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Characteristics and Identification of Aureobasidium pullulans
Isolated in Thailand

Hunsa Punnapayak', Sumalee Pichyangkura®, Renoo Thavarorit'
and Montarop Sudhadham’
'Department of Botany, Faculty of Science, Chulalongkorn University, Pathumwan, Bangkok 10330, Thailand
“Department of Microbiology, Faculty of Science, Chulalongkorn University, Pathumwan,
Bangkok 10330, Thailand

Aureobasidium pullulans, a yeast-like fungus, was isolated from nature in Thailand.
Identification was primarily based on their morphology using light microscopy, and scanning and
transmission electron microscopy. Sequencing of the Internal Transcribed Spacer domain of the
rDNA gene was done to confirm the actual identification of the yeast. For the ITS sequencing, a
large set of reference strains was included, allowing the reconstruction of a phylogenetic tree of
Dothideales, a group with which Aureobasidium is thought to have close affinities. A. pullulans
formed a well-delimited cluster, while the ITS was found to be heterogeneous within the species.
Our strains were identical to the neotype culture of A. pullulans, and thus their correct
identification was confirmed. A. pullulans produces a polysaccharide called pullulan, which can be
used for a variety of industrial purposes. The structure of pullulan was analyzed by IR-
spectrophotometry. The highest harvest was obtained when glucose and ammonium sulphate were
used as Carbon and Nitrogen sources, respectively. Optimal pullulan production was achieved at
pH varying between 6.5 and 7.5 and in the temperature range of 25-30°C. A. pullulans CHULA-
SU showed optimal production of pullulan at pH 6.5 and 25°C, with glucose and ammonium
sulphate as carbon and nitrogen sources, respectively. A. pullulans CHULA-PR produced most
pullulan at pH 7.5 and 30°C, while A. pullulans CHULA-CU produced pullulan optimally at pH
6.5 and 30°C.

Key words: Aureobasidium pullulans, ITS sequence, exopolysaccharide

Introduction

Aureobasidium pullulans (De Bary) Arn. is a yeast-like fungus that was previously classified
in the Fungi imperfecti or Deuteromycetes. Synonyms of this species are Pullularia pullulans (de
Bary) Berkhout and Dematium pullulans de Bary (Hermanides-Nijhof, 1977). The fungus is
commonly called a ‘black yeast’ because of its formation of budding cells in initial growth phases and
melanin synthesis which result in thick cell walls during prolonged cultivation (Takeo and de Hoog,
1991). In routine diagnostics it is frequently mistaken for a regular yeast. This diagnostic confusion is
not surprising since the taxonomy of black yeasts appears to be much more complicated than first
anticipated. With the application of molecular criteria, an impressive number of species is now
recognized among the strains mentioned in earlier studies. The number of new taxa is expected to
increase even more when detailed studies in biodiversity are conducted (de Hoog, 1999). In addition,
molecular phylogeny has enabled the more accurate establishment of the position of black yeasts
within the fungal kingdom.

The affinity of Aureobasidium and its relatives to Ascomycetes of the order Dothideales has
been surmised for a long time based on a combination of characters, such as conidiogenesis, expansion
growth and assimilative abilities (de Hoog and Yurlova, 1994). 18S ribosomal sequencing data
confirms that A. pullulans must be an anamorph of a member of the Dothideales, although a perfect
stage (teleomorph) has not yet been found. Yurlova et al. (1999) found the ITS sequences of A.
pullulans to be nearly identical to those of Discosphaerina fulvida (F.R. Sanderson) Sivanesan, an
ascomycete, of which the anamorph, Kabatiella lini (Lafferty) Karakurin, is morphologically close to
A. pullulans.
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Nowadays, A. pullulans is classified according to the following schedule: Division
Ascomycota, Class Euascomycetes, Order Dothideales, Family Dothideaceae, Genus Aureobasidium,
Species Aureobasidium pullulans (de Hoog et al., 2000; Yurlova et al., 1999; Sterflinger et al., 1999).
The species has the following phenotytic characteristics. Colonies grown on Malt extract agar (MEA)
expand rapidly, appearing smooth, soon covered with a slimy exudate, cream-coloured or pink, later
mostly becoming brown or black. Hyphae hyaline, 3-12 um wide, locally converted into blackish-
brown, thick-walled chlamydospores; marginal hyphae with regularly dichotomous branching,
conidiogenous cells undifferentiated, mostly intercalary in hyaline hyphae. Conidia produced
synchronously in dense groups from small denticles, later formed percurrently and adhering in slimy
heads. Conidia hyaline, ellipsoidal, very variable in shape and size (7.5-) 9.0-11.0 (-16.0) x (3.5) 4.0-
5.5 (-7.0) um, 1-celled, often with an indistinct hilum. Budding frequently observed. Endoconidia
often present in intercalary cells. Temperature range for growth 2-35°C; optimum 25°C; maximum
35°C (de Hoog et al., 2000). In old cultures, chlamydospore formation is common giving the initially
pale colonies a blackish appearance. Other strains rapidly become dark due to the formation of thick-
walled and dark hyphae, which often disintegrate into separate cells (Hermanides-Nijhof, 1977).

Aureobasidium pullulans has a world-wide distribution. In particular, it has been reported
from the northern temperate zone (Helander and Rantio-Lehtimaki, 1990). It has also been observed in
tropical countries such as India, Jamaica (Deshpande et al., 1992) Brazil (Hagler et al., 1993) and
Thailand (Takumasu et al., 1997). The fungus occurs very commonly in low-nutrient, somewhat
osmotic environments as an epiphyte on the surface of leaves, needles and flowers (Dix and Webster,
1995). It is a saprophyte (Dix and Webster, 1995) and occasionally causes spoilage of foods (Pitt and
Hocking, 1997). A. pullulans is a common fungus of the phylloplane and decaying leaves ( Kuter,
1986; Crawford et al., 1990; Pitt and Hocking, 1997). Moreover it is essentially an epiphyte while the
leaf is alive; it can become endophytic under certain circumstances. It is possible that some may even
behave as weak parasites, for which the main route of entry is via stomata but they may also attempt to
penetrate via the epidermis. They are usually easily repulsed by plant defense mechanisms. The most
detailed studies of fungal successions on gymnosperm leaves have been carried out on Pinus species.
(Pitt and Hacking, 1997) One of the fungi of conifer needles is A. pullulans which may be present in
low numbers on conifer needles at a very early stage in the succession (Pitt and Hacking, 1997,
Takumasu et al., 1997).

A. pullulans is industrially important because it is not only capable of producing a
polysaccharide ‘pullulan’, but also itcan be employed for different applied purposes. For instance, the
most widely studied enzyme from A. pullulans is an industrially important enzyme (Federici, 1982). It
is used for xylan-degradation (Deshpande, 1992; Li et al., 1993; Christov et al., 1997). A. pullulans
has been reported to be safe for use as a single-cell protein (SCP) for agro-industries in developing
countries (Deshpande et al., 1990; Deshpande et al., 1992). Blackwell, Singleton and Tobin (1995)
reported A. pullulans was among the fungi which could uptake metal cations and transport metal ions
into microbial cells. In 2000, Webb et al. reported that A. pullulans was a principle colonizing fungus
on PVC, establishing itself in between 25 and 40 weeks of exposure. Aureobasidium pullulans can
produce a substance, called “pullulan”, outside the cell. Pullulan is an extracellular, unbranched,
homopolysaccharide which is composed of maltotriose and maltotetraose units with both a-(1,6) and
a-(1,4) linkages. The regular alternation of a-1,4 and a-1,6 bonds results in two distinctive properties,
structural flexibility and enhanced solubility (Lee et al., 1999). Pullulan can be used to produce hard
materials like thermoplastic polymers. By reactive esterification and ethoxylation, pullulan changes to
impermeable membranes which can no longer be dissolved in water. The resulting films can be used
as a barrier to prevent oxidation of foods and are therefore used for coating and as packaging material.
Food products that are coated with pullulan can be kept longer than those protected with amylose. As
is widely known, petrochemical films and plastic containers cause environmental problems after
disposal. Pullulan-based materials digest naturally and can be burnt without generating or releasing
excess heat or toxic gases. Pullulan coatings and packaging are effective in preventing formation of
oxidized oil in high fat content nuts, such as peanuts, in oily or greasy food products, such as dried
sardines, and in dried meat products, fried confectionery and other foods (Yuen, 1974; Lachke and
Rale, 1995).
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Objectives

To isolate A. pullulans from several locations in Thailand, properly identify by using ITS
sequence data and investigate exopolysaccharide (EPS) production.

Methodology

I. Isolation and Identification of Aureobasidium pullulans

1. Sample collection

Samples were collected from several locations in Thailand by using Corn Meal Agar
(CMA) plates exposed at time intervals of 5, 10, 15, 20, 25 and 30 minutes. The sampling locations
were pine forest in Loei Province, Doi Suthep pine forest in Chiengmai Province, pine forest in
Petchabun Province, pine forest in Phitsanulok Province, Amphur Pakchong, Nakornratchasima
Province, a shady area at Chulalongkorn University, the Asia Hotel (Ratchathewee District), and a
house area (Bangsue District) in Bangkok.

The exposed CMA plates were incubated at room temperature (30°C £ 2) for 7 days.
The incidence of microorganism was observed. The suspected yeast was cultured on Malt Extract
Agar (MEA) at 20°C and at room temperature.

2. Morphological identification

A. pullulans ATTC 42023 and A. pullulans NRRL 6992 were included for
comparison. Identification of the strain was done by following the methods of de Hoog and
Hermanides-Nijhof (1997), and de Hoog and Guarro (2000). The morphology of the selected strain
was studied using a Scanning Electron Microscope (SEM), following methods modified from Gabriel
(1982), and a Transmission Electron Microscope (TEM), following methods modified from
Napanitaya (1987). Techniques for molecular studies were based on Gerrits van den Esde and de Hoog
(1999) and used primers ITS1 and ITS4 for ITS for obtaining sequences. The sequences were adjusted
using SeqMan of Lasergene software (DNASTAR, Madison, Wisconsin, Inc.) and aligned using
BioNumerics (Applied Maths, Kortrijk, Belgium). A distance tree was constructed using the
Neighbor-joining technique with corrections made using the TREECON (version 1.3b) software
package (van de Peer and De Wachter, 1994).

I1. Exopolysaccharide Production by A. pullulans CHULA-SU, A. pullulans
CHULA-PR and A. pullulans CHULA-CU

1. Infrared spectroscopy (IR) investigation

IR spectra were obtained on a Perkin Elmer Model 1760X Fourier Transform Infrared
Spectrophotometer. Spectra of solid samples were recorded as KBr pellets (4000:1600 cm™).

2. Study on Exopolysaccharide (EPS) production

EPS was produced from the three isolates of A. pullulans. The yeast was maintained
on a PDA slant at 4°C. EPS production started with the preparation of 5% (v/v) inoculum (10’cells per
ml) in a Potato Dextrose Broth (PDB) medium. The optimal parameters for pullulan production were
determined, including pH, temperature, carbon source, and nitrogen source.

2.1. Study on pH optimization

Cultivation of the 3 strains of A. pullulans was done in 9.5 ml of production
medium (Glucose 50 g : (NH,),SO, 0.6 g : K,HPO, 5.0 g : MgSO,.7H,0 0.4 g : NaCl 1.0 g : Yeast
extract 0.4 g : Distilled water 1 liter). Initial pH was adjusted to each desired value, i.e., 4.5, 5.5, 6.5
and 7.5, with HCI solution. Each Erlenmeyer flask contained 95 ml of production medium with initial
cell suspension. Each strain was cultivated at a temperature of 25°C, and shaken at 150 rpm for 5
days.

Samples of each culture were removed and centrifuged. The supernatant
containing the EPS (Exopolysaccharide) was retained for 95% ethanol precipitation. The precipitated
EPS was collected on Whatman No. 1 paper and dried. The filters were dried to constant weight at
60°C for 24 hrs and subsequently reweighed to determine the EPS content.
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2.2 Study on temperature optimization
Cultivation of the 3 strains of A. pullulans was done in production medium,
shaken at 150 rpm for 5 days at the optimum pH determined for each strain in Section 2.1. The initial
temperature was adjusted to each desired value, i.e., 25°C, 30°C and 35°C.
The EPS yield was determined as described in Section 2.1.

2.3 Study on carbon source optimization
Cultivation of the 3 strains of A. pullulans was done in the production medium at
the optimum pH and temperature for each strain as determined in Sections 2.1 and 2.2.

Two different carbon sources, glucose at 5% (w/v) and sucrose at 5% (w/v) were
used in the experiment. The media were shaken at 150 rpm for 5 days.

EPS yield was determined as described in Section 2.1.

2.4 Study on nitrogen source optimization

Cultivation of the strains of A. pullulans was done in the production medium
using the optimum pH and temperature and carbon source of each strain as described in Section 2.1.

Two different nitrogen sources including, i.e., (NH4),SO,4 and Bacto peptone at
0.06%(w/v), were used in this experiment. The media were shaken at 150 rpm for 5 days.

EPS yield was determined as described in Section 2.1.

II1. Statistical analysis

Data on EPS production were averaged over quadruplicates. Designs of all experiments
were completely randomized. Statistical analyses included Duncan’s multiple range test (DMRT).

Results and Discussion

I. Isolation and Identification of Aureobasidium pullulans

1. Sample collection of A. pullulans

A. pullulans was found at various locations in Thailand. Of the six samples taken,
three were negatives. This indicates that A. pullulans is a ubiquitous fungus which is common
everywhere including Thailand (de Hoog et al., 2000).

2. Morphological identification

2.1 Colony characteristics
For all 3 strains, colonies on CMA, MEA, and PDA grew rapidly, starting
slightly at the center and attaining up to 8 cm diameter in 1-2 weeks. Aerial mycelium absent, covered
with a slimy exudate, cream-coloured later becoming black (for A. pullulans CHULA-SU and
A. pullulans CHULA-PR) and deep red in A. pullulans in CHULA-CU (Figures 1, 2 and 3).

2.2 Microscopy characteristics

The following descriptions are based on cultures grown on MEA, PDA and CMA
at 25°C.
A. pullulans has some morphological features, like yeast cells and hyphae, which
produce synchronous conidia when they are young. Hyaline hyphae average 2.60 um in width for all 3
strains (Figures 1, 2 and 3). The conidia then fall off and, depending on the nutritional condition, they
will germinate with yeast cells or with hyphae. Conidia are hyaline, and ellipsoidal in shape for all 3
strains. A. pullulans CHULA-SU conidia vary in size, (3.9)-(10.4)X(6.5)-(23.4) um. A. pullulans
CHULA-PR, conidia size (2.6)-(5.2)X(5.2)-(10.4) um. A. pullulans CHULA-CU conidia have a more
regular shape than the others 2.6x2.6 um. Dark thick walled chlamydospores were produced, but this
is the case for the whole order of Dothideales and thus is not only characteristic of A. pullulans.
Sometimes also endoconidia are produced as we observed in A. pullulans CHULA —SU (Figure 1(b)).
It is common in A. pullulans.
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Figure 1. a) A. pullulans CHULA-SU; b) Hypha with endoconidia present (bar=25um); ¢) synchronous
conidia (bar=10um); d-f) dark chlamydospore (bar=10um); g) conidia (bar=10pum).

e —  f =y

Figure 2. a) A. pullulans CHULA-PR; b) dark hypha with the chlamydospore at the hyphal tip (bar=10um);
c-d) conidial apparatus (c: bar=25um; d: bar=10um); e) conidia (bar=10um); f) dark arthroconidia
(bar=25um).
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Identification of species
in  Aureobasidium, Kabatiella
and Hormonema gives an
important view of their potential
roles in biodeterioration and
plant pathology. Classically
Aureobasidium and Kabatiella,
on the one hand, and Hormonema,
on the other, are distinguished by
synchronous vs. percurrent modes
of conidiogenesis (Hermanides-
Nijhof, 1977). However, de Hoog
and Yurlova (1994) noted that
each of the adjacent,
synchronously formed scars in
A. pullulans remained productive,
showing percurrent conidiation as
in Hormonema. The taxa differ
only by the number of
conidiogenous loci per hyphal
cell: 1-2 in Hormonema, up to 14
in Aureobasidium and even more
in Kabatiella. None of the
physiological differences between
the two most common species,
A. pullulans and H. dematioides,
allowed reliable distinction of the
species.

Figure 3. a) A. pullulans CHULA-CU; b-c) conidial apparatus and 2.3 Scanning Electron
produce the conidia synchronously (bar=10um); d) conidia ~ Microscopy (SEM) investigation
(bar=10um); e) intercalary and discrete chlamydospores

(bar=10pm). Hyphae and yeast

cells are visible in Figures 4-6.
A hyphal end is seen with several conidia, all of the same size, attached, which suggests synchronous
conidiation. Conidial scars can be seen for A. pullulans CHULA-CU (Figures 4-6).

Using SEM, conidial scars can still be seen to be productive (Yurlova and de Hoog,
1994), so that in a later stage of development the difference of Hormonema is not visible anymore.

S

7

-4

4"‘-

-

Figure 4. A. pullulans CHULA- Figure 5. A. pullulans CHULA- Figure 6. A. pullulans CHULA-

SU: hyphal element with PR:  hyphae  with CU: yeast like cells with
synchronous  conidia. synchronous  conidia. protruding  scars are
(x 2,500). (x 3,000). characteristic. (x 6,000).
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With SEM the conidia were observed to be arranged in groups, which were all of the
same size, and therefore were likely to have been produced all at the same time; their growth and
maturation are synchronous. This is typical for A. pullulans and not known in H. dematioides. Some
scars can be seen, which still show no sign of repetitive conidium production.

2.4 Transmission Electron Microscope (TEM) investigation

All pictures show an electron-transparent, not multilayered wall. This indicates an
ascomycete (Figures 7-10).

Using TEM, the cell was shown to be electron-transparent without a multilayered
substructure. Thus the species must be an ascomycete. In some of the cells, melanosomes were visible,
indicating the points at which the fungus turned black. Thus the species could not be a yeast
(Hemiascomycetes), which was also confirmed by the absence of micropores. Instead, in Figure 8 a
septum is observed which is considerably thinner in the middle. This must be the area close to the
septal pore, where the septum of Euascomycetes is much thinner.

In Figure 9, extracellular material is visible. This is likely to be polysaccharide.
The presence of EPS in our black yeast fits with the above conclusion that the fungus is A. pullulans;
the extracellular material may then be pullulan.

ERLETE Ty I, L
3 Je“&t : ‘ -

Figure 7. A. pullulans CHULA-SU: conidium,  Figure 8. A. pullulans CHULA-PR: septum without
scar visible. (x 1,650). pore. (x 1,650).

2.5 Molecular studies

Aureobasidium

pullulans strains constitute a
well-delimited main group I in
the tree (Figure 11) which
includes isolates from temperate
as well as from tropical
climates. Morphologically the
species is similar to Hormonema
dematioides, particularly in the
older parts of colonies where

: ; percurrent conidiogenesis prevails
R ‘ S - (Yurlova and de Hoog, 1994).

Figure 9. A. pullulans CHULA- Figure 10. A. pullulans CHULA-  Yurlova and de Hoog (1996)
PR: conidium with CU: conidium with  found only two typically found
melanosome, much thick wall, scar at the in environments which are low
extracellular material. left. (x 1,650).

in nitrogen. It is very common
as a phylloplane fungus on
leaves, flowers and fruits, and frequently found on moist surfaces without showing invasion, such as

(x 1,650).
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damp walls, metallic equipment, PVC tubes, glass and painted window frames (Webb, 2000). On the
other hand, Kabatiella has been shown to invad leaves of host plants, the fungus being present with an
acervular structure (Hermanides-Nijhof, 1977). Nevertheless infraspecific diversity is significant. A
main cluster comprises the type strains of both the varieties, pullulans (CBS 584.75) and aubasidani
(CBS 100524), as well as Kabatiella lini, the anamorph of Discosphaerina fulvida. These strains
originated from slime flux of trees and from sugary surfaces, damps walls, and once from polluted
water. Kabatiella lini and K. microsticta, with identical ITS sequences, were isolated from leaf
infections of herbaceous plants. The second main group is consistently different from the cluster of
type strains mentioned above. These strains are derived from low-nutrient damp surfaces and soil.

I1. Exopolysaccharide production by A. pullulans CHULA-SU, A. pullulans
CHULA-PR and A. pullulans CHULA-CU

1. Infrared spectroscopy (IR) investigation

In this section are presented the results of the experiment to produce exopolysaccharide
by A. pullulans CHULA-SU, A. pullulans CHULA-PR and A. pullulans CHULA-CU.

The results of the analysis of the structure of the exopolysaccharide produced by
A. pullulans CHULA-SU, A. pullulans CHULA-PR and A. pullulans CHULA-CU by IR-
spectrophotometer compared with the pullulan standard (Sigma, USA) are shown in Table 1.

Table 1. IR-spectrums of A. pullulans CHULA-SU, A. pullulans CHULA-PR and A. pullulans CHULA-CU.

Vibration Pullulan std. A. pullulans A. pullulans A. pullulans
(cm™) CHULA-SU CHULA-PR CHULA-CU
(cm™) (em™) (em™)
OH streching 3442.54 3429.10 3422.39 3422.39
C-H streching 2918.66 2945.52 2925.37 2918.66
C-0 1635.82 1649.25 1629.10 1635.82

O streching
C-OH streching 1414.18 1427.61 1414.18 1427.61
C-O streching 1024.63 1038.06 1031.34 1038.06

The similar values of transmittance between the pullulan standard and the
exopolysaccharide produced by each strain indicates that the substances have a similar structure. This
indicates that the exopolysaccharides produced by the 3 strains of A. pullulans are pullulan.

From the analysis of pullulan, the percentage value of transmittance is different. It may
depend on the amount of material tested for each strain. The values of vibration are, however, very
similar. So we may conclude that it is the real pullulan.

The results show that the structure of the pullulan produced from each of the 3 strains of
A. pullulans may be different to that of the pullulan standard. Ueda (1963) and Catley (1971b) also
suggested that the structure may differ depending on the strain.
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CBS 105.22 A. pullulans (unknown)
94 | dH 12711 A. pullulans (ant hill)
AJ276062 A. pullulans (PVC)
CBS 123.37 A. pullulans (unknown)
[~ CBS 626.85 A. pullulans (soil)
dH 12640 Chula-Asia A. pullulans (fontain)
VKM F-371 A. pullulans (metal)
dH 12680 Chula-PM A. pullulans (soil)
dH 12642 Chula-SU A.pullulans
dH 12710 A. pullulans (ant hill)
CBS 109810 A. pullulans (water)
dH 12686 A. pullulans (wall)
ATCC 42457 A. pullulans (Veronica)
dH 12643 Chula-CU A. pullulans (air)
CBS 100280 A. pullulans (saltpan)
CBS 621.80 A. pullulans (supplies)
CBS 101160 A. pullulans (frame)
dH 12740 A. pullulans (needle)
dH 9869 A. pullulans
dH 10019 Aureobasidium sp.
CBS 100225 A. pullulans (glass)
CBS 147.97 A. pullulans (marble)
MZKI B-802 A. pullulans (saltpan)
CBS 584.75 A. pullulans (grape)
Zhdanova-185 A. pullulans (wall)
94 dH 12710 A. pullulans (ant)
CBS 125.21 K. lini (Linum)
r CBS 146.30 A. pullulans (slime flux)
VKM F-448 A.v. aubasidani (slime flux)
CBS 109810 A. pullulans (wall)
TWW-1002 A. pullulans (lake)
CBS 342.66 K. microsticta (Convallaria)
CBS 701.76 A. pullulans (apple)

ATCC 48433 A. pullulans (unknown)

AF 462432 R. kobayashii (Pinus)
AF 013229 A. pullulans (Pinus)
— SPChPhA 129(11) A. pullulans (unknown)
CBS 388.92 S. mahoniae (Mahonia)
;m) CBS 269.63 K. microsticta (Hemerocallis)

CBS 242.64 K. caulivora (Trifolium)
CBS 215.50 D. pityophila (Abies)
dH 12609 Vishniac Y-31
CBS 873.71 P. smilacis (Smilax)
CBS 748.71 P. sepincola (Rosa)
CBS 102180 Hormonema sp. (Juniperus)
CBS 102181 Hormonema sp. (Juniperus)

CBS 125.21 (T) K. lini (Linum)

CBS 739.71 D. europaea (Salix)

AF182376 K. juniperi

A. pullulans

ATCC 16629 A. pullulans (Sequoia)

CBS 933.72 (T) H. prunorum (prune)
CBS 745.71 D. rhamni-alpinae (Rhamnus)

CBS 737.71 D. cannabinae (Daphne)

100

AF 013226 K. thujae (unknown)
AF 260224 K. juniperi (unknown)
CBS 186.58 D. berberidis (Berberis)
CBS 189.58 D. insculpta (Clematis)
TWW-780 Sarcinomyces sp. (water)
CBS 264.92 (T) K. mahoniae (Mahonia)
CBS 746.71 P. chamaecyparidis (Cham.)
CBS 765.84 H. prunorum (Pinus)
CBS 536.94 H. dematioides (Rutilus)
CBS 719.76 S. polyspora (Pinus)
CBS 128.64 S. polyspora (Pinus)
CBS 750.71 S. polyspora (Pinus)
dH 12694 H. dematioides (Picea)
CBS 116.29 S. polyspora (Pinus)
dH 11290 H. dematioides (stone)
CBS 109809 S. polyspora (moss)
CBS 109808 S. polyspora (litter)
Zhdanova-1125 S. polyspora (moss)
CBS 102821 S. polyspora (Pinus)
CBS 109804 Aureobasidium sp. (water)
CBS 737.71 (T) D. cannabinae (Daphne)

H. dematioides

100

CBS 114.64 K. microsticta (Hemerocallis)

Figure 11.

FMR-6368 A. psychrotrophicus
CBS 264.92 (T) K. mahoniae (Mahonia)
CBS 242.64 K. caulivora (Trifolium)

Neighbor-joining tree constructed with the TREECON package on the basis of ITS1 and ITS4 sequences.Bootstrap values > 90 are shown with

the branches. Kabatiell microsticta CBS 114.64 was used as out group.
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2. Study on Exopolysaccharide (EPS) Production

2.1 Study on pH optimization

A. pullulans strains CHULA-SU, CHULA-PR and CHULA-CU were grown in
liquid production medium with initial pH values adjusted to 4.5, 5.5, 6.5, 7.5. Strains were cultivated
at 25°C, and shaken at 150 rpm for 5 days.

With A. pullulans CHULA-CU, an average yield of pullulan of 1.699 g/g C-source
was obtained at pH 7.5, which was significantly higher (p<0.05) than that of A. pullulans CHULA-PR
which had a pullulan yield of 0.0522 g/g C-source at pH 6.5 and A. pullulans CHULA-SU, of which
the highest pullulan yield was 0.2382 g/g C-source at pH 6.5.

The data is shown in Table 2.

A. pullulans CHULA-SU, CHULA-PR and CHULA-CU needed appropriate
optimization of the pH of the growth medium to reach optimal pullulan production.

