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Biological collections have become a key tool for biodiversity research. They are repositories of germplasm and data on modified or ex-
tinct natural populations, providing valuable information for understanding anthropogenic impacts on the natural world. We appraised the
scientific value of the three mammal collections maintained by the Instituto Politécnico Nacional of Mexico (IPN): Escuela Nacional de Ciencias
Bioldgicas (ENCB), CIIDIR Durango (CRD), and CIIDIR Oaxaca (OAXMA). We evaluated their specimen inventory, geographic coverage, and
scientific importance for mammalogy. We assessed their physical conditions and provided insights into their future as data sources for unders-
tanding natural changes in the 21 century. We measured the scientific importance of the collections in terms of the number of specimens
and taxa held and their geographic coverage. We also quantified research projects, publications, theses, and dissertations that have used at
least one specimen, associated data, or materials deposited in these collections. We assessed their physical conditions by comparison with the
standards set by the American Society of Mammalogists. As of 2018, these collections held a total of 61,560 cataloged specimens (ENCB 44,275;
CRD 12,163; OAXMA 5,122), the largest repository of Mexican mammals in the Americas. All the orders, 86 % of the genera, and 69% (342) of
the species of terrestrial mammals known to inhabit Mexico are represented in these collections. Specimens from all the Mexican States are
included, with CRD focusing mostly on the northern part of the country, ENCB on central and southeastern Mexico, and OAXMA on the sou-
theast. Materials from these collections have been used for at least 285 peer-reviewed publications, 91 research projects, and 107 theses and
dissertations. CRD keeps >9,000 tissue samples, while OAXMA keeps >300 tissue samples plus 1,139 echolocation recordings of 24 bat species.
All collections meet most curatorial standards of specimen preservation and availability and are being actively used in research projects. No-
netheless, we believe a sound institutional policy is necessary for the IPN mammal collections to successfully face the 21-century challenges,
particularly for ensuring the availability of usable data for the scientific community, digitizing the holdings, and designing and implementing
a long-term preservation strategy.

Las colecciones bioldgicas han adquirido un nuevo valor como recurso para la investigacion en biodiversidad por ser depositarias de
germoplasma e informacién sobre poblaciones naturales modificadas o extintas, lo que las convierte en invaluables fuentes de datos para
comprender las modificaciones de origen antropogénico sobre el mundo natural. El presente trabajo documenta el valor cientifico de las
colecciones del Instituto Politécnico Nacional (IPN): Escuela Nacional de Ciencias Bioldgicas (ENCB), Centro Interdisciplinario de Investigacién
para el Desarrollo Integral Regional, Durango (CRD) y CIIDIR Oaxaca (OAXMA), y su impacto en la mastozoologia; se contrasta, ademads, su esta-
do de conservacion con respecto a los estdndares minimos de la American Society of Mammalogists. Finalmente, se discute su potencial como
fuente de informacion para comprender los cambios en el mundo natural en el Siglo XXI. La importancia cientifica se midié como nimero de
ejemplares y taxones contenidos en los acervos y su representatividad geografica, y colecciones asociadas. Su impacto en la mastozoologia
se determiné mediante el nimero de publicaciones, tesis y proyectos que hayan utilizado por lo menos un ejemplar o material asociado de
alguna de las colecciones. Su estado de conservacién se estimé por contraste con los estandares minimos para colecciones mastozooldgicas
de la American Society of Mammalogists. Hasta 2018 las colecciones incluian 61,560 ejemplares catalogados (ENCB 44,275, CRD 12,163, OA-
XMA 5,122), que representa el mayor acervo de mamiferos mexicanos de América. Incluyen todos los érdenes terrestres mexicanos, 86 % de
los géneros y 69 % de las especies. Todos los estados del pais estan representados, en CRD principalmente los del norte, en ENCB el centro y
sureste, y en OAXMA el sureste. Se documentaron 285 publicaciones arbitradas, 91 proyectos y 107 tesis. CRD alberga >9,000 muestras de te-
jido, OAXMA >300 (Tabla 3) y una coleccién de 1,139 sonidos de ecolocalizacidon de 24 especies de murciélagos. Aunque todas las colecciones
cubren la mayor parte de los estandares curatoriales en lo que a preservacion y disponibilidad de los ejemplares para la comunidad cientifica
se refiere, y se encuentran activamente en crecimiento y generando investigacién, se concluye que se requiere una clara politica institucional
que permita a las colecciones mastozooldgicas del IPN enfrentar los retos del siglo XXI. Esto incluye reconocer su valor y disefiar las estrategias
para lograr la digitalizacién de los acervos y documentacion asociada, la disponibilidad de la informacién en formatos y plataformas digitales
utilizables para la comunidad cientifica internacional, y la preservacién del acervo fisico y digital a largo plazo.
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IPN MAMMAL COLLECTIONS

Introduction

During the second half of the 20" century, many persons,
including some biologists, regarded biological collections
as “dinosaurs” or “white elephants” whose original function
as taxonomic repositories had been surpassed and had
no place in modern science (Shetler 1969; Lavoie 2013).
This perception often led to budget cuts, reluctance to
hire qualified personnel for handling and curatorial work,
reduction of facilities, and little or no support for further
growth, all of which threatened the existence of numer-
ous collections. Lacking proper institutional support, some
collections, especially small ones, were put at the brink of
disappearance or disappeared completely over the past 30
to 40 years. For instance, some collections in the United
States had to be merged with larger collections having bet-
ter maintenance capability (Kemp 2015).

Paradoxically, in parallel with this period of appar-
ent decline, other scientific community members were
increasingly valuing the irreplaceable role of biological
collections in documenting the changes that have been
occurring on the planet as a consequence of human activi-
ties. Thirty years ago, Danks (1991) claimed that scientific
collections were valuable mainly as sources of materials for
reference, identification, and description of species, and
as means for understanding the diversity and evolution-
ary relationships between current and past fauna and the
ecosystems where they thrive. He also stated that scien-
tific collections play a key role in scientific training, cultural
outreach, and raising public awareness of environmental
matters. Although all these are still essential functions of
scientific collections, the recent development of molecular
analysis tools, geographic information systems, and bioin-
formatics, together with the unprecedented degradation
of the biota, have given renewed prominence to biological
collections for studying the environmental modification
processes that threaten the very survival of human pop-
ulations (Vazquez-Dominguez and Hafner 2006). Speci-
mens deposited in collections make it possible to address
many environmental and health issues since they provide
information on the condition of populations, species, and
communities of organisms prior to anthropogenic modifi-
cation (Lister et al. 2011).

Geist (1992) pointed out that “the dismantling of
museum collections is not only tragic, but irresponsible,
now that specimens have gained legal significance”, in ref-
erence to the fact that once a country puts an animal or
plant species under legal protection by the State, its accu-
rate identification becomes of paramount importance in
deciding whether or not hunting, using, exploiting, trading,
exporting, or destroying one or more specimens constitutes
an offense. The proper application of biodiversity-related
laws requires having scientific collections and scientific
experts that can issue science-based recommendations.

Given the usefulness of molecular data for taxonomic
identification and discovery of new taxa (Borisenko et al.
2008), the current collection of specimens usually includes
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sampling and preservation of tissues, turning scientific col-
lections into repositories of genetic material from popula-
tions that may become extinct in the short- or medium-
term. This practice also opens endless possibilities by
making entire genomes of plants and animals available
to the scientific and technological community for probing
their potential for use as food, in pharmaceutical appli-
cations, or in the development of new technologies. For
these reasons, biological collections in Mexico are deemed
a matter of national security that bear strategic value
(CONABIO 2019).

