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Small Mammal Diversity in the Tropical Andes:
An Overview
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The tropical Andes constitute one of the most important regions globally of mammal diversity
and endemism (Ceballos and Ehrlich 2006; Mittermeier et al. 1998; Schipper et al. 2008).
Nevertheless, taxonomy and distribution of most of mammals there remain inadequately known
and revisions of most groups are needed (Gardner 2007). In South America, mammal species
new to science are still being discovered at high rates and most species described in recent years
are from the tropical Andes and Brazil (Patterson 2000; Reeder et al. 2007).

Small mammals (e.g., bats and rodents) are the most diverse group and account for more
than half of the total mammal fauna in any given area. They affect the structure, composition,
and dynamics of ecosystems through natural processes such as pollination, seed dispersal and
depredation, mycorrhizal dispersal, insectivory, and as food for predators (DeMattia et al. 2004;
Mangan and Adler 2002; Muchhala and Jarrin-V 2002; Napolitano et al. 2008; Naranjo et al.
2003; Steiner 1981; Vieira and de Moraes 2006; Walker et al. 2007; Williams-Guillén et al.
2008). Small mammals such as bats are good indicators of habitat disturbance (Castro-Luna et al.
2007; Medellin et al. 2000; Solari et al. 2002; Wilson et al. 1996). Likewise, small mammals
have been particularly useful in the study of elevational gradients, mainly because they form
well-defined assemblages (in contrast to medium-sized and large mammals) along such gradients
(Lomolino 2001; Mena and Vazquez-Dominguez 2005; Patterson et al. 1998).

We here present an overview of the current knowledge about patterns of diversity and
endemism for small mammals in the tropical Andes of Colombia, Ecuador, Peru, and Bolivia:
marsupials (Didelphimorphia: Didelphidae and Paucituberculata: Caenolestidae), lagomorphs
(Lagomorpha: Leporidae), rodents (Rodentia: Abrocomidae, Caviidae, Cricetidae, Ctenomyidae,
Echimyidae, Heteromyidae, and Sciuridae), shrews (Soricomorpha: Soricidae), and bats
(Chiroptera: Emballonuridae, Furipteridae, Molossidae, Mormoopidae, Natalidae, Noctilionidae,
Phyllostomidae, Thyropteridae, and Vespertilionidae). Peru is the fifth most diverse country for
mammals in the World (Pacheco et al. 2009) and Ecuador is listed as the ninth most diverse
country despite its considerably small area compared to other megadiverse countries such as
Brazil or Mexico (Tirira 2007). In order to assess and characterize small mammal diversity in the
region, we conducted a survey of the literature (with special attention to elevational gradient
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studies), plus specimen records from US museum collections in the Mammal Networked
Information System (MaNIS) data portals (http://manisnet.org/portals.html) and unpublished
reports whenever these were available to us. Elevational gradient studies included here had to
cover at least 70 % of the available elevational gradient and were grouped as local or regional
(McCain 2007b), representing alpha or gamma diversity, respectively. They were evaluated
based on the study group (bats or nonvolant small mammals), proportion of the entire elevational
gradient that was sampled, species richness, and general geographic location (see Table 19.1).
We follow Wilson and Reeder (2005) as a taxonomic reference.

Diversity and Distribution

At least 411 small mammal species inhabit the tropical Andes above 800 m. Marsupials are
represented by 39 species, shrews by 7, bats by 166, rodents by 198, and lagomorphs by 1. Only
28 mammal species (6.2%) are endemic to Colombia, the majority of them are rodents and
shrews (Alberico and Rojas-Diaz 2002), but a recent biogeographic analysis on bats added 5
endemic species, some of them restricted to the Andes (Mantilla-Meluk et al. 2009). In Ecuador,
38 species are recognized as endemic (Tirira 2007), although this number is decreasing due to
extensive fieldwork and taxonomic revisions in neighboring Colombia and Peru (Mantilla-Meluk
and Baker 2008; Pacheco et al. 2009). Most of the small nonvolant endemic species (1 shrew
opossum, 2 shrews and 26 rodents) were collected on Andean slopes and highlands (1500 — 4000
m) (Voss 2003; Tirira 2007). Most of the Peruvian endemics (five genera and 65 species) are
restricted to the Yungas of the east Andean slope (39 species), followed by the tropical lowland
rainforest (14 species) (Pacheco et al. 2009). In Bolivia, one genus and 17 species are endemic,
where the Altiplano has the highest degree of regional endemism (followed by the Yungas), and
rodents contribute most to the endemism (Salazar-Bravo et al. 2002).

