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HISTORY OF MAMMALOGY IN BELIZE
HISTORIA DE LA MASTOZOOLOGIAEN BELICE

Bruce W. Miller and Carolyn M. Miller

Neotropical Bat Risk Assessments Project, 11384 Alpine Road,
Stanwood, M1 49346, USA.
[batsncats@gmail.com]

ABSTRACT

Formally known as British Honduras, early reference to Belize often caused confusion with collection
records. Some trade skins may have been labeled “Honduras” or “Belize” reflecting the port of origin
of Belize City rather than the origin of the collection location. Scant early collections and records from
the mid-1800s exist with more focused collecting in the mid-1930s to early 1940s. Collecting increased
sporadically in the 1970s with more focused work in the early to mid-1980s. With increased interest and
efforts dedicated toward conservation, the establishment of protected areas and evaluation of wildlife
corridors, there was a large expansion of multi-taxa surveys throughout the country. Many surveys fo-
cused on the charismatic mammals such as jaguar, tapir, manatee, primates, and also bats. Those efforts
began in the late 1980s and continue to the present time. Unlike its Central American neighbors, Belize
does not have a national repository or collections of specimens and all are in other collections.

Key words: bats, big cats, British Honduras, mammals, small mammals.

RESUMEN

Antiguamente conocida como Honduras Britanica, la referencia de Belice causa confusion en sus re-
gistros. Algunos tratantes de pieles simplemente la llamaban “Honduras” o “Belice”, como reflejo del
puerto del mismo nombre para hacer referencia a todo un pais. Pocos registros y colecciones datan de
mediados del siglo XIX, mientras que las colecciones se incrementaron notablemente entre mediados
de la década de 1930y principios de la década siguiente. Un nuevo incremento, aunque esporadico, fue
evidente en la década de 1970, mientras que se dio un incremento considerable a partir de la década
de 1980, debido a interés progresivo y a esfuerzos de coleccion dedicados a la conservacion y al esta-
blecimiento de areas protegidas, asi como a la evaluacion de corredores de fauna silvestre, ademas de
la busqueda de varios taxones especificos a lo largo de todo el pais. Muchos trabajos se enfocaron en
animales carismaticos, como el jaguar, tapir, manati, primates y algunos murci¢lagos. Estos esfuerzos
comenzaron a finales de la década 1980 y contintan hasta el presente. En comparacion con sus vecinos
centroamericanos, Belice no tiene un depositario nacional o una coleccion de especimenes dentro de
su territorio; por lo tanto, este material se encuentra depositado en instituciones en el exterior.

Palabras clave: grandes felinos, Honduras Britanica, mamiferos, murciélagos, pequefios mamiferos.
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INTRODUCTION

Belize is situated in northern Central America, south of the Mexican states of Quintana Roo and
Campeche and east of the Department of Petén, in Guatemala. Belize lies between 15° and 19° N latitude
and is considered to be subtropical (Hartshorn et al., 1984).

The first recorded European settlement was established by shipwrecked English seamen in 1638
and over the next 150 years, more English settlements were established (USDS, 2012). At the time present-
day Belize was recognized as the Settlement of Belize in the Bay of Honduras prior to 1862 and British
Honduras from 1862-1973 (USDS, 2012). The official name of the territory was changed from British
Honduras to Belize in June 1973, and full independence was granted on September 21, 1981. Many early
collectors did not differentiate between the “British settlement in Honduras” and the Republic of Honduras
or “Spanish Honduras”, but recorded only “Honduras” or “Bay of Honduras” without additional locality
data (McCarthy, 1987) leading to confusion as to which early records actually were from present day Belize.

The varied geology has provided a wide variety of habitats for species distributions within this
small country (8,867 sq miles [22,966 km2]). The limestone shelf of northern Belize has geological
affinities with the Yucatan Peninsula (Wright et al., 1959). The southern limit of this peninsula can be
considered the fault line extending from north of the Maya Mountains westward through the northern
shore of Lake Petén-Itza, El Petén (Wadell, 1938; West, 1964). Effectively, the northern plain of Belize
and northern Petén are part of the Yucatan Peninsula.

The southern mainland is dominated by the low Maya Mountains. The Maya Mountains rep-
resent a heavily eroded Paleozoic formation that now ranges at the top from 671 to 853 m in eleva-
tion, with the highest peak at 1,113 m (Wright et al., 1959). Geologically and biologically, the Maya
Mountains and its subregion, the Mountain Pine Ridge, are unique in Central America. During the
Cretaceous period, when mainly limestones were deposited, a part of the ancient Permian landscape
of the original Maya Mountains stood above the level of the Cretaceous ocean as a low island, giv-
ing rise to the oldest land surface in Central America (Hartshorn et al., 1984). The geological origin
is unclear, but this former island apparently “slammed” into the Central American land mass during
active phases of continental drift. Geologically, the northern portions which include the Mountain
Pine Ridge area has been referred to as “suspect terrane”, distinct from the surrounding area. This
area was a fragment of land disassociated from other land masses for a long geological time; this
insular area may have promoted the evolution in isolation of some plants and animals and was likely
an important focus of Central American endemism (Means, 1997). While this may be the case for
some plants and amphibians, it does not appear to be the case for mammals.

It has also been suggested that the hardwood riparian corridors found along the steep sided
ravines of the Honduran pine dominated Mountain Pine Ridge may have been Pleistocene forest
refuges (Meave et al., 1991; Meave and Kellman, 1994) and are perhaps some of the oldest habi-
tats in Belize. The surrounding karst topography that encompasses these ravines was derived from
limestone and is the dominant geologic feature, common on the perimeter of the granitic Maya
Mountains (Hartshorn et al., 1984). This karst area includes a rich distribution of caves that serve as
roost and maternity sites for many bat species (Miller B.W., 2009).

