










































































4. RESULTS

4.1 FLORISTIC STRUCTURE AND LIFE FORMS

4.1.1 Floristic structure of Vascular Epiphytes

A total of 71 species of vascular epiphytes (ferns and flowering plants) were
recorded during the study (Appendix — 1). Of these, 61 species occurred exclusively
within the sample plots. Orchids were dominant in species number (57.38%), but not in
abundance (17.99%)(Fig. 4.1.1a). Gesneriacae represented 4.92 % of all species and
highest (21.75%) abundance). Ferns constitute 19.68% (35.44% of abundance) of all
species. Next in importance were Araceae (14.58% of abundance) with 3.28 % of species,
followed by Asclepiadaceae (8.47% abundance, 6.56% of species). Moraceae and
Urticaceae were the least represented families (Table 4.1.1). Holoepiphytes and
Hemiepiphytes constituted Fifty-five (90.16%) and five (8.19%) species respectively. Of
the Hemiepiphytes three were strangers and 1 species was accidental epiphyte. Six species
were only found only on the main tree trunks while ten species(16.39%) was present only

on branches.

Different families dominated in various sites in different microhabitats
(Table.4.1.1). Araceac was dominating in trunks of all the sites, but Orchidaceae
dominates in both the trunks and branches in riverbanks. Orchidaceae was the family with
highest species richness but it was low in abundance ranking. The other families were
species poor but these few species occurred in higher abundances wherever they were
present. Araceae was always present in high abundances even though it had a maximum of
two species (Fig. 4.1.1b), while the total abundance of Orchidaceae was in proportion to

its number of species. The proportional abundance of Orchidaceae was higher in
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in area is higher for closed and river bank edges and lower in tree fall gaps and logged

forests.

The species accumulation curves (Fig.4.2b) reveal that the species accumulate
faster in the logged forests but reach asymptote much before the other sites indicating low
species richness. This is consistent with the results of species area relationships. The
riverbanks have the maximum diversity compared to the closed forest and tree fall gaps
showing high favorable conditions for the growth of epiphytes because of constant supply
of moisture and nutrients.

Species abundance curves

Rarefaction was used to remove the effect of increasing diversity from larger
sample sizes. The epiphytic abundances were reduced to the level of the abundance of
logged forest and the diversity was obtained for each sites. Species abundances showed
significant differences across site's (p<. 0.05) (Table 4.2c). From Fig. 4.2c it is clear that
the edge of the undisturbed forest along the riverbank has the maximum diversity because
the curve is well above the other sites. The rate of increase in cumulative species richness
is high for the logged forests compared to other sites. But even when the abundance
increases new species fail to appear and the curve reaches asymptote earlier than any other
site. The cumulative species richness in closed forest gradually increases and this curve
did not reach asymptote unlike the logged forests. The species accumulates fasterin the
logged forests than other sites. But there are few species in these forests, no new species
was found after sampling eleven trees. |

Patterns of Rarity and Commonness:

Most striking feature of the vascular epiphytes in the study area was the presence of more
common species (4.2d). The status (common, frequent and rare) are based on the

published literature (Hegde 1984, Chowdhery 1998). Species reported as common in the
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Figure 4.3g. Change in light intensity at horizontal zone in different strata

Light intensity in the horizontal zone

‘Figure 4.3f. Change in relative humidity at the horizontal zone in different strata
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Table 4.3.1d. Correlation of environment factors with epiphytic families

Family F1 F2 F3
araceae *%.0.6107 -0.3278 0.2176
ascelapiadaceae ~ 0.1502 -0.1398 -0.3652
aspleniaceae  **-0.7277  0.0779 -0.2808
accidental 0.1323 -0.1894 -0.3733
gesneriaceae  **-0.5069 -0.1736 -0.2910
lycopodiaceae 0.0710 0.1419 -0.3284
moraceae 0.0174 -0.0745%*-0.6709
orchidaceae 0.2557 -0.1351%*-0.5137
polypodiaceae 0.1028 -0.2734 **-0.512
thelypterdaceae ~ -0.2293  0.0341 0.0695
urticaceae 0.1942 -0.1019 0.0087
vittariaceae -0.1314 -0.3475 -0.3433

