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Abstract: Epiphyte cover at the lower portion of tree trunks was examined in three
chronosequences with stands ca. 15, 45, 75 and > 90 years old, originally covered by
tropical montane cloud forests (TMCFs), and in an adjacent primary forest in the
southern state of Oaxaca, Mexico. Epiphytes were sampled at four equidistan

levels from above the litter layer (O cm) up to 160 cm of d1e tree trunk, using a
1 dm? sampling grid at each level. Twenty-four trees per successional stage and
chronosequence were sampled. The method allowed for d1e detection of epiphytes in
99.3% of all the sampled trees. As the stand aged, total epiphyte cover increased
following a sigmoidal pattem, with the highest rate of increase between 15 and 45
years after stand initiation. Moss, liverworts, and vascular plant cover increased
while macro.,and rnicrolichen cover did not appearto be affected by the age of the
stand. However, macrolichens were more abundant on the south side of trees.
Abundance of mosses, liverworts, and vascular plants was positively correlated
among each other. Microlichen cover decreased as the cover of mosses and
vascular plants increased. Total epiphyte cover per unit of stem area tended to
decrease with diameter of the host tree, a pattem also found in each of the first
four seral stages studied. We conclude that microenvironmental changes associated
with forest succession and epiphyte interactions are important in determining
epiphyte abundance during secondarY succession. Abundance and composition of
epiphytes at the lower stem portion are properties that can be used to monitor the
condition of the TMCFs.
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Introduction
Tropical montane cloud forests (TMCFs) are among the most threatened ecosystems
in the world, yet they are little understood (HAMILTON et al 1995; BRUIUNZEEL &
VENEKLASS 1998). A precise definition of these forests is difficult. However, they are
characterized by persistent, frequent or seasonal cloud cover at the vegetation level,
reduced tree size compared to lowland tropical moist forests, presence of sclerophyll
leaves in many canopy tree species, and direct canopy interception of cloud water
(HAMILTON et aL 1995). Epiphytes are well represented in bothbiomass and diversity
(WOLF 1993; BRUIJNZEEL & PROCTOR 1995; HAMILTON et aL 1995), including liver-

worts (GRADSTEIN 1995), mosses (CHURCHILL et al 1995), ferns (MERLIN & JUVICK
1995), lichens (SIPMAN 1995; SMITH 1995), and flowering plants (MEAVE et al. 1992).
TMCFs have a great capacity to retain humidity, as fog interception by the canopy
increases the water input by 5-20 or even 100 %, relative to that of ordinary rainfall
(BRUIJNZEEL & PROcrOR 1995; CAVELIER et al. 1996). This capacity may explain the
diversity and abundance of epiphytes, although possibly affected by vegetational dis-
turbances. Changes in vegetation can lead to dramatic changes in the ecology and the
hydrology of terrestrial ecosystems. Evapotranspiration, for instance, changes when
factors such as the foliage area of the canopy, species composition, and plant density
change (WARING& SCHLESINGER1985;JACKSON et. al. 2000). The conversion of pri-
mary to secondary forest implies important changes in forest cover, structure and
function of the ecosystem, all of which greatly modify the microclimate. Therefore, it
is likely that epiphytes respond to such changes. Indeed, research conducted in other
forest types has revealed that epiphytes are very susceptible to microclimatic changes
associated with disturbance, changes in vegetation, and succession (e.g. ESSEN et al.
1996; PECK & MCCUNE 1997). Because of their sensitivity to micro-environmental
changes, the use cryptogamic plants, many of which are epiphytes, have been propo-
sed for forest evaluations (e.g. SMirn 1995; KEDDY & DRUMMOND 1996).

The TMCFs of southern Mexico have, by unit area, the highest biodiversity in the
country (RZEDOWSKI 1991). Nevertheless, they are also one of the most endangered
forests (WILLIAMAS-LINERA 1992; JARDEL ef al. 1993; ORTEGA & CASTILLO 1996);
and, in many areas, they have been greatly disturbed (RZEDOWSKI 1978; ACOSTA
CASTELLANOS 1997). Conversion of the original TMCFs to low-diversity pine (Pinus
spp.) forests is one of the major trends detected for these ecosystems in southem
Mexico (GONZALEZ-ESPINOSA et. al. 1991, 1995). Associated with such changes, it
has been recognized that pine dominated-canopy forests result in more open, ex-
posed, drier, and warmer habitats than the original ones (GONZALEZ-ESPINOSA et.al.
1995 and references therein). For the reasons stated above, epiphytes are one of the
groups of plants expected to be most affected by such changes, but to our know-
ledge, no information is available about such changes,

