CHAPTER 6

DISCUSSION AND CONCLUSION

Explorations and collections of bryophytes at the summit of Khao Luang, Hual
Yang Waterfall National Park_Prachuap Khiri Khan Province, had been conducted
from May 1999 tg July 2002. Five hundred and seventy-five numbers were collected.
They were sorted into 81 species, 50 genera and 26 families. Of these, only one
species of hornwort were found. Forty-two species, 29 genera and 14 families of
Pos_sl_es were collected. While Tiverworts included 38 species in 20 genera and 11
amilies.

6.1 Habitat and Diversity of Bryophytes
. It 'is found that bryophytes in the study area thrive in two main habitats, i..
epiphytes and terrestrial.” Among 81 species, the mast common brg_ophyt_es Wwere

epi hg/lte é414 species). A summary of bryophyte diversity and their habitats is shown
in Table 6.1,

Table 6.1 Bryophyte diversity and habitats,

Groups of bryophytes / Habitat ,
Epiphyte Terrestrial ~ Epiphyte and Terrestrial
Homworts 0 1 0
Liverworts 3l 3 4
Mosses 13 23 0
Total 4 21 10

6.L1 Epiphytes

o Egip?hytes are ysually found on tree trunks and branches. They may be
subdivided into corticolous (Ion the Ilvm(r; bark of tree or shrub), ramicolous gon
branches and 1W|%f) eplphivl ous (on leaf surfaces) and lignicolous Qon the rotten
logs) (Gradstein & Poes, 1989). Most epiphytic br oghytes in the study area are
corticolous, except Leptolejeunea epiphyllus (Mm.y teph. and Lejeunea wightii
Lindenb. The first one is epiphyllous. whilst the ‘later is an epiphyte on” other
bryophytes. . . . o
Corticolous eplghytes may hecome lignocolous when the tree dies. with
ages. Such species included Bazzania apEendlcuIata (Mitt) . Hatt., Beizzcmia tridens
Eemw., Blume et Nees) Trev., Leucobryum javénse (Brid) Mitt, and

ctoblepharum albicum Hedw. _ , _ o
... Generally, the base of tree trunk is the richest in bryophytes diversity,

since it is always shaded and the humidity in this microhabitat is consistently high.

6.1.2 Terrest_rlfll
... Terrestrial bryophytes usually grow on the forest floor. They may be
subdivided into terricolous Species (grow on soil) and rupicolous species (grow. on
rocks and concrete? (Gradstein & Poes, 1989). On the forest floor, where there is a
layer of leaf litter, few bryophytes are observed. Along forest trail and on earth banks,
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where there is some light, terricolous species may grow. Leucobryumjavense (Brid.)
Mitt, and Pyrrhobryunt spiniforme (Heclw.) Mitt, aré commonly séen in thick mats on
the soil surface along shaded forest paths. Occasionally, they may also grow on
decayed logs and on tree trunks. Usually most Dicranaceae grow on open-ground.
Other terricolous species are found in shading area.

6.2 Species composition and sub-habitats

It was observed that species compositions of each 4 sub-habitats are also
varied. (Table 6.2). , , , .
~6.2.1 Humus rocks and grassland in open field (HR), with low humidity and
direct light, 9 species of hryophytes were found in this area (Table 6.2). Terréstrial
mosses, Including 7 species restricted to this area, viz. Bryum coronatum Schwa%r.,
Campylopodium meditm %)_uby) Giese & J.-P. Frahm, Carpylopus ericoides (Griff.)
Jaeg..” Campylopus sp., Dicranella coarctata (C. Mill) Bosch & Sande Lac,
Hyophila involuta (Hook.) Jeag. and Microdus miguelianus. (Mont,) Besch
Léucobryum javense (Brid.) Mitt, and Rhodrobryum ontariense (Kindb.) Kindb. can
be found in Other subhabitats. In this subhabitat,” Campylopus ericoides (Griff.) Jaeg.
s a dominant species but Microdus miguelianus (Mon Y Besch. is only once found in
just one small group. N N _
_.6.22 Small stream area ( ), which is high in air humidity as well as soil
humldl% Light on the forest floor in this area ranging from partial shade to deep
shade. Most Species grow on rock along stream banks, 5 species of bryophytes are
restricted to th,ls,t%/pe of habitat, i.e. Distichophyllum nigricaule Mitt, ex Bosch. &
Sande Lac., Distic thyIIum schmidtii Broth., DUmortiera nepalensis gaylor) Nees,
Fissidens javanicus Fleisch. and Megaceros flagellaris (l\/l|tt.E_Steph. OWever, two
Species nam,erlry Heteroscy?hus argutus (Reinw. et al.) Schiffn. and H. coalitus
(HookJ Schiffn. can be found In other sub-habitat (Table 6.2). Each species
mentioned above, is usually found in small %rou . _ _
6.2.3 The valley arid hill slope with tree more than 15 m tall (V/S), this area is
moderate in humidity and shade. Also, this is the main sub-habitat of the study site,
composing 2 groups of bryophytes. The first group is %rowmg on humus rocks, while
the latter IS ?rowm_g on trée trunk, especially on base of tree trunk (Table 6.2). Among
34 terrestrial_species, 24 are specific to this habitat. It was observed that Fissidens
R?gorlte)nhﬂ%_{:ltelsch. is rare in this area. While the genus Plagiochila is common in
IS sub-habitat,
.. 6.24 The summit with small trees ca. 8-10 m tall with looses canopy (SM), it
Is high hum|d|t%/ area. This sub-habitat is the richest diversity of bryophytes, trees are
covered throughout by bryophytes. _For&v-elgh_t species were collected from this sub-
habitat, of theSe 35 species are restricted to this habitat (Table 6.2). It was found that
Bazzania appendiculate is a common species. While, Frullania wallichiana Mitt, and
Pleurozia gigantea (F. Weber) Lindb., are only once found and just in one small

