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represent a tectonic rais-

ing integrated by a set
of reaches separated by faults, which act
as geographical barriers, conditioning the
geographic distribution of many plants
and animals as well. This characteristic
favours the allopatric speciation and high
levels of endemism, which confer a great
taxonomic, evolutionary and biogee-
graphic interest to the Andean region
{Cuatrecasas, 1986; Patton er al., 1990;
Reig, 1986).

? he Andes of Venezuela

As part of a high tropi-
cal mountain region, the Venezuelan
Andes have a great landscape heterogene-
ity as a consequence of the geomorpho-
logical processes and local climatic pecu-
liarities. This has allowed differentiation
of vegetation communities or ecological
units, associated to different substrates
and/or macro and mesoclimes, often with

alternance in the altitudinal gradients
where a decrease of the richness, diver-
sity, and species replacement occurs
(Sarmiento ef al., 1971).

The environmental di-
versity found in the Venezuelan Andes
can be divided into different landscape
types or ecological units. It is in each
case the result of the particular combina-
tion of different selective pressures,
which operate indistinctively above all
the biotic elements and configure their
communities, each with their own com-
position and structure.

An altitudinal substitu-
tion of these units is often found; for in-
stance in the wet basins the sequence is:
submontane forest, seasonal forest, cloud
forests and finally the paramos. The hori-
zontal continuity of these units is reduced
in direct relation 10 the altitude, as a con-
sequence of the topographic characteris-

tics, which confer an insularity to these
units which increases with altitude. It is
known that the species richness (biodiver-
sity} decreases with altitude. In contrast,
the frequency of endemic species should
be expected to increase in direct relation-
ship with the altitude, as a consequence of
the processes of allopatric speciation.

The distribution patterns
of mammals and the structure of their
communities are strongly associated with
the temporal and spatial heterogeneity of
the habitat (Andrade, 1993). For the non-
flying mammals, in spite of the contro-
versies related to the systematic status of
some groups, we have a good idea of
their diversification in the Venezuelan
Andes (Reig, 1986; Wilson and Reeder,
1993). However, their horizontal and ver-
tical distribution patterns are not yet
clear. The lists of bat species are still in-
complete due to insufficient collecting
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more of which would be needed to pro-
vide knowledge of the diversity of this
complex group in the Andean region of
Venezuela. The information on the eco-
logical units is far from compiete by vir-
tue of the almost total absence of system-
atized information. Current research is re-
duced to fragmentary lists and incomplete
coverage at unit level (Handley, 1976,
Aagaard, 1982; Péfaur and Diaz de
Pascual, 1982; Sorianc, 1983),

Therefore, we have found
it necessary to elaborate a diagnosis that
enables us: i) to update the list of the
mammal diversity in the Andes of Venezu-
ela and ii) to characterize the mammal
communities associated with the main eco-
logical units of the region. The resulting
information will contribute to the knowl-
edge of the mammal fauna which charac-
terize the north of South American
mountane environments, and represents a
useful element for the measure and design
of the protected natural arcas.

STUDY AREA
Geographical location

The Venezuelan Andes
constitute a prolongation of the “Cordillera
Oriental” of the Andes of Colombia (Figure
1); which extend 425 km towards the north-
east, from 7° 30" and 10° 10' N and from
69 20" to 70° 50" W, to the “Depresién de
Lara” (Gonzalez, 1980, Vivas, 1992). This
mountain chain represents 4% of the Ven-
ezuelan surface area (Schubert and Vivas,
1993} and two segments can be distin-
guished (Figure 1) the first from the Nudo
de Pamplona to the “Macizo de El Tama”
(Districts Junin and Paez of the Tachira and
Apure states, respectively), where a disconti-
nuity ealled “Depression del Téchira” which
separates it ftom the other segment called
“Cordillera de Mérida”; this segment occu-
pies part of Tachira, Mérida, Barinas,
Trujitlo, Portuguesa and Lara states, separat-
ing it from the “Lago de Maracaibo™ basin
and the “Llanos” region (Monasterio and
Reyes, 1980).

Principal ecological units

In this study, we have
focussed our attention on the five eco-
logical units with greatest coverage above
800 m elevation. Also we will summarize
the distinctive features of each one, fol-
lowing the criteria of Ataroff and
Sarmiento (unpubl. data):

Seasonal Forests

This forest presents a
canopy between 20 and 25 m, with emerg-
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Fig. 1. Geographic location of the Venezuelan Andes. Continuous gross line represents the
level of 1000 m elevation, that separates the Macizo de El Tama from the Cordillera de

Mcérida.

ing elements which can reach 30 m. In
this stratum species of the genera Spon-
dias. Tabebuia, Cedrela, Ficus, Hefiocar-
pus, Erythrina, and Inga may be found
as dominant. The intermediate stratum
found between 12 and 20 m is character-
ized by species belonging to the genera
Vismia, Miconia, Cecropia, Piper, Sola-
num, Montrichardia and Urena. In the
herbaceous stratum Araceae and Ciclan-
taceae of the genera Awnrhurium and As-
plundia, respectively are dominant. Many
of the important species are deciduous
and lianas and epiphytes are scarce. A
relevant ecological characteristic of this
unit is the presence of a dry season,
which may vary between one and three
months. The annual mean temperature
varies, depending on the altitude, be-
tween 16 and 23°C.

In the wet basins this
unit is found between 800 and 1700 m, a
belt which is more or less continucus in
the Lago de Maracaibo basin and the LI-

anos, while dry basins are restricted to
gallery forests in the overflowing terraces
of the rivers and to the permanent streams
within the same altitudinal gradient,

This unit has been the
object of intensive human activity since
pre-Columbian times. Thus, in spite of its
vast coverage, it is very difficult to find
it in its original form since it has been

" medified or substituted by coffee cultiva-

tion, citrons tree plantations, sugar cane
cultivation, cattle-raising or human settle-
ments.

