SCIENTIFIC PUBLICATIONS DEPARTAMENT

Cuban Journal of
Forest Sciences

Volume 9, Issue 1; 2021

Director: DrC. Marta Bonilla Vichot
Email: mbon@upr.edu.cu



ﬁ_/»‘i\i\_

ISSN: 2310-3469 RNPS: 2347 DEUIQIIII‘I’EI';?)"E)I?I?IO R.F.:\'-I:!.&'I'.\ t:l':i..i..‘.'.'l n.:-:
CFORES Journal, January-April 2021; 9(1):53-71 IEDUGRDILNO  Ciemcies roRssTaLes
Translated from the original in spanish Original article

Effect of forest successional stage on the host-epiphyte orchid
relationship in the Pindo Mirador biological station, Ecuador

Efecto del estadio sucesional del bosque sobre la relacion hospederos-
orquideas epifitas en la estacion bioldgica Pindo Mirador, Ecuador

Efeito da fase sucessoéria da floresta sobre a relacdao hospedeiros-
orquideas epifitas na Estacao Biologica de Pindo Mirador, Equador

Christopher Oswaldo Paredes Ulloal* @https://orcid.org/0000—0002—2087—5694
Jorge Ferro-Diaz? ®https://orcid.org/0000-0001—8101—7442

Pablo Lozano Carpio3 @https://orcid.org/0000—0003—0857—8141

IProvincial Decentralized Autonomous Government of Pastaza (GADPPZ). Ecuador.

2ECOVIDA Environmental Research and Services Center, Research Department, Ministry of
Science, Technology and Environment. Pinar del Rio, Cuba.

3Amazon State University, Research and Postgraduate Center for Amazon Conservation CIPCA,
Herbarium ECUAMZ, Puyo, Pastaza. Ecuador.

*Correspondence author: chris9enginer@gmail.com

Received:08/11/2020.
Approved:12/01/2021.

ABSTRACT

Epiphyte diversity in forest ecosystems is closely related to forest structure; however,
in the Pindo Mirador Biological Station in Ecuador, there are no studies documenting this
interaction. Eight plots of 0.1 ha each were established, four in the secondary forest and
four in the primary forest, with the objective of evaluating the effect of the current
successional stage of the forest on the host-epiphyte orchid relationship in that station,
based on the behavior of forest structure factors and orchid diversity. All epiphytic
orchids present and host trees were recorded by measuring their diameters and heights
(total and stem), comparing richness and abundance by stage and host, and applying a
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Canonical Correspondence Analysis between forest structure variables and epiphyte
records by plots. It was detected that the main feature of the horizontal structure of
orchid epiphytism is the higher abundance and lower richness in the secondary forest,
occurring the opposite in the primary forest. With respect to the vertical structure, a
greater abundance of orchids in the highest part of the stem of the hosts in the secondary
forest, while in the primary forest they predominate at the base of the main branches,
concluding that the successional stage of the forest affects both the richness and
abundance of orchids on the basis of the changes experienced by the forest structure,
in each of them.

Keywords: Stem height; Canopy opening; Primary forest; Secondary forest; Diameter
classes.

RESUMEN

La diversidad de epifitas en los ecosistemas forestales esta estrechamente relacionada
con la estructura del bosque; sin embargo, en la Estacién Bioldgica Pindo Mirador, en
Ecuador, no existen estudios que documenten esa interaccidon. Se esTablecieron ocho
parcelas de 0,1 ha cada una, estando cuatro en el bosque secundario y otras cuatro en
el primario con el objetivo de evaluar el efecto del estadio sucesional actual del bosque
sobre la relacion hospederos - orquideas epifitas en dicha estacion, a partir del
comportamiento de factores de la estructura forestal y la diversidad de orquideas. Todas
las orquideas epifitas presentes y los arboles hospederos fueron registradas a partir de
la medicion de sus didmetros y alturas (total y del fuste), de comparaciones de la riqueza
y abundancia por estadio y por hospederos, ademas de aplicarse un Analisis de
Correspondencia Candnico entre variables de la estructura del bosque y los registros de
epifitas por parcelas. Se detecté que el principal rasgo de la estructura horizontal del
epifitismo orquideoldégico es la mayor abundancia y menor riqueza en el bosque
secundario, ocurriendo lo contrario en el primario. Con respecto a la estructura vertical,
una mayor abundancia de orquideas en la parte mas alta del fuste de los hospederos en
el bosque secundario, mientras que en el primario predominan en la base de las ramas
principales, concluyéndose que el estadio sucesional del bosque afecta tanto a la riqueza
como a la abundancia de orquideas sobre la base de los cambios que experimenta la
estructura forestal, en cada uno de ellos.

