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Background and aims — Ecological niche conservatism describes the tendency of phylogenetically related
species to maintain the characteristics of their ancestral fundamental niches. Our aim was to assess niche
conservatism of species belonging to two plant genera of the Family Asteraceae endemic to Mexico:
Dyscritothamnus includes two woody species restricted to the dry scrublands of central Mexico and
Loxothysanus includes two herbaceous species distributed mostly in temperate environments from central
Mexico southward.

Methods — Using geographical distribution data of species obtained from critically reviewed herbarium
specimens (45 of Dyscritothamnus and 94 of Loxothysanus), niche models were obtained using the Maxent
program. The climatic variables evaluated were chosen using principal component analysis. Subsequently,
with the program ENMTools we quantified the degree of overlap and similarity between the niches of
congeneric species using the equivalence (D) and similarity (/) parameters.

Key results — The two species of Dyscritothamnus are sympatric, influenced by common environmental
features; accordingly, their niches show high equivalence values (D =0.563), suggesting niche conservatism.
On the other hand, the genus Loxothysanus shows a wider geographical distribution; their species niches
are not equivalent (D = 0.145) and have a relatively low value of environmental similarity.

Conclusion — The distributions of the species of Dyscritothamnus support the hypothesis of niche
conservatism because of their sisterhood and quite similar distribution patterns that result in high niche
conservatism values. In contrast, species of Loxothysanus do not support clearly such a hypothesis,
suggesting their niches have suffered adaptive changes to contrasting environments.

Key words — Niche conservatism and ecological niche modelling, ENMtools, Dyscritothamnus,

Loxothysanus, Asteraceae, Mexico.

INTRODUCTION

Current environmental conditions determine if species can
thrive or not in a particular place. Environmental factors limit
species distribution; temperature and rainfall are particularly
important (Despland & Houle 1997, Hobbie & Chapin III
1998), and factors such as substrate composition or elevation
(among many others) may influence distribution. Elevation,
slope, and orientation may be equally strong determinants of
the microclimatic conditions required by species to flourish
(Archer 1984, McAuliffe 1994, Hsieh et al. 1998, Guerrero-
Campo et al. 1999, Burke 2003). Although nearly all habitats
in the biosphere are occupied by some plant life, a single spe-
cies occupies only the geographic space defined as its Grinel-
lian ecological niche (Hutchinson 1957, Brown & Lomolino
1998). Hutchinson (1957) formalized the concept of ecologi-
cal niche to refer to the set of abiotic and biotic conditions

where a species can persist indefinitely; he distinguished a
fundamental niche, defined by the set of abiotic conditions
interacting with the species and a realized niche, the space
of the fundamental niche where the species actually occur
(Chase & Leibold 2003).

Niche conservatism is the tendency of closely related
species to maintain the characteristics of the fundamental
niche occupied by its ancestral taxon; recent studies have
highlighted its importance for understanding patterns and
processes of speciation and distribution (Peterson et al.
1999, Webb et al. 2002, Wiens 2004, Wiens & Graham 2005,
Wiens et al. 2010, Peterson 2011, Prinzing et al. 2001). Au-
thors such as Peterson et al. (1999) conclude that speciation
occurs first in a geographical context, with ecological differ-
ences appearing later. Differences among congeneric and co-
occurring species in a community result from modifications
of a shared common ancestor (Webb et al. 2002). Phyloge-
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netically related species that distribute in ecologically similar
areas show niche phylogenetic conservatism (Losos 2008).
Therefore, niche conservatism is the tendency of lineages to
maintain their ancestral ecological niche, failing to adapt to
new environments.In recent years, there has been an increas-
ing debate about whether phylogenetically related species
occupy similar ecological niches, which would suggest niche
conservatism (Harvey & Pagel 1991, Peterson et al. 1999,
Pyron et al. 2014). Related species showing niche conserva-
tism, when confronted with climate change scenarios, will
adapt slower to environmental changes, facing an increased
risk of extinction (Petitpierre et al. 2012). In contrast, with
more divergent niches species can cope more easily with
changing climate, colonize or invade new areas (Petitpierre
et al. 2012), and decrease their risk of extinction. The niche
conservatism concept can help to predict the impact of cli-
matic change on species adaptation to new environments in
space and/or time (Sinervo et al. 2010).

