SPECIES RICHNESS AND ABUNDANCE OF LOW-TRUNK HERB EPIPHYTES IN
RELATION TO HOST TREE SIZE AND BARK TYPE, EASTERN AMAZONIA'

José Leonardo Lima Magalhédes? e Maria Aparecida Lopes?

ABSTRACT — The composition and structure of the low-trunk epiphytic herb assembly as well as its vertical
distribution were studied. DBH of host tree and bark type influence species richness and abundance in a non-
flooded lowland tropical rainforest in Eastern Amazonia (1°57°36"S 51°36°55"W). A total of 37 epiphytic
herb species were identified, among which 60% were Araceae. Species richness and abundance of epiphytic
herbs showed tendency of positive correlation with host tree size and no relationships with bark type. Low
positive correlation may be a by-product of the predominance of trees with smaller diameter in our sample
rather than a reflection of neutral relationship. The absence of relationships with bark type may be partially
explained by the large number of secondary, generalist, hemi-epiphytes and also may reflect the absence of
suitable substrate in trees with smaller diameter.

Keywords: Secondary hemi-epiphyte; Lowland tropical rainforest; Composition.

RIQUEZA DE ESPECIES E ABUNDANCIA DE EPIFITAS HERBACEAS DE
FUSTE BAIXO EM RELACAO AO TAMANHO DO HOSPEDEIRO ARBOREO E
AO TIPO DE CASCA, AMAZONIA ORIENTAL

RESUMO - A composicao e estrutura da comunidade epifitica herbacea de fuste baixo, assim como sua
distribuigdo vertical, foram estudadas. O DAP de hospedeiros arbdreos e o tipo de casca influenciam a riqueza
e abundancia dessas espécies em um trecho de floresta de terra firme na Amazénia Oriental (1°57°36"S 51°36°55"'W).
Foram identificadas, no total, 37 espécies herbaceas epifiticas, sendo 60% delas Araceae. A riqueza de espécies
e aabundancia de herbaceas epifiticas mostraram tendéncia de correlagédo positiva com o tamanho de hospedeiros
arboreos e nenhuma relagdo com o tipo de casca. Correlagdo positiva baixa pode ser um subproduto da
predominéancia de arvores de menor diametro na amostragem em vez de refletir relagdo neutra. A auséncia
de relagdes com o tipo de casca deve ser parcialmente explicada pelo grande nimero de hemiepifitas secundarias,
generalistas, e também refletir a auséncia de substratos adequados em arvores de menor didmetro.

Palavras-chave: Hemiepifita secundaria; Floresta de terra firme; Composigao.

1. INTRODUCTION etal.,2006; KERSTEN; SILVA, 2006). The abundance
and vertical distribution of these species reflect
environmental gradients in both local and regional scales
(GENTRY; DODSON, 1987a; TER STEEGE;

CORNELISSEN, 1989; NIEDER et al., 2000).

Epiphytic plants are recurrent in all humid tropical
environments comprising about one third of all plants
and 10% of the species in tropical forests (KRESS,
1986; BENZING, 1990). In more humid areas and mid-

elevation altitudes, like the submontane forests of the
Andes and the Atlantic Forest in southern Brazil,
epiphytes may constitute up to 50% of the total number
of species (GENTRY; DODSON, 1987a; CARDELUS

Almost 80% of the epiphytic species in tropics occur
in the upper canopy, and fewer and different ones occur
in the lower parts of their phorophytes (BENZING, 1990;
WOLF; FLAMENCO-S, 2003). Along the vertical gradient
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there is lower light incidence and less substrate availability,
although higher humidity in the lower strata (TER STEEGE;
CORNELISSEN, 1989). Due to the differential microclimate
of the understory, species that are more sensitive to
desiccation as well as hemi-epiphytic individuals seeking
appropriate photic levels are more abundant in this stratum
(NIEDER et al., 2000).

The number of low-trunk epiphytic species and
individuals may be correlated with the trunk diameter
of their host trees (CALLAWAY et al., 2002; MORAN
etal.,2003; ZOTZ; VOLLRATH, 2003; MEHLTRETER
et al., 2005). Larger trees are available as hosts for
alonger period of time and usually have more surface
area than smaller trees (FLORES-PALACIOS; GARCIA-
FRANCO, 2006; LAUBE; ZOTZ, 2006). On the other
side, too old decaying trees with loosing bark offer
aless favorable site to epiphytes (FLORES-PALACIOS;
GARCIA-FRANCO, 2006). Bark type also influences
epiphytic richness and abundance (CALLAWAY, et
al. 2002). Rough barks offer more microhabitats for
seed germination and root attachment facilitating epiphyte
establishment (BENZING, 1990; LAUBE; ZOTZ, 2006;
TEWARI et al., 2009; CHOMBA et al., 2011).

