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Abstract

Objective: To evaluate the effects of fragmentation on tree species diversity at a regional
scale. Scope: A procedure based on floristic similarity was developed to evaluate the
effects of deforestation, and its resultant forest fragmentation, on tree species diversity
at a regional scale. Methodology: Floristic similarity among twelve forest patches
of different areal extents, assessed using rarefaction curves and distance decay, was
utilized to evaluate the effects of forest fragmentation on tree species diversity in a
lowland tropical moist forest region located in the Andean foothills, Department
of Casanare, Colombia. Main results: As fragmentation may reduce biodiversity at
local scales while homogenize it at regional scales, a regional homogenization of tree
species composition of the study area was expected. In contrast, inter-patch floristic
similarity was low suggesting that pre-fragmentation tree species composition may
still be maintained. Nevertheless, several of the tree species sampled could be prone
to regional extinction, particularly if fragmentation is maintained or increased. Our
results suggest that the analysis of inter-patch floristic similarity constitutes a practical
way to evaluate the effects of fragmentation on regional tree species composition and
distribution. This constitutes an analytical tool useful for the design of programs to
conserve biodiversity at regional scales.
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EFECTOS DE LA FRAGMENTACION SOBRE LA DIVERSIDAD DE
ESPECIES DE ARBOLES EN UN AREA DE BOSQUE DE TIERRAS
BAJAS EN EL PIEDEMONTE ANDINO DE COLOMBIA

Resumen

Objetivo: Evaluar los efectos de la fragmentacién sobre la diversidad de especies
arbéreas a escala regional. Alcance: Para evaluar los efectos de la deforestacion, y
la fragmentaciéon del bosque resultante, sobre la diversidad de especies arbéreas,
se desarrollé6 un procedimiento basado en la similitud floristica a escala regional.
Metodologia: Utilizando rarefaccion y decaimiento a distancia se evalud la similitud
floristica entre 12 parches de bosque de diferentes extensiones. Dicha evaluacién fue
usada para analizar los efectos de la fragmentacion del bosque sobre la diversidad
de especies arbéreas en un bosque himedo tropical de tierras bajas localizado en el
piedemonte andino, departamento de Casanare, Colombia. Resultados principales:
Como la fragmentacién puede reducir la biodiversidad a escalas locales mientras que
puede homogenizarla a escalas regionales, esperdbamos una homogenizacién regional
de la composicién de especies de drboles en el drea de estudio. Por el contrario, la
similitud floristica entre parches de bosque fue baja, lo que sugiere que la composicion
de especies arbéreas presente antes de la fragmentacién puede mantenerse atin. Sin
embargo, varias de las especies atin presentes pueden estar propensas a la extincién
regional, particularmente si se mantiene o incrementa la fragmentacién. Nuestros
resultados sugieren que el andlisis de la similitud floristica entre parches de bosque
constituye una forma prictica para evaluar los efectos de la fragmentacién sobre la
composicién y distribucién regional de especies arbéreas. Dicho andlisis constituye
una herramienta que puede ser usada en el desarrollo de programas de conservacién
de la biodiversidad regional.

Palabras clave: bosque tropical de tierras bajas, Colombia, especies de drboles, fragmentacidn,
rarefaccidn.

INTRODUCTION

A fundamental quest of ecological research for more than half a century has been
unveiling the processes structuring biological diversity patterns at different scales
(HUBBELL, 2001; HUTCHINSON, 1991; LEIBOLD, 2008; WHITFIELD, 2002;
WHITTAKER, 1972). This quest is particularly relevant for understanding and
coping with the effects of human-induced ecosystem fragmentation. Such is the case
of tropical forest fragmentation, which is a major threat to global biological diversity
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(HADDAD ez al., 2015; TURNER, 1996). Before fragmentation a continuous forest
cover over a wide geographic extent, containing a diverse biota, is the dominant feature.
After fragmentation, the continuous forest cover is converted to a mosaic of discrete
patches within a matrix of exotic non-forest vegetation (GARDNER ez 4/., 2009),
with a consequent reduction of habitat size and increase of patch isolation, both of
which conduce to a reduction in species richness (BIERREGAARD JR. ez al., 1992).
Fragmentation can induce a reduction of biological diversity in terms of mainly: (1)
local extinction (HARRIS, 2013; SAUNDERS ez 4., 1991); (2) homogenization of
regional biotas by the increase of invasive and/or synanthropic species (NOSS, 1983;
TAKKIS ez al., 2018); and (3) both processes acting together either independently
or synergistically.

The extinction of native species is considered an unquestioned outcome of tropical
forest fragmentation as several studies have shown a conspicuous decline in species
richness over time within fragments of forest (BLANDON ¢t 4/, 2016; DODSON
& GENTRY, 1991; HADDAD et al., 2015; KATTAN ez af., 1994; LECK, 1979).
In addition, although there is always some level of ecosystem resistance to invasion,
during the fragmentation process there is also a strong tide of colonization by invasive
(JANZEN, 1983; JOSHI ez al., 2015; SIMBERLOFE 1992) and/or synanthropic
species (TAKKIS ez al., 2018). This colonization is promoted in part by a greater
frequency of disturbances occurring in and around forest fragments (CHAPMAN
et al., 2015; LAURANCE, 1991). Species invasion can be so overwhelming that in
some cases an increment of species richness within a forest patch may be observed,
but by an increase of invasive (NOSS, 1983) and/or of synanthropic (TAKKIS ez al.,
2018) species. Thus, at the scale of a single forest patch, the particular outcome of
fragmentation in terms of species richness and composition depends on a compromise
between extinction and immigration of species. Thus, the immediate effect of a
fragmentation process is an addition of species to the recently formed forest fragments,
most of which would be species that were already present in the landscape. But the
species that were specific to the areas of forest that were subjected to a land cover
transformation may vanish. The result is that while each forest fragment may gain

species, the region as a whole will become less diverse (ANDREN, 1992).