Several authors have proposed explanations for the exist-
ence of niche conservatism. For example, Harvey & Pagel
(1991) proposed a scenario in which an empty ecological
space is filled during dispersion (mobilism) of one or more
species groups with similar ecological affinities; once the
species groups become established in the new space, diver-
sification then generates speciation. Stabilizing selection
would then reinforce this situation; since all available spaces
are already allocated, the sympatric species best adapted to
the ecosystem ecological factors would prevent them from
departing from their niche. Other authors (Wiens & Graham
2005) added genetic factors to these two scenarios. Gene
flow limitations and low genetic variability are also proposed
as stabilizing elements that impede flexibility that could shift
a population’s niche.

Peterson et al. (1999) propose that speciation occurs
first in a geographic context and that ecological differences
evolve later. Testing niche similarity to determine whether
environmental niche models between closely related species
predict their occurrences, they conclude that niches are con-
served (Peterson et al. 1999, Kambhampati & Peterson 2007,
Peterson & Nyari 2007). They also developed methods to
measure niche similarity between species and attempt to test
hypotheses about niche conservatism (Peterson et al. 1999).

Recently, Warren et al. (2008) developed tests/procedures
for estimating ecological niche model (ENMs) similarity and
equivalence and their degree of conservatism along the phy-
logeny. Niche similarity refers to how well the ENM of one
species predicts the geographical presence of another, com-
pared to the performance of a null model. Niche equivalence
refers to how interchangeably two species can occupy each
other’s ENM-predicted geographical space (i.e. if their eco-
logical niche models are indistinguishable from one another;
Warren et al. 2008).

To assess similarity and equivalence, Warren et al. (2008)
devised two measures of niche overlap (D and / parameters),
which were submitted to different statistical tests to quantify
both similarity and equivalence of niches. The first param-
eter (hereafter, D) is derived from Schoener’s Index (Schoe-
ner 1970), used in ecology to quantifying the degree of niche
overlap among species. The second parameter (hereafter, /),

is derived from Hellinger’s Distance (H), which compares
probability distributions for both species in the environmen-
tal space (Warren et al. 2008, Peterson 2011). Both param-
eters can assume values between 0, indicating no overlap (or
complete difference), to 1, indicating that the models overlap
completely (are identical).

The use of species ecological niche models (ENMs) has
increased in recent years (Guisan & Zimmermann 2000,
Soberon & Peterson 2004, Graham et al. 2004, Aratjo et
al. 2005, Elith et al. 2006, Thuiller et al. 2009), to the point
that ecological niche modelling is considered an emerging
approach of ecology, biogeography, and conservation biol-
ogy. ENMs are also used in analyses of niche conservatism
among phylogenetically related species (Wiens 2004), or in
cases of invasive species that have established in areas with
different environmental conditions to their native area, sug-
gesting they have increased the breadth of their fundamental
niches (Medley 2010). The use of an algorithm such as Max-
ent to model potential ecological niches, also allows the esti-
mation of potential species distribution in regions where they
are not reported yet, but having the right conditions for their
establishment (Elith et al. 2006, Peterson et al. 2007, Phillips
2008, Phillips & Dudik 2008).

This paper evaluates potential niche conservatism in two
genera of flowering plants of the family Asteraceae endemic
to Mexico. Each genus contains only two taxonomically ac-
cepted species. This warrants taxonomic sisterhood, since
no known fossil record suggests intermediate forms. The
genera and species are Dyscritothamnus filifolius B.L.Rob.,
D. mirandae Paray, Loxothysanus pedunculatus Rydb., and
L. sinuatus (Less.) B.L.Rob. The aim of this study was to
assess, using ecological niche models estimated using a set
of environmental variables, how similar and equivalent are
their niches and hence infer whether exists niche conserva-
tism between species pairs.

