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ABSTRACT

Here we provide a compilation of bat distribution records based on neontological and
paleontological data, updating the known distribution in Matanzas province, the Isle of Pines,
and Central Cuba. From 97 collecting localities in the Province of Matanzas, we report 27 taxa
out of the 34 known from the Cuban archipelago; 21 of them are extant while the other six are
extinct. Antrozous koopmani and Natalus primus are considered locally extinct in Matanzas,
as in most of the archipelago today, but had a wider distribution in the past that lasted until
very late in the Holocene. The extinct endemics, Artibeus anthonyi, and Phyllops vetus, are
reported for the first time in the province, and the distribution records of Phyllops falcatus,
Lasiurus pfeifferi, Lasiurus insularis, Chilonatalus macer, and Eumops ferox are updated and
expanded. These records make Matanzas the second richest province in bat diversity of the
Cuban archipelago and an area of considerable conservation potential.
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RESUMEN

Se hace una actualizacion del registro de murcié¢lagos para la provincia de Matanzas,
Isla de Pinos y zona central de Cuba, basada en reportes paleontoldgicos y neontologicos de
un total de 97 localidades de colecta. Para la provincia de Matanzas reportamos 27 especies de
34 registradas, entre extinguidas y vivientes, representando un 79 % de la quiropterofauna
conocida y mas del 84 % de las especies vivientes del archipiélago cubano. Las especies en alto
riesgo de extincion Antrozous koopmani 'y Natalus primus, aunque localmente extintas en la
provincia, como en la gran mayoria de la isla, presentaron un registro fosil que sugiere una mayor
distribucion hasta el Holoceno tardio. Las especies extinguidas endemicas Artibeus anthonyi
y Phyllops vetus se reportan por vez primera para Matanzas. Ademas, se actualizan y expanden
los registros de Phyllops falcatus, Lasiururs pfeifferi, Lasiurus insularis, Chilonatalus macer
y Eumops ferox. Las nuevas localidades y registros hacen de la region de Matanzas la segunda
provincia de mayor diversidad quiropterologica del archipiélago cubano, distinguiéndose como
un area de considerable potencial para la conservacion de los murci¢lagos de Cuba.

Palabras clave: murciélagos, Matanzas, fosiles, Cuba, extincion, biogeografia.
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INTRODUCTION

The Cuban archipelago is a center of bat biodiversity in the Antilles. The main island of
Cuba, including the Isle of Pines and surrounding keys, have the greatest bat richness with
27 living species, seven of them endemics, representing nearly half (45 %) of the recorded species
of the entire Antillean sub-region (Silva Taboada, 1979; Morgan & Wood, 1986; Morgan, 2001;
Mancina & Garcia, 2011; Mancina, 2012). Of this fauna, 16 species (60 %) utilize caves for
roosting or diurnal refuge, of which 10 (37 %) are considered strict cave-dwellers. Fewer species
are arboreal (Silva Taboada, 1979; Mancina, 2012). In addition to the current diversity, there
are seven species (excluding the extinct M. magna) of which two, Mormoops megalophylla
and Desmodus rotundus, are extirpated. So far, four species are considered accidental
records: Eumops perotis, Lasiurus cinereus, Myotis sodalis and Ariteus flavescens
(Gundlach, 1868; Silva Taboada, 1979; see Balseiro, 2011, for an alternative interpretation).

Identifying sites or areas of high species richness and providing inventories of their
diversity are among the most important aspects of conservation (Longino & Colwell, 1997;
Sanchez-Lozada et al., 2018). Since Gilberto Silva Taboada’s work on Cuban bats (1979), the
chiropteran fauna within the region of Matanzas, among others in the archipelago, has been
partially updated or reassessed. The most recent have concentrated on providing inventories
from National Parks or Park Reserves, which have nevertheless provided new locality records
throughout the archipelago (Diaz-Franco, 2005; Mancina, 2011, 2012; Mancina & Garcia, 2011;
Garcia & Mancina, 2011; Balseiro, 2011; Borroto-Paez & Mancina, 2017; Sanchez-Lozada
et al., 2018). However, most of these recent compilations did not include paleontological
data or subfossil/fossil-derived records, which we consider important for the understanding
of former fauna diversity and changes in local distribution; both which are imperative for
long-term conservation planning. Recent paleontological data have already hinted at the
region’s rich historical diversity (Viera, 2004; Viera & Orihuela, 2006; Orihuela, 2011,
2010, 2013; Orihuela & Tejedor, 2012), but these have not been assimilated into some of the
current distributional compilations or inventories (Garcia & Mancina, 2011; Mancina, 2012;
Sanchez-Lozada et al., 2018).

