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Abstract

Nyctinomops laticaudatus (E. Geoffroy St.-Hilaire, 1805) and Eumops nanus (Miller, 1900) are 2 species with distri-
butions that are expected for Costa Rica. However, voucher specimens that confirm the presence of these species in
the country are absent or missing in museum collections. Here we document voucher specimens and present data that

confirm the presence of N. laticaudatus and E. nanus in Costa Rica.

Key words

Eumops nanus; Nyctinomops laticaudatus; Central America; new records.

Academic editor: William Corréa Tavares | Received 21 July 2018 | Accepted 15 September 2018 | Published 5 October 2018

Citation: Villalobos-Chaves D, Gonzalez-Quir6s A, Lara-Hernandez L, Rodriguez-Herrera B (2018) Notes on the geographic range and distribution
of two free-tailed bat species (Chiroptera, Molossidae) in Costa Rica. Check List 14 (5): 805-810. https://doi.org/10.15560/14.5.805

Introduction

The Molossidae are a family of medium-sized to large
bats with about 16 genera and more than 100 species
distributed worldwide (Simmons 2005, Eger 2008). The
members of the family are characterized by the presence
of long tails that project beyond the tail membrane or
uropatagium (Emmons and Feer 1997, Reid 2009). Their
common name, free-tailed bats, originates from this char-
acteristic.

Despite growing information on the geographic dis-
tribution of free-tailed bat species in the Neotropics (e.g.
Gregorin and Taddei 2000, Pineda et al. 2008, Baker et al.
2009, Bianconi et al. 2009, Feijo et al. 2010, Gregorin et
al. 2011, Rodriguez-Herrera et al. 2014, Medina-Fitoria
et al. 2015, Gonzalez-Terrazas et al. 2016), there are still

many distributional gaps, creating the illusion that some
of the species are rare, patchily distributed, or absent in
some areas (Reid 2009). This rarity seems to be a direct
consequence of the difficulty in capturing these bats with
traditional methods, such as placing mist nets at ground
level (Reid 2009), and more complex inventory tech-
niques, such as acoustic recordings that are not always
available to all tropical bat researchers. Moreover, many
free-tailed bats possess complex and varied search call
designs (Jung et al. 2014) that complicate their identifica-
tion.

Some recent publications on free tailed bats from
Costa Rica expand the distribution ranges of some (e.g.
Eumops hansae (Sanborn, 1932), Pineda et al. 2008)
or confirm the presence of other species (e.g. Promops
centralis Thomas, 1915, Rodriguez-Herrera et al. 2014).
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Despite that approximately 5 genera and 14 species
of free-tailed bats have been reported for the country
(Rodriguez-Herrera et al. 2014), Costa Rica still has
several information gaps regarding the presence of some
of them, mainly by the absence of direct evidence (i.e.
voucher specimens). This is the case of some free-tailed
bats of the genera Nyctinomops Miller, 1902 and Eumops
Miller, 1906.

Nyctinomops includes 4 native species of America
(Simmons 2005), the Peale’s Free-tailed Bat, N. aurispi-
nosus (Peale, 1848); the Pocketed Free-tailed Bat, N.
femorosaccus (Merriam, 1889); the Broad-cared Bat, NV.
laticaudatus (E. Geoffroy St.-Hilaire, 1805), and the Big
Free-tailed Bat, N. macrotis (Gray, 1840). With exception
of N. femorosaccus, which has a restricted distribution
in areas of Mexico and the United States (Kumirai and
Jones 1990, Simmons 2005), the rest of species have
been detected in northern and southern parts of the New
World, suggesting that there are likely to occur in Central
American countries such as Costa Rica. In particular, 1 of
these 3 species, N. laticaudatus, has never been captured
in Costa Rica despite indirect evidence that links the
acoustic information collected by LaVal and Rodriguez-
Herrera (2002), with its presence in Costa Rica in the
Central Pacific Coast and Central Valley.

