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Abstract. The Colombian Orinoquia region is characterized by a high diversity of mammals, which is associated with complex
ecosystems that include large extensions of Neotropical savannas (known locally as “Llanos Orientales”). Despite accelerated
anthropogenic transformations in savanna ecosystems, the knowledge to design effective conservation strategies, such as the
distribution of mammal assemblages, is still lacking for this region. In this paper, we evaluate if assemblages of medium and
large mammals (i.e., species richness, relative abundance and the contribution of the different trophic guilds) are homoge-
neous across the Colombian Llanos by comparing three savanna ecosystems: floodplains savannas associated with an Andean
river, aeolian floodplains savannas and highland savannas. After a sampling effort of 3,150 camera trap/days, we recorded 16
mammal species from the three savanna ecosystems. We compared the three assemblages and their constituent trophic guilds
by ANOSIM and SIMPER non-parametric permutation tests. The three assemblages differed in composition, structure and tro-
phic quilds. The floodplains savannas, associated to an Andean river, present the highest diversity, contrastingly, the high-plain
associated with the Guyanese Shield presents the lowest diversity. This pattern could be explained due to the greatest floristic
diversity, complex vegetation structure and more fertile soils present in the riparian forests of the floodplains savannas, despite
being the most anthropogenically transformed. The carnivores were the most variable category and herbivores were the most
abundant. Our results show that the diversity of medium and large mammals is heterogeneously distributed in the Colombian
Llanos. Therefore, it is necessary to implement targeted conservation strategies according to the characteristics, local fragility
of each ecosystem in the territory and each species response by local conditions.

Key-Words. Neotropical savanna; Orinoco plains; Camera trapping; Medium- and large-sized mammals; Trophic guilds.

INTRODUCTION Chaves et al,, 2016). This high diversity has been

related to historical processes associated with

The Neotropics contain about 30% of the total
world mammalian diversity (Carrillo et al,, 2015).
Mammalian species display considerable impacts
on the composition and dynamics of Neotropical
ecosystems (Redford, 1992). Particularly, medium
and large mammals (i.e, > 1 kg) have key roles
in ecosystem functioning such as seed disper-
sal (Acevedo-Quintero & Zamora-Abrego, 2016),
pollination (Carthew & Foldinger, 1997; Steiner,
1981), seed predation (Logiudice & Ostfeld, 2002),
habitat modification (Giombini et al, 2016), and
regulation of plant and animal species popula-
tions (Terborgh et al,, 2001; Crooks & Soulé, 1999).

Colombia holds the sixth highest level of
mammal diversity globally and the third in the
Neotropical region, with 518 species (Ramirez-
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its tropical position, topography and the high
ecosystem diversity (Hernandez-Camacho et al.,
1992). In Colombia, five natural continental re-
gions are recognized (ie, Caribbean, Pacific,
Andean, Orinoquia and Amazon), among which
the Orinoquia is the second most diverse in mam-
mals, only surpassed by the Andean (Pardo &
Rangel-Ch, 2014). The Orinoquia region is com-
posed of several ecosystems, mainly savannas
(known locally as “Llanos Orientales”) which are
distributed from the eastern side of the Andean
mountain range to the Orinoco River north of the
Guaviare river basin and total an area of around
230,000 km? (Rippstein et al,, 2001).

Within the Llanos Orientales, there are three
main types of savannas: floodplain savannas,
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piedmont savannas, and high-plain savannas, (Rippstein
etal, 2001). Floodplain savannas include several ecosys-
tems such as aeolian savanna, gallery forest, and pastures
(Romero-Ruiz et al., 2010) and are characterized by high
productivity due to the accumulation of rainfall during
eight months of the year (Mora-Fernandez et al., 2015;
Sarmiento, 1983). By contrast, high-plain savannas have
less productivity and complexity than floodplain savan-
nas, due to the lower nutrient input from the Guyanese
Shield (Sarmiento, 1983).

Despite the high biodiversity of the region, currently
the Llanos Orientales is a strategic region for the nation-
al economy, according to government planning (DNP,
2016). For instance, the productive land for agriculture is
expected to increase from 81,000 acres to 780,000 acres,
and $9.6 billion Colombian pesos ($3.2 million USD) has
been designated for infrastructure projects such as road
networks (CONPES, 2014).