To evaluate potential niche conservatism, we collated ge-
ographical distribution data (georeferences) for all four spe-
cies from specimens deposited in several Mexican herbaria.
With the data obtained, we generated ecological niche mod-
els for each species using the maximum entropy algorithm
implemented in the Maxent package (Phillips 2008, Phil-
lips & Dudik 2008). Subsequently, with the package ENM-
Tools we evaluated overlapping between sites covered by the
models using the parameters of equivalence and similarity
(Schoener 1968, Warren et al. 2008).

METHODS

We selected two genera of Asteraceae endemic to Mexico,
Dyscritothamnus and Loxothysanus, each one with only two
species (Dyscritothamnus filifolius and D. mirandae, and
Loxothysanus pedunculatus and L. sinuatus). We obtained
geographical information from specimens housed mainly at
the National Herbarium of Mexico (MEXU) of the Instituto
de Biologia, National Autonomous University of México; we
used the information to estimate, through ecological niche
modelling, environmentally suitable places where these spe-
cies could be found.
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The two species of Dyscritothamnus (fig. 1) grow sympa-
trically on rocky outcrop slopes in xerophytic environments
of central Mexico, in the states of Hidalgo and Querétaro
(Robinson 1992, Paray 1954). They are rupicolous evergreen
shrubs with simple, alternate leaves, radiate or discoid heads,
yellow florets, densely pubescent cypselae and pappus of
feathery bristles; the two species can be distinguished by leaf
form (filiform in D. filifolius, lanceolate in D. mirandae) and
presence or absence of radiate florets (present in D. miran-
dae, absent in D. filifolius). Although living together in many
places, there is no evidence of hybridization. On the other
hand, the Loxothysanus species (fig. 1) grow mostly on cal-
careous soils in eastern Mexico, from southern Tamaulipas
to Chiapas (Turner 1974). They are small annual or peren-
nial herbs with simple, opposite leaves, discoid heads, white
florets, pilose cypselae and pappus of scales. L. peduncula-
tus distinguishes from L. sinuatus by their longer peduncles

(shorter in L. sinuatus) and their puberulent leaves (densely
tomentose in L. sinuatus).

We used Maxent to generate the ecological niche models
for each species. According to Phillips et al. (2006), Maxent
is a method of artificial intelligence applied to calculate the
most probable geographical distribution of a species, subject
to the condition that the expected value of each environmen-
tal variable coincides with the arithmetic mean. It has proven
effective for generating predictions based on presence only
data (Elith et al. 2006, Peterson et al. 2007, Phillips & Dudik
2008, Phillips 2008); it provides optimal probability distribu-
tions (maximum entropy, Phillips et al. 2006) and thus pre-
dicts well the habitat suitability for the species (Giovanelli et
al. 2008).

In the analysis we used 23 variables, 19 climatic obtained
from the WorldClim database (Hijmans et al. 2005) and
four landscape-related (elevation, slope, aspect and topog-

Loxothysanus pedunculatus Rydb. Loxothysanus sinuatus (Less.) B.L. Rob.

Figure 1 — Species of Dyscritothamnus and Loxothysanus analysed.
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raphy) downloaded from GTOPO30 (https://Ita.cr.usgs.gov/
GTOPO30). All variables had a resolution of 1 km?. The re-
sulting models express the values of habitat suitability for the
species as a function of the environmental variables. A high
value for the distribution function in a given cell indicates
highly favourable conditions for the presence of the species.

The most important variables for ecological niche mod-
els are determined by bioclimatic profiles obtained using
the method implemented in the BIOCLIM ANUCLIM 6.1
package (Xu & Hutchinson 2011, 2013). BIOCLIM deter-
mines the likely environmental limits of species distribution,
that is, it defines places with similar climatic conditions and
generates a bioclimatic profile (maximum, minimum, aver-
age and standard deviation). This profile summarizes the cli-
matic conditions of each locality where the species has been
recorded to compare it with climatic attributes of the study
area (Lindenmayer et al. 1991, Villasefior & Téllez-Valdés
2004). This comparison permits the identification of sites cli-
matically suitable for the species under study to be found.

