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Abstract

Biomass of epiphytic bryophytes was investigated along three altitudinal transects in southern Thailand: Tarutao
National Park (25-700 m), Khao Nan National Park (400-1,300 m), and Khao Luang National Park (400-1,500 m). The dry weight
of epiphytic bryophytes per surface area increased from 1.15 g/m’ in the lowland to a maximum 199 g/m’ at the lower montane
forests. The estimation of dry weight per hectare increased along transect from 2.4 to 620 kg. The water storing capacity of
epiphytic bryophytes was about 1.2 to 2.4 times as dry weight and was generally higher in the lower montane forest (up to
1,500 1/ha) than in the lowland forests. The bark pH of host trees range between 3.19 and 6.84, and show negative correlation
with the altitude (r=-0.635, p<0.05). Air temperature gradually decreases with the increasing altitude ca 0.6°C per 100 m eleva-

tion.
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1. Introduction

Epiphytic bryophytes are an important component of
tropical rain forests and play a significant role in the water
balance (Pécs, 1976, 1980; Veneklaas and Van Ek, 1990). They
also have a significant capability of nutrient retention (Nad-
karni, 1986; Hofstede et al., 1993), affecting nutrient cycling
within forests (Coxson, 1991). Furthermore, they provide
shelter for numerous small invertebrates (Gradstein, 1992).

In contrast to vascular epiphytes, epiphytic bryo-
phytes are more diverse particular at the higher elevations
(Wolf, 1994; Freiberg and Freiberg, 2000). Besides the diver-
sity, the epiphytic bryophytes’ biomass also changes with
altitude in tropical regions (Wolf, 1994), but only few com-

* Corresponding author.
Email address: sahut.c@psu.ac.th

parative studies had been reported and mostly focused on
montane forests (Edwards and Grubb, 1977; Pocs, 1980; Nad-
karni, 1984; Veneklaas et al., 1990; Coxson, 1991; Hofstede
et al., 1993). Data on biomass of epiphytic bryophytes in
tropical lowland forests are scarce. Moreover, the ecological
data on the bryophyte vegetation of tropical forest is rather
few.

Southern Thailand lies between the latitudes of ap-
proximately 6° and 10° N, extending south through the Kra
Isthmus to the Thailand-Malaysia border, forming a narrow
peninsula flanked by the Gulf of Thailand in the east and the
Andaman Sea in the west (Figure 1). Topographically, there
are three main mountain ranges running through the length
ofthe peninsula, the Phuket, the Nakhon Si Thammarat, and
the Sankalakhiri Range (Smitinand, 1989).

According to the Koppen-Geiger classification of
climatic regions (Kottek et al., 2006), the general climate of
southern Thailand is equatorial monsoon (Am) climate, with
mean rainfall of the driest month less than 100 mm and mean



626

S. Chantanaorrapint & J. P. Frahm / Songklanakarin J. Sci. Technol. 33 (6), 625-632,2011

Lokl plogr o bl
Southern Thailand
£ -
: > Thaland 3
#
e
P ; ;
. o
: §§ Khao Nari NP 5
B 7 400 - 1,300 m i
,-F“?;l + Khao Luang NP
ol Y 400 - 1,500 m
s 4
& L y
: o
' :i”‘."
; »
b 82, 9
: ¢ i
P X =P .
EI o A
- "‘*i_
Tarutao Island - }_
25-700m ’ -
A
4 @ 40 80 Fuerrerten
E g
- L gl 0T oa ]

Figure 1. Map of southern Thailand showing the study sites

temperature of the coldest month above 18°C. The region is
under the influence of the southwest and northwest
monsoons, which create two distinct seasons, wet and dry.
The dry season is observed during December/January-
February/March (2-3 months), normally with rainfall less than
100 mm per month. The rainy season occurs during March/
April-October/November (8-10 months), when it rains most
days and the air is humid. The average annual rainfall is
normally above 2,000 mm.