## sjignificance at .05 level (2 tailed)
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Figure. Epiphyte species distribution in ordination space by DCA in CANOCO
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had a separate component of temperature. This infers that in branches, there exists a
correlation between light and temperature, whereas in trunk the change in the light need
not relate to a change in temperature. The closed forests show a distinct clustering in the
scatter of trunk components. In the scatter for branch environment, the closed forests and

tree fall gaps occurred together indicating similar environment conditions in these forests

in the trunk.
4.3.2 Forest structure and its relation with epiphytes

The bark types, host architecture models and host richness showed significant
differences between sites (Table 4.3.2). The host abundances varied with site (p<. 05). As
expected, logged forests had lowest mean host species richness (4 + 0.577) and
abundances (5% 1.08), while the other sites were similar in host richness and abundance
(Table 4.2.2b). The architecture types were similar in tree fall gaps and logged forests.
Also, the closed forest, gaps and edges did not differ significantly for epiphyte species
ric;hness. The canopy width and surface area did not differentiate the sites. The mean
number of higher girth class trees were also different between sites (p<.10). Most of the

vegetation attributes differentiated only logged sites from unlogged sites.

The ordination of structural and compositional variables of vegetation yielded two
components which had eigen values more than one. The first component is more
composition-related as it is highly correlated host richness; bark richness, architecture
types, host abundance (Table 4.3.2) and the second component is positively correlated
with surface area, a structural variable. The only obvious result from the graph obtained by
plotting the two regression factor scores is the separation of logged and other sites. As
expected, the logged forest was very poor in composition-related vegetation variables

because the number of trees was less. The correlation of vegetation factors with family
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Table 4.3.2a. Rotated component matrix for vegetation variables

Table 4.3.2b.

Category
Architectute types

Bark texture

Abundanceof host trees
Surface area of the host

Canopy width

Host richness

PC1
0.88

0.95
0.93
0.07

-0.62
0.93

PC2
0.19

0.05
-0.01
0.95

0.35
0.01

Correlation of vegetation factors with epiphytic families

Family

Araceae
Ascelapiadaceae
Aspleniaceae
Accidental
Gesneriaceae
Lycopodiaceae
Moraceae
Orchidaceae
Polypodiaceae
Thelypteridaceae
Urticaceae

Vittariaceae

VEG1

0.3205
0.2286
**0.837
0.2472
**0.7980
0.1958
0.2295
0.0395
0.2043
-0.0091
0.0349
0.3157
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VEG2

0.1650
-0.1810

0.4038
-0.0252
-0.0142
-0.1807

0.1138
-0.0033
-0.2060
-0.1879
-0.2413
-0.0339



abundance values showed significant correlations only for two families (p<.001)
(Table.4.3.2b) Overall, the surface area did not correlate with abundance of families.
Ecological grouping of different sites

The different sites were reclassified based on the their similarities in epiphytic species
composition and tested for differences in their environment. The epiphyte clusters showed
significant differences based on the microclimate (p<. 001). The logged forests and the
riverbanks formed separate groups, while the closed forests and gaps did not form
respective groups. Two plots of each made one group by this classification. This indicates
that the environment in the edges and logged forest are very different from the rest in their

microhabitat.
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5. DISCUSSION

To briefly recapitulate. epiphyte richness and abundance only differed marginally
among the different sites, especially between closed forests, forest edges and tree fall gaps.
This is due to the unevenness of understorey and also the individual and interspecific
differences in the density of tree crowns. Therefore the epiphytic communities are not well
defined at varying heights abové the ground. (Benzing 1996). The microclimate, forest
structure and composition were different among the sites and different families responded
to these factors. Orchidaceae was found dominant in the logged forest and the riverbanks,
while the closed forests and tree fall gaps were rich in members of Gesneriaceae,
Aspleniacaeae and Araceae. In terms of epiphytes richness and abundance, riverbanks had
the largest number of species.