This result is in accordance with data published by Lacroixt et al. (1983), West and
Reed-Hamer (1993a) and Lachke and Rale (1995). These authors explained the effect of pH
optimization for pullulan production by A. pullulans by the fact that the optimum pH of synthetic
media for pullulan production is near neutrality; further growth of A. pullulans after day 5 leads to
acidification of the medium. A. pullulans grows well at an acidic level of pH 2.0, but it does not
synthesize pullulan.

We may conclude that to produce pullulan we must begin with adjusting an acidic
pH in order to raise the number of cells in the medium, then shift the pH to near-neutrality in order to
induce A. pullulans to synthesize pullulan.

Table 2. Pullulan yields (g/g carbon source) from the cultivation of Aureobasidium pullulans SU, A. pullulans
PR and A. pullulans CU in production media with initial pH of 4.5, 5.5, 6.5 or 7.5 at 25 °C, and
shaken at 150rpm for 5 days.

Strain pH Time (days)
1 2 3 4 5
SU 45 0.0162™° 0.0475 " 0.056 " 0.0645 &' 0.0746
55 0.0184 ™ 0.0640 &' 0.0775 0.0973 0.0800
6.5 0.0177™° 0.1289 ¢ 0.1587 " 0.1800° 0.2382°
75 0.0110° 0.0794 0.1564° 0.1768 ™ 0.1684 ™
PR 45 0.0141™° 0.0172™° 0.0181™° 0.0199 ™ 0.0211™°
5.5 0.0114™ 0.0221™° 0.0195™° 0.0220™° 0.0301 *°
6.5 0.0192™° 0.0350"" 0.0209 ™ 0.0211™° 0.0203 ™
75 0.0137™° 0.0312*° 0.0370"™ 0.0299 ° 0.0522 ™
Ccu 45 0.0109° 0.0194™° 0.0197™° 0.0219™° 0.0227™°
55 0.0158™° 0.0172™° 0.0238™° 0.0330*° 0.0293 *°
6.5 0.0258 " 0.0503 0.0515™ 0.0524 0.0559 "7
75 0.0232™° 0.0469 0.0986 0.1027°¢ 0.1669 ™

'Superscript letters indicate that a value followed by the same letter did not differ significantly (P<0.05)

from other values with the same letter using Duncan’s multiple range test.

2.2 Study on temperature optimization

Cultivation of A. pullulans CHULA-SU, CHULA-PR and CHULA-CU at different
temperatures with initial optimum pH for each strain, was done in production medium. The
temperatures studied were 25°C, 30°C and 35°C.

It was found that temperature significantly affected pullulan yield (p<0.05) with the
highest yield (0.2245 g/g C-source) occurring at 30°C for A. pullulans CHULA-PR.

A. pullulans CHULA-CU gave the highest weight of pullulan yield at the
temperatures 25°C and 30°C. The production of pullulan was 0.1852 and 0.1859 g/g C-source,
respectively.

A. pullulans CHULA-SU gave the highest weight of pullulan at the temperature
25°C. The production was 0.1580 g/g C-source.
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All 3 strains gave the highest yield on the fifth day of pullulan production.
The data is shown in Table 3.

Table 3. Pullulan yields (g/g carbon source) from the cultivation of Aureobasidium pullulans SU, A. pullulans
PR and A. pullulans CU in production medium at 25, 30 or 35 °C; initial pH of each strain was that
determined as being optimal in a previous experiment. Cultures were shaken at 150 rpm for 5 days.

Strains Temp. Time (day)

‘o) 1 2 3 4 5

SU 25 0.0333 0.0673 " 0.1086° 0.1580° 0.1357°
30 0.0354"" 0.0331 " 0.0495 ™ 0.0763 0.0841
35 0.0302 0.0085 ° 0.0114™ 0.0124°* 0.0386"°

PR 25 0.0190 0.0393° 0.0514 ™ 0.0586 " 0.0416"
30 0.0193 " 0.0375"" 0.1115° 0.1782"™ 0.2245 "
35 0.0082 0.0083 0.0135 ™ 0.0153 " 0.0163 "

cu 25 0.0275 0.0409 ™ 0.0802 " 0.1251 0.1852°
30 0.0307 0.0380"7 0.0399 "™ 0.1025 0.1859°
35 0.0145 ™ 0.0132 ™ 0.0139 ™ 0.0167 0.0261

'Superscript letters indicate that a value followed by the same letter did not differ significantly (P<0.05) from
other values with the same letter using Duncan’s multiple range test.

The results of these experiments were similar to those of McNeil and Kristiansan
(1990) and West and Reed-Hamer (1993) in that the appropriate temperature to produce pullulan by
A. pullulans is between 25°C — 30°C. The experiment shows that A. pullulans CHULA-PR and
A. pullulans CHULA-CU give good pullulan yield at the highest temperature of the range (30°C),
which is the average daily temperature in Thailand. So it is recommended to improve pullulan
production in Thailand by using these two slightly more thermophilic strains.

2.3 Study on Carbon source optimization

The production of pullulan by A. pullulans CHULA-SU, CHULA-PR and
CHULA-CU using two different carbon sources, sucrose and glucose, was examined. Our goal was to
determine the media which yields the maximum amount of pullulan. It was shown that glucose was
the preferred C-source for all three strains.

A. pullulans CHULA-PR produced the highest pullulan yield, i.e., 0.2245 g/g C-
source, on the fifth day of production, while A. pullulans CHULA-CU produced only 0.1852 g/g C-
source pullulan on the fifth day of production. A. pullulans CHULA-SU produced 0.1580 g/g C-
source pullulan on the fourth day of production.

The data is shown in
Figure 12. Carbon source

The 0.3000
carbon source is the —o— CU-Glu
most important faptor in 0.2500 & cus,
pullulan production. It T 02000 .
has been reported that 3 PRGlu
glucose and fructose are % 0.1500 —%— PR-Su
the most efficient small- = o U,
molecule natural inducers ﬁ 0.1000
of pullulan synthesis. —®— susu
Maltose and sucrose 0.0500
also serye well, although 0.0000 Time (day)
the highest pullulan
yields have been 1 2 3 4 5
obtained from starch-

grown cultures. Other Figure 12. Effect of carbon source upon the production of pullulan from

carbon sources, such as A. pullulans CHULA-SU, A. pullulans CHULA-PR and A. pullulans
lactose, xylose, and CHULA-CU.
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xylan, may be utilized for growth but do not induce polysaccharide synthesis (Silman et al., 1990).

Our three strains of A. pullulans utilized glucose better than sucrose. Silman et al.
(1990) compared the production of polysaccharide from strains of A. pullulans for these compounds.
Their results showed that only one of their strains, NRRL Y-12974, gave a relative viscosity using
glucose which was equivalent to that produced from sucrose. Our findings that the A. pullulans strains
from Thailand can use glucose better than sucrose may be explained by the fact that glucose, being a
small molecule, is taken up immediately, but if the incubation time is extended with a day, sucrose
may prove to give higher pullulan yields.

In 1993, Saha et al. suggested that glucose was a good carbon source for generating
amylase activity. This report shows that A. pullulans produced a complex amylolytic enzyme system
consisting of an a-amylase, two forms of glucoamylase, and an a-glucosidase necessary for extensive
starch degradation. In contrast, Li et al. (1993) and Wymelenberg et al. (1999) observed that xylanase
activity by A. pullulans was strongly repressed when glucose was used as a C-source. This was
explained by the fact that xylan and D-xylose, the end products of xylan degradation, are both able to
induce transcription only when glucose is absent or reaches certain low levels in the culture. The
establishment of the exact regulatory mechanism for xylanase gene expression in this fungus needs
further investigation (Li and Ljungdahl, 1994). If this hypothesis is correct, it means that A. pullulans
CHULA-SU, CHULA-PR and CHULA-CU can not only give high pullulan production which can be
used in commercial pullulan production, but also A. pullulans can be used for enzyme production. For
each of these functions, appropriate conditions have to be adjusted for each strain.

2.4 Study on Nitrogen source

The production of pullulan by A. pullulans CHULA-SU, CHULA-PR and
CHULA-CU was examined for two different nitrogen sources, (NH4),SO, and peptone. Our goal was
to determine the media which produces the maximum yield of pullulan.

This result shows that all 3 strains of A. pullulans preferred to use (NH4),SO, as a
nitrogen source. A. pullulans CHULA-PR produced the highest amount of pullulan on the fifth day of
pullulan production. The weight of pullulan, 0.2245 g/g C-source, was more than that of A. pullulans
CHULA-CU, which produced pullulan 0.1852 g/g C-source on the fifth day of production.
A. pullulans CHULA-SU produced the highest amount on the fourth day of production, i.e., 0.1580
g/g C-source.

The data is shown in Figure 13.

A different initial nitrogen source was expected to influence pullulan production. Either
organic or inorganic nitrogenous substances can be used as a nitrogen source for pullulan production

(Lachke and Rale, 1995).
Nitrogen source Therefore, it depends on each
0.2500 microorganism as to which
—eTcun one of these nitrogen sources

_ 0.2000 1 —®—cUPep|| s suitable.
§ 0.1500 —4— PRN This conclusion is
z ——prpep|| Similar to that of Catley
? 0.1000 o U (1971a) who studif':d the
5 oson | e s rplg Qf pH and mtrogen
———| limitation on the production
0.0000 Time (day) of the extracellular
polysachharide pullulan by
1 2 3 4 5 Pullularia pullulans. That
is, increasing (NH4),SO, in

Figure 13. Effect of nitrogen source upon the production of pullulan by the culture with glucose as a

A. pullulans CHULA-SU, A. pullulans CHULA-PR and carbon source will increase
A. pullulans CHULA-CU. pullulan production.
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Biodiversity and Ecological Study of Freshwater Fungi in Thailand
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Klong 1, Klong Luang, Pathumthani 12120, Thailand

A taxonomic and ecological study of freshwater fungi was undertaken at two streams in
Khao Yai National Park and at other streams in Thailand. Timber of four trees (Alstonia scholaris,
Anisoptera oblonga, Dipterocarpus alatus and Xylia dolabriformis) were exposed in these streams
and the fungi colonising them recorded. Trapped natural wood in streams was also examined for
fungi. 416 species were recorded with 141 ascomycetes, 262 mitosporic fungi and 13
basidiomycetes (34 %, 63 % and 3 %, respectively, of the total taxa). Bombardia sp.l,
Cancellidium applanatum, Dictyochaeta sp.1, Helicomyces roseus, Halosarpheia aquadulcis and
Ophioceras dolichostomum were the common fungi recorded and were found on all substrata
exposed in the streams. However, many fungi were recorded only once or twice during the study.
Most are new records for Thailand. Eleven new species have been described and several other
species await description.

Twenty two teleomorph/anamorph connections were established with 16 of them being new
connection. Of the 22 connections, 15 were pyrenomycetes, 4 loculoascomycetes and 3 were
discomycetes. Most of the anamorphs are dematiaceous with only 2 Ingoldian fungi. Most of the
connections were established from single ascospore isolations. Test blocks of D. alatus and X.
dolabriformis supported a different community with only ca 30% common to both timbers.
Similarity indices (Jaccard and Sorenson) indicated that fungal communities were more specific to
substrata than to the test sites.

Key words: diversity, freshwater fungi, systematics

Introduction

Fungi play an important role in the decomposition of plant material in both terrestrial and
freshwater ecosystems (Wong et al., 1998b). The main role of fungi in freshwater ecosystems is in the
degradation of dead plant material such as leaves and wood which find their way into the water (Goh
and Hyde, 1996a). These fungi may also be involved in the degradation of animal parts such as insect
exoskeletons, fish scales and hair (Hyde et al., 1998). Although much work has been done in
temperate waters it is only recently that work has begun on freshwater fungi of tropical rivers. In
Thailand, very little work has been done on the diversity of freshwater fungi with only two
publications (Marvanova and Hywel-Jones, 2000; Tubaki et al., 1983), but no work has been done on
the role that these fungi play in rivers.

Since 1993, BIOTEC has conducted an active programme of research on Thai fungi which
concentrates on specific groups of fungi (Invertebrate pathogenic fungi, soil fungi, Xylariales,
endophyte fungi, marine fungi, seed fungi, Basidiomycota and freshwater fungi). Fungal research has
also been carried out on many other groups in Thailand. Currently, some 4,000 species of Thai fungi
have been recorded for Thailand (Jones et al., unpublished).

After the first freshwater hyphomycetes were reported by De Wildeman in 1893 from a
temperate region, it was another 50 years before further significant research was done by Professor C.
T. Ingold (Ingold, 1942, 1943, 1951, 1954, 1955, 1956, 1958a-b, 1959a-c, 1960a-b, 1975; Ingold and
Chapman, 1952; Ingold and Webster, 1973).

Most freshwater higher fungi have been reported from temperate regions (Goh and Hyde,
1996a; Shearer, 1993a, b). Studies on tropical freshwater fungi are largely confined to observations
made in the last two decades (Fisher and Petrini, 1983; Monod and Fisher, 1983; Fisher and Spooner,
1987; Shearer, 1989; Udaiyan, 1989; Udaiyan and Hosagoudar, 1991; Hyde, 1992a, b, c, 1993a, b,
1994a, b; Hyde and Stanley, 1994; Thomas, 1996; Goh, 1997; Goh and Hyde, 1996b). Many studies
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have shown that the diversity of freshwater fungi in tropical regions is high and many of these fungi
are new to science (Hyde, 1995; Wong et al., 1998; Ho, 1998).

Between 1990 and 1998, 31 new freshwater genera were recorded and it is apparent that many
more new taxa await discovery (Ho, 1998). Hyde et al. (1997) collected and studied the fungi
occurring on submerged wood from streams in the tropics and concluded that in any freshwater system
studied in a new country, more than 50% of the ascomycetes identified may be undescribed species.
Thus, there are still numerous freshwater fungi awaiting discovery in new habitats in tropical areas,
especially in unexplored streams in Thailand.

Although, the number of freshwater fungi is increasing dramatically, only one paper has been
published on freshwater fungi from Thailand before this study started. This was just a preliminary
survey of fungi trapped in foam (Tubaki et al., 1983). These authors reported 29 species (20 identified
and 9 unidentified).

The numbers of teleomorph/anamorph connections reported for freshwater taxa are low with
only ca. 50 such connections being reported worldwide (Webster, 1994; Shearer, 1993). This number
compares with over a thousand species of fungi that have been recorded from freshwater habitats (with
this number dramatically increasing in the last ten years). Therefore this is an aspect that warrants
further study. For many years, mitosporic species received little attention compared to that given to
meiosporic species such as the Ascomycota and Basidiomycota (Kendrick, 1993; Seifert, 1993).
Increasingly it is understood that many (if not all) fungi are pleomorphic: “That is, one fungus may
produce several sorts of spores which may or may not be coincident in time and may or may not be
produced after a nuclear fusion followed by meiosis, a sequence that may be interpreted as sexual”
(Hawksworth et al., 1995). This is also supported by Kendrick (1989) who noted that the fungal
holomorph can include a sexually reproductive phase and one or more asexually reproducing phases.

Mitosporic genera may be connected to several teleomorphs and conversely one teleomorph
genus may have several associated anamorph genera (Seifert, 1993). In some cases the teleomorph
state may be used as an indicator of the presence of the anamorph; for example Nectria is used as an
indicator of the presence of Chaetopsina (Samuels, 1985) or Fusarium (Booth, 1960). Barr (1990) also
noted that generalisations can be made with regard to the mitosporic states, for instance those of the
unitunicate Ascomycota tend to possess phialidic or chlamydospore-type anamorphs, which are rare in
the bitunicate Ascomycota. This shows how important it is to make investigations of the relationships
between teleomorphs and anamorphs, which may then provide us with important or predictive
information for taxonomy and ecology.

As part of the BIOTEC Fungal Biodiversity Programme, a survey of the lignicolous
freshwater fungi was initiated and focused mainly on Khao Yai National Park. The main aims were to:

: Collect and document the diversity of lignicolous freshwater fungi colonising submerged
wood at different geographic areas of Thailand.

: Isolate these fungi and determine their teleomorph/anamorph relationships and thereby
provide cultures for further study and screening for compounds exhibiting biological activity.

: Follow the colonisation and succession of fungi on wooden test blocks in two contrasting
freshwater tropical streams in Khao Yai National Park.

Methodology

Collection, methods of exposure, recovery and incubation

Natural submerged wood was randomly collected from several rivers and streams running
through natural forests ranging in location from the north to the south of Thailand (Fig. 1). At Khao
Yai National Park, two rivers were used for a study on the colonisation of test blocks of four species.
At Tad Ta Phu, water flows all year, while at km 29.2 flow ceases in the dry season. Wood of four
trees, Alstonia scholaris, Anisoptera oblonga, Dipterocarpus alatus and Xylia dolabriformis, was
used and these were immersed for 12 months. Collected materials were placed in plastic bags and
returned to the laboratory. Samples were incubated (at 20 °C) in plastic boxes on sterile tissue paper in
a cabinet with cool, white fluorescent light. Fungi were examined with a stereomicroscope and a
compound microscope. Preparations were made in water, then mounted in lactophenol-cotton blue and
sealed with polyvinyl alcohol.
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SURVEY SITES

Chulaporn Dam

Doi Inthanon National Park
Jed Sao Noi waterfall

Khlong Lan waterfall

Nam Nao National Park
Erawan waterfall

Sam Lan waterfall

Khao Yai National Park

Khao Soi Doi wild life sanctuary
10. Nam Tok Phliu

11. Kaeng Krachan National Park
12. Khao Sok National Park

13. Ko Change

14. Tone Nga Chang waterfall

15. Tone Petch waterfall

16. Bala Hala National Park

CHRNAANR DD

6 Figure 1. The locations for collecting specimens in this study.

Test blocks were immersed for up to one-year. Test blocks of each wood species at each
site were returned immediately in a clean polystyrene foam box to the laboratory, and then washed in
tap water to remove silt and mud from the surface. Each set of test blocks was then placed in a pre-
sterilized plastic box with tissue paper layered at the base. They were incubated at 20 °C in a cabinet
with cool white fluorescent light. To determine the distribution of freshwater fungi, the samples were
assessed between week 1, months 1, 2 and 3, following removal from the river. Test blocks were
assessed using methods already developed (Sivichai, 1999; Sivichai et al., 2000).

Isolation of freshwater fungi and culture study
Single-spore isolations were made after examination and then grown on corn meal agar
(CMA). Spores were spread over the agar surface with a flame-sterilized inoculation loop dipped in
0.05% Triton X-100, incubated at 20 °C in a cabinet with cool white fluorescent light and examined
with a microscope each day for signs of germination. Six to eight germinated spores were transferred
to new CMA plates and incubated in the same cabinet. Material was incubated in the laboratory and all
sporulating fungi were isolated to determine teleomorph/anamorph relationships.

Identification of freshwater fungi

Wood samples were examined under a stereomicroscope for the presence of ascomata,
basidiomata, conidiomata and conidia. Fungi sporulating on substrata were removed and transferred to
a drop of sterile 0.05% Triton X-100 on a slide. A coverslip was put on top and tissue paper used to
absorb excess water. The material was examined, measured and photographed with a Nomarski
Differential Interference Contrast microscope. Permanent slides were prepared by allowing a drop of
lactophenol to replace the water on the slide and then the coverslip was sealed with polyvinyl alcohol.
After completion of examination, specimens on the timbers were dried down. Herbarium material and
voucher slides were prepared and kept in the BIOTEC Herbarium (BBH) (Thailand) while isolates
were transferred to the BIOTEC Culture Collection (BCC) (Thailand) for other research activities.

Results

Taxonomy of taxa collected
Four-hundred and sixteen species were collected in the last six years (Fig. 2), including 141
Ascomycota, 13 Basidiomycota and 262 mitosporic fungi representing 34%, 3%, and 63%
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respectively of the total taxa. As no similar study has been done in Thailand, most species collected
are new records for Thailand. Furthermore, 20% of these are new species. Twelve new species were
described from Thailand (Jones et al., 1999; Sivichai and Hywel-Jones, 1999; Sivichai et al., 1998a, b;
Sivichai et al., 2000; Marvanova and Hywel-Jones, 2000; Sivichai and Jones, inprep.):

e Biflagellospora papillata Sivichai and Hywel-Jones,

e Biflagellospora siamensis Sivichai and Hywel-Jones,

e Biflagellospora gracilis Sivichai and Hywel-Jones,

e Brachydesmiella verrucosa Goh, Sivichai, K. D. Hyde and Hywel-Jones,

o Ellisembiosphaera brachypus Sivichai and E.B.G. Jones

®  Jahnula siamensiae Sivichai and E. B. G. Jones

e Lichenopeltella quinquecladium (E.B.G.Jones, Sivichai and Hywel-Jones) E.B.G. Jones

D. Hawksw.

e Melanochaeta garethjonesii Sivichai and Hywel-Jones,

®  Monatosporella state of Ascotaiwania sawada Sivichai, Jones and Hywel-Jones

e Sigmoidea contorta Marvanova and Hywel-Jones

e Stauriella aquatica Sivichai and E.B.G. Jones

o Tricladium state of Hymenoscyphus varicosporoides Sivichai, Jones and Hywel-Jones

450~
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300+
250+
200+
150+

Number of species

100+
50

1996 1997 1998 1999 2000 2001
year

Figure 2. Cumulative graph of the number of species collected in each year in Thailand.

The freshwater higher fungi collected during this study came from two sources: stream
sites in Khao Yai National Park (the major site) and various streams in Thailand. Some of these have
only recently been described as new species from tropical freshwater habitats, such as, Aquaphila
albicans Goh, k.. Hyde and w. H. Ho from Australia, Brunei, Malaysia, and Philippines; Canalisporium
exiguum Goh and k.p. Hyde from Australia; Kirschsteiniothelia elaterascus Shearer from Chile and USA
and Diluvicola capensis K. D. Hyde, S. W. Wong and E. B. G. Jones from Brunei. Other species
previously known from terrestrial habitats have recently been recorded from freshwater habitats. They
are Anthostomella taiwanensis W. H. Hsieh, C. Y. Chen and Sivan., Astrosphaeriella trochus (Penz.
and Sacc) D. Hawksw., Tubeufia cylindrothecia (Seaver) von Hohnel and Nectria chaetopsinae-
polyblastiae Samuels. However, several taxa could not be fully identified and these await further study
and identification.

The most common species, or rhose that could be found throughout the year, such
as, Helicomyces roseus, Halosarpheia, Savoryella aquatica, Trematosphaeria sp.2, Dictyochaeta
sp.1 and Ellisembia opaca. Other species are restricted by the season or are relatively rare, while
some may be new to science or have never been reported before from a freshwater habitat.
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Of all collecting sites, the number of freshwater fungi was highest in Khao Yai National
Park with 295 species, followed by 100 species at Bala Hala and the lowest with only 1 species
occurred at Song Kla lake (Fig. 3). However, the number of species in each site is related to the
number of times that collections were made, as the greatest number of collections were also made at
Khao Yai National Park.

Over a thousand samples were collected from natural submerged timber and exposed wood
at Khao Yai National Park and are deposited as herbarium specimens, permanent slides and cultures in
the BIOTEC Herbarium (BBH) and BIOTEC Culture Collection (BBC). Sample details including
specimen number, fungus identification, substratum, habitat, collector’s name, date and sites will soon
be available at BIOTEC-Mycology programme.
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Figure 3. Total species number at each collecting site in this study.

Cultures of freshwater fungi

Over 600 strains of freshwater fungi have
been isolated that can supply other research activities
in Thailand. However, not all fungi germinated on
artificial media in the laboratory and the success rate
was about 60 %. This was because the study focused
on the diversity of freshwater fungi rather than their
culture. Some species were very common such as
Helicmyces roseus, Sporoschisma uniseptatum, S.
saccardoi, Annulatascus velatisporus and
Acrogenospora sphaerocephala. All of these fungi
have been isolated into axenic culture with more than
10 strains each. So only rare and other target fungi
were isolated to build up the diversity of freshwater
fungi in culture.
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Teleomorph/anamorph  relationships  of
isolated fungi

Twenty-two teleomorph/anamorph connections are

reported here. Six of these are known connections with four

of them previously reported from terrestrial habitats:

Figure 4. Freshwater fungi collected in
Thailand (scale = 20 pm).
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Melanochaeta hemipsila with Sporoschisma saccardoi (Goh et al., 1997); Nectria chaetopsinae with
Chaetopsina fulva; Nectria chaetopsinae-polyblastiae with Chaetopsina polyblastiae (Samuels, 1985)
and Tubeufia cylindrothecia with Helicomyces roseus (Barr, 1980) and two from freshwater habitats,
1.e., Ascotaiwania sawada with Monotosporella anamorph stage (Sivichai et al., 1998b) and
Hymenoscyphus varicosporoides with Varicosporium sp. (Tubaki, 1966).

A further 14 connections were made for the first time in this study. Teleomorph stages of
the connections recorded are 15 pyrenomycetous, 4 Loculoascomycetes and 3 discomycetes. Most of
the anamorph stages can be referred to typical terrestrial genera, with only two Ingoldian freshwater
species. Of the 22 connections listed in Table 1, 18 are referred to named taxa, while for four species,
only one stage can be referred to a named taxon.

Ecology and colonisation of freshwater fungi on exposed test blocks

Naturally submerged wood was collected from various streams in Thailand and the
colonising fungi isolated and identified. Decorticated test blocks were also exposed at two sites in
Khao Yai National Park involving exposure of timbers of four tree species: A. scholaris, A. oblonga,
D. alatus and X. dolabriformis. This enabled us to determine the diversity of freshwater fungi in
Thailand, the pattern of fungal colonisation and succession, the substratum specificity exhibited by the
fungi and the effect of two different streams on the fungal community developing on the timbers, as
well as to make comparisons of freshwater fungal diversity on the different timber species.

The number of freshwater fungi on four test blocks was 161 species (47 ascomycetes, 4
basidiomycetes, 110 mitosporic fungi). A comparison of the diversity of fungi supported by the four
test timbers was made. The highest diversity occurred on X. dolabriformis (83 species, including 21
ascomycetes, 62 mitosporic fungi) with a mean of 15.2 species (Table 2). The total number of fungi
found on D. alatus at the two sites was 79 species (23 ascomycetes, 53 mitosporic fungi, 3
basidiomycetes) with a mean of 14 species, and on Alstonia scholaris was 62 species (22 ascomycetes,
39 mitosporic fungi, 1 basidiomycete) with a mean of 10.2 species while the lowest diversity was on
A. oblonga with 58 species (18 ascomycetes, 40 mitosporic fungi) and a mean of 7.5 species (Table 2).

Statistical data indicated that at Km29.2, the Shannon index (S) was 4.7 and 4.9 for D. alatus
and X. dolabriformis respectively, while evenness (J*) was 0.8 on both exposed timbers. These two indices
reflect the diversity of fungi on X. dolabriformis (S =4.9) which was higher than on D. alatus (S=4.7),
while the evenness index shows a similar diversity on both timbers. At Tad Ta Phu, the Shannon index (S’)
was 4.5 and 4.6 on D. alatus and X. dolabriformis, respectively, while Evenness (J') was 0.8 for both
timber species. These two indices reflect the similarity in the diversity of fungi on both timbers.