On the other hand, the genus Eumops, commonly
known as bonneted bats, is a monophyletic New World
group of 16 recognized and 1 undescribed species of free-
tailed bats (Eger 1977, Koopman 1993, Gregorin and
Taddei 2000, McDonough et al. 2008, Baker et al. 2009,
Medina et al. 2014, Gregorin et al. 2016). The diversity
of Eumops in Costa Rica presumably includes 5 species
(Rodriguez-Herrera et al. 2014): the Underwood’s Bon-
neted Bat, Fumops underwoodi (Goodwin, 1940), the
Black Bonneted Bat, Eumops auripendulus (G. Shaw,
1800), the Fierce Bonneted Bat, Eumops ferox (Gundlach,
1861), the Sanborn’s Bonneted Bat, Eumops hansae, and
the Dwarf Bonneted Bat, Eumops nanus (Miller, 1900).

The presence of E. nanus in the Costa Rica is a con-
troversial issue (Pineda et al. 2008). Eumops nanus was
allegedly reported in the Pacific and Atlantic lowlands of
the country by Rodriguez and Chinchilla (1996) on the
basis of 3 voucher specimens deposited in the Museo de
Zoologia, Universidad de Costa Rica (UCR175, UCR515,
and UCR785). Nevertheless, despite the intense search
efforts made at the museum, the specimens were not
found, which leads us to think that they have been lost
(Pineda et al. 2008, this study).

Both, N. laticaudatus and E. nanus, has been repeat-
edly included and excluded from the literature of the
country using several arguments (Janzen and Wilson
1983, Rodriguez and Chinchilla 1996, Timm and LaVal
1998, Rodriguez-Herrera and Wilson 1999, LaVal and
Rodriguez-Herrera 2002, Rodriguez-Herrera et al. 2002,
2014); thus, in order to resolve this situation, we pres-
ent voucher specimens and confirm the presence of N.
laticaudatus and E. nanus in Costa Rica.
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Methods

The specimens reported here came from 2 different local-
ities of Costa Rica. The first was at Santa Ana canton, in
the southwestern of the San José province, a specimen of
Nyctinomops laticaudatus was found dead, at a medium
level of decomposition, on the ground by two of us (AGQ
and LLH). The site of collection is characterized by the
presence of several forest patches surrounded by open
areas dedicated to cattle, crops and human settlements,
and shows an annual biotemperature and precipitation
regimens of between 12-18 °C and 4,000-8,000 mm
respectively (Holdridge 1967). The second locality was
at Rio Enmedio, Santa Cruz canton, in the northwestern
Pacific lowlands of the Guanacaste province, where 4
individuals of Eumops nanus were captured by BRH and
DVC at 2 independent times with mist nets set above
the river (0.5 m depth). The capture site of the animals
belongs to a governmental protected forested area
and shows an annual biotemperature and precipitation
regimens of between 24-30 °C and 2,000-4,000 mm
respectively (Holdridge 1967).

Voucher specimens were collected with per-
missions from MINAET-SINAC (Resolucion No.
SINAC-SE-CUSBSE-PI-R-131-2016 and Resolucion
No. ACT-OR-DR-147-14). In the case of E. nanus, bats
were sacrificed following the standards of the American
Society of Mammalogy (Sikes et al. 2016). All specimens
collected were fixed in 10% formalin and then preserved
in 70% ethanol. The skull from 1 specimen per species
was extracted and cleaned after fixation. Using a digital
caliper, the following morphometric and cranial measure-
ments were recorded following Freeman (1981): total
length (ToL), tail length (TaL), ear length (EL), hind foot
length (HFL), forearm length (LF), body mass (BM),
greatest length of skull (GLS), zygomatic breadth (ZB),
mastoid breadth (MB) and postorbital constriction (PC).
Vouchers are deposited at the Mammal collection of the
Museo de Zoologia, Universidad de Costa Rica (UCR).

Results

Nyctinomops laticaudatus (E. Geoffroy St.-Hilaire, 1805)
Figure 1

New record. Costa Rica: San José province: Santa Ana:
Fila Cerros de Escazi (09.8849° N, 084.1881°W; 1778 m
a.s.l., Fig. 1A), collected by AGQ and LLH, 24 February
2016 (1 specimen, adult female, voucher UCR 4687).