Palabras clave: Altura de fuste; Apertura del dosel; Bosque primario; Bosque
secundario; Clases diamétricas.

RESUMO

A diversidade epifita nos ecossistemas florestais esta intimamente relacionada com a
estrutura florestal; contudo, na Estacdo Bioldgica de Pindo Mirador, Equador, nao
existem estudos que documentem esta interacdo. Foram estabelecidas oito parcelas de
0,1 ha cada, quatro em floresta secundaria e quatro em floresta primaria, a fim de avaliar
o efeito da sucessao atual da floresta sobre a relacédo orquidea-hdspede naquela estagdo,
com base no comportamento dos fatores de estrutura florestal e diversidade de
orquideas. Todas as orquideas epifitas presentes e as arvores hospedeiras foram
registadas a partir da medicdo dos seus didmetros e alturas (total e caule), comparagoes
de rigueza e abundéancia por fase e por hospedeiro, e foi aplicada uma Analise de
Correspondéncia Candnica entre as varidveis da estrutura florestal e os registos epifitos
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por parcela. Foi constatado que a principal caracteristica da estrutura horizontal do
epifito das orquideas é a maior abundancia e menor riqueza na floresta secundaria,
ocorrendo o oposto na floresta primaria. No que respeita a estrutura vertical, uma maior
abundancia de orquideas na parte mais alta do caule dos hospedeiros na floresta
secundaria, enquanto na floresta primaria predominam na base dos ramos principais,
concluindo que a fase sucessional da floresta afecta tanto a riqueza como a abundancia
de orquideas com base nas mudancas experimentadas pela estrutura da floresta, em
cada uma delas.

Palavras chave: Altura do eixo; Abertura do dossel; Floresta primaria; Floresta
secundaria; Classes de diametros.

INTRODUCTION

Tropical forests are among the most biodiverse ecosystems on the planet, harboring
various life forms; this high diversity results from the soil types, climate and
biogeographic conditions in which they are found (Mudappa y Raman, 2007). Tropical
forests are undergoing recurrent structural alterations due to global environmental
changes (Stephenson et al., 2011).

Epiphytism constitutes one of the components that stand out most in tropical forests,
which favors the enrichment of their biodiversity, making possible an occupation of the
different strata and thus a wide range of environments for the maintenance of life that
do not depend directly on the soil (Benzing, 1995; Leitman et al., 2015), making tropical
forests one of the most complex ecosystems in the biosphere (Besi et al., 2019).

Understanding which environmental factors affect the functional responses of epiphytes
would help to establish appropriate management and conservation strategies for these
forest ecosystems, and in particular for their epiphytic component (Ferro and Delgado,
2013). However, there are few studies that enable activities for the adequate
management of epiphytes in their respective ecosystems (Ferro, 2004; Hietz et al.,
2006), being recurrent the fact that little is known about the impact of deforestation on
the diversity of epiphytes in forests, and much less about the ecology of epiphytes in
secondary forests (Barthlott et al., 2001), which is important in particular, because
orchids are ecological indicators of the increase in temperatures and aridity associated
with deforestation (Orta-Pozo, 2015).

The plant family of Ecuador with the greatest documented diversity is Orchidaceae,
which in 2014 had 4 300 species, meaning that almost one out of every four plant species
growing in the country's wild habitats is an orchid, representing more than 18% of the
total number of orchid species in the world (Garcia et al., 2014).

This family contributes the largest number of species to the phytoendemism of the
country (1 707 species), approximately one third of the endemic plants are orchids
(Endara et al., 2017), however, the Figures regarding the number of epiphytic orchids
and their distribution by ecosystems are not precise, due to insufficient dissemination of
reports that address this aspect, those that occupy mostly forest ecosystems (Bravo,
2014).