group.

. It was found that 3 species of b osohytes, namely Heterosgyphus argutus
Reinw. et al.) Schiffn., H. coalitus (Hook.) Schiffn. and Leucobryumjavense (Brid.)

itt are common sPeu_es. They can be found in 3 sub-habitats. The first and the
second species are flaccid bryophytes, usually ﬁrowmg on moist habitat. The last one
15 a robust bryophyte, can be growing on dryer habitat.
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In addition, 13 species of bryophytes were found in common from the valley
and the slope sub-habitat and the summit sub-habitat (Table 6.2). It is observed that
these 2 areas have rather similar ecosystem, such as humidity.

Table 6.2 Bryophytes diversity and sub-habitats.
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Table 6.2 Bryophytes diversity and sub-habitats (continued).
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6.3 Comparison of bryophytes diversity

In Thailand, the continuous surveys and collections of bryophytes in specific
area were_rarely carried out. There is only one area at Sakderat ‘Environmental
Research Station, Nakhon Rachasima Province, which has been thoroughly surveyed
and reported (Sornsamran, 1988). The another one was reported from Ranonﬂ]_(ﬂxwr,
1970). Therefore the comparison of bryoph%t_e diversity with the result from his study
will be made only from these three aréas which quite far away from one another.

6.3.1 Ranong Province o _

, This sife is one of the wettest area in Thailand, the total annual rainfall
is more than 5,000 mm, with only 2-3 dry months. It is similar to the climatic
character as Victoria Point at the southern end of the Mergui Archipelago (Tixier,

1970).

) , Seventy-ne species in 4%qunera from 21 families of b_ryoph%/tes Were
found in Hot Sprm? and. Boon Ya Ban Waterfall. They are classified into 36 species
28 genera and .15 Tamilies of mosses: and 35 species, 15 genera and 6 families of
liverworts (Tixier, 1970). It is found that 7 species of bryophytes from this site were
in common with those at the summit of Khao Luang, Huai Yang Waterfall National
Park. Four of them 4 are mosses, nameIY Bryum coronatum Schwagr, Callicostella
papillata (Mont.) Mitt., Hyophila involutel (Hook.) Jeag. and Octoblepharum albidum
Hedw and three are liverworts, namely Heteroscyfhus argutus (Reinw. et al.
gtchlﬁfn., Leptolejeunea epiphyllus (Mitt.)"Steph., and Lopholejeunea subfusca (Nees

eph,

6.3.2 Sakaerat Environmental Research Station
. This station ranges in elevation from 250 to 752 m above mean sea
level. It is a protected area; veetation consisted of dry evergiree_n forest, di terocarB
forest, mixed deciduous forestand grassland. Average” annual rainfall is 1,000-120
mm and average annual temperature’1s 26 °c, average maximum temperature 37 °C in

March, and average annual relative humidity is 75% (Sornsamran, 1938).

Thirty-nine species in 31 genera from 19 families of bryophytes. were
recorded from this Studies area. Of thesé. 16 species, 16 genera and 13 families of
mosses; and 23 sgemes,, 15 genera and 6 families of liverworts were enumerated
(Sornsomran, 1988). It is found that among 10 species of bryoghytes, there are 3
species of mosses i.e. Callicostella Elaplllata Mont.) Mitt., Octo IePharum albidum
Hedw., Pyrrhobryum  spiniforme (Hedw.) Mitt, and 7 species of liverworts ie.
Bazzania tridens”(Reinw,, Blume et Nees) Trev., Frullania berthoumieui Steph.,
Heteroscyfhus arqutus (Reinw, et al) Schiffn. Heteroscyphus coalitus (Hook.
Schiffn., “Leptolejeunea epiphyllus (Mitt) Steph., Lopholejeunea subfusca (Nees
Steph... from this Site were in'common with the result from the present study.