Under this scenario, knowledge of mammal diversity,
distribution and ecology is important for decision-mak-
ing, in order to implement sustainable land use in the
Orinoquia Region, especially, when there is still a large
gap in basic information about the mammals of the
Colombian Llanos (Ferrer-Pérez et al, 2009). Despite
some studies about mammal responses to oil palm dom-
inated landscapes (Pardo et al,, 2018a, b; Pardo & Payan,
2015), regional checklists (Ferrer-Pérez et al.,, 2009), and
technical reports of conservation planning (Borén &
Payan, 2013; Diaz-Pulido & Payan, 2009), knowledge of
mammal assemblages and their attributes (such as rel-
ative abundances and trophic composition) in different
savanna ecosystems is almost nonexistent for this re-
gion. Comparing the structure of mammal assemblages
across the savannas of the Colombian Llanos is an im-
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portant step toward understanding the distribution and
functional contribution of mammal communities in each
of these ecosystems and on a regional scale.

In this context, we aimed to compare the composi-
tion and structure of assemblages of medium and large
mammals in terms of species richness, relative abun-
dance, and the species contributions to trophic guilds at
three different ecosystems along the Colombian Llanos:
floodplain savannas associated with an Andean river,
aeolian savannas and highland savannas associated to
the Guyanese Shield. We discuss the value of savanna
ecosystems as areas of special importance for the con-
servation of medium- and large-sized mammals in the
Colombian Llanos.

MATERIALS AND METHODS
Study area

The study comprised three savanna ecosystems in the
departments of Arauca, Casanare and Vichada, located
in the Orinoquia region (Fig. 1A-C). The regional climate
has a unimodal rainfall pattern with a wet season (from
April to November) and a short dry period (December to
March). Savannas’ vegetal communities vary in relation
to flood level and topography (Mora-Fernandez et al.,
2011).The three ecosystems are described below:

Ecosystem 1: Floodplain savannas, Arauca (SE-1)

Mosaic of floodplain savannas (74%), riparian strati-
fied forest (16,6%) and exotic pastures (9,4%). The forest of
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Figure 1. Geographical location of the localities studied in the three savanna ecosystems sampled in the Colombian Llanos: (A) SE-1., floodplain savannas (Arauca);

(B) SE-2., aeolian savannas (Casanare); (C) SE-3., high-plain savannas (Vichada).
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this ecosystem is a dense high forest that grows on flood-
plains bordering whitewater Andean rivers (Casanare
River) that deposit on the soil a lot of nutrients (Baptiste
& Ariza, 2008; Etter, 1998). The plant community of these
forests is characterized by higher density of trees (> 70%),
with a diameter at breast height (dbh) larger than 1 m
and heights ranging from 6 to more than 25 m and con-
stitute a more or less continuous canopy stratum (Mora-
Fernandezetal, 2011; Romero et al., 2004). This study site
was placed in the department of Arauca, municipality of
Tame, in the villages of San Salvador and San Joaquin,
within the Casanare river basin (6.2398° -71.5863, 172 m;
Fig. 1A). It is currently facing landscape transformation
processes due to several anthropogenic activities such
as oil and gas industry. Also these forests contain a high-
er percentage of nutrients (Baptiste & Ariza, 2008) and
therefore, farmers use floodplain rivers to grow different
crops due to the high fertility of its soils, consequently
these forests are partially fragmented (30%).

Ecosystem 2: Aeolian savannas, Casanare (SE-2)

Mosaic of aeolian floodplain savannas (71,1%), flood-
plain forests (14,2%), grasslands (0,6%), exotic pastures
(9,8%) and crops (4,3). These forests develop in the banks
of rivers, streams and creeks that are born in the savan-
nas, in contrast with riparian stratified forests, their trees
have smaller size, with a diameter at breast height (dbh)
of no more than 50 cm and a canopy height of 20 m
(Mora-Fernandez et al,, 2011). This second study site was
set up in the department of Casanare, municipality of
Trinidad, in the villages of San Cristébal and Santa Marta,
which are located inside the privately protected area of
Altragracia-Trinidad (5.3204°, -70.8310, 119 m; Fig. 1B).
This ecosystem has been transformed by agricultural and
mining activities such as livestock raising, hydrocarbon
projects, some crops of rice and improved pastures.