OBJECTIVES

- Our goal here is to present a species-location compilation based on paleontological
and neontological records available since the XIX century, including 41 new localities and
observations that are absent from previous inventories or species distribution research.

MATERIALS AND METHODS

The records are based on observations, sample collections, and paleontological work
executed between 1995 and 2018. Identification and systematic taxonomy follow Silva Taboada
(1976, 1979), Silva Taboada and Vela (2009) and Mancina (2012). We considered
Antrozous koopmani as an endemic species (Silva Taboada, 1976; Silva Taboada & Vela,
2009), although it has been considered as a subspecies of the continental form A. pallidus
(Simmons, 2005; Fig. 2). The extinct Mormoops magna is here tentatively considered
conspecific with Mormoops megalophylla, and Desmodus puntajudensis is considered a full
synonym of Desmodus rotundus (Orihuela, 2010, 2011).
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Species abbreviations. The species roster is organized alphabetically based on taxonomic
abbreviations as follows: Artibeus anthonyi (AA), Artibeus jamaicensis parvipes (Ajp), Antrozous
koopmani (AK), Brachyphylla nana (Bm), Chilonatalus macer (Chm), Desmodus rotundus
(DR), Eumops ferox (EY), Eptesicus fuscus dutertreus (Efd), Erophylla sezekorni (Es), Lasiurus
insularis (Li), Lasiurus pfeifferi (Lpf), Mormoops blainvillii (Mb), Mormoops megalophylla
(MM), Molossus molossus tropidorhynchus (Mmt), Monophyllus redmani clinedaphus (Mrc),
Macrotus waterhousiei minor (Mwm), Nycticeius cubanus (N¢), Noctilio leporinus mastivus
(NIm), Natalus primus (Npr), Nyctiellus lepidus (Nyl), Phyllops falcatus (Pf), Phyllonycteris
poeyi (Pp) and Phyllops vetus (PV). Taxa abbreviations and valid subspecies follow Silva Taboada
(1979) and Tejedor (2011). Validity follows Simmons (2005). Subspecies were included only for
the purpose of creating the abreviations, and discussed in the text where necessary. All capitals
indicate extinct/extirpated species. The subspecies pertain to those recognized for Cuban species
(Silva Taboada, 1979). An asterisk (*) indicates species reported only from fossil or subfossil
material. Only species that were irrefutably identified were counted in our records. Uncertain
records, such as Nyctinomops macrotis from Cueva de la Caja (Viera, 2004) or a live specimen of
Antrozous koopmani from the region of Guamuhaya (see Mancina, 2012) are not counted here,
largely because these specimens were not preserved or lack any other form of record and are thus
not available for study or confirmation. Species referred and illustrated here were donated to the
Museo Nacional de Historia Natural, La Habana, Cuba, but not all have been cataloged.

Rarity indices were calculated to represent abundance-collection frequency following Silva’s
Taboada (1979) equation = VVAF/10; where A stands for specimens resulting from collection or
observation, and F stands for the total number of collecting stations from which the A collection
originated. The resulting score was arbitrary organized as follows: very common (> 15 collection
localities), common (11-15), scarce (6-10) and rare (< 5).

Localities. The collection or sampling localities are organized in occurrence (Fig. 1). Our locality
list includes a compilation of previous reports (Gundlach, 1868; Chapman, 1892; Miller, 1904;
Allen, 1911, 1917, 1918., Anthony, 1917; Barbour, 1945; Aguayo, 1950; Silva Taboada, 1974,
1976, 1979; Garrido, 1980; Mancina et al., 2004; Tejedor et al., 2004, 2005; Viera, 2004; Silva
Taboada & Vela, 2005; Orihuela, 2010, 2011; Garcia & Mancina, 2011; Hernandez Mufioz &
Mancina, 2011; Tejedor, 2011; Valdés ef al., 2011; Mancina, 2012; Orihuela & Tejedor, 2012;
Borroto-Paez & Mancina, 2017; Sanchez-Lozada et al., 2018).