The ecological knowledge about vascular epiphytes
in Brazilian Amazon in currently still incipient, with
a modest number of studies carried out in the biome
(POS; SLEEGERS, 2010; MEDEIROS; JARDIM, 2011,
IRUME etal., 2013; KOCH et al.,2013; QUARESMA;
JARDIM, 2012,2013,2014; OBERMULLER etal.,2014).
Epiphytic plants are important components of the tropical
forest ecosystem and understanding their relationship
with environment, including tree hosts, may help to
predict their occurrence and to plan their conservation.

This study describes the composition and structure
of the low-trunk epiphytic herb assembly in Caxiuana
National Forest, eastern Amazonia. We also investigate
the following hypothesis based on previous cited
literature and theory: (1) species richness and (2) number
of individuals increase with DBH of host trees; and
rough-barked trees have more (3) species and (4)
individuals than fissured- and smooth- barked trees.

2. MATERIALAND METHODS
2.1. Study site

This study was carried out in a 25km? trail grid
established at the center of the Caxiuana National Forest
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—CNF —(1°57'-2°0’S and 51°36'-51°39°W), Eastern
Amazonia (Figure 1). This trail grid belongs to a long-
term Brazilian research program in biodiversity (PPBio/
Eastern Amazonia). This research program aims to execute
standardized protocols along Eastern Amazon rainforest
prospecting biodiversity and maintaining biological
collections in order to integrate and disseminate
information in biodiversity (ppbio.museu-goeldi.br).

The climate at Caxiuand is Am, humid tropical,
according to Koppen'’s classification, with more intense
rainfall from December to June, an annual average rainfall
of 1900mm and an average annual temperature around
26°C (COSTA; MORAES, 2002; OLIVEIRA et al., 2008).
The canopy at CNF is dense and closed; trees can
be thirty to forty meters tall, some with large basal
areas (LISBOA et al., 1997). The understory is sparse,
with few lianas of genus such as Bauhinia, Tetracera,
Doliocarpus, Desmoncus (AMARAL et al., 2009),
terrestrial herbs such as Ischnosiphon, Calathea and
Pariana (AUTHOR, unpublished results) and many
tree species that reach 150-180 species per hectare
and include many individuals with large DBH (AMARAL
etal., 2009).

2.2. Data collection and analysis

Between March and September 2009, thirty transects
of 2m x 100m (6000m?) separated systematically by one
kilometer were used to inventory the low-trunk epiphytic
herb assembly (Figure 1). Within these transects all
trees and treelets with DBH >1cm with at least one
epiphytic individual were surveyed, as well as trunks
of standing and fallen dead trees. In all cases only
the bottom of the stem up to 8m high were examined.
For trees, this part was called low-trunk (TER STEEGE;
CORNELISSEN, 1989). All epiphytes were counted,
and morphotyped, and the height at which each one
occurred was recorded. When the morphotype was
not easily recognized in situ, the specimen was collected.
Clonal plants were counted as single individuals when
we were sure about it was a single genet, based on
visual separation. Botanical samples from all
morphospecies, with fertile material when possible,
were collected and dried for subsequent identification.

These collected materials were identified in the
laboratory with help of specialized literature
(STEYERMARK etal., 1995; MAY O etal., 1997; RIBEIRO
etal., 1999; SILVA; ROSARIO, 2008; ZUQUIM et al.,
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Figure 1 — Study area with location of PPBIO/Eastern Amazonia site, the trail grid at the center of the Caxiuana National

Forest.

Figura 1 — Area de estudo com a localizac&o do sitio do PPBIO/Amazénia Oriental, a grade de trilhas no centro da FLONA

de Caxiuana.

2008) and by comparison with herbarium specimens.
The fertile material was deposited in the Herbarium
Jodo Murga Pires MG. Identification of Monilophyta
followed Smith et al. (2006) and of Magnoliophyta
followed APG II (2003). Species and authors names
were checked on the site Tropicos (2013) available
at www.tropicos.org (last access 10/01/2013) and
synonyms were verified in the World Checklist of Selected
Plant Families (2013) available at http://apps.kew.org/
wcsp (last access 10/02/2013). All identified
morphospecies were considered different species in
the analysis.