5.1 Why do certain epiphytic families dominate in different sites?

Orchidaceae is the largest member family of epiphytes, which includes hundreds of
genera and t'housands of species of typical epiphytes. Orchidaceae formed 50% of the
macroepiphytes (vascular epiphytes) in the different sites, although they were predominant
in the human altered habitat (logged forest). All the species comes from only 11 families.
It is very clear that orchid species increased in number in disturbed sites. The species area
curves show maximum intercept values (0.33) for the logged. The proportional abundance
and richness of Orchidaceae is equal (fig 4.1.1c) in riverbanks and logged forests
indicating co-occurrence of higher number of species in a smaller area. This may be due to
several reasons

Colonization

In the old world, orchids are commonly the first macro epiphytes to establish
" themselves in a new site, because of their water holding ability, they often provide starting

points for other epiphytes (Johansson 1974). When seeds of epi;;hytic orchids reach the
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substrate much before ferns and angiosperms, they do behave like weeds (Sanford 1974).
But, unlike weeds. it is rare for a single dominant orchid species to be found unless the site
is highly disturbed and environmental pressure is great Orchids are exceptionally adapted
to canopy life with their ability to use scarce resources with unusual effectiveness.
(Benzing 1995). They have efficient water storage system, velamen, which prevents
evaporation of water from their exposed roots. These properties make them excellent
colonizers. So, we find predominance of family Orchidaceae in the logged forests.
Riverbanks are also rich in orchid species. It is also very clear that forests in the riverbanks
are the most diverse (Table.4.2, Fig.4.2b) among all the sites. Then, how can the disturbed
site and the most species rich site be dominated by orchids. Orchids are wind dispersed
and need mycorrhiza for their germination as they do not have endosperm. At any point
in time, t.he seed bank in a cm’® of air would be higher in the open places and along the
riverbanks. The main difference is the constant supply of nutrients and moisture in the
riverbanks due to persistent wind. Both trunks and branches are hospitable environment
for colonization of epiphytes next to the river and there is a gradient of decreasing light
intensity as we move inside due to luxuriant growth of trees. We get a heterogeneous
environment,. which favours different species as it meets the requirements of all the
species. One peculiar situation in epiphytic succession is that it might not reach climax

stage, because the host tree might die much before the climax is reached (Sanford 1974).
Competition

Epiphytic ferns and other angiosperms compete for resources with orchids
(Sanford 1974). Removal of the competitors will favour the suppressed species. This
might be the mechanism behind increased species richness in the disturbed site as
protoepiphytes of family Gesneriaceae and Araceae and Aspleniaceae with poor water

conservation mechanism fail to survive in the open habitats unlike Orchidaceae. There
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are two different strategies adopted by families of these different sites. Orchids try to
maximize water storage by producing pseudobulbs, and thick leaves and occupying less
surface area to reduce transpiration and evaporation. The shade living families maximize
the area they occupy by climbing or twining, and capture the filtered light for
photosynthesis. This explains for the dominance of certain groups in different sites (Table.
4.1.1). There might be yet another reason for the increased intercept value in the species
area curve for the disturbed site (Fig.4.2.a). Probably it is very difficult to remove orchids
from any exposed site due to advanced water storage. We also tend toinfer that, species
are disappearing from the disturbed forests, and the only remaining ones are the orchids.
On further depredation, this might also disappear. We might have been quantifying in the

lag phase as it takes many years for an orchid to establish.

If this holds true, the species found in the logged forest should be a subset of the
undisturbed area. Species like Dendrobioum anceps and Dendrobium aphyllum deviate
from this rule and they were not represented in the undisturbed sites even in the exposed

riverbank edges. This supports the theory of colonization.
Habitat homogeneity and heterogeneity