Cloud Forests

This denomination in-
cludes a complex variety of humid for-
ests that constitute the superior belt of
continuous forests in the Andes. They are
forests 25 to 35 m high with several ar-
bereal strata, irregular canopy and a rich-
ness of tree species that varies between
40 and 60 species by hectare, mainly ev-
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ergreen, which support a great variety of
epiphyvtes  (Bromeliceae, Orquidiaceae,
Araceae, Piperaceae and pteridophites).
Among the most characteristic elements
of the arboreal strata are the genera Mau-
rta. Cordia, Brunellia, Momtanoa, Wein-
mannic, Clusia, Podocarpus, Decussocar-
pus, Heliocarpus. Trema and Fochysia,
The most characteristic feature of the
shrubby and herbaceous strata is the pres-
ence of species of arborescent ferns from
the Cyatheaceae family; in these strata
species of the genera Adrthrostlidium,
Chusguea, Canna, Caultheria, Chamae-
darea. Piper, Psychotria, and Renealmia
may also be found.

Under favourable cli-
matic conditions these forests occupy the
altitudinal belt between 1700 and 3000
m. The annual mean temperatures oscil-
late between 18 and 10°C, with day-night
variations from 6 to 8°C. The annual
rainfall varies from 1000 mm to 2600
mm. Other factors such as cloud and the
daily musts are also associated with this
unit, conferring high levels of relative
humidity to the environment, reducing
the daily variations of temperature and
sunstroke as well.

Paramos

This unit may be di-
vided into two main subtypes (Monaste-
rio, 1980% Andezn paramo. located be-
tween 2800 and 4000 m and the high-
Andean paramo, corresponding to the belt
between 4000 to 480C m. In addition to
their altitudinal location, these subtypes
can be recognized by the floristic compo-
siticn, plant coverage, mean monthly tem-
peratures. maximum and minimal tem-
peratures and frost frequency. In the
present work we will characterize only
the Andean paramo. since the mayority
of information comes from this subtype.

The Andean paramos
comprise a great variety of plant forma-
tions, where two strata may be distin-
guished: the upper one, shrubby and
open, whose height varies between 0.5
and 4.0 m, according to the location, is
dominated by species of Asteraceae of
the Espeletini tribe (“frailejones™), be-
longing to the genera Espeletia, Coespe-
fetia,  Fspeletiopsis.  Libanothamnus  or
Ruifopezia and some shrubs such as Hy-
pericum, Chaetolepis. Perneitia. Hesper-
omeles and  Arcytophylium. The lower
stratum is herbaceous, with height varia-
tion between 0 and 40 em, of variable
coverage (between 2 and 80%) is domi-
nated by cushion species of the genera
Aviachne and Arenaria, rosettes such as:
Hypachoerts, Acaena, Calandrinia, Gera-
ninm, grassy plants such as Senecio, Si-
swrinchivm, Castilieja and grasses of the
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TABLE 1
NUMBER OF SPECIES BY CRDER AND ECOLOGICAL UNIT.
ABREVIATION FOR ECOLOGICAL UNITS ARE: ST = SEASONAL FOREST,
CF = CLOUD FOREST, PA = PARAMO, DEF = DRY EVERGREEN FOREST,
AND TS = THORN FOREST,

ORDERS Species % SF CF PA DEF TS
Didelphimorphia 14 5.0 13 7 1 1 3
Paucituberculata 1 0.6 - I 1 - -
Xenarthra 5 3.2 3 3 - - 1
Insectivora 2 1.3 1 2 i i -
Chiroptera 74 468 54 32 2 9 30
Primates 2 1.3 2 1 - - -
Carnivera 14 2.0 i1 11 6 3 2
Artiodactyla 4 26 3 1 | 1 -
Rodentia 40 25.6 30 21 7 6 3
Lagomorpha 1 0.6 - - | - -
TOTAL 157 1000 117 79 20 21 35

genera Agrostis, Poa, Calamagrostis and
Bromus (Monasterio, 1980).

The climatic aspects that
characterize this environment are the
large daily temperature fluctuations, often
accompanied by nocturnal frosts and sea-
sonal oscillations of the water balance
throughout the vyear (Monasteric and
Reyes, 1980). The annual mean tempera-
ture varies:between -4 and 10°C, depend-
ing on the altitude. The annual total rain-
fall oscillates between 650 and 1800 mm.

Evergreen Dry Forests

These forests of low
stature may become open shrub in certain
local conditions. The average forest has
an arboreal upper stratum between 2 and
5 m, with epen canopy which is domi-
nated by species of the genera: Clusia.
Ovedaea, Psidium, Hesperomeles, Vac-
cinium, Weinmanaia and Dodonaea. The
lower stratum is shrubby, much more
dense, reaching 1.5 m and whose main
species represent the genera: Cavend-
ishia, Myrsine, Svmplocos, Mercetia, Ste-
via, Baccharis, Gnaphalium, Fugenia,
Monaochaetum, Epidendrum and the fern
Preridium aguilinum.

This forest can be
found between 160C and 2700 m. In dry
basins, the upper limit is the Andean
paramo and the lower one is the thom
shrub, while in wet basins these limits
are the cloud forest and the seasonal for-
est respectively. The annual rainfall oscil-
lates between 500 and 1000 mm and, ac-
cerding to the altitude, the annual aver-
age temperature varics between 18 and
10°C. Relatively high temperatures and
low precipitations, cause a nydric deficit
from four to six months of the vear,

Thorn Shrub

The intensive anthropi-
cal intervention to which the thorn shrubs
have been submitted by action of the
felling and caprine overgrazing, has led
to selection of thorny species, which
characterize these envircnments. They
now appear as open forests where three
strata may be distinguished: an arboreal
cne from 3 to 4 m average height, whose
main species beleng to the leguminous
genera Prosopis and Acagcia and, as
emergents, the columnar cacti of the gen-
era Stenocereus, Subpilocerens and Pifo-
socereus; a shrubby stratum from 0.5 to
2 m, of which the main genera are (ro-
ton, Cordia, Jatropha, and Opuntia; in
the understorey {between 0 and 40 cm},
the most conspicucus species are also
cacti and the genera Opuntia, Melocactus
and Mammilaria. Trees present some vas-
cular epiphytes such as Peperomiceae,
Bromeliaceae and Orchidiaceae.

