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Abstract

The distribution of the endemic endangered volcano rabbit (Romerolagus diazi) has been controversial. We
aimed to answer 2 questions: What is the current distribution of the volcano rabbit? and What is the role of
geological and biogeographical processes compared to ecological factors in explaining the presence or absence of
this species? A geoecological analysis was carried out in areas where the presence or absence of the volcano rabbit
was controversial. The method included circular sampling sites of 1,000 m? with equidistance of 300 m on contour
lines at every 100 m; environmental variables and vegetation attributes were measured, and evidence of the volcano
rabbit was recorded by counting latrines in 300/m? per site. Results revealed irrefutable evidence of the presence of
the volcano rabbit on the Tlaloc Volcano in the Sierra Nevada: a density of 0.047 latrines/m? and a new distribution
area of 1,537 ha were obtained. In contrast, the absence of this species on the Nevado de Toluca Volcano is here
proven indisputably. Geological and biogeographical, ecological and human activities, all play a role explaining the
presence of the volcano rabbit. Implications for its conservation are discussed in light of the habitat importance
comprising other endemic sympatric species.
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Resumen

La distribucion del conejo volcanico endémico, en peligro de extincion (Romerolagus diazi) ha sido controversial.

Nuestro objetivo fue responder a 2 preguntas: /jcudl es la distribucion actual del conejo volcanico? y ;cual es el

papel de los procesos geoldgicos y biogeograficos frente a los factores ecoldgicos que explican su presencia o

ausencia? Se llevo a cabo un analisis geoecologico en areas controversiales. El método consistié en sitios de

muestreo circulares de 1,000 m? con una equidistancia de 300 m en curvas de nivel cada 100 m; se midieron

variables ambientales y atributos de la vegetacion, se registrd evidencia del conejo cuantificando letrinas en 300/

m?. Los resultados revelaron evidencia irrefutable de la presencia del conejo volcanico en el volcan Tlaloc en la

Sierra Nevada: se obtuvo una densidad de 0.047 letrinas/m? y una nueva 4rea de distribucién de 1,537 ha. Ademas,

se prueba de manera indiscutible la ausencia de esta especie en el Nevado de Toluca. Las actividades geologicas

y biogeograficas, ecologicas y antropogénicas, juegan un papel importante para explicar la presencia del conejo

volcanico. Las implicaciones para su conservacion se discuten a la luz de la importancia del habitat que comprende

otras especies endémicas simpatricas.

Palabras clave: Densidad; Monte Tlaloc; Pinus hartwegii; Romerolagus diazi; Uso de hébitat; Zacatuche

Introduction

Updating the distribution pattern of all endemic and
endangered species proves relevant (Smith et al., 2020),
and most critically, those that have been controversial,
as has been for the volcano rabbit, Romerolagus diazi.
Hoth et al. (1987) conducted the most thorough study
in this area 35 years ago. Controversial new evidence
has contested original findings (Gonzalez et al., 2014;
Monroy-Vilchis et al., 2020). The volcano rabbit, locally
known as zacatuche, an endangered species (Velazquez
& Guerrero, 2019), is the smallest lagomorph and
endemic to the central mountains of the Trans-Mexican
Volcanic Belt, specifically in the Sierra Chichinautzin
and Sierra Nevada which comprises the Popocatépetl
and Iztaccihuatl volcanoes. Its range covers 386 km?
(Velazquez, 1994), though recent studies suggest the area
might be larger (Rizo-Aguilar et al., 2015). It is restricted
to bunchgrasses (Muhlenbergia spp., Festuca spp.) within
forests at elevations of 2,800-4,200 m (Osuna et al., 2021).

Species with a high level of habitat specificity are often
associated with ecological factors as proximal drivers to
explain their distribution (Ottaviani et al., 2020). Long-
term underlying geo-ecological factors (Garcia & Di
Marco, 2020), as well as short-term anthropic factors,
have also proven to be relevant to explain distribution
patterns of endemic and endangered species (Lopez et al.,
1996; Uriostegui-Velarde et al., 2018; Velazquez, 1993).
This is even more relevant when there are many sympatric
endemic species (Fa et al., 1992), so that habitat, rather
than one species on its own, must be considered endemic
and endangered (Velazquez & Heil, 1996).

The volcano rabbit and its habitat have experienced
human-caused and climate change threats (Anderson et al.,
2009; Velazquez et al., 2011). Current research on the

species has confirmed that dense bunch grassland habitats
favor its presence (Hunter & Cresswell, 2015; Rizo-Aguilar
etal., 2015; Uriostegui-Velarde et al., 2018). Monroy-Vilchis
et al. (2020) recently found that similar dense bunchgrass
land habitats are unsuitable. Hence, ecological conditions
seem to be only part of the drivers explaining the volcano
rabbit distribution pattern. Local surveys of limited
scientific outreach have shown that many other areas have
been overlooked. These areas may be potentially suitable
habitats (Osuna et al., 2021; Velazquez & Guerrero, 2019).
To date, the factors that determine the occurrence or
absence of the zacatuche at the local and regional level
have been a poorly documented aspect.