The point in the fragmentation process at which the biological integrity of a regional
pool of species declines abruptly depends on the guild of organisms considered, since
it will be a function of parameters such as dispersal ability, sensitivity to isolation,
and life span (i.e., lag between fragmentation and species loss may take far more
time in some organisms than in others due to their longer life spans). An important
additional factor would be the distribution pattern of individuals of different species
across the region. Although contagion may constitute the most widespread distribution
pattern in natural ecosystems, explained mainly by the assumption that organisms
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exhibit some habitat specificity (TUOMISTO ez al., 2003), there is a considerable
amount of variance in the degree of contagion, ranging from almost random, to
completely clumped. This variability, which is scale dependent, is dictated by both the
niche and the dispersal ability of each species. On one end of this continuum there
are species tolerant to a wide array of environmental characteristics and with high
dispersal abilities. Thus, they will appear as with a highly widespread or near random
distribution within a geographic region. On the other end of the continuum there
are species highly sensitive to environmental gradients, with lower dispersal rates, and
which are then constrained to areas within a geographic region that exhibit only the
most suitable environmental characteristics for their development, thus appearing
with a clumped distribution. In many instances, when the environmental conditions
are optimal, these species are highly competitive and resistant to invasion, but under
disturbance, their competitive ability may be diminished.

Here we propose a procedure that can be used to evaluate the effects of tropical
forest fragmentation on regional tree biodiversity based on two premises. First, if
most of the species of a regional pool exhibit a clumped distribution within a human
induced fragmented landscape (i.e., low inter-sample floristic similarity) then species
composition prior to fragmentation could still be maintained. On the contrary, if
most of the species of the regional pool show a random or near-random distribution
(i.e., high inter-sample floristic similarity), then the fragmentation event could have
resulted in a point in which there was a switch from a native species dominated
landscape to one dominated by invasive and/or synanthropic species. Second, a
fundamental concept of geographic analysis is the principle of distance-decay, which
states that nearby environments are generally more similar to each other than distant
ones (FOTHERINGHAM, 1981; FOTHERINGHAM ez 4l., 2003; ROBERTSON,
1987). Thus, there is an inverse correlation between ecosystem similarity and distance
among samples. In the case of floristic similarity this relationship also holds, although
the slope of this relation is influenced by geographic scale and by species’ dispersal
ability (SOININEN ez al., 2007; TUOMISTO ez al., 2003). Therefore, it is expected
that a landscape dominated by invasive and/or synanthropic species should have a
strong distance-decay function, since these species show a strong distance-decay.
On the contrary, a less significant distance-decay function with lower slopes would
be more a characteristic of a landscape dominated by native species (NEKOLA &
WHITE, 1999). This paper presents the results of a vegetation survey performed in a
highly fragmented lowland moist forest on the eastern foothills of the Eastern Andes
of Colombia, and uses these premises (i.e., randomness of species distributions and
distance-decay in floristic similarity) to evaluate the degree of disturbance, in terms
of species composition, generated by forest fragmentation.
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STUDY AREA

The study area is located in the eastern foothills of the Eastern Cordillera, Department
of Casanare, Colombia, comprising portions of Charte, Cravo Sur and Payero river
basins (5°30'N, 72°30"W; Figure 1). Elevation ranges between 300 and 800 m. At
300 m (Yopal weather station) mean annual rainfall and temperature are 2,508 mm
and 26.4°C, respectively. There is a dry season between December and March when
mean monthly rainfall is less than pan-evaporation. Following these temperature and
precipitation regimes, the vegetation of the study area is classified as Lowland Tropical
Moist Forest based on Holdridge’s life zone system (HOLDRIDGE, 1967). The area
is geologically composed by sedimentary outcrops of the Tertiary and by alluvial
deposits of the Quaternary (GOOSEN, 1971). Top soils are acidic (pH < 5.5), with
exchangeable Al ranging from 2 to 4 meq/100 g. They show low contents of organic
matter (< 2 %) and nitrogen (0.1-0.2 %), but normal C/N ratios (ca. 10). Available
phosphorus is very low (ca. 5.7 ppm) and sodium values are below the salinity level
(< 1 meq/100 g).

P—

Casanare Depaniiy"

-

5°30'N

it

Jj‘ \'\_i‘i;:.., 4 -Pmnary Forest
% “: - Second Growth Forest

Agriculture

e —___——|
0 4.5 9Kkm

Figure 1. Map of the study area (270 km? in the eastern foothills of the Eastern Cordillera of the Northern
Andes, Department of Casanare, Colombia) showing the main land cover types and the location
of each of the twelve forest patches studied (after VINA & CAVELIER, 1999). Numbers in the
figure represent each of the forest patches evaluated (see Table 1 for a description of the structure

of each patch).
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The lowland Andean forests of the region once occupied a continuous narrow belt
between the savannas of the Amazon and Orinoco river basins and the montane
forests along the eastern Andes of Colombia and Venezuela. Therefore, the biota of the
area may have some degree of similarity to that of the Amazon regions of Colombia,
Ecuador, and Peru, and may also have some similarities with the foothills of the
Venezuelan Cordillera of Merida (ZULUAGA-RAMIREZ ez al,, 1994). Nevertheless,
this conclusion is based on observations done to the north (Department of Arauca,
Colombia) given that the biota of the study area has been little studied.