The Instituto Politécnico Nacional (IPN) is a higher-
education and research institution that hosts several bio-
logical collections. Given their size and scientific value,
some of these collections are amongst the most important
both in Mexico and at an international level (e. g., Yates et
al. 1987; Guzman 1994; Hafner et al. 1997; Ramirez-Pulido
and Gonzélez-Ruiz 2006; Dunnum et al. 2018; Thiers 2018).
However, no study documenting the scientific value of the
IPN collections and their impact throughout their history
has been conducted to date. IPN hosts three major mam-
mal collections: the oldest one was founded in 1955 at the
Escuela Nacional de Ciencias Bioldgicas (ENCB); a second
collection was setin 1984 at the Centro Interdisciplinario de
Investigacidn para el Desarrollo Integral Regional-Unidad
Durango (CRD); and the third was established in 1985 at
the Centro Interdisciplinario de Investigaciéon para el Desar-
rollo Integral Regional-Unidad Oaxaca (OAXMA). This study
aimed at appraising the scientific value of the IPN mam-
mal collections and their impact on scientific research and
assessing their physical conditions relative to the minimum
standards set by the American Society of Mammalogists
(2004). Finally, the potential of the IPN mammal collections
as a source of information for understanding the changes
in the natural world that are taking place in the 21t century
is discussed.

Materials and Methods

The scientific value of each collection was assessed
in terms of the number of specimens it holds; number of
orders, families, genera, and species represented both in
each collection and overall (taxonomic scope); number of
type specimens hosted; and collections associated with
them. The nomenclature follows Ramirez-Pulido et al.
(2014), with some exceptions and updates (as of 2019, see
Appendix 1). Appendix 1 also indicates the endemism and
conservation status of each species, as listed in the official
Mexican standard (SEMARNAT 2019). The geographic rep-
resentation of these collections was assessed in terms of
the number of specimens from each Mexican State; ancil-
lary collections were also identified.

The indicators most used in Mexico to evaluate scientific
research performance are number and funding resources
of research projects, number of peer-reviewed publica-
tions, and number of students trained (CONACYT 2020). To
estimate the number of scholarly publications produced,



we carried out a search in the major literature databases,
including, but not limited to: REDALCYC, SCOPUS, SCIELO,
Google Scholar, Research Gate, Journal Citation Reports,
and CONRICYT, and in library catalogs of the institutions
hosting the collections. We used the following search
terms: “Mammalia’, “mammals’, “mamiferos’, “ENCB", “CRD",
“OAXMA’, “Coleccion’, “Collection’, and the names of the
curators and their collaborators. All publications in peer-
reviewed journals, books, and book chapters that made use
of materials or data from any of the three collections studied
were gathered. The inclusion criteria were that at least one
collection specimen had been used; at least one bat call has
been recorded and organized in a reference sound library;
at least one photograph has been captured either with a
camera trap or digital camera and mounted as a science
photo library sheet (Botello et al. 2007); at least one tissue
sample or data has been deposited in any of the collections;
or the curators or the collection have been acknowledged
for granting access to specimens or information deposited
in the collection. Some publications met more than one of
these criteria; these were recorded in the numbers of the
respective collections but were counted only once for com-
puting total figures. The publications thus identified were
then classified into 1) publications indexed in the Journal
Citation Report or CONACYT index; 2) non-indexed publica-
tions; and 3) book chapters. “Gray” literature or popular sci-
ence articles were not included. Finally, the average num-
ber of publications produced per year from each collection
was calculated.

Student training was evaluated in terms of the total
number of students that carried out social service (unpaid
training work), internships, or short-term summer intern-
ships (short stays for undergraduate students sponsored by
the Mexican Academy of Sciences) at each collection. Ter-
minal projects, bachelor’s and master’s theses, and doctoral
dissertations were identified by searching in the institu-
tional theses archives of IPN (https://www.repositoriodigi-
tal.ipn.mx/handle/123456789/144), Universidad Nacional
Auténoma de México (UNAM, http://oreon.dgbiblio.unam.
mx/F?RN=656817172), and Universidad Auténoma Met-
ropolitana (UAM, http://tesiuami.izt.uam.mx/uam/default.
php), and in the library of each collection; the inclusion
criteria were the same used for publications. Other contri-
butions to student training that did not produce theses or
dissertations were also identified and included.

The number and, whenever possible, the amount (in
Mexican pesos) granted to research projects carried out
by scientists affiliated to each collection (either as princi-
pal investigators or collaborators) were quantified. The
amount of funding that IPN has received from collection-
based research projects, consultancy work, or external ser-
vices was estimated as well. Because funding data for older
projects were not available and the figures are not com-
parable over time due to inflation, these data necessarily
underestimate the real amount; nevertheless, they provide
arough idea of the income generated by collections. Those
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projects (2) that were carried out jointly by two or more col-
lections were assigned to the collection where the leading
investigator was affiliated. Finally, the infrastructure and
physical conditions of each collection were described and
compared with the minimum standards set by the Ameri-
can Society of Mammalogists (American Society of Mam-
malogists Systematics Collections Committee 2004).

Results

Scientific Value. As of the end of 2018, the IPN mam-
mal collections jointly housed a total of 61,560 cataloged
voucher specimens (ENCB = 44,275, CRD = 12,163, OAXMA
= 5,122) representing 11 orders, 141 genera (84 % of all
genera recorded in Mexico), and 348 species of Mexican ter-
restrial mammals. These species amount to 69.4 % of the
496 reported by Ramirez-Pulido et al. (2014) plus five addi-
tional species (Tlacuatzin balsasensis, T. sinaloae [Arcangeli
et al. 2018], Peromyscus leucurus, P. micropus, and P. zamo-
rae [Lépez-Gonzélez et al. 2019]) that were described or
elevated to species after their publication; 116 of these spe-
cies are endemic to the country (Appendix 1, Figure 1). The
ENCB collection houses four type specimens of valid taxa:
Notocitellus adocetus infernatus Alvarez and Ramirez-Pulido
1968 (ENCB 1019), Microtus mexicanus ocotensis Alvarez and
Herndndez-Chavez, 1993 (ENCB 27603); Molossus alvarezi
Gonzélez-Ruiz, Ramirez-Pulido and Arroyo-Cabrales, 2011
(ENCB 34208), and Tlacuatzin balsasensis Arcangeli, Light and
Cervantes, 2018 (ENCB 26195). In the 1980s, ENCB carried
out a project aiming at collecting topotypical samples from
central Mexico (encompassing the States of Aguascalien-
tes, Colima, Guanajuato, Guerrero, Hidalgo, Jalisco, México,
Michoacén, Morelos, Puebla, Querétaro, San Luis Potosi, Tlax-
cala, and Zacatecas). As a result, the size of the ENCB col-
lection increased considerably and currently includes topo-
types from 115 of the 792 type localities of mammal species
or subspecies that had been described in Mexico up to that
time (Alvarez et al. 1997).

OAXMA and CRD also host ancillary collections of tis-
sue samples (OAXMA: 350 cataloged samples preserved in
95% ethanol and frozen at -18 °C; CRD: 9,003 samples pre-
served in 95 % ethanol and frozen at -20 °C), most of which
are linked to voucher specimens in the main collection.
OAXMA also maintains a sound library including 1,139
echolocation calls of 24 insectivorous bat species from
the State of Oaxaca; 48 of these recordings are part of the
national echolocation sound library of the Sonozotz proj-
ect led by the Asociacion Mexicana de Mastozoologia A.
C. (Briones-Salas et al. 2013; Sosa-Escalante 2018; Zamora-
Gutiérrez et al. 2020).

All the 32 Mexican states are represented in at least one
of the IPN collections (Table 1; Figure 2). Due to their par-
ticular history and geographic location, the three collec-
tions supplement each other in both species composition
and geographic representation. ENCB is mainly focused on
the north-central (San Luis Potosi, Durango, and Zacatecas),
central (State of Mexico, Michoacan, Jalisco, Aguascalientes,
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Figure 1. Number of voucher specimens, species, and endemic species deposited at the IPN mammal collections.

