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Use of mitochondrial DNA from feces to evaluate the range of
secretive species: the case of volcano rabbit
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The volcano rabbit, Romerolagus diazi, is endemic to a small region along the Trans-Mexican Volcanic Belt in central México. Although
its distribution in the volcanic fields of the Sierras Nevada and Chichinautzin is not debated, its occurrence in the Nevado de Toluca volcano
has been controversial. In this study, we used a species identification tool using DNA isolated from fecal pellets in order to corroborate the
occurrence of volcano rabbit in the Nevado de Toluca. Both PCR assays and phylogenetic analysis of fragments of cytochrome b and D-Loop
mitochondrial genes provide evidence that although the morphology of collected pellets resemble those of R. diazi, they instead correspond
to a Sylvilagus species. These results support the hypothesis that R. diazi is not currently distributed in the Nevado de Toluca.
Key words: DNA; Nevado de Toluca; species identification; volcano rabbit.
El conejo zacatuche es endémico de una pequeña región de la Faja Volcánica Transmexicana en el centro de México. Aunque su distribución en las Sierras Nevada y Chichinautzin no se debate, su presencia en el volcán Nevado de Toluca ha sido controvertida. En este estudio, utilizamos una herramienta de identificación de especies que utiliza fragmentos de los genes mitocondriales citocromo b y D-Loop amplificados
de muestras de excretas para corroborar la ocurrencia del conejo zacatuche en el Nevado de Toluca. Tanto los ensayos de PCR como el análisis
filogenético de ADN mitocondrial proporcionaron evidencia de que, aunque la morfología de las excretas recolectadas se asemeja a la de las
excretas de R. diazi, en realidad corresponden a una especie de Sylvilagus. Estos resultados soportan la hipótesis de que el Nevado de Toluca
no forma parte de la distribución actual de R. diazi.
Palabras clave: ADN; conejo zacatuche; identificación de especies; Nevado de Toluca.
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The volcano rabbit, Romerolagus diazi (Ferrari-Pérez, 1893),
known locally as zacatuche, is endemic to a small region
along the Trans-Mexican Volcanic Belt in central México
where it occupies a specialized habitat, in altitudes ranging between 2,900 and 4,250 m (Rizo-Aguilar et al. 2016;
Velázquez and Guerrero 2019). This range is becoming
increasingly fragmented and the area of suitable habitat is
decreasing gradually for agriculture, ranching and logging
and by forest fires (Uriostegui-Velarde et al. 2018). Populations of the volcano rabbit are now at risk and this species
is categorized as Endangered, both by the Mexican government (SEMARNAT 2010) and on the IUCN Red List of Threatened Species (Velázquez and Guerrero 2019). The distribution of R. diazi in Tláloc, Pelado, Chichinautzin, Monte
Tláloc, Iztaccíhuatl and Popocatépetl volcanoes has been
documented by collecting, sightings, camera trapping and
indirect traces such as fecal pellets identified morphologically (Hoth et al. 1987; Velázquez et al. 1996; Hunter and
Cresswell 2015; Rizo-Aguilar et al. 2015, 2016; UriosteguiVelarde et al. 2018). However, its occurrence in the Nevado

de Toluca volcano has been controversial (Hoth et al. 1987;
Cervantes et al. 1990; Ceballos et al. 1998; Velázquez and
Guerrero 2019).
On the basis of such controversy, a recent study
attempted to confirm the presence of the volcano rabbit
in the Nevado de Toluca both by searching its fecal pellets
in 1,807 sites with habitat suitable for the species and by
camera trapping (Monroy-Vilchis et al. 2020). The authors
found fecal pellets attributable to R. diazi in only 41 sites
but failed to obtain a photographic record of the species.
Consequently, they suggest continuing with camera trapping in order to verify the species occurrence in the zone.
Although camera trapping is highly reliable, this direct
method is not efficient because it is time consuming and costly,
making cameras difficult to deploy. In this study, we used a
species identification tool using DNA isolated from pellet
samples in order to corroborate the occurrence of the volcano
rabbit in the Nevado de Toluca. This non-invasive method has
been accomplished for several mammalian species, including
rabbits (Waits and Paetkau 2005; Adams et al. 2011).

Molecular scatology of volcano rabbit

During June to October 2018, we conducted an exhaustive search for pellets of R. diazi in 120 sites in the Nevado
de Toluca where we had previously identified the presence
of bunchgrasses through the analysis of Sentinel 2 satellite images (Figure 1). It was possible to collect 77 pellet
samples with similar characteristics to those of the volcano
rabbit in only 15 sites. The pellets were put in plastic bags,
transported on ice to the laboratory, and stored at -20 oC
prior to DNA extraction.

Figure 1. Map depicting the polygon of the Nevado de Toluca and sites surveyed for
volcano rabbit pellets.