The study area has suffered an extensive deforestation process that has reduced the forest
cover by more than 50% (VINA & CAVELIER, 1999). The continuous forest cover
was replaced by a mosaic of forest patches of different sizes and shapes, surrounded
by a matrix of pastures, croplands and secondary forests of different ages. While forest
patches in the study area exhibit a high human influence, some of them have been
maintained through several years after the fragmentation process, as could be seen
on a time series of aerial photographs used to report the deforestation process in the
region (VINA & CAVELIER, 1999). Thus, the study area constitutes a suitable place
for studying tropical forest fragmentation and its effects on tree species composition.

METHODS
Forest structure

Forest structure and tree species composition were measured in twelve forest patches
ranging from 4 to 120 ha and located in the Charte, Cravo Sur and Payero river
basins (i.e., four patches per basin; Figure 1). Tree sampling was performed using the
point-centered quarter method (COTTAM & CURTIS, 1956; COTTAM ez al.,
1953; ELLENBERG & MUELLER-DOMBOIS, 1974). This method was applied
along transects of variable length, depending on forest patch size, and starting from a
random point located 30 m in the interior of each forest patch, to avoid over-sampling
edge species. Sampling points were located every 15 m along each transect, and for
each of the four quadrants, the distance from the sampling point, the diameter at
breast height (dbh) and a botanical sample of the nearest tree (> 2.5 cm dbh) were
obtained. Vouchers were deposited at the herbarium of the Alexander von Humboldt
Institute, Colombia. Unidentified taxa were classified as morpho-species. The distance
between sampling points was deemed appropriate due to the tree density observed
(shorter distances would produce an overlap between sampling points, while larger
distances would leave many trees unsampled). To estimate tree density per forest
patch, all distances from trees to sampling points along transects were averaged and
squared to obtain the mean area occupied by each tree (ELLENBERG & MUELLER-
DOMBOIS, 1974).
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Numerical Analyses

Rarefaction curves show the relationship between a determined number of individuals
sampled and the number of species expected for that sample size (HURLBERT, 1971;
SANDERS, 1968). But an important conceptual restriction is that rarefaction assumes
that species in a sample (e.g., forest patch) follow a random distribution (SMITH
& GRASSLE, 1977). Thus, if the species have a clumped distribution, the observed
number of species will be significantly lower than the expected number obtained by the
rarefaction curve (HECK JR. ez al., 1975; SMITH & GRASSLE, 1977). Therefore, we
calculated a rarefaction curve using all stems sampled in all forest patches combined
(i.e., as if the study area was not fragmented) and then compared the expected number
of species obtained by this rarefaction curve against the observed number of species
in each forest patch. The rarefaction curve (HURLBERT, 1971; SANDERS, 1968)
and its variance (HECK JR. et al., 1975) were calculated following the expressions:

N\ &(N-N,
E(S,,)=S—(n) 2( n ) ()

Where, E (§ ) is the expected number of tree species obtained in n individuals sampled,
Sis the total number of species observed, Vis the total number of individuals sampled,
N. is the number of individuals of species , var (S ) is the variance of the expected
number of tree species, and N] isN,_,
To evaluate floristic distance-decay, inter-patch floristic similarity was calculated
using the Jaccard index for presence-absence data (LOBO et al, 2011; OLDEN &
ROONEY, 2006; QIAN & GUO, 2010):

S/(
Jaccard S (3)
S, +8, +8;

Where §, is the number of species co-occurring in patches jand £, S, the number of
species present in patch 7, and S, the number of species present in patch 4. The inter-
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patch Jaccard index was then plotted against the inter-patch geographic distance (on
a logarithmic scale).

To simulate a landscape dominated by invasive and/or synanthropic species, both
methods (i.e., rarefaction and plot of inter-patch similarity vs. inter-patch geographic
distance) were applied after excluding rare species, or species found only within a single
forest patch. Observed and simulated species distributions were then compared to
evaluate the effects of fragmentation on species occurrence and distribution.

RESULTS

A total of 1308 individuals (> 2.5 cm dbh), belonging to 369 species and morpho-
species in 59 families, were sampled (see Appendix). The most important family was
Leguminosae with 73 tree species, followed by Euphorbiaceae (23 spp.), Rubiaceae
(23 spp.), Myrtaceae (18 spp.), Lauraceae (14 spp.), Melastomataceae (14 spp.),
Flacourtiaceae (13 spp.) and Moraceae (12 spp.). About 67% of the species were
found only in a single forest patch (Figure 2; Appendix), with the notable exceptions
of Urera caracasana (Jack) Griseb found in nine forest patches and Tabebuia rosea
(Bertol) D.C. found in eight forest patches. Structural features of each of the forest
patches studied are shown in Table 1. Average stem density was 1438 individuals per
hectare and average basal area was 32.1 m? per ha (Table 1).

Table 1. Structural characteristics of the forest patches sampled. The numbers in the ‘Forest Patch’ column
correspond to the numbers shown in Figure 1.

Forest Patch area  Stems No. of Area Density Basal Area
Patch (ha) sampled species sampled (m?) (Stems/ha) (m?/ha)
1 120.35 164 76 1490 1100 32.30
2 4.83 32 24 200 1594 58.34
3 43.06 96 47 765 1253 56.71

4 67.60 96 42 1090 880 23.90

5 39.34 108 42 546 1976 13.18
6 78.41 124 58 679 1825 36.19
7 38.98 104 51 600 1730 22.16

8 92.78 80 48 799 1001 40.83

9 21.68 124 52 1276 971 16.97
10 71.16 156 62 1167 1336 24.70
11 47.37 136 61 566 2402 28.30
12 33.62 88 38 739 1191 31.02
Ij:i ; 659.18 1308 369 9917 1438 32.1
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Figure 2. Frequency distribution of the number of tree species occurring within one or more forest

patches. For instance, 248 species were only found within a single forest patch, while 64
were found within two forest patches.