, In addition, 2 sPe_C|es of mosses, i Callicostella PaPnIata ‘Mont.)
Mitt, and Octoblepharum _albidum Hedw. and 3 s'oemes of liverworts, I,
Heteroscyphus arPutus (Reinw. et al) Schiffn., Leptolejeunea epiphyllus (Mitt.)
Steph. and Lopholejeunea subfusca (Nees) Steph. were found in commion from the
three study sites. They are common species occur throu%hout the country from

lowland forest to upper montane forest The comparison of bryophyte diversity of
these three studied sites is shown in Table 6.3.
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Table 6.3 Diversity of Bryophytes from 3 studied sites.

Studied site . Diversity of Bryophytes

_ ~ Family Genus Species
The summit of Khao Luang, Huai 26 50 6l
Yang Waterfall National Park
Ranong Province il 43 Ji!
Sakaerat Enviromental Research 19 3l 39
Station,  Nakhon  Rachasima

Province

. It was found that, bryophyte diversity at the summit of Huai Yang Waterfall
National Park and Ranong “Province were “over 70 species as compared with the
Sakaerat Environmental Research Station. These differences probably due to the
ecosystem diversity of the 3 studied sites, such as forest type and precipitation. The
low number of bryophyte species at Sakaerat Environmental Research Station ma_)( n
art due to the dry habitats of dltheroc_arp forest and grassland, whilst the summit of
hao Luang, Huai Yang Waterfall National Park and Ranong Province are the area of
high humidity all the year round. However, it was found that, bryophyte diversity at
the summit of Huai Yang Waterfall National Park and Ranong Province were also
difference in most of species. Therefore, the type of forests, the altitude and ?ossml?;
the porophyte may causes the difference in species diversity. It can be noted the hig
altitude and the Till evergreen forest of the summit of 'Khao Luang, Huai Yang
Waterfall National Park aré suitable site for bryophyte life.

6.4 Phytogeography and Distribution

From the literature reviews, bryophyte flora of Thailand can be divided into
two floristic regions, i.e. the Sino-Himalayan in the north and northeast, and the
Malayan In the” southwest and peninsula é(/ltagawa, 1967; Touw, . 1968; Noguchi,
19737 Inoue, 1974; He, 1997). Huai Yang Waterfall National Park is located on the
southwestern floristic region 0f Thailand. "It was found that more than 30 species are
commonlﬁ distributed in southeast Asia and tropical Asia, such as Bazzania tridens
Reinw., Blume et Nees) Trev., Bryum coronation Schwagr., Campylopodium medium
Duby) Giese & J.-P." Frahm., Campylopus ericoides {Grn‘f. Jaeg., Dicranella
coarctata (C, Mull.) Bosch & Sande Lac. Frullania apiculata fRemvv_. etal.) Dumort,,
F. berthoumieui Steph., Heteroscyphus argutus (Reinw. et al.) Schiffn.,, H. coalitus
(Flook.) Schiffn. etc. o o

It was alsp noted that 2 species, i.e. Hyophila involuta (Hook.) Jeag. and
Lopholejeunea subfusca (Nees) Steph. are those belonqed to the widely’ distributed
speC{es a%oun(% the world, from'the tropical to subtropical and lowland forrest to upper
montang_forest.

Of the 81 recorded species; two sRlecies, namely PIa?iochiIa avemica g
Dumort, and Symphyogynopsis filicum (Nacleaud) Grolle (Inoue, 1969; Grolle
Piipo, 1986) aré distributed. m Malaysia, Indonesia, Papua New Guinea, Tahiti and
Fiji . (Malesian Element). Likewise, Plagiochila microdonta Mitt, which occurs in
Thailand is also found in Malaysia and C&ylon (Inoue, 1979).
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It seems_likely that the summit of Huai Yang Waterfall National Park may be
the meeting i)omt of bryophytes from Sino-Himalayan and the Malayan elements,
Geagraphically speaking; thisarea is the transitional frontier between the northern and
Eenlnsular Thailand as well as between the Sino-Himalayan and the Malayan reglons.

urthermore, it should be noted that the transitional composition of bryophytes of
Huai Yang Waterfall National Park is also agree with those of ptendoBhXtes (Yuyen
& Boonkerd, 2002) and Orchidaceae (Chantanaorrapint & Thaithiong, 2002).

