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Abstract: The species composition of vascular epiphytes and phorophytes (trees and lianas) was studied in ten
0.1-ha forest plots distributed over three landscape units (floodplains, swamps and well-drained uplands) in Colombian
Amazonia. The aim was to analyse how host-preferences contributed to the patterns in epiphyte assemblages among the
landscape units. In the plots 82 species (3310 plants) were holo-epiphytes, 11 species were primary hemi-epiphytes
(179 plants) and 61 were secondary hemi-epiphytes (2337 plants). A total of 411 species of tree and liana were
recorded as phorophytes. Detrended Correspondence Analysis and Mantel tests showed that the species composition
of holo-epiphytes and secondary hemi-epiphytes differed among the landscape units. For both groups the effect of
landscape unit on species composition strongly decreased after controlling for the phorophyte composition in the
plots. The phorophyte composition significantly explained epiphyte composition and this effect was not removed after
accounting for the effect of landscape unit. At the level of individual species, randomization tests yielded only few
significant epiphyte–phorophyte associations. For 84% of the epiphyte species the average indicator of patchiness was
below 1.5 demonstrating that most epiphyte individuals occurred scattered over different phorophytes. This probably
hampered the analyses of host preferences for individual epiphyte species.

Key Words: Araceae, Colombia, Detrended Correspondence Analysis, hemi-epiphyte, holo-epiphyte, host preference,
Mantel test, randomization

INTRODUCTION

Epiphyte assemblage in tropical forests is driven by
dispersal and colonization processes (Cascante-Marin
et al. 2009, Engwald et al. 2000, Nieder et al. 2001,
Van Dunné 2001, Wolf 1993), and by niche-filling
mechanisms related to species-specific adaptations to the
environment (Griffiths & Smith 1983, Reyes-Garcı́a et al.
2008). The features of the phorophytes, i.e. the plants
that carry the epiphytes (in tropical forests mostly trees
and lianas) play a crucial role. This includes the age,
size, architecture, bark type and leaf characteristics of
phorophytes (Benzing 1990, Reyes-Garcı́a et al. 2008).
Because of the high tree diversity, few studies have
endeavoured to test how phorophyte species identity in
lowland rain forests might influence epiphyte distribution
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(Benavides et al. 2005, Cardelus et al. 2006). Laube & Zotz
(2006a) reported that the distribution of 69–81% of the
epiphyte species on three abundant host trees in Panama
was indistinguishable from random.

The first regional survey of vascular epiphytes in
Colombian Amazonia (Benavides et al. 2005) found
a strong association of epiphyte composition with
the principal landscape units (floodplains, swamps,
white sands and three well-drained upland units).
These patterns were mainly explained by differences in
humidity and soil nutrient availability related to seasonal
flooding in the floodplains and permanent inundation
in swamps. In their analyses Benavides et al. (2005)
did not differentiate between holo-epiphytes and hemi-
epiphytes. Holo-epiphytes fully depend on the availability
of phorophyte surface for establishment and growth,
whereas hemi-epiphytes root in the terrestrial soil at
some point in their life cycle (Benzing 1986, 1987;
Kreft et al. 2004). Because terrestrial soils are irrelevant
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as rooting substrate for holo-epiphytes, direct effects of
flooding or soil drainage on the distribution or diversity of
holo-epiphytes cannot be expected. Therefore, differences
in species composition and diversity between landscape
units are probably more pronounced for hemi-epiphytes
than for holo-epiphytes. However, in cases of strong
host-preferences (Benzing 1990), landscape units and
the species composition of holo-epiphytes might still
be correlated as a consequence of the fact that the
distribution of the phorophyte species strongly relates to
landscape units (Duivenvoorden & Duque 2010).

The aim of this study was to examine how host-
preferences contribute to the distribution of epiphyte
assemblages over different landscape units in lowland
Amazonia. We hypothesized that epiphyte composition
and landscape units are associated (based on Benavides
et al. 2005), but that the composition and diversity of
hemi-epiphyte species differ more strongly between land-
scape units than those of holo-epiphytes. Furthermore,
we hypothesized that the epiphyte species composition
is related to the phorophyte species composition, and
that this phorophyte effect would partially explain
the differences between the landscape units, especially
regarding holo-epiphytes.

METHODS

Study site

Fieldwork was carried out between August and September
2001 in Chiribiquete National Park in the north-western
part of Colombian Amazonia (Figure 1). The area has a
yearly precipitation of 3000–3800 mm (Duivenvoorden
& Lips 1995, Peñuela & von Hildebrand 1999). The
principal landscape units found in the forest area are
swamps, where soils are poorly drained; floodplains,
where soils are moderately well- to well-drained and are
seasonally flooded by river water; and uplands, where
soils are moderately well- to well-drained and which
are situated outside the floodplains. The composition of
the vascular plant species (herbs and other plants >1 m
height) varied according to landscape unit (Duque et al.
2005).

Field sampling

Ten rectangular plots of 0.1 ha (20 × 50 m) were
established at a minimum distance of 1 km between
each other (Figure 1). Four plots were laid in uplands,
three in floodplains, and three in swamps. All vascular
epiphytic plants found on trees and lianas, which rooted
inside the plots and which had a dbh (diameter at
130 cm height) of 2.5 cm or more, were recorded. For each

Figure 1. Map showing the Chiribiquete area in Colombian Amazonia.
The precise location of the sample plots is shown in the detailed
map, in the upper right corner. For comparison, the study area from
which Benavides et al. (2005) reported (the surroundings of the lower
catchment of the Metá River) is also shown.

host tree the following variables were recorded: species
name, tree height, height of first branch (trunk height),
maximum and minimum crown diameter and dbh. Tree
trunk surface was calculated as π × trunk height × dbh,
assuming a cylindrical trunk shape. Tree crown volume
was calculated as π × crown area (the elliptic projection
of the crown on the ground) × crown height (total height
minus trunk height), assuming that crowns had the shape
of an elliptic cylinder. For each epiphyte, growth habit,
position above ground (in the case of hemi-epiphytes
the maximum height was considered), and position on
the phorophyte (main trunk or crown) were recorded. The
field survey was done with the help of indigenous climbers.
Binoculars were used to detect epiphyte individuals
occurring on distant branches. All observed plants were
dislodged using pole tree pruners. Clonal plants were
counted as single individuals only when there was
certainty that these belonged to a distinct genet, for
example by their spatial separation from other epiphyte
stands (Galeano et al. 1998, Sanford 1968). Plant
collections were made for all host and epiphyte species
found in each plot. Species identification took place at
the Herbario Amazónico Colombiano (COAH), Herbario
Nacional Colombiano (COL), Herbario Universidad de
Antioquia (HUA), and at the Missouri Botanical Garden
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(MO). A complete collection of all vouchers was deposited
at HUA, with duplicates at COL, COAH, MO and NY.
In this study, the term epiphyte is used in a broad
sense; epiphyte growth habit is clarified when necessary.
Holo-epiphyte and hemi-epiphyte growth habits were
defined following Moffett (2000), on the basis of field
observations and species descriptions in literature and
herbarium collections. Hemi-epiphytes include primary
and secondary hemi-epiphytes. Primary hemi-epiphytes
germinate on phorophytes and become terrestrially
rooted through aerial roots. In contrast, secondary hemi-
epiphytes germinate in the terrestrial soil but lose contact
with this soil later in their life cycle.