Table 1. List of teleomorph/anamorph connections and means of confirmation.

9 Melanochaeta hemipsila

10 | Microascus sp. 1-like

11 | Cosmospora chaetopsinae

12 | Cosmospora chaetopsinae-polyblastiae
13 | Nectria sp. 1

14 | Cosmospora sp. 1

15 | Oxydothis sp.1-like

16 | Tubeufia cylindrothecia

17 | Tubeufia sp. 1

18 | Teleomorph unidentified

19 | Teleomorph unidentified

20 | Teleomorph unidentified

21 | Unidentified Discomycete sp. 7
22 | Unidentified Discomycete sp. 9

No. Connections
Teleomorph Anamorph
1 Anthostomella aquatica Geniculosporium sporodochiale
2 Anthostomella taiwanensis Geniculosporium-like*
3 | Ascotaiwania sawada Monotosporella sp.*
4 Delitschia sp. 1 Phomopsis sp. 1-like
5 Diaporthe sp. 1 Phomopsis sp. 2-like*
6 Hymenoscyphus varicosporoides Tricladium anamorph of H. varicosporoides
7 Hysterographium sp. 1 Phomopsis sp. 3-like
8 Melanochaeta garethjonesii Sporoschisma uniseptatum*

Sporoschisma saccardoi
Unidentified hyphomycete*
Chaetopsina fulva
Chaetopsina polyblastiae
Cylindrocarpon sp. 1*
Chaetopsina siamensis sp.nov*
Phialophora cf. cyclaminis*
Helicomyces roseus
Aquaphila albicans
Dactylaria sp. 2*
Ellisembia brachypus*
Phaeoisaria clematidis™
Unidentified hyphomycete
Sporodochial sp. 1

NunwnAsslulasins BRT 2545

:2?)) BRT Research Reports 2002
Wl ERT




Table 2. Total freshwater fungi on different substrata and at different sites.

Substratum
Fungi Dipterocarpus alatus Xylia dolabriformis Alstonia scholaris Anisoptera oblonga
km29.2 Tad Ta km29.2 Tad Ta km29.2 Tad Ta km29.2 Tad Ta

Phu Phu Phu Phu
Ascomycetes at each site 15 15 14 14 17* 15 14* 5
Basidiomycetes at each site 2 1 - - 1* - - -
Mitosporic fungi at each site 36 32 48 33 29%* 27 26* 27
Total species on each timber and test site 53 48 62 47 47%* 42 40%* 32
Ratio of mitosporic fungi to ascomycetes 24 2.1 34 2.3 1.7% 1.8 1.8* 54
Ascomycetes on timber 23 21 22% 18%*
Basidiomycetes on timber 3 - 1* -*
Mitosporic fungi on timber 53 62 39* 40%*
Total species on timber 79 83 62* 58%*
Ratio of mitosporic to ascomycetes 2.3 2.9 1.8 2.2
Total ascomycetes 47
Total basidiomycetes 4
Total mitosporic fungi 110
Total species in this study 161
Overall ratio of mitosporic fungi to
ascomycetes in this study 2.3

* Species numbers may be affected by the loss of two sets of test blocks.

Conclusions

This is the first intensive study on the diversity of lignicolous freshwater fungi in Thailand, a
group that has not been widely investigated in tropical/subtropical locations. In this study, an approach
different to those of previous workers was taken, i.e., by comparing diversity at two streams with
different physical characteristics, the use of local timbers, and by the method of assessment of fungal
diversity.

Significantly, it was shown that there are communities of fungi specific to particular woods
with over two hundred species on ‘natural woods’ collected from rivers in Thailand. It is assumed that
this is because these woods are of a wide range of tree species and have been deposited in rivers for an
unknown (but extended) period of time. The current project studied wood of just four tree species in
two rivers in Khao Yai National Park and suggests that this is far from representative of the true
diversity of freshwater fungi in Thailand.

Future Investigations

Future investigations on lignicolous freshwater fungi should concentrate on more detailed
quantitative methods for the enumeration of their diversity and ecology.

Species diversity
As a result of this study, information on the number of freshwater fungi known from
Thailand has increased significantly, even after only one year of study of four timbers at two streams
in Khao Yai National Park. Future studies on fungal diversity in Thailand should examine different
river systems especially those that are more acidic e.g. Peat swamp forest with a river system running
through a highly acidic peat bog or even Bala Hala wildlife sanctuary in Narathiwat Province.

Other freshwater fungal groups

Only a few discomycete apothecia and basidiomycetes were collected in the present study.
Are more of these fungi to be found in this habitat? To study this aspect in greater detail special
techniques or procedures may have to be developed.

Few basidiomycetes have been described (Nawawi and Webster, 1985) from freshwater
habitats, and this was also found in the present study. One unusual basidiomycete was collected from
test blocks which has not been reported from terrestrial or aquatic habitats. This may be due to the
preponderance of mitosporic fungi and ascomycetes which may produce metabolites that exclude or
inhibit the growth of basidiomycetes. Moreover, basidiomycetes were only found on low density
timbers and natural submerged wood (Sivichai, 1999). Therefore, special techniques may have to be
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developed to search for basidiomycetes. For example, low density test blocks impregnated with the
fungicide benomyl in an attempt to suppress hyphomycete growth, but still enabling the development
of basidiomycetes (Jones, pers. comm.). Freshwater discomycetes have mostly been found at low
temperatures from temperate areas and at Tad Ta Phu where the water was cooler. Moreover, low
incubation temperatures may yield more discomycetes. Discomycetes may be more amphibious rather
than growing totally submerged. Examination of trapped wood on the margins of streams may yield
more species.

Freshwater fungi comprise 3 taxonomic groups: straminipiles, Ascomycetes and
Hyphomycetes (Ingoldian fungi). Apart from lignicolous freshwater fungi in this study, the other two
freshwater fungal groups have had very little work undertaken in the tropics, especially in Thailand.

Teleomorph/anamorph connections

Of the 22 teleomorph/anamorph connections detected in this study, many were found as the
result of the intensive culture and ecological study. Over six hundred strains were cultured and many
of these are non-sporulating. Many of these may be heterothallic which require cross mating
experiments or various incubation techniques to induce sporulation.

As new molecular techniques become available and the number of fungal
sequences increase in the GenBank. This probably is another choice to link anamorphs to
their teleomorph in the near future.

Succession of freshwater fungi on wood

Most succession studies, including the present study, were over a relatively short period.
Fungal succession was not clearly demonstrated and the wood was still in good condition, therefore, a
true succession may not have been observed. Moreover, there is no consistent dominant mycoflora as
yet reported in the literature. This study shows that two timbers in the same river at two sites can
support vastly different fungal communities.

The four timbers employed in this investigation had a similar lignin content and this may
account for the low degradation observed. Future studies should examine a series of timbers with a
significantly different lignin content (e.g. balsa, greenheart) and see what effect this has on fungal
colonisation. Future studies on the colonisation of wood in freshwater habitats must include long term
exposure of timbers e.g. 5 or more years. This may answer the question: is there a true succession of
fungi on wood?

To date few experimental investigations have been undertaken to examine fungal
colonisation of wood in freshwater habitats. Areas for future study might well include molecular
techniques to enumerate fungi colonising the wood, rather than relying on their sporulation as a means
of detection.

This study has provided basic detailed data on the colonisation of 2 timbers in two streams
at Khao Yai National Park. Patterns of colonisation were observed. Therefore these data supply
information to enable us to experimentally examine topics such as interference competition and
answer the question: do early colonisers produce compounds that suppress the growth of other fungi?

Factors affecting fungal colonisation in freshwater habitats

Many studies have shown that various factors influence the succession of fungi on a
substratum: substrate specificity, corticated and decorticated wood, and bait size. Standardisation of
procedures may therefore yield better comparative data.

A significant addition has been made to knowledge on the biodiversity of fungi in
Thailand. Importantly, new knowledge has been gained on the freshwater fungi from tropical habitats.
However, as only a few wood species have been surveyed it is clear that many freshwater fungi remain
to be discovered.
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Abstract: Germplasm Collection and Identification of Thai Annonaceae
Piya Chalermglin, Pongsak Polsena” and Chaiwat Boonfak'
'Agro-Technology Department, Thailand Institute of Scientific and Technological Research,
Chatuchak, Bangkok 10900, %Eastern Botanic Garden (Khao Hinson), Forest Botany Division,
Royal Forest Department, Chatuchak, Bangkok 10900

The “Germplasm Collection and Identification of Thai Annonaceae” project was
undertaken for 4 years from 1997 to 2001. There were 36 genera and 164 species identified in
herbarium collections. New records for Thailand comprised 11 species: Alphonsea
gaudichaudiana (Baill.) Finet & Gagnep., Artabotrys multiflorus C.E.C. Fisher, Cleistopetalum
sumatranum H. Okada, Cyathocalyx martabanicus Hook.f. & Thomson var. martabanicus,
Cyathostemma hookeri King, Dasymaschalon yunnanense (Hu) Ban, Dendrokingstonia nervosa
(Hook.f. & Thomson) Rauschert, Goniothalamus malayanus Hook.f. & Thomson, Mitrephora
wangii Hu, Pseuduvaria monticola J. Sinclair and Xylopia pierrei Hance. Nine are expected to be
new species, 13 species were classified as rare and endangered and 56 species had fragrant
flowers. The seedlings of 54 species in 22 genera are conserved in the Queen Sirikit Botanic
Garden, Chiang Mai Province and the Eastern Botanic Garden (Khao Hinson), Chachoengsao
Province.

Key words: Thai Annonaceae, germplasm collection
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@810 (Alphonsea) 6 @‘imzmwa@ju (A. boniana); §1RENUAN (A. cylindrica); §1Re1
(A. elliptica); $NEN10BUNA (A. gaudichaudiana); F1AEIIUUN
(A. javanica); A&7 (A. sp.)

411w (Anaxagorea) 2 11w (A. javanica); A8ITUNEI (A. luzonensis)

KauRUN (Annona) 4 deunineasiaslae (A. cherimola), NI3UWNG (A. muricata);
waalwnila (A. reticulata); ¥aanun (A. squamosa)

WULNITDW (Anomianthus) 1 wULNITAW (A. dulcis)

M3LIN (Artabotrys) 11 wn il (A. burmanicus); mannlulne (A. grandifolius); wadn
(A. harmandii); NITANIB (A. hexapetalus); M3IINTD
(A. multifiorus); ﬁ"aﬁju (A. oblanceolatus); "N3L3IN (A. siamensis);
m’ni’l (A. spinosus); Tngl (A. suaveolens); FeUnINAID
(A. vanpruki), miL’mﬁt’] (A. sp.)

n320991 lne (Cananga) 3 REWNWE (C. fatifolia); NT2@341 N8 (C. odorata); NTEAINRIVAN
(C. odorata var. fruticosa)

mﬁmﬂi“:ﬁ;ﬂ (Cleistopetalum) 1 L‘V\ﬁaaﬂi:ﬁ)‘ﬂ (C. sumatranum)

wILRI (Cyathocalyx) 3 ﬁwﬂ (C. martabanicus); W38 (C. martabanicus var. harmandii);
N2A9904 (A. sumatranus)

ﬁﬁLﬁﬂﬁaU (Cyathostemma) 6 HULNIILGA (C. argenteum); WULNT LD (C. hookeri); ‘tf’ll,é‘f’lmu
(C. longipes); hudhitas (C. micranthum); BALNITS
(C. viridiflorum); 82Wa (C. wrayi)

HULFE (Dasoclema) 1 wULFD (D. siamensis)

YW (Dasymaschalon) 9 YW (D. blumei var. blumei); q%idqﬁﬂg% (D. blumei var.
suratense); qmﬂudauﬁﬂi’]ma (D. blumei var. wallichii); YR
NweN? (D. filipes); I‘]Ji'\‘lﬁl’s (D. lomentaceum), (?iwv\l’]
(D. macrocalyx); FLUUIUNRLD (D. sootepense); URNALYUAWI
(D. yunnanense); qmm‘gam (D. sp.)

NunwnAsslulasins BRT 2545

26)

Wl BRT

BRT Research Reports 2002




a9 1. (da)

ana IWINTIA eBaria

nzlvan (Dendrokingstonia) 1 nelwan (D. nervosa)

s1anga (Desmos) 3 §unga (D. chinensis); gunantaanis (D. cochinchinensis);
aungaLnila (D. praecox)

wlWN21 (Ellipeiopsis) 1 wiUN21 (E. cherrevensis)

AWIRUT (Enicosanthum) 4 WIHIRUNANAY (E. cupulare); WrIwWINaas (E. fuscum);
wikinwaanlwa (E. membranifolium); #iHBWTa8172
(E. praestigiosum)

gNwRaa (Fissistigma) 4 NRWRS (F. fatifolium); NADNEFIT U (F. parviflorum); 1n%a
(F. polyanthoides); guiRan (F. rubiginosum)

qm’m‘fm (Friesodielsia) 4 LA DL (F. affinis); 141)\0'11,“5\1 (F. desmoides); YW
(F. discolor); ywinaulna (F. kingii)

Unusne (Goniothalamus) 23 w32 (G. elegans);, hwhuviau (G. expansus); LNRHUT 1
(G. giganteus); gUwn (G. griffithii); TNIWRNGN (G. laoticus);
Asmaniden (G. macrophyllus), femanidsrluLan (G. macrophylus
var. siamensis); ﬂmﬁfum (G. malayanus); T1IAR (G. marcanii),
URARENY (G. repevensis); gm’m‘ﬂﬂ (G. sawtehii); INRIWAR UL
(G. scortechinii), ﬂ’]%ﬁfut?? ¢ (G. subevenius); Q%d’]é’lﬁmﬂ
(G. tapis); INvikunthd (G. tavoyensis); Vv uan (G. tenuifolius);
AT WNINA (G. tortilipetalus); LNAbUNEN (G. umbrosus); SILARNG
(G. undulatus);, twiiwd aamat (G. sp.); thwiugine (G. sp.);
1hurtusadnan (G. sp.); nuasas (G. sp.)

2ATHAN (Marsepopetalum) 1 aa3aaN (M. pallidum)

lanau (Meiogyne) 1 lanan (M. hainanense)

8197% (Meloodrum) 2 81a% (M. fruticosum); WAL (M. siamensis)

#eN (Mezzettia) 1 WG (M. parvifiora)

PWWINY (Miliusa) 9 Tuiien (M. amplexicaulis): 524140) (M. campanulata); 3£2191382
(M. cuneata); ausa (M. lineata); JLa9F18817 (M. longipes);
399U (M. mollis); sl (M. smithiae); w1 (M. thorelii);
PWINY (M. velutina)

VAININRN (Mitrephora) 6 WINNYT (M. alba); N8 (M. keithii); ¥I3WaY (M. maingayi);
wz1la (M. tomentosa); 810uaa8 (M. wangii), NAIWIHN
(M. winitii)

wzila (Monocarpia) 1 VU@ (M. marginalis)

Nal8Ad (Orophea) 6 WINWAS (O. brandisii); WINLA&a4 (O. cuneiformis); NRIAS

184 (Phaeanthus)

HT9 (Platymitra)

(O. enterocarpa); WINUNBNANS (O. kerrii); AINAU (O. polycarpa);
winwnaanlwaj (O. sp.)
#I84 (P. splendens)

#1119 (P. macrocarpa)
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a159n 1. (d8)

dana

q

IMNINTUA

suBazita

gnalaw (Polyalthia)

Wit (Popowia)

ﬁ’wg (Pseuduvaria)

nzlanwn (Sageraea)
9 (Stelechocarpus)

eV (Trivalvaria)

v o

NRIYURANRS (Uvaria)

UG

naewas (Xylopia)

28

10

wadlAa (P. bullata); $1U1wax (P. caulifiora var. desmantha);
d1ihwauaanlwaj (P. cauliflora var. wrayi); nzi3sn

(P. ceresoides); U’N‘L!u (P. c/avigera);éf‘].lwh (P. dubia); EGH
(P. evecta var. evecta); A1au (P. evecta var. attopeuensis);
HUBDLAUUAS (P. evecta var. intermedia); 1137 (P. glauca);
RUINRUILUA (P. hookeriana); NIEAIINDN (P. jenkinsii);
BN9LARBY (P. jucunda); NTe@3911h (P. lateriflora); alanduwiae
(P. longifolia); &394 (P. obtusa); q51ﬁqv1§ (P. parviflora); WIaLUN
(P. rumphii); g9t (P. simiarum); %m@ﬂm@m (P. stenopetala);
NAINABY (P. suberosa); 8N3law (P. viridis); NRILLAHALAI

(P. sp.); NALLENALARDY (P. sp.); L?imwwu (P. sp.);
FMFBLAN (P. sp.); W (P. sp.); LnAaddunit (P. sp.)

When (P. pisocarpa)

é’wgﬂamm (P. macrophylla var. sessilicarpa); ﬁd%gl,"ll’l

(P. monticola); ﬁmg@aﬂlmy: (P. multiovulata); ﬁd%gﬁﬂ (P. rugosa);
favglua (P. setosa)

nelann (S. elliptica)

d91g (S. cauliflorus)

VW1 (T. pumila)

WUT9 (U. cordata); NR188LHA (U. dac); WIS WNNANa

U. fauveliana); Ni8MaF9 (U. grandifiora); NAEwyFIEwa

(U grandifiora var. flava); LR HGH (U. hahnii); NAILNINEY
(U. hamiltonii); NEIEWYFIAN (U. leptopoda); NenBdewam

(U. lurida); Awwskae (U. rufa)

FLNLEN (X, pierrel); NRI8KBE (X, vielana)
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@h“mmaﬂﬁm Alphonsea gaudichaudiana (Baill.) Finet & Gagnep.
n3INTD Artabotrys multiflorus C.E.C. Fisher
mﬁmﬂ‘iz@ﬂ Cleistopetalum sumatranum H. Okada
ﬁ’n{\l“ Cyathocalyx martabanicus Hook.f. & Thomson var. martabanicus
UL Cyathostemma hookeri King
URNRYURAUI Dasymaschalon yunnanense (Hu) Ban
nelwan Dendrokingstonia nervosa (Hook.f. & Thomson) Rauschert
Uﬂ%ﬁuWE Goniothalamus malayanus Hook.f. & Thomson
fAINAaY Mitrephora wangii Hu
igfngll,“ll’l Pseuduvaria monticola J. Sinclair
FTN9LEN Xylopia pierrei Hance
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42 2@38aN, WNWNIWRY  Polyalthia modesta niiusasn Goniothalamus sp.
(Pierre) Finet & Gagnep. WAzWALANNDEY thniuaiag Goniothalamus sp.
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Hadiy Fangnmeans
m‘n’m‘ﬁ’] Artabotrys sp.
mﬁmﬂ‘iz@ﬂ Cleistopetalum sumatranum H. Okada
ﬁ’n{\l“ Cyathocalyx martabanicus Hook.f. & Thomson var. martabanicus
HULILT 87 Cyathostemma hookeri King
‘Li’]l,ﬁ’] g% Cyathostemma longipes Craib
wULFD Dasoclema siamensis (Craib) J. Sinclair
qmaﬁ’mm’a Dasymaschalon filipes (Ridl.) Ban
URNRAYUAWI Dasymaschalon yunnanense (Hu) Ban
‘lamidl,gaﬂ Dasymaschalon sp.
nelwan Dendrokingstonia nervosa (Hook.f. & Thomson) Rauschert
LRARIIY Goniothalamus repevensis Pierre ex Finet & Gagnep.
fAINaaY Mitrephora wangii Hu
ﬁwglﬁu’l Pseuduvaria monticola J. Sinclair
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Hasniiaaaalie Annona cherimola Mill.

"qﬁﬂumﬂ Annona muricata L.

woelnig Annona reticulata L.

nosnun Annona squamosa L.

NIEAININ Artabotrys hexapetalus (L.f.) Bhandari

alandwuide Polyalthia longifolia (Sonn.) Thwaites
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ﬁﬂgu Anaxagorea javanica Blume

“qﬁﬂumﬂ Annona muricata L.

WULNITDY Anomianthus dulcis (Dunal) J. Sinclair

nuh Artabotrys burmanicus A.DC.

mannlulng) Artabotrys grandifolius King

1“7 Artabotrys harmandii Finet & Gagnep.

NTEAINIU Artabotrys hexapetalus (L.f.) Bhandari

N13LINTA Artabotrys multiflorus C.E.C. Fisher

‘ﬁhéju Artabotrys oblanceolatus Craib

N3N Artabotrys siamensis Miq.

u’l’ni’l Artabotrys spinosus Craib

F2UWIAID Artabotrys vanprukii Craib
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n3zad lng Cananga odorata (Lam.) Hook.f. & Thomson var. odorata
NIEAIRIVAN Cananga odorata (Lam.) Hook.f. & Thomson var. fruticosa (Craib) Corner
ﬁ’wj Cyathocalyx martabanicus Hook.f. & Thomson var. martabanicus
N32A9NA4 Cyathocalyx sumatranus Scheff.
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Untusne Goniothalamus giganteus Hook.f. & Thomson

gzuin Goniothalamus griffithii Hook.f. & Thomson

TIIRAINAS Goniothalamus laoticus (Finet & Gagnep.) Ban

ﬁd(ﬂ anLaen Goniothalamus macrophyllus (Blume) Hook.f. & Thomson var. macrophyllus
ﬁo@amaﬂ’ﬂmﬁﬂ Goniothalamus macrophyllus (Blume) Hook.f. & Thomson var. siamensis J. Sinclair
ﬂﬁﬁﬁuwg Goniothalamus malayanus Hook.f. & Thomson

T1IRAY Goniothalamus marcanii Craib

LRAREIN Goniothalamus repevensis Pierre ex Finet & Gagnep.
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TR SOV Y Goniothalamus umbrosus J. Sinclair
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UnkusaIna Goniothalamus sp.
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Untuasas Goniothalamus sp.

8% Melodorum fruticosum Lour.

BULLND Melodorum siamense (Scheff.) Ban
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nag Mitrephora keithii Ridl.
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FENILEN Xylopia pierrei Hance

HEEEPGL] Xylopia vielana Pierre
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@MENINGG (Alphonsea boniana), 31w (Anaxagorea javanica), weuun (Annona squamosa)

UNULN2ITD (Anomianthus dulcis), N3N (Artabotrys siamensis), N3z ing (Cananga odorata)
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‘1.4%‘1'1!,‘?1\‘] (Fissistigma desmoides), AT (Goniothalamus giganteus), anTAA (Marsepopetalum pallidum)
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Taxonomic Study of Ferns and Fern Allies at Huai Yang Waterfall
National Park, Prachuap Khiri Khan Province, Thailand
Yuttaya Yuyen' and Thaweesakdi Boonkerd®

'Department of Apply Biology, Faculty of Science and Technology, Ratchabhat Institute

Ubon Ratchathani, Ubon Ratchathani 34000, Thailand
*Department of Botany, Faculty of Science, Chulalongkorn University, Bangkok 10330, Thailand

A total of 128 species of ferns and fern allies belonging to 63 genera and 26 families were
recorded from Huai Yang Waterfall National Park, Prachuap Khiri Khan Province. This is the first
report for the area which includes 11 species in 4 genera from 3 families of fern allies. Three
families of true fern, namely Polypodiaceae, Aspleniaceae and Thelypteridaceae, were among the
common families. Polypodiaceae included 28 species in 15 genera, whilst Aspleniaceae and
Thelypteridaceae included 11 and 10 species, respectively. The vegetation could be classified
into Dry Evergreen forest, Mixed Deciduous forest, Tropical Evergreen forest, and Hill Evergreen
forest. It was found that Hill Evergreen forest had the highest number of pteridophyte species.
Collection of pteridophytes in this area has also produced new information on pteridophyte
distribution of the Malesian elements. The overall pteridophyte number of the national park
represents about 20% of the total recorded for Thailand.

Key words: Pteridophyte, Prachaup Khiri Khan Province, ferns and fern allies

Introduction

Huai Yang Waterfall National Park is located at the narrowest point of the country, in Tub
Sakae and Bang Saphan District, Prachuap Khiri Khan Province. Geographically speaking, this area is
probably a transitional zone between the southwestern and peninsular floristic regions. Khao Luang,
which occurs in this area, is also of interest for the exploration of pteridophyte diversity, since this
mountain is one of the highest peaks of the Tanao Sri Range. From a review of the literature, it was
found that the plant diversity of the western floristic region has not been as frequently investigated as
that of other parts of the country. However, some botanical expeditions were made in Kanchanaburi
Province, but they mainly focused on flowering plants. Therefore, knowledge of pteridophyte
diversity in this floristic region is limited. Consequently, botanical surveys of pteridophyte diversity in
this region are necessary to gain more knowledge of the diversity as well as the geographical
distribution of species.

Tagawa and Iwatsuki (1979-1989), two Japanese botanists from Kyoto University, studied
existing herbarium specimens of pteridophytes from Thailand as well as specimens collected during
their own field trips. A total of 633 species, in 132 genera from 34 families of pteridophytes were
enumerated. They found 25 new species of which 21 were endemic to Thailand. They also mentioned
19 species of pteridophytes collected from Huai Yang Waterfall National Park, Prachuap Khiri Khan
Province (Tagawa and Iwatsuki, 1979, 1985, 1988, 1989).

This work aimed to conduct a botanical inventory of pteridophytes at Huai Yang Waterfall
National Park, Prachuap Khiri Khan Province.

Study Site

Huai Yang Waterfall National Park is located in the Tanao Sri Range, which is the southern
part of the narrowest area of Thailand, and covers an area of approximately 161 km’. The park
occupies Huai Yang Subdistrict, Khao Lan Subdistrict, Sang Arun Subdistrict, Na Hu Kwang
Subdistrict and Ang Thong Subdistrict in Tubsakae District, and Chaikasame Subdistrict in Bang
Saphan District, Prachuap Khiri Khan Province (Figure 1). It is marked out approximately by the
geographical coordinates of 11° 37'-11° 41' north and 99° 24'-99° 37' east. It is bounded on the north
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by Hin Chaung Canal in Huai Yang Subdistrict, Tubsakae District; on the south by Morasuap Canal in
Chaikasame Subdistrict, Bang Saphan District; on the east by Tubsakae Reserve Forest, Tubsakae
District and Bang Saphan District; and on the west by the Union of Myanmar (Plerdpling, 2000).

The park ranges in elevation from 100 to 1,250 m at the summit of Khao Luang. Most of the
park consists of mountainous areas; plains are observed only in the valley. Generally, the mountain
slopes in the park are between 10 and 30% (Plerdpling, 2000). Khao Luang is also located in a
watershed and streams flow into waterfalls such as Huai Yang Waterfall and Bua Sawan Waterfall.