In this summary we endeavored to cite the major publications with the descriptions of new
species, significant collections, checklists, and primary research from an historical perspective. Unlike
its Central American neighbors Belize does not have a national repository or collections of specimens
and all are in other collections. As this disparate mammal collection information is now generally
accessible via the Global Biodiversity Information Facility and the Mammal Networked Information
System (GBIF, 2013; MANIS, 2013), we have not included a list of specimens in those collections.
The national on-line Biodiversity & Environmental Resource Data System of Belize (BERDS, 2013)
provides extensive records where voucher specimens have not been collected. While not exhaustive,
the bibliography includes recent taxonomic changes as a foundation for future work within the country.

One of the main goals of mammalian ecologists in the tropics has been to assess species
richness and density of tropical-forest species in communities at several sites (Mares and Ernest,
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1995). With the exception of a few “charismatic” taxa, such as Jaguar (Panthera onca), West In-
dian Manatee (Trichechus manatus), Baird’s Tapir (Tapirus bairdii), bats (Chiroptera) and primates
(Primates), there have been few country wide inventory efforts documenting the mammalian fauna
within Belize. Such inventory efforts have only been undertaken over the past 20 years. This was in
part due to the fact that until recently there has been an absence of Belizean academics, and much
of the early history of mammalogy in Belize has been dominated by foreign or overseas researchers.

Many of the early mammal records were the result of limited surveys at specific locations, oth-
ers were linked to endeavors such archaeological excavation (e.g., the Royal Ontario Museum, ROM)
and human disease vector studies such as leishmaniasis (Disney, 1968). While many of the bird records
from investigations at archeological sites were published (e.g., Barlow et al., 1970), there were no specific
papers relating to the 1,437 mammal specimens collected and housed in the ROM. Over the past twenty
years, there have been accelerated field research and inventory efforts that centered on the establishment of
protected areas, biological corridors and other conservation related endeavors. We provide a review of the
historical work and follow with summaries of more recent work grouped by broad taxa.

HISTORY

The oldest mammalian records for Belize are fossils. The caves within the Maya Mountains karst topog-
raphy provided fossil records that include Tremarctos floridanus, the Florida Cave Bear (Miller T.E., 1989).
These caves also provided the second records of fossil bats for Central America (Czaplewski et al., 2003).
Among these records are the extinct Giant Vampire Bat (Desmodus draculae), recovered from a corridor
of Cebada Cave, a segment of the Chiquibul Cave System. Thousands of other complete bat skeletons
were found in the same cave corridor and represent several probable Holocene records. These include
at least six phyllostomids: Tonatia saurophila, Carollia subrufa or C. brevicauda, Sturnira sp., Artibeus
lituratus, Dermanura sp., and Centurio senex; and two vespertilionids: Lasiurus blossevillii, and L. ega
(Czaplewski et al., 2003). These are the only fossil vertebrates known from Belize (Spencer et al., 2007).

Within historical times the other extinction was Monachus tropicalis, the Caribbean Monk
Seal (Kenyon, 1977). The last authentic record of the species was an observation by C. Bernard Lewis
(Rice, 1973), in 1952, of a small colony on Seranilla Bank, a group of coral islands between Jamaica and
Honduras. Historical locations include México, Guatemala, Honduras, Colombia, Jamaica, Dominican Re-
public, Bahamas, Cuba and both Texas and Florida in the United States (Timm et al., 1997). Given a group of
off shore small islands called Seal Cays it is likely this species was once within Belizean waters. This is cor-
roborated by the account reported by Rice (1973) from Archie Carr, “...seals are once in a great while seen
between Belize, British Honduras, and the Yucatan Channel and the son of the Director of the Natural History
Museum in Mérida, Yucatan, had recently seen a seal at Isla Mujeres.” (Knudsen, 1977). Knudsen (1977)
also reported that the species had been seen between Punta Gorda (Belize) and Livingston (Guatemala).

The earliest published mammal records for Belize was a short account of the occurrence of
Eira barbara and Panthera onca seen by Joseph Leyland in 1855 and 1856, from Honduras and
Belize, published by Moore (1859). Other survey expedition reports list species that were hunted
(Miller W., 1887): “Although game of all kinds was met with all along the line it was not so plenti-
ful as might be supposed. The following species were shot at different times: antelope [= Brocket
Deer, Mazama americana], peccary [= White-collared Peccary, Pecari tajacu], waree [= White-lipped
Peccary, Tayassu pecari], gibnut [= Paca, Cuniculus paca], baboons [= Black Howler Monkey, Alouat-
ta pigra], quash [= White-nosed Coati, Nasua narica], and armadilla [= armadillo, Dasypodidae].”
The White-lipped Peccary (“warree”) was first reported from Belize (Temple, 1860).

Another early report from the former colony reported two notable species, Baird’s Tapir
(Tapirus bairdii) and Peccary (Pecari tajacu) and interestingly noted that at the time Belize was
considered poorly known: “Strange as it may seem in a colony so old, and only eighteen days from
England, the interior is less known than Central Africa” (Bellamy, 1889).