Highland Species Distributions

Among marsupials of the family Caenolestidae, shrew opossums (shrew equivalents or
ecomorphs) of the genus Caenolestes are restricted to the northern Andes above 2000 m (Lunde
and Pacheco 2003), whereas the genus Lesforos is restricted to the highlands of southern Peru
and northwest Bolivia (Brown 2004). Short eared shrews (genus Cryptotis) are restricted to the
Andes from Colombia to northern Peru above 1000 m (Eisenberg 1989; Eisenberg and Redford
1999; Gardner 2007), but knowledge about their taxonomy, distribution, and ecology is the most
incomplete among Neotropical small mammals (Gardner 2007).

Two groups of rodents are associated with higher elevations in the tropical Andes. In the
northern Andes, Ichthyomyini diversity reaches its peak on Andean slopes with nine species in
four genera (Voss 1988): Chibchanomys (above 2400 m), Anotomys (2900 — 4000 m),
Ichthyomys (300 — 2700 m), and Neusticomys (up to 3700 m). By contrast, the Phyllotine genus
Galenomys, the Akodontine genus Necromys, and the genera Chinchillula, Neotomys, and
Punomys are restricted to the puna of the Altiplano in southern Peru and western Bolivia
(Pearson 1951; Reig 1986). The genus Thomasomys is a smaller but still species-rich taxon that
is endemic to tropical Andean cloud forests from Venezuela to Bolivia (Nowak 1999; Voss
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Table 19.1. Elevational data sets of small mammal diversity in the tropical Andes. Elevational sample coverage is the percentage of
the available gradient sampled (NVSM = nonvolant small mammals).

Location
La Libertad (Western
slope)

South western Peru

Manu (Eastern slope)
Manu (Eastern slope)
Eastern slope (8° to 17°S)
Eastern Cordillera

SW Choco

Central Cordillera

Carrasco (Eastern slope)
Yanachaga (Eastern
slope)

Eastern Slopes

Lima (Western slope)
Vilcabamba, (Eastern
slope)

Eastern Cordillera
Apurimac, (Eastern
slope)*

Abiseo, (Eastern slope)
Central Cordillera
Sabana, Eastern
Cordillera

SW Choco

Central Cordillera

Eastern Cordillera

Eastern Cordillera

Country

Peru
Peru
Peru
Peru
Peru
Colombia
Colombia
Colombia

Bolivia

Peru
Ecuador

Peru

Peru

Colombia

Peru
Peru

Colombia
Colombia
Colombia
Colombia

Colombia

Colombia

Diversity

Gamma
Alpha

Gamma
Gamma
Gamma
Gamma
Gamma
Gamma

Gamma

Gamma
Gamma

Gamma

Gamma

Gamma

Alpha
Gamma

Gamma
Gamma
Gamma
Gamma

Gamma

Gamma

Lower
elevational
limit

340
340

350
500
120
500

300
600

850
326

805
2100
2200

2500

870

2500

2300
1900

Upper
elevational

limit

3962
4500
3450
3450
3200
4000
3500
3160
3500

2800
3000
4400

3350
2640

3500
3850
3750

3600

1950

3500

3100
2600

Elevational
sample coverage

()

99
98
95
95
91
90
85
75
70

68
67
67

66
55

53
45
45

31
30
25

22
17

Taxa

NVSM

NVSM

NVSM
Bats
Bats
Bats
Bats
Bats
Both

Both
Bats
NVSM

NVSM
Bats

Both
NVSM
Both

Bats

Bats

NVSM

NVSM
NVSM

Spp

20
65
92
101
42
36
39
54

98
67
21

22
29

60
14
42

10
28
15

13
15

Richness peak Reference

2800-3100
4000
<400
<400
<400

1600-1900

1400
500-600
300-600

300-600
600 -1200
2400-2800

?
600-1500

805
2100-3200

?
2600

900-1100
constant
richness

?

?