Temperatures vary considerably with the season,
latitude, and elevation. The monthly average maximum and
minimum daily temperatures in the foothills range from 22°C
to 35°C. The day temperatures can reach nearly 40°C on
sunny days, whereas at night and early morning air tempera-
tures may drop to 18°C. The lowest temperatures are usually
recorded in January and February, while the highest tempera-
tures usually occur in March and April.

The vegetation in southern Thailand consists of
several forest types (Whitmore, 1990; Maxwell, 2004): tropical
lowland rain forest, tropical montane forest, heath forest,
forest over limestone, beach vegetation, mangrove forest,
brackish-water forest, peat swamp forest, and fresh-water
swamp forest.

According to Whitmore (1990), forest types in south-
ern Thailand are mostly tropical lowland and lower montane
forests. The tropical lowland evergreen forest is dominated
by member of the family Dipterocarpaceae, e.g. Diptero-
carpus kerrii King, Shorea curtisii Dyer ex King and S.
roxburghii G. Don. The species composition of lower
montane forest varies locally; it is usually dominated by
Dacrydium elatum (Roxb.) Wall. ex Hook. (Podocarpaceac);
Lithocarpus spp., Quercus spp. (Fagaceae); Schima walli-
chii (DC.) Korth. (Theaceae); Rhododendron spp., and
Vaccinium spp. (Ericaceae).
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Unfortunately, the lowland forest has been widely
disturbed by human activities over the last 30-40 years, and
much has been transformed to various agricultural usages,
such as rubber and oil palm plantations. Currently, the only
undisturbed forests can be found in the mountainous regions
where agriculture is not economically viable. It is estimated
that approximately 25% of the land is under forest cover,
including forest plantations (Maxwell, 2004).

The aim of the study was to determine and to compare
the biomass of the epiphytic bryophytes along altitudinal
gradients from lowland to lower montane forests. It was try-
ing to investigate whether the phenomena of the increasing
of the biomass of bryophytes along the increasing of the
altitudinal gradient would happen in the tropical forest in
Southern Thailand. In addition, measurements of air tempera-
ture, relative humidity and the pH of the bark of host trees,
together with determinations of the water storing capacity of
epiphytic bryophytes and estimations of the biomass and
water storing capacity per hectare were undertaken.

2. Materials and Methods

The field work was carried out on three altitudinal
transects of the tropical forests in different geographical
localities in southern Thailand (Figure 1), i.e. Tarutao National
Park, 30-700 m above sea level (a.s.l.), aremote island on the
west coast, work conducted from April to May and again in
December 2008; Khao Nan National Park, 400-1,300 m a.s.1.,
on the mainland peninsula, with work conducted from Febru-
aryto March 2009, and Khao Luang National Park, 400-1,500
m a.s.l., on the mainland peninsula and fieldwork carried out
from March to May 2009.

The seventeen plots of 0.25 hectare (5050 m) were
obtained at approximately 200 m altitudinal intervals, along
these three transects through the gradient of plant commu-
nity types from lowland to montane forests. The study plots
were selected in only homogenous forest sites in order to
obtain a good base for the comparison. Each study site was
located within the site of the least disturbed. Following
parameters were determined along those transects as outlined
in the sections below.

2.1 Microclimate recording

Microclimatic measurements were performed in dry
season. At each site, a data logger (HOBO pro V2 RH/Temp,
Onset) had recorded the air temperature (°C) and the relative
air humidity (%RH) in 10 minute intervals. The data were pro-
grammed and read by the software: HOBOware Pro (Onset
Hoboware Pro, software for hobo data loggers & devices,
Version 2.6). These loggers work within the range of -40°C to
+70°C (£0.2°C for values between 0°C and 50°C) and 0-100%
relative humidity (RH) (£2.5% from 10 to 90% typical, to a
maximum of +£3.5%). The data loggers were placed at 1.5 m
above the ground at each study site. Though time of registra-
tion was only 1-3 weeks per site, the small seasonal variations
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in temperature and relative humidity had permitted a good
impression of a daily pattern.

2.2 Bark pH of host trees

The bark pH of 15-20 trees, where bryophyte collec-
tions had been taken, was measured per study site. Pieces
of bark had oven-dried at 70°C for 48 hours, then pulverized
and diluted in distilled water (1:10, sample:water), after shack-
ing for an hour, the dilution of bark pieces had been pH-
measured with a Suntax sp-700 pH meter.