The main climatic con-
sequence is the hydric deficit for most of
the year where total yearly rainfail varies
between 450 and 550 mm, distributed ac-
cording to a tetraseasonal pattern. The
average annual temperature is [7.3°C in
the highest locations and 25.5°C at lower
altitude (Andressen and Ponte, 1975),

MATERIALS AND METHODS

This study was carried
out in two stages: the first consisted of
an exhaustive review of bibliography and
national mammal cellections, wherein
Andean specimens are deposited, particu-
larly the Coleccion de Vertebrados de la
Universidad de Los Andes (CVULA), the
Museo de Historia Natural La Salle
{MHNLS), the Museo de la Estacion Bio-



logice de Rancho Grande (EBRG) and
the Musec de Ciencias Naturales de Gua-
nare {(MCNG). For the bibliographical re-
view the references of Aagaard (1982}
Cabrera (1958, 196!l), Diaz de Pascual
(1988), Handley. (1976), Péfaur and Diaz
de Pascual (1982), Mufioz (1996), Soria-
no ef alf. (1990) and Soriano and Ochoa
(1997) were mainly used. The taxonomic
nomenclature employed follows the crite-
ria presented in the work edited by Wil-
son and Reeder (1963). When assigning a
given species to a particular ecological
unit the geographical location of the cap-
ture site and the altitude were taken into
accounl. Thus a preliminary diagnosis
concerning the community composition in
each selecied ecological unit was made
and critical areas requiring additicnal
sampling effort 1o complete the invento-
ries were detected.

in the second phase a
capture programme in  the previously
identified areas was formalized, o
complement the available information.
The ccclogical units sampled were the
seasonal forests, cleud forests and
paramos of the Tachira State. No or few
disturbed areas were selected, where col-
lections were effected using the Sherman,
National and Victor traps, so covering
most of the different terrestrial, aquatic
and arboreal microhabitats. A giobal trap-
ping and mist net effort of 15414 traps/
night and 1560 hours/nct was made. All
collected material has been deposited at
the CVULA in Mérida and EBRG in
Maracay.

The lack of mammal
lists from submontane forests correspond-
ing to the Andean piedmont prevent us
from analyzing the changes in the species
richness related to the altitudinal gradi-
ent. Nevertheless, we have used the list
for low elevation forests from the Ven-
czuelan Guayana region (Ochoa er al,
1993) 10 make comparisons. and although
they will not correspend exactly with
these of the Andean piedmont, at least
they will permit uws to appreciate the
trends.

RESULTS AND DISCUSSION

Species richness and geographical
distribution patterns

At least 157 mammal
species, wrouped in 10 orders and 29
families, inhabit the Andcs of Venezucla
(Appendix I), and this represents 45.9
pereent of the registered species in the
country {Soriano and Ochoa, 1997). Bats
constitute  the most diversified taxon
which is made up of 46.8 percent of the
known mammals of the region. These re-
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Fig. 2. Bat richness changes by guild along an elevational gradient. Including tropical
rainforest (Guayana), montane seasonal forest (SF). and montane cloud forest (CF).

lationships correspond with the trends
found for the Chiroptera all over the
country {Ochoa ¢f al.,, 1993; Soriano and
Ochoa, 1997) and in the rest of tropical
South America (Reig. 1986).

The capture and review
of collections programme gave 29 new
records for the Andean region above 800
m (distinguished with R in Appendix 1)
Didelphimorphia (1}, Xenarthra (4), Chi-
roptera (21}, Primates (1), Carnivora (2}
and Artiodaclyla (1). The collection num-
ber and locality of some of the voucher
specimens are referred o in Appendix 2
Although the Andes occupy only 4% of
the country area the relationship species/
arca reaches values of 42.8 x 107 spp./
km’. This represents almost an order of
magnitude higher (8.3 fold} than those
corresponding  to the Guayana region
{Delta Amacuro, Bolivar and Amaronas
States), which represent approximately
50% of the national territory and where
5.14x10™ spp./kin? have been recorded.

Thirty one specics {indi-
cated with asterisk in Appendix 1) exhibit
an exclusively Andean geographical distri-
bution, which represents almost one fifth
{15.9%) of the listed species. Among them
three distribution patterns can be  distin-
guished: i) wide within the region (WD in
Appendix 1), ie, Cordillera de M¢nda and
at least part of the Ceclombian Cordillera
Oriental, where Afonodelphis adusta (Did-
elphimarphia),  Sturnira  ardatathomasi. S
hidens. S bogotensis (Chiroptera), Tremi-
arctos oenains, Nassuella olivacea (Car-
nivoray, and Aepeomys fugens. Igowii tace-

zanowskii, Akodon bogorensis, Chilomys
instans, fchthyosys  hydrobates, Melano-
mys caliginosus, Thomasonvs laniger (Ro-
dentia) exemplify this pattern, ii} restricted
or endemic 1o the Cordiliera de Mcérida
{CM), that means all the mountains on the
northeast of the Depresion del Tachira;
this is the case of Gracilinanus dryas
iDidelphimorphial,  Crprotis  meridensis
{Insectivora), Awowra  fuismanueli (Chi-
roptera), Mazanta  bricenit {Artiodactyla)
and Newsticomys amssol. Ovcomys  flav-
icans, Oryzomys meridensis. Orvzomys spz,
Thomasomyvs vesnius and lallamys edax
(Redentia). iii) restricted to the Cordillera
Oriental (CO), including some species
whose most easterly distribution ends in
the Macizo de El Tami: Caenolesies ob-
sy (Pauciluberculatay, Crypronis tho-
masi {Insectivoral. and (Cbchanomyy iri-
chotis. (figorv-omys griseolus, Oryzomys
atbiguiaris, Rhipidomyvs fdvivester. Tho-
masomys airens and T, hylophilis (Ro-
dentia) 1llustrate this situation.  Special
mention is made of meuse Rhipidomys ve-
mrsies,  whose  distribution arca encom-
passes the Cordillera of Mérida and ex-
tends to the Cordillera de la Costa in
northern Venezuela (Handley, 1876: Wil-
son and Reeder, 1993), thus converting 1t
in an endemic species of Venezuela. al-
though not exclusive 1o the Andes.