Numerical analysis

ANOVA was carried out to analyse, among plot means,
the differences in species richness, Fisher’s alpha index
(Condit et al. 1996, Fisher et al. 1943), and number
of epiphyte individuals among landscape units. Species
richness, stem density and occupancy of phorophytes
were analysed in the same way. All these variables
were distributed normally (Kolmogorov–Smirnov test
with Lilliefors correction; P > 0.05), except for the
number of individuals and the Fisher’s alpha index
of primary hemi-epiphytes, the trunk surface of trees
and lianas, and the height of the ten largest trees. For
individual landscape units ANCOVA (Engqvist 2005)
was used to examine if the regression of the number of
epiphyte individuals or epiphyte species richness against
tree size differed between holo- and secondary hemi-
epiphyte habits. For this, tree size was calculated as
the sum of the standardized trunk surface and the
standardized crown volume (standardization on the basis
of all trees in all plots) (Wolf et al. 2009). The ANCOVA
was done as a GLM with Poisson errors in R 2.10,
applying tree size and the interaction of epiphyte
growth habit × tree size as predictors. Significance
was checked after compensation for overdispersion by
refitting the models using quasi-Poisson errors (Crawley
2007). DCA ordinations (Hill 1979) were conducted
applying CANOCO for Windows (version 4.51, ter Braak
& Smilauer 1998) to visually explore the main patterns
in species composition of all epiphytes, holo-epiphytes
and secondary hemi-epiphytes. Species abundances in all
DCA were the log-transformed numbers of individuals.
Mantel and partial Mantel tests were done applying
the Vegan package in R 2.10 (R package version
1.15–3 http://rforge.r-project.org/projects/vegan/). In
these, matrix A contained the between-plot distance in
epiphyte species composition calculated as the Bray–
Curtis dissimilarity (Legendre & Legendre 1998) based
on the log-transformed number of individuals per plot.
Matrix B or matrix C contained the between-plot distance

calculated as the binary coefficient based on the plot
assignments to each of the three landscape units, the
between-plot distance in phorophyte species composition
calculated as the Bray–Curtis dissimilarity based on
the log-transformed basal area of phorophytes per plot,
or the log-transformed Euclidean distance between the
plots, calculated on the basis of their decimal geographic
coordinates. To detect possible spurious effects by scarce
species, the DCA ordinations and Mantel tests were
repeated with a subset of abundant species (arbitrarily
defined as those species which were recorded with 60
individuals or more).

Following Laube & Zotz (2006b), epiphyte species
preference for phorophyte species was tested by means
of two randomization procedures using R 2.10. The
aim of the first randomization procedure was to test if
a given phorophyte species was occupied by more or
fewer individuals of epiphyte species than expected by
chance alone in one single plot. First, we selected for
each plot those phorophyte species (trees only), which
occurred with eight individuals or more and which
were covered by more than 59 epiphytes. Then, E was
defined as the number of epiphyte individuals on each
selected phorophyte species in the plot. We created a
null model of the epiphyte species composition on the
selected phorophyte species by applying 999 random
draws with replacement of E epiphyte individuals from
the pool of all epiphyte individuals in the plot. The
original epiphyte species composition of E individuals
on the selected phorophyte was added as draw 1000
(Hope 1968, Manly 1997). Then, for all epiphyte species
we established the number of individuals in the 2.5
and 97.5 percentiles of the 1000 draws. If the original
number of epiphyte individuals was located outside the
interval of the 2.5 percentile and the 97.5 percentile,
it was considered significant. The aim of the second
randomization procedure was to test if a given epiphyte
species covered more or fewer individuals of phorophyte
species than expected by chance alone in one single plot.
Only those epiphyte species were tested which covered at
least eight phorophytes (only trees) and which occurred
with 60 epiphyte individuals or more in one single plot.
Analogous to the first randomization procedure, a null
model was created of the assemblage of phorophyte
species (only trees) that carried the selected epiphyte
species, by applying 999 random draws with replacement
of E phorophyte individuals from the pool of all phorophyte
individuals in the plot. In this case, E was defined as
the number of phorophyte individuals carrying each
selected epiphyte species in the plot. For each phorophyte
individual the probability of being included in the random
draws was proportional to its standardized tree size,
defined for the ANCOVA analyses. For this purpose, the
standardized tree size values were shifted to obtain a
minimum tree size value of one. The original phorophyte
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species composition of E individuals carrying the selected
epiphyte was added as draw 1000 (Hope 1968, Manly
1997). The significance was defined in the same way as
in the first randomization procedure.

RESULTS

Patterns between landscape units

Overall we recorded 154 epiphyte species, distributed
over 66 genera and 28 families (Appendix 1). Most
epiphyte species belonged to the families Araceae (45) and
Orchidaceae (27). Philodendron was the most species-rich
genus (26). Eighty-two species were holo-epiphytes and
72 were hemi-epiphytes (11 primary and 61 secondary).
In total, 3310 holo-epiphyte and 2516 hemi-epiphyte
plants were recorded. Of all hemi-epiphyte plants,
179 were primary hemi-epiphytes and 2337 secondary
hemi-epiphytes. Because of the scarcity in primary
hemi-epiphytes (in both species and individuals) further
analyses of hemi-epiphytes concentrated on patterns
of secondary hemi-epiphytes. Most epiphyte species
occurred in low abundances. For instance, 62 holo-
epiphyte species (78%) and 40 (66%) secondary hemi-
epiphyte species contributed with less than 1% of the total
amount of individuals. For 84% of the species the average
indicator of patchiness (number of epiphyte individuals
divided by number of phorophyte individuals) was below
1.5, and for 99% of the species this indicator was below
4.5 (Appendix 1). These results demonstrate a general
tendency for a low aggregation. Holo-epiphytes showed
a low abundance in the uplands, whereas secondary
hemi-epiphytes were most diverse in the uplands
(Table 1).