The expected number of tree species per number of stems sampled, based on a
rarefaction curve obtained for all the individuals sampled in all the forest patches
combined, is shown in Figure 3a. The actual number of tree species obtained per
forest patch is also shown. For any number of stems sampled, the observed number
of tree species is lower in all forest patches than the expected by the rarefaction curve
(Figure 3a). Thus, the tree community present in the twelve forest patches studied
is dominated by species with a clumped distribution as opposed to the random
distribution that would be expected if inter-patch floristic similarity was higher. Figure
3b shows the rarefaction calculated on the same data, but excluding 248 rare species or
species found only within a single forest patch. In this case, the number of tree species
observed per number of stems sampled is within the confidence intervals established
by the expected number of tree species, showing that under this circumstance the tree
community would be dominated by species with a more random distribution, thus
having a higher inter-patch floristic similarity.

Distance-decay plots of floristic similarity for the entire dataset, and for the data
excluding rare species (i.e., those found only in single forest patch) are shown in Figure
4. Both models are significant (p < 0.05), and explained 54-56% of the observed
variance, but the slope of the distance-decay function obtained excluding rare species
is almost two times steeper, thus exhibiting a stronger distance-decay.
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Figure 3. A) Rarefaction curve (equation 1) obtained for all the stems sampled in all the forest

patches combined (continuous line), and the observed number of species sampled per
patch (black dots). (B) Similar to Figure 2A, but calculated excluding 248 rare species
(i.e., those occurring only in one forest patch). Dotted lines in both figures represent the
rarefaction variance (equation 2).



Effects of fragmentation on tree species diversity in a lowland tropical forest area of the andean foothills of Colombia 119

0.6
o
>

= 0.5

=

=

£

704

2

Rl
»n

5 034

==

=

£ 021
=}
=
2
S 0.1
[l
0 T T
0.01 0.1 1 10 100
Logarithm of Inter-patch Distance (km)

Figure 4. Distance-decay plots of floristic similarity (Jaccard Index; equation 3) for both the entire
dataset (black dots; continuous line; y = -0.0379Log(x) + 0.2058; r* = 0.555; p < 0.05)
and the dataset excluding 248 rare species (i.e., occurring only in one forest patch; white
squares; dotted line; y = -0.0585Log(x) + 0.3377; 1> = 0.539; p < 0.05).

DISCUSSION

An important ecological change that might be expected via the transformation of a
once continuous tropical forest into a patchwork of forest fragments is the regional tree
species homogenization (BIERREGAARD JR. ez al., 1992; LIU ez al., 2018; NOSS,
1983). While richness per patch may increase due to the colonization of invasive and/
or synanthropic species (TAKKIS ez /., 2018), floristic similarity among patches is
also expected to increase. Thus the overall species diversity of the entire region would
be reduced. This outcome was expected in our study area as its forest patches are the
result of a deforestation process that has influenced the entire study region (VINA &
CAVELIER, 1999). When the number of tree species was reduced so that only the
species that occurred in two or more forest patches were included (i.e., 121 spp. or
about one third of the total number of species), the results of both, rarefaction and
distance-decay of floristic similarity correspond to the regional homogenization of
species composition that would be expected for a fragmented ecosystem. But without
the reduction of rare species the study area showed the characteristics of a landscape
dominated by native species, i.e., with most tree species sampled displaying a clumped
distribution, and a low inter-patch floristic similarity.
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These results suggest that pre-fragmentation tree species composition may still be
maintained, and an equilibrium point in which all extinction-prone species become
regionally extinct may have not yet been reached (MCCQY, 1982). However, the
point in a fragmentation process at which the biological integrity declines abruptly is
usually not known, and in the case of tree species the lag between fragmentation and
species loss may take long periods of time due to their longer life spans. In the study
area, two thirds of the tree species sampled were considered rare, since they were found
only within a single forest patch among the twelve evaluated. Thus, some of these tree
species may be prone to regional extinction if forest fragmentation is maintained or
increased. This may be the case of dioecious (i.e., male and female flowers on different
plants) or of self-incompatible hermaphroditic (i.e., bisexual flowers) tree species, as
has been reported for riparian tropical rain forests in Belize (MEAVE & KELLMAN,
1994) and for tropical dry forest patches in Costa Rica and Nicaragua (GILLESPIE,
1999). This could mean that the study area may still lose several of its tree species given
that severely fragmented tropical forests are considered 'living dead' because many of
their tree species may eventually become extinct as co-adapted pollinators and seed
dispersers, which are quite sensitive to forest fragmentation, may become locally extinct
(DE PAULA MATEUS et al., 2018; JANZEN, 1986). However, more research on
this regard is needed to evaluate the species composition of these co-adapted wildlife
species in the study region.