To increase our understanding of the dynamics ofTMCFs and to explore the pos-
sibility of using epiphytes for monitoring TMCFs, we document the changes in abun-
dance and composition of major epiphyte groups (liverworts, mosses, microlichens,
macrolichens, and vascular plants) along three chronosequences originally occupied
by TMCFs, as well as in an adjacent near-pristine forest, in southern Mexico. We
focus on the lower portion of the stem of the tree hosts, due to its easy access for
TMCFs evaluation. To better understand the patterns of epiphyte colonization, we also
examined the relationship between the abundance of the major epiphyte groups among
themselves and with host tree diameter.

Materials and Methods

Study area

Fieldwork was undertaken in El Rincén region, ca. 70 km northeast of the city of Oaxaca, in the
Sierra Juarez mountain range in the state of Oaxaca, Mexico. This region is characterized by steep
topography, acidic soils, and elevacions ranging from 500 to 2,700 m. The cloud forest belt oc -
curs between 1,600 and 2,300 m, mosdy on the windward side of d1e mountains. Part of the re-
gion has been converted to agriculrural land, coffee plantacions and secondary forests in different
stages of development resulting from the abandonment of agriculrural lands. Mean annual preci-



pitation recorded at the nearby meteorological station of Villa Alta (ca. 16 km from the study

sites) is 1,719 mm year', with a rainy season during summer and a dry season during winter.
Mean annual temperature ranges between 20 and 22 °C (ANONYMOUS 1999). Fog is quite com-
mon and mosdy derived from clouds fom1ed over d1e Gulf of Mexico.

The southem portion of the region is occupied by a primary and near-priscine forest with little
to non-hurnan intervention with Billia hyppocastanea,Cinnamomum zapatae, Oreopanax flaccidus,
Quercus corrugata, Q. salicifolia,Q. sp.,Podocarpus matildae,Symplocos Coccinea,and Temstroemia
oocarpa among the most conspicuous species. Mean diameter at breast height ( dbh) of trees
larger than 9 cm dbh was 35.3 :+: 3.5 cm (mean * 1 standard error). This site, El Jabali, was
considered d1e latest successional stage in our study (stage 5, Fig. 1).
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Fig.1. Location of the three chronodequences studied Tanetze (l), Tarantulas (1), and Yotao
(1), each with four seral stages (1-4), and El Jabali (stage 5), an area of prymary forest, all located
in the Sierra Juarez mountain range, Oaxaca, Mexico.

In addition, three chonosequences in the vicinity of El Jabali, each with four successional stages
were selected (Fig. 1). Stage 1 was approximatdy 15-20 years old, based on d1e estimated age of
the shade-intolerant Pinus chiapensis. This species requires heavy disturbances, such as fires or
land clearings, for its successful estableshment and does not become estableshed in forest gaps
(DEL CASTILLO 1996) .

Stage 1 was characterized by the dominance of Pinus chiapensis and Liquidambar macrophylla.
Other important elements were Brunellia mexicana, Quercus sapotifolia, and many shrubby species
in the Asteraceae family. Some emergent trees, dominant in later successional stages, such as
Persea americana were also found. The mean dbh of trees larger than 9 cm dbh was 13.9 + 0.5 cm.
Stage 2 was approximately 45 year-old, sharing many species with stage 1, but presenting a sharp
decrease in Asteraceae and in the densities of P. chiapensis and L macrophiylla. The mean dbh of
trees larger d1an 9 cm dbh was 19.7+ 1.6. This stage had some elements typical of older forests,
such as Clethra kenoyeri, Phyllonoma laticuspis, and Rapanea jurgensenii, commonly found in
stage 3, which was approximately 75 years old. In stage 3, fewer and larger individuals of P.
chiapensis were found. The mean dbh of trees larger than 9 cm dbh was 25.9 + 2.2 cm. Typical
ell:ments found in stage 4 were llex pringlei, Osmanthus americana, Cornus disciflora, Quetza/ia
ocddentalis, and Weinmannia pinnata, corresponding to a mature forest over 90 year-old. Pinus
chiapensis and L macrophylla were rare or absent in this stage. The mean dbh was 25.3 £ 2.4 cm.
Due to the presence of families such as Actinidiaceae, Clethraceae, Chloranthaceae, Cunoniaceae,
Ericaceae, Hammamelidaceae, Symploacaceae, Theaceae, and Winteraceae in the upper canopy
layer, the old growth forests, and primary forest can be considered as an upper montane rain
forests sensu WEBSER (1995).