Ecological distribution
Upon  esamining  the

species composition in the different eco-
logical units evaiuated (Table 1) a clear

JAN - IR 1999, vor, 24w | IVERLDJIEROIAR



rchness  gradient may be appreciated,
where the cloud and seasonal forests ex-
hibjt the greatest number of species (117
and 79, respectively), followed by the
thorn shrubs (39}, dry evergreen forests
(21) and paramos (20), With the cxcep-
tion of this last unit, we consider that the
capture efforts effected in each one of
the ecological units, indicated in the
methodology, have been sufficient te of
fer a reasonably complete idez of their
cemposition; consequently, the taxonomic
aspects that distinguish them arc due to
intrinsic differences among them. The de-
crease in the number of cloud forest spe-
cies compared to those found in scascnal
forests are clearly associated with the al-
titudinal gradient which imposes more se-
vere thermal conditions on the inhabit-
anis of the cloud forests, with a consc-
quent reduction in species richness. In
the paramos the structural simplicity of
the enviromment combined with the pre-
vailing extreme climatic  conditions,
causes the drastic reduction which is ob-
scrved in the number of species.

Although  species rich-
ness 1n the dry cvergreen forests 15 cx-
pected to be less than in the cloud and
scasonal forests, due to low humidity and
reduced complexity. we consider that the
numbers obtained (21 species) do not re-
fleet the real diversity of this unit and
are rather due to insufficient sampling.
Fvidence of this situation shown by the
species Sciwrus granafensis, which is un-
doubtedly found in this unit, but since its
presence has not vet been confirmed we
put a question mark in the corresponding
space in Appendix |,

As opposed to dry ever-
green forests we expect thorn shrubs to
show o smaller diversification of the
mammal communities, since we censider
that the inventories accomplished in this
unit have been sufficiently representative
of their temporary and spatial variability.
The field data indicatc the absence of
typical rodents in this ecological unit
(Sortanc er «l., 1999). Similarly. most of
the recorded taxonomic composition could
be the consequence of the breakthrough
of some species onginating from the sur-
rounding scasonal forests, through the
galleries of the rivers and streams as is
the case of the Didelphimorphia \Mona-
defphis brevicardura, the Chiroptera Car-
oflie perspicilfaia, Sturniva liffm, Plagr-
rhinus hellerr, deiiheus hartii, Avtibens
Jamaicensis. Artibeus limratus and  the
Rodentia Covndu prehensilis. Signodon
hispidus and Thomasomys lamger.

Taking into  account
these observations, and the fact that the
seasonal  forests, cloud  forests  and
paramos constitute the ccolegical units
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with greatest coverage in the region, and
represent a continuity in the altitudinal
gradient whose inventories are considered
relatively complete, the information gath-
ered for these three units allows us to
compare the altitudinal distribution pat-
terns that the different mammal species
recorded in the Venezuelan Andes ex-

hibit.

Some lowlands (<<800 m)
taxa, particularly: Marmosa  robinsoni,
Monodelphis  brevicandara,  Cabassous

centralis. Ofigoryzomys fulvescens, Nec-
fonms squamipes, Rhipidomys couesi. R,
veweznelae, Sigmodon hispidus, Sigmod-
onioimys alfari. Coendu prehensilis, Dino-
mys branickii, Dasvprocta leporing, Ago-
nti paca, Proechinys sp. Cebus ofiva-
ceus. Paniherda onca. Mazama americana
and many Phyllostominae bats widen
their altitudinal distribution and  surpass
the inferior limit of the seasonal forests,
However. they do not reach the corre-
sponding levels in the cloud forests. The
seasonal forests alsc share some species
with the cloud forests, for cxample 1i-
delphis albrveniris, Gracilinanus  drvas.
Crvprotis meridensis. Aepeomys legens,
Akodeon urichi, lchthyomys  hvdrobates,
Ohrvzomys meridensis, Riupidonvs vens-
s, Thomasomys vestitus and Sphiggurus
vestiies

Six species are consid-
ered typical elements of the cloud forests
ithe Chiroptera Smrnira bidens, Sturnira
hogorensis and the Rodentia Chilomys
instans,  Thomasomys  aurens,  Thoma-
somys hvlophitus, and Olallanys edax),
while the rest of the mammals recorded
in this unit may widen their ecological
distributions  toward other contiguous
ecological units.

The 19 species which
characterize the communities associsied
with the paramos except the subspocics
Odocaileus virgiaianus  goudoni LAre-
dactylay and Silvilagus brasificnusis mieri-
densis (Lagemorpha), which appear 10 be
exclusively associated with this ccologi-
cal unil, none are exclusive or character-
istic mammal species of the paramo. In
the particular case of the rodents. our re-
sults are in agreement with the published
data by Hershkovitz (1958). who indi-
cated the absence of this taxon in the
forests and  distributions  restricted (o
paramo  environments. In the case of
Mkadun hogorensis 1ts ccological prefer-
ences relate it more te open areas with
grassy coverage (Aagaard. 1982; Diaz de
Pascual. 1994Y. Similar results have been
mentioned by Ldpez-Arévalo and Mon-
tenegro-Diaz (1963) and Lépez-Arévalo
et gl (1993) in the reservation of Car-
panta of the Cordillera Oriental, Colom-
bia.

The only confirmed Pri-
mate species in the seasonal forests is
Cebus olivacens, although the presence
of Mouatta senicuius is very probable
{Appendix 1), since it is present in supe-
rior belts, such as the cloud forest. The
fact that this species has not been regis-
tered may be an indication of the
anthropic alteration that it has suffered in
these wild environments, to  which the
primates are highly sensitive {Ochoa er
af. 1693).