Hidalgo, Puebla, Tlaxcala, Veracruz, Guerrero, and Morelos)
and southeast (Yucatan, Chiapas, and Oaxaca) parts of the
country. CRD focuses on the Western Sierra Madre (Nayarit,
Zacatecas, Durango, and Chihuahua States) and northern
Mexico (Coahuila, Nuevo Ledn, and Tamaulipas). OAXMA is
mostly restricted to the State of Oaxaca (Table 1; Figure 2).

Indicators. Publications. A total of 285 peer-reviewed
publications meeting the inclusion criteria were gath-
ered (Table 2); specimens from ENCB were mentioned
in 171 of these publications, from CRD in 61, and from
OAXMA in 62; specimens from two or more of these col-
lections were mentioned in nine publications. An aver-
age of 2.7 publications per year have been produced
using material from the ENCB collection since its foun-
dation, 1.8 publications per year using CRD materials,
and 1.9 using OAXMA materials. Some 37 % of the pub-
lications based on the ENCB collection were published
in indexed journals; 60 % of those produced based on
the other two collections are indexed. Data from the
ENCB collection have been used in ten books; no books
have been published based on OAXMA or CRD materi-
als. Book chapters account for 20 % of the publications
produced using materials from ENCB, 13 % from CRD,
and 17 % from OAXMA (Table 2).

Student training. We identified a total of 95 theses
and dissertations that were supervised or co-supervised
by researchers affiliated to the collections and that used
materials housed therein: 34 for ENCB, 11 for CRD, and 50
for OAXMA. Two additional theses from ENCB were super-
vised by researchers not affiliated to the collection, for
an overall total of 97. We found 30 additional theses/dis-
sertations from other institutions that have used data or
materials from the IPN collections (Table 2). A total of 73
college or junior college students carried out social service
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or short stays at the IPN collections; OAXMA has been the
most active collection in this regard, followed by CRD and
ENCB, only CRD has hosted post-doctorates (Table 2). The
ENCB collection has also been used for delivering custom-
ized training courses for staff from PEMEX (the national oil
company), SEMARNAT (the ministry of the environment),
CONANP (the national commission for protected areas),
and other government agencies.

Research Projects. We identified a total of 91 research or
external service projects, 52 of which were directly funded
by the IPN research and postgraduate secretariat (SIP),
and 39 by external bodies. The main sources of external
funding for the three IPN collections were CONABIO (the
national commission for biodiversity) and CONACYT (the
national council for science and technology), followed by
Mexican and foreign government agencies, private compa-
nies, and non-governmental organizations. We estimated a
total investment of at least 11,560,090 Mexican pesos; fund-
ing from external sources more than doubled the amount
received from IPN (Table 2).

Other Products. Specimens from the ENCB collection
have been used as a reference to identify material collected
or recovered, through various projects, by the Comision
Nacional de Areas Naturales Protegidas CONANP), the Insti-
tuto Nacional de Antropologia e Historia (INAH), and other
government agencies. As of 2018, all the voucher specimens
of the ENCB collection, approximately 60 % of CRD, and
17 % of OAXMA have been incorporated into the Sistema
Nacional de Informacion sobre Biodiversidad (SNIB) main-
tained by CONABIO, which provides access to domestic and
international users to georeferenced information through
its online database. Photographs of specimens of many of
the species included in the SNIB database are also accessible
to the general public through the CONABIO website.
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deposited in the IPN mammal collections: (a) total, (b) ENCB, (c) CRD, and (d) OAXMA.
Numbers denote the State as listed in Table 1.

Physical Conditions: The ENCB Collection. The ENCB col-
lection is housed in a room of approximately 70.0 m? fur-
nished with two work tables, 91 ad hoc wooden boxes for
dried skins and skulls, two metal cabinets for tanned skins,
a metal shelf for fluid-preserved specimens, and a wooden
shelf for skeletons or skulls of large mammals. Three addi-
tional metal cabinets, each with five sections, mounted
on compactor rails are also available. Controlled environ-
mental conditions (relative humidity and temperature,
separation of dried and fluid-preserved materials) are not
available in this facility for preserving the specimens, thus
fumigation with para-dichloro-benzene is carried out every
six months. Given the toxicity and carcinogenicity hazard
of this chemical, funds are currently being raised to install
temperature and humidity controls and discontinue this
fumigation procedure to avoid potential health risks. A
small (10 m?) dermestarium is also available.

Most specimens (40,855) are preserved as dried skin and
skull; complete or partial skeletons, and dried skins (3,020)
are also included, as well as fluid-preserved whole-body
specimens (400). The majority (99 %) of the specimens are
labeled with information on the collecting locality and date,
collector and preparator names, and are georeferenced and
identified to species. The collection is managed by a cura-
tor and an assistant, both part-time permanent staff of IPN.
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Physical Conditions: Centro Interdisciplinario de Investig-
acion para el Desarrollo Integral Regional Unidad Durango.
The CRD collection is housed in a 49 m? area, in addition
to a library and office space (49 m?) where collection docu-
ments are kept, a small (8 m?) storage unit, a separate (19
m?) preparation room where fluid-preserved specimens
(including the amphibian and reptile collections) are also
kept, and a small (2 m?) dermestarium. The collection is
currently supplied with 29 collection boxes, a cabinet for
skins and large specimens, and two stereomicroscopes.
The dried collection is kept in a temperature-and-humid-
ity-controlled room separately from the fluid-preserved

Table 1. Geographic representativeness, per Mexican State, of the IPN mammal col-
lections. The total number of cataloged voucher specimens deposited in each collection
is given below the acronym.

State Representativeness
ENCB CRD OAXMA

44,275 12,163 5,122

1 Aguascalientes 1.25 0 0
2 Baja California 0.88 0 0
3 Baja California Sur 0.91 0 0
4 Campeche 0.15 0.60 0
5 Chiapas 9.74 0.09 0.08
6 Chihuahua 0.29 12.75 0
7  Coahuila 0.02 2 0
8  Colima 0.66 0 0
9  Ciudad de México 2.86 0 0
10 Durango 2.84 55.35 0
11 Estado de México 13.99 0.04 0.35
12 Guanajuato 1.33 0 0
13 Guerrero 5.29 0.01 0
14 Hidalgo 6.89 0.1 0
15 Jalisco 5.31 0.83 0.06
16 Michoacén 11.37 0.35 0
17 Morelos 3.60 0 0
18 Nayarit 0.36 10.75 0
19 Nuevo Ledn 0.03 6.55 0
20 Oaxaca 4.21 0.01 99.35
21  Puebla 5.93 0.53 0
22 Querétaro 0.76 0.79 0
23 Quintana Roo 1.59 0.01 0
24 San Luis Potosi 7.30 0.09 0
25 Sinaloa 0.20 1.67 0
26 Sonora 0.24 0.09 0
27 Tabasco 0.36 0.01 0
28 Tamaulipas 1.40 1.40 0
29 Tlaxcala 2.09 0.31 0.06
30 Veracruz 4.10 0.46 0
31 Yucatén 1.48 0.16 0
32 Zacatecas 2.60 4.07 0
Other countries 0 0.67 0
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collection. The collection is regularly fumigated with para-
dichloro-benzene, and there is a double door control to
prevent the entry of insects.

Most specimens (10,451) are preserved as dried skin and
skull or partial skeleton, in addition to complete or partial
skeletons (902), dried skins without skeletal material (252),
fluid-preserved whole-body specimens (15), and fluid-pre-
served specimens with no skull (543). The majority (99%) of
these specimens are labeled with information on the col-
lecting locality and date, collector and preparator names,
and is georeferenced and identified to species. The collec-
tion is managed by a curator and a manager, both full-time
permanent staff of IPN.