In such a scenario of the state of knowledge of the diversity of epiphytic orchids in
Ecuador, studies that not only update the information on this diversity, but also provide
new arguments on the interactions with the hosts, are important, which is why the
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studies in the Pindo Mirador Biological Station in the province of Pastaza, where there is
little research on epiphytes, are of great relevance to strengthen the protection actions
in the area; In this area, only a list of eight orchid species collected in its forest
ecosystem has been reported for the promotion of an orchidarium of native species in
the station itself (Luzuriaga et al., 2017).

Given the poor knowledge of the diversity of epiphytic orchids in the forest of the Pindo
Mirador Biological Station, and mainly, on the characteristics that typify the ecology of
these, both in areas with forest without anthropogenic alterations, and in the recovery
dynamics that the forest is experiencing in areas with secondary forest recovered from
impacts of intense logging. The study aims to assess the effect of the successional state
of the forest on the host-epiphyte orchid relationship based on the behavior of forest
structure factors and the distribution of the richness and abundance of epiphytic orchids
in the evergreen mountain base forest in two successional stages of the Pindo Mirador
Biological Station, Ecuador.

MATERIALS AND METHODS

Study area. The Pindo Mirador Biological Station (EBPM) has an area of 288.49 ha,
located in the Mera canton of the Pastaza province, Ecuador, between 1100 - 1300 m
a.s.l., It belongs to the Pastaza River basin and the microbasin of the Pindo Grande River
and its tributary, the Plata River (Sucoshafiay, 2016); the climate is mesothermal
perhumid (Thornthwaite 1949), with average annual rainfall of 4 500 mm, average
temperatures of 20°C - 25°C and average relative humidity of 88 % (Luzuriaga, 2014).

The Biological Station is located in the northern piedmont evergreen forest of the Eastern
Cordillera of the Andes, in which two main zones are recognized, the Permanent
Protection Zone that corresponds to the primary forest, and the Native Forest with the
secondary forest, according to Luzuriaga (2014) (Figure 1).

http://cfores.upr.edu.cu/index.php/cfores/article/view/678
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Figure 1. - Location of sampling areas

Sampling design. Eight plots of 0.1 ha each were established, covering a sampling area
of 0.8 ha, four in the primary forest and four in the secondary forest, which were
distributed in each successional stage. The following nomenclature was used to refer to
the plots in the analyses: BP1, BP2, BP3 and BP4 are the four plots of the primary forest,
while BS1, BS2, BS3 and BS4 represent the four plots of the secondary forest.

Inventory of hosts and orchids. All orchid host trees with diameters = 10 cm of D130
were inventoried according to the methodology of Araujo et al., (2010). To those tree
were measured diameter (D1.30) using a diametric tape, and the total height with a
Suunto clinometer or by access to the top with a 50 m tape measure, and the height of
the trunk before the first branches. The bark type of each individual tree was determined
assuming two types: smooth bark and rough bark (Migenis y Ackerman 1993).

By direct visual exploration or through binoculars in each tree, epiphytic orchids
(holoepiphytes according to Kress, 1986) were identified, which were determined by
observation, both in the trunk of the hosts and in their branches; nomenclatural
adjustments were made according to The Plant List (https://www.theplantlist.org/); the
precision of endemism and recognized threat categories were obtained from Endara et
al., (2017).

The abundances of orchids in each host were recorded by their life zones (phorophytic),
according to their definition by Johansson (1974), modified for the first two zones of the
tree trunk, given the variability of height observed, as assumed by Ferro (2004); these
were: Zone 1 (Z1): from the base of the trunk to the middle of the trunk, always above
1. 30 m from the ground; Zone 2 (Z2): the rest of the trunk from the middle section of
its height to the origin of the first branches; Zone 3 (Z3): the first third (basal) of the
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length of the main branches; Zone 4 (Z4): the middle third of the length of the branches;
and Zone 5 (Z5): the last third or outside of the length of the branches.

In the interest of evaluating possible relationships between host dimensions and the
presence and distribution of epiphytic orchids, tree diameter records were grouped into
four classes: class 1 (CD1): 10.0 to 19.9 cm, class 2 (CD2): 20.0 to 29.9 cm, class 3
(CD3): 30.0 to 39.9 cm and class 4 (CD4): = 40.0 cm; for the same purpose, tree
heights were grouped into four ranges, namely: range 1 (RH1): 2.00 to 7.99 m; range
2 (RH2): 8.00 to 13.99 m; range 3 (RH3): 14.00 to 19.99 m and range 4 (RH4): 20.00
to 25.99 m; these heights were averaged by plots to establish a mean of the tree stratum
in each sampling unit.