6.5 Plants indicator

Most species found in this research are common species inhabiting hill
evergreen forests at altitude more than 1,000 m above sea level. Thus, one can use
bryophytes as an indicator of this forest type. For instance, amongP8l Species, two are
eaSily “recognizable by their Iaré;e gametophytes, namely "Pleurozia. g|gant_ea
F. Weber) Lindp. (Fig. 5.106) and Rhodrobryum ontariensé (Kindh.) Kindh. (Fig.
84). Other species can also be used but with more effort.

6.6 The most common bryophytes

The most common bryophytes in this investigation were observed in three
moss families, i.e. Hypopterygiacede, Hookeriaceae, and Dicranaceae. These families
represent 6, 5, and 5 sRemes, respectwel?/. While three families of liverworts, namel
Lejeuneaceae, Plagiochilaceae, and Frullaniaceae are common. They include 11, 7
and 5 species resP]ecnver. This finding agrees with previous studies (Mohamed &
Robinson, 1991) that Hypopterygiaceae and Hookeriaceae are hill evergreen familjes.
Forliverworts, Legeuneaceae and Plagiochilaceae are common families in tropical
region (Schuster, 1980).

6.7 The rare species

Most bryophytes inv_est_igated were found cor_nmon}lé/ or abundantly in the area
except 4 species, namely, Fissidens bogoriensis Fleisch., Frullania wallichiana Mitt
and Me%aceros flagellaris (Mitt) Steph. and Symphyogynopsis fdicnm- (Nadeaua]
Grolle, that were fotnd only once in small patch, Phytogeographically, however, these
£ species are widely distributed throughout Southeast Asia-and tropical Asia (Hattort
1974: Twatsuki & Suzuki, 1982: Hasegawa, 1983: Grolle & Piippo, 1986). These 4
species from the study site_confine fror 800 to 2200 m above sea level. It seems that,
physical factor such s moisture may play an important role in their distribution.

6.8 Endemic species

An endemic species to Thailand is also found in the study area, namely Radula
caduca Yamada. It'is an eﬁlphytm species grqowm on tree-trunk, which was
previously collected from Khao Luang in Nakhon SI Thamarat Province, at the
elevation400-1,000 m above sea level (Yamada, 1979).

6.9 New records

From the literature reviews and the results from this study it can be concluded
that there are 11 species which have not been recorded before from Thailand.
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L Aerobryopsis  bdivergens (Broth.) Broth., is found in Japan and Formosa.
It occurs on branches of small tree and shrub. _

2. Fissidens bogorensis Fleisch., is found in Ching, Japan, Indonesia, and
Philippines. This species grows on soil, and found only one small group.
3. Lejeunea discreta Lindenb., is found in India, Nepal, Ceylon, Sumatra,
Java, Borneo, and Molucca, New Guinea, New Caledonia, Japan. It is an

gplphyte on tree trunk o
Plagiochila ciccmthophylla Gottsche subsp. japonica (Sande Lac.). Inoue.,
is found_in Indonesia,” Sumatra, Andaman’ Island, Celebes, Philippines,
Tonkin. This is a I_ocalfy abundant species on the base of tree trunk,
Plaqlochlla javanica (" .) Dumort. is found in Indonesia. This is also a
locally abundant species on the base of tree trunk. ,
Plagiochila microdonta Mitt., is found in Malaysia, Ceylon. It is an
epipnyte on tree branch. | , _ _ ,
lagiochila yokogurensis Steph., is previously found in Japan. This
species oceurs locally on tree trunks in abundance. _ _
|agiochilion oppro_snus (Reinw., Blume et Nees) . Hatt, is found in
China, Sumatra, Taiwan, Japan, India, Madagascar, East Africa, Bourbon
and Hawaii. This species occurs locally on tree trunks in abundance.
9. Rhodobryum ontariense (Kindb.) Kindb,, is found in China, Malaysia,
India and Africa. It occurs locally on humus rocks in abundance.
10. Spruceanthus semirepandus (Nees) Verd., is found in Japan, Formosa,
hing, India, Borneo, Indonesia and Philippines. This species occurs
IocaII%/ in abundance on tree trunk and branch. = _ _
11. Symphyogynopsis filicum. (Nadeaud) Grolle,_is found in Malaysia
Indonesia, Papua New Guinea, Tahiti ‘and Fiji. This species occurs ori soll
or at base of tree trunk.

In addition to the 11 new records, Plagiochilion . Hatt. and Symphyogymopsis
Grolle are new recorded genera for Thailand.