Ecosystem 3: High-plain savannas, Vichada (SE-3)

Mosaic of high-plain savannas (77%), floodplain for-
ests (16,1%) and timber species crops (4,8%). These forests
are fed by the Bita river, which is a mixed-water river born
in the savanna. The vegetation is defined by a density of
trees with a diameter at breast height (dbh) of 50 cm, with
heights ranging from 5 to 20 m (Mora-Fernandez et al,
2015). The third sampling site was in the department of
Vichada, municipality of Puerto Carrefio, on the premises of
La Pedregoza farm, which is situated inside of the privately
protected area of the Pedregoza, within the Bita river basin
(6.0618°, -67.7222, 72 m; Fig. 1C). Anthropogenic activities
include small-scale agricultural uses in livestock raising and
farming crops such as rice and maize. In comparison to the
other savanna ecosystems sampled (i.e, SE-1 and SE-2), this
is the least disturbed by anthropogenic pressures. This is
mainly because these forests do not have a value for agri-
culture, instead some of them are burned to expand pas-
tures and savannas (Mora-Fernandez et al,, 2011).
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Medium- and large-sized mammal sampling

This study was carried out at the end of the wet sea-
son (October to November), in three different ecosys-
tems (SE-1, SE-2 and SE-3), described above (Fig. 1). For
each one of them, 30 sites were sampled by placing 30
camera traps (Bushnell Trophy Cam) in the field for 35
consecutive days. A minimal distance of 1.1 km between
traps was used (O’Brien et al., 2003). The camera traps
were in both forest, crops, exotic pastures and savannas.
Cameras were set at an average height of 40 cm above
ground to be able to capture medium-and large-sized
mammals and programmed to take three pictures per
trigger with intervals of one second between pictures.
Cameras ran 24 h per day recording date and time of
each photograph. We did not use any kind of bait to at-
tract mammals.

Data analyses

The taxonomic treatment of the species detected was
based on Ramirez-Chaves et al, 2016 and Solari et al,,
2013. To analyze the images from the camera traps we
used the software NAIRA Il (Pulido-Castelblanco et al,,
2017). To estimate species accumulation curves and the
total species richness we used EstimateS 9.0 (Colwell,
2013). In doing so, we took the number of days in which
the cameras were activated, and the number of species
observed to plot the accumulation curves. We used the
richness estimator of Chao 2 after randomizing the sam-
ples 1,000 times. The use of Chao 2 is because of two
reasons: firstly, this non-parametric estimator of species
richness avoids problems related to detection proba-
bilities and abundance estimation using incidence data
(Pardo et al., 2018a); secondly, Chao 2 provides the least
biased estimates for small numbers of samples (Colwell &
Coddington, 1994), as in this study.

To test differences in relative abundance of species
and trophic guilds among the three mammal assemblag-
es, analysis of similarity (ANOSIM) was applied to two dif-
ferent matrices: one for estimating relative abundances
of each species and the other to estimate the contribu-
tion of those species in the different trophic guilds. This
non-parametric permutation test is frequently used to
examine the difference between two or more groups of
sampling units (Clarke, 1993). ANOSIM produces values
of R between -1 (total similarity) and +1 (total dissimilar-
ity) (Clarke, 1993). The probability values were estimated
based on 9,999 permutations.

As a surrogate of relative abundance, the capture rate
was estimated as the number of independent events
relative to the sampling effort, scaled to 100 trap/days
(Pardo & Payan, 2015). Photographs taken of the same
species in the same place were considered independent
if separated by at least an hour (Cruz et al., 2014), thus
avoiding pseudoreplication (O'Brien et al., 2003). Finally,
we assigned general trophic guilds (i.e, herbivorous,
insectivorous, carnivorous and omnivorous) based on
literature (Mosquera-Guerra et al, 2018; Muhoz-Saba
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et al, 2016; Jones et al, 2009) and the conservation
status National (Rodriguez-Mahecha et al, 2006) and
International (IUCN, 2019) of each species recorded.