One of the early collectors in Belize was Francois J. S. Blancaneaux, who collected for
Osbert Salvin (1835-1898). Blancaneaux’s records were incorporated into Biologia Centrali-Americana
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(Alston, 1879-1882; Godman and Salvin, 1915). Among his mammal records were Sciurus deppei,
Hesperomys sumichrasti [= Heteromys sumichrasti] with no locality information other than Belize,
British Honduras. This likely referred to Belize City that was the point of embarkation to the British
Museum and did not include specific collection locations.

The earliest bat record appears to have been a specimen of Artibeus perspicillatus [= A. jamaicen-
sis] collected by O. Salvin on Half Moon Caye (Salvin, 1864) while collecting sea birds and was subse-
quently reported by George Edward Dobson (1845-1895; Dobson, 1878).

Additional early published mammal records include an observation of Rhynchonycteris naso: “In
September, 1875, whilst paddling in a dorey through a narrow and dark creek leading from Belize River,
Honduras [sic], to Reid’s Lagoon, we disturbed a number of small bats which were clinging to the trunks
and branches of the mangroves overhanging the water... These bats were about six inches [152 mm] in ex-
panse and of a grey color so exactly corresponding with that of the trees on which they settled as to be with
difficulty distinguishable even at a distance of only a few feet. They invariably clung to the trunk or bough
with wings expanded, and were never, so far as | noticed, suspended from the branches” (Archer, 1877).

Gaumer (1917) noted a few mammals in northern Belize incidental to his mammal survey of
the Yucatan in México. These included the tapir observed along the Rio Hondo and at Orange Walk
occurrences of the Jaguar (Panthera onca), Puma (Puma concolor) and Tayra (Eira barbara). It
was not until the 1930s that further mammal study was undertaken. The Museum of Zoology of the
University of Michigan mounted an expedition to Guatemala arriving January 26, 1931 at Belize
[= Belize City], British Honduras (Murie, 1935). The expedition included Adolph Murie (1899-1974)
who collected mammals, a botanist Harley Harris Bartlett (1886-1960), and an ornithologist Josselyn
Van Tyne (1902-1957). While their primary goal was to complete a survey at Uaxactun, the Depart-
ment of Petén, northern Guatemala, they also collected in Belize. Initially Murie spent about two weeks
collecting on the outskirts of Belize City. Held up from continuing to Uaxactun due to rains, he also
collected for a month south of El Cayo [= San Ignacio] in the Mountain Pine Ridge. Here he collected
and subsequently described a new subspecies Oryzomys couesi pinicola (Murie, 1932) and Burt (1937)
described a new subspecies Heterogeomys hispidus cayoensis, based on his collection. This collection
site was near the old camp of F. Blancaneaux, who collected for Salvin in British Honduras. Much of
Blancaneaux’s collections also came from this area later designated as the Blancaneaux Enclave. This is
now the site of Francis Ford Coppola’s Blancaneaux Lodge. This expedition appears to have been one of
the first to use mist nets for bats, although these were only used at Uaxactun in Guatemala (Murie, 1935).

During early 1935, the Carnegie Museum mounted the first biological expedition into the
Cockscomb Basin including the Maya Mountains and the adjacent coastal region of Belize, with
E. R. Blake and C. T. Agostini. Although this expedition was primarily ornithological in nature,
reptiles and mammals were also collected (McCarthy et al., 1993).

The next collecting effort was undertaken in September 1939 and included the largest
and most representative collection of mammals made from British Honduras at that time. This was by
I. T. Sanderson who collected mammals in British Honduras under the auspices of the Linnaean Society
of London and the British Museum. He spent six months collecting in the coastal area from Punta Gorda
in the south to Chetumal Bay, along the northern border. Unfortunately, the rodents, which were being
held for shipment until after the war, were destroyed by a hurricane (Hershkovitz, 1951). Sanderson sub-
sequently published a popular account of the collecting expedition (Sanderson, 1941).

Among the noteworthy specimens collected by Sanderson was the only record of Centronycteris
maximiliani [= C. centralis] for the country. Hershkovitz (1951) included a map that erroneously showed
Double Falls, where this specimen was collected, as being located on the Sittee River. Sanderson (1941)
did not provide adequate details to determine where his collecting locations were. We subsequently
determined the correct location of Double Falls based on a survey map (anonymous map, 1890) that we
located in the Belize Archives. Once this survey map from the 1890s was georeferenced and imported
into a GIS, we were able to accurately determine that these falls were within the Mayflower Bocawina
National Park and now called Bocawina Falls. The derived coordinates facilitated mapping records for
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that location from Sanderson’s collection. Hershkovitz (1951) subsequently published the notable
mammal accounts from this collection.

Sanborn (1941) studied the collections made by Blake and Agostini, and Sanderson. He
reported the first records of Trachops coffini [= T. cirrhosus] for Belize and were the first records
published since the original description of that species. Additionally, he noted that the C. centralis
specimen collected from a tree trunk in daylight represented a range extension north of Guatemala.
Two other species, Tonatia amblyotis [= Tonatia evotis] collected at Freetown on the Sittee River, and
Thyroptera tricolor, collected 15 miles (24 km) west of All Pines in what is now the Cockscomb Basin
Wildlife Sanctuary were also reported.

A substantial number of mammals were collected primarily in the Cayo District during epidemi-
ology studies of dermal leishmaniasis (Lainson and Strangways-Dixon, 1964; Disney, 1968); however,
only preliminary identifications of these mammals were published (McCarthy et al., 1993). Similarly,
Pedro N. Acha with the Pan American Health Organization investigated mammals for the incidence of
rabies in western Cayo District, during 1961 and 1962 (McCarthy et al., 1993).