While each parameter contributes partially to the distribution
of the species, it is important to determine the relative con-
tribution of each parameter. Therefore, in this study a princi-
pal component analysis (PCA) was carried out to determine
which variables have the strongest influence on the species
distribution. PCA is frequently used to reduce autocorrela-
tion among variables and identify those that best explain the
observed variance in the set of variables. The PCA was per-
formed with the SPSS version 6 package (SPSS Inc. 2004).

In ecological niche modelling it is important to consider
the biogeographic limits of the species (the M of the BAM
diagram of Soberon & Peterson 2005) when delineating the
study area. In this analysis, the M study area was determined
based on the localities where the species were recorded using
a Geographical Information System (ArcMap 10.0). We su-
perimposed the records of the species under study onto a map
of Mexican physiographic provinces (Cervantes-Zamora et
al. 1990) to determine the provinces where the species have
been recorded (fig. 2). We considered these provinces as the
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Figure 2 — Collecting locations of: A, Dyscritothamnus filifolius; B, D. mirandae; C, Loxothysanus pedunculatus; and D, L. sinuatus in the
physiographic provinces of Mexico. A minimum spanning network links the points to illustrate the species’ biogeographic tracks. The names

of the provinces are indicated in table 1.
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biogeographic limits of the species (M), and we therefore
restricted the selected environmental variables to the physi-
ographic provinces where each species occurs to obtain their
ecological niche models (fig. 3). We used 75% of data for
training and the remaining 25% for testing. The models were
generated using the logistic output format because it allows
an easier biological interpretation of the estimated probabil-
ity of occurrence for a species given the restrictions imposed
by environmental variables (Phillips & Dudik 2008).

With the ecological niche models, the overlap between
sites for each pair of sister species was assessed using the
D and [ parameters. Their values were obtained using the
ENMTools v. 1.4 package (Warren et al. 2008, 2010). Both
indices are important for the tests implemented in such pack-
age. One test (Niche equivalence) is used to estimate spe-
cies’ geographical overlapping and helps to evaluate whether
ENMs generated from two or more species are more differ-
ent than expected if they are drawn from the same underly-
ing distribution (as the case of Dyscritothamnus). The other
test (Niche similarity) is used to ask whether ENMs drawn
from populations with partially or non-overlapping distribu-
tions are any more different from one another than expected
by random (as the case of Loxothysanus).

Both indices (D and /) can take on values between 0 (no
overlap) and 1 (total overlap, indicating identical models).
The estimation of D and / values requires two key elements:
the potential distribution area modelled for each species,

and the optimal climatic conditions for each pair of species.
As Maxent models are expressed as probabilities of finding
satisfactory conditions for plants at any given pixel, we can
compare such probabilities of finding a particular species in
a determined pixel based on its own ENM versus the prob-
ability of finding it there based on the ENM of the other spe-
cies. As implemented in ENMTools, the occurrence of two
species, A and B in a locality i among the total set of locali-
ties indicates niche overlap. It is calculated as a proportion of
the total number of localities occupied by both species A and
B. Differences between A and B in a determined pixel indi-
cate how similar the climate in such a pixel is with respect
to known records for each species. Using ecological niche
models, we can thus estimate the environmental properties of
the compared spots.

To carry out the equivalence tests, the ecological niche
models of each pair of sister species were generated, produc-
ing two set of data of the same size. For each set ENMTools
uses Maxent to project one model and later estimate the D
and / parameters by means of the predicted localities in each
pixel. One hundred random replicates are carried out to pro-
duce a null distribution model and thus be able to compare
the D and [ values obtained both with the null model as with
the initial model. The hypothesis of niche equivalence is re-
jected when D observed values are significantly lower than
the expected values obtained with the null model (P < 0.01),
and accepted when observed values are equal or higher. The
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Figure 3 — Potential distribution (dark gray) of: A, Dyscritothamnus filifolius; B, D. mirandae; C, Loxothysanus pedunculatus; and D, L.

sinuatus along the physiographic provinces of Mexico (light gray).
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Table 1 — Distribution of species of genera Dyscritothamnus and Loxothysanus (Asteraceae) in the Mexico province’s physiographic
(Cervantes-Zamora et al. 1990) considered by Soberéon & Peterson (2005) as their mobility areas (M).
The code number relates the name of the province with its geographical position in figure 1.