The contribution of each mammal species to dissim-
ilarity among assemblages was evaluated using SIMPER
percentage analysis (Clarke, 1993). To compare species
richness and number of events of medium- and large-
sized mammals between the three ecosystems, Kruskal-
Wallis test were applied. All these statistical analyses
were carried out in PAST 3.0 (Hammer et al., 2001) and
RWizard 3.0 (Guisande et al., 2014).

RESULTS
Species richness and relative abundance

We recorded 16 mammal species distributed in 6
orders, 12 families and 15 genera in the three savanna
ecosystems (Table 1; Fig. 2A-I). The sampling represen-
tativeness for each ecosystem was above 80% based on
Chao 2 estimator. The floodplain savannas (SE-1) pre-
sented the highest richness observed (14 spp. observed),
which yielded a representativeness of 90.38% (Chao 2
mean + SD = 15.49 + 0.52). This was followed by the aeo-

[ @ RNIS e

=3
5 o SE U
5F24C O

Castillo-Figueroa, D. et al.: Mammal assemblages in savannas of the Colombian Llanos

lian savannas (SE-2 = 12 spp. observed) with a represen-
tativeness of 97.32% (Chao 2 mean = SD = 12.33 + 0.16)
and finally the high-plains savannas (SE-3 = 9 spp. ob-
served) with a representativeness of 83.17% (Chao 2
mean = SD = 10.82 + 0.63) (Fig. 3).

In general, five of the species were the most common-
ly recorded: Dasyprocta fuliginosa (17.9 trap/days), Pecari
tajacu (14.48 trap/days), Odocoileus cariacou (8.57 trap/
days), Myrmecophaga tridactyla (7.15 trap/days), and
Cuniculus paca (7.14 trap/days). Conversely, Puma
yagouaroundi 0.29 trap/days), Sylvilagus sp. (0.38 trap/
days), Mazama gouazoubira (0.57 trap/days) and Puma
concolor (0.59 trap/days) were the rarest mammalian
species (Table 1). We did not record any endemic species.
M. tridactyla was the only threatened species registered
according to the local and global red lists.

Structure of mammal assemblages

Mammal assemblages differed significantly (p < 0.01)
between all ecosystems according to ANOSIM analysis
(Table 2). Based on SIMPER analysis, despite D. fuligi-
nosa was dominant in both SE-1 and SE-2 (Table 3), its
relative abundance was higher in SE-1 than SE-2 (Fig. 4).

11:22.2017 05:99:14
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Figure 2. Some species recorded in Savanna ecosystems in the Colombian Llanos: (A) Hydrochoerus hydrochaeris; (B) Myrmecophaga tridactyla; (C) Puma yagoua-
roundi; (D) Cuniculus paca; (E) Puma concolor; (F) Odocoileus cariacou; (G) Leopardus pardalis; (H) Tamandua tetradactyla; (1) Pecari tajacu.
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Table 1. Medium- and large-sized mammals recorded in the three assemblages of the Colombian Llanos. International (A) and National (B) conservation status.
IUCN Red List Categories: LC: Least Concern, VU: Vulnerable. CITES categories: Appendix |, II, I1I. NL: not listed. Total number of events in the three savanna ecosystems
(SE-1, SE-2, SE-3).