Epiphytes were classified based on their relationship
to the host trees (following BENZING, 1990) as holo-
epiphytes, hemi-epiphytes (primary and secondary),
facultative epiphytes and accidental epiphytes. When
the species identification was not possible, it was based
on classification found in the literature about the genus.

All species encountered were included to compose
the list of epiphytic herbs and to describe the assembly

structure (frequency, relative abundance and vertical
distribution), regardless of the type of phorophyte
(n=739). Only host trees whose DBH measures were
available in previous study data set (n=246) were used
to test hypotheses 1) and 2); and only host trees identified
to the species level (n=79) were included to test
hypotheses 3) and 4). Bark was classified as rough (n=28),
fissured (n=25) and smooth (n=26) based on descriptions
available in the literature (RIBEIRO et al., 1999).

For each species, the frequency of occurrence
(F=[n/n]x100, where n=number of phorophytes
supporting the species i, n=total number of hosts)
and relative abundance (RA = [ne/ne ]x100 , where
ne=number of individuals of epiphytic species i, ne =total
number of epiphytic individuals) were calculated. The
vertical distribution was evaluated for all epiphytic
families and genera that had at least five individuals
along the vertical gradient. The species cumulative
curve and nonparametric bootstrap were used to assess
representativeness of the sampling effort with 95%
confidence with100 randomizations (MAGURRAN, 2004).
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Variables tested were not normal or homocedastic,
so non-parametrical statistics were used in all cases.
Hypotheses 1) and 2) were tested applying Spearman’s
correlation rank, and hypotheses 3) and 4) were tested
applying Kruskal-Wallis, all considering p < 0.05. Analyses
were performed with R 2.15 (R DEVELOPMENT CORE
TEAM, 2005), EstimateS 8.0 (COLWELL, 2006) and PAST
(HAMMER etal., 2001).

3. RESULTS

Intotal 1,091 epiphytic herb individuals were found
on 739 phorophytes, distributed in 10 families and 37
morphospecies comprising at least 30 species (Table 1).
Only one form of the genera Micrograma and Catasetum
was recorded, suggesting that only one species of
each genus occurs in the area. About 70% of the sampled
individuals were in juvenile stages and, of these, 40%
could only be identified as morphospecies.

Twelve species were categorized as holo-epiphytes,
25 as secondary hemi-epiphytes and there were no
reports of facultative, accidental or primary hemi-
epiphytes (Table 1). In Araceae, only one species was
not a hemi-epiphyte, Anthurium gracile, which is a holo-
epiphyte. This species was associated with ants as were
two other species, Aechmea bromeliifolia (Bromeliaceae)
and Codonanthe calcarata (Gesneriaceae).

The botanical family with the greatest richness
was Araceae with 23 species (62% of the total), followed
by Pteridaceae with three species (8%). The three most
abundant families were Araceae, Pteridaceae and
Lomariopsidaceae which together accounted for 99%
of the individuals sampled. The remaining families
contributed with one or two species and no more than
12 individuals.

The great majority of epiphytes occurred on the
lower three meters of the trunk, particularly ferns and
allies probably due to their great demand of humidity
(Figure 2A). Cyclanthaceae and Polypodiaceae were
the most evenly distributed families (Figure 2B), occurring
frequently up to 5Sm high.

The species rarefaction curve (Figure 3) showed
no apparent asymptote, but it did tend toward
stabilization. With the non-parametric bootstrap statistical
test we estimated a richness equivalent to 41+£8 species,
indicating that this study reached about 90% of the
expected richness.
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Both species richness (Spearman=0.15, p=0.01)
and abundance (Spearman=0.23, p=0.0002) showed a
tendency of positive correlation with DBH (Figure 4).
Rough-barked trees did not have more species richness
(Kruskal-Wallis=0.27, p=0.83) and abundance (Kruskal-
Wallis=0.1, p=0.93) than fissured- and smooth-barked
trees.