Species

Physiographic province

Code number Ocurrences

Karst H
Dyscritothamnus filifolius arst Hluasteco

Dyscritothamnus mirandae

Llanuras y Sierras de Querétaro e Hidalgo
Sierras y Llanuras del Norte de Guanajuato

—_

28
20

Loxothysanus pedunculatus ~ Karst Huasteco

27

Altos de Chiapas
Chiconquiaco
Karst Huasteco

Llanura Costera Veracruzana

Loxothysanus sinuatus Llanuras y Lomerios

Sierra de los Tuxtlas

Sierras del Norte De Chiapas
Sierras del Sur de Chiapas

Sierras Orientales

73

O 00 1O\ — W h| = WD

—_ —
—_— O

test niche equivalence allows us to compare data sets; how-
ever, unless the exact points where specimens are found are
climatically similar, the test tends to reject the idea that such
points are identical, which suggest that niche conservatism
is absent. The niche similarity test estimates how similar (or
identical) niches under comparison are, considering the val-
ues of species bioclimatic profiles; in this case each pair of
sister species.

RESULTS

Collecting effort in the four species analysed revealed the oc-
currence of the two genera in eleven Mexican physiographi-
cal provinces (table 1). Loxothysanus sinuatus was the most
widely distributed (nine provinces) whereas L. peduncula-
tus was the most restricted, registered in a single province
(fig. 1, table 1).

The principal component analysis performed with the set
of species climatic profiles (table 2) allowed the selection of
19 out of 23 environmental variables (table 3). Those vari-
ables with a loading factor above 0.7 in the first three com-
ponents were considered important. In total, they explained
more than 80% of variance (table 2). Ecological niche mod-
els obtained with these selected variables were supported by
high AUC values and low omission rates (table 4).

DISCUSSION

Ecological niche modelling estimates environmental require-
ments of a species; accordingly, models can be used to pre-
dict potential areas where species can occur if able to dis-
perse (Di Febbraro et al. 2013). The predicted models for
these four species can be considered robust based on their
high AUC values. In addition the biogeographic tracks, that
is, the lines connecting all the known collecting points allow
to determine the geographical limits of distribution of a spe-
cies (the M of the BAM model). Their use to select the area
(number of physiographic provinces where the species oc-
cur) for obtaining the background points is relevant to gener-
ate more robust predictive models.

The two species of Dyscritothamnus are sympatric in
three Mexican physiographic provinces (table 2); their oc-
currence in similar areas suggested they share similar habi-
tats. On the other hand, the species of Loxothysanus are
mostly allopatric and only coincide in a single province
(Karst Huasteco province) of the nine where the genus oc-
curs (table 5, fig. 2). They apparently occupy different habi-
tats, suggesting niche divergence. The results of the more
detailed comparisons using the D and / parameters support
these predictions.

Results of niche equivalence and similarity showed low
overlap between distributions of Loxothysanus species (ta-
ble 5); therefore, we can reject the hypothesis of niche equiv-
alence for this pair of species. In contrast, the species of Dys-
critothamnus show values (table 5) that allow to suggest the
existence of ecological niche equivalence. In summary, spe-
cies of Dyscritothamnus show high similarities between their
distribution patterns, whereas species of Loxothysanus share
low ecological and geographic similarities (table 5).

Although niche conservatism has been repeatedly pro-
posed (Harvey & Pagel 1991, Peterson et al. 1999) and is
theoretically accepted, methodological complications for its
empirical evaluation continue to raise doubt of its occurrence
in nature (Peterson 2011), especially when niche models are
obtained from limited occurrence data and at coarse scales.
One approach to minimize such doubts is to better define
the mobility and accessibility areas of species studied (So-
beron & Peterson 2005). Choosing adequate variables to es-
timate the species potential distribution is also critical. We
applied both of these measures in this study by using with
biogeographic techniques (track biogeographic drawings) to
determine the mobility area (geographic distribution) and us-
ing principal component analysis to reduce autocorrelation
among the environmental variables that were included.