Mammal communities of
the seascnal and cloud forests possessing
the grearest nummber of species, provide
almost the whole species list of the re-
gion (Table I. Appendix ). The seasonal
forests housc 117 species (74.4% of the
regional total), of which 14 are restricted
to the Andean region (Appendix 1). Also,
in these foresis nine of the ten cndemic
species of the Cordillera de Mérida
(60%) are represented. The cloud forests
possess 78 species (50% of the regional
total}, of which four are endemic (4(Q%)
and 24 are exclusive fo the region:
ameong the latter are. Chilomys insians,
Oligoryzomys  griseolus.  Chibchancinys
trichotis,  Akodon  hogotensis and  Olal-
lamvs edax which are found solely in
sites located above the lower limit of this
unit

In the ecclogical distri-
bution context bats require special con-
sideration; Figure 2 shows an important
decline in the number of species when
moving from the forests of the region of
Guavana {123) to the seasonal (54) and
cloud forests (31). Similar situations have
been relerred to by Graham (1983 for
The Andes of Peru and for Veneruela b
Fleming (1986} using the data of Hand-
ley (19700, These authors interpreted the
abserved altitudinal decline as the resuit
of a reduction in the available resources.
However, the same is not manifested pro-
poctionally, in the functional groups
ttrofic categeries)y or in all the taxa.
I'us. we can appreciate in Figure 2. that
the insectivoraus guild seems to he di-
rectly responsible for the decling, show-
ing a high corrclation with the total of
bats (Spearman cerrelation coefficient rs=
0.99: P= 0.05). while. on the contrary,
the rest of the functional categorics de-
cline following other trends,

Diet has a great influ-
ence on the metabolic rate of bats and
consequently in  their  thermoregulatory
capacities (McNab, 1982). McNab shows
that bats with diets based on protcins (in-
sects) have lower mwetabotic rates than
those whose diet is compased of carbo-
hydrates {fruit and or nectar). The few in-
sectivorous bat species that occupy these
high mountain environments belong ex-



clusively to two families (Vespertilion-
idae and Mclossidae). Vespertilicnidae is
the only bat family of extratropical origin
that inhabit the nectropics, and Moloss-
idae is the only tropical family of insecti-
vore bats whose representatives reach
temperate  latitudes.  This  information
leads us to think that the species decline
with altitude is due to the inefficiency in
the thermoregulatory function of the spe-
cies of tropical origin that characterize
the insectivorous guild (Soriano, [983)

Taxonomic and biogeographic
remarks

Given the gcographical
separation of the Cordillera de Mérida
and the Venezuelan portion of the Cor-
dillera Oriental (Macizo de E1 Tamad), in
the present study we have followed the
nomenclatural criteria in Wilson  and
Reeder (1993) and we recognize (rypro-
tis thomasi as a different species of C
meridensis. This 1s not the case for the
deer of the genus AMazama, since al-
though we expect the presence of M
rufing for Venezuela in the Macizo of El
Tama, we do not have vouchers from
that locality, thereforc we have only rec-
ognized A bricerii as endemic ¢ the
Cordillera de Mérida.

Handley (1987) restricted
the Venezuelan geographic range of Ari-
bens cinerens to the southern Orinoco
river basin, but he did not specify which
specics inhabit in the Venesuelan Andes.
Herein we recognized two forms occurring
in the Venezuelan Andcs: 4. glowcus and
A. phaeotis which are reported by the first
time (Appendix 1 and 2},

The Depresién del Ta-
chira does not scem to have operated as
an effective barrier for bats, and there are
no endemic species of bats in the Ven-
ezuelan Andes, except in the case of
Anoura luismanueli, which has not been
registered outside of the Cordiliera de
Mérida, but whose presence in the Cor-
dillera Orjental is very probable {Moli-
nari, 1994). However, the insularity ex-
hibited by the arid enclaves that charac-
terize the ecological unit of the thom
shrubs, means that it is necessary to ex-
amine the taxonomic status of at least.
the Andean populations of the bats
Glossophaga longirosteis and Rhogeessa
minutiila, since such isolated populations
were not censidered in the previous re-
views of those species (Webster and
Handley, 1986; LaVal, 1973).

In seasonal forests a high
diversification of the genera Oecumys and
Rhipidomys is observed, so that almost
50% of the species recorded in Venezuela
are found represented in this unit; how-
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ever, both taxa reach their maximum di-

versification in Guayana (Ochoa et af.,.

1663). The genus Oecomys, seems to be
characteristic of the low and median el-
evation forests; in the seasonal forests it is
represented by four species, of which
Cecamys favicans is endemic to the
Andean region (Appendix 1) Similarly,
the genus Rhipidomys is represented by
three species in the seasonal forests, of
which Rhipidomys fulvivenier constitutes a
new endemism and its ecological distribu-
tion reaches the cloud forests.

Within the Andcan ge-
nus Thomasomys the inverse phenonenon
is observed, their representatives are ex-
clusively, restricted to seasonal foresis,
cloud forests and paramos, and with a
maximum in the ¢cloud forests (Soriano er
al., 1999). Within this gradient there
seem to be a substitution of the genus
Oecomys by the genus Thomasomys, as
seasonal ferest changes to cloud forest:
and it is interesting that both these taxa
are found in the semiarboreal redents
guild. A similar distribution pattern was
found for the Thomasomys species in the
Peruvian Andes (Patton, e al., 1990).

The genus dkodon is
represented in Venezuela by two species
A. urichi and 4. hogotensis, the first one
with a wide distribution within the cvalu-
ated ecological gradient, while A. bogo-
fensis is restricted to the cloud forests
and paramos. It is convenient to examine
the taxonomic identity of the populations
of the latter, in the light of the parapatric
or gradient speciation model, as has becn
referred to by Patton es ai. {1590). Thus,
given its high Andean distribution pat-
tern, we expect that the morphotype of
the Cordillera de Mérida, by virtue of its
possible geographical isolation, could be
distinguishable from the rest of the
Andean populations. [n the same way,
we think that the identity of the Venezu-
glan  populations of T Janiger and
Chilonys instans would have to be exam-
ined.