Thus providing the perspective of over a century of records (Tables I-II). Altitudes are
approximate given in meters above present sea level taken from Google Earth Pro (2019).
Current vegetation and original vegetation, when discussed, are from personal observations,
the Cuban National Atlas (Instituto de Planificacion Fisica, 1989), Gonzalez et al. (2012) and
Borroto-Paez and Mancina (2017). The gazetteer of localities is provided in Table I.
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Figure 2. Comparison between the endemic Cuban Pallid bat (Antrozous koopmani) from Cueva de los Nesofontes (loc. 6)
and the North American Pallid bat (4ntrozous pallidus, AMNH 2152 mandible, and the skull AMNH 2155, both females from

Guadalajara, Mexico).
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Figure 3. Neontological Lasiurus insularis and Eumops ferox specimens. A, Lasiurus insularis extracted skull from
specimen collected and reported by Viera (2004) from the Yumuri River Gorge, in the outskirts of Matanzas city (locality 77).
B, Lasiurus insularis skull and humerus, C, from a modern owl roost at J4-Quarry (locality 38). D, Eumops ferox from Hornos de
Cal site (locality 95) in Santi Spiritus. All scale bars = 10 mm.

Figure 4. Very fresh natalids from two owl roost deposits in Matanzas. A, Chilonatalus macer fragmentary skull from Cueva
del Ciclon. B, Chilonatalus macer left dentary from a Tyto furcata fresh pellet in a modern roost at Cueva del Ciclon (Loc. 62).
C-E, Natalus primus rostra and fragment of a left dentary from the same locality and in association to Ch. macer from above.
F, Natalus primus right dentary (image mirrored) from Cueva del Gato Jibaro (loc. 58). All scale bars = 10 mm.
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RESULTS

Here we report a total of 27 bat species in 19 genera, including extant and extinct taxa,
distributed throughout 97 localities including the Sierra de Caballos in the Isle of Pines
(Isla de Pinos), Cienfuegos, Villa Clara, and Santi Spiritus, but with emphasis on the Province
of Matanzas (Table I). Of the 26-living species registered for the Cuban archipelago, we report
21 taxa from the region of Matanzas alone, representing 84 % of the extant bat diversity of the
Cuban archipelago.

In the region of Matanzas, 41 new localities are added to the existing record, including both
modern and fossil/subfossil specimens. At the same time, we increase the record of species from
several of the already published localities. Among these, ocurrences in owl pellets or from cave
localities and urban centers comprise 55.7 % and 22.7 % of the collection localities respectively;
and together over 78 % of the total localities. Rural localities constituted 21.6 % of all localities,
but are comparable to urban localities (Table I-II).

Of'the overall total of 27 recorded species, four represent extinct forms: Artibeus anthonyi,
Desmodus rotundus, Mormoops megalophylla, and Phyllops vetus, which constitute
57 % of the known extinct and extirpated species from Cuba. Artibeus anthonyi and
Phyllops vetus constitute new comfirmed fossil records for the region of Matanzas.
Phyllops vetus is also recorded for the first time in Villa Clara province. Several other records
now extend the modern distributions of Lasiurus insularis, Lasiurus pfefferi, Chilonatalus macer
and Eumops ferox (Figs. 3-4; Table I). An additional record of Lasiurus insularis is provided
from modern owl roost at the J4 quarry (loc. 37), plus two modern records of Eumops ferox
from which it was previously unrecorded: one captured inside a house in the city of Cardenas
(loc. 17, by RV) and another from a fresh owl pellet from Cueva del Indio 2 (by LWV, loc. 66; Fig. 3D).

The critically endangered and very rare species Antrozous koopmani and Natalus primus are
reported from paleontological deposits only, although some of them are possibly very recent in
age (Fig. 2). These species had already been registered from fossil, subfossil and neontological
records by several authors across the island (Silva Taboada, 1976, 1979; Viera, 2004;
Orihuela, 2011, 2010; Tejedor, 2011; Orihuela &Tejedor, 2012, Mancina, 2012). The modern
(i.e., post-Columbian) specimens of Natalus primus were discovered in what seemed
to be “fresh” owl pellets in modern owl roosts in Cueva del Gato Jibaro and Cueva Ciclon
(Fig. 4), two caves of the Bellamar system near the city of Matanzas. A specimen under
similar conditions had been previously reported from Cueva Ciclon by Viera (2004) and from
Gato Jibaro by Tejedor (2011). Fossil remains of Phyllops falcatus are reported for the first
time from Cueva Musulmanes, Varadero peninsula, suggesting the presence of this species there
at least in the Holocene. This last specimen is highly mineralized and likely does not have
enough collagen for radiocarbon dating.
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DISCUSSION

