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and the distribution and mortality of two epiphyte species
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Abstract Tree bark characteristics influence epi-
phyte establishment and survival and consequently
the way in which epiphytes are distributed on trees.
Tree species with peeling bark have been reported as
poor epiphyte hosts. We analyzed the distribution and
seedling mortality of two Tillandsia species (Brome-
liaceae) in relation to rate of bark peeling of Bursera
fagaroides (Burseraceae). The highest peeling rate
(0.12% per day) took place on the trunk and the
lowest rate on twigs (0.04% per day; branches <2 cm
in diameter). The highest proportion of Tillandsia

A. Lopez-Villalobos

Departamento de Quimica y Biologia, Universidad de las
Américas-Puebla, Santa Catarina Martir s/n, Cholula,
Puebla, Mexico

Present Address:

A. Lopez-Villalobos

Instituto de Ecologia, Universidad Nacional Auténoma de
Meéxico, Circuito exterior, A. P. 70725, Mexico 04510,
Distrito Federal, Mexico

A. Flores-Palacios ()

Centro de Educacion Ambiental e Investigacion Sierra de
Huautla, Universidad Autéonoma del Estado de Morelos,
Av. Universidad 1001, Chamilpa, Cuernavaca 62209,
Morelos, Mexico

e-mail: alejandro.florez@uaem.mx

R. Ortiz-Pulido

Laboratorio de Ecologia de Poblaciones, Centro de
Investigaciones Bioldgicas, Universidad Auténoma del
Estado de Hidalgo, A. P. 69, Pachuca 42001, Hidalgo,
Mexico

plants appeared on twigs. The distributions of juve-
nile and adult plants on twigs were higher than those
expected based on the distribution of first-year
seedlings, suggesting that on twigs, survival could
be greater than on trunks and branches, canopy areas
where peeling is faster. On the trunk and branches, in
contrast, the proportion of juveniles and adults were
similar to or less than that expected for first-year
seedlings. The main cause of mortality was peeling
and the area of minor overall mortality was the trunk,
suggesting that this area should be favored as the
main distribution area for the Tillandsia species but is
not. Our results show that the peeling rate of
B. fagaroides depends on branch size and suggest
that the Tillandsia distribution depends not only on
peeling rate but also on seed dispersion. We suggest
that to colonize B. fagaroides epiphytes would either
have adaptations to counteract the peeling rate or
should occur in the areas of lowest peeling rate
located in the exterior crown of trees.

Keywords Bromeliaceae - Tillandsia palmasolana -
Tillandsia paucifolia - Tropical dry forest -
Plant—plant interaction

Introduction

Plant—plant interactions are of prime importance to

understand the maintenance of biodiversity, espe-
cially in tropical areas where plant diversity is high.
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Epiphytes are plants wholly dependent on other
plants, and it has been suggested that epiphytes
should evolve mechanisms permitting generalist
establishment, making the host species redundant
and allowing the epiphytes to use any host (Callaway
et al. 2002). In general, epiphyte plants can colonize
many tree species and only a few epiphyte species
have been considered as host specific (e.g. Ackerman
et al. 1989; Tremblay et al. 1998; Mehltreter et al.
2005). However, the number of epiphyte species and
epiphyte abundance that a host can harbor vary
greatly; some hosts can carry as many as 50 epiphyte
species, while other species have no epiphytes
(Freiberg 1996), suggesting that some host species
are especially difficult for epiphytes to colonize.

Features of the bark have been suggested as
important in determining the number and composi-
tion of epiphyte species that grow on a particular tree
species. Trees having bark with low water-holding
capacity, alellochemicals, or that peels off, may carry
fewer epiphyte species than those trees with bark that
has a high capacity for holding water, lacks alello-
chemicals or durable bark (Frei 1974; Benzing 1990;
Talley et al. 1996; Castro-Hernandez et al. 1997,
Callaway et al. 2001, 2002; Mehltreter et al. 2005).