The analysis of inter-patch floristic similarity shown in this study constitutes a practical
way to evaluate the effects of tropical forest fragmentation on biodiversity at regional
scales, and is applicable to many other fragmented forest areas around the tropics.
However, the premises used in this study to evaluate the effects of forest fragmentation
on tree species composition (i.e., randomness of species distributions and distance-
decay in floristic similarity) assume that geographic space is homogeneous, while
geographic barriers may contribute to a discontinuous occurrence of species, although
depending on how effective these barriers are in reducing species dispersal. Thus, the
expansion of invasive and/or synanthropic woody species could be diminished or even
prevented by the presence of extensive areas of pastures and other non-forest land covers
that may constitute important dispersal barriers. However, as several species exhibited a
broad distribution within the study area [e.g., Urera caracasana (Jack) Griseb, Tabebuia
rosea (Bertol) D.C.], these non-forest areas may not yet constitute important dispersal
barriers. In fact, the study area exhibits significant forest regeneration, as second growth
forests constitute an abundant land cover type [ca. 15% of the entire study area was
under this land cover class (VINA & CAVELIER 1999); Figure 1]. This also supports
the notion that distance to seed sources may not yet constitute important barriers to
forest regeneration in the study area, as opposed to what has been observed in other
highly fragmented forests of the Neotropics (NEPSTAD ez al, 1990). Therefore,
the study of the dynamics of forest regeneration becomes a priority for conservation
and restoration programs in the region. Thus, future assessments of the number and
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composition of tree species colonizing these areas of forest regeneration are crucial
for understanding long-term effects of tropical forest fragmentation on tree species
composition, as has been suggested by some authors (BROWN & LUGO, 1990;
CHAZDON, 1999; LUGO, 1992). These tropical secondary lowland forests have
been shown to carry out a very important function as preservers of soil moisture
and nutrients in deforested areas, as regulators of biogeochemical cycles, and as
refuges of animal and plant species, among many others (BROWN & LUGO, 1990;
CHAZDON, 1999; DEL PLIEGO et al., 2016).

A major limitation of this study was the use of only a few forest patches to evaluate the
effects of forest fragmentation on tree species occurrence and distribution, therefore
the conclusions drawn may need to be taken as preliminary. Nevertheless, the study
presents useful information that will hopefully stimulate further research on the
linkages between deforestation and fragmentation of tropical forests and their effects
on biodiversity not only within the study region but throughout the Tropics.
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APPENDIX

List of species and morpho-species sampled in 12 forest patches in the study area. The domi-
nant geographic location of some of these species is shown as Am-Amazon basin, An-Andean
and Or-Orinoco basin. The numbers in the ‘Forest Patch’ column correspond to the numbers
shown in Figure 1.

Latin name Vernacular Name Distribution Forest Patch
ACANTHACEAE

Trichantera gigantea (H & B) Nees 9,10,11
AMARANTHACEAE

Chamisoa altissima 9,11
ANACARDIACEAE

Astronium cf. graveolans Jack An 1
Spondias mombin L. Hobo An-Ar 4
Spondias sp. 1 Hobo 7
Spondias sp. 2 Hobo 8,12
Spondias venosa Mart ex Colla Am 8,9
Ykplz'rz'm ngz'anen:i: Aubl. Am-An 23
Quince Dias

Tapirira peckoltiana Engler 10
Undetermined 1 Abejon 1,11
Undetermined 2 1
Undetermined 3 6
Undetermined 4 10,11
Undetermined 5 9
ANNONACEAE

Anaxagorea sp. 3
Annona cf. cinera Dunal 9
Annona sp. Chirimollo 6
Duguetia stenantha R E Fries Naranjito Am 5
Guatteria cf. latisepala R & F 10, 11
Raimondia sp. Guacharaco 6
Rollinia edulis Tr y Pl Chirimollo An 1,3,4,5,6,9
Rollinia sp. Chirimollo 8
APOCYNACEAE

Hymantanthus articulatus (Vahl) Woods 10

Stemmadenia sp. Turmaperro 2,4,8,9,10,11,12
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Latin name Vernacular Name Distribution Forest Patch
ARECACEAE
Aiphanes caryotaefolia (H.B.K.) Wendl. Mararay An 1,8
Socratea sp. Araco 3
Scheelea butyracea (Mutis) Wendl. Palma Real 9.11
Scheelea attaleoides Palma Yagua 10,11,12
Undetermined 1 Saray 1,34
Undetermined 2 10
Undetermined 3 11
ASTERACEAE
Austroeupatorium inulaefolium (H.B.K.)KSR 9
Montanoa sp. Quedo 1,11
Onoseris purpurata (L.E) Willd Santamaria 4,11
Pollalesta discolor Cacique An 5,7
Pollalesta sp. Cacique 1
Steiractinia sp. Torcaso 7
Undetermined 1 Masatero 4
Undetermined 2 6
Undetermined 3 8
Undetermined 4 8
BIGNONIACEAE
Jacaranda sp. Guandalay An-Am-Or 4,11,12
Tabebuia cf. rosea (Bertol.) D.C. Flor Blanco An 1,4,6,7,9,10,11,1,2
Tabebuia sp. 1
BIXACEAE
Bixa cf orellana L Achote An-Am-Or 4,11,12
BOMBACACEAE
Ceiba sp. Totumo 3,8
Ochroma puramidale (Lav.) Urban Algodén An-Am-Or 6,9
Pachira aquatica Aubl Ceiba An-Am 3,7,8
BORAGINACEAE
Cordia bicolor D.C. Palo de Agua 2,10
Cordia sp. 1 Chicharrén 1,4,5,8
Cordia sp. 2 11
BURSERACEAE
Bursera simaruba 10,11
Protium cf. aracouchii (Aublet) March Carne de Vaca An-Am 2
Tetragastris panamensis (Engler) Kuntze An 3
Tetragastris sp. Trompillo 6
CAESALPINACEAE
Apuleia leiocarpa (Vogel) Mcbride Tigrito Am 1,7,8
Apuleia sp. 1 Guamo Chineo 1,5
Apuleia sp. 2 Granadillo Negro 1
Baubinia sp. 1 Mariposo 1
Baubinia sp. 2 Mariposo 4,7
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Latin name Vernacular Name Distribution Forest Patch
Brownea cauliflora Poepp & Endl. Cruceto 1,6
Brownea grandiceps Jacq. Anisillo An-Am 8
Brownea macrophylla Lindem. 7
Brownea sp. 10
Hymenaea sp. 10
Sclerolobium sp. 8,11
Senna sp. 3,7
Tachigalia sp. 6
Undetermined Tachuelo 6
CARICACEAE Papayo 7
Carica sp.