Identification. Nyctinomops laticaudatus differs from
all other species of the genus potentially distributed in
Costa Rica (i.e. N. aurispinosus and N. macrotis) in being
overall smaller in several external and cranial measure-
ments (Table 1). In the field, the length of the forearm
is one of the most useful characters to identify species
of Nyctinomops (Jones and Arroyo-Cabrales 1990, Mil-
ner et al. 1990, Timm and LaVal 1998, Avila-Flores et
al. 2002, Diaz et al. 2011), as N. aurispinosus and N.
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Figure 1. Geographical and morphological information of Nyctinomops laticaudatus. A. Localities of distribution of N. laticaudatus in Costa
Rica and neighbouring countries: 1-Monumento Nacional Cafion de Somoto, Nicaragua (Medina-Fitoria et al. 2015); 2-new record: Fila
Cerros de Escazy, Santa Ana, San José, Costa Rica; 3-La Concepcién, Chiriqui, Panama (USNM336901); 4-Barro Colorado Island, Panama
(MSB29058); 5-Fort Guilik, Colén, Panama (AMNH183873); 6-Miraflores, canal zone, Panama (USNM312115); 7-Panama city, Panama
(USNM314570); 8-Pacora, Panama (USNM319141). B. Rostrum details of N. laticaudatus from an individual of Nicaragua. C. Dorsal, ventral,
and lateral views of the skull, lateral view of the mandible and rostral view showing the upper incisors of N. laticaudatus (UCR 4687). Scale
bar =10 mm. USNM = National Museum of Natural History, Smithsonian Institution; MSB = Museum of Southwestern Biology, the University
of New Mexico; AMNH = American Museum of Natural History. Image A and C by DVC, image B by José G. Martinez-Fonseca.

Table 1. Selected external and cranial measurements of Nyctino-
mops laticaudatus and Eumops nanus specimens from Costa Rica.
n=sample size.

Morphometric N. laticaudatus E. nanus
measures (mm) (n=1) (n=3)

ToL 95 85.83+1.42
TaL 40 32.16 £0.72
EL 18 16.05 £ 0.28
HFL 9 7.50 +£0.50
FL 41 39.03 +0.46
BM (g) 10.91 7.77 £0.33
Cranial measurements N. laticaudatus E. nanus
(mm) (n=1) (n=1)

GLS 15.64 14.68

ZB 9.25 8.55

MB 9.07 8.57

PC 3.29 3.32

macrotis have longer forearms (> 47 mm and > 54 mm,
respectively) compared with N. laticaudatus (< 45 mm).
In comparison with other similar species in terms of size
and external morphology (for example 7. brasiliensis)
some distinguishing characters such as the ears joined
at base, extended beyond the tip of the snout when laid
forward, and the upper incisors parallel to each other,
confirms the identity of our specimens as N. laticaudatus
and not Tadarida brasiliensis (Fig. 1B, 1C).

Eumops nanus (Miller, 1900)
Figure 2

New record. Costa Rica: Guanacaste province: Santa
Cruz: Rio Enmedio at Parque Nacional Diria (10.1738°
N, 085.5961° W; 1778 m a.s.l., Fig. 2A), collected by
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Figure 2. Geographical and morphological information of Eumops nanus. A. Localities of distribution of E. nanus in Costa Rica and neigh-
bouring countries: 1-Potosi, Chinandega, Nicaragua (KU114142); 2-new record: Rio Enmedio, Parque Nacional Diria, Santa Cruz, Guana-
caste, Costa Rica. 3-Boquerdn, Chiriqui, Panama (Handley 1966); 4-Bugaba (Bogavo), Chiriqui, Panama (Handley 1966); 5-Alanje, Chiriqui,
Panama (Dolan and Carter 1979); 6-Tolé, Veraguas, Chiriqui, Panama (Eger 1977); 7-Yaviza, Darién, Panama (MVZ136051). B. Rostrum details
of E. nanus from an individual of Costa Rica. C. Dorsal, ventral, and lateral views of the skull, lateral view of the mandible and rostral view
showing the upper incisors of E. nanus (UCR 4748). Scale bar = 10 mm. KU = University of Kansas Natural History Museum; MVZ = Museum
of Vertebrate Zoology, UC Berkeley. Images A, B and C by DVC.