Taxa Acronym Trophic guilds A B CITES 2017 SE-1 SE-2 SE-3
DIDELPHIOMORPHIA
Didelphidae
Didelphis marsupialis Dm Omnivore LC LC NL 18 28 0
CINGULATA
Dasypodidae
Dasypus novemcinctus Dv Omnivore LC LC NL 22 6 0
PILOSA
Myrmecophagidae
Tamandua tetradactyla Tt Insectivore LC LC NL 29 20 1
Myrmecophaga tridactyla Mt Insectivore w w 1 45 28 2
RODENTIA
Caviidae
Hydrochoerus hydrochaeris Hh Herbivore LC LC NL 1 26 0
Cuniculidae
Cuniculus paca (¢ Herbivore LC LC [l 48 25 2
Dasyproctidae
Dasyprocta fuliginosa Df Herbivore LC LC NL 132 54 2
Canidae
Cerdocyon thous (t Omnivore LC LC 1 10 3 8
Felidae
Puma concolor Pc Carnivore LC NT | 0 5 1
Puma yagouaroundi Py Omnivore LC LC I 3 0 0
Leopardus pardalis Lp Carnivore LC NT | 13 6 0
Mustelidae
Eira barbara Eb Omnivore LC LC 1l 14 0 0
CETARTIODACTYLA
Cervidae
Mazama gouazoubira Mg Herbivore LC LC NL 6 0 0
Odocoileus cariacou 0c Herbivore LC LC Il 36 50 4
Tayassuidae
Pecari tajacu Pt Herbivore LC LC Il 139 7 6
LAGOMORPHA
Leporidae
Sylvilagus sp. S Herbivore — — NL 0 0 4
Total 516 260 30
Table 2. ANOSIM on species composition and trophic guilds of medium- and .
large-mammals in the three assemblages of the Colombian Llanos using a 1
dissimilarity matrix based on Bray-Curtis similarity index.
12
Species Trophic guilds
R p R p 3 10
Between all sites 0.34 <0.01 039 <0.01 5
SE-1and SE-2 0.3 <0.01 0.09 <0.01 g ®
SE-1and SE-3 0.47 <0.01 0.58 <0.01 g-, 6
SE-2and SE-3 035 <0.01 0.47 <0.01 —
4 — SE-2
Additionally, P. tajacu was the commonest species in SE-3
SE-1 but was rare in SE-2 (Fig. 4). Regarding SE-1 vs SE-3, :
the dominance of D. fuliginosa in SE-1 and the absence 0
of many species in SE-3 such as Eira barbara, P. yagoua- 0 5 10 g days 30 35 40
roundi, Didelphis marsupialis, and M. gouazoubira shows
important differences among these two ecosystems Figure 3. Species accumulation curves at the three savanna ecosystems of

(Table 4). In SE-2 vs SE-3, O. cariacou had the highest con- Colombian Llanos. Dotted lines show 95% confidence interval.
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Savanna ecosystems

—&—SE-1 —@®—SE-2 O~ SE-3

Figure 4. Rank-abundance curves of medium- and large-sized mammals recorded at the three savanna ecosystems of the Colombian Llanos. Species acronyms are

listed in Table 1.

Table 3. Contribution of each species and trophic guild to the dissimilarity
among SE-1 and SE-2. Abbreviations: Avg SE-1., average of abundance in
SE-1; Avg SE-2., average of abundance in SE-2; Avg. dissimilarity, average
contribution to the total dissimilarity; % ac., accumulative percentage con-
tribution to dissimilarity. @ Overall average dissimilarity: 71.36. ®' Overall
average dissimilarity: 48.17.

Table 4. Contribution of each species and trophic guild to the dissimilarity
among SE-1 and SE-3. Abbreviations: Avg SE-1., average of abundance in
SE-1; Avg SE-3., average of abundance in SE-3; Avg. dissimilarity, average
contribution to the total dissimilarity; % ac., accumulative percentage con-
tribution to dissimilarity. @ Overall average dissimilarity: 95.89. ©' Qverall
average dissimilarity: 87.86.

SE-1and SE-2 Avg.SE-1  Avg.SE-2  Avg. dissimilarity % ac. SE-1and SE-3 Avg.SE-1  Avg.SE-3  Avg. dissimilarity % ac.
Species? Species?
Dasyprocta fuliginosa 3.77 1.54 14.81 20.77 Dasyprocta fuliginosa 3.77 0.05 27.18 2834
Pecari tajacu 3.97 0.2 10.92 36.08 Pecari tajacu 3.97 0.17 14.08 43.02
Odocoileus cariacou 1.03 143 8.50 48.01 Cuniculus paca 137 0.05 12.54 56.09
Cuniculus paca 137 0.71 7.08 57.95 Myrmecophaga tridactyla 1.29 0.05 9.43 65.94
Myrmecophaga tridactyla 1.29 0.80 6.06 66.45 Tamandua tetradactyla 0.82 0.02 5.67 71.86
Didelphis marsupialis 0.51 0.80 4.67 73.03 Odocoileus cariacou 1.03 0.1 5.59 71.69
Trophic guilds® Trophic guilds®
Herhivore 103 4.60 28.74 59.14 Herbivore 103 0.51 55.69 63.39
Insectivore 211 1.29 8.79 71.23 Insectivore 21 0.1 14.85 80.29
Omnivore 1.86 1.09 7.79 93.26 Omnivore 1.86 0.25 13.57 95.74
Carnivore 0.51 031 3.26 100 Carnivore 0.51 0 3.74 100

tribution to the dissimilarity due to its high abundance in
SE-2 and scarcity in SE-3 (Fig. 4). Furthermore, the pres-
ence of Sylvilagus sp. only in SE-3 shows also differences
between these two assemblages (Table 5).