The phyllostomid Artibeus jamaicensis was by far the most common species, collected
or observed in 49 localities, representing over 55 % of all collection stations (Table II).
Other species occurred at collecting stations as follows: Brachyphylla nana (31.8 %),
Phyllonycteris poeyi (23.9 %), Macrotus waterhousii (22.7 %), Eptesicus fuscus (21.6 %) and
Mormoops blainvillii (20.5 %). However, the abundance of Tadarida brasiliensis (19.3 %)
and Molossus molossus (18.2 %), especially in architectural structures near urban settings, is
also noteworthy. Artibeus jamaicensis, Brachyphylla nana, and Phyllonycteris poeyi are also
the most frequent bats in the diet of 7yto furcata (Silva Taboada, 1979; Vilato et al., 2002;
Hernandez-Mufioz & Mancina, 2011), likely because of their large size and stationary feeding
behavior. At the turn of the last century, an expedition was led by William Palmer who
summarized that Artibeus jamaicensis, Tadarida brasiliensis, and Eptesicus fuscus were the most
common of all Cuban bats (Miller, 1904). This condition similarly persists to date, including
also Phyllonycteris poeyi and Macrotus waterhousiii (Silva Taboada, 1979).

The species Artibeus jamaicensis, Brachyphylla nana, Mormoops blainvillii,
Monophyllus redmani, Pteronotus parnellii, Phyllonycteris poeyi, and Tadarida brasiliensis
have been recorded in booth the live and fossil states in the same localities, suggesting
a continuous presence in those areas at least since the middle Holocene (Orihuela ef al., in ed.).
The rarest living species in our study were Koopman’s pallid bat (Antrozous koopmani) with
a rarity index of < 2, the Cuban evening bat (Nycticeius cubanus) with 2.3 and the Cuban
yellow bat (Lasiurus insularis) with 3.4.

Nycticeius cubanus is considered a rare species and has not been found in the region’s fossil
record (Silva Taboada, 1979). However, fossil/subfossil remains of Lasiurus insularis,
Phyllops vetus and the critically endangered Antrozous koopmani and Natalus primus suggest
a wider distribution for these species in the recent past than at present. Koopmans’s pallid bat
(Antrozous koopmani) is currently known from a handful of fossil and subfossil remains resulting
from raptor-derived pellets, plus only three living specimens captured during the early and
middle 20" century (Orr & Silva Taboada, 1960; Silva Taboada, 1976, 1979; Mancina & Garcia
Rivera, 2005; Hernandez-Mufioz & Mancina, 2011). The Cuban greater funnel-eared bat
(Natalus primus) is currently known from a single living population in the extreme west of the
island, but its fossil record supports a much wider distribution throughout the Greater Antilles in
the past (Tejedor et al., 2004, 2005; Tejedor, 2011).

In the case of the lasiurins their distribution in the archipelago is wide despite their
rarity. These taxa have been considered as rare since the late XIX century (Gundlach, 1868).
Today, the Cuban lasiurines are known from a handful of records and collecting localities
(Silva Taboada, 1979; Garcia & Mancina, 2011). The Cuban yellow bat
(Lasiurus insularis), one of Cuba’s rarest bats (Silva Taboada, 1979), is known from less
than a dozen collection localities and several fossil/subfossil remains, including “fresh”
(i.e., post-Columbian) raptor-derived pellet deposits (Silva Taboada, 1979; Orihuela,
2010; Mancina, 2012; Borroto-Paez & Mancina, 2017). New specimens, captured or
from modern owl pellets, had not been collected for over 40 years (Silva Taboada, 1979;
Garcia & Mancina,2011; Mancina, 2012; Borroto-Pdez & Mancina,2017). However, an additional
record of Lasiurus insularis and another of Lasiurus pfeifferi since Silva Taboada (1979),
but not included in Mancina (2012), Garcia and Mancina (2011), Balseiro (2011) or
Sanchez-Lozada et al. (2018), were reported by Viera (2004). Aguayo and Howell Rivero,
(1954) reported Lasiurus insularis from Matanzas city (loc. 70) and Orihuela (2010)
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reported it from fossil material at Cueva de la Caja (loc. 6; Orihuela et al., submitted)
while Viera (2004) reported a fresh carcass fallen from trees in the Yumuri River Gorge in 1998
(loc. 77; Fig. 3A), in a rural setting near the city of Matanzas. A modern specimen collected
in an owl roost at the J4 limestone quarry (loc. 37), captured and deposited in a fresh pellet by
a Tyto furcata between 2013 and 2014, is additionally reported here.