The human eye simplifies and lump microhabitat together. The sharp cdntrast in
day and night changes in these forests in relative humidity, light intensity and temperature,
(Fig.4.3a) and differences in canopy cover (Fig.4.3d) creates a mosaic of micro
environment. A complex set of vertical and horizontal gradients of environmental
variables operate within this system and understanding these small changes in
microclimate is very difficult (Leerdam et al. 1990). This creates suitable environments for
different species to grow in concurrence. The main thing that makes logged forest
different is the induced heterogeneity, where there are both remnant patches of relatively

closed patches and also very open environment. One important thing that has to be kept in
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mind is the seed source. As the logged forests are not very far from the undisturbed
forests, there is no question of lack of seed bank. The main pross determining the failure
or success of a certain species would be its strategy to cope up with the created
environment as explained earlier. Micospatial diversity regulates community diversity in
many taxa. (Pianka 1966, Mac Arthur and Wilson 1973, Rosenzwieg 1969) As the canopy
cover increases, large continuous patches appear and the abrupt pattern disappears in bird
species diversity (Roth 1976). This will very well apply to epiphytes where the habitat is
homogenous under the canopy in the trunk habitat and heterogenous in the canopy. That is
the reason for the dominace of family Araceae is observed in the trunk (section 4.1.1)
The main difference might be the induced heterogeneity in the logged forests due to
selective removal of certain trees and inherent natural heterogeneity. That is why there is
an increase of species richness and accumulation in the logged forests also due to presence
of both remnant species and new colonizers. [ might have studied the transition phase
where the colonized species is establishing and the remnants are disappearing in a very
slow rate, because of the slow growing nature of the species. This might be the reason for
the disappearance of family Gesneriaceae in the logged forests; the changes in
microclimate will be dealt later in the discussion.

The fidelity of certain species to particular site shows that the closed forest and
gaps are very similar in epiphyte species composition. In the river banks the richness
values are much higher due to the reasons mentioned initially in the discussion. This may

be due to microclimatic conditions or due to host characteristics of that particular site.
5.2 Epiphytes and Forest structure.

Changes in forest structure can influence epiphytes in two ways. First, by altering

the microclimate and second by changing the nutrient availability, by influencing
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leachates, anchoring sites and the degree of ephemeral nature of the habitat. This is by
influencing host species. and its bark and architecture. (Table 4.2.2d, 4.2.2¢). It is
therefore logical to discuss the influence of microclimate on epiphytes and relate host
characteristics and epiphytes.

Host-Epiphyte relationships

The epiphytic species composition on the individual trees largely depends on the
age and species. Went (1940) and Yamada (1995-1997) found that young trees below
10cm diameter at breast .height had only 38% of epiphytes. As the girth at breast height
reflects the age of the species, in most cases, it was expected that trees of larger girth
support large number of epiphytes. When the host trees were classified based on the girth
classes (Fig.4.2.2 b,c,d), irrespective of the sites, all the small trees were very poor in
species richness and all the large trees were species rich. This may be attributed to the
different stages of colonization of non-vascular epiphytes (lichens and mosses) and
creation of suitable habitat for the growth of macro epiphytes. The differences in
abundance and richness differed according to the bark texture and architecture of the
species. Cracked bark had the maximum species richness, while the exfoliating bark
supported only three epiphytes per tree because the bark falls off easily if the epiphytic
load increases. Warty and wrinkled bark has numerous tubercule like projections and folds

in the bark, which acts a anchorage for the epiphytes.

The architectural model is defined by a combination of different morphological
feature for e.g. monopodial or sympodial branching, determinate or indeterminate growth
etc., Scarrone model supports maximum epiphyte because of multiple tiers of branches
and increased asymmetry of the branch complex, a factor of increased surface area. In
Champagnats model, the tree takes the form of shrub creating a environment where light

reaches the crown at all levels faciliatitng epiphytic growth. Trees belonging to trolls
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model have only plagiotropic branches (perpendicular to tree axis), which facilitates easy
settlement of epiphytic seeds. Also these branches have opposite phyllotaxy and thereby
the leaves do not intercept all the light. Benzing (1996) said that the differences in
epiphyte-phorophyte relationships might not be related to physical factors like roughness

of bark and architecture etc., but the chemical differences in stem flow or the acidic or

