ACS for the scenario RCP 2.6 in 2050. Green
indicates current ACS that are predicted to stay suitable in the future, red indicates current ACS predicted to be
unsuitable (lost) in the future, and blue indicates the current climatic non-suitable areas predicted to be suitable in

the future.
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In all the species analyzed, the made projections
indicate a decrease in the area corresponding to their
climatic niches. In general, the most alarming scenario
was RCP 8.5, in which there was a loss of more than 30 %
of the current ACS and a greater probability of extinction
in 39 of the species by 2070. When analyzing the possible
loss of ACS in the future under a “null dispersion”
approach, the most affected species would be Anolis
quadriocellifer, A. mestrei, A. bartschi, A. luteogularis and A.
vermiculatus, with a reduction close to or equal to 100 %

for said projection (Figure 5). For the same approach, the
climatic niches of A. allogus, Leiocephalus macropus and A.
ophiolepis are predicted to suffer very little impact under
any of the climate change scenarios (Figure 6). For the
other hand, the ACS of L. raviceps (Figure 6) and
Sphaerodactylus intermedius could even expand to more
than 100 % of their current extent if their dispersal
capacity would not be subject to restrictions (“full
dispersion approach”).

the future.

Figure 6: Proportion of change of the areas of climatic suitability (ACS) of four of the least vulnerable species of Cuban
endemic lizards (Squamata: Sauria) to climate change, given by four future projections (2 years x 2 scenarios)
averaged from 10 global circulation models. The maps only show the ACS for the scenario RCP 2.6 in 2050. Green
indicates current ACS that are predicted to stay suitable in the future, red indicates current ACS predicted to be
unsuitable (lost) in the future, and blue indicates the current climatic non-suitable areas predicted to be suitable in
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Although there are considerable differences between
projections, the tendency in all future scenarios is to
reduce the number of suitable areas for lizards (Figure 7).
The Western and Central regions are the most affected
(with more than 50 % loss of richness of ACS) in relation
to the rest of the archipelago. The scenario RCP 8.5 is the
most critical, especially for the year 2070, in which an
even more drastic ACS loss is predicted (Figure 7D), and
the area of greatest richness would be reduced to only
2791.5 km?2. The scenario with the lowest exposure is the

RCP 2.6, being its projection to 2070 in which the areas of
greatest potential richness would not only be better
preserved, but even could gain in extension (4 391.25
km?) (Figure 7B). In several regions, mainly in the plains
and low coastal areas of the country, the climatic
conditions for some of these species to exist in the future,
could disappear completely. On the other hand, the higher
ACS gain will tend to occur towards the main
mountainous groups of western, central and eastern
Cuba, which coincide with the areas of lowest losses too.

2070 (CPR 2.6); C. 2050 (CPR 8.5); D. 2070 (CPR 8.5).

Figure 7: Potential exposure to the effect of climate change of the areas of climatic suitability (ACS) of the Cuban
archipelago lizards (Squamata: Sauria) (represented in this study by 46 species). Projections: A. 2050 (RCP 2.6); B.

J

As result of the classification with the A3 (c) criterion
(Figure 8) only seven species could be considered under
Least Concern (LC) category for all the projections. In
general, eleven species would be classified as Vulnerable
(VU) by 2050 for at least one scenario, and seven and five
(for scenarios RCP 2.6 and RCP 8.5, respectively) retains
this category by 2070, while other three become
Endangered (EN) and three more become Critically
Endangered (CR). More than 70 % of the species analyzed
would increase its category of threat between scenarios
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and / or years of study. It could be also predicted that, in
the worst case scenario, more than 50 % of the species of
Cuban lizards could be classified as CR by 2070, with A.
bartschi, A. luteogularis and A. vermiculatus being the only
species that could be placed under this category even
taking into account the four future projections. In the case
of A. quadriocellifer, it would reach the Extinct (EX)
category by 2070 due to the loss of 100 % of its ACS, both
for the scenario RCP 2.6 and for the RCP 8.5.
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Figure 8: Risk of extinction of 46 endemic Cuban
lizard species (Squamata: Sauria) based on IUCN
criteria A3 (c) in combination with the obtained ENM.
LC- least concern, VU- vulnerable, EN-endangered, CR-
critically endangered, and EX-extinct.