The vegetation in the area surrounding the rural Matanzas locality is very depauperated and
almost entirely modified for agriculture. Like in the above-mentioned localities, this one is outside
a 20 km radius from any setting with 7Thrinax-like palms, which Lasiurus insularis prefers for
roosting (Silva Taboada, 1979). As discussed in Orihuela (2010), the occurrence in caves, other
than raptor-derived cave deposits, may indicate the facultative occasional use of other vegetation
types, or caves, as happens with similar lasiurines in North America (De Beaufort, 1934;
Quay & Miller, 1955; Myers, 1960; Grady & Olson, 2006). Distribution data are obscured in
cases of raptor-derived pellet deposits because, owls, for example, can easily carry specimens
captured over a dozen km from the roost locality (Dodson & Wexlar, 1979; Andrews, 1990;
Kusmer, 1990). It seems that the rarity of the species may be due to its solitary and arboreal
lifestyle, but with an otherwise wide distribution in the Matanzas region and the rest of the
island (Table I-1I; see Silva Taboada, 1976, 1979).

A similar case occurs for Lasiurus pfeifferi and Chilonatalus macer, both considered
rare species by Silva Taboada (1979). Lasiurus pfeifferi had been previously reported
from Cardenas city (loc. 17), from an unknown locality at Zapata Swamp (loc. 20), and
from Matanzas city (loc. 70) by Silva Taboada (1979). Viera (2004) had reported an additional
fresh carcass at the doorstep of the Pueblo Nuevo church in Matanzas city (loc. 74) Two
additional specimens, one from Hicacos Peninsula (Varadero, loc. 91), and one from the rural
village of Santo Toémas in the Zapata Swamp (loc. 26) were recently added to the regional list by
Sanchez-Lozada et al. (2018), who considered that L. pfeifferi is not as uncommon as previously
thought; an opinion we support. These reports have been further confirmed by the Cubabat
research group.

Until recently, Chilonatalus macer was known in the province only from fossil and
subfossil material found in owl pellet cave deposits (Silva Taboada, 1979; Viera, 2004;
Orihuela, 2010). Live specimens have been captured from the rural village of Cocodrilo in
the Zapata Swamp and from Cueva Fabian (loc. 61), western Matanzas, in 1998 by one of us
(RV). Several other localities have been added since then (13, 16, and 50 in Tejedor, 2011, and
Sanchez-Lozano et al. 2018). Additional subfossil-modern remains are now reported from
very fresh owl pellet deposits at Cueva del Ciclon (loc. 62) and Gato Jibaro (loc. 57) where
C. macer seems to have been sympatric with Natalus primus until the Amerindian interval
of the Late Holocene (authors unp. Data; Orihuela et al., forthcoming). Several fresh specimens
of both species have collected at the last two localities.