Huai Yang Waterfall National Park is mostly composed of granitic rocks and granodiorite,
which cover an area of 130 km” or nearly 81% of the park area. An area of about 7.4 km® or about 5%
of the park area is composed of gneiss and schist. Rocks in some areas belong to the Tanao Sri group,
such as the Kaeng Krachan Formation. This area is about 14.6 km® or approximately 9% of the whole
area. A slope complex consists mainly of composite granite, lime stone and sand stone. It covers an
area of 150 km® or approximately 93.5% of the whole area. Soil types in this area are of the Thungwa
alkaline variant, the Khlong Nok Krathung alkaline variant, and soils of the Bang Saphan series
(Plerdpling, 2000).
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Figure 1. Maps showing the location of Huai Yang Waterfall National Park.

The climate of the area is a Tropical Savannah Climate with high temperatures all year round
and a distinctive dry season period. Three seasons occur, i.e., a rainy season from May to November, a
winter season from December to February and a summer season from March toApril (Meteorological
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Department, 2000). Prachuap Khiri Khan Climatic Station in Muang District is the nearest station.
Climatological data' from 1970 to 2000 indicates an average annual temperature of 27.1 °C. The
average maximum temperature was about 33.2 °C during April and May, and the average minimum
temperature 19.9 °C occurred in January (Figure 2). The average annual relative humidity was about
78%, while the average maximum relative humidity was 89% and the average minimum relative
humidity was 63%.

The average annual rainfall was 1150 mm. The highest average annual rainfall of
approximately 300 mm was observed in October, whilst the lowest annual rainfall of about 28 mm and
a few rainy days were observed in December which is the driest month (Figure 2).

The vegetation of Huai Yang Waterfall National Park consists of Mixed Deciduous forest, Dry
Evergreen forest, Tropical Evergreen forest and Hill Evergreen forest (Plerdpling, 2000).
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Figure 2. Climatological data during the period, 1970- 2000, from Prachuap Khiri Khan Station

(Data from the Department of Meteorology, Bangkok, Thailand).

.!kan monthly rainfall Mean monthly rainy days

" The climate during the period 1970-2000 was probably drier and hotter than the average for the park as a
whole.
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Methodology

Specimen collections were made on the main existing forest trails, extending about 5 m from
both sides. Monthly field trips were designed for the period March 1999-October 2000. Some moist
areas were frequently visited such as Huai Yang Waterfall, Bua Sawan Waterfall, Khao Lan Waterfall,
Khao Lan peak, Huai Hin Dad Waterfall, Kha Onn Waterfall, Praksai Canal and the summit of Khao
Luang.

Voucher specimens were deposited at the Professor Kasin Suvatabandhu Herbarium,
Department of Botany, Faculty of Science, Chulalongkorn University (BCU) and the Forest
Herbarium, Royal Forest Department (BKF). Nomenclature and arrangement of taxa in this work
followed Boonkerd and Pollawata (2000). Authors of scientific names and their abbreviations are in
accordance with the “Authors of plant names” by Brummitt and Powell (1992).

Results

Two hundred and four specimens of fern and fern allies were collected from March 1999 to
October 2000. They are classified into 26 families, 63 genera and 128 species (Appendix 1). Among
these, 11 species in 4 genera from 3 families are fern allies. Three families of true fern, namely
Polypodiaceae, Aspleniaceae and Thelypteridaceae, are among the common families. Polypodiaceae
included 28 species in 15 genera, whilst Aspleniaceae and Thelypteridaceae included 11 and 10
species, respectively. The vegetation types and pteridophyte distribution are noted below.
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Figure 3. A summary of ferns and fern allies collected in each forest.

@Dry Evergreen Forest Mixed D@uous Forest

Tropical Evergreen Forest Hill Evergreen Forest

Vegetation types and pteridophyte distribution

Huai Yang Waterfall National Park is composed of four vegetation types, namely Dry
Evergreen forest, Mixed Deciduous forest, Tropical Evergreen forest and Hill Evergreen forest. Ferns
and fern allies are naturally dispersed in all of these vegetation types, but with a different number of
species in each type.
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Dry Evergreen forest (DEF) covers an area of 74.92 km” or approximately 46% of the whole
area. The elevation ranges from 100 to 800 m. Plants growing in this forest were both deciduous and
evergreen trees, the canopy was green all year round. In this forest, the soil layer is deep and
composed mainly of moist sandy loam (Plerdpling, 2000).

Thirty four species of pteridophytes were found in this forest type (Figure 3). Of these species,
14 were restricted to this forest type and 12 were found both in Mixed Deciduous forest and Dry
Evergreen forest. Generally, pteridophytes grew in shady areas and nearby streams. Lithophytes and
terrestrial ferns occurred in approximately the same numbers. Relative air humidity was generally
higher than in Mixed Deciduous forest. Accordingly, the numbers of epiphytes and lithophytes were
higher than in Mixed Deciduous forest. For example, Crepidomanes megistostomum L. was found on
shady and moist cliffs nearby streams, while Cyathea borneensis Copel was the only plant found by a
stream. Antrophyum callifolium Blume usually grows on moist rocks or tree trunks, whereas Pteridrys
syrmatica (Willd.) C. Chr. & Ching can be found on shady hill slopes. In this type of forest,
Platycerium holttumii Jonch. & Hennipman is one of the large epiphytes; this species usually grows on
high branches of trees. Vittaria ensifomis Sw. is a small plant that usually occurs on shady spots of tree
trunks or grows on decomposed logs. Nearby this area, a medium-sized fern, Pyrrosia stigmosa (Sw.)
Ching, was found on humus-rich rocks.

Mixed Deciduous forest (MDF) covers an area of 49.95 km® or approximately 31% of the
whole area. Dry Upper Mixed Deciduous forest ranges in elevation from about 500 to 800 m with low
relative humidity and a thin layer of soil on the base rock. Most trees are dwarf and bamboos are
frequently found throughout (Plerdpling, 2000).

So far, 39 species of pteridophytes have been observed in this forest type (Figure 3), but 12 of
these species can also be found in the other forest types. Most of them are terrestrial plants and
lithophytes, with only a few species of epiphytes. Epiphytes are commonly seen on the lower part of
tree-trunks, probably due to low relative humidity in the upper portion of trees. In addition, an aquatic
species, Ceratopteris thalictroides (L.) Brongn., was found in this forest. Generally, pteridophytes
usually grow in shady places, along stream banks or at moist spots. The common species included
Adiantum caudatum L. This maidenhair fern usually grows on dry mountain slopes, whereas
Doryopteris ludens (Wall. ex Hook.) J. Sm. is found in both moist and dry places. Cyclosorus
interruptus (Willd.) H.Ito is found in rather open areas along streams and Microsorum pteropus
(Blume) Copel. is a rheophyte often found on moist areas near streams or waterfalls. Some epiphytic
ferns in this forest showed drought resistance or drought avoidance to some degree. For example,
Davallia denticulata Blume, D. solida (G. Forst.) Sw., Drynaria bonii H. Christ, D. quercifolia (L.) J.
Sm. and D. rigidula (Sw.) Bedd. shed their fronds or parts of their laminae during the dry season; only
rhizomes were found on rocks or on tree trunks. Rhizomes of these ferns are succulent, and covered
with dense scales; these characters protect the plant from desiccation and help it survive during the dry
season. Some terrestrial species, for example, Selaginella ostenfeldii Hieron, Ophioglossum petiolatum
Hook., Notholaena velutina Tardieu & C. Chr. and Pityrogramma calomelanos (L.) Link. shed their
fronds or their fronds dried out during the dry months; however, the rhizomes remained under the soil
and these ferns became dormant. Shortly after some rain, new leaves will be produced on these ferns.
Some fern species reduce transpiration by decreasing the leaf surface exposed to the dry atmosphere
by curling their fronds, for example, Adiantum caudatum L., A. zollingeri Mett. ex Kuhn and Pyrrosia
adnascens (Sw.) Ching.

Tropical Evergreen forest (TEF) covers an area of 32.5 km” or approximately 20% of the
whole area. The elevation ranges from 800 to 1,000 m. This forest type is composed of medium-to-tall
trees which remain mostly green during the dry season, and has a closed to slightly open canopy.
There are a large number of ground cover plants; they are shade loving plants, for example, the
zingiberaceous species. Palms also can be found. By and large, relative air humidity is rather high, and
soil layers are deep and have high soil humidity (Plerdpling, 2000). Thirty seven species of
pteridophytes were found (Figure 3), and 21 of these species can be found only in this forest type.
Although Tropical Evergreen forest is close to the Dry Evergreen forest, only 2 species, i.e. Asplenium
simonsianum Hook. and Diplazium simplicivenium Holttum, were common to both forests. In
contrast, 13 species of pteridophytes were commonly found in both Tropical Evergreen forest and Hill
Evergreen forest. Examples of terrestrial ferns are Cibotium barometz J. Sm., Pteris cretica L,
Bolbitis heteroclita (C. Presl) Ching, Tectaria polymorpha (Wall. ex Hook.) Copel., Diplazium
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crenatoserratum (Blume)T.Moore and Leptochilus macrophyllus (Blume) Noot. var. macrophyllus.
Among these, Cibotium barometz J. Sm. is a big fern, it has many large bipinnate fronds that are
usually 3-4 metres in length. The other species are medium-sized ferns and usually occupy moist and
shady places near to streams. However, Leptochilus macrophyllus (Blume) Noot. var. macrophyllus
usually grows on buttresses or the bases of tree trunks.

Hill Evergreen forest (HEF) covers an area of 3.64 km® or approximately 2% of the whole
area. Itis a primary forest near the summit of Khao Luang. The elevation ranges from 1,000 to 1,250
m. The soil in this forest is rather deep, is covered by rich humus and has high humidity (Plerdpling,
2000). The main canopy trees are broad-leaved members of Fagaceae, Lauraceae, Theaceae and
Dipterocarpaceae. Tree trunks are usually covered with bryophytes, but filmy ferns are uncommon. In
general, rainfall occurs from March to November. Hill Evergreen forest has the highest diversity of
pteridophytes. In this study, fifty six species were found (Figure 3) as terrestrial plants, lithophytes and
epiphytes on tree trunk or branches. Of these, 38 species of pteridophytes are true mountainous plants,
since they are confined to hill evergreen forest. The high relative air humidity in this forest probably
results in the high numbers of species of lithophytes and epiphytes. In open grasslands, Lycopodiella
cernua (L.) Phichi Serm., is a common species, while Asplenium perakense B. Mathew & H. Christ,
Elaphoglossum subellipticum Rosent., Huperzia hamiltonii (Spreng.) Trevis. and Lepisorus
scolopendrium (Buch.-Ham. ex D. Don) Mehra & Bir were found as epiphytes. Common terrestrial
species included Microlepia puberula v. A. v. R. and Polystichum attenuatum Tagawa & K. Iwats.
Lithophytes are common on moist rocks near to streams, for example Asplenium unilaterale Lam. In
addition, Oleandra musifolia (Blume) C. Presl occurs on tree trunks or on dry cliffs. All of the species
mentioned above are examples of pteridophytes which are restricted to hill evergreen forest.

In short, Hill Evergreen forest has the highest diversity of pteridophytes, despite it occupying a
small proportion of the area (2%). This forest type can be found only near the summit of Khao Luang.
The high diversity may be due to ecological factors that are suitable for pteridophytes in this forest
type. Moreover, the difficulty in accessing this remote site may more or less protect this forest type
from human disturbance.

Discussion

Rare species

From a review of the literature and the results from this study it can be concluded that two rare
species of ferns were found in Huai Yang Waterfall National Park. The first one, if correctly identified
is Asplenium simonsianum Hook. This epiphytic fern occurs in Mixed Deciduous forest or Tropical
Evergreen forest at an elevation between 300 and 800 m. This species is a member of the Indo-
Burmese element (Beddome, 1969; Tagawa and Iwatsuki, 1985), it was previously only collected from
Tak Province of lower northern Thailand. So far its known distribution was exclusively in Assam,
Northeast India, where the type specimen was collected. Voucher specimens of this species could not
be found at the Professor Kasin Suvatabandu Herbarium (BCU) nor at the Forest Herbarium (BKF).
The other rare species is Lindsaea divergens Hook. & Grev. From its present distribution it is a
member of the Malesian element (Tagawa and Iwatsuki, 1985). It was collected only from Songkhla
Province and voucher specimens could not be found either at BCU or BKF. Nonetheless, the
geographical distribution of this speciesis greater in the Malay Peninsula (Kramer, 1971).

Records of new localities
With regard to the distribution, 9 species that occur in Huai Yang Waterfall National Park are
worthy of note for their geographical distribution.

The Malesian element
Plant species members of the Malesian element are known from their limited distribution
extending from the Malay Archipelago and Malay Islands to the Isthmus of Kra, in Ranong Province,
Thailand (Boonkerd, 1996). However, they may extend to central, southeastern and southwestern
Thailand (Iwatsuki, 1973). According to the distribution noted in the Flora of Thailand, Vol. 3
(Tagawa and Iwatsuki, 1979, 1985, 1988, 1989), the following species may be noted as members of
the Malesian element.
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Asplenium perakense Mathew & H. Christ is a lithophyte or epiphyte. It was found in Hill
Evergreen forest at elevations between 1,000 and 1,700 m on Khao Luang, in Nakhon Si Thammarat
Province. In this study area, it was found most commonly in Hill Evergreen forest at an elevation of
1,050 m.

Ctenopteris mollicoma (Nees & Blume) Kunze was found at Khao Luang in Hill Evergreen
forest, in Nakhon Si Thammarat and Yala Provinces. It is a lithophyte or epiphyte in Hill Evergreen
forest at the elevation of 1,050 m in this study site.

Diplazium bantamense Blume has been found in many provinces of peninsular Thailand, e.g.
Surat Thani, Nakhon Si Thammarat, Trang and Yala Provinces. In this study area, it occurs commonly
near stream banks at an elevation of 800 m in Moist Evergreen forest.

Diplazium crenatoserratum (Blume) T. Moore has been found in Surat Thani, Nakhon Si
Thammarat, Satun and Yala Provinces. In this study site, it occurred commonly near streams at an
elevation of 800 m in tropical evergreen forest.

Leptochilus macrophyllus (Blume) Noot. var. macrophyllus was found in Narathiwat, Yala
and Pattani Provinces. This species is uncommon in this study site. It grows on rocks or tree-trunks at
800 m in Tropical Evergreen forest.

Lindsaea divergens Hook. & Grev. has been found at Khao Khaeo in Songkhla Province. It is
an uncommon species in this study site and grows in rock crevices at 500 m in Mixed Deciduous
forest.

Microsorum heterocarpum (Blume) Ching was found at Khao Chong in Trang Province. In
this study site, it was commonly found on rocks near stream banks or on rocks in streamlets at an
elevation of 800 m in Tropical Evergreen forest.

The Indo-Burmese element

The Indo-Burmese element occupies areas from the eastern Himalayas and Guinghai-
Tibetan plateau and the subtropics of South China, the Ganges plain, eastern India, Bangladesh, Upper
Myanmar and Thailand (Boonkerd, 1996). Asplenium simonsianum Hook. occurs in Assam, N.E.
India. This species was also found in Tak Province and this was recorded as the southern limit of this
species. The occurrence of this species at Huai Yang Waterfall National Park is still in agreement with
the distribution of the Indo-Burmese element. But the southernmost limit of this species will now be at
Prachuap Khiri Khan Province instead of Tak Province. It is commonly found as an epiphyte at
elevations from 300 to 800 m in Mixed Deciduous forest and Tropical Evergreen forest. This fern is
also noted as a rare species in Thailand.

The Indo-Chinese element
The Indo-Chinese region covers the areas of southern China and Indochina. According to

the distribution of Diplazium petri Tardieu recorded in the Flora of Thailand (Tagawa and Iwatsuki,
1988), this species is a member of Indo-Chinese element. In Thailand, it has been found in Chon Buri
and Nakhon Si Thammarat Provinces. The presence of this species at Huai Yang Waterfall National
Park confirmed the wider distribution of this species outside the boundary of the Indo-Chinese
element. It is found at an elevation of 1,050 m in Hill Evergreen forest in this study site.

Geographically speaking, Huai Yang National Park is on the boundary of the Indo-Burmese
element; however, seven members of the Malesian-element flourish here. So, Prachaup Khiri Khan
Province may be the meeting point for plants from the Indo-Burmese element, Indo-Chinese element,
and the Malesian element.

Pteridophytes of Prachuap Khiri Khan and the Western Region

In this study, a total of 128 species of pteridophytes were identified within Huai Yang
Waterfall National Park. It can be concluded that the number of pteridophytes in the national park
represents about 20% of the total in Thailand. Of these 128 species, 64 species have never before been
recorded in western Thailand. In addition, 100 species were reported for the first time in Prachaup
Khiri Khan Province. Nineteen species of pteridophytes had previously been collected from Huai
Yang Waterfall National Park as noted in the Flora of Thailand (Tagawa and Iwatsuki, 1979, 1985,
1988, 1989). However, in this survey only 15 of these species were found as follows:- Asplenium
crinicaule Hance, Bolbitis heteroclita (C. Presl) Ching, Crepidomanes minutum (Blume) K. Iwats.,
Drynaria bonii H. Christ, Drynaria quercifolia (L.) J. Sm., Grammitis dorsipila (H. Christ) C. Chr. &
Tardieu, Hymenophyllum barbatum (Bosch) Baker, Humata repens (L. f.) J. Small ex Diels,
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Microsorum pteropus (Blume) Copel., Notholaena velutina Tardieu & C. Chr., Psilotum nudum (L.)
Beauv., Pteridrys syrmatica (Willd.) C. Chr. and Ching, Pyrrosia adnascens (Sw.) Ching, Pyrrosia
longifolia (Brum. f.) Mort., and Pyrrosia stigmosa (Sw.) Ching. Of these 15 species, Notholaena
velutina Tardieu & C. Chr., was found only at Hua Hin and Huai Yang Waterfall National Park in
Prachaup Khiri Khan Province (Tagawa and Iwatsuki, 1985). At Huai Yang Waterfall National Park
this species is found in abundance in rock crevices in Mixed Deciduous forest. Four species, namely
Crepidomanes latealatum (van den Bosch) Copel., Tectaria manilensis (Presl) Holttum, Oleandra
pistillaris (Sw.) C. Chr., and Prosaptia khasyana (Hook.) C. Chr. & Tardieu, were collected from
Khao Luang as recorded in the Flora of Thailand (Tagawa and Iwatsuki, 1979, 1985, 1988, 1989) but
were not found in this study even though collections of pteridophytes were made nearly every month
from March 1998 to October 2000 on this mountain.
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Appendix 1. The Pteridophytes of Huai Yang Waterfall National Park.
Abbreviations are as follows:
Habit: A= aquatic herb; E= epiphytic herb; L= lithophytic herb; T= terrestrial herb
Habitat: 1= dry evergreen forest; 2= mixed deciduous forest; 3= tropical evergreen forest; 4= hill evergreen
forest. Abundance: UC= uncommon; SC= slightly common; C= common; VC= very common

Family/Species Habit Habitat &
Abundance
Lycopodiaceae
Huperzia hamiltonii (Spreng.) Trevis. E 4,SC
Lycopodiella cernua (L.) Pic. Serm. T 4,SC
Selaginellaceae
Selaginella amblyphylla Alston L 4,SC
Selaginella argentea (Wall. ex Hook. & Grev.) Spring T,L 2,4,C
Selaginella delicatula (Desv.ex Poir.) Alston T 2,SC
Selaginella kurzii Baker L 2, SC
Selaginella minutifolia Spring L 1,C
Selaginella ostenfeldii Hieron T 2,C
Selaginella roxburghii (Hook. & Grev.) Spring T,L 1,C
Selaginella vaginata Spring T,L 2,C
Psilotaceae
Psilotum nudum (L.) Beauv. L,E 2,SC
Marattiaceae
Angiopteris evecta (G. Forst) Hoffm. T 2,4,C
Ophioglossaceae
Ophioglossum petiolatum Hook. T 2,SC
Hymenophyllaceae
Crepidomanes bipunctatum (Poir.) Copel. L,E 1, 3,4, VC

3,4,
Crepidomanes megistostomum (Copel.) Copel. L 4,SC
Crepidomanes minutum (Blume) K. Iwats. L 1,SC
Crepidomanes parvifolium (Baker) K. Iwats. L 3,SC
Hymenophyllum barbatum (Bosch) Baker E 3,U0C
Hymenophyllum exsertum Wall. ex Hook. E 4,0C

Gleicheniaceae
Dicranopteris linearis (Burm. f.) Underw. var. linearis T 4,SC
Schizaeaceae
Lygodium microphyllum (Cav.) R. Br. T 4,SC
Lygodium salicifolium C. Presl T 2,C
Dennstaedtiaceae
Microlepia puberula v. A. v. R. T 4,C
Microlepia speluncae (L.) T. Moore T 1,2,C
Microlepia strigosa (Thunb.) C. Presl T 4,VC
Dicksoniaceae
Cibotium barometz J. Sm. T 3,C
Lindsaeaceae
Lindsaea divergens Hook. & Grev. L 2,0C
Lindsaea ensifolia Sw. T 4,SC
Sphenomeris chinensis (L.) Maxon var. divaricata (H. Christ) K. T 4,SC
U. Kramer
Cyatheaceae
Cyathea borneensis Copel. T 1, UC
Cyathea latebrosa (C. Presl) Copel. T 3,4, UC
Adiantaceae
Adiantum caudatum L. T 2,C
Adiantum philippense L. L 2,8C
Adiantum zollingeri Mett. ex Kuhn T 1,2,C
Doryopteris ludens (Wall. ex Hook.) J. Sm. T 1,2,VC
Hemionitis arifolia (Burm. F.) T. Moore T 2,U0C
Notholaena velutina Tardieu & C. Chr. T,L 2,C
Pityrogramma calomelanos (L.) Link. T 2,SC
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Appendix 1. (continued).

Family/Species Habit Habitat &
Abundance
Parkeriaceae
Ceratopteris thalictroides (L.) Brongn. A 2,UC
Pteridaceae
Pteris biaurita L. T 1,2,3,4,C
Pteris cretica L. T 3,C
Pteris longipinnula Wall. ex J. Agardh T 3,UC
Pteris venusta Kunze T,L 2,C
Stenochlaena palustris (Burm. f.) Bedd. T 2,VC
Vittariaceae
Antrophyum callifolium Blume L 1,SC
Vittaria amboinensis Fée E 4, SC
Vittaria ensiformis Sw. E 1,VC
Vittaria sikkimensis Kuhn L 4,SC
Aspleniaceae
Asplenium cheilosorum Kunze ex Mett. T,L 4,SC
Asplenium confusum Tardieu & Ching L,E 1 3,4, VC
Asplenium crinicaule Hance T,L 1,3,4,C
Asplenium falcatum Lam. L,E 4,SC
Asplenium nidus L. var. nidus L. E 1,3,4,VC
Asplenium normale D. Don T,L 3,SC
Asplenium perakense B. Mathew & H. Christ L,E 4,C
Asplenium scortechinii Bedd. L E 3,4,C
Asplenium simonsianum Hook. 1,3,C
Asplenium unilaterale Lam. T,L 4,SC
Asplenium yoshinagae Makino L,E 4,SC
Blechnaceae
Blechnum orientale L. T 2,4, SC
Lomariopsidaceae
Bolbitis appendiculata (Willd) K. Iwats. Subsp. appendiculata L 3,4,C
Bolbitis heteroclita (C. Presl) Ching E 3,C
Bolbitis sinensis (Baker) K. Iwats var. sinensis L,E 4, VC
Bolbitis virens (Wall. ex Hook. & Grev.) Schott var. compacta T,L 3,C
Hennipman
Elaphoglossum subellipticum Rosenst. E 4,C
Dryopteridaceae
Dryopteris sparsa (D. Don) Kuntze T 4,C
Heterogonium gurupahense (C. Chr.) Holttum T 3,SC
Polystichum attenuatum Tagawa & K. Iwats. T 4, VC
Polystichum biaristatum (Blume) T. Moore T 3, SC
Pteridrys syrmatica (Willd.) C. Chr. & Ching T 1,C
Tectaria griffithii (Baker) C. Chr. T 4,UC
Tectaria impressa (Fée) Holttum. T 2,C
Tectaria polymorpha (Wall. ex Hook.) Copel. T 3,VC
Thelypteridaceae
Christella dentata (Forssk.) Holttum T 2,SC
Christella papilio (C. Hope) Holttum T 2,8C
Christella parasitica (L.) H. Lev. T 4, SC
Coryphopteris hirsutipes (C.B. Clarke) Holttum T,L 4,SC
Cyclosorus hirtisorus (C. Chr.) Ching T 4, SC
Cyclosorus interruptus (Willd.) H.Ito T 2,VC
Macrothelypteris torresiana (Gaudich.) Ching T 1,C
Pneumatopteris truncata (Poir.) Holttum T 1,4,C
Pronephrium asperum (C. Presl) Holttum T 3,C
Pronephrium triphyllum (Sw.) Holttum var. triphyllum T 3,SC
Woodsiaceae
Diplazium bantamense Blume T 3,C
Diplazium crenatoserratum (Blume) T. Moore T 3,C
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Appendix 1. (continued).