This research aimed at comparing 2 areas (Monte
Tlaloc and Nevado de Toluca) with similar ecological
habitat characteristics but with different geological
histories, where fieldwork in both areas was extensive and
the presence of the volcano rabbit has been controversial.
The results are discussed, considering their implications
for biogeographical conservation contexts.

Materials and methods

Our research took place in areas in a dispute
concerning the presence of the volcano rabbit, namely,
Sierra Nevada and Nevado de Toluca. Sierra Nevada
comprises the Iztaccihuatl, Popocatépetl, Telapon, and
Tlaloc volcanoes (Fig. 1). This area was formed around
1.4 Ma to recent (Arce et al., 2003; Espinasa-Perefia
and Martin-Del Pozzo, 2006). Nevado de Toluca is one
massive structure, locally known as Xinantecatl, that
was formed in the Late Pliocene - Holocene around
2.6 Ma to recent (Arce et al., 2003; Astudillo-Sanchez
et al., 2017; Table 1). These 2 areas are detached from the
Sierra Chichinautzin, where the volcano rabbit has been
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systematically reported as abundant (Garcia et al., 2018;
Rizo-Aguilar et al., 2015; Velazquez, 1993). This is also
the case with the Iztaccihuatl and Popocatépetl volcanoes,
where there is well-documented evidence of the volcano
rabbit presence. The Telapon Volcano was also thoroughly
surveyed recently with no evidence of the volcano rabbit,
although Osuna et al. (2020) reported its presence. Our
current research focuses on the last 2 controversial areas,
namely the Tlaloc Volcano (locally known as Monte
Tlaloc) and the Nevado de Toluca Volcano.

The 2,441 sampling sites were surveyed from April
2017 to November 2020. Out of these places, 634 were
from the Tlaloc Volcano and 1,807 from the Nevado de
Toluca. These sampling sites were located above 3,400 m
asl, along contour lines (BOLFOR et al., 2000), with an
elevational separation of 100 m (Mayer & Ott, 1991). The
sampling sites were circles of 0.1 ha with a 17.86 m radius.
Sites were systematically distributed on each curve at a
300 m equidistance. We followed Dauber (1995) to obtain
the minimum sampling intensity (0.89% recommended
and 1.36% achieved). All sampling sites were located by
UTM coordinates and elevation, and data on dominant
plant species were recorded. Plant species were identified
in situ to genus and species, using taxonomic guides and
local knowledge. Each sampling unit was characterized
by slope steepness, slope exposure (°), percentage of
occupation of the dominant herbaceous and shrub
species (calculated in m?), evidence of recent fire (< 1
year), rocky areas (% coverage), if there was any type of
road or trail., and other reference data for the sampling
site (e.g., reforestation, extraction, ravine, associated
fauna). In addition, all trees were inventoried (> 7.5 cm
of normal diameter), recording their normal diameter and
total height. Evidence of the volcano rabbit was recorded
through droppings, direct sightings, and carcasses.

Following Velazquez (1994), the abundance was
estimated by latrine counts (group of 30 or more pellets)
in a 978 m (300 m?) radius within the sampling site.
Interpolation was carried out with the Natural Neighbor
method (Childs, 2004; Etherington, 2020; Sibson, 1981)

Table 1

to calculate the area occupied by the species in ArcGis
Desktop software v. 10.8 (ESRI, 2019).

Following Veldzquez and Heil (1996), we conducted
Canonical Correlation Analysis (CCA) habitat analyses
(CANOCO v. 4.5; ter Braak, 2002) to test habitat affinities
among the study areas, where the largest part of the
variation could be explained by the environmental and
floristic variables. In addition, data on the presence or
absence of the volcano rabbit at all the sampling sites were
subjected to factorial analysis with the extraction method
of principal components with varimax rotation (Kaiser,
1974). We ran this in SPSS Statistics v. 26.0 (IBM Corp.,
2019), considering the variables elevation (m asl), exposure
and slope (°), top of the trees, soil cover percentages (rock,
herbaceous, shrub), fire, habitat, records of Sylvilagus sp.
and R. diazi (through latrines), reforestation (management
practices), and road proximity. To calculate the elevation
range with the highest presence of zacatuche, the Kaiser-
Meyer-Olkin suitability measure and Bartlett’s test of
sphericity were performed (Bartlett, 1950).

To evaluate habitat preferences, each habitat type was
categorized considering the dominant species of each soil
cover (herbaceous, shrub, trees); the observed frequency
of the latrine number in each habitat was recorded. The
Pearson’s chi-square goodness-of-fit test was applied to
obtain frequencies. The result of this analysis was repre-
sented following Monroy-Vilchis and Velazquez (2002).