Based on published reports of tree species abun-
dances and composition, trees with peeling bark
make up between 9 and 70% of the individuals found
in dry tropical forest (Rico-Gray et al. 1988; Acker-
man et al. 1989; Zimmerman and Olmsted 1992;
Valencia-Diaz 1995; Martinez-Garcia 1999). Peeling
bark is one of the most thoroughly documented
factors influencing low species richness and abun-
dance of epiphytes and vines on trees (Todzia 1986;
Kiew and Anthonysamy 1987; ter Steege and
Cornelissen 1989; Brown 1990; Talley et al. 1996;
Zimmerman and Olmsted 1992). Despite the pro-
posed role of bark in limiting epiphyte abundance,
some epiphytes grow on trees with peeling bark and
may be specialized on these tree species (e.g.
Psygmorchis glossomystax (Rchb. f.) Dodson &
Dressler (Orchidaceae) on Psidium guajava L.
(Myrtaceae); Benzing 1990).

Although exfoliation is supposedly a characteristic
that helps trees to lower epiphyte and vine invasions
(Todzia 1986; Kiew and Anthonysamy 1987; Stevens
1987; ter Steege and Cornelissen 1989; Brown 1990;
Talley et al. 1996; Zimmerman and Olmsted 1992),
there are no data on the rate at which peeling occurs.
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Recurrent observations that tree species with peeling
bark may host epiphytes suggest that peeling rates
vary in the crown, making establishment of epiphytes
possible. We analyzed the peeling rate of Bursera
fagaroides Engl. var. purpusii (Brandegee) McVaugh
& Rzed. (Burseraceae) and related it to the distribu-
tion and seedling mortality of the epiphytic
bromeliads: Tillandsia palmasolana Matuda and
T. paucifolia Baker. We hypothesized that:

a. if bark peeling rate influences the distribution of
epiphyte species, then the majority of the epi-
phytes inhabiting bark peeling trees should be in
canopy zones with the lowest peeling rate; and

b. if bark peeling rate is the main mortality cause,
we expected that in canopy zones of high peeling
rate should be the major mortality and the
proportion of adult plants should be reduced
because the transition from seedling to adult
plants will be the lowest.

Methods
Study area

This research was conducted at La Mancha Coastal
Research Center (CICOLMA, 19°3512" to 19°36/18"
N, 96°22'18"” to 96°23'24"” O, 0-50 m a.s.l) in
Central Veracruz, Mexico. The climate is warm
sub-humid, with a mean minimum temperature of
18°C and a maximum of 34°C. Rains are concen-
trated in the summer, with total annual rainfall
varying from 1,200 to 1,500 mm (Castillo-Campos
and Medina-Abreo 2002). At CICOLMA, there are
eight types of vegetation and this research was done
in savannah (coastal dune brushland; Castillo-Cam-
pos and Medina-Abreo 2002). This community is an
ecotone between tropical dry forest and the herba-
ceous communities found on dunes; isolated dwarf
trees (3—6 m in height) are abundant and the most
characteristic are Bursera fagaroides, Byrsonima
crassifolia (L.) H. B. K. (Malpighiaceae) Coccoloba
barbadensis Jacq. (Polygonaceae), Chrysobalanus
icaco L. (Chrysobalanaceae), Fraxinus schiedeana
Schitdl. & Cham. (Oleaceae), and Lysiloma divari-
cata Hook. & Jackson Marchr. (Fabaceae). In this
brushland, the most frequent epiphytes are the
narrow Mexican endemic T. palmasolana and the
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widespread T. paucifolia; other epiphyte bromeliad
species are nearly absent (Garcia-Franco 1996).

Data collection

Fieldwork was carried out from November 2001 to
April 2002. During that period, 10 B. fagaroides var.
purpusii (hereafter B. fagaroides) dwarf trees were
selected from the windward slope of a dune. Trees
measured 2.8 & 0.2 m in height (hereafter x &= SE)
and 305.8 & 55.6 cm> in basal area; they had
1.5 &£ 0.2 small trunks and were isolated from all
other trees.

Bark peeling rate

To evaluate the B. fagaroides bark peeling rate, three
canopy zones were defined: (1) twigs, i.e. exterior
branchlets of the tree crown with a diameter <2 cm;
(2) branches, i.e. limbs of 2.1-10 c¢m in diameter; and
(3) trunks, i.e. basal sections of the tree >10 cm in
diameter. From these canopy zones we randomly
chose a total of 30 sections in each of the selected
trees. Each section was measured (diameter). All
sections were classified into one of seven categories
of 2-cm intervals. On each section, a plot 5 cm
long x 1 cm wide (20 0.5 x 0.5 cm?) was painted
with commercial vinyl paint. After 3 months the
exfoliated area was measured; to accomplish this, a
transparent grid of 20 0.5 x 0.5 cm?® was placed on
the painted plots and we counted the number of
exfoliated squares. With a randomized block analysis
of variance (Zar 1996), we analyzed if the percentage
of exfoliation after 3 months was different among the
seven diameter categories. In this analysis the trees
were considered as the blocks. To avoid pseudore-
plication, we used as the response variable the mean
exfoliated area of the plots of each diameter category
for each tree.