Statistical differences were also found in species rich-
ness (H = 63.59; DF = 2; p < 0.05) and number of events
(H =70.28; DF = 2; p < 0.05) among ecosystems in all the
one-way Kruskal-Wallis comparisons (Fig. 5).

Trophic guilds

Our results showed significant differences (p < 0.01)
among the assemblages in terms of the contribution of

each trophic guild (Table 2; Fig. 6). In all three study sites
herbivores had the highest abundance, followed by in-
sectivores and omnivores. Dissimilarity was determined
by the strongest contribution of herbivores in all the
comparisons (> 59%) (Tables 3-5). By contrast, the carni-
vore’s guild had the lowest abundances in all the ecosys-
tems (Fig. 6).

DISCUSSION
We found 16 medium and large-sized mammal spe-

cies in the three savanna ecosystems sampled, which
represent 9,46% of Orinoco river basin mammals (Ferrer-
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Figure 5. Comparisons of mean species richness and total number of events of medium- and large-sized mammals among the three savanna ecosystems of the
Colombian Llanos. Boxplots with different letters denotes significant differences among means (p < 0.05).

Table 5. Contribution of each species and trophic guild to the dissimilarity
among SE-2 and SE-3. Abbreviations: Avg SE-2., average of abundance in
SE-2; Avg SE-3., average of abundance in SE-3; Avg. dissimilarity, average
contribution to the total dissimilarity; % ac., accumulative percentage con-
tribution to dissimilarity. @’ Overall average dissimilarity: 92.4. ® Overall av-
erage dissimilarity: 82.4.

SE-2 and SE-3 Avg.SE-2  Avg.SE-3  Avg. dissimilarity % ac.
Species?
Odocoileus cariacou 143 0.1 17.90 19.39
Dasyprocta fuliginosa 1.54 0.05 16.63 37.40
Didelphis marsupialis 0.8 0 9.94 48.17
Myrmecophaga tridactyla 0.8 0.05 9.31 57.77
Hydrochoerus hydrochaeris 0.74 0 7.72 66.96
Cuniculus paca 0.71 0.05 6.99 74.54
Trophic guilds®
Herbivore 4.60 0.51 48.57 59.01
Insectivore 1.29 0.1 14.86 71.07
Omnivore 1.09 0.25 14.74 94.97
Carnivore 0.31 0 4.14 100

Pérez et al, 2009) and 5,06% of Colombian mammals
(Ramirez-Chaves et al., 2016). Camera trapping method
showed its effectiveness in the record of elusive carni-
vores with low population densities such as P. concolor,
L. pardalis and P. yagouarundi, species which are under
threat due to activities such as hunting, habitat transfor-
mation and death by retaliation (Mosquera-Guerra et al.,
2018). Despite our sampling effort reached more than
the 80% (83%-97%) of mammal species in the three eco-
systems (Fig. 3), other surveys conducted in these study
sites have reported a higher richness than this study.
For instance, Pardo & Payan (2015) recorded 16 species
in Orocué River (Casanare) and Mosquera-Guerra et al.
(2018) reported 24 species along the upper and mid ba-
sin of the Bita River (Vichada), which is higher than the
richness presented here (14 and 9 species, respectively).
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Figure 6. Frequency of tropic quilds recorded at the three savanna ecosys-
tems of the Colombian Llanos.