Field measurements and statisticaJ anaJyses

In each successional stage, the epiphytes found on the first 160 cm height on the tree stems of 24
trees were sampled. Trees with a dbh greater than 9 cm were randomly chosen from an area of
approximately 4 ha, excluding trees located within 15- 20 m of the border with other stand types or
trails. A total of 6 (stage 1),13 (stage 2),16 (stage 3), 19 (stage 4), and 9 (stage 5) families of host
trees were sampled (see Appendix).

The epiphytes were sampled using a 10 x 10 cm grid placed on d1e stem at four height levels: 0-10,
50-60, 100-110 and 150-160 cm, with the O cm levellocated just above the surface of the litter layer.
The exposition of the grids was assigned systematically in such a way that the epiphytes on the
north side of the stem were sampled on the first tree; those on the south side were sampled on the
second tree; those on the west side were sampled on the third tree, and so forth. The cover of
mosses, liverworts, lichens, vascular plants, and microscopic epiphytes were recorded to the
nearest 1 cm? with the aid of a hand lens and flashlight. Amorphous green layers on the cortex of
trees were classified as microscopic epiphytes, as under a microscope, they appeared as masses
of filaments, mostly protonema, algae and cyanobacteria. Specimens of each epiphyte found, and a
sample of each host tree was collected for more precise taxonomic identification. The dbh of each
host tree was also measured.

To investigate epiphyte changes in cover associated with the chronosequences, we used gene-
ral linear models and the procedure GLM of SAS (SAS INSTITUTE 1990). The following factors
were tested for: chronosequence, stand age, partitioned in its linear, quadratic and cubic compo-
nents, chronosequence by stand age interactions, stem exposition, and dbh of d1e host tree.
Chronosequence factor test for differences associated with d1e chronosequences studied indepen-
dently of the age of the stand. The linear component of stand age tests for a linear increase (or
decrease) in cover as the age of the stand increasesc The quadratic and cubic components test for
non-linear changes in cover associated to the age of the stand. The interactions test if d1e changes
associated with the age of the stand are conditioned by the chronosequences studied.

No relationship between epiphyte cover and the height of the sampling grid on the stem of
the host tree was found, thus, epiphyte cover obtained at each sampling 1evel was summed for the
subsequent statistica1 analysis. Each host tree was considered as a sampling unit. Prior to ana-
lyses, the square root of epiphyte cover data was taken to increase the homogeneity of the varian-
ces. The abundance of each major epiphyte group per tree was correlated with the abundanceof
other epiphyte groups using Pearson product-moment correlations.



Results
Epiphytes at the lower portion of the trees (0-160 cm) were abundant in both the primary and
secondary forests studied. Only one individual, a Pinus chiapensis tree in stage 1 of the Yotao
chronosequence, that is 0.3 percent of the trees sampled, did not have epiphytes in the 4 dm2 stem
area sampled.

Total epiphyte cover at the lower portion of the trees increased significantly with age of the
stand. Colonization of epiphytes through time follows a curvilinear pattern resembling a sigmoidal
curve. From 0 to 15 years since the establishment of the secondary forest, colonization rate was
slow, with the epiphyte cover reaching an average of 15 percent of the lower portion of the stem.
The fastest rate of colonization occurred between 15 and 45 years. At the end of this period,
epiphytes covered nearly 60 percent of the lower portion of the stem. After 45 years, colonization
continued at a slower rate. Between 90 to 100 years after the establishment of the forest, epiphytes
still did not reach the epiphyte cover observed in the primary forest, which was approximately 80
percent. Early colonization rate was slightly faster in Yotao chronosequence as shown by the
significant linear by site and cubic by site interactions (fable 1, Fig. 2A).