Determination of canopy cover. Hemispheric photographs were taken with a fisheye lens,
using a Cannon EOS 700D camera, following the protocol proposed by Kalacska et al.,
(2005), with adjustments for the intermediate phase of the succession they describe,
reducing the number of photographs per plot to 14, given the difference in the type of
ecosystem. Using GLA (Gap Light Analyzer) vers. 2.0 software (Frazer et al., 1999), the
hemispheric photographs were processed to obtain the percentage of canopy openness
in each plot and to incorporate the data on this variable into the analyses of its possible
effects on the distribution of epiphytic orchids.

Data analysis. Using the program PAST vers. 3.01 (Hammer et al., 2001), all descriptive
statistics and their corresponding graphical representations were obtained, making a
comparison of means of the richness, abundance and number of hosts between the two
successional stages, using a Kruskal-Wallis test for p0.05, the same test that was used
to compare the percentages of canopy openness between the two successional stages
defined; the diversity per plot was also calculated according to the reciprocal Simpson's
index (1/D), obtaining a comparative criterion per successional stage.

A Canonical Correspondence Analysis (CCA) was performed as suggested by Hill y Gauch
(1980) to correlate a matrix of 10 environmental variables (predictors) with the
abundance per plot, of the species that make up the epiphytic orchid community, and
thereby determine how the orchids adjust according to their relationship with the effects
produced by a set of variables of the forest ecosystem; for this purpose the software
MVSP Vers. 3.22-demo- (Kovach Computing Services, 1985-2013:
https://www.kovcomp.co.uk/downl2.html); the environmental variables were: number
of host trees per each of the four established diameter classes (criterion of preference
or not for host thickness), abundance of shafts in the forest (criterion of influence of tree
density), average canopy openness per plot (criterion of preference or not for more or
less illuminated environments), average height of the trees in the forest (criterion of the
effect of the height of the plant formation stratification), average height of the trunk
(criterion of the effect of the trunk support), and the two types of bark (smooth and
rough) of the host shafts (criterion of preference for epiphyte fixation), and the two
types of bark (smooth and rough) of the host trunk (criterion of preference for epiphyte
fixation).

http://cfores.upr.edu.cu/index.php/cfores/article/view/678
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RESULTS AND DISCUSSION
Richness and abundance of epiphytic orchids; effect of successional stage

Forty-nine species of epiphytic orchids were identified (both successional stages), 35
species in the secondary forest (BS), 48 in the primary forest (BP); 14 species that were
located in the BP were not observed in the BS sampling, as well as a single undetermined
species of the genus Epidendrum present only in the BS. Such richness belongs to 20
genera, with Maxillariella (10 species) followed by Elleanthus (8 species) and
Epidendrum (6 species) being the best represented. Of the total, six species are
recognized as endemic to Ecuador: Dichaea sodiroi Schitr, Epidendrum puyoense
Hagsater y Dodson, Pleurothallis alveolata Luer, Sievekingia hirtzii Waldvogel,
Sievekingia marsupialis Dodson and Stelis anolis Luer, which in turn have Threatened
category: 4 Near Threatened -NT- and 2 Vulnerable -V- according to Endara et al.,
(2017).

The total abundance of epiphytes is 2158 individuals, with a higher Figure in the BS,
where 1248 were counted, while in the BP the Figure was 910. The differentiation of
species richness and abundance by successional stage is shown in Figure 2 (A and B),
which also reflects the greater range of variation in the BS records for both species
richness and abundance.

Riqueza orquideas
Abundancia orquideas

Bosque pomy Bosaus secundy Basaue preman Bovaue siund
Estadio sucesional Estade sucesionsl

Figure 2. - Variation in richness (A) and abundance (B) of epiphytic orchids by
successional stage

The results found for the secondary forest are similar to those described by Eizmann y
Zotz (2016) in patches of secondary forest in Panama, which in their interpretation
coincide with the effect of rapid expansion of epiphytes in the early stage of their post-
disturbance dynamics. A greater abundance of orchids is observed in the BS, where
hosts are also more abundant; in the case of the BP, the most important feature is the
greater richness of epiphytic orchid species.