Osgood (1914)

Pearson and Ralph (1978)
Solari et al (2006)

Solari et al (2006)

Graham (1983)
Bejarano-Bonilla et al. (2007)
Fawcett (unpubl - 1994)
Muiioz (1990, 1993)

Vargas & Patterson (2007)

Vivar (2006)
Carrera (unpubl - 2003)

Unpublished data
Emmons et al. (2001) and Solari
et al. (2001)

Tamsitt (1965)

Pacheco et al. (2007)
Leo & Romo (1992)
Sanchez et al. (2004)

Tamsitt et al. (1964)

Alberico & Orejuela (1982) and
Cadena et al. (1998)
Gomez-Valencia (unpublished -
2006)

Lopez-A. & Montenegro-D.
(1993)

Gomez-Laverde (1994)
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2003). Apparently, the center of diversity for this genus with at least seven species includes
eastern Ecuador, where several species may occur sympatrically (Voss 2003).

Rodents are the only small mammals that inhabit elevations above 4000 m: Abrocomidae
(1 species), Caviidae (2), Cricetidae (14), and Ctenomyidae (3). The rodent genus Punomys has
records exclusively in localities above 4000 m (Eisenberg and Redford 1999; Pacheco and Patton
1995). The low partial pressure of oxygen and low ambient temperatures of high-elevation
environments present a number of physiological challenges for endothermic animals. Camelids
and some rodents (Chinchilla spp. and Cavia porcellus) of the high Andes are adapted to high-
elevation hypoxia with hemoglobin that has high oxygen affinity (Ostojic et al. 2002; Storz
2007). Preliminary observations indicate that high-Andean rodents tolerate very low atmospheric
oxygen concentrations, but the available data do not permit an analysis of the altitudinal limits of
their distribution (McNab 2002; Morrison 1964). Lowland species may be limited by low
barometric pressure at higher elevations, but highland species may face lower elevational limits
to their distribution, which are unlikely to be related to high barometric pressures (McNab 2002).

There are few montane species among bats, including nectarivores (4dnoura aequatoris,
A. fistulata, A. latidens, A. luismanueli), frugivores (Carollia manu, Stunira aratathomasi, S.
bogotensis, S. nana,Platyrrhinus ismaeli), and insectivores (Eptesicus andinus, Histiotus
humboldti, Mimon koepckeae, Mormopterus phrudus). Reduced species richness and poorly
developed endemism in Andean bat communities contrast with patterns shown by sympatric
rodent faunas, which are diverse and strongly endemic on the Altiplano (see Figure 19.1) and
markedly zoned along the eastern versant (Patterson et al. 1998). There are few records of bat
species above 3500 m, with the probable exception of Histiotus montanus (up to 4000 m;
Graham 1983, Gardner 2007). Koopman (1978) pointed out that Stenodermatinae bats have not
been found at elevations higher than 3800 m. One of the species with records at higher elevations
is the common vampire bat Desmodus rotundus (up to 3680 m) (Quintana and Pacheco 2007). In
Costa Rica, LaVal (2004) found evidence of an upslope movement of D. rotundus as an apparent
result of global warming; this has not been corroborated in the tropical Andes.

160 7 @ Marsupials
B Bats

B Rodents
120 M [nsectivores

B Lagomorphs

80

Species richness

40 -

800-2000 2000-3000 3000-4000 >4000
Elevation (m)

Figure 19.1. Species richness of mammals in elevational intervals along Tropical Andes (Colombia, Ecuador, Peru
and Bolivia), including both eastern and western versants.
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Biogeographic Role of the Andes

The high Andes have played a major role as “islands” where sigmodontine rodents (Cricetidae)
experienced long periods of isolation and as a consequence evolved into several species, whereas
lowland biomes contributed only secondarily to the process of diversification (Reig 1986). The
number of rodent species endemic to the Andes supports the hypothesis that geographic isolation
has been the most important cause of diversification among these mammals (Patton and Smith
1992). Although Koopman (1978) did not find evidence for any biogeographic role of the Andes
for bats, concluding that bat distributions offer little support for a vicariance hypothesis, more
recently, patterns similar to those of sigmodontines have been reported for the genera Sturnira,
Platyrrhinus and Carollia (Ditchfield 2000; Mantilla-Meluk et al. 2009; Pacheco et al. 2004;
Patterson et al. 1992; Velazco and Patterson 2008).