A total of 568 species of tree and liana (dbh ≥ 2.5 cm)
were recorded, 411 of which carried epiphytes
(phorophyte species). Most forest structural variables did
not differ substantially among the landscape units, apart
from the species richness and the canopy height (Table 2).
The density of epiphytes on phorophytes was low: 75% of
the phorophytes carried three or fewer epiphyte plants. In
all landscape units holo-epiphytes were found on about
the same number of phorophyte species and on a roughly
similar number of phorophyte individuals (Table 3). Also,
the occupancy did not vary between the landscape units:
about 20–40% of the trees and lianas (dbh ≥ 2.5 cm)
carried holo-epiphytes. However, the trunk surface and
the crown volume of the phorophytes that carried holo-
epiphytes were smallest in the upland forests. Contrary to
this, the trunk surface of phorophytes carrying secondary
hemi-epiphytes was largest in uplands, whereas the
crown volume did not differ between the landscape units.
In uplands the density and species richness of phorophytes
carrying secondary hemi-epiphytes was larger than in Ta

bl
e

1.
N

u
m

be
r

of
sp

ec
ie

s
an

d
in

di
vi

du
al

s,
an

d
Fi

sh
er

’s
al

ph
a

in
de

x
of

h
ol

o-
ep

ip
h

yt
es

an
d

h
em

i-
ep

ip
h

yt
es

in
th

re
e

la
n

ds
ca

pe
u

n
it

s
in

th
e

C
h

ir
ib

iq
u

et
e

ar
ea

of
C

ol
om

bi
an

A
m

az
on

ia
.M

ea
n

±
1

SD
is

sh
ow

n
fo

r
n

0
.1

-h
a

pl
ot

s.
In

ca
se

s
of

si
gn

ifi
ca

n
td

iff
er

en
ce

s
be

tw
ee

n
la

n
ds

ca
pe

u
n

it
s,

th
e

lo
w

er
ca

se
le

tt
er

s
de

n
ot

e
th

e
re

su
lt

s
of

T
u

ke
y–

K
ra

m
er

H
SD

po
st

h
oc

co
m

pa
ri

so
n

te
st

s
(w

it
h

a
si

gn
ifi

ca
n

ce
le

ve
lo

f0
.0

5
).

∗
=

0
.0

1
≤

P
<

0
.0

5
;∗

∗
=

0
.0

0
1

≤
P

<
0

.0
1

;∗
∗∗

=
P

<
0

.0
0

1
.

H
ol

o-
ep

ip
h

yt
es

P
ri

m
ar

y
h

em
i-

ep
ip

h
yt

es
Se

co
n

da
ry

h
em

i-
ep

ip
h

yt
es

A
ll

ep
ip

h
yt

es

n
Sp

ec
ie

s
In

di
vi

du
al

s
Fi

sh
er

’s
α

Sp
ec

ie
s

In
di

vi
du

al
s

Fi
sh

er
’s

α
Sp

ec
ie

s
In

di
vi

du
al

s
Fi

sh
er

’s
α

Sp
ec

ie
s

In
di

vi
du

al
s

Fi
sh

er
’s

α

Sw
am

p
3

3
0
.3

±
4
.0

4
4

0
±

1
1

3
a

7
.5

±
1
.4

3
.0

±
1
.0

3
9
.3

±
2

9
.1

0
.8

±
0
.4

1
0
.3

±
3
.1

a
1

7
5

±
1

2
6

2
.7

±
0
.3

a
4

3
.7

±
2
.3

ab
6

5
4

±
1

5
1

1
0
.7

±
1
.4

ab

Fl
oo

dp
la

in
3

2
7
.0

±
3
.6

4
8

3
±

9
2
.7

a
6
.2

±
0
.8

3
.3

±
0
.6

7
.3

±
3
.5

3
.6

±
2
.1

9
.3

±
5
.0

a
8

1
.0

±
3

2
.4

2
.8

±
1
.8

a
3

9
.7

±
5
.1

a
5

7
2

±
1

0
5

9
.2

±
1
.4

a

U
pl

an
d

4
2

4
.8

±
3
.6

1
3

7
±

5
9
.8

b
9
.5

±
2
.1

3
.0

±
1
.4

9
.8

±
6
.8

1
.9

±
0
.9

2
6
.3

±
3
.9

b
3

9
2

±
1

8
6

6
.5

±
1
.1

b
5

4
.0

±
6
.7

b
5

3
9

±
1

6
0

1
5
.3

±
3
.1

b

F
1

.9
1

6
.7

∗∗
3

.6
0

.9
3

.7
3

.5
1

9
.9

∗∗
4

.6
1

1
.2

∗∗
6

.9
∗

0
.5

6
.7

∗

https://doi.org/10.1017/S0266467410000726 Published online by Cambridge University Press

https://doi.org/10.1017/S0266467410000726


Epiphyte associations with landscape units and phorophytes 227

Table 2. Tree and liana information (dbh ≥ 2.5 cm) from three landscape units in the Chiribiquete area of Colombian Amazonia. Mean ± 1 SD is
shown for n 0.1-ha plots (see n in Table 1). In cases of significant differences between landscape units, the lowercase letters denote the results of
Tukey–Kramer HSD post hoc comparison tests (with a significance level of 0.05). ∗ = 0.01 ≤ P < 0.05; ∗∗ = 0.001 ≤ P < 0.01; ∗∗∗ = P < 0.001.

Species Individuals Basal area Trunk surface Crown volume Individuals with Tree height (m)
(m2) (m2) (trees only) (m3) (trees only) dbh ≥ 30 cm of 10 largest trees

Swamp 80 ± 27a 429 ± 67.7 3.6 ± 0.4 748 ± 26 39, 400 ± 11, 300 10.3 ± 4.5 26.6 ± 0.3ab

Floodplain 51 ± 6.4a 305 ± 108 3.8 ± 0.9 604 ± 165 30, 900 ± 4700 15.3 ± 3.8 24.0 ± 1.3a

Upland 143 ± 18b 391 ± 61.5 3.5 ± 0.6 790 ± 58 29, 900 ± 3300 8.8 ± 1.7 28.2 ± 0.4b

F 21.7∗∗ 1.9 0.2 3.3 1.8 3.5 27.2∗∗∗

swamps and floodplains. Just as with holo-epiphytes, the
occupancy levels were similar between the landscape
units (25–50% of the phorophytes were covered with
secondary hemi-epiphytes).

The species richness and abundance of epiphytes
increased with tree size in all landscape units (ANCOVA,
tree size factor, P<0.001). However, the interaction effect
of epiphytic growth habit × tree size was only significant
in swamps (ANCOVA, P < 0.001). In this landscape unit
holo-epiphytes showed the steepest relationship with tree
size, for both species richness (Figure 2a) and abundance
(Figure 2b).

Did epiphyte assemblages relate to landscape units or
phorophytes?

Species assemblages of holo-epiphytes and secondary
hemi-epiphytes were clearly related to the landscape
units (Figure 3, Table 4). Patterns including all epiphyte
species (DCA diagrams not shown) did not differ from
those obtained on the basis of only the most abundant
species. However, the epiphyte species composition
yielded consistently higher Mantel correlation coefficients
with phorophyte species composition than with landscape
unit. Epiphyte species composition against landscape unit
controlling for phorophyte species composition yielded
lower partial Mantel coefficients than epiphyte species
composition against phorophyte species composition
controlling for landscape unit. Epiphyte composition
was not related to space. Using space as a conditional
effect hardly reduced the phorophyte effect on epiphyte
composition. Phorophyte composition was significantly
related to the landscape units (Figure 2; Mantel r =
0.65, P = 0.001 for phorophytes carrying all epiphytes;
Mantel r = 0.53, P = 0.004 for phorophytes with holo-
epiphytes; Mantel r = 0.61, P = 0.001 for phorophytes
with secondary hemi-epiphytes).