BRH and DVC, 8 April 2011 and 22 March 2015 (3
specimens, 2 adult males and 1 adult female, vouchers
UCR 4748, UCR4095 and UCR 4749, respectively).

Identification. When comparing E. nanus with other
bonneted bat species from Costa Rica (except E. hansae
which overlaps in some characteristics), this species can
be recognized by its smaller size in several external and
cranial measurements (Table 1). Live animals can be
distinguish from other species of Eumops by smaller
measurements of body length, forearm length and body
mass (Eger 1977, Timm and LaVal 1998, LaVal and
Rodriguez-Herrera 2002, Reid 2009).

Despite that when specimens of E. nanus and E.
hansae from Costa Rica are directly compared the first
is usually smaller, a combination of several external and
cranial characters are needed to confidently separate and
identify the live as well as the museum specimens. For
example, the fur is long (5 mm), pale, and whitish at the

base in E. nanus, while E. hansae have a relatively short
fur (2-3 mm) and hairs are dark at the base (Eger 1977,
Reid 2009) (Fig. 2B). The presence of few short hairs
along the edge of the calcar in E. nanus and their absence
in E. hansae also separate these species (Reid 2009).
Cranial and tooth morphology are also useful to compare
these species. In E. nanus the skull is nearly flat when
viewed laterally (Fig. 2C), while the skull of E. hansae is
more bulbous (Pineda et al. 2008). Moreover, the tips of
the upper incisors of E. nanus are distally convergent and
somewhat procumbent (Fig. 2C), contrary to the widely
separated tips and slightly recurved inward upper incisors
of E. hansae (Pineda et al. 2008).

Discussion

Our findings confirm the assumptions of several authors
regarding the presence of these 2 free-tailed bat species
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in Costa Rica (Koopman 1993, Rodriguez and Chinchilla
1996, Timm and LaVal 1998, LaVal and Rodriguez-
Herrera 2002, Pineda et al. 2008).

Our observations corroborate that, in Costa Rica, N.
laticaudatus can be found at middle elevations in the
Central valley and in disturbed habitats that are not nec-
essarily protected. Based on this observation, we concur
with LaVal and Rodriguez-Herrera (2002) who predicted
that the N. laticaudatus is expected to inhabit in several
types of habitats with a wide range of altitudinal variation
(between 0-1,800 m a.s.l.). Moreover, this record helps
to close the distribution gap of N. laticaudatus in Central
America. Our new record is about 489 km from the clos-
est known locality in Nicaragua and by 231 km from the
closest known locality in Panama (Fig. 1A).

The absence of Rodriguez and Chinchilla’s (1996)
voucher specimens of E. nanus and the lack of other evi-
dence such as photographs of diagnostic characteristics
of the species preclude us from accepting their report of
this species in Costa Rica. There is the possibility of a
misidentification by Rodriguez and Chinchilla (1996)
because the E. nanus bat is easily confused with E.
hansae as well as with other free-tailed bats such as N.
laticaudatus or the Brazilian Free-tailed Bat, Tadarida
brasiliensis (1. Geoffroy, 1824) (Pineda et al. 2008, Reid
2009). Based on this, our findings constitute the first
confirmed record of E. nanus for the country, filling
a distribution gap of E. nanus in Central America. Our
record is approximately 379 km from the closest known
locality in Nicaragua, and by 380 km from the closest
known locality in Panama (Fig. 2A).

Finally, based on the mammal list published by
Rodriguez-Herrera et al. (2014) and other recent pub-
lications related to this topic (Ramirez-Fernandez et
al. 2015, Villalobos-Chaves et al. 2016, Woodman and
Timm 2016), our results increase the total number of liv-
ing mammals of Costa Rica to 253 species and to 115
the total number of bats species. These discoveries also
show that despite that the order Chiroptera is considered
a well-studied mammal group in the country, the most
basic aspects of species biology such as geographic dis-
tribution and natural history are still unknown for many
species of small mammals, mainly bats and rodents. This
highlights the need for more field work and research to
improve our knowledge of the ecology of these poorly
known mammal species.