The ENMs here obtained interpolated a set of variables
with reduced autocorrelation using principal component
analysis. Among covariables used are elevation and slope
orientation, which Archer (1984), McAuliffe (1994), Hsieh
et al. (1998), or Guerrero-Campo et al. (1999) found as im-
portant factors influencing conditions required for species
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Table 2 — Contribution of the variables used in the principal component analysis.
The variables in bold are those with the largest loadings and used to generate the ecological niche models.

Loxothysanus Dyscritothamnus
Variable Description Component Component
1 2 3 1 2 3
bio01 Annual mean temperature 0.989 0.110 0.962 0.245
bio02 Mean diurnal range -0.155 -0.386 -0.534 0.486 -0.620 0.415
bio03 Isothermality 0.269 0.909 -0.490 -0.746  0.116
bio04 Temperature seasonality 0.876 0.182 0.370 0.855 0.310 0.170
bio05 Max temperature of warmest month 0.844 -0.506 0.979 0.144
bio06 Min temperature of coldest month 0.131 0.902 0.872 0.420 -0.134
bio07 Temperature annual range 0.958 0.145 0.204 0.785 -0.284 0.357
bio08 Mean temperature of wettest quarter 0.921 0.110 -0.322 0.976 0.150
bio09 Mean temperature of driest quarter 0.956 0.171 0.204 0.900 0.230
bio10 Mean temperature of warmest quarter 0.946 -0.306 0.962 0.260
bioll Mean temperature of coldest quarter 0.939 -0.185 0.956 0.232
bio12 Annual precipitation 0.861 0.201 -0.422 0.856 0.172
biol3 Precipitation of wettest month -0.315 0.822 -0.203 -0.247 0.947
biol4 Precipitation of driest month 0.406 -0.595 0.320 -0.637 0.689 0.162
biol5 Precipitation seasonality 0.823 0.707 0.655
biol6 Precipitation of wettest quarter -0.290 0.854 -0.238 -0.267 0.897 0.220
biol7 Precipitation of driest quarter 0.779 0.382 -0.821 0.498 0.153
biol8 Precipitation of warmest quarter 0.841 -0.454 -0.548 0.619 0.239
bio19 Precipitation of coldest quarter -0.943 -0.160 -0.774 0.582
Orien Orientation -0.139 0.237 0.325 -0.750 -0.445
Alt Altitude (m above sea level) 0.370 -0.242 0.165 -0.829
Slop Slope -0.196  0.453
Topo Topography 0.318
Eigenvalue 7.49% 5.86% 3.35% 11.43%  6.14%  1.56%
Variance 34.04%  26.64% 15.24% 49.69%  26.71%  6.78%
Accumulated variance 34.04% 60.68% 75.912% 49.69%  76.40% 83.18%

establishment. However, in our results these variables were
either non-significant, and thus excluded from our ENMs (ta-
ble 3), or their importance was limited.

Several studies have evaluated either niche conservatism
or divergence (Peterson 2011), especially with invasive spe-
cies, since they are apparently more able to undergo niche
change processes associated with invasion (Broennimann
et al. 2007, Medley 2010). Peterson (2011) considers those
studies involved large spatial scales, generating biases when
interpreting results because they may be different if area size
varies. Therefore, it is important to delimit properly the geo-
graphic distribution areas of species under study when the
aim is to evaluate niche conservatism. This study defined
the distribution of species on biogeographic grounds, limit-
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ing their distribution to the physiographic provinces where
known occurrences have been recorded.