A similar feature had been found by Barttlot et a/., (2001) and Ferro (2004), who state
that, in a recuperative dynamic, when the forest ecosystem is in a more estable and
mature state, the richness of epiphytes is greater than in the stages closer to the
disturbance, as well as their abundances are regulated with the successional transit,
something that is ratified by this study.

http://cfores.upr.edu.cu/index.php/cfores/article/view/678
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Distribution of host trees and richness and abundance of epiphytic orchids by
successional stages.

Table 1 shows the behavior of the sampling in each plot, and also verifies that these
differences are maintained in relation to the number of host trees, such a distribution of
richness and abundance.

Table 1. - Richness of epiphytic orchids (S), their abundance and number of trees
hosting these epiphytes by successional stage

Variable EP1 Bp2 BP3 BP4 BS1 BS2 BS3 ES4
s 33 36 38 35 15 21 28 24
abundance 218 226 234 232 182 306 376 384
host 17 20 21 22 55 51 54 52

The reported records of richness and abundance of epiphytic orchids in all sampling plots
(Table 1), offers a clear differentiation of each of the variables between BP and BS,
verifying that the BP is characterized by a greater richness of species, which on average
resulted in 35.5 species for the BP and 22 for the BS, a difference that is statistically
significant (p=0.021); The variation in the abundance of orchids between the two
successional stages was also observed, being higher in the BS than in the BP, a numerical
difference that was not statistically significant (p=0.021). (p=0,248).

From these results it can be interpreted that there is an effect of the successional stage
for species richness and abundance, being this effect more marked on the variation of
richness, which increases as the forest is more mature, however when it is recovering
from relatively recent impacts of deforestation, the orchid community becomes more
established, probably from the flow coming from the surrounding matrix of primary
forest, but with a more aggressive distribution of its abundance, derived from the
conditions that the forest reaches at this stage in its potential host network, a statement
that is supported by the fact observed in Table 1, that in the BS a lower species richness
occupies more trees to sustain itself, a reason that influences the increase in its
abundance with respect to the BP.

Species richness agrees with that reported by authors such as Barthlott et al., (2001),
who found in secondary forests of the Venezuelan Andes 36 species of epiphytic orchids
in an area of 0.3 ha; for their part Einzmann y Zotz (2016) found 24 species in seven
patches of secondary forest in Panama; they also conform to the reports of Hietz et al.,
(2006) and Besi et al., (2019). Guzman-Jacob et al., (2020) demonstrate that nearby
mature forest sources are important in epiphyte abundance, all of which fits the situation
observed in Pindo Mirador; also supporting the criteria set forth in results such as those
of Mongosongo y Griffiths (2019), who argue that both epiphyte richness and abundance
increase in more mature forests due to their greater host capacity of phorophytes, which
preserves the variations required for greater numbers of species.

Given the described behavior of the richness and abundance in each sample for both
successional stages, a greater diversity is verified in the primary forest with respect to
the secondary forest (Figure 3), according to the values of the calculated reciprocal
Simpson index (1/D), which presents values always higher than 0, 92 in BP confirming

http://cfores.upr.edu.cu/index.php/cfores/article/view/678
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a higher probability in the occurrence of individuals of the same species due to the fact
that the number of these is higher in the community, something that is lower in the
secondary forest (Simpson1/D a%ox 0.87), even with its higher abundances, due to the
significant difference in its species richness with respect to the primary forest.

0.96
0.93 o
0,90
0.57
0.54
0.51 4
0.75 4
0.75
0.72

Simpzon 1-0

— e "y g — e L) =
B i i i & i i i

Figure 3. - Behavior of diversity according to Simpson's Index (1-D) at each
successional stage

Relationship between trees and orchids by successional stage

With respect to tree richness and its contribution to epiphytism, as shown in Table 2, it
was observed that it is typified by a higher frequency of epiphytic orchids in seven hosts
(six species plus dry trees), of which are in the primary forest Alchornea latifolia Swart,
Hyeronima oblonga (Tul.) Mdll. Arg., Miconia splendens (Sw.) Griseb, Inga tessmanni
Harms, Virola sp., Turpinia occidentalis (Sw.) G. Don and Viburnum ayavacense Kunth,
with 52 containing orchids, of the 117 individuals observed; in such diversity of hosts
391 individuals of epiphytic orchids were found and an average richness of 14 orchid
species per tree.