Were individual epiphyte species associated to individual
phorophyte species?

Eight phorophyte species occurred at densities of eight
or more trees in one single plot, and were covered

by 60 or more epiphytes (Table 5). On the basis of
the randomization tests applied to these phorophyte
species, significant associations were found with a total
of 20 epiphyte species. Fifteen of these associations
were positive (the epiphyte species occurred with more
individuals on the selected phorophyte species than the
null model predicted), and eight were negative. The
second randomization test started with the selection of
14 epiphyte species, which occurred on eight or more
phorophyte trees in densities of 60 individuals or more per
plot. In this test the size of the phorophyte trees influenced
their incorporation in the null model of phorophyte
species composition. The selected epiphyte species showed
17 significant associations with a total of 13 phorophyte
species (Table 6). Of these, 11 associations were positive
and six negative.

DISCUSSION

Whole species assemblages

The species composition of both holo- and secondary
hemi-epiphytes differed significantly over the three
landscape units in Chiribiquete, just as in the Metá area,
about 100 km south-east (Figure 1; Benavides et al.
2005). Contrary to our expectation, holo-epiphytes did
not show a substantially lower degree of association with
the landscape units than secondary hemi-epiphytes. Can
this habitat effect be attributed to the combined result
of an epiphyte–phorophyte association and a correlation
of phorophyte composition with landscape units? The
species composition of phorophytes for holo-epiphytes
and phorophytes for secondary hemi-epiphytes differed
significantly between the landscape units. This concurs
with results from other studies in upper Amazonia
(overview in Duivenvoorden & Duque 2010), which
generally indicate that species composition of trees
and lianas differs among the main landscape units or
forest types. The epiphyte–phorophyte association was
also significant for both holo-epiphytes and secondary
hemi-epiphytes. For holo-epiphytes and secondary hemi-
epiphytes the effect of landscape unit on species
composition strongly decreased after controlling for the
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Table 3. Phorophyte information (dbh ≥ 2.5 cm) from three landscape units in the Chiribiquete area of Colombian Amazonia. Number of species, individuals and occupancy is based on trees and
lianas; trunk surface and crown volume is only based on tree phorophytes. Mean ± 1 SD is shown for n 0.1-ha plots (see n in Table 1). In case of significant differences between landscape units, the
lowercase letters denote the results of Tukey–Kramer HSD post hoc comparison tests (with a significance level of 0.05). ∗ = 0.01 ≤ P < 0.05; ∗∗ = 0.001 ≤ P < 0.01; ∗∗∗ = P < 0.001.

Phorophytes with holo-epiphytes Phorophytes with secondary hemi-epiphytes

Species Individuals Occupancy Trunk surface Crown volume Species Individuals Occupancy Trunk surface Crown volume
(%) (m2) (m3) (%) (m2) (m3)

Swamp 43 ± 3.8 131 ± 20.0 31 ± 8.2 450 ± 40a 29 800 ± 10180a 40 ± 23.8a 103 ± 68.6ab 24 ± 15.5 300 ± 170a 20 000 ± 12 490
Floodplain 31 ± 6.4 116 ± 47.3 38 ± 10.0 340 ± 90ab 19 000 ± 1150ab 21 ± 5.6a 51 ± 13.0a 19 ± 10.4 180 ± 20a 12 100 ± 2000
Upland 51 ± 12.3 81.5 ± 30.6 21 ± 8.4 290 ± 60b 13 700 ± 3130b 92 ± 17.0b 191 ± 59.8b 50 ± 19.9 560 ± 80b 23 300 ± 1850
F 3.9 2.0 3.3 4.9∗ 6.6∗ 16.3∗∗ 6.0∗ 3.8 11.0∗∗ 2.3
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Figure 3. DCA ordination diagrams to illustrate the association of the species composition of all epiphyte species (a); only holo-epiphytes (b); only
secondary hemiphytes (c); phorophytes covered by all epiphyte species (d); phorophytes covered by holo-epiphytes (e); phorophytes covered by
secondary hemi-epiphytes (f) with landscape units. The symbols represent the sample plots.

create specific micro-habitats (Freiberg 2001) and
substrate conditions exploited by specific sets of epiphytes
(Benavides et al. 2005, 2006; Bennett 1986, Benzing
1981, Callaway et al. 2002, Dejean et al. 1995, Frei
& Dodson 1972, Hietz & Briones 1998, Johansson
1974, Kernan & Fowler 1995, Migenis & Ackerman
1993, Talley et al. 1996, Wolf 1994). In Mexico,
Mehltreter et al. (2005) showed that tree ferns hosted a
different epiphyte community compared to angiosperms.
In Panama, Zotz & Schultz (2008) reported that five
host tree species significantly explained about 9% of the
epiphyte composition (71 holo-epiphyte species occurring
on 91 trees in 0.4 ha) whereas dbh alone explained only
2%. In contrast to phorophytes, landscape units influence
establishment and population dynamics of epiphytes in
a less direct way, for example via variations in meso-
and microclimate (humidity), soil differentiation (Gentry
& Dodson 1987), and forest dynamics (Phillips et al.
2004). Also, in our study, the effect of landscape unit
was estimated by means of the binary distance between
only three landscape units, providing a relatively weak
basis to explain epiphyte composition.

The Mantel tests further suggested that the epiphyte
composition (both holo- and secondary hemi-epiphytes)
was not related to the spatial distance between
plots, and therefore not restricted by any dispersal
limitation at the between-plot scale (Benavides et al.
2005). This is remarkable because other studies of
epiphyte establishment and epiphyte succession reported
significant spatial effects, presumably related to slow
rates of colonization, leptokurtic seed-dispersal patterns
and priority effects (Ackerman et al. 1996, Barkman
1958, Benavides et al. 2006, Wolf 2005). The isolation
of epiphyte populations between regions has been
mentioned as a factor determining epiphyte radiation
(Gentry & Dodson 1987). In addition, space and
dispersal limitation is often found as a predominant
factor in tree species and liana composition (Duque et
al. 2009). Analogous to the sampling in only three
landscape units, the plots were spatially configured
in only three clumps (Figure 1). This low variation
in spatial distances between the plots may have
hampered the detection of the spatial effect on epiphyte
composition.
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Table 4. Mantel and partial Mantel test results of the species composition of vascular
epiphytes against landscape units, species composition of trees and lianas (phorophytes)
and space, in the Chiribiquete area of Colombian Amazonia. Mantel r is the Mantel
correlation coefficient between matrix A and matrix B. Partial Mantel r is the Mantel
correlation between matrix A and matrix B when the effect of matrix C is removed.