Among the new occurrences provided by Viera (2004), including the first neontological
record of the Cuban evening bat (Nycticeius cubanus) for the Sierra de Caballos in the
Isle of Pines, he also recorded Nyctinomops macrotis in 1998 from Palenque Hill, where Cueva
de la Cajais located (Viera, 2004). However, we consider this last record erroneous and remove it
from the region’s bat record because the supposed specimen was not preserved or photographed
in detail, thus the identification is now unverifiable. It can be considered questionable due to the
similarity of this taxon with Eumops ferox (Silva Taboada, 1979). This species is known from
several specimens throughout the island, including fossils and subfossils (Koopman & Ruibal,
1955; Woloszyn & Silva Taboada, 1977; Silva Taboada, 1979). Although it is not considered
rare, it is relatively scarce (Silva Taboada, 1979; Mancina, 2012).
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Among the extinct species (including those Cuban fossil forms we consider synonymous
with extant relatives), Peter’s ghost-faced bat (Mormoops megalophylla) and the common
vampire bat (Desmodus rotundus) are the rarest in the region, and the two rarest bats of the Cuban
fossil record. Their remains have been collected a handful of times in several localities through
central-western Cuba (Silva Taboada, 1979; Jiménez et al., 2005; Suarez, 2005; Viera & Orihuela,
2006; Orihuela, 2010, 2011). In the case of Mormoops megalophylla, new specimens have not
been reported since 2012 (Orihuela & Tejedor, 2012), but more specimens of Desmodus rotundus,
yet unreported, are known today from Mayabeque. The extinct short-faced phyllostomid
Artibeus anthonyi was the third rarest, recorded only from three localities (5, 55, and 57)
in the region of Matanzas. By comparison, Natalus primus was the most common species
in all the fossil record, known from seven (47 %) of the 15 paleontological localities listed here.
The three remaining extinct species absent in our study are known only from their type locality
(Balseiro, 2011).

Altogether, the fossil and subfossil remains of the extinct, rare and scarce taxa
support a wider distribution within the island and a much more recent extinction
(Jiménez et al., 2005; Orihuela, 2010; Orihuela & Tejedor, 2012; Orihuela et al., forthcoming)
than were previously recognized. This is also true for the extinct fig-eating bat Phyllops vetus
of which we record fossil remains for the first time in Matanzas and Villa Clara. Phyllops vetus
had been reported for third in the archipelago in 1992 (Dolén Rodriguez, 1992), but since these
results were not published, but presented at a symposium without providing measurements or
ilustrations, nor the specimens deposited in a museum collection for further verification, and
giving the similarity for the extant Phyllops falcatus, we consider this record uncomfirmable
at best.

It is worth mentioning that there is no apparent faunal turnover between the Holocene
fossils/subfossils and the modern record of bats in Matanzas; instead there area selective
extinctions of a few species and survival of the rest of the known faunal assemblage. At the
same time, several of the extinct or extirpated species (4. anthonyi, M. megalophylla, P. vetus)
have sister (syntopic) taxa still inhabiting the region, likely occupying similar ecological niches.

From this and other previous studies, it is evident that owl pellet accumulations play a
unique role in revealing the distributions of cryptic and solitary species that are otherwise
hard to collect. This is especially true for A. koopmani, L. insularis, L. pfeifferi and
E. ferox (Silva Taboada, 1976; Hernandez-Munoz & Mancina, 2011; Vilato et al., 2002).
Several other large species with localized flight are relatively common prey of Tyto furcata and
Asio stygius, as aforementioned, whereas the small insectivorous bats are less common prey
for owls likely because of their higher and faster flight (Silva Taboada, 1979; Jiménez
et al., 2005; Hernandez-Muiioz & Mancina, 2011). These records can also help assess
anatomical changes in local bat populations, which can be attributed to geographical or
chronoclinal variation. For instance,smaller than average Monophyllus redmani, and larger than
average Artibeus jamaicensis and Brachyphylla nana have been noted from several deposits
in Cueva de la Caja (Orihuela 2010; Orihuela unp. data). Moreover, fossil humeri of Macrotus
waterhousii collected from Sinkhole No. 1 Limestone Quarry J4 were significantly smaller in
greatest length (p > 0.05) than those of the modern population, a temporal variation previously
observed by Silva Taboada (1974) and Jiménez et al. (2005).

The addition of raptor-derived records to diversity inventories provides a unique picture
of the bat community in a region, but this surveying method is not without bias. Often, only
part of the pellet accumulations is preserved. The presence of certain species may be caused
by predator preference and the inclusion of allochthonous species. But even so, pellets can
help provide a snapshot of former microvertebrate communities that rarely is integrated to
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the fossil record (Jiménez et al., 2005; author’s unpub. data). Because owls show generational
fidelity for the same roostings and nesting grounds, some of the sites are active for several
thousand years, thus generating unique deposits that can help to understand local faunal and
climatic changes through time (Suérez & Diaz-Franco, 2003; Orihuela et al., in ed). In that sense,
pellet accumulation provides a spatial and temporal average, which may combine more than one
ecosystem and bat community, and thus record changes of fauna or prey selection/availability.
Thus, pellets provide a time-averaged local record that can complement local inventories.