CECROPIACEAE

Cecropia ficifolia Warburg ex. Snethlase Yarumo 9,10,12
Cecropia sp. 1 Yarumo 1
Cecropia sp. 2 Yarumo 3,4
Cecropia sp. 3 Yarumo 1,5,7,8
Pourouma sp. 6
CLUSIACEAE

Clusia cf. columnaris Engl. Matapalo An-Am 7
Garcinia madruno (Kunth) Hammel Madrofio An-Am 7,11
COCHLOSPERMACEAE

Cochlospermum vitifolium (willd) Sprengel Bototo An-Am 5,6
COMBRETACEAE

Undetermined Granadillo 1
CHRYSOBALANACEAE

Hirtella sp. 6
ELAEOARPACEAE

Sloanea sp. 7
ERYTHROXILACEAE

Erythroxylum gracilipes P & E An-Am 8
EUPHORBIACEAE

Acalypha diversifolia Jacq. 12
Acalypha macrastachya Jacq. 9,11,12
Acalypha sp. Mulato 1,2,3,8
Aparisthmium cordatum (Juss.) Baillon Am 3
Cleidion cf- amazonicum Ule Am 8
Croton aff. cuneatus KI. 5
Croton aff- palanostigma KI. 7
Croton cf. palanostigma K. Sangregao 1,4,7
Croton lechlevi Sangregao 5,7
Croton nervosus KI. 7
Croton sp. Hojarasco 1,9,11
Jatropha sp Papayo 3

Mabea cf. occidentalis Benth. Am-An 7
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Latin name Vernacular Name Distribution Forest Patch
Mabea sp. 10
Phyllanthus acidus Cilantrillo An 5,8
Phyllanthus acidus Granadillo An 6,9,11
Phyllanthus valleanus Croizar Mancidibo An 4,5,11
Podocalysx sp. 6

Sapium sp. 10
Undetermined 1 Sangregao 4
Undetermined 2 1
Undetermined 3 Canelo 1
Undetermined 4 Sangregao 8
FLACOURTACEAE

Banara of. arguta Vara Blanca An 5

Banara guianensis Aubl. 9,12

Banara sp. Vara Blanca 4

Casearia cf. arborea (Rich.) Urban Vara Blanca An 1,3,4,5,10,11,12

Casearia mollis H.B.K.

10

Casearia silvestris Sw. 10
Casearia sp. 1 Madrejuan 6,8
Casearia sp. 2 Granadillo 8
Casearia ulmifolia Vahl ex, Ven 9
Laetia sp. 4
Undetermined 1 5
Undetermined 2 11
Undetermined 3 10
HIPPOCRATEACEAE

Undetermined Piedrito 1
UNDETERMINED FAMILY

Undetermined 1 Canilla de Venado 1
Undetermined 2 Granadillo Blanco 1
Undetermined 3 1
Undetermined 4 3
Undetermined 5 Corcho 10
Undetermined 6 Cuento 10
Undetermined 7 Guacharaco 11
Undetermined 8 Guamo Loro 10
Undetermined 9 Guamo Perico 9
Undetermined 10 Hueso de Pescado 10
Undetermined 11 Perico 12
Undetermined 12 Samuro 11,12
Undetermined 13 Sangrén 12
Undetermined 14 10
Undetermined 15 10
LACISTEMATACEAE

Lozania sp. hueso 5
LAURACEAE

Aiouea sp. 1 Cachicamo 7
Aiouea sp. 2 Laurel Negro 9
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Latin name Vernacular Name Distribution Forest Patch
Aniba cf. hostmanniana (Nees) Mez. Canelo Am 6
Aniba puchury minor (Mart) Mez. GUacharaco An-Am 8
Aniba sp. 1 Laurel Negro 9
Aniba sp. 2 10
Nectandra sp. Nigua de perro 3
Ocotea rubrinervis Mez. Comino Am 5
Ocotea sp. Guacharaco Negro 2,3
Persea sp. 8
Undetermined 1 4
Undetermined 2 Guacharaco 3
Undetermined 3 8
Undetermined 4 Laurel 10
MALPIGHIACEAE

Bunchosia sp. 8
Byrsonima aff. yapurensis (Adr.) Juss Coropo 6
Undetermined Borrachero 5
MALVACEAE

Hibiscus sp. Majagua 1,4,10
MELASTOMATACEAE

Bellucia sp. Macanillo 2
Clidemia sp. 7
Graffenriedia sp. Pomarroso 5,7,8
Loreya sp. Tuno 3
Miconia carassana Cogh. Macanillo 10
Miconia elata (Sw) D.C. Macanillo 1,4,10
Miconia minutiflora (Bonpl.) DC. 10
Miconia serrulata (D.C.) Naudin. Macanillo An-Am 2,7
Miconia sp. 1 Tuno Blanco 4,5,11
Miconia sp. 2 Arrayin 1
Ossaea sp 5,7
Undetermined 1 Tuno 2
Undetermined 2 Punta de Lanza 12
Undetermined 3 Macanillo 10
MELIACEAE