Mantel r Partial Mantel r Probability

Matrix A = All holo-epiphytes
Matrix B

Phorophytes 0.69 0.004
Landscape unit 0.47 0.001
Space −0.08 0.71

Matrix B Matrix C
Phorophytes Landscape unit 0.59 0.004
Landscape unit Phorophytes 0.16 0.16
Phorophytes Space 0.68 0.003

Matrix A = All secondary hemi-epiphytes
Matrix B

Phorophytes 0.77 0.001
Landscape unit 0.61 0.001
Space −0.16 0.91

Matrix B Matrix C
Phorophytes Landscape unit 0.63 0.003
Landscape unit Phorophytes 0.27 0.06
Phorophytes Space 0.77 0.001

Matrix A = Abundant holo-epiphytes
Matrix B

Phorophytes 0.68 0.002
Landscape unit 0.47 0.001
Space −0.05 0.63

Matrix B Matrix C
Phorophytes Landscape unit 0.60 0.006
Landscape unit Phorophytes 0.29 0.05
Phorophytes Space 0.67 0.003

Matrix A = Abundant secondary hemi-epiphytes
Matrix B

Phorophytes 0.79 0.001
Landscape unit 0.43 0.004
Space −0.08 0.71

Matrix B Matrix C
Phorophytes Landscape unit 0.73 0.002
Landscape unit Phorophytes −0.002 0.50
Phorophytes Space 0.79 0.001

The density and species richness of both holo- and
secondary hemi-epiphytes increased as function of tree
size. Generally, more epiphytes and epiphyte species are
expected on larger and older trees because of the larger
sampling area, more surface area for colonization and
seed interception, and better conditions for epiphyte
establishment such as humus accumulation on branches
(Flores-Palacios & Garcia-Franco 2006, Zotz & Vollrath
2003). Over time, the accumulated probability of
settlement and habitat diversity also increase (Laube &
Zotz 2006a).

The species richness and abundance of holo-epiphytes
showed a steeper regression with tree size than secondary
hemi-epiphytes in swamps. The conditions of permanent
inundation in these forests probably create a continuously
high atmospheric humidity, which may be beneficial for
the establishment and growth of holo-epiphytes. After

successful establishment, holo-epiphytes may proliferate
quickly at plot or tree scales due to the large production
of anemochoric seeds (Cascante-Marin 2006). This
expansion likely depends strongly on time, tree size and
favourable conditions for establishment (Andrade & Nobel
1997, Orihuela & Waechter 2010, Zotz & Hietz 2001).
In contrast, secondary hemi-epiphytes produce fewer
seeds than holo-epiphytes (Benzing 1990). The lack of
oxygen and high levels of aluminium and iron toxicity in
inundated soils might hamper the germination of seeds
or the growth of seedlings of secondary hemi-epiphytes.
Besides seed dispersal, many hemi-epiphyte species show
the ability to propagate vegetatively, creeping along the
forest floor (Ray 1992). Standing water likely hampers
this mechanism of colonization.

About half (20–70%) of the trees and lianas (dbh ≥
2.5 cm) carried epiphytes, suggesting that epiphyte
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Table 5. Results of the randomization procedure to test the association of selected phorophyte species with individual epiphyte species. For
each phorophyte species the significantly associated epiphyte species are listed. After each epiphyte species name are the recorded number of
epiphyte individuals on the phorophyte species in the plot and, in parentheses, the 95% confidence interval as derived from the randomization
tests. Draw size equals the total number of epiphytes recorded on the selected phorophyte species in the indicated plot.

Selected phorophyte species Plot Draw size Epiphyte species with significant associations

Clathrotropis macrocarpa Ducke 1 83 Hecistopteris pumila 6 (0–5)
4 92 Codonanthe calcarata 12 (1–9)

Duguetia argentea (R. E. Fr.) R. E. Fr. 3 60 Elaphoglossum luridum 5 (8–20)
Eschweilera coriacea (Ap. DC.) Mart. ex Berg 5 74 Peperomia elongata 32 (16–31)

10 67 Anthurium polydactilum 5 (0–4)
Micropholis guyanensis (A. DC.) Pierre 1 62 –
Mollia lepidota Spr. ex Benth. 6 201 Codonanthe crassifolia 6 (8–22); Pepinia uaupensis 29 (11–27)

9 114 Anthurium gracile 0 (1–9); Anthurium uleanum 4 (15–30);
Elaphoglossum luridum 16 (0–8); Guzmania brasiliensis 9 (1–7);
Microgramma megalophylla 9 (0–8); Monstera gracilis 5
(10–23); Philodendron insigne 9 (0–6); Sobralia macrophylla 8
(0–4)

Pouteria laevigata (Mart.) Radlk. 9 67 Anthurium uleanum 6 (7–20); Asplenium serratum 26 (5–16);
Maxillaria cf. triloris 3 (0–2)

Virola elongata (Benth.) Warb. 9 111 Anthurium uleanum 41 (14–30); Asplenium serratum 0 (9–24);
Hillia ulei 8 (0–6); Pepinia uaupensis 0 (2–11)

Zygia cataractae (Kunth) L. Rico. 9 112 Anthurium uleanum 33 (14–30)

patterns are not strongly affected by phorophyte
limitation (Leimbeck & Balslev 2001). The total number of
species and the relatively strong contribution of Araceae
(mainly Philodendron) and Orchidaceae to the epiphyte
flora were in line with the two earlier surveys in this
part of Colombian Amazonia (Arévalo & Betancur 2004,
2006; Benavides et al. 2005). Ground-based surveys are
commonly used to record epiphytes with an acceptable
sampling accuracy (Burns & Dawson 2005, Laube & Zotz

2007, Leimbeck & Balslev 2001). We took special care to
train our indigenous field crew to recognize and sample
tiny epiphytes, also by means of pole tree pruners. In the
Metá study (Benavides et al. 2005), our in situ counts of
epiphyte species and individuals in the canopies of large
trees (14–28 cm dbh) did not differ from counts made on
branches of large trees, which were cut down just outside
each plot (two-sample pairwise Wilcoxon test, V = 116,
P = 0.13 for species; V = 114, P = 0.08 for individuals;

Table 6. Results of the randomization procedure to test the plotwise association of selected epiphyte species with individual phorophyte
species (trees only). In these tests the size of phorophyte trees influenced the phorophyte species composition of the null model. For each
epiphyte species the significantly associated phorophyte species are listed. After each phorophyte species name are the recorded number
of phorophyte trees on which the epiphyte species was found in the plot and, in parentheses, the 95% confidence interval as derived from
the randomization tests. Draw size equals the number of phorophytes covered by the epiphyte species in the indicated plot.