4. DISCUSSION

The epiphytic herb assembly at CNF showed a
relatively low number of species (30-37) compared to
studies carried out in Amazonia (NIEDER et al., 2000;
BUSSMANN, 2001; LEIMBECK; BALSLEV,2001; KREFT
etal.,2004; KUPER et al., 2004; BENAVIDES etal.,
2005; AREVALO; BETANCUR, 2006; POS; SLEEGERS,
2010; IRUME etal.,2013) and the Guyanas (TER STEEGE;
CORNELISSEN, 1989; FREIBERG, 1996). However, one
should take into account the fact that only the understory
was inventoried, and only herb species were considered.
Species richness of epiphytes is often lower on trunks
than on the higher parts of the same phorophyte because
of'the reduced amount of surface available for attachment
(TER STEEGE; CORNELISSEN, 1989). Mehltreter et
al. (2005) studied the low-trunk epiphyte assembly at
a high altitude forest in Veracruz, Mexico and found
around 20% more species (55 in total) than we found
at CNF. According to Gentry and Dodson (1987b) the
contribution of epiphytic species to the whole diversity
of an area varies according to the different forest type
and is usually smaller in lowland forests such as in
the CNF. On the other hand, Araceae usually presents
high species richness and abundance in lowland forest
(IBISCH et al., 1996).

As was observed by Ter Steege and Cornelissen
(1989) in Guyana, Nieder et al. (2000) in Venezuela and
Irume et al. (2013) in central Amazonia, the most
representative group in the assembly of epiphytes on
the trunks at CNF were Araceae. The concentration
of species in a few families reflects their specialization
for the existing understory microhabitats (GENTRY;
DODSON, 1987a; NIEDER etal., 2001). The low number
or absence of typically reported orchids and bromeliads
might be associated with the fact that epiphytic species
in these families occupy preferentially the upper strata
of the forest. These plants are highly adapted to support
the wider range of humidity and temperature in these
strata (TER STEEGE; CORNELISSEN, 1989; BENZING,
1990; CALLAWAY et al., 2002). During a survey of
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the epiphytes on 10 large trees in the same area of
this study (CNF), POS and SLEEGERS (2010) found
orchids and bromeliads only in the tree canopies, while
aroids were found predominantly on the lower part
of the trunks.

The predominance of hemi-epiphytic species was
also reported for other studies in Amazonia (TER STEEGE;
CORNELISSEN, 1989; NIEDER etal.,2000; BUSSMAN,
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2001; LEIMBECK; BALSLEV, 2001; AREVALO;
BETANCUR, 2006; IRUME etal., 2013). Moreover, most
low-trunk epiphytic species and individuals found at
CNF were concentrated on the lowest three meters
of the trunks, what was evidenced with high number
of secondary hemi-epiphytes. These species need to
connect with the ground at some point in their life
cycle (BENZING, 1990) which is why, when escalating

Table 1 — Species list of low-trunk epiphytic herb species and their relationship with host tree, classified according to relative

abundance.

Tabela 1 — Lista de espécies de herbaceas epifiticas de fuste baixo e suas relagdes com hospedeiros arboreos, classificadas

segundo sua abundancia relativa.

Species/ Family Relationship Relative Frequency
Morphospecies with host tree' abundance (%) (%)
Polytaenium guayanense (Hieron.) Alston Pteridaceae E 21.1 17.6
Heteropsis flexuosa (Kunth) G. S. Bunting Araceae SHE 15.4 19.0
Lomariopsis japurensis (Mart.) J. Sm. Lomariopsidaceae SHE 11.8 13.3
Philodendron surinamense (Miq.) Engl. Araceae SHE 8.1 8.0
Philodendron platypodum Gleason Araceae SHE 7.8 9.4
Hecistopteris pumila (Spreng.) J. Sm. Pteridaceae E 6.5 1.2
Heteropsis spruceana Schott Araceae SHE 4.2 5.1
Philodendron sp. 2 Araceae SHE 4.1 3.9
Monstera obliqua Migq. Araceae SHE 3.6 3.5
Philodendron sp. 1 Araceae SHE 3.3 4.0
Philodendron rudgeanum Schott Araceae SHE 2.0 1.2
Philodendron linnaei Kunth. Araceae SHE 1.3 1.6
Asplenium serratum L. Aspleniaceae E 1.3 1.6
Monstera adansonii Schott Araceae SHE 1.3 1.3
Campyloneurum repens (Aubl.) C. Presl Polypodiaceae E 1.2 1.3
Philodendron squamiferum Poepp. Araceae SHE 1.2 1.3
Philodendron melinonii Brongn. ex Regel Araceae SHE 0.7 0.6
Philodendron pedatum (Hook.) Kunth Araceae SHE 0.7 0.6
Evodianthus funifer (Poit.) Lindm. Cyclanthaceae SHE 0.6 0.6
Codonanthe calcarata (Miq.) Hanst. Gesneriaceae E 0.5 0.6
Philodendron fragantissimun (Hook.) G. Don Araceae SHE 0.5 0.6
Anthurium sp. 2 Araceae SHE 0.4 0.2
Philodendron ecordatum Schott. Araceae SHE 0.4 0.5
Anthurium gracile (Rudge) Schott Araceae SHE 0.3 0.4
Lomariopsis prieuriana Fée Lomariopsidaceae SHE 0.3 0.4
Polytaenium cajenense (Desv.) Benedict Pteridaceae E 0.3 0.4
Asplenium juglandifolium Lam. Aspleniaceae SHE 0.2 0.2
Micrograma sp. Polypodiaceae E 0.2 0.2
Philodendron sp. 3 Araceae SHE 0.2 0.1
Trichomanes ankersii C. Parker ex Hook. and Grev. Hymenophyllaceae E 0.2 0.2
Aechmea bromeliifolia (Rudge) Baker Bromeliaceae E 0.1 0.1
Anthurium bonplandii G. S. Bunting Araceae SHE 0.1 0.1
Anthurium sinuatum Benth. Ex Schott Araceae SHE 0.1 0.1
Anthurium sp. 1 Araceae SHE 0.1 0.1
Catasetum sp. Orchidaceae E 0.1 0.1
Philodendron sp. 4 Araceae SHE 0.1 0.1
Philodendron sp. 5 Araceae SHE 0.1 0.1