Assemblages of medium and large mammals from
the three different savanna ecosystems were different in
their structure, composition, and trophic guilds (Table 2;
Figs. 4 and 6). This may result from the high variability
of habitat characteristics among the different savanna
types. At a local scale, the savanna ecosystems located
in the Colombian Llanos have different floristic composi-
tions (Trujillo & Hendo-Cardenas, 2018). Different vegeta-
tive cover and habitat complexity in each of the savanna
ecosystems, may provide different resources to particu-
lar mammalian species groups (Dotta & Verdade, 2007;
Gallinaetal, 1996). As August (1983) has pointed out, the
structure of Neotropical mammals could be influenced
by habitat physiognomy and horizontal variation in veg-
etation forms, due to the availability of myriad ecological
niches for mammals. Indeed, recent studies conducted
in an Atlantic rain-forest reserve of Brazil have demon-
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strated differences in mammal composition in different
vegetation types (Ferreguetti et al, 2017). Even though
there is a lack of this kind information for medium- and
large-sized mammals in savanna ecosystems, for other
mammal taxa, such as bats, some investigations suggest
the high heterogeneity of savanna ecosystems as one of
the main explanations of the high species turnover be-
tween assemblages at a regional scale (Morales-Martinez
etal, 2018).

In our study, floodplain savannas (SE-1) presented
the highest richness and capture rates, followed by ae-
olian savannas (SE-2) (Figs. 4 and 5), probably due to hy-
drological dynamics and the high quantity of nutrients
which flow from Andean sediments (Mora-Fernandez
etal., 2015; Rippstein et al.,, 2001). This has an important
effect on plant diversity and therefore vertical and hor-
izontal stratification, resulting in heterogeneous, com-
plex and multistratified forest. Consequently, this vari-
ety of vegetation types could provide greater resource
availability for mammals, resulting in higher species di-
versity in comparison with simpler and less productive
environments (Ferreguetti et al, 2017). Therefore, the
sediment fluxes of the high-plains (SE-3) originate from
the Guyanese Shield, result in lower nutrient availability
for this ecosystem (Sarmiento, 1983), which is probably
reflected in the low mammal diversity. Despite the low
anthropogenic transformation of this ecosystem, we
found few mammal species, which indicates its vulner-
ability and makes it a target ecosystem for conservation.
However, in SE-3 we did not record other mammals re-
ported for Vichada department such as Tapirus terrestris,
Pteronura brasiliensis and Lontra longicaudis (Mosquera-
Guerra et al, 2018; Mosquera-Guerra et al, 2017), per-
haps because of differences in the sampling design as
well as the seasons and vegetation covers that were
sampled in each study.

In terms of the trophic guilds, differences related to
ecological function were detected among the three mam-
mal assemblages, although in all cases the herbivores
were the most important guild (Fig. 6). Herbivores have a
remarkable role in the carbon cycle due to the transloca-
tion of organic matter from plants through feeding and
subsequent defecation and death. This contributes to
soil carbon storage, which increases plant diversity and
productivity (Sobral etal,, 2017). Furthermore, herbivores
such as D. fuliginosa, C. paca perform unique ecological
roles in the dispersal of large seeds (Acevedo-Quintero &
Zamora-Abrego, 2016), which are primarily restricted to
large body-sized dispersers (Bello et al., 2015). This high-
lights the importance of herbivores to these ecosystems
given the large seed diameter of Neotropical palm spe-
cies (Andreazzi et al.,, 2009), many of which are present in
savanna ecosystems of the Colombian Llanos.

Insectivores were the second most important guild
(Fig. 6). Within this group, despite M. tridactyla was one of
the most common species (Fig. 4), also was the only spe-
cies categorized as Vulnerable by red list of threatened
species at national (Rodriguez-Mahecha et al., 2006) and
international scale (Miranda et al,, 2014). In the case of
T. tetradactyla, although considerable threats such as
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dog attacks, habitat loss and vehicle collisions can com-
promise its conservation status (Miranda et al,, 2014), this
species was detected in all three savanna ecosystems
(Fig. 4). Some studies report that these species can utilize
different habitats across the Llanos region such as plan-
tations of Acacia mangium, Eucalyptus sp. (Rojano et al.,
2015b), oil palm (Elaeis guinensis) (Pardo et al, 2018a;
Pardo & Payan, 2015) and rice crops (Oryza sativa), among
others (Rojano et al., 2015a). Our findings agree with this
idea, considering that the three savanna ecosystems
were under anthropogenic pressures such as livestock
ranching, oil and palm industry, and farming crops (see
Materials and Methods). Accordingly, insectivores may
persist in different ecosystems, even when those are im-
mersed in highly transformed landscapes, and despite
their specific diet (Pardo et al,, 2018a). Nonetheless, this
guild needs coverage of gallery and riparian forest, due
to their dependency on this kind of habitats for ther-
moregulation (Camilo-Alves & Mouréo, 2006), resting
(Mourdo & Medri, 2007), and finding food resources in
the arboreal insect nests (Montgomery & Lubin, 1977).
Mammalian terrestrial insectivores have a key role in top-
down effects on their prey on the ground as well on trees
and lianas (e.g., termites, ants, bees) (Gallo et al., 2017;
Hirsch et al,, 2014). Therefore, conservation of this guild
is important to regulate trophic interactions in savanna
ecosystems.