Distribution and population structure
of Tillandsia spp.

In each tree, Tillandsia palmasolana and T. paucifo-
lia plants were counted on the whole trunk and in a
sample of branches randomly selected (50—-100% of

the branches). We measured the branch diameter
where each Tillandsia plant was found, and we
recorded the length of the longest leaf for each
Tillandsia, the number of rosettes, and the presence
or absence of inflorescences. To create a static
population structure based on plant size, Benzing’s
(1981) age-size classification system for 7. paucifolia

~ circinnata) was employed in a slightly modified
version (Table 1). The age-size system proposed for
T. paucifolia (Benzing 1981) was also used for
T. palmasolana to facilitate comparison of results,
as has been done with other Tillandsia species (e.g.
Mondragon et al. 1999, 2004).

We created a contingency table to determine
bromeliad distribution on B. fagaroides. In this table
rows were Tillandsia age-size categories and columns
were the seven diameter categories of branches-trunks
described previously (see previous section; Tables 2,
3). Because Tillandsia category A corresponds to first-
year seedlings (Table 1), we considered their abun-
dance as an indicator of the establishment success of
bromeliads in different canopy zones. If seed estab-
lishment and survival were similar throughout the
canopy zones, the larger categories of plant age size
should exhibit a distribution similar to that of first-year
seedlings, as has been suggested previously by Zotz
(1997). For each Tillandsia’s age-size category we
calculated the expected number of plants in each
trunk-branch category following the observed
distribution of first-year seedlings. To calculate the
expected values we multiplied the observed total
number of plants in each size category with the
proportions found for first-year seedling in each trunk-
branch category (Tables 1-3). Using the entire cross
tabulation matrix, a y” test was applied to determine if
size categories were distributed along trunks-branches
in accordance with the pattern observed for first-year
seedlings, and a test of residuals was used to identify
individual differences between observed and
expected abundances (Haberman 1973). In the case
of T. palmasolana, categories A and B were pooled, as
there were no first-year seedlings for some trunk sizes,
making it impossible to calculate expected values.

Seedling mortality

To evaluate seedling mortality we marked 96 sections
of trunk, branches, and twigs with flagging tape and
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Table 1 Number of Tillandsia plants found on Bursera fagaroides (n)

Age-size category  Category description

T. palmasolana T. paucifolia

n Leaf length (x £ SE) n Leaf length (x £ SE)

>

First-year seedlings, <0.3 cm in leaf length,
with seed coma hairs

Second-year seedlings, 0.4-0.5 cm
0.6-1.0 cm
1.1-1.5 cm
1.6-2.0 cm
2.1-3.0 cm
3.1-5.0 cm

Sub-adults, >5 cm in leaf length but
without reproductive structure

T OO0 Hm g QW

CA Clonal adults, plants with more than
one rosette, without reproductive structures

SA Sexual adults, plants with inflorescences
(even old inflorescences)

Total

22 0.3 £0.01 93 0.3 £ 0.01
37 0.5 £ 0.01 133 0.5 + 0.00
72 0.8 £0.02 153 0.8 £ 0.01
35 1.4 £0.02 57 1.3 £0.02
16 1.9 £ 0.04 68 1.9 £ 0.02
38 2.7 £0.05 49 2.7+ 0.05
38 42 £ 0.10 56 4.3 £ 0.08
77 11.1 £0.50 107 11.0 £ 044
42 104 £ 0.65 28 11.8 £ 1.51
34 13.6 £0.51 38 214+ 1.09
411 782

Also shown the mean leaf length (cm) of each age-size category. Age-size categories were based on those used by Benzing (1981)

Table 2 Number of Tillandsia palmasolana plants found on the trunk-branches of Bursera fagaroides

Plant-size category Branch/trunk size (cm)