Discussion

Limitations

Current knowledge of the response of biodiversity to
climate change is based on predictive models, so there is
still great skepticism about the reliability of these
forecasts and their application in conservation [42,43]. In
addition, biotic interactions could have an important
effect at the local level, since the presence of preys,
predators and competitors (both native and invasive)
could radically transform the guilds and make it
impossible to maintain the species despite the existence
of adequate climatic environments [44]. The estimation of
such factors is difficult and time consuming, so the ENM
become an alternative conservative approach to predict
changes in species distribution patterns due to climate
change [42]. Although ENM are simplifications of the
relationships between species and the environment, they
allow us to determine how exposed they are to this
phenomenon and assess their degree of vulnerability to
the predicted conditions [43]. The development of more
precise models seems to be the best strategy to improve
the quality of the predictions and provide an appropriate
response [37], mainly when the available biological
knowledge about the species is scarce [45], as in the case
of most of the Cuban members of suborder Sauria.

The distribution models of climatic niches are very
dependent on the presence data of the modeled species
[46]. One of the main limitations of the present study was
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the considerable variability in the quality of presence data
by species (from 11 to 435). This was mainly due to the
fact that each studied species has different ecological
requirements and, therefore, different distribution areas,
so in some cases they are present in small areas and have
less data. Another cause could be poor field sampling,
since many of these species have reserved behaviors,
which imposes obstacles to the knowledge about their
distribution and natural history. However, according to
Groff, et al. [47], Maxent is capable of generating models
with good quality even if the input data are scarce.

Another of the most common sources of uncertainty is
related to the resolution of distribution data. In this work
a fine spatial resolution was used (less than 1 km?2), which
should avoid underestimations related to the use of very
thick resolutions e.g., 50 x 50 km [54], 10 x 10 km [48],
which could exclude favorable locations for the
persistence of the species in the future [49]. The
resolution at which the maps were generated does not
allow the study of microclimates, but it is sufficient for a
study of the distribution of species at the country level
[50].
of Models

Performance and Bioclimatic

Variables

The high values of AUC achieved show the good
performance of the ENM obtained for all species, since the
training values were above 0.7 in all cases, considered
useful by Broennimann, et al. [36]. According to these
authors, these values provide high reliability to the
models obtained, as has been shown in similar studies
[51]. The models generated for the specialist species
tended to a greater predictive power with respect to
those of the generalists, as it has been observed in other
investigations, in which the precision of the model
improves when the focal species has a small geographical
range [47,51]. In this study, small differences between
both AUC (training and test) revealed that there was no
over-adjustment in the results.

Another factor that may have also contributed to the
lack of over-adjustment was the appropriate selection of
the number of predictor variables (between five and six),
resulting in transferable models, neither too simple nor
too complex [41]. Considering that the objective of the
current study required modeling the fundamental niche of
the species [52,53], no variables were used that could
represent barriers to the occupation of other climate-
appropriate sectors. Only climatic predictors were used,
since it is not possible to project into the future with other
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types of variables due to the degree of complexity and
uncertainty that would be expected to predict the
response of biotic variables to climate change [54,55].
However, it has been suggested that the exclusive use of
climatic variables is not sufficient to identify the
distribution of the species, since it is often strongly
conditioned by geographical aspects [56]. The availability
of perennial and annual plants, their density and richness,
are key components of the realized niche of the species
and, by transitivity, of their distribution. The
topographical features, rainfall and temperatures, could
then serve as analogs of these biotic resources, since they
allow predicting soil moisture during periods of growth,
which in turn conditions the characteristics of vegetation
[57].