Results

For the Tlaloc Volcano, 4 types of habitats were
surveyed: pine forest-bunchgrass land (65 sampling sites
with volcano rabbit latrines), alder forest (2 sampling sites
with latrines), cypress forest (no evidence of the volcano
rabbit), and other habitats (no evidence of the volcano
rabbit). In contrast, in the Nevado de Toluca, 3 habitats
were surveyed: pine forest-bunchgrass land, alder forest,
and other habitats (Fig. 2). No evidence of the volcano
rabbit was found in the 1,807 sampling sites in the Nevado
de Toluca.

Geological history of the volcanoes Nevado de Toluca and Tlaloc. Source: Macias et al. (1997); Montero (2002); Macias (2005);
D’ Antonio (2008); Garcia-Tovar (2011); Garcia-Palomo (2015); Weber et al. (2019).

Tlaloc

Nevado de Toluca

Type of volcano Stratovolcano
Age

Eruptive activities

2.6 million years

1. 2.6 - 1.15 million years
2.42,000 and 10,500 years

Stratovolcano
1.8 million years

1. 1.82 and 1.58 million years
2. 14,000 to 12,500 years
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Figure 1. Area of study: Tlaloc and Telapon are in the Sierra Nevada and Nevado de Toluca (both in green color). Present protected
areas in Sierra Nevada (Izta-Popo-Zoquiapan National Park) and Nevado de Toluca (both are delineated by dashed lines). The new
volcano rabbit distribution area in Tlaloc and Telapon is not fully embraced by the Protected Area in Izta-Popo National Park.

Map by Luis Antonio Garcia Almaraz.

On the Tlaloc, the presence of R. diazi was recorded
in 67 of the 634 sites (Fig. 3). Most were on the southwest
slope, which covers 1,537 ha of the volcano rabbit habitat
in the sampled area. According to the latrine number per
surface, the abundance of R. diazi on Tlaloc was 0.047
latrines / m?. The elevational distribution ranges between
3,400 and 3,900 m asl, with a higher abundance between
3,700 and 3,800 m asl (p < 0.05, 95% confidence) (Table
2), as well as in sites with evidence of recent burning (25
sampling sites) and reforestation (12 sampling sites).

There was significant variation in the frequency of
volcano rabbit latrine among habitats (Fig. 4). The pine
forest-bunchgrass land (10% of the total area) and the

Table 2

Contrasts between Kaiser-Meyer-Olkin suitability measurement
and Bartlett’s sphericity test. Both measurements are consistent
with the 3,700-3,800 elevation range as the most suitable one for
the presence of the volcano rabbit on Tlaloc.

00.626
948.054

Kaiser-Meyer-Olkin suitability measurement

Bartlett’s sphericity test ~ Chi-squared
Degrees of freedom 78

Level of significance p < 0.01

alder forest (0.16% of the total area) habitats had higher
frequency values than expected.

ThePrincipal Component Analysis was therelationships
between variables and the influence on each component
(Fig. 5). According to this, fire and reforestation variables
were positively correlated with each other. This means that
the presence of any of these variables in the highland pine
forest and the forest bunchgrass land habitat increases the
probability of finding R. diazi.

Discussion

Our results demonstrate that ecological conditions
are not the only driving factor to explain the present
distribution pattern of the volcano rabbit. Here it is
documented that the Tlaloc and Nevado de Toluca
volcanoes share similar ecological characteristics.
They also share these with those reported in the Sierra
Chichinautzin, Iztaccihuatl, and Popocatépetl volcanoes.
These are places where the volcano rabbit’s presence
has been proven indisputably (Velazquez & Guerrero,
2019). In Figure 2, we documented the structural and
species composition similarities among habitats on Tlaloc
and Nevado de Toluca. Velazquez and Heil (1996), as
well as Hunter and Cresswell (2015), strongly state that
ecological factors were key drivers of the presence of
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Figure 2. Ordination diagrams showing habitat affinities among the study areas. The triangle symbols represent plant species,
whereas arrows indicate variable locations within the ordination diagram. The top diagram (denoted as A) shows the Tlaloc Volcano
where the 4 plant communities depicted by their dominant species (here listed) occurred. The bottom diagram (denoted as B) shows
the Nevado de Toluca Volcano where 3 out of the 4 plant communities depicted by their dominant species (here listed) occurred.
(A) The Tlaloc Volcano: 1, pine forest-bunchgrass land: Pinus hartwegii-Senecio cinerarioides-Festuca- Barkleyanthus salicifolius-
Lupinus montanus- Agrostis-Calamagrostis. 2, Alder forest: Alnus jorullensis-Roldana platanifolia-Pinus pseudostrobus-Senecio-
Salix cana-Acaena elongata-Gnaphalium-Ageratina pazcuarensis-Castilleja pectinata-Trisetum-Abies religiose. 3, Cypress forest:
Cupressus lusitanica-Arbutus xalapensis-Cirsium jorullense-Ribes ciliatum-Quercus laurina-Symphoricarpos microphyllus-
Rumex acetosella-Ribes microphyllum-Baccharis conferta. 4, Other habitats: Juniperus monticola-Robinsonecio gerberifolius,
Cirsium nivale-Roldana angulifolia-Alchemilla procumbens-Senecio toluccanus. Axis eigenvalues 1: 1: 0.368, 2: 0.065, 3: 0.044
and 4: 0.035. (B) The Nevado de Toluca Volcano: 1, pine forest-bunchgrass land: Pinus hartwegii-Senecio cinerarioides-Festuca-
Barkleyanthus salicifolius-Lupinus montanus-Agrostis-Calamagrostis-Eryngium proteaflorum-Penstemon gentianoides-Senecio
tolucanus- Ribes microphyllum-Muhlenbergia. 2, Alder forest: Alnus jorullensis-Roldana platanifolia-Pinus patula-Senecio-Acaena
elongata-Castilleja toluccensis- Symphoricarpos microphyllus-Baccharis conferta-Roldana angulifolia-Stipa-Quercus laurina-
Trisetum-Abies religiosa. 3, Other habitats: Salix cana-Cupressus lusitanica, Pinus montezumae-Arbutus xalapensis-Buddleja
cordata. Axis eigenvalues 1: 1: 0.182, 2: 0.060, 3: 0.023 and 4: 0.015.
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Figure 3. Abundance and distribution of Romerolagus diazi on Tlaloc Volcano (1,537 ha). Colors contrast different vegetation types
and areas comprising different volcano rabbit abundances. Low: 0.0026-0.0279 1/m?; medium: 0.0280-0.0532 1/m?; high: 0.0533-
0.1921 1/m?2. Sampling sites surveyed are denoted by white spots. Map by Luis Antonio Garcia Almaraz.