alkaline nature of the bark.
Epiphyte-environment relations

Microclimatological conditions change along the branch. The measurements of
microclimate for a more temperate mountain forest in Japan, reveal the existence of
gradients in mean temperature, vapour pressure deficit, mean wind velocity and spectral
quality of light. (Leerdam etal 1990). The epiphytic habitat is different from the other
habitats because it is-exposed to a wider range of microclimates than the terrestrial habitat.
Certain species grow in sunny exposed areas, showing preferences to high light intensities,
while some other species can come up entirely in shade. The most important regional
environmental determinant of epiphyte success is highly linked with rainfall distribution
over the years (Gentry and Dodson 1987). Cool and continuously humid sites support the
greatest diversity and usually the largest biomass of arboreal flora. But, local gradients are

also important in determining the commuity of epiphytes (Benzing 1995).

. The relative humidity and temperature values were plotted against time of the day
to see the changes in microclimate in a day between sites. As mentioned earlier, the
relative humidity and temperature were negatively correlated. From graph.1 it is clear that
the relative humidity values are negative for the logged forests and positive for all the
other sites. The temperature and relative humidity near the ground level had the minimum
standard error (Figure 4.3.1) indicating equitable microclimate at this zone at all sites

reflecting the effect of vegetation cover. The relative humidity was maintained at a
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constant level from 7 pm to 7 am. Around 9.30 am the relative humidfty value reaches the
maximum and falls gradually till 7 pm. But the temperature becomes constant onlyafter 9-
9.30 pm till 6.30-7 am in the morning. The difference in temperature from the open
becomes pronounced between 7 am and 7 pm. The temperature is lower under vegetation
cover during the day till 4 pm after which the forests remain warm till 7 pm indicating that
the microclimatic effects of vegetation. Overall, the logged forests do not differ from the
open.

At the middle storey, the logged forests show maximum fluctuation in temperature
and humidity during the day (Figure 4.3.1 b). Conversely, the -rehtive humidity fluctuated
more than temperature in this zone. While the temperature was almost constant throughout
the day except between 3 pm to 7 pm, the relative humidity reached constancy only
around 8:30 pm till around 8 am. Up in the canopy, whichis exposed to insolation, wind,
the same trend of variation as in the middle layer was observed. The relative humidity of
logged forests in the canopy was more consistent throughout the day than the other sites

(Figure 4.3.1c) temperature varied drastically during the day in all the sites.

Trunk

In a closed forest, there are microclimatic gradients from soil level to the canopy
level. While the environment conditions are extremely stable in the lower layers, they
almost approximate open environment in the canopy. As trunk is protected from climatic
variability, it can be said that it is a stable environment. This might not hold true for
riverbanks, because they face variation in insolation, wind speed, inundation. As
mentioned before, trunks of logged forest are totally exposed or colonized by Mikania, a
weedy climber. So, the microclimate varies between each site in the trunk. Although the
temperature fluctuates, the relative humidity remains constant throughout. This is the

reason, why Rhapidophora lancifolius dominates in the closed and tree fall gaps and in
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only one plot of logged forests. The next dominant family in this site was Orchidaceae.
This is supported by the significant correlation of this family with Principal Component 1
(refer table and graph). Orchidaceae is correlated with PC3, a temperature component.
This also proves that there are different microhabiats in the logged forest.

Canopy

Canopy microclimate and the stand microclimate are closely related and one keeps
influencing the other in many ways, which is beyond the scope of this study. Ideally, the
microclimate of the canopy should not differ significantly between sites, as the forests are
multilayered, except for the logged forests were the canopy continuity is lost. The species
richness in the canopy was marginally different unlike the trunk (Table. 4.2). The number
of species might be the same, but the species composition is the key factor of
distinguishing different sites. Unlike the trunk where one species dominated, Canopies are
taken over by many species belonging to the major families in different sites, which is
very similar to the overall dominance of familiesvin that site. This also implies that the
species richness and abundance of epiphytes in the branches influences the overall patterns

and masks the differences and similarities in the trunk.