'E=holo-epiphyte, SHE=secondary hemi-epiphyte.
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Figure 2 — Vertical distribution of low-trunk epiphytic herb
genera (A) and family (B) in tree host at the
Caxiuani National Forest, Eastern Amazonia.

Figura 2 — Distribuigdo vertical dos géneros (A) e familias
(B) de epifitas herbaceas de fuste baixo em hospedeiros
arboreos na FLONA de Caxiuand, Amazbdnia
Oriental.

a support close to where they germinate their juvenile
stages were sampled in large numbers.

Epiphytic species richness and abundance
showed positive correlation with DBH, what was
expected and confirmed by similar studies
(CALLAWAY etal.,2002; MORAN etal., 2003; ZOTZ;
VOLLRATH, 2003; MEHLTRETHER et al., 2005;
FLORES-PALACIOS; GARCIA-FRANCO, 2006). The
low correlation found may have been at least partially
affected by the predominance of smaller trees in our
sample, weakening the detection of an expected
stronger correlation.
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Figure 3 — Species accumulation curve (line) of epiphytic
herb species sampled on 739 phorophytes with
95% confidence (light gray) with 100
randomizations, in the Caxiuana National Forest,
Eastern Amazonia.

Figura 3 — Curva cumulativa de espécies (linha) de epifitas
herbaceas amostradas em 739 foro6fitos com 95%
de confianga (cinza claro) e 100 aleatorizagdes,
na FLONA de Caxiuana, Amaz6nia Oriental.

On the other hand, no relationship with bark type
was found, contrary to what is generally found in other
studies in lowland tropical rainforests (BENZING, 1990;
LAUBE; ZOTZ,2006; TEWARI et al., 2009; CHOMBA
etal.,2011). Wyse and Burns (2011) found similar pattern
in a temperate New Zealand rainforest but they covered
all vertical gradients in four specific host trees species;
instead of our assembly sample. This absence of
correlation may be partially explained by the large number
of secondary hemi-epiphytes which are substrate
generalists (TER STEEGE; CORNELISSEN, 1989), but
also probably may reflect the absence of suitable
substrate in smaller trees.

5. CONCLUSION

Epiphytes are a key component of tropical forest
in Amazonia but is not enough studied yet. Its
relationships with host trees and bark type are important
to enhance ecological knowledge about high diverse
environments like Amazon forest and to increase
biodiversity information. Furthermore, it is clear that,
in others studies in Amazonia, hemi-epiphytes are driving
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Figure 4 — Correlation between species richness (Spearman=0.15,
p=0.01 - triangle) and abundance (Spearman=0.23,
p=0.0002 - dots) of epiphytic herb species versus
DBH of host trees in the Caxiuana National Forest,
Eastern Amazonia.

Figura 4 — Correlagéo entre riqueza de espécies (Spearman
= 0,15, p = 0,01 - tridngulo) e abundancia
(Spearman = 0,23, p = 0,0002 - pontos) de epifitas
herbéceas e DAP de hospedeiros arbdreos na FLONA
de Caxiuana, Amaz6nia Oriental.

for different pressures than holo-epiphytes. Future
analysis should differentiate both growth habitats and
also should be important determine the effect of life
stage in low trunk epiphytic species on different host
sizes.
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