It is likely that for these reasons, in terms of faunal richness and diversity, caves and
raptor-derived cave deposits provided the most abundant records, followed only by urban setting
records. Apparently, even species that are considered scarce or rare, such a Lasiurus insularis,
L. pfeifferi, Chilonatalus macer, Eumops ferox and Phyllops falcatus, can be found near or
within urbanized areas. And in many other cases, remains of these bats can be transported by
raptors into their roosts from nearby environments.

Many species seem to have adapted and likely benefited from human alteration and
urbanization. In Matanzas and other parts of Cuba, the molossids Molossus molossus, Eptesicus
fuscus and Tadarida brasiliensis have adapted well to roosting in human-made architectural
structures (Silva Taboada, 1979). The city lights attract insects, which in turn are easily preyed
upon by these insectivores. We have even observed a Noctilio leporinus catching insects at a
light pole in Sabana del Mar, in the Dominican Republic (JO unp. obsv., Nov. 2004; Fig. 4).
This phenomenon has been documented for this species in Cuba and Hispaniola
(Silva Taboada, 1979; Rodriguez-Duran & Christenson, 2012; Nufiez-Novas et al., 2019), and
for other bat species in other parts of the world (Perini et al., 2003; Haupt et al., 2006), and
may be beneficial not only to molossids and vespertilionids but also the smaller Cuban natalids.
Agricultural fields and fruit plantations, or fruit-bearing arborization in cities, are also attractive
to the fruit and pollinivorous bats Artibeus jamaicensis, Brachyphylla nana, Phyllops falcatus,
and Phyllonycteris poeyi for instance, which are often observed foraging in urban settings.
In that sense, urbanized and agricultural areas do not appear to limit generalist species, but
provide a beneficial corridor between rural and natural environments, for several groups.

——

Figure 5. Noctilio leporinus observed preying on insects under a streetlamp at the town of Sabana de la Mar, near Samana bay,
Dominican Republic, November 2004.
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Importance of regional distribution in the conservation of Cuban bats

The region of Matanzas has played an important role in the history of bat research, specially
the taxonomy and systematics of Cuban bats. Six species, including three endemics, were
originally described by Johannes Gundlach and Wilhelm Peters during the mid-19" century from
type specimens collected by Gundlach in Cardenas city and Fundador de Canimar plantation,
all in the region of Matanzas (Silva Taboada, 1976; loc. 16 here). Moreover, some of the first
fossil bats reported from Cuba were based on specimens collected in caves from Matanzas
(Allen, 1917, 1918; Anthony, 1919).

Of the living species recorded for the Cuban archipelago, 21 (80.7 %) representing all
six bat families known in Cuba, inhabit the province of Matanzas (Fig. 1, Table I-II). A reason for
the high diversity of bats in this region may be that Cuba does not possess major geographical or
vegetation barriers such as high mountains or wide deserts. Instead, the island is characterized by
its low-lying landscape, with hills that are oriented in parallel to the axis of the archipelago and
rarely surpass 400 m in elevation (Acevedo Gonzalez, 1992). As a result, bat distribution in Cuba
is highly homogeneous, with similar numbers of species found in all other of Cuba’s 15 provinces.

The low topography and complex geological history of the archipelago have likely
contributed to the biogeography of Cuban bats, especially during the Quaternary. Most species
have widespread distributions (wider still during most of the Holocene and up to the recent past,
as the fossil record suggests), and only a few species have ranges restricted by the availability
of specific vegetation (e.g., Nyctinomops laticuadata and Lasiurus insularis, which prefer
savannah biomes with palms of the genus Thrinax sp. and Copernicia sp. Silva Taboada, 1979).
Lasiurus pfeifferi seems to be less selective in diurnal roosts, but preferring the foliage of
broad-leaved trees (Silva Taboada, 1979). Others, such as Mormopterus minutus, which originally
preferred roosting in the palm Copernicia gigas (= vespertilium; Henderson et al., 1995)
have recently adapted to roosting in architectural structures (Silva Taboada, 1979).

Sixteen species or 60 % of Cuban bats use caves in one way or another, and of these 10
(37 %) are strict cave dwellers, preferring rooms with especially hot microclimates or
“hot caves” (Silva Taboada, 1976, 1979; Morgan, 2001; Mancina et al., 2004). In that sense,
the geological history of the archipelago and its proclivity towards cave formation in limestone
karst terrain bears importance in Cuban bat past and present distribution (Silva Taboada, 1979).