Family/Species Habit Habitat &
Abundance
Diplazium dilatatum Blume T 3, VC
Diplazium donianum (Mett.) Tardieu T 3,4, VC
Diplazium esculentum (Retz.) Sw. T 1, SC
Diplazium petri Tardieu T 4,C
Diplazium simplicivenium Holttum T 1,3,C
Diplazium sp. T 3, SC
Davalliaceae
Davallia denticulata (Burm. f.) Mett. ex Kuhn L E 1,2,VC
Davallia solida (G. Forst.) Sw. L E 1,2,C
Humata repens (L. f.) J. Small ex Diels L E 3,4,C
Leucostegia immersa C. Presl T,L 4, SC
Oleandraceae
Nephrolepis biserrata (Sw.) Schott T 1,2, SC
Nephrolepis hirsutula (G. Forst.) C. Presl T 1,2, VC
Oleandra musifolia (Blume) C. Presl L,E 4,SC
Polypodiaceae
Aglaomorpha coronans (Wall. ex Mett.) Copel. L,E 3,4, VC
Belvisia mucronata (Fée) Copel. E 3,0C
Belvisia revoluta (Blume) Copel. E 4,C
Colysis pedunculata (Hook. & Grev.) Ching E 4,C
Crypsinus oxylobus (Wall. ex Kunze) Sledge E 2,C
Drynaria bonii H. Christ L E 4,C
Drynaria quercifolia (L.) J. Sm. L 1,2,VC
Drynaria sparsisora (Desv.) T. Moore E , UC
Drynaria rigidula (Sw.) Bedd. L,E 2,3,SC
Goniophlebium subauriculatum (Blume) C. Presl L,E 1, 3,4, VC
Lemmaphyllum carnosum (J. Sm. Ex Hook.) C. Presl L,E 3,4,C
Lepisorus scolopendrium (Buch.-Ham. Ex D. Don) Mehra & Bir E 4,C
Leptochilus decurrens Blume T,L 3, SC
Leptochiluss macrophyllus (Blume) Noot var. macrophyllus L,E 3,SC
Loxogramme avenia (Blume) C. Presl L 1,4,SC
Microsorum dilatatum (Bedd.) Sledge L 4,C
Microsorum heterocarpum (Blume) Ching L 3,C
Microsorum nigrescencs (Blume) Copel. L 1,SC
Microsorum pteropus (Blume) Copel. L 2,C
Microsorum punctatum (L.) Copel. L 1,2,C
Microsorum zippelii (Blume) Ching T,L 1, SC
Neocheiropteris normalis (D. Don) Tagawa E 4, VC
Platycerium holttumii Jonch. & Hennipman E 1, SC
Pyrrosia adnascens (Sw.) Ching L,E 1,2, VC
Pyrrosia eberhardtii (H. Christ) Ching L,E 4,C
Pyrrosia longifolia (Brum. f.) Mort. E 2,0C
Pyrrosia nuda (Giesenh.) Ching E 1,0C
Pyrrosia stigmosa (Sw.) Ching L 1,VvC
Gramitidaceae
Ctenopteris mollicoma (Nees & Blume) Kunze L,E 4,SC
Grammitis dorsipila (H. Christ) C. Chr. & Tardieu E 4,0C
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Biosystematics of Bauhinia pottsii G. Don in Thailand

Supot Saengmanee, Obchant Thaithong and Thaweesakdi Boonkerd
Department of Botany, Faculty of Science, Chulalongkorn University, Bangkok 10330, Thailand

The five species, Bauhinia pottsii G. Don, B. subsessilis Craib, B. velutina (Wall. ex
Benth.) Baker, B. mollissima (Wall.) Prain, and B. decipiens Craib, were recently recognized as
five varieties of Bauhinia pottsii G. Don. They grow naturally in southern Myanmar, Thailand,
Indochina and the Malay Peninsula. Bauhinia pottsii var. decipiens (Craib) K. Larsen & S.S.
Larsen is endemic to Thailand and known only from the type collection, so it was omitted from
this study. Quantitative and qualitative morphological characters were examined in 200 specimens
and analyzed using multivariate and univariate analyses to determine the taxonomic relationships
among the four varieties. Some variation in qualitative characters was found between the varieties
which separated them as previously defined in the Flora of Thailand. Forty three quantitative
characters were subjected to cluster analysis to allow an objective classification into groups. The
groups were subsequently evaluated by a canonical discriminant analysis. It was found that these
characters collectively support the four varieties as defined by qualitative characters. However, a
close relationship of varieties mollissima (Wall. ex Prain) K. Larsen & S.S. Larsen and velutina
(Wall. ex Benth.) K. Larsen & S.S. Larsen was observed. The linear discriminant function has an
overall rate of 98.5% correct classification and is useful for variety classification. Among
quantitative characters petal-claw length and ovary-stalk length together with some qualitative
characters are useful for key construction to separate the four varieties.

Key words: Bauhinia pottsii, multivariate analysis, canonical discriminant analysis, cluster analysis

Introduction

Bauhinia is a pantropic genus of the Leguminosae-Caesalpinioideae and is easily noticed by
its bilobed leaf apex. A total of 37 species are recognized in the Flora of Thailand Vol. 4, part 1
(Larsen et al., 1984). Additional species have been recorded subsequently (Larsen and Larsen, 1995;
Larsen, 1999). Five species, namely Bauhinia pottsii G. Don, B. subsessilis Craib, B. velutina (Wall.
ex Benth.) Baker, B. mollissima (Wall.) Prain, and B. decipiens Craib were previously recognised as
separate species (Craib, 1927; Don, 1832; Fischer, 1927; Larsen and Larsen, 1973). Due to some
degree of resemblance, these species were recently relegated to being five varieties of Bauhinia pottsii
G. Don. (Larsen et al., 1984). The species most similar to Bauhinia pottsii is B. purpurea L., which
has a wider distribution and is also grown as an ornamental tree elsewhere in tropical countries. Both
species have three fertile stamens in common, but they differ in their habits; B. purpurea is a tree,
whilst B. pottsii is a shrub or straggling tree.

Bauhinia pottsii G. Don is distributed in southern Myanmar, Thailand, Cambodia and the
Malay Peninsula (Larsen and Larsen, 1973). In Thailand, this species occurs naturally along the
margin of Evergreen forests at low to medium altitudes in eastern and peninsular Thailand. Of the five
varieties, var. decipiens (Craib) K. Larsen & S.S. Larsen is endemic to Thailand and is known only
from the type specimens, collected from eastern Thailand; so it was not included in this study. Variety
subsessilis (Craib) de Wit is more common in the east and peninsular Thailand. ~The other three
varieties, i.e. var. pottsii G. Don, var. velutina (Wall. ex Benth.) K. Larsen & S.S. Larsen and var.
mollissima (Wall. ex Prain) K. Larsen & S.S. Larsen are confined to the Peninsula. So far no overlap
in habitat between these varieties has been observed. The five varieties are distinguished primarily on
the basis of petal-shape and colour, flower-bud shape and colour, type of indumentum on ovary, and
pod morphology, and these characters are used as the characteristic features in a key to varieties
(Larsen et al., 1984). However, there are some discrepancies in numbers of character differences
between varieties. For example, var. mollissima and var. velutina are similar and slightly different in
one character of the flower bud and can be rearded as forming a group on their own. Likewise var.
subsessilis and var. decipiens, which form another group, are also very similar and differ only in the
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type of indumentum on the ovary. But these two groups are different in several characters as
mentioned above. There is considerable overlap in most of the characters used to separate the five
varieties. Therefore an investigation was needed to more clearly separate the taxa.

The objectives of this study thus were 1) to explore quantitatively the patterns of
morphological variation in var. pottsii, var. subsessilis, var. mollissima and var. velutina, 2) to
determine the important morphological characters that help to discriminate among them, and 3) to
evaluate the taxonomic status of the four infraspecific taxa in the Bauhinia pottsii G. Don complex on
the basis of morphometric multivariate analysis.

Methodology

Plant Material

A preliminary  survey of the | YIYANMAR
distribution of Bauhinia pottsii was made in
eastern and peninsular Thailand according to
the sites that were recorded by Larsen and
Larsen (1973). It was found that the four
varieties of Bauhinia pottsii, determined using
the key to varieties from Flora of Thailand
(Larsen et al.,, 1984), grow in separate
populations. Subsequently, field collections of
Bauhinia pottsii were made from nine sites
during the period, October 1996 to April 1999
(Figure 1). The collection sites covered the
range of each of the four varieties in Thailand.
Fifty specimens of each variety were
haphazardly  collected and used for
morphometric analyses. Voucher specimens of | ,,
each variety were deposited at the Professor
Kasin Suvatabandhu Herbarium, Department
of Botany, Faculty of Science, Chulalongkorn
University (BCU). - 10

Data Collection and Numerical Analysis

Qualitative characters
Basic statistics of 24 qualitative [8
characters, i.e. mean, standard deviation and

THAILAND

BANGKOK

CAMBODIA

GULF OF
THAILAND

variance (Table 1), were analyzed using SAS "‘“"{3’*‘”
Release 6.12  (SAS Institute, 1990). o
Subsequently, some discriminating characters [ o8 104 106

were used to construct a key to varieties, using

DELTA (Dallwitz et al., 1993). Figure 1. Map showing distribution (opened symbol)

Quantitative characters and collecting site (closed symbol) of
Forty nine quantitative characters of Bauhinia pottsii G. Don. @ province
both vegetative and reproductive structures O var. pottsii A var. subsessillis
were used to determine patterns of variation O var. mollisima O var. velutina

among and within these four varieties (Table 2).

To determine the contribution of morphological characters to the variation of these four
varieties, 43 characters were analyzed by cluster analysis using average taxonomic distance (Rohlf and
Sokal, 1965) among the 200 specimens. A sequential, agglomerative, hierarchical and nested (SAHN)
clustering (Sneath and Sokal, 1973) was performed using the unweighted pair-group method with
arithmetic averages (UPGMA) implemented in NTSYS-pc package version 2.0K (Rohlf, 1998). The
purpose of this analysis was to place individual specimens into groups (clusters) by the data.

Stepwise discriminant analysis was used to select a subset of characters that maximized
differences among the groups determined by cluster analysis. A classification criterion was generated
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in a subsequent discriminant analysis, estimated for error rates and crossvalidated. Canonical
discriminant analysis was performed to characterize mean differences among the varieties, to acquire
discernment into group differences and to estimate character weights from correlations between
canonical variables and original variables. A priori results from cluster analysis were used for the
group criteria. Computations were carried out using the CANDISC procedure in SAS/STAT and
graphics with SAS/GRAPH procedures, all with SAS Release 6.12.

To summarize the range of variation between and within varieties of each character, univariate
analysis was performed. Boxplots of the most important characters were carried out using SPSSpc-FW
(Anonymous, 1997).

Table 1. Twenty four qualitative characters with their methods of scoring used in the study of Bauhinia pottsii

varieties.
Abbreviation Characters

HAB habit: straggling tree (0) tree (1) shrub (2)

LEN shape of lenticel: oval (0) streak (1)

TLE leaf tip: obtuse (0) acute (1)

HUE hair on leaf (upper-surface): velvety (0) puberulous (1)mouldy (2) glabrous (3)

HLE hair on leaf (lower-surface): rusty velvety (0)
Pubescent (1); sparsely hairy (2)

SPE shape of petals: lanceolate (0); spathulate (1)
narrowly lanceolate (2) oblong (3)

CPE petal colour: white with yellow patch on the 2th petal(0); red with yellow patch
on the 2th petal (1); pink (2); white (3)

CAN anther colour: ~ brown-black (0); light green (1)
light brown (2); yellow (3)

CFI filament colour: red (0), light green (1), pink (2), white (3)

SSTI shape of stigma: peltate (0), truncate (1), oblique flat (2)

CSTI stigma colour: ~ brown-black (0), light green (1), brown (2)

CSTY style colour: red (0), light green (1), pink (2), white (3)

HOV hair on ovary: strigose (0), pubescens and strigose (1),velvety and strigose (2),
velvety (3), glabrous (4)

TBU flower bud: without free calyx-teeth (0), with free calyx-teeth (1)

RBU keel on flower bud: absent (0), present (1)

CBU flower-bud colour: green-brown (0), green (1)

TPO types of pollen: monad (0), tetrad (1)

SPO pollen shape: spheroidal (0), oblate (1), prolate spheroidal (2), prolate (3)

TAP types of aperture: inaperturate (0), tricolporate (1), tricolporoidate 2)

PAP aperture position: no aperture (0), equatorial aperture (1)

ESC surface of pollen: perforate (0), striato reticulate (1), reticulate (2)

SPOD pod shape: not oblong with beck at tip width:length=1:7 (0), oblong no beck at
tip width:length=1:11 (1), oblong no beck at tip width:length=1:6 (2)

RPOD keel of pod: absent (0), present (1)

SSEE seed shape: round (0), oval (1), square (2)
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Table 2. Forty nine quantitative characters with their methods of scoring used in the study of Bauhinia pottsii
varieties. Abbreviation followed by * indicates character used in the canonical discriminant analyses.

Abbreviation Characters
WLE* leaf width in cm
LLE* leaf length in cm
WBF* width of leaf emargination in cm
LBF* depth of leaf emargination in cm
NSV number of leaf-nerves
WCA* calyx width in cm
LCA* calyx length in cm
WPE 1* petal width 1 in cm
WPE 2% petal width 2 in cm
WPE 3% petal width 3 in cm
WPE 4* petal width 4 in cm
WPE 5% petal width 5 in cm
LPE1* petal length 1 incm
LPE2* petal length2  incm
LPE3* petal length 3 incm
LPE4* petal length4 incm
LPES* petal length 5 incm
LPCL1* petal-claw length 1 in cm
LPCL2* petal-claw length 2 in cm
LPCL3* petal-claw length 3 in cm
LPCLA4* petal-claw length 4 in cm
LPCL5* petal-claw length 5 in cm
LAN 1* anther length 1 in cm
LAN 2% anther length 2 in cm
LAN 3% anther length 3 in cm
LFI 1* filament length 1 in cm
LFI 2% filament length 2 in cm
LFI 3* filament length 3 in cm
NEST number of fertile stamens
LSTY* style length in cm
LOV* ovary length in cm
LGY* ovary-stalk length in cm
LRE* receptacle length in cm
NBU number of flower bud/inflorescence
LBU* length of the longest flower-bud in each inflorescence
RBR ratio of flower bud -length and receptacle length
TRA* diameter of pollen-tetrad in micron
DPA* diameter of pollen in polar axis in micron
DEA* diameter of pollen in equatorial axis in micron
DAP* distance between apertures in micron
WAP* pollen aperture width in micron
LAP* pollen aperture length in micron
PFI* polar field index
NVR number of verrucae
WPOD* pod width in cm
LPOD* length of pod in cm
WSEE* width of seed in cm
LSEE* length of seed in mm
NSEE number of seed/pod
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Results and Discussion

Qualitative characters

Fourteen characters exhibited variation between the varieties (Table 3) and were useful for
constructing a key to the varieties of B. pottsii which is presented below. The remaining characters
were unfit for further analysis due to lack of variation within and between varieties.

Table 3. Summary of 14 qualitative data of Bauhinia pottsii varieties using for key construction.

Character var. var. var. var.

pottsii subsessilis mollissima velutina

hair on leaf upper-surface(HUE) puberulous rusty/velvety mouldy/velvety mouldy/velvety

hair on leaf lower-surface(HLE) rusty pubescent velvety velvety rusty velvety

flower-bud colour (FBC) reddish-brown reddish-brown green green

keel on flower bud (KFB) absent absent absent present

shape of petal (SPE) lanceolate lanceolate spathulate spathulate

petal colour (PTC) red white red red

anther colour (ANC) brown brown green green

filament colour (FIC) red red green green

hair on ovary (HOV) hirsute strigose pubescens pubescens

style colour (STYC) red red green green

shape of stigma (STIS) peltate peltate truncate truncate

stigma colour (STIC) brown brown green green

keel of pod (KPOD) absent absent present present

pollen shape (POS) oblate prolate spheroidal | prolate spheroidal | prolate spheroidal

Quantitative characters

Cluster analysis

The dendrogram split the specimens into either two or four groups (Figure 2) at the 1.62 and
1.45 levels, respectively. In the two-cluster groupings, specimens classified as group 1 consisted of all
var. subsessilis, whereas specimens classified as group 2 consisted of three subgroups. Subgroup 1
consisted of all varieties of pottsii, whilst subgroup 2 included all specimens of var. mollissima and a
few specimens of var. velutina; subgroup 3 consisted of the remaining specimens of var. velutina. In
the four-cluster groupings, the same specimens as those in group 1 of the two-cluster groupings
classified as group 1 and consisted of all var. subsessilis. All var. pottsii specimens were placed in
group 2, whilst group 3 included all specimens of var. mollissima and a few specimens of var.

velutina, and group 4 consisted of
the rest of var. velutina. The four-
cluster groupings match well with the
presently known four varieties and

was thus used for subsequent
analyses.

Both the two- and four-
cluster —groups demonstrated a

separation of var. subsessilis from the
other varieities, whereas there were
close relationships in the dendrogram
among var. pottsii, var. mollissima,
and var. velutina. However, var.
pottsii was separated from the other
two varieties on the dendrogram
(Figure 2, no. 2). There is no doubt
that var. mollissima and var. velutina
(Figure 2, no. 3-4) are very close
taxa and they need more
investigation to determine their
taxonomic status.
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Figure 2. UPGMA clustering of 200 OTUs based on 43 quantitative
characters of Bauhinia pottsii varieties (1 var. subsessilis,
2 var. pottsii, 3 var. mollissima, 4 var. velutina).
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Canonical discriminant analysis

The ordination plot on the two canonical axes (Figure 3a and b) shows that the four entities
are distinct. The first two varieties var. subsessilis and var. pottsii are separated on both canonical axis
1 and canonical axis 2. These two varieties are also separated from a clump of var. mollissima and var.
velutina on canonical axis 1 (Figure 3a). But var. mollissima is not separated from var. velutina on
canonical axis 1 nor canonical axis 2. However, these two varieties did separate on canonical axis 3
(Figure 3b). It can be seen that the results supported the four-cluster groupings from cluster analysis

(Figure 2).
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Figure 3. Ordination plots of population samples from the four varieties of Bauhinia pottsii obtained by
canonical discriminant analysis [] velutina A mollissima B pottsii O subsessilis.

The nature of the varietal differences was represented by the pooled within canonical structure
(Table 4). Canonical variable 1 (Axis 1) was most highly associated with characters DAP, LPCLS5,
LPCL2, LPCL4 and WLE in descending order of the absolute values of the correlations. Canonical
variable 1 was 99.1% correlated with all the variables and the variance explained by it was 80.4%. A
high canonical correlation indicates a strong relationship between the specific linear combination of
variables (Baum and Bailey, 1984). This axis was most important for separating var. subsessilis from
var. pottsii and a clump of var. mollissima and var. velutina. Canonical variable 2 was most highly
associated with characters LAP, LGY, and LPE4 in descending order in a corresponding manner.
Canonical variable 3 was 85.9% correlated with all the variables but the variance explained by it was
only 4.1%. Canonical variable 3 was most highly associated with characters WCA, LAN1, and LCA
in descending order, respectively. Not surprisingly, the F values (Table 4) very nearly reflected the
association with canonical Axis 1 because of its high correlation and the high amount of variance
explained. Likewise Axis 3 was important for the separation of var. mollissima from var. velutina.

It can be seen that LPCLS5, LPCL2, and LPCL4 are a group of characters called petal-claw
length. They are more important characters for separating the four varieties of B. pottsii than the other
characters (Table 4). However, it was pointed out that characters must be used together for
identification, at least the most important ones (Baum and Bailey, 1994). In conjunction with this
suggestion the linear discriminant function of the first two important characters for Axis 1, Axis 2 and
Axis 3 shows 98.5% correctly classified in total (Table 5). These six characters have an overall rate of
classification of the same value as if 18 characters were used (data not shown).

Classificatory discriminant analysis

Eighteen of the 43 quantitative characters (Table 2) were determined by stepwise discriminant
analysis to be important for discriminating between the four groups determined by cluster analysis and
subsequently used in the canonical discriminant analysis.

The linear discriminant function classification results (Table 5) classified 98.5% correctly in
total. The linear discriminant function (Table 6), therefore, can be used for identification of B. pottsii’s
specimens. To use the discriminant function in Table 6 for identification, multiply each character score
by its coefficient in each column. Calculate the total for each column, the column with the highest
total is a variety to which the specimen belongs. Though this method of identification 1is different
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from traditional keys, it can be used in a complementary manner.

Three out of fifty OTU’s from each variety were used to test the linear discriminant function
obtained based on 47 observations from each variety. The newly computed linear discriminant
function was not different from the one based on the 50 observations per variety. The result of the test
of the 12 observations using the discriminant function based on the 47 observations, i.e. the calibration
data, yielded 100% total correct classification (Table 5).

Table 4. Univariate F values of the different characters used in the canonical discriminant analysis and pooled
within canonical structure. Character followed by * indicates character entered in stepwise discriminant
analysis and subsequently used in canonical discriminant analysis.

Character F-value Sign. AXIS 1 AXIS 2 AXIS 3
DAP* 1228.337 0.000 -0.521 -0.392 0.145
DEA 177.675 0.000 -0.276 -0.112 0.102
DPA 126.674 0.000 -0.047 0.380 0.206
LANTI* 197.873 0.000 0.197 0.198 0.378
LAN2 184.707 0.000 0.183 0.156 0.297
LAN3 190.348 0.000 0.212 0.184 0.311
LAP* 680.072 0.000 0.340 0.595 0.050
LBF* 20.749 0.000 0.012 0.143 -0.185
LBU 65.635 0.000 0.057 0.020 0.117
LCA* 258.963 0.000 0.252 0.110 0.270
LFI1* 11.365 0.000 0.009 0.125 0.029
LFI2 14.613 0.000 0.079 0.188 0.056
LFI3 19.889 0.000 0.002 0.091 0.013
LGY* 190.080 0.000 0.148 0.367 0.287
LLE* 42.094 0.000 0.105 0.038 -0.012
LOV 76.396 0.000 0.062 0.171 0.198
LPCL1 628.859 0.000 0.348 -0.107 0.058
LPCL2* 484.499 0.000 0.357 -0.085 -0.119
LPCL3* 629.331 0.000 0.409 -0.045 -0.027
LPCL4 571.246 0.000 0.345 -0.146 0.136
LPCL5* 679.787 0.000 0.421 -0.117 0.176
LPE1 59.507 0.000 0.046 0.216 0.045
LPE2* 48.205 0.000 -0.017 0.256 0.100
LPE3 54.187 0.000 0.040 0.250 0.124
LPE4* 96.517 0.000 -0.091 0.296 -0.159
LPES 98.699 0.000 -0.056 0.339 -0.110
LPOD 0.623 0.601 -0.065 0.038 -0.060
LRE 49.023 0.000 0.105 0.026 0.144
LSEE 0.705 0.550 -0.037 -0.043 0.144
LSTY 21.334 0.000 -0.058 0.142 0.080
PFI 1044.559 0.000 -0.449 -0.385 0.081
TRA 125.376 0.000 -0.063 0.385 0.208
WAP 205.925 0.000 -0.126 -0.018 0.044
WBF 43.958 0.000 0.115 0.029 -0.005
WCA* 68.625 0.000 0.057 -0.067 0.548
WLE* 85.088 0.000 0.136 0.054 0.070
WPE1* 34.401 0.000 0.051 0.145 0.236
WPE2 23.168 0.000 0.075 0.063 0.139
WPE3 40.469 0.000 0.092 0.096 0.273
WPE4 21.246 0.000 0.026 0.102 0.255
WPES* 25.432 0.000 0.025 0.123 0.266
WPOD* 99.820 0.000 -0.141 0.164 -0.190
WSEE 0.291 0.832 0.052 0.090 0.032
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Table 5. Cross-validation summary with the linear discriminant function. Percentage of correct classification,
using the suite of the first two important characters for canonical axis 1-3.

A: based on 50 observations for each variety

From variety

Classified in variety

var. var. var. var.
subsessilis pottsii mollissima velutina

var. subsessilis 100 0 0 0

var. pottsii 0 100 0 0

var. mollisima 0 0 96 4

var. velutina 0 0 2 98

Total correctly classified 98.5%

B: based on 47 observations for each variety
From variety Classified in variety

var. var. var. var.
subsessilis pottsii mollissima velutina

var. subsessilis 100 0 0 0

var. pottsii 0 100 0 0

var. mollisima 0 0 95.7 4.3

var. velutina 0 0 2.1 97.9

Total correctly classified 98.4%

C: based on 3 observations for each variety
From variety Classified in variety

var. var. var. var.
subsessilis pottsii mollissima velutina

var. subsessilis 100 0 0 0

var. pottsii 0 100 0 0

var. mollisima 0 0 100 0

var. velutina 0 0 0 100

Total correctly classified 100%

Table 6. Classification function coefficients. To identify a Bauhinia pottsii specimen multiply each character
score by its coefficient in each column; compute the total for each column; the column with the highest
total is the variety to which the specimen belongs. See Table 2 for character abbreviation.

Character var. subsessilis var. pottsii var. mollisima var. velutina
DAP 3.260 2.157 1.742 1.469
LPCL5 -11.701 -13.918 5.733 3.335
LAP 3413 4.381 3.581 3.098
LGY 37.099 50.695 38.580 25.461
WCA 33.408 17.200 27.273 17.602
LAN1 39.843 56.063 64.670 53.470
LBF 3.209 5.470 -.872 1.375
LCA -6.823 .681 6.768 7.145
LFI1 11.734 5.708 1411 -7.976E-02
LLE 3.289 4.242 7.578 4.752
LPCL2 -19.738 -18.717 -14.248 -6.378
LPCL3 -10.907 14.386 25.023 30.158
LPE2 7.091 -1.306 -8.508 -11.361
LPE4 3.999 8.704 2.198 6.711
WLE -2.245 -1.313 -.507 1.495
WPEL1 -7.527 19.515 21.150 22.543
WPE5 30.242 15.881 9.350 -3.179
WPOD 88.595 83.478 68.695 69.211
(Constant) -419.150 -446.276 -387.030 -325.172
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Univariate statistics

Table 7 lists the means and standard deviations of 43 quantitative characters. These statistics
provide supplementary aspects to the deductions made from the canonical discriminant analysis.
Remember that among the 18 characters entered in the canonical discriminant analysis, characters
DAP and LPCLS5 carry most weight on axis 1, while characters LAP and LGY carry most weight on
axis 2, and characters WCA and LAN1 on axis 3. The Boxplots (Figure 4.1-4.8) show the statistics
including the trends noted above. Among these characters DAP (distance between pollen aperture) and
LAP (pollen aperture length) are important characters to separate the four varieties to some extent.
However, being microscopic characters, they are only suitable for laboratory determination. From the
aforementioned importance of petal claw length (LPCLS, LPCL2, and LPCL4) above. LPCLS5 tends to
be a good character for field determination (Figure 4.1) and can be used in a key together with other
qualitative characters.

Table 7. Means and standard deviation of 43 quantitative characters of the four varieties of Bauhinia pottsii.