Physical Conditions: Centro Interdisciplinario de Investig-
acion para el Desarrollo Integral Regional Unidad Oaxaca.
The OAXMA collection is housed in an approximately 36
m? facility split into three sections: office space, preparation
room, and specimen storage room. The preparation room
is furnished with a freezer, materials, and four worktables.
The specimen storage room is furnished with 18 wooden
cabinets and two metal shelves where all the biological
material (skulls, skeletons, and dried skins) is kept, as well as
footprint casts, tissue samples, and photographs. The office
and the specimen storage rooms are both supplied with air
conditioning and humidity extraction systems.

Most specimens (3,019) are preserved as dried skin
and skull or partial skeleton, followed by fluid-preserved
whole-body specimens (546), complete or partial skele-
tons (438), and skulls (62). All specimens are labeled with
information on the collecting locality and date, and col-
lector name; 94.3 % have been identified to species. The
collection is managed by a curator and a technician, both
full-time staff of IPN.

As per the standards issued by the American Society of
Mammalogists (American Society of Mammalogists Sys-
tematics Collections Committee, 2004), the IPN collections
meet 90 % of the minimum conditions for the proper oper-
ation of a mammal collection.

Discussion

Scientific Value. With a grand total of 61,560 cataloged
specimens, the IPN mammal collection is the largest in
Mexico. For comparison, the second-largest institutional
collection is the mammal collection of UNAM, with a grand
total of 57,081 specimens, distributed among the Coleccidn
Nacional de Mamiferos of the Instituto de Biologia (CNMA),
the Alfonso L. Herrera Museum of the Facultad de Ciencias
(MZFC), and the Paleontology laboratory of the Instituto de
Geologia (https://datosabificios.unam.mx/biodiversidad/).
However, since the IPN collection does not include fossils,
the specimens in the Paleontology laboratory of the Insti-
tuto de Geologia should, strictly speaking, be excluded to
make the total number of specimens comparable. Taken
separately, the ENCB collection is the second-largest mam-
mal collection in Mexico after the CNMA, which housed
a total of 48,526 specimens as of 2015 (Rivera Ledn et al.
2018). CRD is the fifth-largest collection, after the CNMA,
ENCB, Centro de Investigaciones Bioldgicas del Noroeste
in Baja California Sur (CIBNOR), and Universidad Autébnoma
Metropolitana Iztapalapa (UAM-I) collections.

The IPN collection houses 14.6 % of the 421,466 voucher
specimens of Mexican mammals deposited in scientific col-
lections in North America (Lorenzo et al. 2012) and 32.7 %
of those (188,350 specimens) in Mexican collections. Only
the CNMA collection holds a larger representation (“close
to 90 %", Cervantes et al. 2016) of Mexican mammal species.
The ENCB collection used to be among the 20 largest mam-
mal collections in the Western Hemisphere (Choate and
Genoways 1975; Genoways et al. 1976; Hafner et al. 1997;
Lorenzo et al. 2012) and, although it has now been sur-
passed by other collections (Dunnum et al. 2018), it is still
the third largest collection of Mexican mammals in North
America, after the CNMA and KU (University of Kansas) col-
lections (Lorenzo et al. 2012).

Lorenzoetal. (2012) pointed out that Mexican collections
house a relatively low number of specimens from north-
ern Mexico (Chihuahua = 2,619, Nayarit = 2,561, Sinaloa

Table 2. Productivity of each IPN collection since its foundation to 2018. Level: L = Bachelor’s degree, M = Master’s degree, D = Doctorate, SS = Social Service, PR = Internship. Funding
sources: SIP = IPN Secretaria de Investigaciéon y Posgrado. Funding figures have not been adjusted for inflation. Data used for this table are available from the first author upon request.
PRA = peer-reviewed articles, IA= articles indexed by ISI; JCR or CONACYT, BC = Book chapters, Ol = other institutions (L, M, D).

Number of grants/funding

amount in x 10° Mexican pesos Number of peer-reviewed publications Theses Stays Postdocs
Collection ol
External funding SIP PRA IA Books BC L M D SS, PR
(L, M, D)
ENCB 10/4,749.01 10/139.49 62 64 10 35 36 0 0 11,5,9 3,1 0
CRD 12/1,814.34 29/1,220.6 12 41 0 8 4 7 0 1,2,3 5,5% 2
OAXMA 15/2,565.84 13/1,070.8 10 41 0 1 26 20 4 0,0,1 38, 20* 0
Total 37/9,129.19 52/2,430.9 84/82** 146/139** 10 54 66 27 4 12,7,12/11%* 46, 27 2

* Includes summer stays; ** Total minus publications involving more than one collection.

Notes: The funding figures do not include 1,999 943.50 Mexican pesos from the “Compilacién de una biblioteca de referencia de murciélagos insectivoros de México: Fase 1" research
project funded by CONABIO through grant M004 and led by MBS (2016 to date). Part of these funds was distributed among eight working groups, including OAXMA, CRD, and ENCB. Also
not included are 6,628,488.00 Mexican pesos from the “Actualizacion del equipamiento de Laboratorios en el area de Biologia Molecular, CIIDIR Durango” project funded by CONACYT
through grant 122786 and led by CLG (2010-2011); 50% of those funds were used to purchase laboratory equipment, including equipment used by the personnel of CRD.

62 THERYA Vol.12(1):57-74



= 1,487, Nuevo Ledn = 1,112, Coahuila = 1,107), most of
them deposited in IPN collections, including 1,729 voucher
specimens from Chihuahua (66 %), 1,529 from Nayarit
(59.7 %), and 815 from Nuevo Ledn (73.31 %). Lorenzo et
al. (2012) found a total of 2,450 specimens from San Luis
Potosi State, 1,039 from Zacatecas State, and 7,882 from
Durango State deposited in Mexican collections; however,
the IPN collection currently holds 4,506, 2,092, and 8,4810f
such specimens, respectively. Thus, as of 2018, most of the
mammalian voucher specimens from northern Mexico (not
including the Baja California peninsula and Sonora) are
deposited in the ENCB and CRD collections. The OAXMA
collection currently houses the largest number of mamma-
lian specimens from Oaxaca in Mexico (Briones-Salas et al.
2015). These findings evidence the complementary nature
of the three IPN collections in terms of both species compo-
sition and geographic representation.

Tissue Collections. No inventory of the tissue collections
in Mexico has been compiled to date. However, Lorenzo et
al. (2006) reviewed the mammal collections existing in Mex-
ico and found that eight of the 36 collections also included
tissue samples; the largest collections were those of CNMA,
MZFC, and CIBNOR, which in 2006 housed a total of 1,750,
2,556 and 4,945 individual samples, respectively. The CIB-
NOR collection is currently the largest tissue collection in
Latin America, with a total of about 24,000 samples (Alva-
rez-Castafieda et al. 2019); the CRD collection is still one of
the largest in Mexico with 9,003 samples, and OAXMA has
increased its size to 350 samples. Both CRD and OAXMA
meet most of the curation standards for genetic material
collections issued by the American Society of Mammalo-
gists (Phillips et al. 2019).

The development of these ancillary collections has cre-
ated new demands from the biological community; the
IPN collections are now regarded as a major repository of
reference and verification (voucher specimens) material for
studies using tissue samples conducted both in Mexico and
elsewhere. In fact, most of the recent theses and publica-
tions that made use of these collections involved molecular
analyses. As the DNA or RNA sequences elucidated in those
studies are then archived in publicly accessible databases
(e. g, GenBank, https://www.ncbi.nm.nih.gov/genbank/),
their scientific value will continue increasing as they are
used in future studies or as identification tools by users in
Mexico and other countries.