It is also important to consider in the evaluation of niche
conservatism the degree of relatedness of the species under
study (Ackerly 2003, Wiens & Graham 2005, Losos 2008,
Pearman et al. 2008, Warren et al. 2008, Wiens 2008). This
study approached the point by using two genera with only
two species each; in this way, their close taxonomic relation-
ship is warranted, without other extant members obscuring
such relatedness. However, lack of fossil or molecular data
prohibit the determination of the age of sisterhood or elimi-
nate the possibility of intermediate relatives among these
pairs of species. Undoubtedly, age of speciation processes is
related to species’ ability to disperse and occupy their entire
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Table 4 — Results of model accuracy using the area under the
curve (AUC) and binomial tests omission.

With a binomial test was evaluated the omission rate for every
model. A binomial test indicated significant omission rate minor
than a prediction random. The P-values for all omission test were
or 0.001.

Species Number of AUC Omission
records rate
Dyscritothamnus filifolius 28 0.972 0.07
Dyscritothamnus mirandae 20 0.925 0.05
Loxothysanus pedunculatus 27 0.986 0.15
Loxothysanus sinuatus 73 0.915 0.06

Table 5 — Values of equivalence (D) and similarity (/) obtained
from the comparison of potential distribution models at a
significance value of P < 0.01.

Values with observed data D 1
Dyscritothamnus filifolius and D. mirandae ~ 0.563 0.823
Loxothysanus pedunculatus and L. sinuatus  0.145 0.351

Values with expected data D 1
Dyscritothamnus filifolius and D. mirandae ~ 0.599 0.472
Loxothysanus pedunculatus and L. sinuatus  0.675 0.878

fundamental niche. It is surprising to find that the shrubby
species showed a more restricted distribution than the herba-
ceous ones. Generally, woody species are thought to be older
than herbaceous ones, although the latter can show more ef-
ficient dispersal strategies, reaching their equilibrium faster
than other life forms. Ecological niche models have demon-
strated their usefulness for understanding the geographical
distribution of species that have low vagility, are endemic,
and are ecologically poorly known (Raxworthy et al. 2007),
as occurs with the genera Dyscritothamnus and Loxothysa-
nus.

Tests of niche equivalence and similarity (Warren et al.
2008, 2010) provide evidence of whether a species shifts
niche or finds an equivalent one outside its native area, as
in invasive species (Broennimann et al. 2007, Fitzpatrick et
al. 2007, 2013, Medley 2010). Results show that niche con-
servatism is apparently verified in Dyscritothamnus, with
both its species occupying comparable environments. Simi-
larity between their niches is high, as demonstrated by their
presence in the same geographical area. However, their low
equivalence (overlapping) values suggest they are initiating
processes of niche diversification.

The geographical distribution of Loxothysanus peduncu-
latus is restricted to a single physiographic province where
it overlaps with its sister species (L. sinuatus), which has a
wider distribution. Results indicate low niche conservatism
in the genus, and niche divergence suggest the species al-
ready occupy different climatic spaces. Either the tests of
niche equivalence or similarity show significant differences
between species niches, as evidenced by the fact they oc-
cupy different habitats. Undoubtedly, these differences are
reinforced by the differential habitat availability within the
regions they inhabit.
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Observed differences between the pairs of species stud-
ied consider only the realized niche because there is no data
available of their biological interactions (Soberén & Peter-
son 2011). In addition to not considering biological interac-
tions, differences between observed niches may result from
the number of environmental variables employed or the lack
of sufficient distribution records (Peterson 2011). Our results
indicate species of Dyscritothamnus have a sympatric distri-
bution and similar and conserved fundamental and potential
niches; the same tests in Loxothysanus show contrasting re-
sults, indicating that its species have shifting niches without
evident conservatism.

The similar distribution and high niche conservatism val-
ues of the two Dyscritothamnus species support hypothesis
of niche conservatism. On the contrary, Loxothysanus spe-
cies showed divergent niches, and are therefore more likely
able to confront changing climate by colonizing or invading
new areas (Petitpierre et al. 2012). Our contrasting results
highlight the importance of evaluating additional taxonomic
groups in order to determine more precisely how niche con-
servatism varies among plants and infer with higher confi-
dence the possible impact climatic change will have on plant
species distributions.
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