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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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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 (I) 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.
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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 & Nyári 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 I 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, I), 

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, 
Soberón & Peterson 2004, Graham et al. 2004, Araújo 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 Biología, 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-

Figure 1 – Species of Dyscritothamnus and Loxothysanus analysed.