Table 1. Summary of general linear model analyses testing for chronosequence, age effects (li-
near, quadratic and cubic components), tree aspect, dbh of me host tree, and chronosequence by
age interactions on total epiphyte, liverwort, moss, macro-, microlichen, and vascular plant cover at
tree base along successional gradients in Sierra Juarez mountain range, Mexico; ns = not signi-
ficant; * = p S 0.05; ** = p S 0.01; *** = p S 0.001; nest = not estimable.

Factor Total epiphyte Liverwort Moss cover Macro- Micro- Vascuar plant
cover cover lichen lichen cover
cover cover
df F p F p F p F p F p F p
Site 2 0.9 ns 146 ns 018 ** 226 ns 033 ns 024 ns
Age (linear) 1 5626 ** 192 ** 592 * 049 ns 015 ns 1235 ***
Age (quadratic) 1 1.21 ns 3.66 * 003 ns 084 ns 112 ns 0.08 ns
Age (cubic) 1 2021 ** 4.67 * 2 ns 013 ns 0 ns 0 ns
Tree exposition 3 0.97 ns 1.71 ns 052 ns 403 ** 048 ns 23 ns
Tree diameter 1 89.53 * 845 ™™ 034 ns 251 ns 567 * 0.02 ns
Age (linear) vs.site 2 3.13 * 269 ns 003 ns 258 ns 024 ns _ nest
Age (quad.) vs.site 2 1 ns 048 ns 06 ns 29 ns 029 ns 0.78 ns
Age (cubic) vs.site 2 3.83 * 048 ns 238 ns 096 ns 001 ns _  nest

Liverworts had the highest variation in cover and a non-linear relationship with
stand age. The rates of increase were highest between 15-45 years after abandonment
(Fig. 2B, Table 1). Moss cover has a significant linear increase with stand age (Fig.
2C, Table 1), whereas macro- and microlichen cover did not present a statistically
significant relationship (Fig. 3A-B, Table 1). Vascular plants were the less abundant
and the less common group of epiphytes, and their cover increased linearly with the
age of the stand (Fig. 3C, Table 1). Certain groups of vascular plants were only found
in later successional stages. Fems (Polypodium sp., Polypodiaceae) were the first and
only group of vascular plants observed in stage 1. In stage 2, only fems
(polypodiaceae) and Selaginella were observed. Filmy fems (Hymenophyllaceae) and

Lepanthes spp., a genus of micro-orchids, appeared in stages 4 and 5 while bromeliads
were only detected in stage 4. The cover of microscopic epiphytes was not significant
in any of the factors analyzed (Fig. 3D, analysis not shown).
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Fig. 2. Epiphyte cover per dm? at the lower portion of the host tree stem in three chronose-
quences (Tanetze, Tarantulas, and Yotao: stages 1-4), and in El Jabali (stage 5). Data are based on
cover sampling of 4 dm? per tree. The line joins the mean epiphyte cover per successional stage
of all the trees sampled in each seral stage. A. All epiphytes combined. B. Liverworts. C. Mosses.

Microlichens were more abundant on the S side and less abundant on the N side
of trees (Table 1, Fig. 4). No other group of organisms was significantly affected by
tree exposition. Epiphyte cover per stemn unit area was negatively scaled with the dbh
of the host tree. This relationship was also significant in liverworts and macrolichens
(Table 1). Separate regression analysis performed on each seral stage between total
epiphyte cover (square root transformed) and dbh revealed that such a negative rela-
tionship prevails in each seral stage except for the primary forest (Fig. 5).
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Fig. 3. Epiphyte cover per dm? at the lower portion of the host tree stem in three chronose-
quences (Tanetze, Tarantulas and Yotao: stages 1-4), and in El Jabali (stage 5). See Fig. 2 for
further details. A. Macrolichens. B. Microlichens. C. Vascular plants. D. Microscopic epiphytes.
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Fig. 4. Relationship between the microlichen cover per dm 2 (mean + 1 standard error) and tree
exposition in a upper montane forest area, including a primary forest site and three chronose-
quences in the Sierra Judrez mountain range, Oaxaca, Mexico.
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Fig. 5. Relationship between host tree diameter and epiphyte cover per dm?2. A. Incipient forest
(ca. 15 years after abandonment). B. Young forest (ca. 45 years). C. Intermediate forest (ca. 75

years). D. Old-growth forest (> 90 years). E. Primary
mountain range, Oaxaca, Mexico.