We attempted to isolate total genomic DNA for all 77 samples with the “ZR Fecal DNA MiniPrep” kit (Zymo research,
Irvine, CA, U.S.A.), following manufacturer’s instructions,
however 17 samples failed to yield quantifiable DNA. Two
approaches were then implemented to assess the species
identity of the 60 samples that yielded DNA. In the first
one, we used the PCR technique as an identification tool
of DNA isolated from putative volcano rabbit pellets using
a combination of primers that only amplify a 467 base pair
fragment of the cytochrome b gene for R. diazi (see Osuna
et al. 2020 for details of primers used). Each PCR reaction
contained 1 µl of each 10 µM primer, 12.5 µl of PCR master
mix 2X (Promega), 4 µl of DNA extract and 6.5 µl of bidistilled water. PCR amplification was performed in an Eppendorf thermocycler using the following program: a first step
of 5 min at 94 oC followed by 34 cycles of 1min at 94 oC, 35
sec at 50 oC, and 40 sec at 72 oC, and a final extension of 10
min at 72 oC. We included two positive controls in all PCR
amplification tests. One was obtained from extracted DNA
from liver tissue of a road-killed volcano rabbit collected
in National Park Iztaccíhuatl-Popocatépetl and the second
one was from DNA extracted from a fecal sample of R. diazi
collected in the locality of Coajomulco, Morelos. These
controls had similar conditions (DNA quality and quantity)
with respect to the rest of the DNA samples. Negative controls (no template added) were also included to monitor for
contamination. All PCR products (25 µl each sample) were
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checked on 2.0 % agarose gel electrophoresis to confirm
the amplification of the desired product.
In the second approach, we amplified and sequenced
a 418 base pairs fragment of the control region (D-Loop)
in 17 samples that yielded DNA of adequate quality using
the primers Pro1 5´-CCACCATCAGCACCCAAAGCT-3 (Mougle 1997) y NC4 5´-AAGAATGGAGTCCCGGTA-3 (Ramírez
2009). PCR and sequencing conditions were described in
detail by Osuna et al. (2020). Bidirectional sequence reactions were read with a 3500xl genetic analyzer (Life Technology) at the Laboratory of Genomic Sequencing of Biodiversity and Health at the Instituto de Biología, UNAM. The
sequences were inspected to correct reading mistakes or
ambiguities and aligned with the software Bioedit 7.2.1
(Hall 1999). From the 17 sequenced samples, we obtained
only four different haplotypes, which were included in a
data matrix containing 31 D-Loop sequences of volcano
rabbit obtained from Osuna et al. (2020). In addition, we
downloaded homologous D-Loop sequences from GeneBank of Sylvilagus floridanus (accession number KC923350)
and one of Lepus californicus (accession number KJ397614)
as outgroup. With this matrix, we performed a phylogenetic analysis with the Bayesian inference method using
the program MrBayes 3.2.6 (Ronquist et al. 2011). The program was run for 1 x 107 generations sampling every 10,000
generations and applying a burn-in of 10 %. The molecular
evolution model was selected in the program JModelTest
2.1.7 (Posada 2008) using the Akaike information criterion.
PCR profiles of cytochrome b gene showed that none of
the 60 putative volcano rabbit samples tested yielded PCR
products. Moreover, all positive controls always yielded PCR
products of the expected fragment size (Figure 2). Because
this reaction is designed to only amplify a 467 bp fragment of
cytochrome b if the DNA came from a volcano rabbit, these
results suggest that pellets collected in the Nevado de Toluca
do not correspond to R. diazi. It has been documented that
failures in PCR amplifications may occur due to the amount
of time the sample is exposed to the environment (Brinkman
et al. 2010). However, we are certain that DNA degradation
is not the reason for the lack of success in obtaining amplicons from pellets collected in the Nevado de Toluca, as the
fecal positive control used in all the assays always yielded
PCR products of the appropriate size (Figure 2). In addition,

Figure 2. Image of an agarose gel showing resulting PCR assay to identify amplicons
of Romerolagus diazi. 1-10 correspond to putative volcano rabbit pellet samples, 11-12
are R. diazi positive controls.
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all the amplifications performed with the D-Loop primers for
17 of the same samples also resulted in amplicons, thus corroborating that the failed cytochrome b PCR amplifications
were not due to DNA degradation or a PCR artifact.
The resulting phylogenetic tree showed that the four
D-Loop haplotypes of samples attributable to R. diazi from
the Nevado de Toluca volcano were grouped with the GenBank S. floridanus haplotype instead of grouping with any
of the 31 previously published haplotypes of R. diazi (Figure
3). The haplogroups recovered were strongly supported
with posterior probabilities of 1. This result indicates that
the pellets are not from R. diazi, but from a Sylvilagus species. However, we could not definitively assign the identity
of the pellets to a particular species of Sylvilagus because
both S. floridanus and S. cunicularius are known to occur in
the area and there are no available cytochrome b sequences
for S. cunicularius in GenBank.