The first records of Cyclopes didactylus was reported by Jones and Carter (1972). These re-
cords were based on a British Museum specimen collected at Mopan in 1888, and another obtained by
R. H. Disney in 1964 at Santa Familia, near present day San Ignacio.

In 1975, Ralph D. Kirkpatrick and Anne M. Cartwright prepared the first mammal checklist
(Kirkpatrick and Cartwright, 1975) from the literature, consulting people who were working in Belize
and from their own collections made during the summers of 1972 and 1973. They did not include marine
mammals known to occur in Belizean waters of the Caribbean. This list totaled of 89 species representing
11 orders and 28 families. Cartwright (1977) continued collecting bats and studying reproduction and
ecology. Additional bat records were subsequently published from bat collections they made at a number
of caves. These included the first records for Balantiopteryx io and Peropteryx kappleri, and noted the
occurrence of several other species: Desmodus rotundus, Glossophaga soricina, Rhogeessa tumida and
Myotis keaysi (Kirkpatrick et al., 1975; Cartwright and Kirkpatrick, 1977). They also reported snap trap-
ping several rodents with a new record, Oryzomys fulvescens mayensis, for Belize along with Sigmodon
hispidus and Oryzomys palustris (Kirkpatrick et al., 1975).

The next mammal list published was an appendix included in a summary of Belize’s natural
features and was compiled under the auspices of the United States Agency for International Develop-
ment (USAID) program (Hartshorn et al., 1984). This list included marine mammals and local com-
mon names, totaling 115 species representing 11 orders and 31 families. The late Timothy J. McCarthy
(1947-2011) worked in Belize from 1974 to 1993 contributing to the knowledge of mammals in Be-
lize (Gonzélez-Ruiz and Arroyo-Cabrales, 2011). Initially he worked as a consultant to the Ministry of
Agriculture and Fisheries on Education of Agricultural Officers for the control of vampire bats. McCar-
thy was well known for his bat studies beyond the vampire control program as he continued field work
regionally and within Belize (McCarthy, 1982a, 1987; McCarthy and Blake, 1987; McCarthy et al.,
1993). He also completed the first checklist of the bats for Belize, totaling 66 species (McCarthy, 1976).

Aside from McCarthy’s bat work, much of the baseline knowledge of the mammals of Belize
through the mid-1980s was based on his work. In addition to peer-reviewed publications, he also contrib-
uted to educating the public about Belizean mammals through the Belize Audubon Society publications
and other national publications (McCarthy, 1976, 1979, 1980a, b, 1983a, 1986a, 1986b).

Among these publications was the compilation of a complete mammal checklist (McCarthy, 1983b)
and notes on records of specific taxa that included Chironectes minimus (Didelphidae), Cabassous centralis
(Dasypodidae), Cyclopes didactylus (Cyclopedidae), Heteromys gaumeri (Heteromyidae), Puma yagoua-
roundi (Felidae), and Bassariscus sumichrasti (Procyonidae) occurrences (McCarthy, 1982b; 1zor and Mc-
Carthy, 1984; McCarthy, 1986b, 1992). In an early paper he speculated on the possibility of Cebus capucinus
occurring in Belize (McCarthy, 1982b) which will be addressed further in the review of erroneous records.

McCarthy (1983a) provided the first critical review of mammal related publications such as
the mammal checklist included in Hartshorn et al. (1984) noting that several important references,
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i.e., Hollister (1914a, b), Hershkovitz (1951), Gardner (1973), Eger (1974), and Kirkpatrick and
Cartwright (1975), were overlooked and not taken into consideration.

During the late 1980s and early 1990s there were countrywide conservation efforts to develop
management plans, establish new protected areas and consider establishment of biological corridors.
Some of these first efforts included critical habitat reviews and sparked a flurry of baseline faunal
inventories of existing and potential protected areas. These frequently focused on the charismatic taxa
such as primates (Primates), big cats (Felidae) and the manatee (Trichechus manatus).

Mammal monitoring protocols were developed for the Selva Maya (Miller B.W. and Miller
C.M., 1999) but funding was never available to implement either regional or countrywide mammal
monitoring programs. Several pilot projects evaluating the efficacy of using acoustic monitoring for
bats were completed. One in 2006 included collaborating with conservation non-governmental organi-
zations (NGOs) at four locations from north to south and in 2010, another at the Rio Bravo Conserva-
tion Management Area (RBCMA). An acoustic monitoring program for bats that began in 2011 in the
Toledo District is ongoing. A three year (2001-2003) dusk to dawn acoustic bat monitoring program
in the Gallon Jug Estate compared bat activity with moon phase illumination and weather variables
including wind speed, temperature and rainfall (B. W. Miller, unpublished data).

What follows are reviews of broader taxa groups beginning with bats. The first bat record was
a report of Rhynchonycteris naso on a small creek from the Belize River to Reid’s Lagoon (Archer,
1877). Other early papers with information on bats in Belize include (Sanborn, 1937, 1941; Hershko-
vitz, 1951; Peterson, 1965; LaVal, 1973; Eger, 1974).

Bats were collected in Belize during the summers of 1972, 1973, 1975, and 1976 using a vari-
ety of collecting techniques by Cartwright (1977). These collections provided data for the examination
of reproduction patterns and was one of the first long term bat studies in the country. McCarthy subse-
quently focused on bats within Belize (McCarthy, 1976, 1987; McCarthy and Blake, 1987; McCarthy
et al., 1993) including the first checklist of bats (McCarthy, 1980a).