Puna and Paramo

The puna rodent fauna of Bolivia and Peru has more genera (at least 16) and species (at least 34)
than the paramo rodent fauna of Colombia, Ecuador, and Peru (at least 8 genera and 16 species).
This difference is probably the result of three main factors that have favored diversification in
the puna (Reig 1986): the puna is older than the paramo biome (historical effect), it has greater
environmental heterogeneity (ecological effect), and it has a larger and more continuous
extension, especially on the extensive Altiplano (spatial effect).

Some studies suggest a biogeographical subdivision along the eastern border of the Lake
Titicaca basin, with dry puna to the west and humid puna to the east. The dry highland zone of
the Titicaca basin itself is characterized by the presence of Phyllotis osilae osilae, Auliscomys
boliviensis, Punomys lemminus, Akodon andinus, A. berlepschii, A. boliviensis, A. subfuscus
arequipae, Necromys amoenus, Chroeomys jelskii pulcherrimus, and Galea musteloides
(Pacheco and Patton 1995; Ramirez et al. 2007). The humid puna of the Cordillera Oriental, on
the other hand, is characterized by Phyllotis osilae phaeus, Punomys kofordi, Chreomys jelskii
cruceri, Auliscomys pictus, Oxymicterus paramensis, Akodon puer, and Akodon subfuscus
subfuscus (Pacheco and Patton 1995). A recent analysis by Ramirez et al.(2007) suggests that
small mammal assemblages in the humid puna have greater similarity with those of the paramo
than those of the dry puna.

The Elevational Gradient of Small Mammal Diversity

The Tropical Andes Scale

Available data on the elevational range size for species above 800 m shows that small mammal
richness generally decreases with elevation for the tropical Andes as a whole (Figure 19.1;
nonvolant small mammals: R? = 0.84, P < 0.0001; bats: R* = 0.99, P < 0.0001). Lomolino (2001)
predicted that gamma diversity, the total richness of an entire elevational zone, should vary
directly with the total area of each elevational zone, peaking in those zones that cover the largest
area (e.g., the Amazon lowlands). Therefore, and because area decrease with elevation in the
tropical Andes, the influence of area on this relationship should be considered (see Rahbek
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1997). However, McCain (2007b) found evidence that area and spatial constraints (mid-domain
effect) represent sources of error rather than mechanisms underlying mammalian diversity
patterns. Indeed, the Amazonian lowlands have more species than the puna or paramo, which has
been explained as a consequence of climatic, edaphic, spatial (area), and historical factors
(Patton et al. 2000; Patton et al. 1997; Voss and Emmons 1996). However, especially at middle
and higher elevations (puna, paramo, and yungas) the tropical Andes are richer in higher
taxonomic levels such as tribes and genera (see previous sections).

The rodent tribes Akodontini, Phyllotini, and Thomasomyini (Cricetidae: Sigmodontinae)
show highest species richness at mid elevations (Figure 19.2), a pattern not seen in marsupials
and bats. A recent analysis of regional mammal endemism (mainly rodents) on the eastern
versant of Bolivia and Peru showed a narrow elevational band with high numbers of endemic
species (with ranges entirely confined to the area under consideration) occurring just below the
treeline in upper Yungas forest (Pacheco et al. 2007). Nevertheless, it is important to highlight
that these levels of endemism at middle elevations should be corroborated, especially because of
our deficient knowledge about distribution, potentially misidentified specimens (see below), and
lack of taxonomic syntheses.

- Akodontinae = Oryzomyini Phyllotini —Thomasomyini

20

Calomys(1)
Galenomys (1)
Auliscomys (3)
Phyliotis (5)

Species richness

Akodon (2)
Necromys (1)
Oxymycterus (1)

Microryzomys (2)

Thomasomys (1)
0 T T T |

1000-2000 2000-3000 3000-4000 >4000

Elevation

Figure 19.2. Species richness of Sigmodontinae tribes along elevation on the western versant of the Tropical Andes
(species number in parentheses). The same pattern was recorded along the eastern slope (data not shown).
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Regional and local scale