forest. All located in the Sierra Juirez



In all successional stages, liverworts were by far the dominant group. This domi-
nance increased with stand age, with the exception of the primary forest site, where
liverwort dominance dropped slightly (Fig. 6). Mosses wete the second most impor-
tant group of epiphytes, followed by lichens. The relative cover of mosses and vascu-
lar plants increased continuously towards oldet successional stages. Macrolichens and
microscopic epiphytes displayed an opposite trend, as they were proportionally more
abundant in earlier successional stages. Microlichens also decreased slightly in cover
with the age of the stand, except at stage 5 whete relative cover increased (Fig. 6).
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Fig. 6. Relative cover of major groups of epiphytes per seral stage at lower pottion of the tree,
based on darta derived from three chronosequences in Sietra Juarez mountain range, Mexico, each
with four seral stages (1-4), and in a nearby primary forest (stage 5).

When combining all data from the three chronosequences and the primary forest,
cover of liverworts and vascular plants were positively correlated. Moss cover was
positively correlated with that of liverworts, vascular plants, and microscopic epi-
phytes. Moss and vascular plant cover were negatively correlated with macrolichen
cover, which in turn was positively correlated with that of microlichens. Microlichen
cover was negatively correlated with microscopic epiphyte cover (Table 2).

Table 2. Pearson correlation coefficients and their significance, testing for associations in the
abundance of major epiphyte groups per host tree in primary and secondary forest comb~ed of
Sierra Juarez mountain range, Mexico; ns = not significant; * = p s 0.05; ** = p s 0.01; ** = p <
0.001.

Liverworts Mosses Macro Micro Vascular  Microscopic

lichens lichens plants epiphytes
Liverworts 0.147** -0.038ns -0.016 ns 0.216*** -0.057 ns
Mosses -0.122* -0.037 ns 0.204*** 0.176***
Macrolichens 0.136* -0.117* -0.057 ns
Microlichens 0.067 ns -0.113*
Vascular plants 0.048 ns
Microscopic

Discussion

The present study shows that abundance of epiphytes at the lower portion of the stem may change
dramatically during secondary succession of TMCFs. However, the increase in abundance
throughout the process of succession could be the consequence of at least three interacting factors:
(1) colonization time, (2) micro-environmental changes during forest succession, and (3) biotic
interactions involving inhibitory or facilitation processes (sensu CONNELL & SLATYER 1977), in
which the first epiphytes established favor or inhibit the subsequent establishment of other
epiphytes.

Time after disturbance has been an important factor in explaining the diversity of epiphytes in
other systems (YEATON & GLADSTONE 1982; PHARO et al. 1999). Al- though not a rule, large
trees are on average older than small trees, therefore, the lower levels of their stems are exposed
for more time for colonization by epiphytes. Indeed, after disturbance, the first habitat to be
colonized by bryophytes was the base of vascular plants in sand-pine scrub forest in Florida
(EQUIHUA 1989). Nevertheless, the present study reveals that epiphyte cover per stem unit area
tends to decrease as the diameter of the host tree increases even in old second-growth forests.
Thus, it may be deduced that substrate availability and time of colonization are not the most
important factors limiting the abundance of epiphytes at the lower portion of the stems, at cleast
during the secondary succession of TMCFs.

The increase in epiphyte cover in older forests could be attributable in part to microclimatic
variations associated with vegetational changes during succession. Greater canopy closure in
primary tropical montane forests, compared with the canopy closure in secondary forests, results in
increased humidity at lower levels in the forest by increasing fog catching ability and by decreasing
direct sunlight exposure (BRUIJNZEEL & PROCTOR 1995). Old-growth forests also presents
emergent young shade tolerant trees (BLANCO-MACIAs 2001). The data obtained through this
study indicates that these young trees, with smaller diameters, are the most suitable for epiphyte
establishment. The presence of such trees and the more suitable microclimatic conditions of mature
forests may help explain why older forests present a greater abundance of epiphytes. In a
Neotropical montane forest in Costa Rica, shade tolerant woody plants were found to be the most
adequate host for non-vascular epiphytes (ROMERO 1999).