The first community study of bats was based on mist netting in southern Belize’s Toledo
District, suggesting that species diversity indices changed seasonally and generalized that the bat
community consisted of a few common and several uncommon species (Serach et al., 1981). Netting
surveys at what is now the Blue Hole National Park, 20 miles (32 km) south of the capital Belmopan
resulted in 32 specimens collected representing nine species, including the first record of Mimon
crenulatum (Ruiz, 1983). Another study explored whether bats could be used as environmental in-
dicators within a managed forest was completed in the RBCMA (Smith, 1984). A detailed bat com-
munity study and landscape assessment of the bats of Belize was completed in 2003 (Miller B.W.,
2003a) followed by a risk assessment (Miller B.W., 2009).

A landscape level assessment looked at distributions of the two species of short-tailed fruit bats
(C. perspicillata and C. sowelli) in relation to the distribution of 23 species of plants in the genus Piper
for which they are the primary seed dispersers was completed. It was found that these two closely related
bat species are not using the same Piper resources equally: P. jacquemontianum was found to contribute
nearly 19% to the ecological niche distribution model of C. perspicillata, while for C. sowelli only 4%.
Conversely, P. yucatanense contributed 17% to the niche distribution model of C. sowelli, while it was
less than 3% for C. perspicillata (B. W. Miller and C. M. Miller, unpublished data).

Bats were included during environmental impact studies prior to the construction of the
Chalillo Dam on the Belize River, as well as biodiversity reconnaissance in the Chiquibul Forest Re-
serve, Chiquibul National Park, Cuevas and Puente Natural and Shipstern Nature Reserve. Other envi-
ronmental appraisals included surveys at Las Sierritas, Toledo District with karst hills replete with caves
destined to be blasted and used for fill for the Southern Highway road construction, and post Chalillo
Dam construction assessment of the adjacent forest (B. W. Miller and C. M. Miller, unpublished data).

Beginning in 1995 there were countrywide bat surveys utilizing mist nets, harp traps and
acoustic methods (Miller B.W., 2001a, b, 2003a, b, 2009, 2011; O’Farrell and Miller, 1997, 1999).
New country records from acoustic surveys included Pteronotus gymnonotus (Miller B.W., 2003a) and
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Eumops hansae netted on the Gallon Jug Estate (Reid, 2009). Many of these surveys were referenced
in popular articles (Miller, 1997; Zorpette, 1999; Ebersole, 2000; Guynup, 2000).

While the archeological site of Lamanai is known for primate studies, a number of bat studies
were undertaken there as well (Fenton et al., 2000; Fenton et al., 2001; Biscardi and Orprecio, 2002).
Other bat work was completed at Possum Point Biological Station on the Sittee River (Higdon and
Forbes, 2002) and in 2008 at the Las Cuevas Field Station.

Taxonomic updates subsequent to Simmons (2005) include recently recognized species that
changes the known bat fauna for Belize. These include Carollia sowelli, as a separate species from what
was considered C. brevicauda (Baker et al., 2002); Rhogeessa aeneus, as distinct from R. tumida (Baird
et al., 2008, 2009); Molossus alvarezi, previously recognized in Belize as M. sinaloae (Gonzélez-Ruiz et
al., 2010); and Natalus mexicanus, previously assumed to be N. stramineus (Ldpez-Wilchis et al., 2012).

Other large mammals studied include Trichechus manatus and Tapirus bairdii. The first,
T. manatus assessments were those of Charnock-Wilson (1968, 1970), and Bengston and Magor
(1979). Aerial surveys for manatees in Belize were undertaken by O’Shea and Salisbury (1989, 1991).
The Belize population of T. manatus constitutes the largest extant population in the Caribbean (O’Shea
and Salisbury, 1991). Within Belize, T. manatus occurs throughout the coastal zone (Bengtson and
Magor, 1979; O’Shea and Salisbury, 1991). Platt et al. (2000) reported completing surveys of Turneffe
Atoll that had not been included in previous surveys. Solitary individuals were encountered in North-
ern Lagoon (1996 and 1997), Central Lagoon (1994), and a group of three were noted in Southern
Lagoon (1995) (Platt et al., 2000). Currently, International Union for Conservation of Nature and
Natural Resources (IUCN) considerers the Belize population likely decreasing and vulnerable with a
population estimates of 700 animals (Deutsch et al., 2008).

Tapirus bairdii is one of the other charismatic large mammals, occurring within Belize and is
the “National Mammal”. Studies focusing on this species began with the ecology and impact of hunting
(Fragoso, 1983, 1987, 1991). Matola et al. (1997) discussed the status of T. bairdii in Belize with popula-
tion estimates between 680 to 3,300 individuals. Additional, notes on conservation and distribution of
T. bairdii have been subsequently published (Matola, 2002; Caro et al., 2004).

There have been a number of carnivore studies in addition to the two big cats, Panthera onca and
Puma concolor within Belize. We discuss the focal studies on the two large cats separately. One of the
first carnivore studies was a comparison of four species of sympatric carnivores, three felids Leopardus
pardalis, L. wiedii, and Puma yagouaroundi, and the Tayra (Eira barbara), in the Cockscomb Basin in
1985-1986. No significant habitat associations were found for these species (Konecny, 1989). Mammals
were included in broad wildlife surveys of the Rio Bravo Conservation Management Area in 1990 (Haysmith
et al., 1990). Another study examined habitat use of four carnivores in the Mountain Pine Ridge Forest
Reserve (Davis et al., 2011). These four were Leopardus pardalis, Puma concolor, Panthera onca and Urocy-
on cinereoargenteus. They suggest that these predators do not spatially partition habitat (Davis et al., 2011).