2.3 Biomass and water storage

In each study site, the number of phorophytes had
been counted within an area of 10x10 m’. Their girths were
measured at 1.5 m from the ground. Bark surface areas had
been calculated at the height of 2 m (basal part of tree trunk
only and assumed as a taper cylinder), hence, the calculation
of the surface areas of tree base/hectare. Fresh and dry
weight of epiphytic bryophytes on half a square meter was
taken from a tree trunk between 0.5 and 2 m height. Bryo-
phytes had been removed from the bark by a knife around
the tree base. In general, three different trees per plot were
studied.

Concerning the calculations, the mean value was used.
Each sample was packed in a plastic bag and saturated with
water. Afterwards, they were left for half an hour on a wire
net until the excess water trickled down. Then, they were
weighed on a digital balance before drying at 60°C for 48
hours in a hot air oven and, then, weighed again. Therefore,
the water storage capacity of the epiphytic bryophytes could
be calculated.

Furthermore, total epiphytic biomass in the study sites
were estimated from the weighed sample by multiplying with
the number of phorophytes and trunk surface areas. This
gave an estimation of the biomass (kg dry weight/ha) or
storage capacity of water (I/ha) and thus a comparison of the
ecological function of the epiphytic bryophytes in different
elevations of the rainforests. In this way, a rough approxima-
tion was obtained.

Biomass in the study was defined as the weight of
living plants, excluding accumulated suspended organic soil.
Parts of plants were assumed to be living whenever they
were recognizable as plant structures and included brownish
bryophyte bases.

3. Results and Discussion
3.1 Air temperature and relative humidity

The daily temperature and relative humidity fluctua-
tion of the 17 study plots along three transects were recorded
as 10 minutes interval readings. The mean, maximum, and
minimum air temperature and relative humidity of each study
sites are summarized in Table 1.
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Table 1. Results of microclimatic measurements at 17 study plots along three transects
in southern Thailand. T = temperature (°C), RH=relative humidity (%).

Study Site mean Tmin Tmax RHmean RHmin RHmax
Tarutao Island
25m 2534 23.04 27.85 86.00 70.28 95.57
250m 24.76 22.85 2751 86.54 73.56 97.26
500m 2.11 20.37 26.70 92.72 72.93 99.52
700m 21.36 19.60 26.55 94.44 7271 100.00
Khao Nan National Park
400m 23.95 21.68 27.83 85.26 59.64 98.83
600m 22.76 20.34 26.65 87.44 58.81 99.86
800m 21.17 18.79 25.65 91.57 68.75 100.00
1,000m 20.44 17.89 24.27 91.09 61.80 100.00
1,200m 19.05 16.49 22.97 93.15 71.91 99.21
1,300m 18.31 13.93 24.97 94.78 69.93 100.00
Khao Luang National Park
400m 24.36 19.51 28.82 90.12 61.96 100.00
600m 23.83 18.84 27.85 87.5 61.93 100.00
800m 22.36 18.37 25.50 89.78 58.13 100.00
1,000m 21.46 17.20 24.10 91.17 55.75 100.00
1,200m 20.06 16.11 23.18 90.64 61.89 100.00
1,400m 18.91 15.27 21.56 92.09 60.39 100.00
1,500m 18.93 14.24 24.65 92.65 63.63 100.00

Along the Tarutao Island transect in four different
elevations, mean annual temperature at the lowest altitude
was 25.34°C and at the highest altitude was 21.36°C. For the
entire transect, the mean temperature decrease with any
increasing altitude was about 0.57°C per 100 m. The relative
air humidity values varied between 70% and 100%. The mean
relative humidity was increased according to the higher
altitude from 86% at 25 m to 94% at 700 m. The highest fluc-
tuation of climatic data occurred at the highest altitude and
was at the lowest point at the middle altitude.