Selected epiphyte species Plot Draw size Phorophyte species with significant associations

Anthurium uleanum 9 78 Mollia lepidota 4 (10–24), Virola elongata 18 (4–15), Zygia cataractae 13 (2–12)
Asplenium serratum 9 16 –
Dichaea rendlei 6 64 Lacistema nena J.F. Macbr. 9 (0–6), Laetia suaveolens (Poepp.) Benth. 6 (0–5),

Zygia cataractae 5 (0–4)
Elaphoglossum luridum 3 55 –

4 46 –
8 13 –

Guzmania brasiliensis 10 37 –
Heteropsis jenmannii 1 63 Unonopsis stipitata Diels 3 (0–2)
Heteropsis spruceana 10 72 Eschweilera punctata S.A. Mori 1 (2–12), Paypayrola grandiflora Tul. 8 (0–6)
Leandra candelabrum 1 114 Eschweilera punctata 1 (2–12), Oenocarpus bataua Mart. 1 (2–12)
Monstera gracilis 9 77 Ferdinandusa guainia Spruce ex K. Schum. 5 (0–4), Mollia lepidota 2 (10–23)
Peperomia elongata 5 46 Malouetia tamaquarina (Aubl.) A. DC. 4 (0–3), Pouteria laevigata 4 (5–16)

8 39 Brosimum guianense (Aubl.) Huber 6 (0–5)
Pepinia uaupensis 5 23 –

8 33 –
Philodendron elaphoglossoides 1 87 –
Philodendron fragrantissimum 1 75 –

4 74 –
Philodendron sp. 12 (AVG 419) 10 51 Anaxagorea brevipes Benth. 5 (0–3)
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n = 30 plots and 30 large trees). However, tiny epiphytes,
particularly orchids, might still have been missed (Flores-
Palacios & Garcia-Franco 2001), especially in the high
tree crowns. Arévalo & Betancur (2004), who used tree-
climbing gear to reach the canopy in the Chiribiquete
area, found 94 species in 0.05 ha, of which 23 were
orchids. Conversely, in the four upland plots (0.4 ha) we
recorded 111 species, with only 15 orchid species.

Individual associations of epiphyte and phorophyte species

Because all plots showed a high diversity of epiphytes and
especially phorophyte species, the associations between
individual species of epiphyte species and their hosts
were hard to test. The large majority of epiphytes
occurred in low densities on many different phorophyte
species. Pairwise associations of epiphyte and phorophyte
species have been studied in several ways (Burns 2007,
Cardelus et al. 2006, Laube & Zotz 2006b, Muñoz et al.
2003). GLM or multiple logistic regression, used to test
abundance or presence–absence of one single epiphyte
species against phorophyte species (as dummy variables)
(Hirata et al. 2009), was ineffective in our study because
of the low number of epiphyte hits for many of the
phorophyte taxa. When ANCOVA was used to test if
epiphyte abundance against phorophyte structure varied
for different phorophyte taxa (Callaway et al. 2002), it
also failed for the same reason. For pragmatic reasons
we based the threshold levels of eight phorophyte trees
and 60 epiphyte individuals in our randomization tests
on Laube & Zotz (2006b) who tested host-preferences
among a minimum number of 227 epiphyte individuals
occurring on 31 phorophytes or more in a 0.4-ha
plot in Panama. The randomization procedures we
used only make sense if the draw size (the number of
randomly sampled individuals) is high relative to the
total number of individuals in the plot, and if the density
of individuals is approximately evenly distributed over
the species. If these conditions are not fulfilled many
species may never occur in the draws, which would
lead to a failure of the test for negative associations and
to an overestimation of positive associations (Laube &
Zotz 2006b). Because both negative and positive host
preferences were found, our draw sizes seemed adequate.
In both randomization tests, remarkably few pairwise
associations between epiphyte species and phorophyte
species appeared. Using the first randomization procedure
(sampling epiphytes from the pool of epiphytes in the
plot for selected phorophyte species) Laube & Zotz
(2006b) reported 74 significant (P < 0.05) epiphyte–
phorophyte associations obtained from a total of 309
pairwise comparisons (a frequency of 24%) in Panama.
In the seven 0.1-ha plots selected for our randomizations,
these frequencies ranged from 0% to 20% (average 5%).
Using the second randomization procedure (sampling

phorophytes weighted by their size from the pool of
phorophytes in the plot for selected epiphyte species),
these frequencies were even lower (0–12%, average
2%), and also yielded different species showing pairwise
associations compared with the first test. Arguably, the
null model used in the second randomization test was
more realistic because it took into account that larger
phorophytes have higher chances on being covered by
epiphytes. Yet, it remained uncertain how the spatial
configuration of the phorophytes in the plot influenced the
abundance of the epiphyte assemblages. Indeed, the null
models in both randomizations assumed that epiphytes
had unlimited access to all phorophytes in the plot. For this
reason the testing procedures were applied to single plots.
By pooling plots the randomization may relate certain
epiphyte species that only occurred in one plot to certain
phorophyte species that occurred in another plot. Because
our plots were located at least 1 km apart from each other,
pooling would demand an unrealistically strong dispersal
process to shape the epiphyte species assemblage in the
null models. Yet, even for one plot the assumption of
unlimited access is improbable because of the clumped
occurrences of many epiphyte species along tree trunks
(Arévalo & Betancur 2006).
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in wet forest in the Chocó area on the Pacific coast of Colombia.

Biodiversity and Conservation 7:1563–1575.

GENTRY, A. H. & DODSON, C. H. 1987. Diversity and biogeography

of Neotropical vascular epiphytes. Annals of the Missouri Botanical

Garden 74:205–233.

GRIFFITHS, H. & SMITH, J. A. C. 1983. Photosynthetic pathways

in the Bromeliaceae of Trinidad: relations between life-forms,

habitat preference and the occurrence of CAM. Oecologia 60:

176–184.

HIETZ, P. & BRIONES, O. 1998. Correlation between water relations

and within-canopy distribution of epiphytic ferns in a Mexican cloud

forest. Oecologia 114:305–316.

HILL, M. O. 1979. DECORANA – a FORTRAN program for detrended

correspondence analysis and reciprocal averaging. Cornell University,

Ithaca. 52 pp.

https://doi.org/10.1017/S0266467410000726 Published online by Cambridge University Press

https://doi.org/10.1017/S0266467410000726


234 A. M. BENAVIDES ET AL.

HIRATA, A., KAMIJO, T. & SAITO, S. 2009. Host trait preferences and

distribution of vascular epiphytes in a warm-temperate forest. Plant

Ecology 201:247–254.

HOPE, A. C. A. 1968. A simplified Monte Carlo significance test

procedure. Journal of the Royal Statistical Society B 30:582–598.

JOHANSSON, R. 1974. Ecology of vascular epiphytes in West African

rain forest. Acta Phytogeographica Suecica 59:1–19.

KERNAN, C. & FOWLER, N. 1995. Differential substrate use by epiphytes

in Corcovado National Park, Costa Rica: a source of guild structure.

Journal of Ecology 83:65–73.

KREFT, H., KOSTER, N., KUPER, W., NIEDER, J. & BARTHLOTT, W.

2004. Diversity and biogeography of vascular epiphytes in Western

Amazonia, Yasuni, Ecuador. Journal of Biogeography 31:1463–1476.