Cedrela odorata Cedro Amargo An 1,4,5,6,7,8
Guarea guidonia (L.) Sleumer Trompillo An-Am 1,3
Trichilia cf. pallida Sw Naranjito 1,2,3,6,7,8,11
Trichilia sp. 1 6,8
Trichilia sp. 2 Cabo de Hacha 6
Trichilia sp. 3 Cabullo 1,2,3
Trichilia sp. 4 Patejoropo 9
Undetermined 1 3
Undetermined 2 6
Undetermined 3 Naranjo 12
MIMOSACEAE

Anadenanthera peregrina (L) Speg. Dormilén Am 1
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Latin name Vernacular Name Distribution Forest Patch
Calliandra pittieri (L.) Speg. Carbonero 11
Enterolobium cyclocarpum (Jacq) Briseb Dormilén An 1,3
Inga acrocephala St. Hill Guamo An 4

Inga aff- spuria Willd. Guamo 12

Inga alba (Sw) Willd. Guamo 3,11
Inga cf. edulis Mort Guamo Negro 1,4
Inga cf. pruriensis Poepp & Endl Guamo Copero 1,4,9
Inga of. punctata Willd. Guamo 11

Inga coruscans Homb & Benpl Guamo An-Am 2,3
Inga minutula (Schery) Elias Guamo 9

Inga sp. 1 Guamo 1

Inga sp. 2 Guamo Blanco 1

Inga sp. 3 Guamo Blanco 7,8
Inga sp. 4 Guamo Negro 6

Inga sp. 5 7

Inga sp. 6 Guamo Blanco 7

Inga sp. 7 Guamo Blanco 5,6,7,8,9
Inga sp. 8 Guamo 7

Inga sp. 9 Guamo Blanco 5
Macrolobium sp. Guayacdn 1,4,11,12
Marmaroxylum basijugum (Ducke) Rico Clavellino Am 5,8
Mimosa sp. Guayacdn 11
Pithecellobium auriculatum Benth. Frijol 7
Pithecellobium sp. 1 Galapo 1,2,4
Pithecellobium sp. 2 Caracaro 7
Pseudosamanea sp. Nauno 12
MONIMIACEAE

Siparuna asperula A.DC Limoncillo 5
Siparuna cf. guianensis Aubl. Limén 1,10,11
Siparuna magnifica Perk. Limoncillo Am 4
Siparuna sp. 1 Limoncillo 5,6,7
Siparuna sp. 2 Limén 2
MORACEAE

Batocarpus amazonicus Fosberg. Guaimaro Am 2,10
Brosimum alicastrum Sw. Lechero 12
Brosimum guianense (Aubl.) Huber Guaimaro An 2
Clorophora tintorea (L) Gaud. Mora An 1,5,9,11,12
Ficus aff. paraensis Mig. Caucho 6

Ficus insipida Willd. Higuerén An-Am 3,5,9,11
Ficus paraensis Mig. Matapalo Am 1

Ficus sp. 1 7

Ficus sp. 2 11
Naucleopsis sp. Guaimaro 1
Sorocea cf. hirtella Mildbr. Guaimaro 1,9,11
Sorocea steinchachii Berg. 5,6
MYRSINACEAE

Stylogine sp. Mortifio

Ctenardisia stenobotrya (Standl) Pipoly & Lund Cucharo Am
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Latin name Vernacular Name Distribution Forest Patch
Rapanea sp. 10
MYRTACEAE

Calyptranthes sp. 1 Quince Dias 7
Calyptranthes sp. 2 Arrayén 10
Eugenia sp. 1 Chizo 5
Eugenia sp. 2 Chizo 8
Marlierea sp 6
Myrcia aff. silvatica (Meyer) DC. Arrayén 10
Myrcia sp. 1 Arrayin Negro 2
Myrcia sp. 2 Arraydn Negro 1,3
Myrcia sp. 3 Chizo 6
Myrcia sp. 4 Chizo 6
Myrcia xylopioides (H.B.K.) DC. An 5
Myrciaria sp. Arraydn 12
Plinia sp. 1 1

Plinia sp. 2 6
Psidium cf guajava Guayabo An-Am 5,11
Psidium sp 6
Undetermined 1 Arraydn 5
Undetermined 2 5
NYCTAGINACEAE

Neea sp. 7
OCHNACEAE

Ouratea cf. iquitoensis Macbr. Coropo Am 6
OLACACEAE

Aptandra sp. 1
PAPILIONACEAE

Clitoria sp. Chaparro 5
Dialium guianense Aublet 9.11
Diplotropis sp. Dormilén 1

Dussia sp. 8
Erythrina cf. umbrosa H. B. K. Bucare 9,11,12
Erythrina sp. 1 Pirunilo 1,4
Erythrina sp. 2 Quesero 3,5,7,11
Erythrina sp. 3 8
Fissicalyx cf. fendleri Benth. Granadillo Blanco 9,10,11,12
Fissicalyx sp. Granadillo Granadillo 9,10,12
Lonchocarpus violaceus (Jacq) DC. Carnevaca 10,11,12
Machaerium sp. 1 3
Machaerium sp. 2 Jero 5
Machaerium sp. 3 Granadillo Negro 9
Platimiscium pinnatum (Jacq) Dug Brasil An 1,6,8,11
Platypodium sp. 1 Siete Capas 4
Platypodium sp. 2 Siete Cueros 9,10
Pterocarpus amazonum (Mart & Benth) Amash Guamo 6
Prerocarpus sp. 7
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Latin name Vernacular Name Distribution Forest Patch
Swartzia aff. argentea Spruce ex Bent 8
Swartzia cf. cardiosperma Spruce ex Benth Jero Am 5
Swartzia conferta Spruce 6
Swartzia sp. 1 2
Swartzia sp. 2 1
Undetermined 1 6
Undetermined 2 11
Undetermined 3 11,12
Undetermined 4 Siete Capas 12
Undetermined 5 11
Undetermined 6 12
PIPERACEAE