Character var. subsessilis var. pottsii var. mollissima var. velutina
mean + SD mean + SD mean+ SD mean + SD

DAP 92.1000 10.3298 247800  7.1437 19.0200 4.7530 17.5200  5.5041
DEA 69.3400 5.4869 582000  3.4464 54.0200 2.5354 52.8200  3.9159
DPA 59.2200 3.7758 68.0600  3.1129 59.0400 3.6251 522200  5.4297
LANI1 0.7800  6.061E-02 1.2680 0.1766 1.4440 0.1593 1.1640 0.1396
LAN2 0.7720  6.402E-02 1.2520 0.1909 1.4340 0.1710 1.1600 0.1212
LAN3 0.7700  6.776E-02 1.2600 0.1874 1.4400 0.1654 1.1580 0.1311
LAP 13.2200 4.1908 554800  4.6478 49.1400 4.6992 432400  6.4604
LBF 3.1040  0.8099 4.1400 0.8076 3.0860 0.7799 3.5320 0.6650
LBU 2.1400  0.2665 3.0960 0.5529 3.4960 0.6081 3.0620 0.5070
LCA 2.5940 02123 4.1580 0.5682 4.9840 0.6018 4.3980 0.2722
LFI1 4.2280 0.3523 4.9360 0.9783 4.5060 0.7638 4.2620 0.4584
LFI2 3.9500 0.4234 4.7880 0.9803 4.5300 0.6944 4.2200 0.4458
LFI3 3.9420 0.3615 4.8760 0.9257 4.4800 0.6273 4.2440 0.4263
LGY 1.3480  0.1460 2.2000 0.2458 2.1180 0.2283 1.7360 0.1651
LLE 8.2480  1.4048 10.2360 1.3778 10.8180 1.0064 10.8640 1.5152
LOV 0.8040  0.1324 1.2580 0.1762 1.2460  0.2573 1.2420 0.1214
LPCL1 0.3500 0.1329 1.5480 0.2565 24760 0.4383 2.5340 0.2396
LPCL2 0.3380  7.253E-02 1.4680 0.2567 2.3000 0.5063 2.5780 0.3005
LPCL3 0.3300 0.1055 1.5580 0.2572 2.3980 0.4349 2.5100 0.2358
LPCL4 0.2660  9.392E-02 1.3480 0.2297 2.5440  0.5039 2.3740 0.2702
LPCL5 0.2640  9.205E-02 1.3200 0.2277 24740 0.4337 2.3660 0.2584
LPE1 3.8940  0.3437 4.5540 0.7407 3.6360 0.4085 3.3200 0.2997
LPE2 3.7900  0.3593 4.7100 0.8301 3.9420 0.5391 3.4300 0.3125
LPE3 3.9200 0.3720 4.5060 0.6659 3.6600 0.5171 3.3200 0.2763
LPE4 4.0760  0.3673 4.7180 0.7585 3.2880 0.3729 3.3520 0.3092
LPE5 4.1000 0.3774 4.7780 0.7349 3.3660 0.4003 3.3220 0.3507
LPOD 16.6400 3.3610 14.5200  0.5047 21.3000 56.4245 14.7000 1.8871
LRE 2.0120  0.2639 2.9920 0.4960 3.0080 0.5903 2.5980 0.4757
LSEE 1.6520  5.047E-02 1.6580 4.986E-02 1.6660 4.785E-02 1.6560 5.014E-02
LSTY 2.6400  0.3097 3.2460 0.7083 2.6440 0.4239 2.5960 0.3551
PFI 1.3300 0.1192 0.4228 0.1082 0.3554 9.177E-02 0.3334 0.1000
TRA 118.8000 7.1998 135.4400 5.9527 117.6600 7.2692 104.0200 11.1309
WAP 21.3600 4.8054 7.6800 2.9996 8.4600 1.9919 7.9800 2.6687
WBF 3.4680 0.6582 4.7160 0.8702 4.7400 0.9214 5.5120 1.1023
WCA 1.1400  8.330E-02 1.0860 0.2295 1.5880 0.2819 1.1140 0.1629
WLE 7.7280  1.2073 10.4600 1.3220 11.6120 1.3069 11.8600 1.8718
WPEIL 1.0040  0.1399 1.3960 0.2649 1.4380 0.2799 1.0960 0.3207
WPE2 1.6020 0.2114 2.0900 0.3518 1.9920 0.3475 1.9320 0.3120
WPE3 0.9900 0.1787 1.3580 0.2459 1.4740  0.3002 1.0560 0.2943
WPE4 0.7560  0.1327 0.9320 0.1856 0.9960 0.2147 0.7300 0.2501
WPES 0.7520  0.1328 0.9540 0.1919 0.9960 0.2119 0.7140 0.2416
WPOD 3.0960 0.3434 3.0520 7.351E-02  2.5540 6.131E-02 2.6500 0.1594
WSEE 1.4420  4.986E-02 1.4440 5.014E-02 1.4440 5.014E-02 1.4360 4.849E-02

Based on quantitative characters and supported by qualitative characters, the multivariate
analyses strongly indicate the presence of four distinct morphotypes. However, the treatment of the
Thai Bauhinia pottsii complex as morphologicaly distinct species may not be justified. This is because
the distinction between var. mollissima and var. velutina was observed on canonical axis 3, which was
85.9% correlated with all the variables, but the variance explained by it was only 4.1%. An alternative
possibility is that these four taxa represent three cryptic species: subsessilis, pottsii and a clump of
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mollissima and velutina.

Key to varieties

The following is a simplified key to the varieties of Bauhinia pottsii using both qualitative and
quantitative characters. The most important quantitative characters obtained from the canonical
analysis were prepared using the boxplots (Figure 4.1-4.8).

la Flower bud reddish brown ... 2
Ib Flowerbud green ..o 3
2a Petal claw length less than (.5 cm long, petal white ................1. var. subsessilis
2b Petal claw length always more than 0.5 cm long, petalred ........ 2. var. pottsil
3a Flower bud with keel, ovary stalk less than 1.9 cm long ............ 4. var. velutina
3b Flower bud without keel, ovary stalk more than 1.9 cm long .......3. var. mollissima
4 20
Cnoa
o= 184 w5 o
3 #6)

Petal claw length 5 (cm)
Anther length 1 (cm)

N= 0 50 50 0 N= 50 k) 50
1 2 3 4 1 2 3 4
Varieties of Bauhinia potlsi Varieties of Bauhinia potisii
30 30
H109
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20
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Y
Q
B

0.5 4
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Ne= 50 50 N= 50 50 50 50
2 3 4 1 2 3 4
Varieties of Bauhinia potltsii Varieties of Bauhinia pottsii

Figure 4. Boxplots of the eight more important characters of Bauhinia pottsii varieties (1 var.
subsessilis, 2 var. pottsii, var. mollissima, 4 var. velutina)
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Figure 4. (continued)

Conclusions

In our opinion the results from quantitative characters provide justification for recognition of
var. pottsii, var. subsessilis, var. mollissima and var. velutina as separate morphological varieties and
supports the qualitative data that the well delimited units are to be recognized at the level of variety.
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Abstract: Diversity and Uses of Plants in Tao Dam Forest, Changwat Kanchanaburi
Urai Chiramongkolgarn and Yingyong Paisooksantivatana
Department of Horticulture, Faculty of Agriculture, Kasetsart University, Chatuchak, Bangkok 10900

An ethnobotanical collection and investigation of plants in Tao Dam Forest Reserve,
Changwat Kanchanaburi, was conducted at 2 month intervals from June 1999 to June 2000 in
order to reveal their potential as medicinal and food resources. Both dried and living specimens
were deposited at the Department of Horticulture, Kasetsart University, Kamphaengsaen Campus.
Data on introduced species were also recorded. Six hundred and twenty-seven specimens were
collected. Three hundreds and fifteen species, two hundred and twenty-two genera and eighty-six
families were identified. Forty species in thirty-seven genera and twenty-six families were used as
vegetables, thirty-one species in thirty-three genera and thirty-one families were used as herbal
drugs and eleven species in nine genera and eight families plus an unidentified species were used
as fruits. Other plants were utilized in various ways such as for tobacco wrapping, mat making,
thatching, brooms and superstitious beliefs (seven species in six genera and five families), food
plants (four species in four genera and three families) and poisonous plants (three species in three
genera and three families). Introduced species included vegetables (twenty-four species in sixteen
genera and ten families), fruits (twenty-five species in twenty genera and sixteen families),
ornamental plants (thirty-one species in thirty-one genera and twenty-one families) and one
species of medicinal plant.

Key words: Tao Dam Forest, plant diversity, ethnobotany
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amldansmnmé uazdbslismadgnizdniassgiaedmihoninnit wenand dafiillusnidhuuengs

niigldwnlunmadau usziisdheaneg Lt 5 O

A A Ao & o 1 o o o a
A719N 1. Aonsudszmmdusanluend WWIAMYINLYI

Dracaena angustifolia Ktze.
Lasia spinosa Thw.
Trevesia palmata (DC.) Vis.

Zingiber sp.

dwmfivuslna wRafzlE 35ms
ganaan Acacia concinna (Willd.) DC. sznauenis
Althernanthera sessilis (L.) DC. 87N, Usznauainis
Amaranthus spinosus L. aan, dsznauanis
A. viridis L. a0, Ysznayanig
Antidesma velutinosum Blume Nuxa
Barringtonia angusta Kurz gnalu
Blumea lanceolaria (Roxb.) Druce nuea, Usznauainig
Boerhavia diffusa L. el
Cassia timorensis DC. isenavaiwig
Cassia tora L. NURA
Cissus hastata Mig. isznavainiy
Colubrina longipes Backer aan, dsznauanis
Crassocephalum crepidioides (Benth.) S. Moore nusa
Dioscorea bulbifera L. NUxa
Diplazium esculentum (Retz.) Sw. aan, dsznauanis
Dracaena angustifolia Roxb. aan, dsznauanis
Erythropalum scandens Blume 87N, Usznauainis
Euphorbia heterophylla L. gnalu
Gnetum gnemon L. var. tenerum Markgr. aan, dsznauanis
Hibiscus surrattensis L. ivznavainis
Lasia spinosa Thw. aan, dsznauanis
Lygodium sp. nusa
Momordica cocinchinensis (Lour.) Spreng. 87N, Usznauainis
M. subangulata Blume aan, dsznauanis
Piper umbellatum L. eldl
Portulaca oleracea L. a7n, Ysznavuainis
Tacca chantrieri Andre el
AR Archidendron jiringa (Jack) Nielsen nusa
Dillenia indica L. UsznauaInig
Ficus auriculata Lour. NURA
F. hispida L. f. nusa
Momordica cocinchinensis (Lour.) Spreng. 87N, Usznauainis
Salacca wallichiana Mart. senavaiwis
Solanum barbisetum Nees senavaiwis
S. torvum Sw. UsznauaInig
Faaan Cassia timorensis DC. Usznauewg
Costus speciosus (Koenig) Sm. NUxa

a0, Usznauainis
a0, Usznauainns
NUxa

el

Alddu / n

Amorphophallus oncophyllus Prain ex Hook. f.

aan, dsznauanis

REFUDINT Dioscorea alata L. |73N, dsznavannis
Pachyrhizus erosus (L.) Urb. Nwae, Uiznauanig
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a79n 1. (da)

dwmnuslaa nitaNznly 53
fuwly Amorphophallus oncophyllus Prain ex Hook. f. ivznavainis
Colocasia gigantea (Blume) Hook. f. Nuxa

wuasan / 1 Lasia spinosa Thw. aan, dsznauanis
Zingiber sp. 87N

fdunitofin Etlingera littoralis (Koenig) Giseke nusa

Tnia Colocasia esculenta (L.) Schott. AN, Usznauains

LWRABAH Barringtonia angusta Kurz Nuxa

aft 2. Aoildidumgulwsluthieind Smianmyaug’
AN BRARBALS dninlE-35ms

13939y Cassia tora L. AN-59911
Desmodium gangeticum (L.) DC. ﬁdﬁ%—”ﬁd“ﬁﬁ
Hyptis capitata Jacq. Fad-tiney
Thysanolaena maxima (Roxb.) Ktze. ﬁaﬁu-ﬁ’]ﬁ y
Ventilago sp. UABAW-TIT

WIHIWRINREAYAT Blumea balsamifera (L.) DC. ly-gnalw, g@mﬁ'u
Smilax sp. lyshda
Stachyphrynium sp. -G R
Unidentified species 2 (Combretaceae) ly-swan

wi e aa'ld Eclipta prostrata L. ﬁaﬁu-ﬁ’]ﬁ E\
Phyllanthus urinaria L. Pad-tiney
Thunbergia laurifolia L. lu-ﬂi’]ﬁ y

wi Mananse Phyllanthus urinaria L. PaG-1977
Picrasma javanica Blume ‘Lu-ﬁﬂﬁ y
Tinospora crispa (L.) Hook. f. & Thoms. MAU-NUEN

VAR Barringtonia angusta Kurz wien-snwen

Muiaa Chromolaena odorata (L.) R. M. King & H. Rob. lu-gwen
Solanum torvum Sw. ly-gwan

wnaaviag Cassia pumila Lamk. -

7a9lRe Mimosa pudica L. ﬁdﬁ%—ﬁy’uﬁﬁ

wile Cassia pumila Lamk. Sﬁﬂ-ﬁgmiﬂ
Scoparia dulcis L. ﬁaﬁu-ﬁy'mfﬁ

Qﬁl,wi' Chromolaena odorata (L.) R. M. King & H. Rob. Sﬁﬂ-ﬁgmiﬂ
Scoparia dulcis L. ﬁaﬁu-ﬁ’]ﬁ y

g9 WA InAu Amomum testaceum Ridl. AR

é’unﬁlum's Zanthoxylum rhesta (Roxb.) DC. HRLMAR

FAFa99YN Blumea balsamifera (L.) DC. ly-ngu

UANELNaINadaL Erigeron sumatrensis Retz. ly-gnwan

unaunaed Cassia timoriensis DC. ‘Li_l-f:’]ﬁ y

HaPrATal] Euphorbia heterophylia L. gansau-e1a

Juilasie Physalis angulata L. ‘Li_l-ﬂi’]ﬁ y

NRE G Byttneria andamanensis Kurz 6T, PAI-RIZHY
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a79n 2. (da)

q3TNAm nRafzlE dmilE-3ams

Wi Setaria palmifolia (Koenig) Stapf LME”]-L?T"ILQ%?N gl

wiTaulu Ageratum conyzoides L. PN

UANIZ e Piper sp. g, lu-diadacen

ANANNAULADA Phyllanthus urinaria L. ﬁaﬁu—waﬂm

VLaJ'mmaSiwqm Acacia concinna (Willd.) DC. Lﬂﬁan-mﬁﬂ%adm
Cinnamomum sp.2 wrndu-E A3 a98n
Colocasia gigantea (Blume) Hook. f. LM(‘]”’]-HT”IL@]‘%QGU’]
Croton oblongifolius Roxb. Waan-19e3eaen
Dioscorea alata L. ﬁ"ﬂﬁau-u‘ﬁ’uﬂ%m g
Maesa paniculata A. DC. y-19e3098n

aging lsfianw mnmmaumwnw&h@ﬁlﬁ“ﬁagaﬂ%ﬁ wuhdulngwananldanuiirenaainan
Waual i aneny LL&:;ELNW@LLﬁﬁﬁ%’ﬂ TosawieRoflfiduin Snaawnitildandszaunsafvesamas lums
Gumsnnnaandding  uazszwinsfinnandululng  luudaziurawsiimdouazmadenfominounltlu
midsedia gmiuRoihunldslonlluwiostiui sulnafiumldantiuganssm snanTnuLindunga
leasiiae
1. NGNATAN

Lﬂunfejuﬁgnﬁwﬂ%ﬂiﬂwﬁmﬂﬁﬁg@luﬁaaﬁ'ui{ lagwud 70% swnsniivldanthiuganssm
leun dutles (Acacia concinna (Willd.) DC.) we@1@ (Dillenia indica L.) L'gaa%mmm (Costus speciosus
(Koenig) Sm.) Un (Amorphophallus oncophyllus Prain ex. Hook. f.) LLazwgauﬁ’m (Piper umbellatum L.) 1w
8n 30% fimldauiuiisnde Taswds wieeaSussin ldun dnidde  (Alternanthera sessilis DC.)
PR ATREY (Amaranthus spinosus L.) fnlan (Amaranthus viridis L.) NNUNAL (Boerhavia diffusa L.) B'Tm;]@]
(Diplazium esculentum (Retz.) Sw.) ﬁﬂﬂzm'%'m (Crassocephalum crepidioides S. Moore) ﬂizL‘fﬁ"ﬂUﬂ’l (Hibiscus
Surattensis L.) AUN? (Pachyrhizus erosus (L.) Urb.) ﬁmﬁﬂ (Portulaca oleracea L.) Wndna (Momordica
cochinchinensis Spreng) LRSI (Solanum torvum Sw.) wuianlan Jinlauruwa ﬁm‘ﬁ&l UazAnNUUAL
duiriofinumdsne uwazdn 2 ol fo wxdonas uasaiuum m@iﬂﬁmiﬁmhvlﬂﬂgmﬁasl:ﬁﬂiﬂmﬁ
mmu'«mm:mUﬁufﬁuﬂ:ﬂuﬁ'ﬂﬁmﬂﬂ

WeRasondiuwensg  Aldlumsuslag wuiﬂﬁwﬁﬂﬁuﬂﬂﬂﬂaﬂdauﬁﬁﬂmuumﬁq@ 27 Thia
(61.4%) F09a98nAa USLnawa 8 THa (18.2%) Tanan 6 1ha (13.6%) waldaw 3 Tha (6.8%) USlnamuly
uwazntadeuniainin nduaz 2 ila (4.5%) ﬁ%ﬂ%%ﬂﬂﬁiuﬁu%Inﬂdauvlﬁa (stolens) §NFulniladin (pseudostems)
uaziwAadandiisanguaz 1 vila (2.3%) &3 Perberton and Lee (1996) ldgmafimamisluamasadszne
LMAR wmfnﬁﬁmﬁu’%lﬂﬂdauﬂaﬁluuﬂﬂﬁq@ (73.2%) 794890108 WA 31N UAzAaN (22.3, 6.2 LAz 4.4%) LTUN%

gmsuanufisnlumanslne wuinfisfifousuwinnlutasiud leaun HNN@ (Diplazium esculentum
(Retz.) Sw.) NNLAIE (Gnetum gnemum L. var. tenerum Markgr.) HNAWIY (Lasia spinosa Thw.) ¥c@1a (Dillenia
indica L.) ﬁﬂﬂ:m%im (Crassocephalum crepidioides S. Moore) WNEn (Erythropalum scandens Blume) gmﬁm
(Archidendron jiringa (Jack) Nielsen.) iws1zanansau3lnanusingn wiaviandsznavamslaing uasdafium
lolusssuad vaoaansiy ﬁv\mwﬁ@ﬁﬂuvlﬂﬂﬁ'mm:ﬁaﬁmmUlu@lamlmﬁaauﬁa U AnDa
ANATE9 aniiied Ludu LLa:ﬁSﬂ%mﬂ‘nﬁﬂﬁmsdaLﬁ’%ﬂﬁfﬁ'ﬂﬂ@ﬂﬂnmﬂﬁuﬁ:mn%u LT WNAWIN WNEIN

1) (Cissus hastata Miq.) WazWa@udng (Piper umbellatum L.) \udu iNanaunumaivaniuaznauns

Tonumiaolulasinns BRT 2545 @ BRT Research Reports 2002
Wl ERT



Aoiniassgiandmalgnuaslfasiesiuidauuasniuduanededuilnaun udnwuihIRsunisfiandas
nuATmIvilaafigndes 1w Anwuw dassanain i wiekwnaesnen esandaslalaslamiin
(hydrocyanic acid) Afuduamenuingne @Nlws wasRuwal, 2538) uazaniibes laiassudszmuaa

\{la99n# djenkol acid Miufinnyle (Nielsen, 1985)

2. nq’wﬁ%a&gu‘lws;zaz;m%’aamw

‘wmfwnwahﬁmﬂ%ﬁmguvlw{hiﬁwﬁ@ Usznavnufienudadeslsomand S9imasnmains
feRBnaneneg dmiusywlwsilisulngiudalinsd Asteraceae waz Leguminosae 23dfaz 5 wila
ABIMUAN (2528) laTIUTINANDIIA Asteraceae ﬁLﬂuﬁmquvlwﬂf 49 wha luswanitdl 10 afia Awuluih
i wathanlfiduayulnadins 4 ofla §a swufesun (Ageratum conyzoides L.) wwa (Blumea
balsamifera (L.) DC.) nzLdy (Eclipta prostrata L.) URZRULED (Chromolaena odorata (L.) R. M. King & H. Rob.)
wonanit gawuinludssmedninsldialuaed Asteraceae \Jusyulwannnis 93 ofia (Duke and Ayensu,
1985) Tagludwnitsl 7 ofia Anvluthidndgn uedl 4 mﬁwﬁ1°ﬁﬂumq1u1w3 1 shaliduen wazdn 2 vial
shanltdselomt

dlasrniuiiuveitimasunaeddnanGeun ﬁafuﬁaﬁﬂulﬂﬁaqﬂwaﬁﬁm‘swqmuﬁmmiﬁanén
pRausnilEtiunnda nawan wianwvasiin 3o @314 (Picrasma javanica Blume) 35n13fia luuas
Lﬂﬁanmﬁuﬁﬁunnﬁ fyquw Ssnnmsanatenasnuilwddendulas quassin Alvssoy luwsiuas
g lglundlunuaifiu (Burkill, 1966b) lusuunlneldilfendudueudly (5ioty, 2538) 391razinng
nasssuasdsiiaanadugndmiuutldunanseluwingld nafiefe vasziRa (Tinospora crispa (L.) Hook. f.
& Thoms.) Tapth&duuehuduguuag agniuindeiudsznmunnin tanilesiuuazudldnnaGeldisuiu
Fanviluduuszludsssanaaudwan isoquinoline fitruilasinldunase’led (zakaria and Mohd, 1994) uaz
INMIATaenaTIwIRTEn 9 afia Awuluiuduidl wazdasanguun ldinanGoigunu ldun suie
(Chromolaena odorata (L.) R. M. King & H. Rob.) niaw bt (Cnestis palala (Lour.) Merr.)
(faImua1, 2528) uzilay (Gnetum montanum Markgr.) (R@dnuan, 2540) WWNRITIA (Clerodendrum
paniculatum L.) (WAsHag uazane, 2539) Hyptis capitata Jacq. (Perry and Metzger, 1980) WInIzanfs
(Ardisia villosa Roxb.) ('35:‘]??.!, 2541) g (Chassalia chartacea Craib) (Burkill, 1966a) ﬂim{ﬂ (Scoparia
dulcis L.) wazlnang (Physalis angulata L.) (Milliken, 1997)

uan’mn‘f':ﬂ'\'iﬁﬁ“ﬁﬁuﬁﬁwﬁmﬂﬁﬂuagﬂm loun lumwnalwal (Blumea balsamifera (L.) DC.)
g vgalouiiadaasayn Fowuiluluwwadans crptomeridion  fiflignianmanieessnduitedoy
1 néaLilanasaay (daRad wazame, 2539) uazdsllsznaudieiniuanTMewIN L-bomeol 0.1 - 0.4%
mMIys 25% (mﬂn'j’lﬁwuluﬁumigs (Cinnamomum camphor (L.) J. Presl.)) (Duke and Ayensu, 1985)
limonene 75% sesquiterpene LAY sesquiterpene alcohol %Gmimmiﬁ’sUa@m’mﬁmaa@ waTUARIA e
(Zakaria and Mohd, 1994) 31930 (Thunbergia laurifolia L.) uazanldly (Phyllanthus urinaria L.) Fuvhauun e
suilaanz mude lurdUaunasaiuidan Gowunlululans 4,5,6,7-tetramethoxyflavone uas calcium A
IiReaudiasy (datiad uazae, 2539)

fifwaywlwsdn 1 zila ﬁmﬂdmglmaﬁ Combretaceae ligansnduunanald anwmeasold
50888 MG ylnna mi‘wqm’L%Lﬂumguvl.WiLLfTﬁﬁﬁ'mﬁﬂ Tagvinluwndldrandiingdudaim
anusaninrhiduunadulszd taaliunamesilu udddazfaifiouu

uanmﬂﬁmmg‘uvlmﬁﬂmﬁwﬁu NnMIATRenas  wuhANTuesie el guinmsltannan

LT
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WY (Euphorbia heterophylla L.) fiufninhenadufie Sawdluvinlienden Wenaiuas
@t (Smitinand and Scheible, 1966) waznawanlFiduayulnsuivasyn lasvhandalwldamse Judsznmu
1-3 gea udiniudsznuiu 4 sea 01aagle uslieFundulunguranwind nahdgiu vielumsdu

anlwey (Barringtonia angusta Kurz) Wauszaangaufwdudnle whendwdusywlwssuuunalidns

sy (Cassia pumila Lamk.) ndnawirfinutaaras uile

ik (Desmodium gangeticum (L.) DC.) lumﬂLL‘Iﬁd“N“ma&lﬂ’lgdi’mmﬂ

Az¥{9iA3a (Byttneria andamanensis Kurz) ddwianaiiiudon 1arnule

lasaiaad 2 afia (Melastoma imbricatum Wall. W8z M. orientale Guill.) wagnfimdunald dau
M. malabathrium L. §1ufinmslddsslomiugs wuiluoniuludewinin Ssmuion wiefmdunald wald
Lflumguvlwﬂ@Uﬁﬂumﬁuﬁﬁmﬁﬁadi’w uitle iheusn wazluldoulundgamasanaayas (Burkil, 1966b)

3. ngaals’
vd a a a A a - e . A 6 . & C2

naldAfionsslnanuun fe auAa (Garcinia cf. gracilis Pierre) WIi¢ Clusiaceae Lﬂuvl,mgu g
1 - 1.2 Wwa3 HagnuadaamIsdw Tudsemulansfanuaziiols ssl3on wanzdgniduliszauludm
wnzwaluuaziamsny uanuiiadaldialunisseniu 2 - 3 Weu uszaiydulath uazaINMIATI
o ' @ Aa o €A an @ . @ ] A A . P '
et Ul UARTA N ATFIUDT uazranssoslainsuthld aadnduisinlnad (new record) 1ilasanluny
dmadiukanldnimiangauyFanden adwlsfiow Medwisniivldluaislifisslunazns duaan
g9 laiwy 39 1aaT9 N MUZINNIIFD Flore Generale de L’ Indo-chine Laufl 1 (Pitard, 1907) winvius 3ududas
andateinmmanidnaieduiunnugndes walddnsfienfiouuilnada seriih (Salacca wallichiana

Mart.) wuanaSus s luthauau naflssdsen deuthansudsemuae wialdvinimwinnzdla

4. au 9
AunlsUselomidnudng laun Aolued Marantaceae laun ﬂﬁ?ﬂJ (Donax grandis Ridl.) &16wld
fwiFa Phrynium pubinerve Blume lultvaaimsle Wrlusiaiudousimunmu wiadulas: Jainazinan
Ugnidulsitszaule wananiidall aaaw (Hibiscus macrophyllus Roxb. ex Hom.) lulfyanasa duldniie
(Sida acuta Burm. f.) saulgvinladinane uazwan'ld’ (Podocarpus wallichianus Presl.) a1l gidua3assnaas
o wndadtlasnusuaneangaith  duwdeninew  leun  W1a9d  Cucurbitaceae  fa nuas
(Trichosanthes rubriflos Thorel ex Cayla) Hafuadgaa8y waneluiliudaddn swdinaidsuaians
MENNTENIN Fezd nuehe wiaay Laladn AITUANHUSKHA NZRIAINING (Cnemone javanica Blume)
No9d Euphorbiaceae nﬂﬁ’m‘naﬁﬁuﬁ stringing hair \ORNNRIZAY WAz Dendrocnide stimulans (L. f.) Chew.
A & . Aa a & ' = A A o ) v 4 @
N1496 Urticaceae N lufvuiiudan Terzanaifasiarinldanldiounn
. = a A A A A ° Y & ) o o A a v
atndlafionn  Iwssudrdnwanoriafhashuvandgniduwldlszauld  desandnsdun
RPN ABNRIDWARILINY VNThaaanInqunen 11w S9Ntk (Barleria strigosa Willd.) 14911 (Clerodendrum
colebrookianum Walp.) wsuguih (C. viscosum Vent.) zpawm (Codonopsis lancifolia (Roxb.) Moeliono spp.
celebica (Blume) Moeliono) uaay (Duperrea pavettifolia Pitard) ﬁuqcﬂ (Garcinia cf. gracilis Pierre)
ADUWNLN (Ixora brunonis Wall. ex G. Don.) LLa:L"ﬁmﬂLﬁﬂ (Jasminum nervosum (Roxb.) Alston) Munronia
pinnata (Wall.) Theob. L6t
A v a A o 6 o v o A A a A o v dlq' A o b 6
wonanwasnirludastuildvsloniiuudy  dsliiowanosfefidnlddgnluiundsingsd
A .. ) [y o Ay A A a o A i & & =
uazinilausthidnd iwnedasmsldiuitizennsuiifiannmvimniasusiidslominnis laswuindu
ldnenlddszauuniiga seannfe wald uazdindng wimdnwaiaasnsnaiyidolaldd aniis
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Abstract: Flora of the Eastern Forest
Phongsak Pholsena

Eastern Botanic Garden (Khao Hinson), Forest Botany Division, Royal Forest Department,
Chatuchak, Bangkok 10900

A survey and study of the vascular plants in the Eastern Forest was undertaken for 3 years
from April 1, 1996 to March 31, 1999. The study sites were located at Khao Ang Ruenai wildlife
sanctuary, Khao Soi Dao wildlife sanctuary, Khao Kitchakut national park, Khao Chamao—Khao
Wong national park and nearby national reserve forests, which cover an area of about 2,352 km’.
A total of 2,444 plant specimens were collected. So far, 1,631 species, 824 genera and 175 families
have been determined. The most common families were Orchidaceae, Leguminosae and
Euphorbiaceae. Among them, 14 species are reported for the first time in Thailand, 2 species may
be new species, while Polypleurella micranthera P. Royen: is only found of Khao Soi Dao,
Changwat Chanthaburi.