The genus Oryzomys is
represented by five species in Venezuela;
of which only O meridensis is recorded
in the Andean region and constitutes a
recognized complex of species (Aguilera
et al., 1995); whose wide distribution ex-
tends from the seasonal forests to the
cloud forests, inciuding the dry evergreen
forests. These different populations show
morphological variations possibly associ-
ated with the altitudinat gradient (Rivas,
1993). Recent karyologic studies revealed
that within the . albigularis complex at
least two forms may be distinguished in
the Venezuelan Andes: one of them re-
ferable 1o . meridensis, and is found in
Lara, Trujille and Mérida states, and the

other not vet described. is located at the
Uribante dam in the Tachira Statc
{(Aguilera et 2f. 1995} and will provide a
new endemism for the Cordillera de
Mérida. Attention and special effort
should be put into the aguatic redents
collection of the genera Chibchanomys,
{chthyomys and Neuasticomys, since thess
Ichthiominae seem to have their greatest
adaptive radiation in the Andes (Voss,
1988: Ochoa and Sorianc, 1991) and be-
cause in these taxa two impertant aspects
are combined: i} an extremely low vagil-
ity, imposed by their high dependency on
the existing resources in permanent water
bodies and ii) the inherent difficulty
when capturing them, resulting n their
scarce representation in coliections and
museums.

Priorities for Conservation

The high richness and
endemism indexes that characterize the
Andean seasonal forests (Appendix 1) are
seen to be threatened by a high habitat
frapmentation and an intensive anthropic
activity, product of the agricultural devel-
opments in this unit; this constitutes the
called “coffec belt” where the principal
human settlements and cities of the re-
gion are located. The situation is made
more dramatic if it is taken intc account
that this unit lacks an adequatc rcpresen-
tation within the Venezuelan system of
areas under special protection. It is a
high priority to take measures to safe-
guard their integrity. The expansicn of
the agricultaral fronticr in the Andes cf
Venezuela has also alfected the cloud
forests, yet a large area in pristine condi-
tions still exists which has been largely
incorporated into National Parks and
other protected areas.

Finally, it is necessary
to emphasize the special attention that
the dry evergreen forests and thorn
shrubs require. The first of these units
constitutes a priority in the future zoo-
logical inventories design, due to the
scarce available information on the struc-
ture and composition of their animal
communities. The second one must be
considered in the short term within the
strategies uscd for the conservation of
natural environments that characterize the
Venezuelan Andes, evaluating the accel-
eration in degradation rates and loss of
this ecological unit in the wake of
urbanistic processes associated with the
towns of greatest importance such as
Mérida city, La Grita, and Valera. Such
strategies should combine the effort of all
of those instilutions intcrested in the pro-
tection and the management of the biodi-
versity that typifies the Andean region,
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taking into account the refevant commit-
ments made by the regional governments.
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Appendix 1
List of the high-Andean mammals of Venezuela with their
distribution by State and ecological unit,

Explication of simbology aboul distribution of cach species: (*} re-
stricted to Andean region: (WD) wide into the Andes; (CO) restricied
to Cordillers Oriental {Colombia} and Macizo de Fl Tama (Venezuela).
{CM) endemic Irom the Cordillera de Mérida, (R) first record of the
specics [or the Venezuelan Andes. Abreviation fur the ecological units
are: (5E) Sceasonul Forest. {CF) Cloud Fuorest. (PA) Parame. (DEF) Dry
Fvergreen Ferest and (TS) Tharn Shrub. Records comming from: {a)
field observations or signs: (b) bibliography. {¢) colects and muscums.
(7} probable presence in the unit. Abreviztions of the States: Ba =
Barinas, Ta = Lara, Me = Mérida, Ta = Tdchira, Tr = Trujillo. sp s
used for two species of the genera Orizomvs and Proechiprys, respec-
tively. which have nou yet specific epitet tAguilera ei al, 1993).

Appendix 1 (Cont.)

Andean Ecological Units
TANXA States SFCF PA DEF TS

DIDELPHIMORPHIA {14
Didelphidae

Calyromys philunder (R) - Me ¢

Caliromys fanatus Me bic ¢

Chironectos minimus I'a. e [ b

Didelphis albrvenives Ba.Ta.Me Tr ¢ bie ¢ ©

Drcdelphis marsupiatis laBaTaMeTr bic bfc ¢
= Cracitinanues drvay (CM) 0 TaMe, I hic

Ciracitinanus maricd Me b

Alarmoxa rohinsom Ba,Mec,Tr b/c ¢

Marmosops fuscuius Ba.Me, It bic

Marmosops impavidus la h

Metachires nudicaudatus BaMe bic

Micourens demergrae La.Ba,Me,Tr bic  hic
* Monodeiphis adusta (WD) TaMe [:2iM

Monadeiphis brevicaudara Bala,MeTr hic [

FPAUCITUBERCULATA (1)

Cacnolestidag

* Caennlestes ohscurus (CO) Ta b h
AENARTHRA (3)

Myrmecaphagidae

famandua mexicena (Ry - TaMe o ¢
Bradypodidae

Bradypies varegaiins Ir E b
Megalonychidag

Chaoloepus hoffmann: (R) Me N
Dasypodidae

Cubassous cearralis (R)y Tr <

Dasvpus novemcinetus (Ry La,Me ¢ @
INSECTIVORA (23
Swuricidae
* Creprotis meridensis (CM) TaMe Ty < bic  bie ¢