Piper sp. 1 Cordoncillo 3,4
Pipersp. 2 Cordoncillo 3
Pipersp. 3 Cordoncillo 5
Piper sp. 4 Cordoncillo 9
Piper aduncum L. Cordoncillo 9
POLYGONACEAE

Coccoloba densifrons Mart. ex Meisson Guacharaco 3,6,8
Coccoloba sp. Canelo 9,12
Coccoloba williamsii Standley Hojarasco 7
P@)lari: americana L. Vara Santa Am-An 1,7,8,9,10,12
Triplaris sp. Listén 1,4
PROTEACEAE

Panopsis sp. 1,6
Roupala sp. Holguin 2
QUIINACEAE

Quiina cf. macrophylla Tul. 6
RHAMNACEAE

Zizyphus sp. Chinchamata 9,11
Undetermined 6
RHIZOPHORACEAE

Sterigmapetalum sp. Saladillo Blanco 10
ROSACEAE

Prunus sp. An 3
RUBIACEAE

¢f. Borojoa sp. Canelo 1

of. Genipa sp. Caruto 9

of. Psychotria Quino 10,11
Chomelia sp. Totumo 10
Coffea arabiga L. Café 3
Coussarea cf. brevicaulis Kraus 6
Coussarea paniculata Vahl;Sandl An-Am 7,10,12
Duroia hirsuta (P & E) Schum Coropo An-Am 6
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Latin name Vernacular Name Distribution Forest Patch
Duroia sp. Roseto 1,2,4
Elaeagia sp. Limoncillo 6,8
Faramea cf. colophylla Standl 6,7
Genipa sprucea Steyerm Caruto 9
Hippotis sp. Guaimaro 7
Ixora sp. 6
Palicourea sp. 10
Posoqueria latifolia (Rudge) R & S An-Am 7
Psychorria sp. 1 8
Psychotria sp. 2 10
Randia sp. Roseto 1
Rudgea sp. Gaque 6
Warscewiczia coccinea (Vahl.) Kltozsch Barba de Gallo An-Am 1,2,3,5,6,10,11
Undetermined 1 Caruto 1
Undetermined 2 Cafeto 1,3
RUTACEAE

Zanthoxylum sp. 1 Perico 1
Zanthoxylum sp. 2 1
Zanthoxylum sp. 3 Cilantrén 7
Zanthoxylum sp. 4 Tachuelo 10
SAPINDACEAE

Allophylus sp. 1 Vara Blanca 1,3,4
Allophylus sp. 2 3
Allophylus sp. 3 Caretero 1
Cupania cf- latifolia H.B.K. Hueso An-Am 1,4
Matayba purgans P & E. Hueso 10
Sapindus saponaria 9
Talisia sp. 6
Undetermined 10
SAPOTACEAE

Chrysophyllum sp. 1 Caimito 3
Chrysophyllum sp. 2 Caimo 11
Chrysophyllum aff auratum Mig. 8
Pouteria sp. 1 6
Pouteria sp. 2 8
SIMAROUBACEAE

Picramnia sp. 1 4,8
Picramnia sp. 2 7
SOLANACEAE

Cestrum sp. 3
Datura sp. Gallinero 12
Solanum sp. Gallinero Blanco 4
Witheringia sp. Gallinero Negro 4
Undetermined 3
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Latin name Vernacular Name Distribution Forest Patch
STERCUALIACEAE
Guazuma ulmifolia Lam. Guacimo Am,An 1,2,8,9,12
Helicteres guazumaefolia H. B. K. Vara Blanco 11
Sterculia sp. Zapote 3
THEOPHRASTACEAE
Clavija sp. 13,6
THYMELACACEAE
Daphnopsis cf- americana (Mill.) Mata de Mora 12
TILIACEAE
Apeiba tibourbou Aubl. 10,11
Heliocarpus cf. popayanensis H.B.K. Balso An 7
Heliotropus sp. 5,7
Luchea sp. 6
ULMACEAE
Celtis sp. 3
Trema micrantha (L.) Blume Balso o Litigo An-Am 4,9,11
URTICACEAE
Urera cf: caracasana (Jack) Griseb Ortigo Negro An 1,2,3,4,6,7,8,9,10

Urera sp. Ortigo blanco 1,4,8,9,10
VERBENACEAE

Aegiphilla sp. 1 Canelo Blanco 1,4
Aegiphilla sp. 2 Bototo 6
Cornutia adorata (P&E) Poepp ex Schau 9,11,12
Lantana sp. Carrascal 9
Petrea volubilis L. Chicharrén 11,12
Vitex cf. klugii Mold. Guarataro 1,2,7
Vitex orinoccense H. B. K Guarataro 9,11
Vitex sp. 1 Corralero 10
Vitex sp. 2 Corralero 10
Undetermined 8
VIOLACEAE

Gloeospermum sp. Taray

Hybanthus prunifolius (H.B.K.) Shulz Escobo 11
Rinorea sp. Benedanta 6