Key words: eastern forest, biodiversity, plant, new records
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1. Wrightia sp. ﬁmnaamnmei"nmﬁ'ufﬁmfﬂw D.J. Middleton "L@T@(?hmhwa uwazaangy
\UNROLAT DAUNYT LLa:gﬁu‘ﬁ'mmﬁuﬁmﬂwLLﬁa Huauin
Wurfialndaasing i liflunsau
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2. Cyatostemma wrayi King wuluﬂﬂﬁa 4 f{u
ASCLEPIADACEAE
3. Campestigma purpurea Pierre | wuluszaaags 100 - 200 &. IA.95. BUAUY Inemad aiuaating
ex Cost yasthng 4 fAu win wadslalaanuiiuninsg
4. Ceropegia sp. wuimwdulndihanensinwuy | dedasnslisaas. susu lnones
wainwwuiaaithinasnlu aasate
ER CME
5. Hoya lobbii Hook.f. ihangasann wainmwuiaaih R nUeUT 3
IROUAT UASHALIINIZLIN
aneBuITALINATINY
2. 9uN13
DAPHNIPHYLLACEAE
6. Daphniphyllum himalayense LIWIEUIN gn BBUAITNG Hutchinson (1968) Nonwindunsald
(Benth.) Miill.Arg. NATANY 2. 9UNYT LUABLEH WL Tz IUeaNDd
WanRanae
LABIATAE
7. Callicarpa giraldii Hesse ex wuluszé‘uamuga 300 . lulwe Shou-liang Wae Gilbert (1994) WU
Rehder nsWuidafihnsenan msnszanslunanuummazaiIn
2. 9uN13
8. Premna scoriarum W.Sm. wuluszAnaags 600 4. uiwa Shou-ling uaz Gilbert (1994 ) Wufl
nwusAaithusesam . IUWIL UAEWIN
N3
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CRTGEN 26 | Bangnueans US1IMANY AL
MYRISINACEAE
9. Ardisia  sp. 1hn3u 32AUANEA 600 . ATIAFLINNTLNUVRI Larsen Uaz Hu
lwasinsiusdadiiogesans | (1996) udr Lifimsowimusiaily
a =
2. 3uNy3 Usznealng
ORCHIDACEAE
10. Taeniophylium radiatum thauduainswuidaithiangs | sinads T. obtusum Blume udifindy
J.J.sm. 'l a.vezifoy 281304 aan uwaznautissnmens Lip lads
nyzizianta
11. Thrixspermum turtum J.J.Sm. | thduduainmwuisadiieéds | nduaenfniedan uiunauniizia
m"l,u a.¥azfisy 2.asBunn T. centipeda Lour.
OROBACHACEAE
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ZINGIBERACEAE
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vInaiangasa? wWuda1aa (Polypleurella micranthera P. Royen: Podostemaceae) TatilunITas
1957)
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Ianwufihenidisausiadoalulan  (Royen, Fuawlvafusuinmdenasih  lagldifudasne
WA, 2500 G188191aT7 Smitinand 3185 waz 3185 A %ﬂﬂaqﬁmﬁﬂf‘;ﬁﬁﬁﬁmﬁﬁm Waslaew Useineian
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(Mangifera flava Evrard: Anacardiaceae) NZWAUNBY (Diospyros  transitoria Bakh.: Ebenaceae) wzln
(Baccaurea ramiflora Lour.: Euphorbiaceae) 12433 (Garcinia cowa Roxb.: Guttiferae) 3413 (G. gracilis Pierre:
Guttiferae) Luad (Dialium cochinchinense Pierre: Leguminosae) N1z11aw (Sandoricum koetjape (Burm.f.) Merr.:
Meliaceae) mt&u‘ﬂ’l (Artocarpus lanceifolius Roxb.: Moraceae) ﬁuﬁ‘lf’l (Syzygium siamensis (Craib) Chanthar.
and J.Parn.: Myrtaceae) 3x1n (Salacca wallichiana Mart.: Palmae) & loth (Dimocarpus longan Lour. subsp.
longan var. longan: Sapindaceae) f:u":ai‘i_'h (Litchi chinensis Sonn. subsp. chinensis Leenh.: Sapindaceae)
aaLaw (Nephelium hypoleucum Kurz: Sapindaceae) LLa:ﬂaLﬁ?ﬂ (Xerospermum noronhianum (Blume) Blume:
Sapindaceae) 1 e

Wiimvlﬁﬁlﬁwmﬂummiﬁ@fﬂw I@]ULQWW‘:WiivaiT’N?T Anacardiaceae, Moraceae, Annonaceae,
Ebenaceae lar Sapindaceae 11w 3139 (Bouea oppositifolia (Roxb.) Meisn.: Anacardiaceae) uznan
(Spondias pinnata (L.f.) Kurz) #13L82 (Cyathocalyx martabanicus Hook.f. and Thomson var. harmandii Finet
and Gegnep.: Annonaceae) NaBBLAL (Uvaria dac Pierre ex Finet and Gagnep.: Annonaceae) NAILNIND
borneensis Hiern:

(U. hamiltonii Hook.f. and Thomson: Annonaceae) él'\‘lﬁ”l (Diospyros Ebenaceae)
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n3zun (Irvingia malayana Oliv. ex AW.Benn.: Irvingiaceae) VLY]?HﬁﬂGi’NG] (Ficus spp.: Moraceae) o
(Syzygium cumini (L.) Skeels: Myrtaceae) LREINITUIILD (Carallia brachiata (Lour.) Merr.: Rhizophoraceae)
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Abstract: Ethnobotany of the Sakai Tribe in Trang, Phatthalung and Yala Provinces
Katesarin Maneenoon', Puangpen Sirirugsa' and Chusri Trisonthi’
'Department of Biology, Faculty of Science, Prince of Songkla University, Hat Yai District,
Songkhla 90112, *Department of Biology, Faculty of Science, Chiang Mai University, Muang

District, Chiang Mai 50202

The purpose of this research was to study the use of plants by the Sakai Tribe in southern
Thailand. Based on their living styles, the Sakai people can be classified into three groups, i.e. 1)
the modern group from Thanto District in Yala Province, 2) the semi-primitive group from Palian
District, Trang Province, and 3) the primitive group from Palian District, Trang Province and
Pabon District, Phatthalung Province. The process of collecting data included interviewing Sakai
people about how they use the plants’ parts. This work was carried out from September 1999 to
February 2001. The specimens were collected, identified and photographed. One hundred and
seventy-one species, 128 genera and 69 families of utilized plants were found. The utilized plants
were classified into 4 groups, i.e. food plants (96 species), medicinal plants (68 species), plants for
housing and utensils (12 species) and plants for other purposes (15 species). The highest numbers
of utilized species belonged to the families Annonaceae, Euphorbiaceae and Dioscoreaceae.
Descriptions of all collected species, the ecology of the study areas, photographs of some species
and some products are presented.

Key words: Sakai, ethnobotany
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Environmental and Anthropogenic Factors That Affect an Ecologically and
Economically Important Tree, Castanopsis indica, in Northeastern Thailand

George Gale and Sudarut Tripetchkul
Division of Natural Resources Management, School of Bioresources & Technology,
King Mongkut's University of Technology Thonburi, Bangkhuntien, Bangkok 10150, Thailand

Although community forestry is now viewed as a solution to Thailand’s forest conservation
problems, supporting data comparing the ecological function of communal forests to forest inside
the current protected area system are largely absent. Without such scientific data, it will be
difficult for scientists and forest managers to guide the development of sound forest management
policy. This study examined some basic ecological parameters of Castanopsis indica, a tree that is
utilized for mushroom cultivation in northern Thailand in order to provide local people with
information that would allow them to sustainably manage this species. Between 1998-2002, we
examined C. indica adults, seedlings, and seeds in two community forests, one protected area
adjacent to the community forests, and in a nursery. The parameters investigated included: (1) the
effects of branch cutting on the growth and survival of adult trees, (2) the effects of seed predation,
fire, and light availability/canopy cover on seed germination, seedling survival, and seedling
growth on forest plots, (3) the effects of light and moisture on seed germination, seedling growth
and seedling survival in the nursery, and (4) growth and survival of seedlings transferred from the
nursery back to the local community. The results suggested that branch cutting, provided that not
all branches were removed, did not negatively affect adult growth and survival at least in the short-
term, although more long-term data will be required. Mortality of unprotected seeds was almost
100% on all plots, however the predation rate was clearly faster in the community forests
compared to the national park; the reasons for this difference are unclear at this time. Based on the
forest and nursery experiments seedling growth rates were higher in higher light environments, but
there appeared to be some greater risk of mortality from drought stress. However, fire was
probably responsible for 50% of all seedling mortality in our plots. Germination rates in the
nursery were 80-92% and survival was approximately 90% for those seedlings transferred out of
the nursery to a deforested site. Our results suggest that this species could be successfully
managed in community forests and nurseries through the use of some basic precautions with
agricultural fires and simple nursery techniques.

Key words: Castanopsis indica, community forestry, seed predation, seedling growth and survival

Introduction

One proposed solution to Thailand's forest resource over-exploitation and land ownership
problems is to decentralize control over forest management (Hussain and Doane, 1995; Hirsch, 1996;
Vandergeest, 1996). Community forests, areas where people agree collectively to maintain forest
resources (Puntasen, 1996), which have long existed in Thailand, have been reemphasized in the wake
of calls for decentralization. In theory, community-level management creates a framework in which
forest resources are used fairly and efficiently and thereby promote sustainable use and conservation
(Narintarangkul Na Ayuthaya, 1996; Puntasen, 1996). However, while the political and economic
benefits of such a decentralized system are relatively clear, the ecological/environmental benefits are
not. Specifically, there is almost no data directly comparing the ecological function of community
forests with that of forests in Thailand’s current protected area system. Furthermore, without such
supporting scientific data, it will be difficult for scientists and forest managers to guide the
development of sustainable forest policy.

The goal of this 3.5-year study was to examine how environmental and anthropogenic factors
influence the growth and survival of Castanopsis indica, (known as ko khao or ko lim in Thai) one of
several tree species that is used by northern Thai villagers as a growth substrate for cultivating
mushrooms. C. indica is also used for making charcoal, fuelwood, and many other functions in
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northern Thailand and elsewhere in the region (e.g. Shrestha and Shengji, undated). Although this
species is probably not widely used in Thailand (Schmidt-Vogt, 2001), it appears to be a relatively
important species both economically and ecologically in upland (900-1500 m) plant communities
throughout the region (Shrestha and Shengji, undated; Schmidt-Vogt, 2001). The geographic range of
C. indica includes parts of India, Myanmar, Thailand (northern and eastern sections), China, Nepal,
Taiwan, Laos, Cambodia, and Vietnam (Barnett, 1942).
Specifically, our goals were:
1) To examine the effects of branch cutting on (a) mortality and (b) fruit production of adult
trees of Castanopsis indica that have been cut by villagers.
2) To determine the primary factors that affect C. indica seedling recruitment and measure
demographic parameters of C. indica including (a) adult growth rate, (b) adult mortality,
(c) adult fruit production, (d) seedling growth and mortality, (e) seed germination.
3) To determine the effects of light and moisture levels on C. indica seed germination,
seedling growth and survival in the nursery, and their survival after being transferred back
to the field.

Methodology

Study sites

The study sites consisted of three areas, two community forests nearby two villages, Bor
Muang Noi (BN) and Huay Nam Pak (HN), in the district of Nahaeo, Loei Province and Nahaeo
National Park (NP) (712200 E, 1941300 N UTM zone 47), which was adjacent to the community
forests. Much of these community forests are used for hunting, collecting of plants and fungi for food
and medicine, and timber for charcoal production, home building and mushroom cultivation (G. Gale
pers. obs.). Parts of the community forests near agricultural lands burn frequently (approximately
once per year) because of fires used for land clearing and land preparation (G. Gale unpubl. data). In
the community forests of both villages, tree branches of C. indica are cut. The vegetation of NP is
probably less impacted by people and branches of C. indica are not cut. However, there is intensive
hunting and collecting by local villagers in the Park (G. Gale pers. obs.).

Effects of branch cutting on adult trees

All sample plots were located in the two community forests and in one location in the
"protected” portion of the National Park. The sample plots in the community forests were selected
between August and October 1998 by choosing C. indica trees with cut branches and which were
generally > 10 m from others of the same species, although the distance criteria could not always be
met. These trees where then compared with C. indica in the National Park, which were not cut. Study
plots in the National Park were also established by selecting trees where the distance between adults
was > 10 m. All sample trees were estimated to be > 10 years old based on our preliminary growth rate
data, although we did not have tree cores to confirm this directly. In total, 6 sample plots were set in
the HN community forest, 15 plots in the BN community forest and 17 plots in the National Park.

Diameter at breast height (1.30 m) was measured once every six months, and each diameter
was estimated to the nearest millimeter based on three independent measurements using a diameter
tape. Trees were marked with nails to insure that the trees were measured consistently each time. Trees
were examined every three to six months.

Because this species produces a relatively small number of fruits, an estimate of fruit density
was taken during August and early September of each year by directly counting the number of ripe
and unripe (green) fruits just prior to fruit fall between August and November. Counting was aided by
using 10-power binoculars.

Establishment of plots for monitoring seedling growth and survival

Starting in August 1998, circular plots, 10.5 m. in radius were established around each
sampled adult tree. A radius of 10.5 m was chosen based on the median seed dispersal distance of
three other species in the same family (Fagaceae) that had similar seed morphology to C. indica
(median dispersal distance of those species was between 5.6 to 10.6 m, (Ribbens et al., 1994).
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Starting in October 1998, we counted seedlings that were shorter than 50 cm. in height in each
circular plot. We recorded the number of seedlings and tagged them with uniquely numbered
aluminum tags.

Effects of fire on seedling growth and survival

Sample plots in Bor Muang Noi community forest were accidentally burned by a fire that
spread from an agricultural field between 15 and 16 March 1999 and 15.5 plots in the National Park
were burned between 1 and 13 April 1999, by fires intentionally set by villagers for hunting purposes.
In each sample plot, we recorded seedlings that were killed and those that survived the fires. For a
subsample of seedlings for which we had height data, we were able to estimate survival relative to
height (see below).

Seedling growth rate was measured on a randomly chosen subsample of twenty seedlings per
plot (5 seedlings from each cardinal direction). For quadrants with less than 5 seedlings, all seedlings
were measured. The maximum vertical height of the seedlings was measured every two months with a
tape measure to the nearest millimeter. We then compared the effects of fire on seedling growth rates
by comparing the seedlings of the burned plots with seedlings from the unburned plots. The relative
growth rate (RGR) (%/year) was calculated following the methods of Zangkum et al. (2000). A
relative performance index (RPI) was calculated also following the methods of Zangkum et al. (2000)
(see below). RPI combines survival and growth rate into one index, thus if RPI is high this suggests
that seedlings have both a high relative growth rate and a high relative survival rate.

RGR = (LnH, — L.nH,) x 365*100
(b—1ty)

where H;= (height, radial diameter or leaf area) starting time (cm., or mm.)
H,=(height, radial diameter or leaf area) final time (cm., or mm.)
(t,-t;) = time between first and last measurements (days)

RPI = mean % Survivial*10 x  mean RGR*10
Max. mean % Survival Max. mean % RGR

Effects of light availability on seedling growth and survival

Every two months starting in January 1999, we measured the canopy cover over the 20
selected seedlings in the plots by using an ocular tube (1.5 inches in diameter and 10 cm long)
following modified methods of James and Shugart (1970). The estimation was be done by looking
through the ocular tube vertically at the tree canopy and estimating the percentage of non-vegetation
(sky) visible in the circle of the tube. We also measured light availability that hit the seedling by using
a lux meter (Extech, model 401025). We estimated the light availability by comparing the lux reading
at the seedling with a simultaneous lux reading in a nearby open area.

We measured seedling survival and growth using the same methods as above. The
relationship between light availability, growth rate and survival was analyzed by using regression
techniques.

Effects of canopy cover on seedling growth and survival

Beginning in October 1998, we estimated the percentage of canopy cover in each plot using
methods from James and Shugart (1970). Along the four transects within each circular plot (N, S, E,
W), a total of 28 evenly spaced samples of canopy cover (7 estimates of canopy cover per transect)
were recorded by pacing off along the transects and sighting into the ocular tube. Estimates were
repeated every two months. We measured seedling survival and growth using the same methods as
above. The relationship between canopy cover, growth rate and survival was also analyzed using
regression techniques.

Seed germination, seed predation and seedling establishment in the forest
Around four of the sampled trees in each forest, four, 1.5 x 1.5 m plots were located in four
general habitats with different levels of canopy cover and ground vegetation cover, ranging from open
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canopy cover and sparse ground vegetation cover to closed canopy and dense ground vegetation cover.
These included:

1) Full canopy cover and dense/ ground vegetation cover

2) Full canopy cover and partial or no ground vegetation cover.

3) No canopy cover and dense/ ground vegetation cover

4) No canopy cover and partial or no ground vegetation cover

A plot was considered to have “ low” canopy cover if the cover was less than 20% and canopy
cover was considered closed if the cover was higher than 20 %. Ground vegetation cover was called
“low” if cover was less than 25 % and vegetation cover was considered “high” if it was greater than 25
%. In each of these plots, 30 seeds were placed and divided into 3 treatments to assess the effects of
predators and to examine methods of protecting seeds: no cage (no protection from predators), small
cages (7.5 x 5 x 9 cm made from wire mesh), and large cages (16 x 16 x 16 cm).

Seed germination and the effects of light availability on seedling growth in the nursery

Seeds of C. indica were collected within the community forests of BN and HN under parent
trees. Seeds damaged by insects or other factors were discarded. Seed viability was also tested through
floatation (Clintra, 1997). Three treatments were applied, full sunlight, partial shade (30% of full sun),
and heavy shade (15% of full sun) and 25 seeds were used for each treatment. Each treatment was set
up in a randomized complete block design with four replicates. Full sun was performed by growing
the seeds in an open area, which received a minimum of 4 hours of midday sun. Partial and heavy
shade treatments were performed by shading the seeds with one or more layers of shade cloth. Seeds
were planted in seed trays with two layers of filter paper in experiments to test for the effect of light on
germination. Tests of the effect of light intensity on germination and seedling establishment used
REX tray root-trainers (300 cm’) filled with forest soil. Germination media in all treatments were kept
moist by regular watering two times per day following the methods of Hardwick et al. (1997).
Germination on either the filter paper medium or forest soil medium was recorded at 15-day intervals.
In the filter paper experiment, a seed was recorded as germinated once the radicle had emerged
through the seed testa (Fenner, 1985). The emergence of epicotyl was used as a measure of
germination in the forest soil experiment because seeds were buried. Monitoring of germination
ceased when no more seeds had germinated for at least 1 week. The number of surviving seedlings
was counted and root length (in the filter paper medium) and height (in the forest soil medium) were
measured with a measuring tape to the nearest millimeter. The relative growth rate (RGR) and relative
performance index (RPI) were calculated following the methods of above. The growth rate was
checked twice a month for the first two months and once a month thereafter. The seedlings were
measured for a total of 171 days (September to March 2001); the experiment was terminated
prematurely due to a temporary lack of water.

Effects of moisture and light availability on seedling survival in the nursery

In a separate experiment from above, we removed approximately 1-year old seedlings of C.
indica from a disturbed patch of roadside forest that were of similar height and stem width
(approximately 12 cm tall with a 1.6 mm. stem diameter) on 20 December 1999. Seedlings were
planted in individual bags (8 x 25 cm) containing forest soil and rice husk to improve water absorption
(2:1, soil: husk).

We randomly assigned seedlings to be grown in one of three light treatments (full sunlight,
partial shade (30% of full sun), and heavy shade (13% of full sun) and two watering treatments (low
moisture and high moisture) using a factorial design with 24 seedlings per treatment. Full sun was
provided by growing the plants in an open area, which received a minimum of 4 hours of midday sun.
Partial and heavy shade treatments were provided by shading the plants with one or two layers of
shade cloth respectively. Seedlings in the low moisture treatment were subjected to natural rainfall
only, while high moisture treatments received supplementary water two times per day in the full sun
treatment, once per day in the partial shade and in the heavy shade every other day following the
methods of Hardwick et al. (1997). The growth rates were checked weekly for the first two months;
the number of surviving seedlings was counted and vertical growth, radial growth and leaf area were
measured. The maximum vertical height of each seedling was measured with a tape measure to the
nearest millimeter (from the base of the soil to the shoot apex). For radial growth, calipers were used
to measure (to the nearest 0.1 mm.) stem diameter at ground level or at the top of the root collar
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following the methods of Kobe (1999). Area of healthy leaves was estimated using a regression
equation (see below) using leaf length and leaf width as independent variables. To develop the
regression equation, a sample of thirty leaves of C. indica of several sizes were harvested and a
Calcomp 9100 digitizer with Arc/Info software was used to digitize the area of each leaf.

We calculated relative growth rate (RGR) (% / year, for vertical, radial and leaf area growth)
and a relative performance index (RPI, combining survival and growth rate in one index) following
the methods of Zagkum et al. (2000). The seedlings were measured for a total of 261 days (25 January
to 12 October 2000).

Seedlings in the nursery were also compared with seedlings in forest plots. Forest plots were
chosen near (<50 m) from where seedlings for the nursery study were collected (seedlings also had
similar heights and stem widths to those used in the nursery experiment). The locations were chosen
randomly for 5, 2 x 2 m plots. Five seedlings per plot were randomly chosen for measurement which
included height, stem radius and leaf area following the same methods used in the nursery. These data
were compared with the seedlings grown in the nursery. The seedlings were also measured during the
same 261 days as above.

Growth and survival of seedlings transferred from the nursery to the field

A second set of seedlings grown under similar conditions in the nursery was transferred to the
field. The site was located at BN next to a villager s home adjacent to the nursery. One half of the
site had canopy trees (50% of full sunlight), but all of the understory was removed. The other half of
the site had no understory or canopy cover (100% full sun). Both areas had short (< 15 cm.) grasses
and other weedy vegetation.

Each treatment plot was 20 x 25 m and the distance between each seedling was 5 m. The
distances between treatments was 10 m. Seedlings were placed in 50 x 50 x 50 cm. pits. On 2
November 2000, a total of 60 seedlings were transferred from the nursery to the field. Seedlings,
which were in good health, were transferred from partial shade or heavy shade treatments in the
nursery. The seedlings had been in the nursery for 9 months (January 2000 - October 2000).
Seedlings were randomly assigned to field treatments and were labeled to insure that any difference
caused by the different nursery pre-treatments could be recorded.

Light directly above each seedling of both treatments was measured using a light meter (Lux).
Visual estimates of canopy cover were measured using an ocular tube as above. Water was given
everyday until the rainy season began in June of 2001. Weeding was done once every 3 months
during the dry season, and once per month during the rainy season. The experiment was monitored
every 2 weeks for the first 4 months and once per month for the remaining 8 months. The seedlings
were measured using the same methods as above.

Results

Effects of branch cutting on adult trees

A total of 38 trees have been measured: 6 in HN, 15 in BN, and 17 in NP. The number of
branches removed was not significantly different between the two community forests (Mann-Whitney
U-test, P > 0.05). However, the sampled trees were probably more heavily impacted on BN, where
three trees had all of their branches cut, one tree was completely removed, and another fell possibly
due to natural causes.

Growth rate of the remaining trees was not significantly different between the community
forests and National Park or between the community forests themselves (Mann-Whitney, P > 0.05),
but the sample size was small and additional time may be required before effects become apparent.

Fruit production varied among years and plots (Figure 1). This species appears to produce
fruit mostly in alternate years, such that 1998 and 2000 were relatively productive years, while in 1999
and 2001 little or no fruit was produced. However, individual trees appeared to be highly variable in
their productivity. Trees in BN produced notably less fruit, presumably due to the intensive branch
cutting. Because it cannot produce fruit from the main trunk, C. indica cannot reproduce (sexually) if
all of its branches are removed.
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Figure 1. Average number of fruits per C. indica tree observed during 1998-2002 on the study sites. (*almost
no fruit was produced in 1999, but no exact measurements were taken; error bars represent 1
standard deviation).

Effects of fire on seedling mortality

Fires occurred 15-16 March 1999 in the BN community forest and 1-13 April 1999 in the
National Park. Fire was the largest source of seedling mortality (Table 1). In the burned plots,
seedling survival was reduced by fire and overall survival in the unburned plots was greater than in the
burned plots (data not shown). The taller (older) seedling had a higher survival rate after fire than the
shorter (younger) individuals (see Figure 4), probably because taller seedlings were likely to have
longer and deeper root systems than shorter seedlings.

Table 1. Probable causes in percent of Source of mortality % (all plots)
seedling death between November Fire 493
1998 to November 2000. Death Drought stress 41.0
during the dry season was assumed Herbivores 0.9
to be from drought stress, but other People 7.4
sources could not be ruled out, such Unknown 15

as nutrient competition.

Seed germination, seed predation, and seedling establishment in the forest

Unprotected seeds disappeared rapidly from the community forest plots; between 89-99%
were removed or eaten within the first 10 days. Unprotected seeds in the National Park disappeared at
a much slower rate; 39% were removed after 10 days (see Figure 2). However, all unprotected seeds
from all plots were removed or destroyed within 74 days. Thus, for unprotected seeds, germination
was low, 0-5%, while significantly higher (~35%) for the partially protected seeds. Germination
probably would have been higher under the cage treatments, but these too were also subject to small
mammal as well as some probable predation from wild boar (Sus scrofa). Most (> 90%) of the
germination occurred between 18-90 days after planting.

The main source of seed loss was probably from small mammals (see Figure 3). We assumed
that most of the removed seeds were eaten based on the presence of partial remains, however some
seeds may have been cached.
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Figure 2. Percentage of seedling survival from fire in terms of seedling height in the two burned study areas
(* insufficient sample size in this category, n < 2).