Table 2 shows that in the case of secondary forest, the hosts with the highest number
of orchid species were Miconia splendens (Sw.) Griseb, Piptocoma discolor (Kunth)
Pruski, Palicourea guianensis Aubl, Hyeronima oblonga (Tul.) Mull. Arg., Bellucia
pentamera Naudin. plus dry trees, which in total grouped 267 individuals, and 174 of
them were hosts. In these secondary forest host trees, an abundance of 823 epiphytic
orchids and an average richness of 16 species per tree were observed.

http://cfores.upr.edu.cu/index.php/cfores/article/view/678
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Table 2. -Trees with the greatest contribution to the richness and abundance of
epiphytic orchids in the two successional stages evaluated

No. Species . '_I'qtal Hosts thid Orchid
individuals richness abundance
Primary forest
1 Alchornea latifalia 42 12 21 20
2 Hyeronima oblonga 13 8 16 59
3 Miconia spfendens 10 8 15 56
4 Seco 18 [ 17 o
5 Ings tessmanni o 4 10 39
6 \Virols sp. 3 3 11 39
7 Turpinia occidentalis 12 5] 13 34
8 \Viburnum ayavacense 13 3 11 33
Secondary forest
1 Miconia splendens 22 19 22 121
2 Piptocoma discolor 22 17 19 208
3 Palicourea guianensis 30 23 19 137
4 Hyeronima oblonga 47 21 18 Q9
5 Seco 46 19 16 73
6 Bellucia pentamera 75 15 14 75
7 Micania pilgeriana 10 10 11 24
8 Cecropia angustifolia 15 10 10 56

Distribution of epiphytic orchids by diameter classes and phorophytic zones;
effect of successional stage

The distribution of epiphytic orchids in relation to the diameter classes of their hosts
(Figure 4 A and B) shows the variation established in each successional stage, observing
in the BP a greater presence in trees with stem diameters between 20 and 40 cm, a
characteristic that fits the dominance in this successional stage of trees of larger
dimensions than those of the BS, as exposed by Luzuriaga et al., (2011), since the latter
stage is dominated by those between 10 and 30 cm D1i.30, which coincides with studies
documenting increases in diameter dimensions with the advancement of successional
dynamics, and reflects that mature stages offer greater capacities in host architecture
to host epiphytism, which is exposed by Adhikari et al., (2017) and Hernandez-Pérez et
al., (2018).

The vertical distribution of epiphytic orchids according to their location in each of the five
forophytic zones (Figure 4 C and D) confirms the effect of the successional stage, which
influences the dominant position in the upper section of the trunks (in secondary forest),
or at the base of the main branches of the canopy (in primary forest).

http://cfores.upr.edu.cu/index.php/cfores/article/view/678
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Figure 4. - Distribution of epiphytic orchids according to diameter classes (A and B)
and phorophytic zones (C and D) in the two successional stages evaluated (primary
forest and secondary forest)

Canopy openness

The analysis of the percentage of canopy openness shows that in the BP the canopy is
more closed than in the BS (Figure 5), which is statistically significant (p=0.0209); This
suggests that the effect of successional stage on the vertical distribution of orchid
epiphytism in Pindo Mirador is related to the structure of the forest canopy, causing
orchids to concentrate more in a zone of canopy protection such as Z3; however, as the
canopy is more open in BS, epiphytes descend, taking advantage of the greater
protection from solar radiation penetration. Such a perspective supports a similar pattern
obtained by Hernandez-Pérez et al., (2018), and also supported by the arguments of
Johansson (1974) about the effect of environmental conditions under the canopy
according to the time in which the forest structure changes in its successional dynamics.
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Figure 5. - Distribution of the percentage of canopy openness in the two successional
stages (primary forest-Bprim- and secondary forest-Bsec- and secondary forest-Bsec-)

Correspondence between forest structure variables and plots, according to
the richness and abundance of epiphytic orchids observed

The forest structural variables (predictors) assumed to be correlated with epiphytic
orchid sampling (sampling sites) at each successional stage (Table 3) represent a
measure of how changes in forest structure at both successional stages relate to
variation in orchid epiphytism show changes from one stage to the others (Table 3),
among which are recognized as the clearest tree heights, including their shafts, percent
canopy openness and the two types of bark of the assumed trees.