Acknowledgements

We thank the staff of Museo de Zoologia, Universidad de
Costa Rica for allowing us the use of the available equip-
ment and working space and to José G. Martinez-Fonseca
for kindly allow us to use his photograph from N. laticau-
datus. We give special thanks to Rachel Salazar, Gilbert
Barrantes, Sergio Solari, and Federico Paniagua, who
helped in several stages of this research and enhanced the
quality of the manuscript.

809

Authors’ Contributions

BRH, DVC, AGQ and LRH collected the data; BRH and
DVC identified the specimens; DVC and BRH wrote the
text.

References

Avila-Flores R, Flores-Martinez JJ, Ortega J (2002) Nyctinomops laticau-
datus. Mammalian Species 697: 1-6. https://doi.org/10.1644/1545-
1410(2002)697<0001:NL>2.0.CO;2

Baker RJ, McDonough MM, Swier VJ, Larsen PA, Carrera JP, Ammer-
man LK (2009) New species of bonneted bat, genus Eumops (Chi-
roptera: Molossidae) from the lowlands of western Ecuador and
Peru. Acta Chiropterologica 11 (1): 1-13. https://doi.org/10.3161/
150811009X465659

Bianconi GV, Gregorin R, Carneiro DC (2009) Range extension of the
Peale’s Free-tailed Bat Nyctinomops aurispinosus (Molossidae) in
Brazil. Biota Neotropical 9 (2): 267-270. https://doi.org/10.1590/
S1676-06032009000200026

Diaz MM, Aguirre LF, Barquez RM (2011) Clave de identificacion de
los murciélagos del cono sur de Sudamérica. Centro de Estudios en
Biologia Teorica y Aplicada, Cochabamba, 94 pp.

Dolan PG, Carter DC (1979) Distributional notes and records for Mid-
dle American Chiroptera. Journal of Mammalogy 60 (3): 644-649.
https://doi.org/10.2307/1380115

Emmons LH, Feer F (1997) Neotropical rainforest mammals: a field
guide. 2nd edition. University of Chicago Press, Chicago, 396 pp.

Eger JL (1977) Systematics of the genus Eumops (Chiroptera: Molos-
sidae). Life Sciences Contributions, Royal Ontario Museum 110:
1-70. https://doi.org/10.5962/bhl.title.52084

Eger JL (2008) Family Molossidae. In: Gardner AL (Ed) Mammals of
South America. University of Chicago Press, Chicago, 399-440.

Feijo J A, Araujo P, Aguiar Fracasso MP, dos Santos KRP (2010) New
records of three bat species for the Caatinga of the state of Paraiba,
northeastern Brazil. Chiroptera Neotropical 16 (2): 723-727.

Freeman PW (1981) A multivariate study of the family Molossidae
Mammalia, Chiroptera): morphology, ecology, evolution. Fieldi-
ana Zoology, New Series (1316): 1-173. https://doi.org/10.5962/
bhl.title.3128

Gonzalez-Terrazas TP, Viquez LR, Ibarra-Macias A, Ruiz AT, Torres-
Knoop L, Jung K, Tschapka M, Medellin RA (2016) New records
and range extension of Promops centralis (Chiroptera: Molossidae).
Revista Mexicana de Biodiversidad 87 (4): 1407—1411. https://doi.
org/10.1016/j.rmb.2016.10.008

Gregorin R, Taddei VA (2000) New records of Molossus and Promops
from Brazil (Chiroptera : Molossidae). Mammalia 64 (4): 471-476.
https://doi.org/10.1515/mamm.2000.64.4.471

Gregorin R, Setsuo Tahara A, Ferrari Buzzato D (2011) Molossus
aztecus and other small Molossus (Chiroptera: Molossidae) in
Brazil. Acta Chiropterologica 13 (2): 311-317. https://doi.org/10.
3161/150811011x624794

Gregorin R, Moras LM, Hernan Acosta L, Lobdo Vasconcellos K,
Poma JL, Rodrigues dos Santos F, Paca RC (2016) A new species
of Eumops (Chiroptera: Molossidae) from southeastern Brazil and
Bolivia. Mammalian Biology—Zeitschrift fiir Sdugetierkunde 81 (3):
235-246. https://doi.org/10.1016/j.mambio.2016.01.002

Handley CO Jr (1966) Checklist of the mammals of Panama. In: Wenzel
RL, Tipton VL (Eds) Ectoparasites of Panama. Field Museum of
Natural History, Chicago, 753-795.