the volcano rabbit. The intensive sampling conducted
in this study (as shown in Figure 3) leaves no doubt
that high-elevation habitats from these 2 volcanoes are
alike ecologically.

The presence of the volcano rabbit on Nevado de Toluca
was reported by local farmers. The most academically
outstanding evidence of this was given by Gonzélez et al.
(2014) in 1998. However, we assume that this evidence
was either erroneous or derived from an introductory

exercise that was done in at least 2 attempts (pers. com.),
therefore, there were never native populations of R. diazi
on Nevado de Toluca. No trace of the current presence
of the volcano rabbit was found on Nevado de Toluca
despite all the ecological affinities. This result supports
the contribution of Hoth et al. (1987) and, more recently,
of Murga-Cortés et al. (2020) and Monroy-Vilchis et al.
(2020), who conducted photo-trapping and reached the
same conclusion.
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Our findings let us infer that geological and
biogeographical attributes play a role in explaining the
absence of the volcano rabbit on Nevado de Toluca. The
Tlaloc Volcano arose 1.8 million years ago (Osuna et al.,
2021) and the Nevado de Toluca arose 2.6 million years
ago (Garcia-Palomo et al.,, 2002). These 2 sites have
gone through many volcanic events. Nonetheless, the
most recent volcanic activity in the area has only been
experienced in the Nevado de Toluca and the Popocatépetl
(this volcano is still in a period of activity).

Furthermore, recent research using ultraconserved
genetic elements among lagomorphs (Cano et al., 2021)
demonstrated that the volcano rabbit diversified from its
ancestor during the Pliocene/Miocene transition (time
scale: 5.33 Ma), while Osuna et al. (2020) estimate that
it began its diversification ca. 1.4 Ma (Sierra Nevada and
Sierra Chichinautzin). As stated by Montero (2002) and
Siebe and Macias (2006), the Sierra Nevada and Nevado
de Toluca volcanoes developed during the Pleistocene
(time scale: 2.5 ~ 0.1 Ma). During the Late Pleistocene
and the Upper Holocene (around 0.01 million years ago),
many drastic climatic changes took place. These changes
impacted species distribution patterns.

Based upon the present results and those of Cano et al.
(2021), we postulate that the populations of R. diazi found
refuges in high volcanoes during the ice retreat of the Early
Holocene. The volcano rabbit populations were partially
depleted on Popocatépetl and totally depleted on Nevado
de Toluca because of recurrent eruptions during the
transition from the Late Pleistocene to the Upper Holocene
(Siebe & Macias, 2006). This is without discarding the
urban expansion and overgrazing that occurs in the
Nevado de Toluca, as there are human settlements up to
3,500 m asl; human disturbance of habitats advances from
the bottom up, reducing and isolating them more. Some of
the consequences that can come with rising temperature,
as well as changes in precipitation, are the extinction of
species and the decline of their populations (Dominguez-
Pérez, 2007); areas potentially habitable by the zacatuche
tend to be confined to the higher elevation zones.