Publications and Theses. An objective appraisal of the
relevance of the publications, in particular those from
ENCB, is a complex task. The publication standards by
which the quality of a publication was judged in its first 30
years are not the same as in the latest 30 years, when pub-
lication citation indices and impact measures were created
and widely adopted. Only 37 % of the publications based
on the ENCB collection were published in currently indexed
journals. By contrast, the other two collections, CRD and
OAXMA, were founded 30 years later and, thus, have been
subjected to modern productivity evaluation standards

Lépez-Gonzdlez et al.

almost since their inception. Thus, 60 % of the publications
based on the CRD and OAXMA collections were published
in indexed journals.

Also consistent with this change in the standards and
information dissemination modalities, ten books have been
produced using data from the ENCB collection, with 20 %
of its production in the form of book chapters. In contrast,
no books associated with the other two collections have yet
been published, and less than 20 % of their publications are
book chapters (Table 2). Thus, although the overall publica-
tion productivity of the ENCB collection is almost one publi-
cation per year higher than that of the other two collections,
their rates are about the same when only indexed journals
are considered (1.1 per year versus 1.2).

The first curators of the ENCB (Ticul Alvarez Solérzano),
CNMA (Bernardo Villa Ramirez), and UAM-Iztapalapa (José
Ramirez Pulido) collections are recognized as the pioneers
of mammalogy in Mexico. Up to the early 1970s, Mexican
mammalogy was led by work conducted in or associated
with these three collections (Rios-Mufioz et al. 2014), where
the next generation of Mexican mammalogists was trained.

Most publications and theses produced in that early
period were descriptive, mainly focusing on taxonomy,
anatomy, physiology, or reproductive aspects (Rios-Mufoz
etal. 2014). Over time, and as research priorities and tech-
nologies evolved, material deposited in the collections has
been increasingly used for other types of studies. The earli-
est non-descriptive study that we were able to document
was the one by Genoways (1973), who used ENCB speci-
mens to examine evolutionary relationships in the genus
Liomys (currently Heteromys). The first molecular analyses
conducted using material from IPN collections were those
by Hafner et al. (2001), Bell et al. (2001), and Guevara-Chu-
macero et al. (2010), who used materials from the ENCB,
CRD, and OAXMA collections, respectively. Ecological stud-
ies began with Alvarez and Arroyo-Cabrales (1990), Muhiz-
Martinez (1997), and Prieto-Bosch and Sénchez-Cordero
(1993). The latter is also the first publication in which geo-
graphic information systems were used, with data from
the OAXMA collection. Alvarez-Castafieda (1993, ENCB),
llloldi-Rangel et al. (2004, OAXMA), and Lépez-Gonzalez
et al. (2015, CRD) were the first studies that used informa-
tion from IPN collections to address biogeographic ques-
tions. More recently, OAXMA added an echolocation sound
library that has been used for taxonomic studies (Briones-
Salas et al. 2013).

The examples above reflect the global trend towards
diversifying the uses of scientific collections (Schindel and
Cook 2018). Technological innovations enable novel uses
for traditional materials such as dried skins and skulls,
which acquire higher value when also supplied with newly
available information, such as georeference. When non-
traditional material such as tissues, sound recordings, pho-
tographs, or videos are also collected and incorporated into
scientific collections, these become repositories of verifi-
able evidence valuable not only for taxonomic but also for
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ecological and behavioral studies, to name a few (Pyke and
Ehrlich 2010; Schindel and Cook 2018; Winker 2004).

Research Projects. Despite being the oldest one, the
ENCB collection has contributed the fewest research proj-
ects. This may be partly due to an artifact caused by the
scarce information available on the operation of this collec-
tion prior to 1995, but also reflects the fact that during the
first half of its existence, prior to the foundation of CONA-
BIO in 1992, financing for the development and operation
of biological collections in Mexico was far more limited. In
contrast, the CRD and OAXMA collections started growing
actively after 1990 and enjoyed better access to funds from
both the IPN and external agencies such as CONABIO and
CONACYT. Funding from CONABIO in the 2000-2010 period
strongly promoted the digitization of the IPN collections
and financed inventory projects in specific areas of inter-
est. In line with the historical trends in scientific publica-
tion described above, those research projects have mainly
addressed mammal inventories and descriptive studies;
projects focused on more analytical topics such as popu-
lation structure and organism-environment relationships
started in the late 1990s.

Student Training. The role of IPN collections on student
training has been quite different for the CRD and OAXMA
than for the ENCB and other major institutional collections
because CIIDIRs were not associated with higher education
institutions in their early years (Figure 3). The ENCB mam-
mal collection includes a small section entirely dedicated
to college teaching purposes, which has been extensively
used over the past 55 years by students (ten per semester
on average) enrolled in the elective Mammalogy course as
part of the B.Sc. Biology program.

Figure 3 lists the IPN staff who have worked for the col-
lection. In addition, many other persons have collaborated
as students doing social service and theses or disserta-
tions, temporarily hired to work on research projects, or as
volunteers collecting, preparing, and curating specimens,
sometimes for periods up to five years or longer. This group
includes, in alphabetical order: Martin Aguilar Cervantes,
Sergio Ticul Alvarez-Castafieda, Joaquin Arroyo-Cabrales,
Tania Berrocal Espino, Pablo Dominguez, Salvador Gaona
Ramirez, Manuel Gonzéalez Escamilla, Noé Gonzalez-Ruiz,
José Juan Hernandez-Chavez, Karina Lagunes Serrano,
Nansy Lopez, Consuelo Psiabini Lépez Valentin, Nisa Victo-
ria Lopez Valentin, Isaac M. Cruz Marquez Benitez, Eliecer
Martin, Matias Martinez-Coronel, Noemi Matias Ferrer, Raul
Muhiz-Martinez, Sergio Murillo Jiménez, Francisco Javier
Navarro Frias, Oscar J. Polaco, Enrique Quiroz Uhart, Claudia
Yeyetzi Salas Rodriguez, Carolina Salazar Motolinia, Norma
Valentin Maldonado, Jorge Villalpando, and Angel Vega
Lopez, all of which worked at the collections for over a year.
Many of these individuals eventually became prominent
professional mammalogists.

For its first 20 years, the CRD collection was located in
Vicente Guerrero City, Durango, 80 km from the state capi-
tal. It was relocated to the state capital, Durango City, in

64 THERYA Vol.12(1):57-74

2004, shortly after the local university, Instituto Tecnolégico
de Valle de Guadiana, launched its B.Sc. Biology program
in 2003. However, it was not until 2016 that a cooperation
agreement was signed allowing B.Sc. Biology students from
Instituto Tecnoldgico to carry out social service, study stays,
and thesis at CIIDIR Durango. CIIDIR Durango launched
its M. Sc. program in Environmental Management in 2005
and was included by CONACYT in its quality postgradu-
ate program (PNPC, for its acronym in Spanish) in 2007.
CIIDIR Durango became one of the campuses of the Ph.D.
program in Conservation of Landscape Heritage, which
was also included in the PNPC in 2014, thus allowing the
participation of local out-of-state, and foreign students. In
this way, a number of students have collaborated in col-
lecting activities over the years, either as students, interns,
or as temporary workers (for at least one year), including
Nancy Enriquez, Angel Garcia Rojas, Alejandra J. Guerrero
Gonzélez, Nancy Lemus Medina, Abraham Lozano, Teresa
Salas-H., Gloria Tapia-Ramirez, and Ali I. Villanueva-Hernan-
dez.

Similarly, few students collaborated with the OAXMA
collection in its early years. The local university, Instituto
Tecnoldgico de los Valles de Oaxaca (ITVO) has been col-
laborating actively with OAXMA since 2008; 86 % (n = 26) of
the B.Sc. theses associated with OAXMA were carried out by
ITVO undergraduate students. CIIDIR Oaxaca launched its
M.Sc. program in use and conservation of natural resources
in 2003 and the corresponding PhD program in 2005;
both postgraduate programs belong to PNPC and opened
the possibility for postgraduate students to participate in
OAXMA activities. The establishment of PNPC-listed post-
graduate programs at both CIIDIRs and the ensuing possibil-
ity of accessing scholarships from CONACYT have enabled
using both collections in student training at the regional
and country-wide level, as does the ENCB collection.