The fact that the variables derived from the
temperature were the ones with the greatest
contribution, was given by their more homogeneous
behavior in the sites that served to train the models
obtained, given the climatic conditions of our country. In
this logic, the temperature annual range (BIO7) and the
temperature seasonality (BIO 4) were the most important
variables, followed in contribution by the precipitation of
the driest quarter (BIO 17), the precipitation of the driest
month (BIO 14) and the maximum temperature of the
warmest month (BIO 5). According to other investigations
in lizards of the genus Sphaerodactylus [13] and
Diploglossus [58], BIO 7 is one of the variables with
greatest contribution to the ENM of lizards species from
the Eastern region of Cuba, which coincides with our
results in 11 of the 15 eastern endemic species we
included. This results could be related with the findings of
Clusella-Trullas, et al. [59], which state that two of the
fitness components of squamous ectotherms (mainly
lizards and snakes), the maximum critical temperature
and the optimum temperature, are more related to the
variation in temperature and rainfall, respectively, than
with the mean temperature conditions. For that reason,
the variation in the temperature, whether in the diurnal
or interannual range between the extreme values, is the
biggest conditioning factor in the performance and,
therefore, of the distribution of this zoological group,
mainly under the conditions of the tropics.

Similarly, abundant rainfall and high cloudiness
strongly affect the ability of these species to
thermoregulate, so these variables are negatively related
to the preferred body temperature of the species of humid
regions; while in arid areas, dehydration and the scarcity
of energy resources could result in a positive relationship
[59]. This is corroborated by our current results, since the
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ENM of almost all the analyzed mesophilic species, which
live in forests with cooler and less sunny environments,
received a greater contribution of the variables related to
rainfall than those of the xerophylic species.

Potential Distribution of the Climatic Niche of
the Species of the Suborder Sauria In Cuba

The origin of the Cuban reptiles, the ways in which
they arrived to our territory and the way they occupied
the available habitats, are complex problems and not
entirely clarified [60]. The characteristics of territoriality,
low capacity for translation, and peculiar physiological
requirements of this group, make it suitable as a model
for zoogeographic studies. However, the lack of fossil
evidence and the lack of ecological and phylogenetic
studies on the Cuban herpetofauna, limit for the moment
the analysis under the focus of historical biogeography
[61].

The ENM of the lizards here analyzed predicted
climate conditions in the localities where they currently
live. Their great diversity in terms of biological and
ecological characteristics is reflected in the potential
distribution patterns of the ACS of these species. Twenty-
six of them presented restricted ACS, which coincides
with the classification in local (L) and regional (R) of
Rodriguez, et al. [62]. The 15 species with ACS of wide
distribution, included species considered pancubans (PC)
and quasipancubans (CPC) as A. chamaeleonides, A.
porcatus and A. homolechis; species categorized as PA (in
isolated populations) such as A. loysianus, A. ophiolepis
and A. paternus; and others considered as R (regionals) by
these same authors, such as A. equestris, A. jubar and A.
lucius, among others.

For all the species addressed, some regions appear far
from the presence records with climatic conditions
suitable for their establishment. The possible explanation
of this phenomenon is that, at the scale in which the
distributions of these species are being analyzed, the
archipelago has a high climatic homogeneity in all its
extension. However, the Eastern region is the least
homogeneous, as it presents marked topographic
differences that influence the diversity of the climate
regime in the sector [20]. This is why we obtained fewer
over-predictions for the species in this region. The fact
that in all the studied species we obtained ACS greater
than their actual distributions may be due to factors
external to the models, such as their capacity for
movement, historical constraints, inter-specific
interactions, the presence of geographical barriers, and
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changes in land use [63]. However, this work supports the
general trends of the group, so the results could be
considered as a valid first approximation.