*Crvptotis thomase (CO) [ b
CHIROPTERA (74}
Fmballonuridae

Peraprervy kapleri HaTa b c
Noctilionidaz
Nuctifio feporinus {R) Me C

Mormoopidie
Meormoops megatophvlla (R) La,Me 5 [

Preronoius parnetli 1.a,3a cih
Phyllostomidae
Chrotepterns aurttus (R} La ¢
Loncharinae anrve Ba h
Micronyereris ursuia (R)  Me C
Vicromycteris megaftis Ba.Tu,Me b ¢
Mucroimeeterss nnerotis (R Me c
Acromvereriy minvia (RY  1oa <
Phyllastomus discolor (R Me ¢ ¢
Fhyitostomis hastaties 3a b
Tonaiia hrasifense Ba b
FToaetics saurophifa (R) Me C
(lassophage loneirosirs Me bic
Crlussophivue soricina Ba. Ta Me bic c
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Andean Fcological Units
TAXA States SF CF rA DLP 1S
Loachaphyila rabusta B Me hic
Anvura candifera Ba,Me,Ir ¢ b
Anoura cultrata Me I h/e
Anerisra geoiiroy Ba.Me., It bic  bic C
Anoura latidens BaMe b C
* Anowra lwismeanweli (UMY BaTaMe I bic  bic ¢
Leptonveteris cirasoue TaMe Tr héc
Caroliia hrevicauda La.Ba,TaMce Tr hic bic I
Caroflia castanea (R) Mc ¢
Caroffia perspicilicia l.a.Ba,Ta,Me Tr bric ¢
* Stenira wraiethomase (W) Me b
* Stirnira bidens (WIh Me. It hic
* Steniva bogorensis (WD) Ta Me bic ¢
Sturnire erpthromos FaBaTaMelr bic hic v
Sturnera lilivn la laMe,Tr bic ¢ v
Sturnira ludovice LaBBa.MeTr b/c bic
Sturnive tildue Ta h
Lraderma bilobanm Ba.TaMe hic 9
Platyrrinvnus umbrafus La.BaTaMeTr bhic bic 1
Platyrrivnus vittutis Lo BaMe Tr bic ¢
Planvrefnvnus hellers Ba.Me bic C
Chiraderma salvint (R} Me ¢
Chirodermea trinatim Me b
Chiroderma viflosun {(R) Me C
Artibeus amplus BaMe,Tr ¢ bic
Artiheus glaucus (R) [a.Ba TaMce ¢ C
Artcheus hortii Ba, Ta.Me ¢ bie C
Artibeus jamuicensis BaTa,Me hic ¢
Artibews firiratus Ba, Ta e hic bt ¢
Artibeus phaeoris (R) Ba S
Fampyressa pusilia BaTa bre
Sphacroavcteris roxoplivifam La.Me ¢ bic
Ametridg centurio he h
Desmodus rotmdus La.TaMe 1 b b hic
Diphylle ecoudata (R) Ta c
Vespertilionidae
Mvotis afhescens (R) Me ¢
Myolis oxvoius Ta.Ba.MeTr h/c  bic
Mvotis keayst Ba. Me bic c
Myoiis riparins Ba b
Eptesicuy wnelinus Ba b
Eptesicus brasiliensis LaBaTaMelIr ¢ b/t [ :
Eptesicus fusons Ta.Me C hic
Lpiesicins Rontosns Me bic
Histiotus humbafdis (R) Ta.Me C c hic
{listiots montains M bic
Lastrns herealis Ta. Me h ¢ [
Laxiurus cinereus Me c b b ¢ C
Fasiirug ega Me, Tr c b
Rhogeessa minutitle Me b
Rhoveessa timida (R) Ta ¢
Muolossidae
Tadarida brasthensey TaMe ¢ bic [
Eumops auripenduius (RY Me <
Funops glancinus Ta,Me b b
Lumops perotix Me b
Prowmops centralis (R) Me C
Yaoiossus bondae (R) Ta C
Aodossus molossus 3a.l.a.Me bic ™
Nyctinomops ingerols Me b
PRIMATES (2}
Alouatta senicubus TaMe LA
Ccehbus ohwvaceus (R l.a v
CARNIVORA (14)
Canmidae
Cerdocyon thous T.a. Ta,Me hie ¢ C
Lrocyan cinerevargenterns (R) Mo C
Ursidae
* Tremarctos oricins (W13 La,laMeFr ¢ b h
Procyonidac
Nussira nassuc TaMeTr hic bhic ¢
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Appendix 1 (Cont.}

Andean Lcological Units
FAXA States SF CF PA DEF TS
* Nussuelia olivacea (WD) Ta.Me, Tr ? bic ¢
Poros flinus Ta,Me,Tr b blc ?
Mustelidae
Conepatus senustriatus Me bic ¢ 7
Ewra burbura La.Ta.Mc b b ?
Lonira fongicaudis Ta.Me [ a a 7
Musiele frenata Ta.Me.Tr c bfc ¢ c
Felidae
Herpaiturus yaguarondi {R) Me
Leopardus tigring Me b ble ?
Panthera onca Me b
Puma concalor TaMe.Tr a b b a
ARTIODACTYLA {d)
Cervidae
Mazama americana 1.a,Me bra
* Macama bricenii (CM) Me.Tr bic b ? c
Odocoilens virgmians Me bie
Tayasuidae
Pecari tyacu (R ) La a
RODENTIA {40)
Sciuridae
Sciurus granalensts Ba. TuMeTr bic  bic '?
Heteromyidae
Heteromys unomalus La.Ba, TaMe Tr bic bic
Muridag
* depeontys fugens (WD) LaTaMeTr c hic  hic ¢
“Akodon hogotensis (WD) TaMeTr bic bic ¢
Akodon urichi La,Me c b/c  bic
* Chibehanomys irichotis (CO) Ta b
Nectomys squamipes Ba b
* Chilomys instarny (WD) Ta.Me bic
* fchthvomys hydrobates (WD) TaMe bic  bic C
* Melanomys caligrnosus (WD)YBa,Me,Ta b/e
Microrvzamys minutus BaTaMeTr ¢ bic bic ¢
Nedgcomys lentipes Ba.Ta.Tr kic
* Neasticomys mussod (CM) Ta b
Oeconys hicolor Ta b
Cecomys concolor Ta b
* Decomyy favicans (CMY Me b
Cecomys cf irmitates (R) Ba C
Oligorvzomys fulvescens Ba.Ta.Mc b/c  bic
= (Migorizomvs griseofus (COY Ta b
* Orvzomys albigilaris (CO) Ta b
* Oryzomys meridensis (CMY - La,Ba, TaMe It ble  bic ¢
* Oryzomys sp (CM) Ta b/c
Rhipidontvs couesi Ra,Mc bic
Ritipidonvs fitlvrvenier Ta b
Rinpidonys venezueloe l.a,Tr,Me hic
Rbiprdonnys venusius La.Tr.Ta,Me ¢ blc
Sigmepton hispidus Ba,Tr b
Sigmodontomys alfari Me b
* Thamasomys anreus (CO) Ta b
* Thomasomys hyfophilus (CO)Ta bic
¥ Thomasomys lumiger (WD) Ta,Me,Tr b/c bic ¢ ¢
* Thomasomys vestifs (CM)  Me/Tr b bl
Erethizontidae
Coendu prehensilis TaMe C
Sphiggiirus vestilys Me bl ¢
Dinomyidae
Dinomys bronickii Ta b
Dasyproctidae
Dasyprocta feporine La,Me 2
Agoutidac
Agouti puca La,Ba b
* dgoutr tgecanowskil (WD M. Ta bic ¢
Echimvidae
Proechimys sp. Ta b
¥ allamys edax [CM) Me b
LAGOMORPHA (1)
Leporidag
Stivitugus brasilensis Me b
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Appendix 2
New mammal records for the Venezuelan Andean Region.