Physical Conditions. All three collections meet most of
the ASM minimum conservation standards (American Soci-
ety of Mammalogists Systematics Collections Committee
2004). All of them have specialized trained staff dedicated
to preservation and curatorial work, and voucher speci-
mens have the proper curation level to be used for scientific
work. Their primary weakness is the lack of sufficient, suit-
able infrastructure (buildings and insect-resistant, fire- and
water-proof furniture) to prevent the long-term deteriora-
tion of specimens, and the slow implementation of online
electronic catalogs to make the information easily acces-
sible to users. Although the three collections enjoy implicit
institutional recognition, no explicit policy for their contin-
ued maintenance and long-term conservation is in place.

The three collections are well on their way to meeting
the minimum conservation standards issued by the ASM in
2004 (American Society of Mammalogists Systematics Col-
lections Committee 2004). However, such standards were
intended for traditional collections of dried skin and skel-
etal materials. The increasing use of specimens collected
including tissue and hair samples, echolocation recordings,
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Figure 3. Timeline and major milestones of the IPN mammal collections. ENCB, gray line; CRD, light-gray line; OAXMA, dark-gray line. Only IPN staff are indicated; others are listed

in the text.

ectoparasites, or other ancillary materials, and the trend
towards the digitization of collections to make their infor-
mation available online, has necessarily given rise to novel
curatorial techniques (e. g., Phillips et al. 2019) and methods
for the storage and handling of materials and information.
All these demand new types of infrastructure, equipment,
and staff, and entail increased maintenance costs.

The economic value of the IPN mammal collections has
not been estimated; an accurate annual maintenance cost
is unavailable, and they are not insured. Because the IPN
collections do not have a dedicated budget assigned, these
costs are hard to estimate. Uribe (1997) pointed out that
the economic value of an object is set with reference to its
market value. Because collection specimens rarely have
market value (except for feline skins and similar items), their
replacement value (i. e., capturing, processing, and main-
tenance costs) can be used instead to assign a monetary
value to scientific collections. Their cultural and scientific
value (for example, species richness, rarity of specimens,
quality of the information associated with them, among
others) should be considered as well.

Baker et al. (2014) estimated the “door to drawer” cost
of voucher specimens, i. e., the cost of processing a speci-
men from its arrival from the field until it can be used, at
US$17.51 (around 332.69 Mexican pesos of 2019), plus
US$0.25 (4.75 Mexican pesos) per year per specimen for
long-term maintenance. This estimate includes the costs

of curating, installing, and databasing, as well as curator
and student fees, for traditional specimens (dried skin plus
skeleton) and tissue samples. Digitization costs in Europe
have been estimated between 0.50 and 73.44 euros (10.45
to 1,535.63 Mexican pesos of 2019) per item (Blagoderov et
al. 2012), depending on the collection type and preserva-
tion method used. As more ancillary materials are collected
and the information and voucher specimens themselves
are digitized, these costs would increase with the type and
amount of material and the information being preserved.
However, even if replacement cost estimates were avail-
able, the institution and curators of the IPN collections are
fully aware that many of the materials housed in these col-
lections are irreplaceable as the populations from which
they were extracted may no longer exist due to natural or
anthropogenic changes.

Future outlook. The Mexican government explicitly recog-
nized the strategic importance of scientific collections since
1992 with the creation of CONABIO. Funding provided by
CONABIO through grants for biological inventories and col-
lection computerization supported the continued operation
and expansion of many collections. Much of the information
deposited in Mexican collections has now been incorporated
into the National System of Biodiversity Information (SNIB,
for its acronym in Spanish), which, in turn, is part of global
biological database networks, such as the Global Biodiversity
Information Facility (GBIF, https://www.gbif.org).
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MclLean et al. (2016) highlighted the importance of
mammal collections as research instruments. They docu-
mented that 25 % of all 1,403 articles published between
2005 and 2014 in just a single journal specialized in the
study of mammals (the Journal of Mammalogy) used mate-
rial deposited or eventually deposited in collections. The
main subjects addressed in those articles included system-
atics and biogeography, genomics, morphometrics, parasi-
tology and pathogens, stable isotope analysis, and teach-
ing. These authors also pointed out that a significantly
higher proportion of those studies used a combination of
historical material and recently collected specimens, thus
evidencing the importance of continue incorporating new
material to collections.

Mexican mammal collections are expected continue
growing; we are still far from having explored the entire
territory and fully described the diversity it harbors. Mam-
mals are one of the best-sampled zoological groups and,
nevertheless, eight new species were added to the known
Mexican fauna between 2005 and 2014 (Ramirez-Pulido
et al. 2014). Two of these recently described species were
determined from newly collected specimens, but the oth-
ers were determined based on materials already depos-
ited in a collection. The use of new study techniques has
allowed describing numerous species based on already
existing specimens that had not been previously examined
or that were re-examined in the light of new knowledge.

Fontaine et al. (2012) pointed out that, in developed
countries that have large scientific collections, more new
species are being described based on existing material
than on newly collected specimens. The opposite holds for
developing countries with no or only limited collections.
Mexico is midway between these two extremes; vast parts
of the Mexican territory remain practically unexplored and
numerous zoological groups have been scarcely studied.
Collecting efforts in those areas and zoological groups
would likely lead to the discovery of new species. In addi-
tion, examining newly collected materials in relation to the
materials already available might also lead to discoveries in
our own cabinets.

The coverage and quality of voucher specimens, as well
as the information associated with them, are key for devel-
oping a more accurate perception of scientific collections as
essential resources for understanding the consequences of
human development on our planet. Information deposited
in scientific collections can provide a scientifically sound
baseline for understanding modification processes, by sup-
plying data on the former condition of the biota (Lister et al.
2011). Properly georeferenced data are the base for study-
ing distributional changes driven by urban or agricultural
development and for predicting future distribution scenar-
ios. These data are also useful for documenting the decline
of natural populations (Shaffer et al. 1998), changes in the
morphology (MacLean et al. 2018) or life history of plants
and animals, measuring changes in nutrient availability or
heavy metal concentrations, or detecting emerging dis-
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eases, among other uses (Meineke et al. 2018). Combining
geographic information with genetic information derived
from the same specimens offers a powerful tool for study-
ing anthropogenic effects on the genetic health of popula-
tions (Cook and Light 2019).

The past 50 years have brought about rapid changes
in the approach and techniques used collect, analyze, pre-
serve, and document specimens of biological collections.
The IPN mammal collections have been under contin-
ued activity since their foundation; their specimens have
been successfully used for research and student training.
Although the IPN collections meet most of the minimum
curatorial standards, the process of digitizing the collec-
tions has not yet started, and their catalogs have not yet
been fully incorporated into global databases; only part of
their data have been incorporated into the SNIB. The chal-
lenge for the IPN collections to become even more useful
in the contemporary world lies, in addition to ensuring
their long-term preservation, in attaining the standard-
ization, management, and availability of information and
voucher specimens in digital formats (iDigBio 2019; DiSSCo
2019; Sunderland 2013). Digitizing the IPN collections and
making them accessible over the internet will add another
dimension to their potential use (Beaman and Cellinese
2012; McLean et al. 2016) and lead to research results that
would not be possible otherwise (e.g., Redding et al. 2016).