Our literature review shows that gradients along the eastern versant of the Andes have received
the most attention: 14 out of 22 studies/localities (Table 19.1). Most studies from the tropical
Andes suffer from incomplete elevational sampling (either covering only the mid-range or the
upper part of the gradient), and most are characterized by insufficient sampling effort at each
local survey site. Studies that sample only part of an elevational gradient often provide spurious
results by excluding the lower (lowlands) or upper (highlands) end of the mountain from the
analysis, so that they are impractical to identify elevational patterns. McCain (2007b) illustrated
how difficult it is to obtain data from complete elevational gradients extending from lowlands to
mountain peaks. As for insufficient sampling effort, most bat surveys, for example, depend on
mist nets that are set at ground-level (despite the availability of other methods such as searching
roost sites or identifying echolocation calls), and results thus are biased towards understory
species, whereas canopy and open-area species remain underrepresented. We recognize that
misidentifications of specimens represent a potential bias, especially in older literature (but we
included only one “older” gradient study). Indeed, an update of these datasets based on current
taxonomy is necessary.

Nonvolant Small Mammals

In general, there are few elevationally complete studies on both eastern and western slopes. We
recorded only three studies with > 70% of the gradient sampled (Table 19.1). A study along the
Peruvian eastern versant in Manu National Park shows a decrease of species richness with
elevation (Figure 19.3; R* = 0.82, P = 0.0001). This result contrasts markedly with the pattern of
a mid-elevation peak in nonvolant small mammal richness (McCain 2005). Manu has particular
rodent assemblages restricted to elevational zones with replacements at species, genus, and even
tribal levels (Patterson et al. 1998). A similar pattern of decreasing species richness with
elevation occurs in both Yanachaga (Figure 19.3), Peru, with the 68% of gradient sampled (R* =
0.48, P = 0.0001), and Carrasco National Park in Bolivia (Vargas and Patterson 2007; original
data not available). Peru’s Manu National Park (340 — 3675 m) has become the most intensively
studied protected area in the tropical Andes with more than 20 years of mammalogical research
(Pacheco et al. 1993; Patterson et al. 1998; Solari et al. 2006), but no similar efforts have
occurred in other tropical countries (see below). There are no studies of complete elevational
gradients in Bolivia, Ecuador, or Colombia. We did not consider the data of Osgood (1914) from
Libertad, Peru, because they would require reanalysis based on reidentification of specimens
using current taxonomy.

On the western slope of the Peruvian Andes (Pearson and Ralph 1978), diversity
increases with elevation (R* = 0.44, P = 0.0001), probably as a result of increased precipitation
(and vegetation) with elevation, and more speciation events in the puna than in coastal deserts
(Marquet 1994; Pearson and Ralph 1978). No studies appear to have been conducted on the more
humid and diverse Pacific slope of Colombia, Ecuador (the Choco), and northern Peru (Pacific
tropical forest). Detailed studies testing both historical and environmental hypotheses should be
conducted to improve our knowledge of the relationship between nonvolant small mammal
richness and elevation along the latitudinal extension of the western slope of the tropical Andes,
which presents contrasting lowlands such as the Pacific desert and Pacific tropical rainforests,
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and highlands such as dry puna and humid paramo, and even inter-Andean valleys. For example,
the Peruvian eastern versant is more species rich in small mammals than the western versant
(Pacheco et al. 2009), whereas the western and eastern versants of the Colombian Andes have
similarly high diversity (Kattan et al. 2004). In general, there are very few studies on elevational
gradients in nonvolant small mammals. Published general inventories of nonvolant mammals at
elevations above 800 m are scarce (Gomez-Valencia 2006; Mena and Medellin 2010, Ramirez et
al. 2007; Sanchez et al. 2004; Vivar 2006).

36 -

32 -

-o-Manu
28

Yanachaga
24 4 South western Peru
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16

Species richness
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Figure 19.3. Elevational gradients in both western (WS) and eastern slopes (ES) of the Peruvian Andes: Manu
(Solari et al. 2006), Yanachaga (Vivar 2006) and South western Peru (Pearson and Ralph 1978). See Table 19.1 for
sources and details.