Holdridge L (1967) Life Zone Ecology. Tropical Science Center, San
José, 124 pp.

Janzen DH, Wilson DE (1983) Mammals. In: Janzen DH (Ed) Costa
Rican Natural History, First edition. University of Chicago Press,
Chicago, 439-514.

Jones JK Jr, Arroyo-Cabrales J (1990) Nyctinomops aurispinosus.
Mammalian Species 350: 1-3. https://doi.org/10.2307/3504283


https://doi.org/10.1644/1545-1410(2002)697%3c0001:NL%3e2.0.CO;2
https://doi.org/10.1644/1545-1410(2002)697%3c0001:NL%3e2.0.CO;2
https://doi.org/10.3161/150811009X465659
https://doi.org/10.3161/150811009X465659
https://doi.org/10.1590/S1676-06032009000200026
https://doi.org/10.1590/S1676-06032009000200026
https://doi.org/10.2307/1380115
https://doi.org/10.5962/bhl.title.52084
https://doi.org/10.5962/bhl.title.3128
https://doi.org/10.5962/bhl.title.3128
https://doi.org/10.1016/j.rmb.2016.10.008
https://doi.org/10.1016/j.rmb.2016.10.008
https://doi.org/10.1515/mamm.2000.64.4.471
https://doi.org/10.3161/150811011x624794
https://doi.org/10.3161/150811011x624794
https://doi.org/10.1016/j.mambio.2016.01.002
https://doi.org/10.2307/3504283

810

Jung K, Molinari J, Kalko EKV (2014) Driving factors for the evo-
lution of species-specific echolocation call design in New World
free-tailed bats (Molossidae). PLoS ONE 9 (1): ¢85279. https://doi.
org/10.1371/journal.pone.0085279

Koopman KF (1993) Order Chiroptera. In: Wilson DE, Reeder DM
(Eds) Mammal Species of the World: A Taxonomic and Geographic
Reference. 2nd edition. Smithsonian Institution Press, Washington
DC, 137-241.

Kumirai A, Jones JK Jr (1990) Nyctinomops femorosaccus. Mammalian
Species 349: 1-5. https://doi.org/10.2307/3504119

LaVal RK, Rodriguez-Herrera B (2002) Murciélagos de Costa Rica.
Instituto Nacional de Biodiversidad (INBio), Heredia, 320 pp.

Medina CE, Gregorin R, Zeballos H, Zamora HT, Moras LM (2014)
A new species of Eumops (Chiroptera: Molossidae) from south-
western Peru. Zootaxa 3878 (1): 19-36. https://doi.org/10.11646/
zootaxa.3878.1.2

McDonough MM, Ammerman LK, Timm RM, Genoways HH, Larsen
PA, Baker RJ (2008) Speciation within the Eumops glaucinus
complex: the value of multiple datasets (morphological, mitochon-
drial, and nuclear) in systematics. Journal of Mammalogy 89 (5):
1306-1315. https://doi.org/10.1644/07-MAMM-A-349.1

Medina-Fitoria A, Saldafia O, Martinez JG, Aguirre Y, Silva W, Chavez
M, Salazar M, Carballo N, Jarquin O, Gonzalez RA, Diaz L, Cham-
bers C, Reid F, Mies R, Williams K, Zolotoff JM, Molina C, Pérez
T, Rodriguez J, Gutiérrez L, Fernandez M, Mendieta R, Pérez J
(2015) Nuevos reportes sobre los murciélagos (Mammalia: Chirop-
tera) de Nicaragua, América Central, con la adicion de siete nuevos
registros de especies. Mastozoologia Neotropical 22 (1): 43-54.