CONABIO has made a significant effort in this direction
through the SNIB, which includes a standardized database,
an inventory of Mexican collections, their affiliated staff, and
their taxonomic scope and geographic representativeness
(CONABIO 2019). Nevertheless, a national policy for the reli-
able and continuously updated management, conservation,
and digitization of this portion of our natural capital is still
missing. Since IPN, UNAM, and INECOL host the largest bio-
logical collections in Mexico, these institutions should lead,
together with CONABIO, the development of a national
policy on biological collections to achieve these objectives.
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Appendix 1

Wild mammals of continental Mexico represented in the IPN collections. The clas-
sification follows Ramirez-Pulido et al. (2014) with some modifications as indicated in the
far-right column. Taxa are listed up to subfamily; subspecies are not included. NOM: con-
servation status as per the official Mexican standard NOM-059-SEMARNAT-2010 (SEMAR-
NAT 2019): Pr = Species subject to special protection, A = threatened, P = endangered,
EM = endemic to Mexico.

Remarks

ENCB
CRD
OAXMA
EM
[o]

Orden Didelphimorphia
Familia Didelphidae

Didelphis marsupialis
Didelphis virginiana

Marmosa mexicana

<X X X X
<X X X X

Philander oposum

May include . gaumeri

Tlacuatzin canescens X X Arcangeli etal. 2018)
Tlacuatzin balsasensis tipo X X Arcangeli et al. (2018)

Tlacuatzin sinaloae X X Arcangeli etal. (2018)

Orden Cingulata
Familia Dasypodidae

Dasypus novemcinctus X X X

Orden Pilosa
Familia Myrmecophagidae
Tamandua mexicana X X P
Familia Cyclopedidae

Cyclopes didactylus X P

Orden Soricomorpha
Familia Soricidae
Cryptotis goldmani
Cryptotis mayensis Pr
Cryptotis mexicanus X X X Carraway (2007)
Cryptotis parvus Pr
Notiosorex crawfordi

Notiosorex evotis

<X X X X X X X

Sorex emarginatus Carraway (2007)
Sorex ixtlanensis X

Sorex mediopua X Carraway (2007)

X X X X X

Sorex oreopolus X
Sorex salvini X A
Sorex saussurei
Sorex sclateri

Sorex ventralis

X X X X
x X X X
>

Sorex veraepacis

Sorex veraecrucis X X Pr =S salviniveraecrucis

Orden Chiroptera
Familia Emballonuridae
Balantiopteryx io X X

Balantiopteryx plicata X X



Peropteryx kappleri
Peropteryx macrotis
Rhynchonycteris naso
Saccopteryx bilineata
Familia Molossidae
Cynomops mexicanus
Eumops auripendulus
Eumops ferox
Eumops nanus
Eumops perotis
Eumops underwoodi
Molossus alvarezi
Molossus molossus
Molossus rufus
Molossus sinaloe
Nyctinomops aurispinosus
Nyctinomops femorosaccus
Nyctinomops laticaudatus
Nyctinomops macrotis
Promops centrales
Tadarida brasiliensis
Familia Natalidae
Natalus lanatus
Natalus mexicanus
Familia Mormoopidae
Mormoops megalophylla
Pteronotus fulvus

Pteronotus gymnonotus

Pteronotus mexicanus

Pteronotus psilotis

Familia Noctilionidae
Noctilio albiventris
Noctilio leporinus

Familia Phyllostomidae
Subfamilia Carolliinae
Carollia perspicillata
Carollia sowelli
Carollia subrufa

Subfamilia Desmodontinae
Desmodus rotundus
Diphylla ecaudata

Subfamilia Glossophaginae
Anoura geoffroyi
Choeroniscus godmani
Choeronycteris mexicana
Glossophaga commissarisi
Glossophaga leachii
Glossophaga morenoi
Glossophaga soricina

Hylonycteris underwoodi

< X X X

< X X X X

tipo

<X X X X X

X X X X X X X X

< X X X X

XFxx

Xxx

XFx®

XFH*

NG

Xxx

Xxx

Xxx

>

X X X X X X X X

X

Pr

Pr

Pr

Pr

Pr

Pavan and Marroig (2016)
Pavan and Marroig (2016)

Pavan and Marroig
(2016), may include P.

mesoamericanus

Pavan and Marroig (2016)

Leptonycteris nivalis
Leptonycteris yerbabuenae
Lichonycteris obscura
Musonycteris harrisoni
Subfamilia Glyphonycterinae
Glyphonycteris sylvestris
Subfamilia Lonchorhininae
Lonchorhina aurita
Subfamilia Macrotinae
Macrotus californicus
Macrotus waterhousii
Subfamilia Micronycterinae
Lampronycteris brachyotis
Micronycteris microtis
Micronycteris schmidtorum
Subfamilia Phyllostominae
Chrotopterus auritus
Lophostoma evotis
Mimon cozumelae
Phyllostomus discolor
Trachops cirrhosus
Vampyrum spectrum
Subfamilia Stenodermatinae
Artibeus hirsutus
Artibeus jamaicensis
Artibeus lituratus
Centurio senex
Dermanura azteca
Dermanura phaeotis
Dermanura tolteca
Dermanura watsoni
Enchisthenes hartii
Chiroderma salvini
Chiroderma villosum
Platyrrhinus helleri
Sturnira hondurensis
Sturnira parvidens
Uroderma davisi
Vampyressa thyone
Vampyrodes major
Familia Vespertilionidae
Subfamilia Antrozoinae
Antrozous pallidus
Bauerus dubiaquercus
Subfamilia Myotinae
Myotis albescens
Myotis auriculus
Myotis californicus
Myotis carteri
Myotis elegans
Myotis fortidens
Myotis keaysi

x X X X

>

<X X X X X X

X X X X X X X X X X X X X

> <X X X X

X X X X X X X

<X X X X X X X

< X X X X

<X X X X X X

>

< X X X

XFH

N

XFE*

Lépez-Gonzdlez et al.

Pr

Pr
Pr

Mantilla-Meluk (2014)

Pr

Pr =M. nigricans carteri
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Myotis nigricans

Myotis melanorhinus
Myotis occultus

Myotis thysanodes
Myotis velifer

Myotis vivesi

Myotis volans

Mpyotis yumanensis
Subfamilia Vespertilioninae
Corynorhinus mexicanus
Corynorhinus townsendii
Eptesicus furinalis
Eptesicus fuscus
Euderma maculatum
Idionycteris phyllotis
Lasiurus frantzi

Lasiurus borealis
Aeorestes cinereus

Dasypterus intermedius
Dasypterus xanthinus

Nycticeius humeralis
Parastrellus hesperus
Perimyotis subflavus
Rhogessa aeneus
Rhogessa alleni
Rhogessa gracilis
Rhogeessa mira
Rhogeessa parvula

Rhogeessa tumida

Orden Primates
Familia Atelidae
Ateles geoffroyi

Alouatta villosa

Orden Lagomorpha
Familia Leporidae

Lepus californicus
Lepus callotis
Lepus flavigularis
Sylvilagus audubonii
Sylvilagus brasiliensis
Sylvilagus cunicularius
Sylvilagus floridanus

Romerolagus diazi

Orden Rodentia
Familia Sciuridae
Subfamilia Pteromyinae
Glaucomys volans
Subfamilia Sciurinae

Ammospermophilus leucurus
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X X X X X X

X X X X X X X X X

>

X X X X X

xX X X X

<X X X X

b

XEx

XF*E

XExE

XFHx

XEx

XFER

N

<X X X X X

Pr

Pr

Baird et al. (2015)
Baird et al. (2015)
Baird et al. (2015)
Baird et al. (2015)

May include D. ega (Baird
etal.2015)