Romerolagus survives from the late Pleistocene, as
its presence was recorded from a tooth belonging to a
zacatuche in Valsequillo, Puebla (Cruz-Mufioz et al.,
2009), although it remained at the Iztaccihuatl and Tlaloc
volcanoes of Sierra Nevada during the Late Holocene.
The ecological effects of climate change during the
Pleistocene led to the loss or fragmentation of habitats
(Koch & Barnosky, 2006), which probably completely
extinguished the habitable areas for R. diazi in Valsequillo.
Later, during the Northgrippian and Meghalayan

Holocene periods, it expanded its present distribution
to the Sierra Chichinautzin. This hypothesis is coherent
with the theory of island biogeography (MacArthur &
Wilson, 1967), which is based on the principle that large,
connected islands support greater resilience compared
to small, isolated islands. This hypothesis is similar to
Luna-Vega (2018), who sustained that Central Mexico
has been subject to paleoclimatic, tectonic, and glacier
advance and retreat events that have caused contraction,
isolation, differentiation, speciation, and range expansion
of local species. The Popocatépetl and Iztaccihuatl
volcanoes function as biogeographic islands in the midst
of warmer climates and diverse types of vegetation,
limiting the migration of the zacatuche. In addition, the
Pleistocene-Holocene boundary extinction of megafauna
was important in reducing predation or vegetation change
associated with the loss of disperser species as it altered
the distribution of smaller species such as the zacatuche
(Ferrusquia-Villafranca et al., 2010).

The present distribution range of the volcano rabbit
includes the Tlaloc Volcano in the Sierra Nevada and
excludes Nevado de Toluca. Although Tlaloc is adjacent
to Iztaccihuatl, one of the larger and potentially better-
protected areas of habitat (Hunter & Cresswell, 2015),
35 years ago, periodic visits were made in this area
without finding evidence of the volcano rabbit (Hoth
et al., 1987). Based on the above, it is possible to deduce
that disturbances such as geological events and human
activities have occurred in the same way the habitats of
the entire range of distribution and the populations only
translocate but regionally remain, namely, the populations
undergo local distributional shifts but rarely go extinct
from an entire region. Geological events, biogeographical
processes, ecological conditions, and human activities are
all connected to explain the present distribution pattern
of this endemic and endangered species. Our results are
expected to have positive implications for conservation
in the Izta-Popo National Park and especially for the
zacatuche populations on Tlaloc.

Currently, Romerolagus diazi conservation on the
Tlaloc Volcano in Sierra Nevada is mainly the result of
local actors who have engaged in managing their land
favoring the conservation of this emblematic species.
Ongoing research on the potential for participatory
landscape conservation to engage local actors as allies
in conservation tasks is still to be documented (sensu
Velazquez et al., 2003). Further research to document if
these connected driving forces also explain the distribution
of species that are sympatric with the volcano rabbit is yet
to be conducted.



A.A. Luna-Gil et al. / Revista Mexicana de Biodiversidad 96 (2025): e965201 9
https://doi.org/10.22201/ib.20078706e.2025.96.5201

Acknowledgments

We would like to acknowledge the local landowners
(ejidatarios) for their support and to the Conanp for their
approval. Special thanks go to the High Mountain Group
students who assisted us with fieldwork. This study was
funded by the project Conacyt-Conafor/A3-S-130105,
and by the Universidad Nacional Auténoma de México
(Direccion General de Asuntos del Personal Académico-
UNAM IN105721).

References

Anderson, B., Akgakaya, H., Araujo, M., Fordham, D.,
Martinez, M., Thuiller, W., & Brook, B. (2009). Dynamics
of range margins for metapopulations under climate change.
Proceedings of the Royal Society B: Biological Sciences,
276, 1415-1420. https://doi.org/10.1098/rspb.2008.1681

Arce, J. L., Macias, J. L., & Vazquez-Selem, L. (2003). The 10.5
ka Plinian eruption of Nevado de Toluca Volcano, Mexico:
Stratigraphy and hazard implications. GSA4 Bulletin, 115,
230-248. https://doi.org/10.1130/0016-7606(2003)115%3C0
230:TKPEON%3E2.0.CO;2

Astudillo-Sanchez, C., Villanueva-Diaz, J., Endara Agramont,
A., Nava Bernal, G., & Goémez Albores, M. (2017).
Influencia climatica en el reclutamiento de Pinus hartwegii
Lindl. del ecotono bosque-pastizal alpino en Monte Tlaloc,
Meéxico. Agrociencia, 51, 105-118. https://doi.org/10.35196/
rfm.2024.2.209

Bartlett, M. S. (1950). Tests of significance in factor analysis.
British Journal of Mathematical and Statistical Psychology,
3, 77-85. https://doi.org/10.1111/j.2044-8317.1950.tb00285.x

BOLFOR, Mostacedo, B., & Fredericksen, T. S. (2000). Manual
de métodos basicos de muestreo y andlisis en ecologia
vegetal. Santa Cruz de la Sierra, Bolivia: Editora El Pais.

Cano-Sanchez, E., Rodriguez-Goémez, F., Ruedas, L.A.,
Oyama, K., Leon-Paniagua, L., Mastretta-Yanes, A., &
Velazquez, A. (2022). Using ultraconserved elements to

unravel lagomorph phylogenetic relationships. Journal of

Mammalian Evolution, 29, 395—411. https://doi.org/10.1007/
s10914-021-09595-0

Childs, C. (2004). Interpolating surfaces in ArcGIS spatial
analyst. ArcUser, July-September, 3235, 32-35.