Seven camera-trap surveys combining mark-recapture statistics across two habitat types in
western Belize determined that Leopardus pardalis were active mostly at night and they travelled on
roads more than established and newly cut trails (Dillon and Kelly, 2007). Trap success was reported
to be relatively high in the rainforest (2.1-6.2 captures per 100 trap nights) and low in the pine forest
(0.1-0.2 captures per 100 trap nights). Camera trap density estimates were 25.8-25.9 per 100 km? in the
broad-leaf, versus 2.3-3.8 per 100 km? in the pine forest (Dillon and Kelly, 2007).

Canid related papers have been limited to Urocyon cinereoargenteus examining diets (Novaro
et al., 1995). There are anecdotal reports of the coyote (Canis latrans) seen in Belize with the first veri-
fied record was the capture of an individual 15 June 1996 on the Gold Button Ranch in northern Belize,
along the Rio Hondo (Platt et al., 1998). While not widespread this species appears to have arrived from
Mexico and may use roads as corridors. We have subsequently observed sporadic occurrences repeated
over the course of several years of coyotes in the Gallon Jug area in northwest Belize preyed upon deer.

Big cat studies, primarily the Jaguar (Panthera onca), have been a focus within Belize since
Rabinowitz’s initial work in the Cockscomb Basin (Rabinowitz and Nottingham, 1986) and included
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discussion of the first livestock predation issues (Rabinowitz, 1986). Watt (1987) completed a study
of jaguar scat and parasites and published a popular account (Watt, 1989) of her experiences living
and studying jaguars in the jungles of Belize, including an account of a bicycle race across the coun-
try as the first effort to raise funds for jaguar conservation.

Camera trap and density estimates for jaguars became a focus as conservation manage-
ment moved to the forefront during the late 1990s and 2000s. Follow up jaguar surveys included
the Cockscomb Basin Wildlife Sanctuary (Silver and Ostro, unpublished data, 2000), Gallon Jug
Estate in nortwest Belize (C. M. Miller, unpublished data, 2005) and the Chiquibul National Park
(Silver et al., 2004; Kelly et al., 2008).

Subsequent studies included scat sniffing dogs in conjunction with camera traps (Wultsch,
2008) and a study in the Gallon Jug Estate where jaguar track measurements were investigated as a
potential survey method (C. M. Miller, unpublished data). The result of this study determined that it
was not possible to identify individuals based on tracks. A number of subsequent papers examined
jaguar and live stock issues (Miller C.M., 2002).

As one of the big cats, pumas (Puma concolor) were frequently recorded during camera trap
based studies prompting attempts to quantify their densities as well (Kelly et al., 2008). Comparisons
of habitat use and temporal interactions between jaguars and pumas were also studied (Harmsen et al.,
2009; Foster et al., 2010; Harmsen et al., 2010). Wultsch (2008) worked on developing a standard-
ized protocol for large-scale molecular scatology study including all of the cat species, examining the
genetic structure and variation of cat populations and connectivity of populations. She used molecular
scatology approach to estimate population densities and sex-ratios of feline species across multiple
protected areas compare two noninvasive monitoring techniques in cat conservation: genotyping feces
and remote camera tracking (Wultsch, 2008).

Primates have attracted considerable attention within Belize. There have been focused
many studies of two species: Yucatdn Black Howler Monkey (Alouatta pigra) and Geoffroy’s
Spider Monkey (Ateles geoffroyi). One of the first noteworthy reports was a population reduction
of both species in southern Belize as the result of a yellow fever outbreak in 1957-1958 (Frost,
1977). Among the first focal studies were Horwich and Johnson (1984, 1986) and a series of
23 field surveys that included behavioral studies, review of the taxonomic and conservation status
and first Alouatta pigra relocation project (Dahl, 1984, 1986, 1987; Dahl and Hemingway, 1989).
Additional translocations of Alouatta pigra into the Cockscomb Basin followed (Ostro et al.,
1999; Ostro et al., 2000; Kleiman et al., 2002; Strum, 2005).

Twenty-nine locations were surveyed in and around the Chiquibul Forest, the Bladen Nature
Reserve, and in the Dolores Estate, in the extreme south-west of Belize, focusing on Ateles geoffroyi
(JF Dahl, K N Karas, and P S Durham, unpublished records). Dahl concluded that the two subspecies
Ateles vellerosus yucatanensis and A. v. pan comprised distinct species within A. vellerosus vellerosus
group and emphasized that the biota of the Toledo District of Belize and the Petén refugia are unique.
The remnant populations of A. v. yucatanensis are restricted to relatively small areas of primary forest in
the Chiquibul and the more extensive Bladen area warranting protection as a large biological corridor.
Seasonal variation in sexual segregation in spider monkey was later studied by Hartwell et al. (2011).

Other recent primate work includes: Bolin (1981), Cornick and Markowitz (2002), and Notman
et al. (2011). The population in the Lamanai Archaeological Reserve in northwestern Belize has also
been the focus on a number of studies (e.g., Grossberg et al., 2003; Ostro et al., 2001; Arrowood et al.,
2003; Gavazzi et al., 2008). Numerous other studies of A. pigra were conducted within the Community
Baboon Sanctuary (James et al., 1997; Silver et al., 1998) as well as those leading to conservation of the
species (Horwich, 1990; Bruner, 1993; Horwich and Lyon, 1995; Marsh, 1999; Alexander, 2000).