Gesneriaceae is dominant in the closed forests mainly by Aeschynanthus gracilis
and Aeschynanthus macualata, all having climbing life forms.The canopy of tree fall gaps
comprise of -A.s'pleniwn nidus and Asplenium nitidum , which are basically humus
accumulating trash basket types to cope with the sudden changes in the environment
where big gaps are found between canopies. The logged forests and the riverbanks are rich
in orchids due to high degree of insolation, even in the lower canopy. It is very interesting
to see the correlations of different families with the Principal Components of the branches.
None of the families correlate with the temperature- humidity component of the branch.

While Aspleniaceae and Gesneriaceae correlated to the humidity, temperature and canopy
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cover component PCIl. Because both the lower canopies and upper canopies where
combined, most of the families were found. Steege and Cornelissen (1989) found
maximum number of species in the lower canopies of the forest, and the families are also
spatially separated in different regions in the canopy (Nieder et al 2000).
5.3 Habitat specialists and generalists

With few plots in each site, it would be difficult to classify if the epiphytes
observed are generalists or specialists. Assigning the status of specialists to any epiphytic
species would not be easy, as the study is short termed and the area surveyed and sampled
is less than 20 km> With the observed pattems, I have put them into such categories
based on their distribution. Specialists can be trunk or branch specialists or it can have
fidelity to certain sites. The genera Hoya was found in all the sites. If we look into the life
history, these species exhibit high degree of succulence in the growth form and therefore
can occupy in fully exposed areas. Their ability to twine and climb along with their
succulency helps them to spread very fast and in high abundance. Not all species of
orchids are found in the disturbed forest. Except for two species of Dendrobium all the
orchids found are subsets of the species found in the undisturbed area. Cymbidium
pendulum, Liparis manii, was found only in the riverbanks and Pronephrium spp a
climbing fern occurred only in the tree fall gaps. Humus accumulating birds nest fern;
Asplenium nidus did not show any specific affiliation. But, Asplenium nitidum , a rarer
species occurs only in the tree fall gaps and closed forests, basically in the interior of the
forests. Closed forests had 3 orchid species, Liparis plantaginea, Bulbophyllum
devanagiriensis and Dendrobium nobile has been exlusive to closed forests. But, during
reconnaissance Dendorbium nobile was also found in the riverbanks on old trees. The
number of non-orchidaceae members in the generalist’s category was around 56% and

fifty percent of those species were contributed from the dominant families.
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Conclusions

Vascular epiphytes are a diverse group of plants consisting of monocots, dicots,
and pteridophytes adapted to live in a soil- less environment trapping moisture and
nutrients from the host substrate and atmosphere. Epiphytes are influenced by numerous
environmental factors and the host on which they grow. The microclimate in the tropical
forests is so diverse, numerous epiphytes occur in different heights responding to local
environmental gradients. The present study attempted to document the response of
epiphytes to change in microclimatic regimes in trunks and canopy caused by natural and
man made changes in their habitat. Disturbance, Iogging, has caused an overall reduction
in the number of epiphytic species as it has reduced the number of host trees and thereby
their richness.. It should also be kept in mind that different families respond in different
ways to disturbance, While the families with a wide range of tolerance like
Asclepiadaceae and Orchidaceae are found in all the sites, species belonging to
Gesneriaceae tend to avoid highly disturbed habitats. Ferns respond differently. Humus
accumulating ferns like Asplenium nidus did not show any preference for their habitat.

Polypodiaceae, which produces fleshy leaves occur in all the sites.

Logged forests as such is depauperate in epiphytic species, while the river banks had the
maximum due to constant recolonization as there are seeds available in the air especially
during post monsoon time and most important the trees in those sites have access to these
seeds and spores. Permanent availability of nutrients and moisture and light adds to the
cause of increased species diversity in the undisturbed riverbanks. This act as gene pools
as they spread the epiphytes towards the interior of the forest and also to other places by
releasing millions of seed and spores. which are readily carried away by the wind.

Logging affects the epiphytes by directly removing their hosts. Further, if the big trees
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(180-520cm GBH were spared, they did support many epiphytes, no matter wherever they
were (Fig.4.2.2d, e). The number of rare species reduced by half in the logged forests.
This decreasing trend tells us how fast the rate of species extinction is and if this is not

checked we are going to lose these biological nomads.
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