Cruz-Muiioz, V., Arroyo-Cabrales, J., & Graham, R. W.
(2009). Rodents and lagomorphs (Mammalia) from the
late-Pleistocene deposits at Valsequillo, Puebla, México.
Current Research in the Pleistocene, 26, 147-149.

Dauber, E. (1995). Guia practica y teorica para el diseiio de
un inventario forestal de reconocimiento. Santa Cruz de la
Sierra: BOLFOR.

Dominguez-Pérez, A. (2007). Efecto del cambio climatico en la
distribucion del conejo endémico de México Romerolagus
diazi (Lagomorpha: Leporidae) (Tesis). Ciudad de México:
Universidad Nacional Auténoma de México.

Espinasa-Perefia, R., & Martin-Del Pozzo, A. (20006).
Morphostratigraphic evolution of Popocatépetl volcano,
Meéxico, Neogene-Quaternary  continental = margin
volcanism: a perspective from Mé¢éxico. Special Paper.
Geological Society of America, 402, 101-123. https:/doi.
org/10.1130/2006.2402%2805%29

Esri Inc (Environmental Systems Research Institute). (2019).
ArcMap 10.8. Redlands, CA: Esri Inc. Software.

Etherington, T. R. (2020). Discrete natural neighbour
interpolation with uncertainty using cross-validation error-
distance fields. Computer Science - PeerJ, 6, €282. https://
doi.org/10.7717/peerj-cs.282

Fa, J. E., Romero, F. J., & Lopez, P. (1992). Habitat use by
parapatric rabbits in a Mexican high-altitude grassland
system. Journal of Applied Ecology, 29, 357-370. https://
doi.org/10.2307/2404505

Ferrusquia-Villafranca, 1., Arroyo-Cabrales, J., Martinez-
Hernandez, E., Gama-Castro, J., Ruiz-Gonzalez, J., Polaco,
0. J. etal. (2010). Pleistocene mammals of Mexico: a critical
review of regional chronofaunas, climate change response
and biogeographic provinciality. Quaternary International,
217, 53—104. https://doi.org/10.1016/j.quaint.2009.11.036

Garcia, F., Campos, M., Guerrero, E., Rizo, A., Brito, G., &
Farias, G. (2018). Manual de monitoreo del conejo de los
volcanes (Romerolagus diazi): procedimiento para estimar
la densidad absoluta mediante conteo de excretas en
transectos con parcelas. Ciudad de México: DGCORENA/
DGZVS/ SDS/ CEPANAF, UNAM/ UAEM.

Garcia, R. J., & Di Marco, M. (2020). Drivers and trends in the
extinction risk of New Zealand’s endemic birds. Biological
Conservation, 249, 108730. https://doi.org/10.1016/j.biocon.
2020.108730

Garcia-Palomo, A., Macias, J. L., Arce, J. L., Capra, L., Garduiio,
V. H., & Espindola, J. M. (2015). Geology of the Nevado de
Toluca Volcano and surrounding areas, Central Mexico.
Boulder, Colorado: Geological Society of America.

Gonzalez, G. J., Rosas, B. V., & Pulido, J. R. (2014). A recent
record of the volcano rabbitt (Romerolagus diazi) from
the Nevado de Toluca, State of Mexico. Revista Mexicana
de Mastozoologia (Nueva época), 3, 149—150. https://doi.
org/10.22201/1e.20074484¢.1998.3.1.89

Hoth, J., Velazquez, A., Romero, F., Leon, L., Aranda, M., &
Bell, D. (1987). The volcano rabbit: a shrinking distribution
and a threatened habitat. Oryx, 21, 85-91. https:/doi.
org/10.1017/S0030605300026600

Hunter, H., & Cresswell, W. (2015). Factors affecting the
distribution and abundance of the endangered volcano
rabbit Romerolagus diazi on the Iztaccihuatl volcano,
Mexico. Oryx, 49, 366-375. https://doi.org/10.1017/S00306
05313000525

IBM Corp. (2019). IBM SPSS Statistics for Windows, Version
26.0. Armonk, NY: IBM Corp.

Kaiser, H. F. (1974). An index of factorial simplicity.
Psychometrika, 39, 31-36. https://doi.org/10.1007/BF02291
575


https://doi.org/10.1098/rspb.2008.1681
https://doi.org/10.1130/0016-7606(2003)115%3C0230:TKPEON%3E2.0.CO;2
https://doi.org/10.1130/0016-7606(2003)115%3C0230:TKPEON%3E2.0.CO;2
https://doi.org/10.35196/rfm.2024.2.209
https://doi.org/10.35196/rfm.2024.2.209
https://doi.org/10.1111/j.2044-8317.1950.tb00285.x
https://doi.org/10.1007/s10914-021-09595-0
https://doi.org/10.1007/s10914-021-09595-0
https://doi.org/10.1130/2006.2402%2805%29
https://doi.org/10.1130/2006.2402%2805%29
https://doi.org/10.7717/peerj-cs.282
https://doi.org/10.7717/peerj-cs.282
https://doi.org/10.2307/2404505
https://doi.org/10.2307/2404505
https://doi.org/10.1016/j.quaint.2009.11.036
https://doi.org/10.1016/j.biocon.2020.108730
https://doi.org/10.1016/j.biocon.2020.108730
https://doi.org/10.22201/ie.20074484e.1998.3.1.89
https://doi.org/10.22201/ie.20074484e.1998.3.1.89
https://doi.org/10.1017/S0030605300026600
https://doi.org/10.1017/S0030605300026600
https://doi.org/10.1017/S0030605313000525
https://doi.org/10.1017/S0030605313000525
https://doi.org/10.1007/BF02291575
https://doi.org/10.1007/BF02291575