If changes in humidity contribute to the differences in epiphyte cover observed in the
chronosequences, it would be expected that those epiphytes more vulnerable to moisture deficit be
the ones that have the higher rates of cover variation during forest succession. Sexual reproduction
in bryophytes and fems depend on a film of water on the undersurface of the gametophyte; lichens,
on the other hand, are not known to depend on free water for their reproduction (BOLD et. al. 1980).
Also, mois- ture availability is crucial for bryophyte development (BRUIJNZEEL & PROCTOR 1995).
The higher sensitivity of bryophytes to water deficits may explain why moss and liverwort cover
increased significantly with the successional stage. The common water requirements of bryophytes
and fems may explain the correlations detected in abundance between mosses, liverworts and
vascular plants and their increase in abundance in older successional stages.

The fact that microlichens were more abundant on the south side of the trees also supports
the idea that lichens are less affected by moisture deficits. The south side is expected to be the
driest side of the trunk, as the Gulf of Mexico clouds, the most important source of humidity , come
from the north. Other studies also support the idea that lichens are less drought-sensitive than are
bryophytes. In a TMCF study in Hawaii, SMITH (1995) found that lichens dominated the driest
montane forests, and their abundance decreased in more humid habitats. By contrast, bryophytes
were more abundant in the humid montane rain forest. WOLF (1994) found that macro- lichens
occur more abundantly in the exposed outer canopy than in the sheltered inner canopy of cloud
forest trees.

The apparent lower water requirement of lichens may explain the negative corre- lation
detected between lichens and bryophytes. Positive correlations between the biodiversity of
bryophytes and that of vascular plants and negative correlations of these two groups with the
biodiversity of lichens were obtained for a dry forest of Australia. Such results were explained by
different moisture requirements between bryophytes and lichens (PHARO et al. 1999).
Altematively, the negative correlation between lichens and other groups of epiphytes could reveal
the existence of compe- tition or inhibitory effects.

A facilitation process is another possible mechanism involved in the changes ob- served.
Bryophytes are well known for trapping propagules and holding a substantial amount of water
(POCS 1980). All of this may favor the establishment of certain groups of plants, as appear to be
the case of Polypodium which grow well on top of bryophytes. By contrast, the micro-orchids,
Lepanthes, usually establish directly on the cortex without any apparent layer of moss or liverworts
(personal observation). Thus, the positive correlation between successional stage and epiphyte
cover per unit area can be explained in some cases as the result of interactions between different
types of epiphytes, and in other cases, by allochtonous processes such as microclimatic chan- ges
associated with forest succession.

Several factors may help explain why large trees have less epiphyte cover per unit of
stem area at the lower portion of the stem. Epiphyte colonization rates occur probably at lower rates
than the stem growth. Also, the substrate may become less stable as the tree grows in some
species. For instance, in P. chiapensis the cortex may be shed by the attack of xylophagous
insects. Moreover, stemflow at the base of the tree trunk may reach higher speeds in taller
trees. Thus, the likelihood of epiphyte displacement by stemflow is expected to be greater in larger
trees. In addition, the large amount of foliage of large trees may inhibit epiphyte growth by not
allowing enough light to penetrate the canopy, resulting in insufficient light levels for epiphyte estab

lishment. Indeed, epiphytes only exhibit positive growth when canopy closure was below a specific
threshold level ( e.g. ROMERO 1999) .The cross-sectional area of sap wood in a tree stem is
closely correlated with the amount of foliage (W ARING & SCHLESINGER 1985).

The replacement of primary or late successional forest dominated by hardwoods, by early
successional forests, dominated by pine, is a common occurrence in the tropical montane forests of
southern Mexico (GONZALEZ-ESPINOSA et. al. 1995). Such forest conversion results in
decreased epiphyte abundance and diversity .The results of this study show that young forests
harbor approximately 25 percent of the total epiphyte cover found in primary forests. A secondary
forest will take more than 100 years to reach the level of epiphyte abundance found in a primary
forest. Moreover, certain groups of plants such as orchids and bromeliads were only detected in
later successional stages. Lepanthes orchids were particularly abundant in the later successional
stages of the chronosequences of Tarantulas and Tanetze; this area has been reported to have the
highest diversity of this genus (SALAZAR-CHAVEZ & SOTO ARENAS 1996). Epiphyte reduction by
forest conversion may, in turn, affect ecosystem processes in which epiphytes are involved, such
nutrient cycling (COXSON 1991; HAMILTON et. al. 1995; CLARK et. al. 1998), and hydrological
process (W ARING & SCHLESINGER 1985). Also, conversion to pine forests resulting in drier and
warmer micro- climates suggests that fire propensity is higher in these types of forests, and thus the
survival of epiphytic plants is endangered. EQUIHUA (1989) found that fires in sand pine scrub
destroy most of the epiphyte substrate.