Table 3. - Values of forest structure variables assumed in the ACC by plots and by
successional stage, where CD1 is Diameter Class 1, CD2 is Diameter Class 2, CD3 is
Diameter Class 3, CD4 is Diameter Class 4, AbFust is canopy abundance, ApDos is
canopy openness in percent, AltArb is tree height (average), AltFust is canopy height
(average), Clis is smooth bark and Crug is rough bark

Stage/ Chi CD2 CD3 CD4 AbFust ApDos AltArb AltFust Clis CRug

plot

BP1 33 38 15 8 94 9.17 12.83 9.53 30 o4
EP2 38 31 12 7 89 g8.52 15.49 10.78 32 57
EP3 31 40 17 7 95 9.03 15.63 9.93 28 67
EP4 25 25 22 19 91 8.84 16.48 9.59 21 70
BS1 54 21 5} 4 85 12,73 11.04 7.29 14 71
BS52 44 22 8 7 81 11.41 11.39 6.71 20 61
BS3 43 28 11 6 88 10.8 10.04 6.83 22 66
BS4 44 27 12 3 87 11.26 1144 8.14 18 69

http://cfores.upr.edu.cu/index.php/cfores/article/view/678
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The canonical correspondence analysis (CCA) shows that the first two axes show a
relatively good solution to the ordination of species and plots according to the 10
environmental variables, which explain 58.78 % of the total variability (Table 4), which
including a third axis represents the accumulated 72.09 % of the total variability (Table
4).

Table 4. - Results of the Canonical Correspondence Analysis (CCA) of the eight plots
by successional stages according to the environmental variables

Axis 1 Axis 2 Axis 3

Autovalues 0,285 0,201 0,109
Percentage of variance 34,20 24,58 13,31
Cumulative percentage of variance 34,20 58,78 72,09
Correlation species-environmental variables 0,921 0,872 0,787

The biplot graph (Figure 6) shows the projection of environmental variables and
sampling plots by successional stage. Two groups can be seen, one related to the
secondary forest, where the dispersion of the sampling is observed, with little effect of
variables; influence of those more linked to a dynamic close to the impacts of logging,
such as the predominance of trees of smaller diametric size (CD1) and a higher
percentage in the opening of the canopy (ApDos).

In the primary forest there is a greater effect of variables related to a mature forest
structure (greater height of the trees and their trunks, the abundance of trees and the
greater diametric dimensions of their trunks).

http://cfores.upr.edu.cu/index.php/cfores/article/view/678
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Figure 6. - Projection of environmental variables and epiphytic orchid sampling plots
according to the ACC. The environmental variables are shown as arrows while the plots
are shown as blue triangles, where BP and BS correspond to the successional stage
and the accompanying number to the number of sampling plots

The results of the above analysis are similar to the work of Kromer and Gradstein,
(2003); Hietz et al., (2006); Flores-Palacios and Garcia-Franco, 2008 y Larrea and
Werner (2010) that agree that environmental changes caused by the elimination or
modification of the structure of the natural forest cause changes in the composition,
relative abundance, spatial distribution and functional responses of epiphytes.

The results show that the successional stage represents a structure that varies according
to whether or not the proximity of intense logging impacts persists in the forest. Benzing
(1995) and Koster et al., (2009) argued that successional changes in forest ecosystems
affect their epiphyte communities, mainly by variations in the structure of the canopy
that influences the light regime, humidity and temperature under it; a fact that supports
the differentiation observed in Pindo Mirador, and thus confirms an effect of the
successional stage on such environmental conditions within the forest, and consequently
in the characterization of its orchid epiphytism.
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CONCLUSIONS

The successional state of the forest affects both the richness and abundance of epiphytic
orchids, with greater relevance in their vertical distribution, being higher the contribution
of variations in the height of the main stems and branches of the trees.

The main structural characteristics of the orchid community are typified by a higher
abundance and lower richness of species in the BS than in the BP, located in their hosts
according to the dominant trees and mostly in the upper part of the trunks in the BS,
and at the base of the main branches in the BP.
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