A.A. Luna-Gil et al. / Revista Mexicana de Biodiversidad 96 (2025): e965201 10
https://doi.org/10.22201/ib.20078706e.2025.96.5201

Koch, P. L., & Barnosky, A. D. (2006). Late Quaternary
extinctions: state of the debate. Annual review of ecology,
evolution, and systematics, 37, 215-250. https://doi.org/10.
1146/annurev.ecolsys.34.011802.132415

Lopez, P., Romero, J., & Velazquez, A. (1996). Las actividades
humanas y su impacto en el habitat del conejo conejo de
los volcanes. In A. Velazquez, F. J. Romero & P. Lopez
(Eds.), Ecologia y conservacion del conejo de los volcanes
v su habitat (pp 119-131). México D.F.: Fondo de Cultura
Economica.

Luna-Vega, I. (2018). Aplicaciones de la biogeografia historica a
la distribucion de las plantas mexicanas. Revista Mexicana
de Biodiversidad, 79, 217-241. https://doi.org/10.22201/ib.
20078706¢.2008.001.523

MacArthur, R. H., & Wilson, E. O. (1967). The Theory of Island
Biogeography. Princeton, NJ.: Princeton University Press.

Mayer, H., & Ott, E. (1991). Silviculture in mountain forest-
management of protection forest: a silvicultural contribution
to landscape ecology and environmental protection, 2nd
Ed. Stuttgart, Germany: Gustav Fischer.

Monroy-Vilchis, O., Luna-Gil, A. A., Endara-Agramont, A. R.,
Zarco-Gonzalez, M. M., & Gonzalez-Desales, G. (2020).
Nevado de Toluca: habitat for Romerolagus diazi? Animal
Biodiversity and Conservation, 43, 115—121. http://dx.doi.
org/10.32800/abc.2020.43.0115

Monroy-Vilchis, O., & Velazquez, A. (2002). Distribucion
regional y abundancia del lince (Lynx rufus escuinape) y
el coyote (Canis latrans cagottis) por medio de estaciones
olfativas: un enfoque espacial. Ciencia Ergo Sum, 9,293-300.

Montero, I. A. (2002). Atlas arqueolégico de la Alta Montaia
Mexicana. Ciudad de México: Semarnat-Conafor.

Murga-Cortés, A., Brito-Gonzélez, D., Dirzo-Uribe, G.,
Gonzalez-Zarifiana, B., Rizo-Aguilar, A., & Guerrero,
J. A. (2020). Use of mitochondrial DNA from feces to
evaluate the range of secretive species: the case of volcano
rabbit. Therya Notes, 1, 50-53. http://dx.doi.org/10.12933/
therya_notes-20-12

Osuna, F., Gonzalez, D., de los Monteros, A. E., & Guerrero, J. A.
(2020). Phylogeography of the volcano rabbit (Romerolagus
diazi): the evolutionary history of a mountain specialist
molded by the climatic volcanism interaction in the Central
Mexican highlands. Journal of Mammalian Evolution, 27,
745-757. https://doi.org/10.1007/s10914-019-09493-6

Osuna, F., Guevara, R., Martinez-Meyer, E., Alcald, R., &
de los Monteros, A. E. (2021). Factors affecting presence
and relative abundance of the endangered volcano rabbit
Romerolagus diazi, a habitat specialist. Oryx, 1-10. https://
doi.org/10.1017/S0030605320000368

Ottaviani, G., Keppel, G., Gotzenberger, L., Harrison, S.,
Opedal, @. H, Conti, L. etal. (2020). Linking plant functional
ecology to island biogeography. Trends in Plant Science, 25,
329-339. https://doi.org/10.1016/j.tplants.2019.12.022

Rizo-Aguilar, A., Guerrero, J., Mihart, M., & Romero, A. (2015).
Relationship between the abundance of the endangered
volcano rabbit (Romerolagus diazi) and vegetation structure

in the Sierra Chichinautzin Mountain range, Mexico. Oryx,
49, 360-365. https://doi.org/10.1017/S0030605315000782

Sibson, R. (1981). A brief description of natural neighbor
interpolation. In W. John Sons (Eds.). Interpolating
multivariate data (pp 21-36). Nueva York: John Wiley &
Sons.