6.10 Problem and suggestion

6.10.1 The taxonamic references on bryophytes are rather inadequate and
Cause ver\( much difficult in identification. _ _

. 6.10.2 Due to the limited time for exploration and collection, many collected
specimens lacking importance morphological characters for identification such as
sporophgltes In mosses and perianthes in liverworts, o

6103 The voucher herbarium specimens to compare are rarely deposited in
Thai Herbarium, A _

6.104 As mast bryophytes are very small, field identification and collection,
can be easily overlooked accasionally. , _

. 6.105 From this investigation it was found that in some Species are more
variable in their morphological™ features than expected. These variations lead to
difficulty in determinaion as was found mthefollowmgsemes. o _
_ _ Bazzania tridens (Reinw., Blume et NeeS) Trev. which is very variable
in: 1) sized of plants less than 2 mm to 3 mm wide With leaves: 2) lateral |eaves
contiguous to imbricate; 3) underleaves wider than long to oblong; 4) underleaves
conndte to lateral leaves ‘or. remote; 58 rows number” of green“cells at base of
underleaves. According to Mizutani (1967), the Himalayan species of Bazzania, are
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divided into 5 species: B. assamica_(Steph.). . Hatt,, B, fleischeri (Steph.% Mizut,
B. tridens (IRemw., Blume et Nees) Trev., B intermedia (Lindenb. et Gottsc e} Trev.
and B. wallichiana (Lindenb.) Trev. Whilst Poes (1969) studied Bazzania of north
E)/let-Nam, and separate this species into 4 varieties: B. tridens var. assamica (Steph.)
0€S, " : L )
B. tridens var. cornutistipusa (Steph.) Poes, B. tridens var oshimensis (Steph.) POCS,
and B. tridens var. tridens. In this study only Bazzania tridens (Reinw., Blume et
Nees) Trev. is adopted. _ , .
Spruceanthuspolymorphic (Sande. Lac.) Verd. is also very variable in:
1) lateral leaf that may be entire, undulate o slightly dentate marc[]m; 2) $hape of leaf-
|obe and underleaf; 3) female bract entire to dentate, obovate to fanceolate; 4) female
bracteole obovate to oblong, emarginate or entire, dentate to entire at margin; 5
perianth usually 5-keel, sometimes with several additional keels. Sornsamran {1988
reported 5 groups of variations, from the specimens at the Sakaerat Environmenta
Research Station. However, from this study, 2 slightly varied groups are also

recognized.

q . In appearance, Thysananthus planus Sande Lac. look like
Mastigolejeunea, particulaly in the entire leaf-lobe and underlaef. However, T. planus
belong to the Thysananthus because of slightly dentate margins of the female’ bracts
and Dracteoles, “and spinose keels of peridnths, It was™ found that the sterile
I\/IasnFoIeJeunea repleta d(Taylor) A, Evans resembles to T. planus in leaf shape and
underfeaf, Hant size and habitat that lead to difficulty in field identification and
cqltlhecnton. ,ttowever, M repleta is easily separated from T. planus by their leaf-lobe
without a vitta.

6.11 Recommendation

6.11.1 Due to this study focused only on the summit of Khao Laun?.
Therefore more exploration should be conducted in other parts of the park in order fo
get more complete data of bryophytes diversity and ecological distributions.

6.11.2' General morphological characters as well as the d|a%nost|c features of
b_r\iophytes should be born in mind before any field trip, that will be of great help in
field identification. o ,

6.11.3 As the study on the bryophytes of this National Park is the second to
those of pteridophytes (Yu>{en & Boonkerd, 2002) and is also show very interesting
information on- transitional vegetations therefore intensive exfoloratlon of other
vascular plants such as gymnosperms and an%uosperms would fulfill the knowledge of
Flora of Huai Yangi National Park which will lead to the proper administration of the
natural resources. 1f so, Huai Yang National Park will be the pioneer and the first
National Park in Thailand that has a complete data of all g{ro_ups of plants. ,

6.11.4 Besides being the transitional zone of vegetations, Khao Laung of Huai
Yang National Park is very important as a source of ater and streams. Tnerefore,
Urgent the tight measures for conservation should be performed.

6.12 Benefit of this research

6.12.1 Giving the basic information for further study on diversity, ecology and
phytogeography of bryophyfes.
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6.12.2 Increasing in number of specimens to the Professor Kasin Suvatabhandu
Herbarium (BCU), Department of Botany, Faculty of Sciences, Chulalongkom

University.
_ 6.%2.3_ Knowledge gzained from this research can be contributed to “Flora of
Thailand Project” in the"part of bryophytes.
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