Measurements were taken along Khao Nan National
Park transect at six different elevations. The highest mean
temperature value was recorded at the lowest altitude with
23.95°C. The lowest mean temperature value about 18.3°C
was recorded at the highest altitude. For the entire transect
the mean temperature decrease with any increasing altitude
was about 0.63°C per 100 m. The relative air humidity values
varied widely between 59% and 100%. The mean relative
humidity was increased with the altitude from 85.26% at
400 m to 94.78% at 1,300 m. The highest fluctuation of the
climatic data occurred at the highest altitude and the lowest
one occurred at the middle altitude.

Within Khao Luang National Park transect, the clima-
tic data were recorded in seven different altitudes. The mean
annual temperature at a lower boundary of this transect was
about 24.36°C. The temperature decrease with altitude was
lower than 0.6°C in different altitudinal site. The relative air

humidity values varied between 56% and 100%. The mean
relative humidity increased according to the altitude, from
87.5% at 600 m above sea level to 92.65% at 1,500 m above
sea level. The highest fluctuations of the climatic data
occurred at the highest altitude.

During daytime the lowest temperature and the high-
est relative humidity values were generally recorded at the
highest point of the transect. Accordingly, at higher altitudes,
between 1,000 and 1,500 m (700 m in the Tarutao transect)
there was regular fog or cloud immersion during early morning
hours and during late afternoons. This cloud may reduce
a large amount of solar radiation. This reduction in solar
radiation might reduce the air temperature. This might explain
the fact of low temperature and high humidity in the high
altitude.

Day climate diagrams of the 17 study plots along three
transects are shown in Figure 2 to 4. The general pattern of the
day climate was as follows: the temperature increases quickly
at dawn. The relative humidity decreases simultaneously.
Highest temperatures were recorded during the first hour
in the afternoon. Late in the afternoon, the temperature
commenced to decrease again. The cooling was rather quick
after sunset for an hour and the temperature decreased slowly
afterwards during the rest of the night. The lowest tempera-
tures were recorded during the early morning before sunrise.
In contrast to the temperature, the highest relative humidity
values were recorded in the early morning, while the lowest
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Figure 2. The daily course of temperature (dash line, °C) and rela-
tive humidity (dark line, %) at different altitudes from
25 to 700 m, Tarutao Island, based on 10 minute interval
readings during 6 day.
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Figure 3. The daily course of temperature (dash line, °C) and rela-
tive humidity (dark line, %) at different altitudes from
400 to 1,300 m, Khao Nan National Park, based on 10
minute interval readings during 21 day.
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relative humidity values were recorded in the afternoon. This
pattern could be interrupted by the rain-fall and the wind.

3.2 Bark pH of host trees

Temp (°C)

Temp (°C)
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In the present study, bark pH was measured only once
per each tree. The seasonal variations, tree ages, as well as
particular tree species were not taken into account. The bark
pH values of host trees at different altitude sites along the
three transects are presented in Table 2.
Tree bark pH varied considerably at a given altitude
site (Figure 5) ranged between 3.19 and 6.27. This has shown
arange of an acidic condition. This finding agreed well with
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Figure 4. The daily course of temperature (dash line, °C) and rela-

tive humidity (dark line, %) at different altitudes from
400 to 1,500 m, Khao Luang National Park, based on 10

minute interval readings during 14 day.
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Tree Tarutao Island Khao Nan National Park Khao Luang National Park