Siebe, C., & Macias, J. L. (2006). Volcanic hazards in the Mexico
City metropolitan area from eruptions at Popocatépetl,
Nevado de Toluca, and Jocotitlan stratovolcanoes and
monogenetic scoria cones in the Sierra Chichinautzin
Volcanic Field. Special paper. Geological Society of
America, 402, 253-277. http://dx.doi.org/10.1130/2004.
VHITMC.SP402

Smith, Y. C. E, Smith, D. A. E, Ramesh, T., & Downs, C.
T. (2020). Landscape-scale drivers of mammalian species
richness and functional diversity in forest patches within a
mixed land-use mosaic. Ecological Indicators, 113, 106176.
https://doi.org/10.1016/j.ecolind.2020.106176

ter Braak, C. J. F. (2002). CANOCO. Version 4.5. Plant Research
International, Wageningen University and Research Centre,
Wageningen, The Netherlands.

Uriostegui-Velarde, J. M., Gonzélez-Romero, A., Pineda, E.,
Reyna-Hurtado, R., Rizo-Aguilar, A., & Guerrero, J. A.
(2018). Configuration of the volcano rabbit (Romerolagus
diazi) landscape in the Ajusco-Chichinautzin Mountain
Range. Journal of Mammalogy, 99, 263-272. https://doi.
org/10.1093/jmammal/gyx174

Velazquez, A., & Guerrero, J. A. (2019) Romerolagus
diazi. The IUCN Red List of Threatened Species 2019:
e.T19742A45180356.

Velazquez, A. (1993). Man-made and ecological habitat
fragmentation: study case of the volcano rabbit (Romerolagus
diazi). Zeitschrift fur Saugetierkunde, 58, 54—54.

Veldzquez, A. (1994). Distribution and population size of
Romerolagus diazi on El Pelado Volcano, México. Journal
of Mammalogy, 75, 743—749. https://doi.org/10.2307/1382525

Velazquez, A., Gerardo, B., Romero, F. J., & Pérez, V.
A. (2003). A landscape perspective on biodiversity
conservation: the case of Central Mexico. Mountain
Research and Development, 23, 240-246. https:/doi.
org/10.1659/0276-4741(2003)023[0240: ALPOBC]2.0.CO;2

Velazquez, A., & Heil, G. W. (1996). Habitat suitability study
for the conservation of the volcano rabbit (Romerolagus
diazi). Journal of Applied Ecology, 33, 543—554. https://doi.
org/10.2307/2404983

Veldzquez, A., Larrazabal, A., & Romero, F. J. (2011). Del
conocimiento especifico a la conservaciéon de todos los
niveles de organizacion bioldgica. El caso del conejo de los
volcanes y los paisajes que denotan su habitat. /nvestigacion
Ambiental, 3, 59-62.

Weber, G., Arce, J. L., Ulianov, A., & Caricchi, L. (2019). A
recurrent magmatic pattern on observable timescales prior
to plinian eruptions from Nevado de Toluca (Mexico).
Journal of Geophysical Research: Solid Earth, 124, 10999—
11021. https://doi.org/10.1029/2019JB017640


https://doi.org/10.1146/annurev.ecolsys.34.011802.132415
https://doi.org/10.1146/annurev.ecolsys.34.011802.132415
https://doi.org/10.22201/ib.20078706e.2008.001.523
https://doi.org/10.22201/ib.20078706e.2008.001.523
http://dx.doi.org/10.32800/abc.2020.43.0115
http://dx.doi.org/10.32800/abc.2020.43.0115
http://dx.doi.org/10.12933/therya_notes-20-12
http://dx.doi.org/10.12933/therya_notes-20-12
https://doi.org/10.1007/s10914-019-09493-6
https://doi.org/10.1017/S0030605320000368
https://doi.org/10.1017/S0030605320000368
https://doi.org/10.1016/j.tplants.2019.12.022
https://doi.org/10.1017/S0030605315000782
http://dx.doi.org/10.1130/2004.VHITMC.SP402
http://dx.doi.org/10.1130/2004.VHITMC.SP402
https://doi.org/10.1016/j.ecolind.2020.106176
https://doi.org/10.1093/jmammal/gyx174
https://doi.org/10.1093/jmammal/gyx174
https://doi.org/10.2307/1382525
file:///C:\Users\Alejandro%20Velázquez\Desktop\Informe%20Pappit%202014-2016%20y%20CV%20alex\CV%20Dr.%20Alejandro\6%20Publicaciones\61%20Producción%20Científica\611Articulos%20de%20investigacion%20en%20revistas%20arbitradas\6114Revistas%20Internacionales%20SCI%20SSCI%20o%20SCOPUS\6114-25%20velazquez%2003.pdf
https://doi.org/10.1659/0276-4741(2003)023%5b0240:ALPOBC%5d2.0.CO;2
https://doi.org/10.1659/0276-4741(2003)023%5b0240:ALPOBC%5d2.0.CO;2
https://doi.org/10.2307/2404983
https://doi.org/10.2307/2404983
https://doi.org/10.1029/2019JB017640