<2 2.1-4 4.1-6 6.1-8 8.1-10 10.1-12 >12
A-B 14 (14) 15 (15) 909 17 (17) 1.(1) - 33)
C 47 (17) 12 (18) 4 (11) 4 (21) 1(1) - 44
D 18 (8) 8(9) 2(5) 0 (10) 1(1) - 6(2)
E 74) 44 0(@2) 2(5) 0 (0) - 3@
F 14 (9) 10 (10) 4 (6) 111 1 (1) - 8(2)
G 26 (9) 6 (10) 4 (6) 0(11) 0 - 2(2)
H 53 (18) 12 (20) 3(12) 5(22) 2D - 2 (4)
CA 28 (10) 311 6 (6) 1(12) 3 - 12
SA 28 (8) 309 0(5 1 (10) 1(1) - 1(2)

Figures in bold correspond to values differing from the expected abundances according to the seedling distribution (A-B)

counted the number of seedlings on each section. The
seedlings were 3—10 mm in height and were clearly
rooted to the bark. As in other studies (Winkler 2005)
we assumed that all the seedlings we observed were
either T. palmasolana or T. paucifolia, although
occasionally T. ionantha Planch. plants could be
found. Every 15 days we counted the number of
living and dead seedlings. Cause of mortality was
assumed to be from either lack of moisture when
desiccated seedlings remained attached to the bark or
from bark peeling if the seedling had disappeared.
Herbivory and branch falling could be another
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possible cause of mortality; in the case of herbivory,
Tillandsia roots remain attached to the bark but the
leaves disappear; however, we did not observe either
herbivore damage or branch falling and all the
seedling mortality could be determined as caused
by drought or peeling. As we found a low number of
seedlings on trunks, we used the total number of
seedlings found on all the marked sections of trunk
(n = 50 seedlings), branches (n = 283 seedlings),
and twigs (n = 544 seedlings) for the analysis. With
three ;(2 tests (Zar 1996) we tested whether each
mortality source (drought, peeling, and total) was
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Table 3 Number of Tillandsia paucifolia plants found on the trunk-branches of Bursera fagaroides

Plant-size category

Branch/trunk size (cm)

<2 2.14 4.1-6 6.1-8 8.1-10 10.1-12 >12
A 58 (58) 4 (4) 9 (9) 14 (14) 4 4 3(3) 1)
B 81 (83) 17 (6) 7 (13) 11 (20) 9 (6) 4 (4) 4 (1)
C 135 (95) 3(7) 9 (15) 2(23) 0 (7 2.(5) 2(2)
D 52 (36) 2(2) 2 (6) 1(9) 0(2) 0(2) 0 (1)
E 63 (42) 3(3) 17 1.(10) 0(3) 0(2) 0 (1)
F 45 (31 2(2) 0 (5 0 (7) 2(2) 0(2) 0 (1)
G 51 (35) 1(2) 165 18 2(2) 0(2) 0 (1)
H 88 (67) 11 (5) 3 (10 1(16) 05 13 3()
CA 20 (17) 4(1) 13) 3 (4) 0 (1) 0 (1) 0 (0)
SA 23 (24) 42 5 (4) 3(6) 3(2) 0 (1) 0 (0)

Figures in bold correspond to values differing from the expected abundances according to the seedling distribution (A)

different among the three canopy zones (trunk,
branches, and twigs) (Zar 1996). When one test
revealed significant differences we performed a
Tukey-type multiple comparison test among
proportions (Zar 1996) to isolate the canopy zone
where mortality differed.

The low mortality of plants located on the trunk
prevented us from determining whether sources of
mortality (drought vs. peeling), differed. To resolve
this problem we used the pooled mortality (all canopy
zones together) and with a %> test we compared
whether mortality through drought or peeling differed
(assuming an expected 1:1 ratio). As this test revealed
significant differences we tested if the observed mean
ratio were constant between the three canopy zones;
for this analysis we used a y° test of heterogeneity
with a ratio of 1:1.7 (assuming a mean mortality ratio
of 1:1.7 between mortality caused by drought and by
peeling, see Results).