Inventory efforts of small mammal studies in the tropics are often difficult. Trapping small
mammals in tropical forests is difficult, in part due to low densities. Researchers often use less time-
consuming methods to sample ever larger areas to maximize both number of species and total captures, but
unavoidably obtaining less data on individuals even in well-defined areas (Mares and Ernest, 1995).
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Many, if not most, small mammals in tropical forests are either partially or primarily arboreal. Thus, proto-
cols designed to sample a broad spectrum of species become increasingly difficult to conduct. While small
mammals have not received a large amount of attention within Belize there have been several studies.

These include documentation of Heteromys gaumeri in riparian, deciduous seasonal forest at
Honey Camp Lagoon, Orange Walk District (Izor and McCarthy, 1984). Karyotypes and chromosomal
banding patterns of six species of small mammals (Marmosa robinsoni, Heteromys desmarestianus,
Oryzomys couesi, Ototylomys phyllotis, Peromyscus mexicanus, and Sigmodon hispidus) from Belize
were compared to those presented in the literature (Burton et al., 1987). The role of small mammals as
seed dispersers has also studied in southern Belize (Brewer and Rejmanek, 1999).

A study on trapping success included three metrics that were evaluated in the Bladen Nature
Reserve in southern Belize. Sampling was comprised of walking transects and live trapping with Sher-
man and Tomahawk traps resulting in documenting 33 non-volant mammal species (Caro et al., 2001a).

Comparisons of the small mammal fauna were made between the Chiquibul Forest Reserve and
other three sites within the Maya Mountains to determine how sampling results varied between loca-
tions within the same habitat (Caro et al., 2001b). They suggested mammal sampling should focus on
sampling at multiple sites, rather than increasing time at a single site as they found a disparity of species
between sites within what they assumed to be the same habitat. This variation would better be explained
had they understood that the landscape sampled was comprised of vastly different habitats rather than
assuming sampling it was all the same under the generic classification of subtropical wet forest. Small
mammal (less than 1,500 g) diversity and density were examined by grid trapping in four trapping ses-
sions over a two year time period at Las Cuevas Research Station with the resulting effort indicating low
densities of small (less than 200 g) mammals in the area (Kelly and Caro, 2003).

Marine mammal work within Belize has been scant. Dudzinski et al. (1995) documented
the behavior and investigated human interaction of a solitary female Tursiops truncatus that had re-
mained for at least eight years in waters surrounding Northern Two Cay, Lighthouse Reef Atoll. Site
preference and habitat use by T. truncatus at Turneffe Atoll was investigated using survey routes
and counts of animals seen. Ten sites were the focus of a study that covered a range of locations
throughout the southern two-thirds of Turneffe Atoll and encompassing four key habitat types. Data
were collected from fall 1995 through spring 1996 (Grigg and Markowitz, 1997).

There have been many generalized surveys and inventories across the county that included mam-
mals. These were not necessarily linked to the protected area network per se and frequently were the
result of required environmental impact assessments (EIA) in areas slated for development. One of the
most prolific in conducting such assessments that included mammals has been Jan Meerman (Meerman
1993, 19954, b; Meerman and Boomsma, 1995; and other unpublished documents).

Additional surveys in Belizean mammalogy include: Bengtson and Magor (1979), McCarthy
(1986a), Morales-Vela et al. (2000), Platt et al. (2000), Bowen-Jones (2001), and Engilis et al. (2012).

DISCUSSION

There are 28 families, 92 genera and 122 species of mammals documented from Belize. Bats make up
28% of the families, 51% of the genera and 59% of the species. While not linked to a landscape level
distribution assessments the varied species occurrences from environmental impact assessments and sur-
veys noted above have provided a general understanding of the distribution of key mammal species
within the country. Distribution information compiled from these reports has been used for national
conservation planning (e.g., B.W. Miller and C.M. Miller, 1995; Meerman, 2005a, b; Briggs et al., 2013)
and compiled in the on-line Biodiversity and Environmental Resource Data System of Belize (BERDS,
2013). This website provides the most comprehensive database within Belize.

While there have been errors in identifications in published accounts and a number of recent
taxonomic changes noted above that redefine the occurrence of recognized species within Belize,
two remain persistent on varied lists of mammals (Myrmecophaga tridactyla and Cebus capucinus).
We discuss the origins of these in detail below.
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The occurrence of the Giant Anteater (Myrmecophaga tridactyla) in Belize has been traced back
to anecdotal reports and conjecture. The northernmost report from southern Belize near Punta Gorda was
based on an undocumented personal communication (Alston, 1879-1882). This was a third hand report
of the Giant Anteater by a Mr. Sarg who related an anecdotal observation to Godman and Salvin (1915)
that one had been killed near Punta Gorda, on the coast of the Bay of Honduras. This has been the basis
for the assumption that at one time this species did occur within Belize.

The first verified recorded of the Giant Anteater from Honduras was an adult captured in the
lowland tropical rainforest in 1996 by a Miskito Indian (McCain, 2001). During a 3.5 year (2001-
2005) Honduran Program of Biological Monitoring, four new records of the Giant Anteater were
verified in the Honduran Mosquitia (Reyes et al., 2010). Based on the results of this program it was
suggested that the Giant Anteater may have been eradicated from the Honduran Caribbean and within
Honduras it is only extant in La Mosquitia (Reyes et al., 2010).

Although this species is still included on widely circulated mammal lists for Belize, we concur with
McCarthy (1983a) that this species never occurred within Belize and the single record relates to a trade skin
possibly from Honduras and was shipped from Belize City with the origin labeled as British Honduras.