Milner J, Jones C, Jones JK Jr (1990) Nyctinomops macrotis. Mam-
malian Species 351: 1-4. https://doi.org/10.2307/3504187

Pineda W, Rodriguez-Herrera B, Timm RM (2008) Rediscovery, ecol-
ogy, and identification of rare free-tailed bats (Chiroptera: Molos-
sidae) in Costa Rica. Acta Chiropterologica 10 (1): 97-102. https://
doi.org/10.3161/150811008X331135

Ramirez-Fernandez JD, Cordoba-Alfaro J, Salas-Solano D, Duran A FJ,
Rodriguez-Herrera B (2015) Extension of the known geographic

Check List 14 (5)

distribution of Diplomys labilis (Mammalia: Rodentia: Echimy-
idae): first record for Costa Rica. Check List 11 (5): 1745. https://
doi.org/10.15560/11.5.1745

Reid FA (2009) Mammals of Central America and Southeast Mexico.
2nd edition. Oxford University Press, New York, 346 pp.

Rodriguez J, Chinchilla FA (1996) Lista de mamiferos de Costa Rica.
Revista de Biologia Tropical 44 (2): 877-890.

Rodriguez-Herrera B, Wilson DE (1999) Lista y distribucion de las
especies de murcié¢lagos de Costa Rica. Occasional Paper in Con-
servation Biology, Conservation International 5: 1-34.

Rodriguez-Herrera B, Chinchilla FA, May-Collado LJ (2002) Lista de
especies, endemismo y conservacion de los de mamiferos de Costa
Rica. Revista Mexicana de Mastozoologia 6 (1): 21-57.

Rodriguez-Herrera B, Ramirez-Fernandez JD, Villalobos-Chaves D,
Sanchez R (2014) Actualizacion de la lista de especies de mamife-
ros vivientes de Costa Rica. Mastozoologia Neotropical 21 (2):
275-289.

Simmons NB (2005) Order Chiroptera. In: Wilson DE, Reeder DM (Eds)
Mammal species of the world: a taxonomic and geographic reference
3rd edition. Johns Hopkins University Press, Baltimore, 312-529.

Sikes RS, The Animal Care and Use Committee of the American Soci-
ety of Mammalogists. (2016) 2016 Guidelines of the American
Society of Mammalogists for the use of wild mammals in research
and education. Journal of Mammalogy 97 (3): 663-688. https://doi.
org/10.1093/jmammal/gyw078

Timm RM, LaVal RK (1998) A field key to the bats of Costa Rica.
Occasional Publication Series, University of Kansas, Center of
Latin American Studies 22: 1-30.

Villalobos-Chaves D, Ramirez-Fernandez JD, Chacoén-Madrigal E,
Pineda-Lizano W, Rodriguez-Herrera B (2016) Clave para la iden-
tificacion de los roedores de Costa Rica. SIEDIN, Universidad de
Costa Rica, San José, 37 pp.

Woodman N, Timm RM (2016). A new species of small-eared shrew in
the Cryptotis thomasi species group from Costa Rica (Mammalia:
Eulipotyphla: Soricidae). Mammal Research 62 (1): 89—101. http://
doi.org/10.1007/s13364-016-0289-6


https://doi.org/10.1371/journal.pone.0085279
https://doi.org/10.1371/journal.pone.0085279
https://doi.org/10.2307/3504119
https://doi.org/10.11646/zootaxa.3878.1.2
https://doi.org/10.11646/zootaxa.3878.1.2
https://doi.org/10.1644/07-MAMM-A-349.1
https://doi.org/10.2307/3504187
https://doi.org/10.3161/150811008X331135
https://doi.org/10.3161/150811008X331135
https://doi.org/10.15560/11.5.1745
https://doi.org/10.15560/11.5.1745
https://doi.org/10.1093/jmammal/gyw078
https://doi.org/10.1093/jmammal/gyw078
http://doi.org/10.1007/s13364-016-0289-6
http://doi.org/10.1007/s13364-016-0289-6