Results
Bark peeling rate

The bark peeling rate was different among size
categories of trunks and branches (Fs s4 = 6.6,
P < 0.0001) (Fig. 1a). The peeling rate followed an
ascending gradient from the twigs to the trunk
(Fig. 1a). The trunk peeling rate (10.8 & 1.1 after
91 days) was three times faster than the peeling rate
of twigs (3.2 & 1.1 after 91 days) (Fig. 1a).

Distribution and population structure
of Tillandsia spp.

A total of 1,193 plants were counted, 411 T. palma-
solana and 782 T. paucifolia (Table 1). For
T. palmasolana, the population structure showed that
most plants belonged to categories C and H; while for
T. paucifolia, most were from the first three size
categories (A—C) as well as sub-adults (H) (Table 1).

The greatest numbers of plants of both species
were found on twigs, diminishing toward larger
branches and the trunk (Fig. 1b, c). This pattern was
consistently found in all age-size categories for both
species (Tables 2, 3) with the exception of T. palma-
solana seedlings, which were more abundant on
branches measuring 2.1-8 cm in diameter. We found
no T. paucifolia CA or SA plants on trunks of over
10 cm in diameter.

For T. palmasolana the distribution of the plants
differed from that observed in first-year seedlings
(;(2 = 409.4, P < 0.001) (Table 2). The proportion of
C-SA plants on twigs < 2 cm in diameter was greater
than that expected according to first-year-seedling
distribution (Table 2). On branches with a diameter of
2.1-8 cm, C-SA plant distribution was similar to or
less than that expected on the basis of first-year-
seedling distribution; while on branches with a diam-
eter of over 8 cm, C-SA plant distribution was similar
to and in four cases greater than that expected on the
basis of first-year-seedling distribution (Table 2).

For T. paucifolia, the distribution of plants dif-
fered from that observed in first-year seedlings
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Number of plants

<21 214 416 618 8110 10112 >12
Trunk-branch size (cm)

Fig. 1 Percent of peeled bark after 91 days (a) and the
distribution of two Tillandsia species on Bursera fagaroides
(b, ¢). In (a) the values are means obtained from 10 different
trees, and the error bars are =1 SE. Different letters correspond
to significant differences (Tukey test, P < 0.05) in the percent
of peeled bark

()(2 = 239.2, P < 0.001) (Table 3). The number of
C-H plants on twigs (<2 cm in diameter) was greater
than that expected on the basis of first-year-seedling
distribution (Table 3). The number of B-SA plants
growing on branches 2.1-4 cm was greater than or
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similar to that of first-year seedlings. The number of
B-H plants growing on branches 4.1-12 cm in
diameter was lower than or similar to that expected
on the basis of first-year seedlings (Table 3). Only
the number of B and H plants growing on trunks
with a diameter >12 cm was greater than expected
(Table 3).

Seedling mortality

The proportion of seedlings that died by drought
() =3.72, P=0.16) or through bark peeling
(f* = 4.77, P = 0.09) did not differ between canopy
zones (Fig. 2a, b). However, total mortality (drought
plus peeling) was different between canopy zones
(X2 = 7.82, P = 0.02) (Fig. 2c). In the trunk the total
mortality was the lowest (20.0%) but only differed
from the total mortality on twigs (39.3%) (Tukey-
type test for proportions, P < 0.05), and the total
mortality was similar among twigs and branches
(35.3%).

Independent of canopy zone, total number of dead
seedlings (324) was mainly (58.6%) caused through
bark peeling (> = 9.68, P < 0.05). The observed
ratio obtained from the total of seedlings that died by
drought and those died through peeling bark was
1:2.3 in the trunk (3:7 seedlings), 1:1.1 in branches
(47:53 seedlings), and 1:1.5 in twigs (84:130 seed-
lings) giving a mean ratio of 1:1.7 for the whole tree.
The ratio of the three canopy zones did not differ (3
of heterogeneity = 1.73, P > 0.05).