The other persistent species found on Belize mammal lists has been the White-throated Capuchin
Monkey (Cebus capucinus). This apparently stemmed from a report that among the specimens examined
for the description of the new subspecies (C. capucinus limitaneus) there was a single skin from British
Honduras (Hollister, 1914a). As with Myrmecophaga tridactyla, this likely was one of the many trade
skin tags that were based on the port of origin Belize, British Honduras, and not the collection location.
McCarthy (1982b) did suggest that the Cebus capucinus might occur in southern Belize and that further
documentation was necessary for verification. He cited Handley (1950) who suggested that as the spe-
cies had been reported from Lake Izabal in Guatemala, it was possible that the species might be found in
the heavy forests of the coastal region of southern Belize. In his conjecture, McCarthy (1982b) included
two anecdotal observations that while not verified, he considered reliable. One report was a troop of
30-40 individual monkeys seen along the Monkey Tail Branch of the Macal River, in the Cayo District,
and the other in the Trio Branch drainage in the Toledo District. With these reports, the possibility of the
occurrence of the species suggested a greater survey effort was required for verification (Dahl, 1984).

Subsequent intensive primate surveys in southern Belize failed to detect Cebus. Despite
numerous informants’ enthusiastic reports of “white-faced monkeys,” there was no evidence of
Cebus and careful cross-examination indicated that these sightings were clearly suspect (Dahl, 1987).
Throughout Dahl’s 23 field surveys in Belize and numerous interviews with local informants, he was
unable to find any evidence to support the existence of Cebus in Belize (Dahl, 1984, 1986, 1987). The
previous reports (McCarthy, 1982b) of this monkey along the Trio Branch and in the Chiquibul Forest
could not be substantiated despite surveys conducted in the areas described above (Dahl, 1987).

Over the 25 years that we worked in forested areas throughout Belize, including areas of the anec-
dotal accounts reported by McCarthy (1982b), we have had no verified sightings. We have also undertaken
a number of follow-up field investigations after hearing similar reports and in all cases we encountered
Ateles geoffioyi. The coloration of this monkey is highly variable between the subspecies (Emmons and
Feer, 1997; Reid, 2009). Hall (1981) indicated that the range of A. geoffiroyi yucatanensis extended through
most of the northern and central areas of Belize and 4. geoffioyi vellerosus occupied southern Belize.

Primates have been well studied as focal taxa within Belize. If Cebus was present we are
certain this would have been verified. Based on our experience what are reported as “white-faced
monkeys” and assumed to be Cebus have been 4. geoffroyi. Dahl who searched specifically for
this species commented (in lit.) “Several informants were enthusiastic about having seen what
| described as Cebus but on more exacting questioning, they were clearly seeing Kinkajous, Potos
Slavus (it has a short nose, it has a prehensile tail, it has grasping hands, is active at night - which is
what | suspected this monkey would be doing similar to Howlers).”

Dahl, who now heads the Deep Forest Field School in Atlanta, corroborated our conclusion that
Cebus does not occur in Belize. “This conclusion is based on survey work in a total of 141 km? (12 sites)
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between elevations of 15 and 920 m (Dahl, 1984) as well as work on Ateles in another 24 areas scat-
tered throughout Belize mostly in the south. The best bet for finding them had they been there was in the
extreme southwest, but during the Dolores Expedition | neither saw nor heard signs.”

Another unsubstantiated published record warrants clarification. Saccopteryx leptura was re-
ported from Lamanai in the northwestern part of Belize by an unverified visual observation at a roost
(Fenton et al., 2001). The vocal signature of this species is readily identified, unmistakable and differ-
entiated from the widespread conspecific S. bilineata (O’Farrell and Miller, 1999; O’Farrell et al., 1999;
Miller B.W., 2003b, 2004). More than a decade of countrywide acoustic and harp trap surveys and sub-
sequent ecological niche models indicate S. leptura is restricted to the wetter southern half of the country
(Miller B.W., 2009) and occurs under different ecological conditions and habit types than at the re-
ported Lamanai location. Acoustic surveys at Lamanai indicated that while wide spread habitat generalist
S. bilineata, was abundant there were no vocal signature recordings matching those of S. leptura.

Historically, the peccary has been an important species as a food source for people dating back
to the time of the Maya (Fridberg, 2005). General wildlife management of Collared Peccary (Pecari
tajacu) and White-tailed Deer (Odocoileus virginianus) was discussed (Frost 1977, 1981) during a
study of hunting of wildlife and early conservation programs in Belize. Altrichter et al. (2011) pro-
vided a more recent discussion of the conservation status of Tayassu pecari.
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Realmente, tanto los editores como los
autores han llevado a cabo un esfuerzo
profundo y concienzudo por documen-
tar el estudio de los mamiferos en cada
pais de Latinoamérica, las Guayanas y
el Caribe. Para quien quiera entender
la historia de la mastozoologia en la re-
gion, es obligada la lectura de este libro,
de cada capitulo y de cada detalle. Sélo
yuxtaponiendo los distintos capitulos
en su continuo espacio-temporal podre-
mos comprender cémo hemos llegado
hasta aqui, las contribuciones relativas
de individuos particulares y cémo cada
pais ha hecho su esfuerzo para estudiar

a sus propios mamiferos. Para terminar, no puedo menos que recordar
un texto de Jorge Luis Borges: “Que otros se enorgullezcan por lo que
han escrito, yo me enorgullezco por lo que he leido”.
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