LAUBE, S. & ZOTZ, G. 2006a. Neither host-specific nor random: vascular

epiphytes on three tree species in a Panamanian lowland forest.

Annals of Botany 97:1103–1114.

LAUBE, S. & ZOTZ, G. 2006b. Long-term changes of the vascular

epiphyte assemblage on the palm Socratea exorrhiza in a lowland

forest in Panama. Journal of Vegetation Science 17:307–314.

LAUBE, S. & ZOTZ, G. 2007. A metapopulation approach to the analysis

of long-term changes in the epiphyte vegetation on the host tree

Annona glabra. Journal of Vegetation Science 18:613–624.

LEGENDRE, P. & LEGENDRE, L. 1998. Numerical ecology. Elsevier,

Amsterdam. 870 pp.

LEIMBECK, R. M. & BALSLEV, H. 2001. Species richness and abundance

of epiphytic Araceae on adjacent floodplain and upland forest in

Amazonian Ecuador. Biodiversity and Conservation 10:1579–1593.

MANLY, B. F. J. 1997. Randomization, bootstrap and Monte Carlo methods

in biology (Second edition). Chapman & Hall, London. 455 pp.

MEHLTRETER, K., FLORES-PALACIOS, A. & GARCIA-FRANCO, J. G.

2005. Host preferences of low-trunk vascular epiphytes in a cloud

forest of Veracruz, Mexico. Journal of Tropical Ecology 21:651–660.

MIGENIS, L. E. & ACKERMAN, J. D. 1993. Orchid-phorophyte

relationships in a forest watershed in Puerto Rico. Journal of Tropical

Ecology 9:231–240.

MOFFETT, M. W. 2000. What’s “up”? A critical look at the basic terms

of canopy biology. Biotropica 32:569–596.
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Appendix 1. List of epiphyte species recorded in ten 0.1-ha plots in the Chiribiquete area in Colombian Amazonia. h = holo-epiphyte; p
= primary hemi-epiphyte; s = secondary hemi-epiphyte. Mean patchiness is the number of epiphyte individuals divided by the number
of phorophyte individuals in a plot, averaged over all plots with >0 epiphyte individuals.

Angiosperms Habit Number of Number of Mean
individuals phorophytes patchiness

Araceae
Anthurium clavigerum Poepp. s 3 3 1.0
Anthurium ernestii Engl. h 42 33 1.2
Anthurium gracile (Rudge) Schott h 38 21 1.3
Anthurium obtusum (Engl.) Grayum h 28 24 1.1
Anthurium pentaphyllum (Aubl.) G. Don s 54 51 1.0
Anthurium polydactylum Madison h 19 18 1.1
Anthurium uleanum Engl. h 318 204 1.3
Heteropsis jenmanii Oliv. s 167 157 1.1
Heteropsis oblongifolia Kunth s 42 40 1.1
Heteropsis sp. 2 (Vasco 214) s 1 1 1.0
Heteropsis spruceana Schott s 175 161 1.0
Heteropsis steyermarkii G.S. Bunting s 24 23 1.0
Monstera cf. adansonii Schott s 1 1 1.0
Monstera gracilis Engl. s 234 167 1.3
Monstera obliqua Miq. s 6 6 1.0
Monstera sp. 1 (Vasco 246) s 10 9 1.1
Philodendron acutatum Schott s 1 1 1.0
Philodendron applanatum G.M. Barroso s 3 3 1.0
Philodendron asplundii Croat & M.L.C. Soares s 20 18 1.1
Philodendron barrosoanum G.S. Bunting s 16 16 1.0
Philodendron buntingianum Croat s 68 54 1.1
Philodendron chinchamayense Engl. s 10 8 1.3
Philodendron elaphoglossoides Schott s 133 104 1.3
Philodendron fragrantissimum (Hook.) G. Don s 260 208 1.2
Philodendron herthae K. Krause s 10 10 1.0
Philodendron hylaeae G.S. Bunting s 19 19 1.0
Philodendron insigne Schott s 81 50 1.7
Philodendron linnaei Kunth s 113 66 1.6
Philodendron megalophyllum Schott p 39 36 1.0
Philodendron panduriforme (Kunth) Kunth s 4 4 1.0
Philodendron pedatum (Hook.) Kunth s 5 4 1.3
Philodendron pulchrum G.M. Barroso s 34 32 1.0
Philodendron rudgeanum Schott s 4 1 4.0
Philodendron sp. 1 (Vasco 201) s 2 2 1.0
Philodendron sp. 11 (Vasco 215) s 3 3 1.0
Philodendron sp. 12 (Vasco 419) s 69 58 1.1
Philodendron sp. 7 (Vasco 207) s 20 17 1.1
Philodendron sp. 8 (Vasco 328) s 115 90 1.3
Philodendron sp. 9 (Vasco 365) s 1 1 1.0
Philodendron spruceanum G.S. Bunting s 13 13 1.0
Philodendron tripartitum (Jacq.) Schott s 1 1 1.0
Philodendron venustum Bunting s 162 136 1.1
Rhodospatha venosa Gleason s 26 23 1.1
Stenospermatium amomifolium Schott h 18 12 1.4
Syngonium podophyllum Schott s 4 3 1.3

Bromeliaceae
Aechmea corymbosa (Mart. ex Schult. & Schult. f.) Mez h 3 3 1.0
Aechmea nallyi L.B. Sm. h 15 15 1.0
Aechmea nivea L.B. Sm. h 13 11 1.2
Aechmea sp. 1 (Vasco 300) h 4 4 1.0
Aechmea tillandsioides (Mart. ex Schult. & Schult. f.) Baker h 6 5 1.1
Araeococcus flagellifolius Harms h 8 7 1.1
Guzmania brasiliensis Ule h 144 91 1.4
Pepinia uaupensis (Baker) G.S. Varad. & Gilmartin h 321 109 2.6
Streptocalyx longifolius (Rudge) Baker h 80 41 1.5
Streptocalyx poeppigii Beer h 22 13 1.3

Cactaceae
Epiphyllum sp. 1 (Vasco 272) h 10 10 1.0

https://doi.org/10.1017/S0266467410000726 Published online by Cambridge University Press

https://doi.org/10.1017/S0266467410000726


236 A. M. BENAVIDES ET AL.

Appendix 1. Continued.