Omnivore abundance and species composition dif-
fered between ecosystems (Fig. 6). The reduced species
richness in the less disturbed ecosystem (SE-3) could be
the response of omnivores to resource availability. Some
types of human-induced changes (e.g., livestock systems,
crops, human constructions) can bring shelter and food
resources that omnivorous mammals take advantage of
(Gehring & Swihart, 2003). Additionally, omnivores in-
crease their prey intake rate due to the high prey density
harbored in the habitat mosaic of agricultural landscapes
(Pardo & Payan, 2015; Oehler & Litvaitis, 1996), such as in
SE-1 and SE-2 (Fig. 4).

Carnivores were the least recorded trophic guild
(Tables 4-6). It is known that these organisms have large
home ranges (Sudrez-Castro & Ramirez-Chaves, 2015)
in which they display a variety of behaviors such as for-
aging, feeding, territory and reproduction (Gittleman &
Harvey, 1982). On the other hand, local extinctions of top
predators, such as Panthera onca and P. concolor, proba-
bly generate trophic cascades (Estes et al., 2011; Crooks
& Soulé, 1999); Hence, the conservation of high-quality
habitats like gallery forest is important to maintain pop-
ulations of these top predators (Johnson et al., 1999;
Redford & Fonseca, 1986). In our study, P. onca was not re-
corded in any of the three savanna ecosystems, although
its presence has been reported for the Colombian Llanos
(Ferrer-Pérez et al., 2009).

It is important to mention that in our study we only
sampled three savanna ecosystems, while in the Llanos
region we could find other types of savannas, including
seasonal, semi-seasonal and hyper-seasonal savannas,
and among them we can find from open savanna to tree
savanna according to the average tree density and vege-
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tative species present (Correa et al,, 2006; Rippstein et al.,
2001; Sarmiento, 1983). From all these very different sa-
vanna types only one type (i.e,, floodplain savanna) is rep-
resented at the conservation area of El Tuparro National
Park (Correa et al.,, 2006). Recently, several additional ar-
eas of savanna have been recognized as important to in-
clude in protected areas as part of regional conservation
planning. In this sense, the sampling stations of our study
are included in the Civil Society Natural Reserves (RNSC).
These areas are also recognized as important wildlife
corridors known as the Meta-Casanare and Bita-Meta-
Orinoco corridors. These corridors maintain connectivity
between protected areas and natural concentrations of
biodiversity such as morichales, gallery forest and savan-
na ecosystems (Lasso et al., 2011). Our results show that
the diversity of mammals is distributed heterogeneously
in the Llanos Orientales, therefore, these private conser-
vation initiatives are of high importance for the conser-
vation of nuclear areas and the ecological connectivity
between them (Romero-Ruiz etal, 2011).

Our work calls attention to the importance of includ-
ing a variety of savanna types in the Colombian protect-
ed areas conservation network, given that each one of
these ecosystems harbors a highly distinct mammal as-
semblage. The Llanos Orientales region lacks legislated
protected areas, which would be useful to maintain pop-
ulations of medium and large mammals. Another po-
tential alternative is the contribution of privately-owned
lands as actors of conservation at the local and regional
scales (Pardo et al,, 2018a), given the high mammal di-
versity and multiple anthropogenic activities developed
in those sites.

In conclusion, mammal assemblages differed signifi-
cantly across the three savanna ecosystems. Each mam-
mal assemblage is an important unit of conservation,
because of their highly distinctive variation in richness,
species composition, relative abundances and trophic
guilds. Accordingly, this information is key for deci-
sions on current and future scenarios of anthropogenic
transformation.
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