According to the ENM, the entire Cuban archipelago
has climatic conditions suitable for housing at least two
endemic lizard species; however, it should be bear in
mind that the ENM predict areas that, on average, are
climate-appropriate for the species, but not their real
presence in those areas [36]. So, it is necessary to point
out that the predicted overlap between climatic niches of
these species does not necessarily imply areas of
sympatry. The areas that predict the greatest richness of
ACS appear disjoint throughout the country, and never
overlap the climatic niches of more than 32 species at the
same time. In the Eastern region, the greatest amount of
ACS is concentrated mainly towards the Sierra de la Gran
Piedra, the Sierra Maestra and the Sagua - Baracoa massif.
It is followed in importance by both nucleus of the
Guamuhaya massif, the Bamburanao massif and the
Guaniguanico mountain range. Fong, et al. [64] recorded
36 endemic species of lizards in their checklist of Sagua-
Baracoa Mountains. These results coincide mostly with
the statements of Schwartz, et al. [65], who believe that
the group's diversification center in Cuba is located in the
Central - Eastern and Eastern regions, where more than
half of the Cuban herpetofauna lives.

According to Rodriguez, et al. [60], the fact that areas
that include mountainous and forested areas sustain a
greater number of species, is a common pattern to all
Cuban reptiles. The present study confirms the
importance of these areas to maintain the diversity of
endemic reptiles and their evolutionary processes. On the
other hand, in the richness map generated from the ENM
of the analyzed lizards, the Zapata Swamp,
Guanahacabibes Peninsula and the smaller archipelagos
are presented as areas with little number of ACS. In
accordance with these results, Rodriguez, et al. [60] also
pointed out that the peninsulas and keys have lower
richness values, since they correspond to areas that,
according to geological data, suffered periodic flooding
and did not emerge fully until the end of the Quaternary,
so which are less diverse from an ecological point of view.

Effect of Climate Change on the Distribution of
Species of Suborder Sauria in Cuba

Even today there is a debate about how exactly
populations will respond to climate change [66].
Unfortunately, most climate change models predict dire
consequences for lizard populations [3,4,67]. The Cuban
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lizards constitute a group with different ecological
requirements, life histories and distribution patterns, so
different responses to climate change are to be expected.
In all the species analyzed, the made projections indicate
a decrease in the area corresponding to its climatic niche.
In general, with the most alarming scenario (RCP 8.5)
there was a loss of more than 30 % of the ACS and a
greater probability of extinction in their current areas of
occupation by 2070 in almost 85 % of the species.

When analyzing the potential loss of ACS in the future
under a “null dispersion” approach, the most affected
species would be A. luteogularis, A. bartschi, A.
vermiculatus and A. quadriocellifer, with a reduction close
to or equal to 100 % for said projection. Under the “full
dispersion” approach, the models detect new ACS of small
size, but geographically inaccessible to the four species.
All these species have in common their restricted
distribution to the west of the country and that they are
mesophilics [16]. In relation to the latter, Huey, et al. [68]
state that tropical lizards that live under the canopy
within deeply shaded forests are the most vulnerable to
climate change, since in these sites, with relatively cool
and homogeneous ambient temperatures, lizards such as
Anolis and Sphaerodactylus are generally
thermoconformers, so they maintain their body
temperature with values close to those of the air [69].
Faced with a slight increase in environment temperature,
these lizards would have to take refuge, reducing the time
they normally dedicate to foraging and reproduction, or
they would have to deal with body temperatures above
the optimal limit and close to the critical limit, causing
them stress and less performance [4]. The results for A.
vermiculatus are even more alarming if we take into
account that this species is semiaquatic [16], so it strongly
depends on fresh water availability a parameter that was
not included in our analysis but that would further
constrain its habitat requirements.

The highest proportion of new (gained) ACS in the
future would be presented for L. raviceps, S. intermedius,
S. torrei and S. ruibali. The geographical distributions of
these species coincide with coastal areas of the west,
center and east of the country. Gaston, et al. [70]
predicted that the expansion of the areas of occupation of
tropical ectotherms in response to climate change would
be more pronounced for coastal species than for inland
areas species. In the specific case of S. ruibali and S. torrei,
although a great loss of their ACS is expected, some
adjacent areas of greater height would be gained that the
species could potentially colonize under the assumption
of “full dispersion” if, as a consequence of climate change,
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the canopy will open at these sites, since these species are
characteristic of xeric and open habitats [16]. The ability
to invade these areas could also be limited by the
interaction between both species, and / or by the
presence of other species with similar ecological
requirements, such as S. dimorphicus, S. nigropunctatus
ocujal, S. schwartzi and S. siboney by the east, and S.
armasi by the west.