Angiosperms Habit Number of Number of Mean
individuals phorophytes patchiness

Cecropiaceae
Coussapoa orthoneura Standl. p 4 4 1.0

Clusiaceae
Clusia amazonica Planch. & Triana p 57 52 1.0
Clusia hammeliana Pipoly p 45 35 1.1
Clusia opaca Maguire p 2 2 1.0
Clusia sp. 1 (Vasco 374) p 6 6 1.0
Clusia sp. 2 (Vasco 329) p 13 8 1.6
Clusia sp. 3 (Benavides 624) p 7 7 1.0

Cyclanthaceae
Asplundia sp. 1 (Vasco 233) s 2 2 1.0
Asplundia vaupesiana Harling s 32 24 1.1
Asplundia xiphophylla Harling s 10 10 1.0
Ludovia lancifolia Brongn. h 71 60 1.1

Cyperaceae sp. 1 (Vasco 261) h 13 9 2.6
Hypolytrum sp. 1 (Vasco 369) h 27 16 1.9

Gesneriaceae
Codonanthe calcarata (Miq.) Hanst h 51 35 1.2
Codonanthe crassifolia (H. Focke) C.V. Morton h 69 53 1.2
Codonanthe sp. 1 (Vasco 359) h 1 1 1.0
Codonanthopsis dissimulata (H.E. Moore) Wiehler h 20 15 1.2
Drymonia coccinea (Aubl.) Wiehler s 1 1 1.0
Paradrymonia ciliosa (Mart.) Wiehler h 6 5 1.2

Marcgraviaceae
Marcgravia sp. 1 (Vasco 200) s 13 13 1.0
Marcgravia sp. 3 (Vasco 219) s 45 43 1.0
Marcgravia cf. strenua J.F. Macbr. s 15 14 1.0

Melastomataceae
Adelobotrys marginata Brade s 15 14 1.1
Leandra cf. aristigera (Naudin) Cogn. s 1 1 1.0
Leandra candelabrum (J.F. Macbr.) Wurdack s 147 115 1.3

Melastomataceae sp. 2 (Vasco 249) s 15 11 1.7
Salpinga secunda Schrank & Mart. ex DC. h 8 7 1.2
Tococa caryphyllea (DC.) S.S. Renner s 6 6 1.0

Moraceae
Ficus guianensis Desv. ex Ham. p 2 2 1.0
Ficus nymphaeifolia Mill. p 1 1 1.0
Ficus pertusa L. f. p 3 2 1.5

Olacaceae
Aptandra sp. 1 (Vasco 373) h 8 1 8.0

Orchidaceae
Adipe longicornis (Lindl.) M. Wolfe h 10 9 1.1
Adipe sp. 1 (Vasco 389) h 2 1 2.0
Batemania sp. 1 (Vasco 433) h 2 2 1.0
Bifenaria sp. 1 (Vasco 289) h 1 1 1.0
Bifenaria sp. 2 (Vasco 298) h 1 1 1.0
Catacetum sp. 1 (Vasco 288) h 2 2 1.0
Dichaea panamensis Lindl. h 3 3 1.0
Dichaea rendlei Gleason h 292 132 1.5
Encyclia sp. 1 (Vasco 269) h 1 1 1.0
Gongora quinquenervis Ruiz & Pav. h 1 1 1.0
Maxillaria sp. 1 (Benavides 596) h 9 7 1.1
Maxillaria sp. 2 (Vasco 344) h 2 1 2.0
Maxillaria cf. triloris E. Morren h 28 19 1.7
Maxillaria uncata Lindl. h 1 1 1.0
Octomeria breviflolia Cogn. h 3 2 1.5
Octomeria erosilabia C. Schweinf. h 63 49 1.1
Octomeria minor C. Schweinf. h 3 2 1.5
Octomeria sp. 2 (Vasco 322) h 1 1 1.0
Octomeria sp. 3 (Vasco 204) h 2 2 1.0

Orchidaceae sp. 2 (Vasco 360) h 13 13 1.0
Paphinia sp. 1 (Vasco 191) h 2 2 1.0
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Appendix 1. Continued.

Angiosperms Habit Number of Number of Mean
individuals phorophytes patchiness

Pleurothallis sp. 1 (Vasco 260) h 16 16 1.0
Rudolfiella sp. 1 (Vasco 378) h 8 7 1.1
Rudolfiella sp. 2 (Vasco 407) h 5 5 1.0
Scaphyglotis sp. 1 (Vasco 248) h 33 26 1.1
Sobralia macrophylla Rchb. f. h 12 7 1.4
Stelis sp. 1 (Vasco 340) h 3 2 1.5

Piperaceae
Peperomia cardenasii Trel. h 10 8 1.3
Peperomia elongata Kunth h 347 176 1.6
Peperomia macrostachya (Vahl) A. Dietr h 36 27 1.3
Piper sp. 1 (Vasco 293) s 1 1 1.0

Rubiaceae
Hillia ulei K. Krause s 27 22 1.1

Solanaceae
Marckea ulei s 1 1 1.0

Ferns and allies
Aspleniaceae

Asplenium juglandifolium Lam. h 2 2 1.0
Asplenium serratum L. h 244 98 2.1

Davalliaceae
Oleandra pilosa Hook h 1 1 1.0

Dryopteridaceae
Elaphoglossum flaccidum (Fée) T. Moore h 14 10 1.4
Elaphoglossum luridum (Fée) H. Christ h 384 168 2.3
Elaphoglossum obovatum Mickel h 13 7 1.7
Polybotrya polybotryoides (Baker) H. Christ s 6 4 1.3

Grammitidaceae
Cochlidium furcatum (Hook. & Grev.) C. Chr. h 23 15 1.5
Grammitis blanchetii (C. Chr.) A.R. Sm. h 2 2 1.0
Lellingeria sp. 1 (Vasco 236) h 3 1 3.0

Hymenophyllaceae
Hymenophyllum hirsutum (L.) Sw. h 7 7 1.0
Hymenophyllum sp. 1 (Vasco 393) h 3 3 1.0
Trichomanes ankersii C. Parker ex Hook. & Grev. s 59 57 1.0
Trichomanes arbuscula Desv. h 2 2 1.0
Trichomanes crispum L. h 1 1 1.0
Trichomanes pinnatum Hedw. h 16 5 3.8
Trichomanes tanaicum J.W. Sturm s 15 14 1.0
Trichomanes vandenboschii P.G. Windisch h 1 1 1.0

Metaxyaceae
Metaxya rostrata (Kunth) C. Presl s 1 1 1.0

Polypodiaceae
Microgramma baldwinii Brade h 9 8 1.3
Microgramma megalophylla (Desv.) de la Sota h 167 149 1.1
Pleopeltis bombycinum (Maxon) A.R. Sm. h 6 6 1.0
Polypodium decumanum Willd. h 1 1 1.0
Serpocaulon triseriale (Sw.) A.R. Sm. h 18 18 1.0

Pteridaceae
Adiantum petiolatum Desv. h 3 3 1.0

Selaginellaceae
Selaginella fragilis A. Braun h 13 10 1.2

Tectariaceae
Triplophyllum funestum (Kunze) Holttum s 1 1 1.0

Vittariaceae
Hecistopteris pumila (Spreng.) J. Sm. h 99 94 1.0
Polytaenium cajenense (Desv.) Benedict h 8 6 1.3
Vittaria lineata (L.) Sm. h 3 3 1.0

Unidentified species
Unidentified 1 (Benavides 1202) s 8 8 1.0
Unidentified 3 (Vasco 323) s 1 1 1.0
Unidentified 4 (Vasco 327) s 1 1 1.0
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