Given the fast and severe degradation of TMCF in Mexico, one of the big challenges is to
preserve remnant forests, restore altered forests, and harvest managed forests in a sustainable
manner. The present study provide evidence that the abundance and composition of epiphytes at
the lower portion of the stem are properties that can be used to monitor the condition of the TMCF,
given the great sensitivity of this group of plants to vegetation changes. Bryophytes, and liverworts
in particular, are among the best candidates for monitoring purposes as they are both abundant and
sensible to forest changes.
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Appendix. Host trees sampled for epiphytes by taxonomic category and seral stage (stages 1-4) in
three chronosequences and in an adjacent area of primary forest (stage 5) in Sierra Juarez
Mountain range, Oaxaca, Mexico.

Family Genus Species 3 4
Ticodendraceae Ticodendron incognitum 2
Winteraceae Drimys granadensis var. mexicana 2
Unidentified 6 3

Stage
Family Genus Species 1 2 3 4 5
Actinidaceae Saurauia sp. 1
Aquifoliaceae llex pringlei 3 2
Araliaceae Dendropanax sp. 1 2
Araliaceae Oreopanax xalapensis 2
Araliaceae Oreopanax flaccidus 1
Betulaceae Alnus acuminata 1
Brunelliaceae Brunellia mexicana 5
Caprifoliaceae Viburnum acutifolium 1
Caprifoliaceae Viburnum discolor 2
Celastraceae Quetzalia occidentalis 2 3
Clethraceae Clethra sp. 3 6 5
Clethraceae Clethra integerrima 6
Clethraceae Clethra kenoyeri 1 1
Cornaceae Cornus disciflora 2
Cunoniaceae Weinmannia pinnata 3 4 4
Chloranthaceae Hedyosmum mexicanum 1 2
Ericaceae Unidentified 2 1
Ericaceae Gaultheria acuminata 1
Ericaceae Bejaria mexicana 1 1
Ericaceae Lyonia squamulosa 1
Ericaceae Vaccinium sp. 1
Ericaceae Vaccinium leucanthum 1
Euphorbiaceae Alchornea latifolia 3 1
Fagaceae Quercus sp. 5 6 6
Fagaceae Quercus sapotifolia 1
Fagaceae Quercus salicifolia 1 1
Fagaceae Quercus laurina 1 1
Fagaceae Quercus corrugata 1
Guttiferae Vismia camparaguey 1
Hamamelidaceae Liquidambar macrophylla 18 7 6 5
Hippocastanaceae Billia hippocastanum 2
Lauraceae Beilschmiedia ovalis 1 1
Lauraceae Persea sp. 10 6 1
Lauraceae Persea americana 2
Lauraceae Persea liebmannii 3
Lauraceae Ocotea helicterifolia 5 2
Lauraceae Cinnamomum zapatae 1
Magnoliaceae Magnolia dealbata 1 5 3 1
Melastomataceae Miconia sp. 2
Myricaceae Myrica mexicana 3
Myrsinaceae Rapanea sp. 3
Myrsinaceae Rapanea Jjurgensenii 3 2
Myrsinaceae Rapanea myricoides 1
Myrtaceae unidentified 1
Phyllonomaceae Phyllonoma laticuspis 2 1
Pinaceae Pinus chiapensis 45 13 8 4
Pinaceae Pinus patula 1
Pinaceae Pinus pseudostrobus 3
Podocarpaceae Podocarpus matudai 1
Rutaceae Zanthoxylum melanostigtum 1
Symplocaceae Symplocos sp. 2
Symplocaceae Symplocos coccinea 1
Theaceae Ternstroemia mutis 2
Theaceae Ternstroemia oocarpa 3 1
Theaceae Ternstroemia sp. 3 2
Theaceae Unidentifled sp. 3
Theaceae Freziera sp. 1 3
Theaceae Cleyera sp. 1