mammalian collection of the Instituto Politécnico Nacional
(Cervantes et al. 1990; Ceballos et al. 1998). Since then, there
is only indirect evidence where similar pellets to those of the
volcano rabbit were adjudicated to the species (Ceballos et
al. 1998; Monroy-Vilchis et al. 2020). Our molecular analysis suggests that fecal pellets that resemble those of R. diazi
(Cervantes et al. 1990) correspond indeed to a Sylvilagus species. Consequently, our results support the hypothesis that
R. diazi is not currently distributed in the Nevado de Toluca
(Velázquez and Guerrero 2019). However, more studies are
needed in order to confirm our results. Specially because
several studies have shown that the use of fecal pellets has
been a reliable tool for monitoring the volcano rabbit.
The fact that pellets collected in the Nevado de Toluca
were previously misidentified as R. diazi pellets is notable,
given that in other areas where the species is distributed,
the use of pellets has been a reliable tool for monitoring
volcano rabbit, as well as to document aspects of habitat
use (Velázquez and Heil 1996; Hunter and Cresswell 2015;
Rizo-Aguilar et al. 2015), diet (Cervantes and Martínez
1992; Martínez-García et al. 2012) and physiological stress
(Rizo-Aguilar et al. 2014), even though S. cunicularius and
S. floridanus are present. Further studies are needed to
understand why pellets of Sylvilagus converged to the morphology of pellets of R. diazi in the Nevado de Toluca.

Acknowledgements

This study was performed with finantial support from the
National Agency of Natural Protected Areas (CONANP)
through the Project PROMANP-Componente Monitoreo
Biológico (PROMANP/MB/50/ 2018). We thank the Regional
Headquarters Center and Neovolcanic Belt of CONANP and
the Headquarters of the APFF Nevado de Toluca, specially to
G. Tavera, M. Castañeda, M. Castro and D. Colón for their continuos support to the project. We are also grateful to the State
Agency of Natural Parks and Fauna (CEPANAF) for logistical
support. We also appreciate the comments of two anonymous reviewers that helped us to improve the manuscript.

Literature cited

Figure. 3. Bayesian phylogenetic tree of haplotypes of Romerolagus diazi and haplotypes obtained from putative samples of R. diazi? Numbers in branches represent
posterior probabilities.

PCR assays and the phylogenetic analysis based on a
fragment of mitochondrial DNA of fecal pellets provide evidence that R. diazi does not occur in the Nevado de Toluca.
According to Velázquez and Guerrero (2019), native populations of this species have never existed in the Nevado de
Toluca. However, at the beginning of the 1970s, a group of
volcano rabbits that was confiscated by the General Direction of Flora and Fauna was released in a locality situated
at the foothills of the volcano, called “Raíces” (A. Velázquez,
personal communication). A few years later, an individual
was collected in the same locality and deposited in the

Adams, J. R., C. S. Goldberg, W. R. Bosworth, J. L. Rachlow,
and L. P. Waits. 2011. Rapid species identification of
pygmy rabbits (Brachylagus idahoensis) from faecal pellet
DNA. Molecular Ecology Resources 11:808-812.
Brinkman, T. J., M. K. Schwartz, D. K. Person, K. L. Pilgrim,
and K. J. Hundertmark. 2010. Effects of time and rainfall on
PCR success using DNA extracted from deer fecal pellets.
Conservation Genetics 11:1547-1552.
Ceballos, G., B. Vieyra, and J. Ramírez–Pulido. 1998. A recent
record of the volcano rabbit (Romerolagus diazi) from the
Nevado de Toluca, State of Mexico. Revista Mexicana de
Mastozoología 2:149-150.
Cervantes, F. A., C. Lorenzo, and R. S. Hoffmann. 1990.
Romerolagus diazi. Mammalian Species 360:1-7.
Cervantes, F. A., and J. Martínez. 1992. Food habits of the
rabbit Romerolagus diazi (Leporidae) in Central México.
Journal of Mammalogy 73:830-834.
www.mastozoologiamexicana.org