No- 25 250 500 700 400 600 800 1000 1200 1310 400 600 800 1000 1200 1400 1500
1 486 432 535 453 460 561 564 441 431 380 583 488 587 582 443 504 445
2 475 494 524 467 526 627 480 465 387 331 520 600 463 422 538 401 430
3 514 610 530 481 528 457 450 379 431 319 521 465 491 542 432 420 441
4 525 534 513 443 588 583 478 364 422 324 556 438 610 390 412 494 497
5 535 579 542 498 554 575 487 450 437 374 500 601 530 441 494 403 449
6 587 498 521 508 584 558 463 447 441 325 553 495 469 364 491 355 393
7 502 543 489 522 536 487 458 420 381 437 548 616 525 447 452 528 438
8 489 520 475 500 500 497 501 404 467 365 461 367 531 469 471 441 434
9 584 562 492 532 572 499 587 328 452 408 503 393 536 461 375 433 521
10 611 564 495 45 578 565 503 380 435 400 514 403 523 602 430 381 513
11 521 533 508 479 625 578 488 405 480 512 616 380 560 434 497 538 432
12 532 554 546 468 574 550 441 418 540 392 476 513 525 599 470 438 441
13 498 615 481 543 554 504 498 429 463 338 411 532 566 549 598 493 395
14 556 567 472 498 562 58 622 499 472 427 515 536 523 441 462 430 445
15 573 554 496 442 563 513 501 523 463 460 572 475 441 572 560 380 438
6 604 - 487 433 524 456 536 414 461 381 573 522 571 503 533 434 4%
17 562 - 410 469 533 546 437 459 381 329 - - - - - - -
18 59 - 510 417 624 577 422 403 546 350 - - - - - - -
19 58 - 554 485 - 550 563 490 470 496 - - - - - - -
20 485 - 486 465 - 591 499 445 457 419 - - - - - - -

many previous reports from tropical forests e.g. Amazonian
lowlands (Lisboa, 1976), Mt. Kinabalu, Borneo (Frahm, 1990),
Colombian montane forest (Wolf, 1993a), Mt. Kahuzi, Zaire
(Frahm, 1994), and Costa Rican montane oak forest (Holz and
Gradstein, 2005).

It is to be noticed that in the temperate forests, a cor-
relation between bark pH and community of epiphytic
bryophytes had been documented. As community studies
have shown that composition of species depends on differ-
ences in bark pH (e.g. Barkman, 1958; Mezaka and Znotioa,
2006).
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Figure 5. Correlation between values of bark pH and altitude of host tree, shown a negative correlation (r = -0.635; p < 0.05).
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dust, salt spray and rainfall could also affect a value of bark
pH.

3.3 Biomass of epiphytic bryophytes

The determination of the biomass of epiphytic bryo-
phytes per surface area of a tree trunk (g/m’) and the calcu-
lations of the total biomass per hectare (kg/ha) at different
elevations along the three transects are shown in Table 3. The
dry weight of epiphytic bryophytes per unit surface area of
tree trunk at different altitude, ranged from 1.15 to 199.07
g/m’. They were usually less than 20 g/m” in lower elevations
(25-1,000 m), and suddenly increased to 60-199 g/m” at above
1000 m. The dry weight of epiphytic bryophytes per hectare
at different altitude, ranged from 2.4 to 620 kg. This is about
300 times from the lowland tropical rain forest to the lower
montane forest.

The result showed that the biomass of epiphytic
bryophytes increased with higher altitudes from lowland to
montane forests at all transects. Generally, this result agree
with the quantitative measurements of the bryophyte abun-
dance in the forest understory along altitudinal gradients in
many places, e.g. Peru (Frahm, 1987), Borneo (Frahm, 1990),
Colombia (Wolf, 1993b) and Zaire (Frahm, 1994). The biomass
of bryophytes was rather low in the lowland forest. This
might be owing to the microclimatic conditions that did not
allow sufficient a net photosynthesis (Frahm, 1987). Field
studies show that lowland bryophytes have high respiration

631

rates at night, due to high temperatures (Zotz, 1999). High
biomass values of bryophyte in montane forest have been
attributed to the amount of rainfall more than 100 mm per
month and to foggy conditions (Pocs, 1980). Moreover, at
higher altitudes, the trees are more densely and equally cover
with epiphytic bryophytes (Frahm, 1994).

3.4 Water storage capacity

The determination of the water storage capacity of
epiphytic bryophytes at different elevations along three
transects were presented in Table 3. The water storage of
bryophyte could be distinguished in terms of retention water
and interception water, i.e. the retention water is the water
stored by the plants and the interception water is the water
kept in droplets between individual plants, which could be
removed by shaking the bryophyte samples. In the present
study, the water storage capacity had been determined by
measuring the wet weight (when water is saturated) of the
bryophytes. In this way, it was difficult to separate the reten-
tion and interception water. The wet weight of the epiphytic
bryophytes was 2.2 to 3.4 times as much as the dry weight.