Bats

We recorded five studies on elevational gradients with > 70 % of the gradient sampled (Table
19.1). Along the Peruvian eastern versant, bat faunas tend to show a monotonic decrease of
diversity with elevation both for the region as a whole (Graham 1983; R*=0.92, P = 0.0001) and
for Manu (Solari et al. 2006; R?> = 0.83, P = 0.0001). The decrease of bat diversity with
increasing elevation has been linked to an inefficient thermoregulation of species with
Neotropical origin (especially for Phyllostominae species) (Graham 1983, 1990; Soriano 2000;
Soriano et al. 1999). Highland faunas generally are attenuated versions of those found in the
lowlands (Patterson et al. 1996; Patterson et al. 1998). For example, species richness of bat

267



assemblages in Manu decreases monotonically, from 77 species between 300-500 m to only
seven above 3000 m.

In Colombia, two studies on the eastern slope of the Cordillera Central (Muioz 1990,
1993) and in the Choco (Fawcett 1994) showed higher bat species richness at mid-elevations
(Table 19.1). This was explained by the presence of secondary forests at middle elevations,
providing support for the intermediate disturbance hypothesis (Bejarano-Bonilla et al. 2007).
Similarly, Carrera (2003) analyzed the effect of elevation on species richness of bats on the
central eastern slopes of the Ecuadorian Andes and found evidence of a mid-elevation peak
between 1000 - 1100 m, which may be mainly due to the presence of a complex system of caves
located in this gradient and a considerable collecting effort performed in the area since the
1980’s (Rageot and Albuja 1994).

In a global analysis, McCain (2007a) suggested that elevational patterns of bat richness
are related to local climatic gradients (temperature and water availability), habitat complexity,
and species composition. Thus, decreasing species richness with elevation will occur on
mountains with wet and warm lowlands (e.g., Manu, Yanachaga), but mid-elevation peaks will
occur on mountains with arid lowlands (e.g., western Peru). Whereas some studies along the
eastern slope corroborate the first prediction, studies on alpha diversity along the dry western
slope of Peru are necessary to test the second prediction. In general, despite an increasing
number of studies on bat species assemblages in Colombia, Ecuador, Peru, and Bolivia (Aguirre
2002; Aguirre et al. 2003; Ascorra et al. 1993; Ascorra et al. 1996; Bejarano-Bonilla et al. 2007,
Espinoza et al. 2008; Hice et al. 2004; Numa et al. 2005; Pacheco et al. 2007; Pérez-Torres and
Ahumada 2004; Rex et al. 2008; Sanchez et al. 2007; Vargas and Patterson 2007), there are few
studies on elevational gradients for bat faunas. For example, in Bolivia the only attempt to study
patterns of bat distribution along an elevational gradient was conducted by Vargas and Patterson
(2007) in a gradient from 400 to 3600 m in Carrasco National Park (Cochabamba).

Directions for future research

In general, the current knowledge of distributional limits (both ecological and geographic),
population demography, basic life history parameters, and natural history is still inadequate for
most species inhabiting the tropical Andes. This incomplete understanding does not allow for a
realistic or objective analysis and comparison of alpha, beta, or gamma diversity patterns. It also
is the main obstacle to understanding elevational gradients of diversity in the tropical Andes. For
example, in the first assessment of elevational richness patterns in Manu, Patterson et al. (1998)
determined that rodent richness was high both in the lowlands and in the highlands, with an
apparent minimum at intermediate elevations. However, additional inventories in Manu (Solari
et al. 2006) revealed a steady decline in rodent richness with elevation (Figure 19.3). This
highlights the importance of complete and standardized inventories along elevational gradients to
improve our knowledge about diversity patterns. In addition, the integration of databases of
natural history collections and museums are a high-priority for investigators and future
collaborations between institutions in the area.

The limited availability of information on elevational and latitudinal gradients from the
tropical Andes impede a thorough understanding of how global warming and land use change are
stressing mammal assemblages at local to regional scales. Undoubtedly, it is necessary to
increase basic information, which can be obtained through standardized surveys along elevation
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gradients on eastern and western slopes, which will also allow for monitoring of potential
upslope movements of species due to global warming. For example, the study of population
dynamics of the common vampire bat can provide valuable information about global warming,
spread of diseases, and destruction of natural environments.

In summary, detailed and accurate information about patterns of diversity in Andean mammals is
needed to advance conceptual understanding in biogeography and ecology, as well as for the
development of effective conservation strategies. This is a critical issue because recent climate
change has already begun to affect species’ geographic ranges around the world.
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