52

Molecular scatology of volcano rabbit

Hall, T. A. 1999. BioEdit: a user-friendly biological sequence alignment analysis program for windows 95/98/
NT. Nucleic Acids Symposium Series 41:95-98.
Hoth, J., A. Velázquez, F. Romero, L. León, M. Aranda, and D.
Bell. 1987. The volcano rabbit: a shrinking distribution
and a threatened habitat. Oryx 21:85-91.
Hunter, H., and W. Cresswell. 2015. Factors affecting the
distribution and abundance of the endangered volcano
rabbit Romerolagus diazi on the Iztaccíhuatl volcano, Mexico. Oryx 49:366-375.
Martínez-García, J. A., G. D. Mendoza-Martínez, J. L. Alcántara-Carbajal, L. A. Tarango-Arámbula, T. Sánchez-TorresEsqueda, R. Rodríguez-de Lara, and P. A. Hernández-García.
2012. Composición de la dieta y capacidad nutricional de
carga de hábitat del conejo de los volcanes (Romerolagus
diazi) en México. Revista Chapingo Serie Ciencias Forestales y del Ambiente 18:423-434.
Monroy-Vilchis, O., A. A. Luna-Gil, A. R. Endara-Agramont,
M. M. Zarco-González, and G. A. González-Desales. 2020.
Nevado de Toluca: habitat for Romerolagus diazi? Animal
Biodiversity and Conservation 43.1:115-121.
Mougle, F. 1997. Variation de trois types de marqueurs génétiques dans l’ evolution de l’ espèce Oryctolagus cuniculus: aspects moléculaires et relations avec la biologie et la
structure des populations. Ph D. Thesis, Université de Paris
Sud, Paris, France.
Osuna, F., D. González, A. Espinosa de los Monteros, and J. A.
Guerrero. 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.
Posada, D. 2008. jModelTest: phylogenetic model averaging. Molecular Biology and Evolution 25:1253-1256.
Ramírez, J. P. 2009. Diversidad genética entre las poblaciones del conejo zacatuche (Romerolagus diazi). Tesis de
Doctorado, Universidad Nacional Autónoma de México.
México City, México.
Rizo-Aguilar, A., J. A. Guerrero, A. M. P. Montoya-Lara, and
C. Valdespino. 2014. Physiological stress in volcano rabbit Romerolagus diazi populations inhabiting contrasting
zones at the Corredor Biológico Chichinautzin, Mexico.
Mammalian Biology 79:357-361.
Rizo-Aguilar, A., J. A. Guerrero, M. G. Hidalgo-Mihart, and A.
González-Romero. 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.
Rizo-Aguilar, A., C. Delfín-Alfonso, A. González-Romero, and
J. A. Guerrero. 2016. Distribution and density of the zacatuche rabbit (Romerolagus diazi) at the Protected Natural
Area “Corredor Biológico Chichinautzin”. Therya 7:333-342.
Ronquist, F., M. Teslenko, P. Van derMark, D. L. Ayres, A.
Darling, S. Höhna, B. Larger, L. Liu, M. A. Suchard, and J. P.
Huelsenbeck. 2011. MrBayes 3.2: efficient Bayesian phylogenetic inference and model choice across a large model
space. Systematic Biology 61:539-542.
Secretaría de Medio Ambiente y Recursos Naturales (SEMARNAT). 2010. Norma Oficial Mexicana NOM-059-SEMAR-

53

THERYA NOTES Vol. 1 (1):50-53

NAT-2010, Protección Ambiental-Especies nativas de
México de flora y fauna silvestres-Categorías de riesgo y
especificaciones para su inclusión, exclusión o cambioLista de especies en riesgo. Diario Oficial de la Federación
2454:1-77.
Uriostegui-Velarde, J. M., A. González-Romero, E. Pineda, R.
Reyna-Hurtado, A. Rizo-Aguilar, and J. A. Guerrero. 2018.
Configuration of the volcano rabbit (Romerolagus diazi)
landscape in the Ajusco-Chichinautzin mountain range.
Journal of Mammalogy 99:263-272.
Velázquez, A., and G. W. Heil. 1996. Habitat suitability study
for the conservation of the volcano rabbit (Romerolagus
diazi). Journal of Applied Ecology 33:543-554.
Velázquez, A., F. J. Romero, and L. León. 1996. Fragmentación del hábitat del conejo zacatuche. Pp: 73-86 in Ecología y conservación del conejo zacatuche y su hábitat
(Velazquez, A., F. J. Romero., and J. Lopez-Paniagua, eds.).
UNAM/FCE. México City, México.
Velázquez, A., and J. A. Guerrero. 2019. Romerolagus diazi.
In: IUCN 2020. The IUCN Red List of Threatened Species.
Versión 2020.1. www.iucnredlist.org. Downloaded on 17
March 2020.
Waits, L. P., and D. Paetkau. 2005. Noninvasive genetic sampling tools for wildlife biologists: a review of applications
and recommendations for accurate data collection. Journal of Wildlife Management 69:1419-1433.

Associated editor: Nicté Ordóñez-Garza
Submitted: April 15, 2020; Reviewed: June 16, 2020.
Accepted: June 17, 2020; Published on line: June 25, 2020.