Callospermophilus madrensis
Cynomys mexicanus
Ictydomis mexicanus
Ictydomys parvidens
Neotamias bulleri
Neotamias dorsalis
Neotamias durangae
Notocitellus adocetus
Notocitellus annulatus
Otospermophilus variegatus
Sciurus aberti
Sciurus alleni
Sciurus aureogaster
Sciurus colliaei
Sciurus deppei
Sciurus nayaritensis
Sciurus oculatus
Sciurus yucatanensis
Xerospermophilus perotensis
Xerospermophilus spilosoma
Familia Geomyidae
Subfamilia Geomyinae
Cratogeomys castanops
Cratogeomys fumosus
Cratogeomys goldmani
Cratogeomys merriami
Orthogeomys grandis
Orthogeomys hispidus
Pappogeomys bulleri
Thomomys sheldoni
Thomomys umbrinus
Familia Heteromyidae
Subfamilia Dipodomyinae
Dipodomys deserti
Dipodomys merriami
Dipodomys nelsoni
Dipodomys ordii
Dipodomys phillipsii
Dipodomys spectabilis
Subfamilia Heteromyinae
Heteromys desmarestianus
Heteromys gaumeri
Heteromys irroratus
Heteromys pictus
Heteromys salvini
Heteromys spectabilis
Subfamilia Perognathinae
Chaetodipus arenarius
Chaetodipus artus
Chaetodipus baileyi
Chaetodipus californicus
Chaetodipus eremicus

Chaetodipus fallax

< X X X

X X X X X X X X X

X X X X X X X X X

<X X X X X X

> X X X X X X

X X X X

x X X X

< X X X X

Pr

Pr

Pr

Pr

Pr

= X. spilosoma perotensis



Chaetodipus goldmani
Chaetodipus hispidus
Chaetodipus lineatus

Chaetodipus intermedius

Chaetodipus nelsoni

Chaetodipus penicillatus

Chaetodipus pernix

Chaetodipus spinatus

Perognathus flavus

Perognathus longimembris
Familia Cuniculidae

Cuniculus paca
Familia Dasyproctidae

Dasyprocta mexicana
Dasyprocta punctata
Familia Erethizontidae
Coendou mexicanus

Familia Cricetidae

Subfamilia Arvicolinae
Microtus mexicanus
Microtus oaxacensis
Microtus quasiater
Microtus umbrosus

Subfamilia Neotominae
Baiomys musculus
Baiomys taylori
Habromys chinanteco
Habromys ixtlani
Habromys lepturus
Habromys lophurus
Hodomys alleni
Nelsonia goldmani
Nelsonia neotomodon
Neotoma albigula
Neotoma goldmani
Neotoma lepida

Neotoma leucodon

Neotoma mexicana

Neotoma micropus
Neotoma palatina
Neotomodon alstoni
Megadontomys cryophilus
Megadontomys nelsoni
Megadontomys thomasi
Onychomys arenicola
Onychomys leucogaster
Onychomys torridus
Osgoodomys banderanus
Peromyscus aztecus

Peromyscus beatae

X X X X X X X X

X X X X X X X

*%

X X X X X

Pr
Pr

Pr
Pr

Pr

May include C. durangae
and C. collis (Neiswenter
etal.2019)

Patton and Emmons
(2015)

May include N. picta and
N. ferruginea (Ordofez-
Garza etal. 2014)

Peromyscus boylii
Peromyscus bullatus
Peromyscus carletoni
Peromyscus californicus
Peromyscus difficilis
Peromyscus eremicus

Peromyscus eva
Peromyscus furvus

Peromyscus gratus
Peromyscus guatemalensis
Peromyscus gymnotis
Peromyscus hooperi
Peromyscus leucopus

Peromyscus levipes

Peromyscus labecula

Peromyscus leucurus

Peromyscus megalops

Peromyscus melanocarpus

Peromyscus melanophrys

Peromyscus micropus

Peromyscus melanotis

Peromyscus melanurus
Peromyscus merriami
Peromyscus mexicanus
Peromyscus nasutus
Peromyscus ochraventer
Peromyscus pectoralis
Peromyscus perfulvus
Peromyscus polius
Peromyscus schmidlyi
Peromyscus sejugis
Peromyscus simulus
Peromyscus spicilegus

Peromyscus yucatanicus
Peromyscus zamorae

Peromyscus zarhynchus
Reithrodontomys chrysopsis
Reithrodontomys fulvescens
Reithrodontomys gracilis
Reithrodontomys hirsutus

Reithrodontomys megalotis

Reithrodontomys mexicanus

Reithrodontomys microdon

Reitrodontomys sumichrasti

Reithrodontomys zacatecae
Subfamilia Sigmodontinae

Nyctomys sumichrasti

> x X X X >

X X X X X X

> X X X X X X X X X >

X X X X X X X X X X

>

X X X X X X

Lépez-Gonzdlez et al.

X
X Pr
X
X X
X
X X May include P. latirostris
(Avila-Valle et al. 2012)
X X
X
X
X X
May include P. gambelii
X (Greenbaum et al. 2019)
and P. purepechus (Ledn-
Tapia et al. 2020)
X Lépez-Gonzélez et al.
(2019)
X X
X X
X X Lépez-Gonzélez et al.
(2019)
X Lépez-Gonzélez et al.
(2019)
Occursin SWU.S.A.,
Bradley et al. (2014)
X X
X
X
X
X
X
X A
X
X
X
X Lopez-Gonzélez et al.
(2019)
Pr
X
X
A
X
X
X
X A
X
X
X
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Oligoryzomys fulvescens X X X Taxidea taxus X X X A
Handleyomys alfaroi X X X Almendra et al. (2018) Familia Procyonidae
Almendra etal. 2018). May Bassariscus astutus X X X
Handleyomys chapmani X X X Pr include H. guerrerensis (Al- Bassariscus sumichrasti X w* Pr
mendra et al. 2014, 2018) Potos flavus X X X Pr
Oryzomys couesi X X A '(\:l;):"s';‘r:“edtzloz ; ‘:gens Nasua narica X X X
Procyon lotor X X X
sensu Ramirez-Pulido et
Oryzomys fulgens X X A al.(2014), 0. mexicanus
sensu Hanson et al. (2010) Orden Artiodactyla
Handleyomys melanotis X X X Almendra et al. (2018) Familia Tayassuidae
Handleyomys rostratus X X X Almendra et al. (2018) Dicotyles angulatus X X
Handleyomys saturatior X Almendra et al. (2018) Dicotyles crassus X X
Rheomys mexicanus X X Pr Tayassu pecari *% p
Sigmodon alleni X X Familia Antilocapridae
Sigmodon arizonae X X Antilocapra americana P
Sigmodon fulviventer X X Familia Cervidae
Sigmodon hispidus X X Mazama pandora X
Sigmodon leucotis X X X Mazama temama X
Sigmodon mascotensis X X X Odocoileus hemionus X X
Sigmodon ochrognathus X Odocoileus virginianus X X X
Sigmodon toltecus X X Familia Bovidae
Otonyctomys hatti X A Ovis canadensis X Pr
Ototylomys phyllotis X X ?gi{t?’c:::f;f;iapenm
Tylomys nudicaudus X Orden Perissodactyla
Tylomys tumbalensis X X Pr Familia Tapiridae
Subfamilia Tapirinae
Orden Carnivora Tapirella bairdii X X P
Familia Felidae
Herpailurus yagouaroundi X ** A TotAL B> i e
Leopardus pardalis X %% P * Species represented only as tissue samples, ** Species represented as pho-
Leopardus wiedii X X X p tographs or footprint casts, *** Species with echolocation recordings.
Lynx rufus X X X
Puma concolor X X **
Panthera onca X X ** P
Familia Canidae
Canis latrans X X X
Canis lupus X X P
Urocyon cinereoargenteus X X X
Vulpes macrotis X A
Familia Mephitidae
Conepatus leuconotus X X **
Conepatus semistriatus X *x Pr
Mephitis macroura X X X
Mephitis mephitis X X
Spilogale angustifrons X X
Spilogale gracilis X X
Spilogale pygmaea X A
Familia Mustelidae
Eira barbara X ** P
Galictis vittata X X
Lontra longicaudis X **
Mustela frenata X X X
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