The list includes ORDER. FAMILY, Species, Andean State, local-
ity, elevation and catalogue numbers of the voucher specimens at
Coleccion de Vertebrades de la Universidad de los Andes. Mérida
{CVULA) or Museo de la Estacién Biolégica de Rancho Grande.
Maracay (EBRG).

DIDELPHIMORPEIA: DIDELPHIDAE: Cafuromys phifander:
Mérida; Qda. La Campana, % km ENE Sto. Domingo 1500 m
(CVULA-1-3652)

XENARTHRA: MYRMECOPHAGIDAE: Tamandua mexicana:
Mérida: Capard, 3 km SE San Juan de Lagumillas, 900 m (CVIULA-I-
5760); Tachira: La Quinta. 3 km E Seboruco. 1000 m (CVUILA-I-
5034, 5933).

MEGALONYCHIDAE: Choloepus hoffmanni: Tachira: Presa La
Honda, 10 km SSE de Pregonero 1100 m (CVULA-I-2448). Mérida:
La Chorrera, 3 km E Jaji, 2000 m (CVULA-I-4403).
DASYPODIDAE: Cubassous centralis: Trujillo State: Agua Negra,
near Sabaneta, 1357 m (CVULA-I-5765). Dasypus novemcinctus:
Mérida; Monte Zerpa 6 km N Mérida, 2000 m (CVULA-I-5633).
CHIROPTERA: NOCTILIONIDAE: Noctilia leporinus: Mérida: La
Variante 3 km SSE de Lagunillas, 970 m {CVULA-1-5819-5821).
MORMOOPIDAE: Mormoops megalophili: Lara, El Blanquito. PN,
Yacambi, 9 kni SE de Sanare, 1600 m (CVULA-1-2721); Mérida
Laguna de Capard, 3 km SE de San Juan de Lagunillas, 900 m.
(CVULA-I-3471).

PHYLLOSTOMIDAE: Chrotopterus auritus: Lara: El Blanquito {P.N.
Yacamb), & km SE Sanare, 1600 m (EBRG-4184). Micronycreris
frirsuta: Mérida: Santa Cruz de Mora (CVULA-1-). Micronycteris
microtis: Mérida: Monterrey, 8 km NNE Mérida, 2400 m {CVULA-I-
1351, 1445, 2486). Micronycteris minuta: Lara, El Blanquito, P.N,
Yacanibi, 9 km SE de Sanare, 1600 m (CVULA-1-2715).
Phyllostomus discolor: Mérida: Laguna de Capari, 3 km SE de San
Juan de Lagunillas, 900 m. (CVULA-I-3478); Carretera Zea-Tovar,
1.5 km SE Zea. 1150 m (CVULA-1-3031-3033). Tonatia saurophila:
Mérida; Mérida: El Paramito, 2 km SO Zea, 1000 m {CVULA-I-).
Curoliia castanea: Mérida: 7.5 km WSW Mesa Bolivar, 800 m
(CVULA-1-33%96, 3398, 3399). Chiroderma salvini: Mérida: 1.5 km
SE Zea, 1150 m {CVULA-I-3171). Chirederma villosum: Mérida:
(CVULA-I-). Arfibeus glaucus: Mérida: 1.5 km SE Zea, 1150 m
(CVULA-I-3566, 33578, 3583}, Tryjillo: Finca La Nona, 5 km E
Bocond, 2050 m (CVULA-I-3081). Artibeus phaeotis Mérida: 1.5 km
SE Zea, 1150 m (CVULA-1-3561). Diplyita ecaudara: Tachira:
Cueva de La Honda, 12 km S Pregonero, 1100 m (741 A-1-2017).
VESPERTILIONIDAE: Myotis afbescens: Mirida: Lu v oiiante. 3 km
SSE Lagunillas, 970 m (CVULA-I-5818). Riogeessa tumida: Tichira:
l.a Quinia, 6§ km E Seboruce (CVULA-1-5772-5775}, MOLOSSIDALE:
Eumops auripendutus: Mérida: Laguna de Capart, 3 km SE San Juan
de Lagunillas, 900 m. (CVULA-1.3419). Promops centralis: Mérida;
La Pedregosa, Mérida, 1500 m (CVULA-1-3440). Molossus bondae:
Tachira: El Hatico, 4 km E Seboruce. 1300 m (CVULA-1-53721,
5722).

PRIMATES: CEBIDAE: Cebus olivaceus: Lara, El Blanquito, P.N.
Yacambt, 9 km SE de Sanare, 1700 m (EBRG-15724).
CARNIVORA: CANIDAE: Urocyon cinereocargenteus: Mérida: 1 km
W de Mucuchies, 2800 m (CVULA-1-3634). FELIDAE: Herpailurus
yaguarondi: Mérida: highway Mérida-Estanques 800 m (CVULA-I-
S901).

ARTIODACTYLA: TAYASUIDAE: Pecari tajacu: Lara: Cumbre las
Trojas 25 km S Cabudare (EBRG-2281),

RODENTIA: MURIDAE: Qecamys cf. trinitafis: Mérida: Cerro Alto.
3 km N La Soledad. 1600 m (CVULA-I-305).
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