Discussion

As expected, we found that exfoliation rate varied
inside the crown of B. fagaroides. For epiphytes,
substrate age and stability are factors that determine
community composition and succession (Catling and
Lefkovitch 1989; Nadkarni 2000); if bark from older
areas exfoliates faster, the epiphyte community
suffers a disturbance rate that can influence its
development. According to our hypotheses we noted
that regardless of Tillandsia plant size, a lower
abundance occurs near the trunk and many plant size
classes were less abundant than expected on the
trunk, where the peeling rate is three times higher
than on twigs; however, the fact that mortality was
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(a) 45 T Drought
40 +
35+
30 +
25 1
20 1
15 -

Percent of seedling mortality

10 +
54

a 4
(b)45 1 Peeling bark
40 +
35+
30 +

Percent of seedling mortality

(¢) 45 T Total (drought and peeling)

Percent of seedling mortality

Trunk Branches Twigs

Fig. 2 Percent of bromeliads seedling mortality caused by
drought (a), peeling bark (b), or total (c¢). The percent was
obtained after a 91-day observation period of seedling survival
on Bursera fagaroides trees. Sample size was 50 seedlings on
trunk, 283 seedlings on branches, and 544 seedlings on the
twigs. Different letters correspond to significant differences
(Tukey-type test for multiple comparisons among proportions,
P < 0.05)

the lowest in the trunk suggests that the distribution
of the two Tillandsia species is not only determined
by the peeling rate.

Two main mortality factors have been found in
population of epiphytes: drought (Zotz and Tyree
1996; Zotz and Andrade 1998) and dislodgement
from the anchorage position (Martinez and Garcia-
Franco 2004; Mondragon et al. 2004; Zotz 2004;
Winkler 2005; Zotz et al. 2005). We measured both
sources of mortality, and as expected bark peeling
was the main cause of mortality of epiphytes. It could
be that some seedlings died by drought and fell off
with the bark before we carry out our observations;
we believe that this bias had low importance in our
observations because we made observations with a
high periodicity, but future studies should take this
problem into account. The overall seedling mortality
found is similar to that reported for authors working
with epiphytic bromeliads of lowland forests (Mon-
dragon et al. 2004; Zotz et al. 2005) and minor to that
found in epiphytic bromeliads of montane forest
(Winkler 2005). Contrary to our expectations lower
overall mortality was found in the trunk, and some
adult-sized plants were more abundant than expected
in the trunk. Our results differ from those found for
the bromeliads Guzmania monostachya (L.) Rusby ex
Mez, Tillandsia fasciculata Sw., and Werauhia
sanguinolenta (Cogn. & Marchal) J.R. Grant, in
which first-year-seedling survival was the same
throughout the crown of Annona glabra L. (Annon-
aceae) (Zotz and Vollrath 2002). In these species and
in the epiphytic orchid Tolumnia variegata (Sw.)
Braem, the distribution of different-sized plants was
similar throughout the host crowns (Ackerman et al.
1996; Zotz 1997), suggesting that mortality is similar
throughout the crown. Winkler (2005) found that
bromeliad seedling survival increased with canopy
openness in a lower montane cloud forest. Seedling
mortality could differ inside the canopy, and then
different canopy zones could be favored as epiphyte
microhabitats. If the trunk of B. fagaroides is an area
of low mortality then this canopy zone should be
favored as epiphyte habitat, but it was the area with
the lowest abundance of Tillandsia plants and the
majority of the adult-size categories were absent. It is
possible that the season of our observation was
exceptional, causing low overall mortality on the
trunk, or maybe that other factors could explain our
contradictory results (low seedling mortality and low
abundance of plants in the trunk), for example, the
mortality rate of larger plants in the trunk or seed
dispersal in the crown.
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The spatial distribution of Tillandsia first-year
seedlings on B. fagaroides suggests that Tillandsia
establishment is not homogeneous within the crown.
Tillandsia are wind-dispersed plants, and the greatest
concentration of seeds has been observed to remain
near the mother plant (Garcia-Franco and Rico-Gray
1988; Winkler 2005; Cascante-Marin 2006). Thus,
the distribution pattern seems to reflect the proportion
of seeds that reach each canopy zone. Furthermore,
Zotz (1997) suggested that exterior twigs and
branches could form an umbrella that can capture
most seeds, and he found that twigs <1 cm in
diameter constitute 29% of the substrate offered by
the tree Annona glabra (Zotz 1997). We expected
that in canopy zones high peeling rate should be the
major mortality, but contrarily, we observed the
lowest mortality in the trunk. A smaller number of
seeds arriving to the trunk plus the highest peeling
rate could explain the low abundance of plants on the
trunk. However those seeds that colonized the trunk
had the lowest probability of dying despite the high
peeling rate, probably because of better microclimatic
conditions on the trunk.