Matanzas harbors today the most extensive subaerial karst region of the entire Cuban
archipelago, a potentially cave-rich region ~65,500 km? wide (Acevedo Gonzalez, 1992).
Probably, no other province in Cuba has more caves available for cave-roosting bats today
than the region of Matanzas. However, at the end of the Ice Age, ~11,500 years ago, Pinar del
Rio and the Gulf of Batabano, south of the western half of Cuba had the largest potential in the
availability of caves for bat roosting anywhere in the Cuban archipelago, competing in size
only with the Bahama bank. Once the ice of the last glacial maximum melted with the warmer
temperatures of the Holocene epoch, sea level rose and inundated some of the Cuban ancient
karst plains, drowning about ~13,300 km? of latent cave-rich territory (Nuiez et al., 1984, 1989),
essential for bat life in the island, and likely culling the territory of several species. Many have
postulated this as an important reason for the disappearance of several cave-dwelling bat species
(Morgan & Woods, 1986; Morgan, 2001; Davalos & Russell, 2012, Soto-Centeno ef al., 2015).
However, fossil and subfossil material indicate the survival of most bat species well into the
late pre-Columbian interval of the late Holocene, even after all the fluctuations of the late
Pleistocene and the Holocene, including several thousands of years of human colonization of
the archipelago (Orihuela, 2010; Orihuela & Tejedor, 2012; Borroto-Paez & Mancina, 2017;
Orihuela et al., in ed.).
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Deforestation and other forms of human environmental destruction and disturbance
since European colonization seem to have been a pivotal factor in the survival of Cuban bats
(Borroto-Paez & Mancina, 2017). Although a significant part of the original forest vegetation
has been eliminated or replaced by agricultural and secondary vegetation since the
mid-late 18" century (Marrero, 1972, 1976; Monzote, 2008; Borroto-Paez & Mancina, 2017),
the abundance of caves and few preserved patches of forest seem to have aided in maintaining
the overall distribution and bat diversity observed in most of the Cuban archipelago. This is true
for some species, but such deforestation as a form of habitat elimination was likely detrimental
to species such as the lasiurines, Antrozous koopmani and Natalus primus (Silva Taboada, 1979).

CONCLUSIONS

Our compilation of bat distribution records in the region of Matanzas, plus several sparse
records from the Isle of Pines and the central region of the main island of Cuba, incorporating
neontological and paleontological data, indicate that bat diversity in the region has been
generally stable but some species had a much wider range since the middle Holocene that
lasted until very recently. This is especially true for locally extinct species Natalus primus and
Antrozous koopmani, which seem to have persisted in the region until the very late Holocene
and likely up to the post-Columbian/colonial period. The globally extinct Artibeus anthonyi and
Phyllops vetus, reported for the first time in the province, support a slightly higher phyllostomid
diversity in the area, and a wider range within the archipelago.

However, the knowledge of the bat fauna in most areas of the Matanzas region, as in
others of the archipelago, is limited to a few records, generally lacking detailed and prolonged
inventories. One of these areas is the Zapata Swamp, from which only a handful of records
exists (Silva Taboada, 1979; Diaz-Franco, 2004). Inventories are especially needed from areas
of high urbanization touristic development such as in developing areas of Varahicacos and
central parts of the province, including urban populations, to better understand the situation
of bat communities there and their response to human alterations. Accelerating changes in
environmental degradation or modifications driven by human techno-economic endeavors are
known to affect species with restricted ranges outside of nature reserves or national parks.

Our records, taken with other published accounts, indicate that urban centers are an attractive
hub to some species which seem to be adapting and benefiting from human alteration. Some of
Cuba’s rarest or scarce bats, such as Lasiurus insularis, L. pfeifferi and Chilonatalus macer have
been collected directly in urban areas, suggesting that urban centers can act as corridors between
rural and preserved areas (e.g., Matanzas city, the Valle de Yumuri, and the high forests of the
Pan de Matanzas-Palenque hills).

The data we presented here are relevant to the understanding and overall estimation of
Cuban bat diversity and distribution. Furthermore, they can help provide sensible-location and
temporal-spatial distribution data to complement capture-only inventories within the island,
crucial to environmental and faunal conservation in the archipelago.
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