It is similar to the biomass, water storage capacity
increased from lowland to montane forests in all transects.
The water storage in lowland forest was about 4 1/ha. They
ranged between 4 and 10 1/ha in the lowland forest, between
60 and 100 I/ha in sub-montane forest, and 200 and 1,500 1/ha
in the montane forest.

Table 3. Biomass (g viz. kg/m’) dry and wet weight and water storage capacity (1/ha) of epiphytic bryophytes along

altitudinal gradients in Southern Thailand.

Study site dry weight  wetweight  wet/dry  surface area of dryweight wetweight water storage
(g/m’) (g/m’) weight tree (m*/ha) (kg/ha) (kg/ha) (/ha)
Tarutao Island
25m 1.15 2.83 2.46 2276 2.62 6.44 3.82
250m 1.19 292 245 2034 242 593 3.51
500m 5.25 16.28 3.10 3074 16.14 50.03 33.89
700m 18.78 56.34 3.00 2376 44.62 133.86 89.24
Khao Nan National Park
400m 2.37 5.26 222 1495 3.54 7.87 432
600m 449 10.19 227 1766 7.93 18.00 10.07
800m 543 13.35 246 2856 15.50 38.13 39.32
1,000m 11.08 30.69 2.77 3100 34.35 95.14 60.80
1,200m 73.85 23041 3.12 3093 22842 712.66 484.25
1,300m 199.07 682.81 343 3115 620.10 2,126.95 1,506.85
Khao Luang National Park
400m 1.95 4.10 2.10 2010 3.92 823 431
600m 2.65 6.15 2.32 2192 5.81 13.48 7.67
800m 2.80 6.16 2.20 1886 5.28 11.62 6.34
1,000m 1831 54.93 3.00 2986 54.67 164.02 109.35
1,200m 61.87 205.88 333 1872 115.82 385.40 269.58
1,400m 158.48 537.25 3.39 2368 375.28 1,272.20 896.92
1,500m 145.94 481.60 3.30 4152 605.94 1,999.61 1,393.67
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It is considered that different life forms of bryophytes
were able to store different amounts of interception water.
Cushions had a high one, while fans have almost no inter-
ception water. Furthermore, water storage of bryophytes was
also affected by their morphological and anatomical charac-
ters. According to Frahm (1990), the epiphytic bryophytes
could retain the water up to 2,760 I/ha in the forest line. Pocs
(1980) found that the epiphytic biomass (include vascular
and non vascular) can retain the water up to 15,000 1/ha in
sub-montane rain forest and even 50,000 I/ha in a mossy
forest. However, it is to be concerned here that the differen-
tiation of biomass and water capacity are strongly affected
by many factors in general, such as sampling method, forest
structure, elevation, climate (annual rainfall, air temperature,
and air humidity), and others.

Acknowledgements

The authors would like to thank O. Thaithong and K.
Sridith for their valuable comments on the first draft of the
manuscript. Sincerely thank also to the anonymous readers
who reviewed this manuscript. This work was supported by
TRF/BIOTEC Special Program for Biodiversity Research and
Training grant BRT R352012.

References

Barkman, J.J. 1958. Phytosociology and ecology of crypto-
gamic epiphytes. Van Gorcum, Assen, the Netherlands.

Coxson, D.S. 1991. Nutrient release from epiphytic bryophytes
in a tropical montane rain forest (Guadeloupe). Canada
Journal of Botany. 69, 2122-2129.

Edwards, PJ. and Grubb, P.J. 1977. Studies of mineral cycling
in a montane rain forest in New Guinea. I. The distri-
bution of organic matter in the vegetation and soil.
Journal of Ecology. 65, 943-969.

Frahm, J.-P. 1987. Okologische Studien iiber die epiphytische
Moosvegetation in Regenwildern NO Perus. Nova
Hedwigia, Beiheft. 8, 143-158.

Frahm, J.-P. 1990. The ecology of epiphytic bryophytes on
Mt. Kinabalu, Sabah (Malaysia). Nova Hedwigia. 51,
121-132.