It should be noted that most of the new ACS that
would be won in the future for L. raviceps and S.
intermedius, would be presented far from the coasts,
which is the natural habitat of both species [16]. In
addition, they would be separated from the current ones
by large natural barriers, such as the Sierra Maestra
mountain range for the first, and the Guaniguanico massif
and the Gulf of Batabané for the second. If a species is
unable to migrate to an area due to the absence of suitable
habitats or because that area is too far from the original
population of that species, then the area in question is not
available for the species and the most likely result would
be local extinction (or excision). This means that, in the
case of many of the species, the range contractions
predicted by the current models could be sub-valuations.

The distribution of richness patterns, both in
composition and spatial location, differs between the
present and future scenarios. There are considerable
differences between projections, but the tendency in all
future scenarios is to reduce the most suitable areas for
this group of ectotherms. Similar results have been
observed for different groups of species in different
latitudes [54]. The Western and Central regions are the
most affected in relation to the rest of the archipelago,
especially by the year 2070. The greatest gain will tend to
occur towards greater heights, coinciding with the main
mountain ranges of western, central and eastern Cuba,
which also represent the most stable areas. These changes
could result in reductions in population size and
increased geographic isolation, or even in the extinction
of restricted species. With general warming trends, and
the extent to which dispersal capacity and resource
availability permit, many species are expected to change
their distributions to higher elevations [71]. Then, the
higher regions could act as shelters against the conditions
of climate change. However, the little dispersal capacity of
these species and low landscape connectivity due to
habitat transformation by anthropic activities could limit
the colonization of available habitat patches.
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Risk of Extinction Due to Climate Change

Because of the classification based on criterion A3 (c),
it was obtained that Anolis quadriocellifer could be
categorized as CR by 2050, and be extinguished (EX) by
2070 even with the mitigation scenario. This species has
not been evaluated by the IUCN, and in the Red Book of
Vertebrates of Cuba [15] is only considered as Near
Threatened (NT) taking into account its limited
geographical distribution to the Guanahacabibes
Peninsula, the fragmentation and loss of habitat due to
wood extraction, the inflow of tourism and the
vulnerability of some of its localities to hurricanes and sea
penetrations.

By 2070, 25 species of lizards could be included in the
category CR according to the scenario RCP 8.5. Among
them, A. bartschi, A. centralis, A. luteogularis, A. mestrei
and A. vermiculatus were considered as CR also for the
projection RCP 2.6 2070. Nine of the species analyzed
have been included within some category of threat in the
Red Book of Vertebrates of Cuba [15]: three of them
within the category of EN (A. inexpectatus, S. intermedius
and S. ruibali), six were proposed as VU (4. ahli, A.
clivicola, A. rubribarbus, A. vanidicus, C. typica and S.
oliveri), and two others (A. cyanopleurus and A.
quadriocellifer) as NT. On the other hand, in the IUCN Red
List [72], four of the species studied were classified as
threatened, and three others were classified as LC (S.
celicara, S. ramsdeni and S. scaber) [73]. The species S.
intermedius, S. oliveri and S. ruibali are considered EN; and
S. torrei is under the category of VU. In general, 34 species
increase in category using the ENM for at least two
projections, with respect to their current official
classifications; for A. rubribarbus the classification is
maintained; and with two other species (A. inexpectatus
and C. typica) it is predicted a lower category [74,75] (see
Appendix 1).

Conclusion

The obtained models predict that the ACS for the 46
studied species of lizards will be reduced as a result of
climate change. With the scenario RCP 8.5, the loss values
exceed 30 % in most cases. By applying criterion A3(c),
34 species could be placed within a superior category for
at least two of the projections. In the main mountain
ranges of the country, the greatest gain and stability of
ACS is expected, so these regions could act as climatic
refuges in the face of climate change conditions for Cuban
endemic lizards.
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