Our data suggest that Tillandisa species colonizing
B. fagaroides could face rigorous conditions, either
because of high rates of bark peeling or difficult
microclimatic conditions in the crown. In the exterior
crown of B. fagaroides peeling rate is low but
humidity could be lower, while the peeling rate of
the trunk is higher but microclimatic conditions are
likely to be less rigorous. Differences in microcli-
matic conditions have been shown in tall canopy
species (Madigosky 2004). In the habitat studied,
deciduous B. fagaroides trees are small and exposed
to high levels of sunlight and seasonal strong winds
(80 km/h, Martinez and Garcia-Franco 2004). It is
therefore not surprising that the two bromeliad
species we studied are among the few epiphytes that
can survive, as these species are well adapted to
drought (Benzing 1978a; Martin 1994). Tillandsia
paucifolia, the more abundant at the study site, has
been reported as a sun-loving epiphyte (Benzing
1978b; Benzing and Davidson 1979). This suggests
that the two Tillandsia species colonizing B. fagaro-
ides are adapted to rigorous microclimatic conditions,
in areas of the canopy having the slowest peeling rate.

The low species richness usually found in host with
peeling bark (Todzia 1986; Kiew and Anthonysamy
1987; ter Steege and Cornelissen 1989; Brown 1990;

@ Springer

Talley et al. 1996; Zimmerman and Olmsted 1992) is
probably associated with the high peeling rate of the
trunk and interior branches. In non-peeling trees, the
interior branches and the trunk could be inhabited by a
rich epiphyte community (e.g. Lyons et al. 2000;
Mehltreter et al. 2005). It is possible that the high
peeling rate of these zones in B. fagarioides excludes
many epiphytic species. In the study area, two
epiphytic orchid species that inhabit on B. fagaroides
preferentially colonize trunks and branches >6 cm in
diameter (Flores-Palacios and Ortiz-Pulido 2005). But
the presence of termite carton structures facilitates
the establishment of these orchids (Flores-Palacios
and Ortiz-Pulido 2005). Other organisms may facil-
itate the presence of adult-size plants on the trunks of
B. fagarioides. For example, non-vascular epiphytes
have been shown to play a key role in the establish-
ment success and abundance of bromeliads (Bennett
1987; Callaway et al. 2001; Zotz and Vollrath 2003),
and on B. fagaroides we observed non-vascular
epiphytes (Flores-Palacios and Ortiz-Pulido 2005).
Another possibility is that this adult plant could
develop roots fast enough to counteract exfoliation, or
that variability in trunk peeling provides certain areas
where plants can prosper.

Despite its peeling bark, B. fagaroides features an
abundance of bromeliads similar to that found on
trees of similar size (<5 m in height). For example,
with samples of 10-15 Taxodium ascendens Brongn.
(Taxodiaceae) dwarf trees, Benzing (1981) found
between 62 and 92 T. paucifolia plants in Florida.
On Barro Colorado Island, Zotz (1997) found 762
Guzmania monostachia plants, 238 T. fasciculata
plants, and 3,552 Werauhia sanguinolenta plants on
eight dwarf Annona glabra trees; and on the same
host species, another 20 epiphyte species could
develop populations ranging from 7 to 276 adult
plants per tree (Zotz et al. 1999). In other settings,
bromeliad abundance may be quite low; for example,
Bennett (1987) found 0.7-15 bromeliads per tree in
Florida. This suggests that the bromeliad species
studied are invading B. fagaroides as successfully as
other epiphyte species do on non-peeling bark trees.

Plant—plant interactions are important for under-
standing how biological diversity is maintained.
Epiphytes comprise 10% of the vascular flora world-
wide (Kress 1986) and are wholly dependent on other
plants (trees), but in forests dominated by trees with
peeling bark they could be limited by the peeling
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behavior of the trees. We found, for the first time, that
peeling rate varies inside the crown, and this
variability could explain, the presence of epiphytes
on them. Peeling rate of B. fagaroides depends on
branch size, but the Tillandsia distribution depends
not only on peeling rate but also on seed dispersion
and the microclimatic conditions inside the crown.
We suggest that to colonize B. fagaroides the
epiphytes should be adapted to counteract the peeling
rate or should be able to inhabit the areas of lowest
peeling rate located in the exterior crown of trees.
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