Frahm, J.-P. 1994. The ecology of epiphytic bryophytes on
Mt. Kahuzi (Zaire). Tropical Bryology. 9, 137-152.

Freiberg, M and Freiberg, E. 2000. Epiphyte diversity and
biomass in the canopy of lowland and montane forests
in Ecuador. Journal of Tropical Ecology. 16, 673-688.

Gradstein, S.R. 1992. The vanishing tropical rain forest as
an environment for bryophytes and lichens. In Bryo-
phytes and lichens in a changing environment, J.W.
Bates and A.W. Farmer, editors. Oxford University
Press, New York, U.S.A., pp. 234-258.

Hofstede, R.GM., Wolf, J.H.D. and Benzing, D.H. 1993.
Epiphyte biomass and nutrient status of a Colombian
upper montane rain forest. Selbyana. 14, 37-45.

S. Chantanaorrapint & J. P. Frahm / Songklanakarin J. Sci. Technol. 33 (6), 625-632,2011

Holz, I. and Gradstein, S.R. 2005. Cryptogamic epiphytes in
primary and recovering upper montane oak forests of
Costa Rica — species richness, community composi-
tion and ecology. Plant Ecology. 178, 547-560.

Kottek, M., Grieser, J., Beck, C., Rudolf, B. and Rubel, F. 2006.
World map of the Kdppen—Geiger climate classifica-
tion. Meteorologische Zeitschrift. 15,259-263.

Lisboa, R.C. 1976. Estudos sobre a vegetacao das campinas
amazonicas. V. Brioecologia de una campina amazo-
nica. Acta Amazonica. 6, 171-191.

Maxwell, J.F. 2004. A synopsis of the vegetation of Thailand.
The Natural History Journal of Chulalongkorn Univer-
sity. 4, 19-29.

Mezaka, A. and Znotioa, V. 2006. Epiphytic bryophytes in
old growth forests of slopes, screes and ravines in
north - west Latvia. Acta Universitatis Latviensis. 710,
103-116.

Nadkarni, N.M. 1984. Epiphytic biomass and nutrient capital
of aneotropical elfin forest. Biotropica. 16,249-256.

Pocs, T. 1974. The role of the epiphytic vegetation in the
water balance and humus production of the rain
forests of Uluguru Mountains, East Africa. Biossiera.
24,499-503

Pocs, T. 1980. The epiphytic biomass and its effect on the
water balance of two rain forest types in Uluguru
Mountains (Tanzania, East Africa). Acta Botanica
Academiae Scientiarum Hungaricae. 26, 143-167.

Smitinand, T. 1989. Thailand. In Floristic inventory of tropical
countries, D.C. Cambell and H.D. Hammond, editor.
New York Botanical Garden, Bronx, New York, U.S.A.,
pp. 65-82.

Veneklaas, E. and Van Ek, R. 1990. Rainfall interception in
two tropical montane rain forests, Colombia. Hydro-
logical Processes. 4, 311-326.

Veneklaas, E., Zagt, R., Van Leerdam, A., Van Ek, R., Broek-
hoven, G. and Van Genderen, M. 1990. Hydrological
properties of the epiphyte mass of a montane tropical
rain forest, Colombia. Vegetatio. 89, 183-192.

Whitmore, T.C. 1990. Tropical rain forests of the Far East,
2nd edition. Clarendon Press, Oxford, U.S.A.

Wolf, J.H.D. 1993a. Epiphyte communities of tropical montane
rain forests in the northern Andes. II. Upper montane
communities. Phytocoenologia. 22, 53-103.

Wolf, J.H.D. 1993b. Diversity patterns and biomass of epi-
phytic bryophytes and lichens along an altitudinal
gradient in the northern Andes. Annals of the Mis-
souri Botanical Garden. 80, 928-960.

Wolf, J.H.D. 1994. Factors controlling the distribution of
vascular and nonvascular epiphytes in the northern
Andes. Vegetatio. 112, 15-28.

Zotz, G. 1999. Altitudinal changes in diversity and abundance
of non-vascular epiphytes in the tropics — an ecologi-
cal explanation. Selbyana. 20, 256-260.