100 =
©
(0]
>
© 80
»
()
©
S 60
3 —e— NP
3 —a—HN
g 40 —a— BN
n
3
o 20
wn
ks
O\O O T T T
o o o o
Q Q Q <
& 5 5 3
@ Q Z Q
o) 0 o) o)

Figure 3. Seed mortality rate for unprotected seeds (15 September — 14 December 2000) in the three study areas.
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Figure 4. Sources of seed mortality for each of the three study areas (15 September — 14 December 2000) all
cage treatments combined (protected and unprotected seeds).

Effects of light availability on seedling survival in the forest

Canopy cover was greater in the National Park than in the community forests, but this
difference was not significant. Median light intensity was 4.8 % vs. 4.6 % respectively above alive
and dead seedlings, which was also not significantly different.

Effects of light availability and canopy cover on seedling growth rates in the forest

Relative growth rate (RGR) was higher in the community forest than the National Park
(P < 0.05, see Table 2). Visual estimates of canopy openness (ocular tube) above seedlings was also
weakly, but significantly positively correlated with RGR (R*=0.07, P = 0.01).

Table 2. The relative growth rate (RGR; % /year) and the relative performance (RPI) of seedlings for each
study site both in burned and unburned areas.

Study Site RGR* (% /year + 1SD) RPI
Community Forest Unburned (HN) 3147 (£ 16.3) 58.8
Community Forest Burned (BN) 26.4*(£19.3) 40.9
National Park Unburned (NP) 11.4° (£7.7) 36.3
National Park Burned (NP) 15.4° (£9.7) 22.1

*QGrowth rates with different letters are significantly different, t-test P <0.05

Effects of moisture and light availability on seedling survival in the nursery

Seedlings in the full sun and provided only natural rainfall (no water treatment) all died after
45 days (see Figure 5). The heavy shade, no water and partial shade, no water treatments had
significantly lower mortality than the full sun, no water treatment. In contrast seedlings in the forest
plots had a survival rate of 100%, but their growth rate was significantly slower (see below).

Effects of light availability on seed germination and seedling growth in the nursery

The overall germination on the filter paper medium was high for all treatments, ranging from
80% to 92% (Figure 6). The highest percent germination was observed in the partial shade treatment,
but these differences were not statistically significant (3 test, p > 0.05). More than 40 % of the seeds
germinated within 2 weeks and the remaining seeds that did germinate, did so within two months.

Light significantly affected seedling vertical growth. Seedlings grown in full-sun and partial
shade had a significantly higher relative growth rate (RGR) and relative performance (RPI) than
seedlings grown under heavy shade (Table 3).
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Growth and performance of seedlings transferred from the nursery to the field

After approximately 14 months, seedlings grown in full sun had significantly higher relative growth rates than either those in the
partial shade treatments, or those monitored in the forest plot (see Figure 7). The RGR of the partial shade treatment was also significantly
higher than seedlings in the forest. Although, the forest seedlings were not given supplementary water as the other two treatments, and thus

not directly comparable, the results were similar to an earlier nursery experiment where seedlings were not given supplemental water.
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—
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o . p < 0.05).
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Discussion

We found no adverse effects of limited branch cutting on mortality or growth rates of
Castanopsis indica, but this should be interpreted with caution because our sample size was small and
the study period relatively short compared to normal, slow growth rates and death rates of trees.
However, removing all branches of C. indica probably will impact the adult trees by preventing
reproduction and is likely to affect their long-term survival. Although several branch lopping studies
have been conducted in Asia on fast growing species (e.g., Gupta et al., 1996; Vishwanatham et al.,
1999), there appears to be no available data for species in this family (Fagaceae). Thus, in the absence
of precise data or data from similar species, we recommend keeping at least 75% of the tree crown,
particularly the upper-most productive branches, as a reasonable tradeoff between economic benefits
and the growth and reproduction needs of the tree. However, further information on the effects of
cutting will be needed for long-term management of this species.

Seed germination and seedling establishment seems largely controlled by predation by small
mammals,which is common for both temperate forest (Heithaus, 1981) and tropical rainforest (Blate et
al., 1998). Predation was ~100% for all unprotected seeds, which is similar to previous results for
some species in the neotropics (Janzen, 1969) as well as Southeast Asia (Blate et al., 1998), but the
rate was clearly slower in the National Park compared to the community forests. The mammalian seed
predator community appears to be different in the community forests, but has yet to be described and it
is unclear at this time why human disturbance would have such an impact on seed predators and seed
predation.

Human impacts on seedlings appear to be mostly the result of fire, which caused significant
mortality (> 70%), particularly to younger seedlings (< 30 cm tall). Similar survival rates have been
found for species in the same family (Quercus) and suggest that C. indica is relatively fire tolerant
(Huddle and Pallardy, 1999). Fordyce et al. (1997) and others have found that fire tolerance is often
age dependent, and at least partially dependent upon the ability to resprout, which is at least partly
correlated with the amount of starch in the roots (Huddle and Pallardy, 1999).

Castanopsis indica is a relatively slow-growing species (~50 cm of vertical growth / year).
However, the survival of this species in deep shade (5% of full sun) can be relatively high (~100%) at
least over a relatively short time span (~ 1 year). This appears to fit the general paradigm that there is
a clear trade-off between growth rate and survivorship at low light levels (Kobe et al., 1995;
Veneklaas and Poorter, 1998). C. indica seedling growth rates appear to be best in high light
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environments and were significantly higher in the community forests, which was probably due to
increased light availability and perhaps soil nutrient availability (although no soil nutrient data has yet
to be collected). Higher survival and growth rates in high light environments are common in tropical
tree species (Augspurger, 1984). However, some shade dramatically increased the survival of drought
stressed seedlings in the nursery and therefore areas of open canopy in the forest (such as in gaps
created by branch and tree cutting) may occasionally increase mortality rates of young C. indica
seedlings during particularly long periods of drought.

In conclusion, C. indica seems to tolerate moderate branch cutting, germinates and survives
well in the nursery and can be successfully transferred from the nursery to the field. Thus, in theory
Castanopsis indica probably could be effectively managed at the community level through long-term
planning. In particular, a more logical management of agricultural fires could greatly reduce the
mortality rates of this species and many others in forested areas adjacent to agricultural fields.
However, fires were also started in the National Park presumably for hunting purposes and this
represents a more serious problem of law enforcement in addition to education.
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Post-Dispersal of Seeds in Feces of White-Handed Gibbons
(Hylobates lar) by Dung Beetles (Coleoptera: Scarabaeidae)

Janya Jatejaroen
Department of Biology, Faculty of Science, Mahidol University, Rama VI Rd., Bangkok 10400, Thailand

During one year of study, 42 species from 27 genera of seeds were found in gibbon feces
ranging from tiny fig (Ficus spp.) and Diplectria barbata seeds of less than 1 mm in length to
large Elaeagnus conferta and Sandoricum koetjape seeds of greater than 29 mm. A total of 1,818
dung beetles of at least 53 species from 9 genera have been found from the gibbon study area in
Khao Yai, of which 60% of the beetles were caught during nighttime and 40% during daytime.
Among all beetles, 50% (909 of 1,818) were from the hill habitat, the other half were from the
valley. Dung beetle lengths varied from 2.4 to 26.9 mm. These insects were classified into four
groups. The first were ball-rollers from the genera Synapsis and Sisyphus with long sickle-like
hindlegs. S. boonlongi was the only beetle from Synapsis and reached 25.9 mm in length. One S.
boonlongi made a dung ball 60 mm in diameter, rolled it 120 cm, and buried it 4 cm deep in the
soil. Sisyphus maniti and S. thoracicus are small beetles, 4 and 7 mm long, respectively. Their
balls were 7 and 15 mm in diameter. The longest distances they rolled them were about 150 cm.
These beetles removed various seeds of different sizes that could be contained in their dung balls.
The second group included only Onthophagus doisuthapensis, 6 mm long. This species usually
pushed large seeds (> 25 mm long) and feces up to 105 cm away. The third group consisted of 39
species of Onthophagus, 3 species of Copris, and one species of Catharsius. Their body lengths
varied from 3.4 to 26.9 mm. These beetles generally buried seeds under dung piles or rolled them
distances of less than 50 cm before burying them at about 3 cm in the ground. The last group
contains Caccobius, Cassolus, and Phacosoma 3.7-5.5 mm long, and Aphodius of 2.4-2.6 mm.
The first three genera of this group are relatively rare. The last is more common and is always
found inside dung piles. This group tended to play very little role in dispersing seeds from gibbon
feces.

Key words: Khao Yai National Park, post-dispersal, dung beetles, white-handed gibbon

Introduction

In tropical forests, there are many interesting relationships between animals and plants.
Dispersal of seeds by animals is one of many important co-evolutionary mechanisms. Plants usually
gain higher success or higher survival rates for their offspring by animal seed-dispersers. At the same
time, animal seed-dispersers that feed on fruits of those plants will effectively provide food for future
generations from the new plants that grow from seed, in addition to obtaining nutrients directly from
fruits.

My study area was located in the Gibbon Study Site developed as a project of Dr. Warren
Brockelman and his team. The plot located at 730-810 m above sea level contains about 190 species of
trees and at least 100 species of woody climbers and creepers. This study plot covers an area of about
30 hectares and is the territory of a family of white-handed gibbons, which are the main primate seed
dispersers there.

The gibbon is effective in dispersing seeds because of its high degree of frugivory, relatively
mild gut action, and known propensity to swallow many of the seeds of the juicy fruits they eat
(Gittins and Raemaekers, 1980). However, several ecological factors including escape from mortality
near parent trees, occupying a vacant site, reaching a suitable microsite (Murray, 1986) might effect
the number of surviving seedlings. After primary seed dispersal through gibbon feces, seeds taken
away from the piles to more suitable germination sites might have a lower or higher mortality rate
caused by clumping, seed predators, pathogens, etc.

Secondary seed dispersal by dung beetles is an interesting story in nature. Dung beetles
(Scarabaeidae) are coprophagous organisms which use the dung produced by forest vertebrates such as
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primates, bats, and birds as food (Howden and Young, 1981 quoted from Estrada and Coates-Estrada,
1991), and as a substrate for oviposition and for feeding by their larvae (Halffter and Edmonds, 1982
quoted from Estrada and Coates-Estrada, 1991). These beetles can be divided into three types. The
beetles that process the dung by rolling it away from the site of deposition in the form of spherical
pellets which are buried are called ball-rollers. Burrowers always bury their food at the site of
deposition (Estrada and Coates-Estrada, 1991). Dwellers usually are relatively small and usually stay
inside the dung pile on the surface of soil. After seeds are dispersed by primary dispersing animals
through their defecations, the beetles seem to be the main organisms that rapidly come and move seeds
away with their processed food. Ball-roller and burrower dung beetles might be key animals of post-
dispersal of seeds and might determine the fate of those removed seeds if they move seeds to suitable
microhabitats. Maybe they “know” through natural selection that they have to be responsible as good
farmers so that their plants will grow up to be gibbon food and they will finally be benefited by having
a lot of gibbon feces to consume.

I chose to study the interactions among dung beetles, gibbons, and seeds in Khao Yai because
it is a good example of an ecological subject that I always overlooked when traveling many times in
this fertile and charming forest. Moreover, it seems that studies of such relationships are still very few
in Thailand. For my study, I wanted to obtain basic facts on the diversity of dung beetles in the study
area and their ecological role as secondary seed dispersers.

Literature Review

Estrada and Coates-Estrada (1991) studied seed dispersal by howler monkeys in a forest of
Mexico. The seeds of 28 fruit species were found in howler feces in viable condition at distances
ranging from 10 to 1,000 m from their source of origin. There were 20 species of dung beetles
attracted to the feces. An average of 654 dung beetles were captured monthly by using pitfall traps
baited with howler feces. They found that the beetles were present and active in all months of the
year. The feces was rapidly relocated and buried by the beetles as it remained on the ground for an
average of only 2.5 hours. Some of the beetles, from their study, could transport their processed dung
up to 5.0 m from the site of deposition while the average distance was 1.2 m.

A study by Andersen (1992) in a Peruvian rain forest focussed on both spider monkeys and
howler monkeys. Andersen chose the two primates for study because he acknowledged that, in the
study site, 80 percent of the mammalian biomass comprised frugivores, with primates representing 49
percent of the mammalian frugivore biomass. Both monkeys were large (6—10 kg) canopy dwellers
with high population densities at his study site. The spider monkeys swallowed and dispersed the
seeds of 71 plant species while the howler monkeys did only 13 species during the same period. A
total of 2,086 seeds was found from 47 fecal samples (c. 4 kg) of spider monkeys and 269 seeds were
found from 27 fecal samples (c. 6 kg) of howler monkeys. He found 554 individuals of 27 dung beetle
species in his 3 censuses. An average of 9 * 4 beetles visited dung piles within the first 45 minutes.
The bigger beetles (> 13 mm long) moved the dung balls an average distance of 118 = 57 cm, whereas
the smaller beetles (c. 8 mm long) moved balls 82 £ 47 cm. When using 4, 6 and 8§ mm diameter
beads for tunneler beetles, he found that 85 percent of them were buried less than 5 cm deep and 66
percent were buried less than 3 cm deep.

Shepherd and Chapman (1998) found that dung beetles are not seed predators and can relocate
seeds by incidentally including them in buried dung, or by moving them when they disturb the general
area as they dig holes and move the soil. They use mammalian dung directly for food, to provision
their nests, or as oviposition sites. They also mentioned that secondary dispersal of seeds by dung
beetles has the potential of positively affecting seed survival by helping seeds avoid predation and in
turn enhancing germination potential. So he concluded that this secondary seed dispersal might be
among one of the most important events influencing the reproductive biology of plants.

Whitington (1990) studied seed dispersal by a group of Hylobates lar gibbons in Khao Yai
National Park during April-June 1989 and 1990. She observed gibbons feeding on 166 individual
fruit sources of 13 species. Ten of 13 fruit species, not including fig seeds, were found to be
swallowed and processed during that season. In 52 fecal samples, gibbons deposited an average of
200 seeds per day per individual. Approximately 72,000 seeds were dispersed by her focal gibbon
group at her study site during that dry season. From this study, it is clear that an individual gibbon in
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the focal group was effective in dispersing many seeds (200) of up to 13 major fruit species in only
one dry season.

It was written in a report on characteristics of fruits consumed by the white-handed gibbon in
Mo Singto, Khao Yai, that 65 species of 30 plants families were fed on by gibbon. Chuti-on (2000)
stated that among the 50 species of fruit in their diet, Ficus or fig was the most consumed. Numerous
small fig seeds were found every month in most of her fecal samples.

Methodology
1. Seeds in gibbon feces

Fieldwork was conducted from January to December 2000 to cover every season in one
year at the study site. All members of gibbon group A were followed to collect fresh feces. Seeds
from their feces were separated by washing and sieving. Those seeds were kept in 70% ethanol and
identified by comparing them with seed specimens kept in the plant herbarium at Center for
Conservation Biology, Salaya Campus, Mahidol University.

2. Dung beetle diversity by using pitfall traps

Pitfall traps made from plastic bottles (c. 9 cm diameter, and 12 cm tall) with small holes at
the bottom for drainage and a plastic roof were used each month for sampling dung beetles at different
times (night and day) and habitats (valley and hill). Trap positions from both Valley and hill areas
were randomly selected from the lowest and highest altitudes within the territory of the focal gibbon
group. Most valley areas were near small streams and located from 724 to 737 m above sea level
while most hill areas were on ridges with lower soil humidity and ranged from 762 to 793 m above sea
level. Each month, I set 12 traps (6 day-traps and 6 night-traps) in hill areas and 12 (6 day-traps and 6
night-traps) in valley areas. Day traps were set from 6:00 h to 18:00 h and night traps were set from
18:00h and 6:00h. The total number of traps set each month was 24 (6 valley-day, 6 valley-night, 6
hill-day, and 6 hill-night). Therefore, there were 24x12 = 288 traps in the 12 month period. Traps
were at least 45 m from each other and were baited with approximately 30g of fresh gibbon feces.
Trapped dung beetles trapped were separated and preserved in 70% ethanol and pinned. The beetle
specimens were then dentified with the help of Dr. Yupa Hanboonsong, Khon Kaen University and
Mr. Sura Pimpasalee, Division of Entomology and Zoology, Ministry of Agriculture and
Cooperatives.

3. Observations of post-dispersal of seeds by dung beetles
Short observations on post-dispersal by dung beetles were done at least 3 times per month;
twice during the day and once during the night. A pile of fresh gibbon feces was observed for 8 hours
or until no dung beetle was seen for a few hours. Data obtained during observations were the number
and physical characteristics of dung beetles visiting both in different habitats and times, especially
those noted to be outstanding seed dispersers (ball-rollers and burrowers), and their specific dung
processing behavior. Number, types, distances, and depths of removed seeds were also noted.

Results and Discussion

1. Seed collection
From 9,550 g of gibbon feces, 3,818 fruit seeds (not including tiny seeds < 1 mm long of

Ficus spp. and Diplectria barbata) of 42 species from 27 genera were recovered. Sizes of the seeds
varied from < 1 mm to 29.5 mm (See Table 1). Tiny seeds of Ficus spp. were present in gibbon feces
in all months of the year. A picture of fruit seeds of various shapes and sizes collected in January
2000 is shown in Figure 1.
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Figure 1. Various seed sizes and shapes from a single pile of gibbon feces collected in January 2000.

Table 1. List of 42 species from 27 genera of fruit seeds from 9,950g gibbon feces collected from January to

December 2000.
No. Family Name Month Total Average sD
J F M A M J J A S o N D seeds Length (mm)
1 Elaegnaceae Elaeagnus conferta Roxb. 23 66 16 105 25.82 4.56
2 Annonaceae Desmos dumosus (Roxb.) Saff. var. 30 128 26 1 3 188 6.80 0.81
glabrior Craib
3 Simaroubaceae Picrasma javanica BI. 6 3 9 7.50 0.66
4 Ulmaceae Gironniera nervosa PI. 2 1 3 6 5.67 0.88
5 Araliaceae Schefflera elliptica (Bl.) Harms 34 34 3.77 0.47
6 Moraceae Ficus sp. X X X X X X X X X X X X X 0.96 0.18
7 Annonaceae Fissistigma rubiginosum (A. DC.) 7 2 6 19 34 10.95 1.32
Merr.
8 Apocynaceae Melodinus cambodiensis Pierre ex 2 6 2 3 2 15 10.80 0.88
Spire
9 Elaeocarpaceae Elaeocarpus sp. 1 2 10 37 49 13.80 1.10
10 |Symplocaceae Symplocos cochinchinensis (Lour.) S. 331 | 258 79 668 8.17 1.19
Moore ssp. laurina (Retz.) Noot.
11 Palmae Daemonorops jenkisiana (Griff.) Mart. 1 7 3 2 13 13.35 1.18
12 |Myristicaceae Knema elegans Warb. 3 60 63 20.23 1.76
13 | Vitaceae Tetrastigma laoticum Gagnep. 4 4 10.88 0.85
14 |Annonaceae Uvaria sp. 6 8 2 10 6 6 38 11.63 1.74
15 |Menispermaceae Diploclisia glaucescens (BI.) Diels 1 15 16 16.41 1.31
16 |Sapindaceae Nephelium melliferum Gagnep. 107 7 114 20.37 4.44
17 Unknown 1 7 7 17.36 3.1
18 |Elaeocarpaceae Elaeocarpus sp. 2 1 1 15.00 -
19  |Meliaceae Sandoricum koetjape (Burm. f.) Merr. 21 56 24 101 29.47 3.18
20 |Anacardiaceae Spondias axillaris Roxb. 6 19 5 55 50 40 175 17.63 2.10
21 |Myrtaceae Cleistocalyx operculata (Roxb.) Merr. 152 30 182 6.98 1.21
& Perry.
22 |Gnetaceae Gnetum macrostachyum Hk. f. 1 30 1 10 42 16.82 3.66
23 |Euphorbiaceae Balakata baccata (Roxb.) Ess. 8 8 7.06 0.42

Table 1. (continued).
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No. Family Name Month Total Average sD
J F M A M J J A S ] N D seeds Length (mm)
24 Unknown 2 8 8 16.88 3.14
25 Melastomataceae Diplectria barbata (Bl.) Franken & x X x x X - -
Roos
26 |Guttiferae Garcinia xanthochymus Hook. f. 47 n 40 3 161 22.98 5.27
27 Unknown 3 59 59 8.77 157
28 Rubiaceae Aidia densiflolia (Wall.) Masam. 102 81 42 87 114 116 57 599 1.75 0.31
29 |Rubiaceae Anthocephalus chinensis (Lmk.) A. 217 148 80 445 1.98 0.06
Rich. ex Walp.
30 |Aquifoliaceae llex chevalieri Tard. 28 33 40 101 3.83 0.42
31 Annonaceae Alphonsea boniana Fin. & Gagnep. 2 2 12.50 212
32 |Rutaceae Toddalia asiatica (L.) Lmk. 15 2 17 4.21 0.69
33  |Ulmaceae Aphananthe cuspidata (Bl.) Pl. 2 56 73 39 170 10.33 0.66
34 |Annonaceae Uvaria fauveliana (Pierre ex Fin. & 2 2 4 14.00 2.16
Gagnep.) Ast
35 Unknown 4 103 103 5.33 0.69
36 |Vitaceae Ampelopis cantoniensis Pl. 17 23 40 4.72 0.34
37  |Euphorbiaceae Bridelia insulana Hance 28 12 40 7.33 1.00
38 |Annonaceae Uvaria hirsuta Jack 5 5 11.80 1.10
39 |Tiliaceae Grewia laevigata Vahl 2 17 " 30 8.57 0.72
40 Daphniphyllaceae Daphniphyllum cambodianum 2 5 7 11.14 1.07
Gagnep.
41 Euphorbiaceae Bridelia stipularis BI. 1 1 8.00 -
42 |Escalloniaceae Polysma elongata Gedd. 2 92 51 145 6.20 1.49
Total| 106 537 294 248 224 282 546 514 512 113 266 | 167 | 3,809

2. Dung beetles in Mo Singto study area

From 24 pitfall traps set in each month in Mo Singto study area from January—December

2000, dung beetles of 53 species of 9 genera were identified from a total of 1,818 individuals were
found. Their bodies were 2.35-26.9 mm long. The largest dung beetles were from the genera
Synapsis and Catharsius (> 25 mm) while the smallest were from the genus Aphodius (< 3 mm).
Dung beetles were caught in every month during my study but were the most abundant in May (405
individuals). Most (40) species were of the genus Onthophagus.

Table 2. vListofs3 species from 9 genera of dung beetles caught by 288 traps SEt between January and December 2000

No. Genus Species Month Total Average SD
J F M A M J J S (o] N D db length (mm)
1 |Aphodius lewisii Waterhouse 2 17 27 47 14 12 16 36 26 206 2.62 0.27
2 |Aphodius sp. 0 2.35 0.13
3 |Caccobius bidentatus Bouc. 3 1 2 1 1 2 4 14 3.70 0.22
4 | Cassolus pongchaii 1 1 5.50 -
5 [Catharsius molossus L. 1 1 26.90 0.14
6 | Copris carinicep Felsche 1 1 15 2 1 20 12.79 0.58
7 |Copris carinicus Gillet 2 27 4 22 4 1 62 15.16 141
8 | Copris reflexus F. 24 2 3 21 6 1 1 4 64 9.99 0.75
9 | Onthophagus anguliceps Bouc. 1 1 3 1 10 15.25 0.75
10 |O. apilularius Masu. 1 1 5.60 -
1 |o. avocetta Arrow 1 1 18.30 -
12 |O. balthasari Vsetetka 1 1 7.10 -
13 |O. bonarae Zonino 2 2 5.15 0.92
14 o brutus Arrow 1 1 8.30 -
15 |O. coracinus Bouc. 5 2 8 7.51 0.40
16 |O. dapcauensis Bouc. 1 1 2 2 1 7 5.47 0.43
17 |O. deemaak Masu. 1 1 2 8.20 0.14
18 |O. diabolicus Harold 1 2 1 6 16.97 1.53
19 |oO. doiinthanonensis Masu. 1 1 6.00 -
Table 2. (continued).
| No. Genus | Species Month | Total | Average | SD
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J F M A M J J A S o N D db length (mm)
20 |O. doisuthapensis 1 1 1 2 2 7 4.73 0.39
21 |o. falsivigilans Masu. 1 1 5.60
22 |O. gracilipes Bouc. 5 20 20 3 6 31 18 103 7.31 0.52
23 |O. kanyaayonus Masu. 5 1 4 6 5 17 7 4 3 1 53 6.15 0.27
24 |o. laevis Harold 1 1 2 747 1.29
25 |O. lindaae Masu. 13 52 34 79 197 65 34 32 28 13 17 3 567 6.72 0.73
26 |O. luridipennis Boheman 1 1 5.40
27 |O. manipurensis Arrow 1 1 2 15.70 0.14
28 |O. naaroon 9 5 2 3 1 4 3 27 3.40 0.25
29 |O. ochii Masu. 4 8 28 12 1 1 54 6.57 0.44
30 |O. orientalis Harold 1 13 6 12 6 1 2 41 12.38 1.14
31 |O. pacificus Lansberge 7 9 6 10 25 20 32 6 7 5 28 6 161 6.72 0.60
32 |O. penicillatus Harold 1 1 7.10
33 |O. phanaeiformis Bouc. 1 1 1 1 4 7.23 0.84
34 |O. punneeae Masu. 1" 1 7 41 9 5 4 6 4 40 23 151 6.39 0.46
35 |O. rudis Sharp 1 1 7.20
36 |O. rugulosus Harold 1 13 41 19 27 7 1" 5 2 126 11.07 0.82
37 |O. singhaakhomus Masu. 1 13 1 2 3 5 3 5 33 5.28 0.50
38 |O. sp. 1 1 3 4 4.50 0.29
39 |O. sp. 2 1 1 7.20
40 |O. sp. 3 0 5.50
41 |O. sp. 4 1 1 4.50
42 |oO. sp. 5 1 1 6.70
43 |O. sp. 6 1 1 9.50
44 |O. sp.7 1 1 6.70
45 |O. taurinus White 1 2 1 1 1 6 7.60 0.64
46 |0. thanwaakhomus Masu. 1 1 5.00
47 |0. tricornis Wiedmaan 1 1 15.00
48 |O. vividus Arrow 1 1 10.50
49 | Phacosoma fallacilaetum Masu. 1 1 5.00
50 |Phacosoma laetum Arrow 2 1 1 4 4.08 0.22
51 |Sisyphus maniti Masu. 4 15 3 4 1 3 3 33 4.21 0.13
52 |Sisyphus thoracicus 2 4 1 7 7.06 0.54
53 |Synapsis boonlongi Hanboon. & Masu. 2 1 5 3 1 12 25.90 1.54
Total 64 162 104 154| 405 243 174 85 87 72 172 96 1,818

Of the total number (1,818) of dung beetles caught, 1,082 (60%) were caught during the night
and 736 (40%) during the day. The average number of beetles caught per night trap was
approximately 7.5 and the average number per day trap was 5. For dung beetles caught from hill and
valley areas, the number was the same (909; 50%) and so the average number of beetles for each of
these two areas was the same, i.e., 6.3 (Table 3). Dung beetles from different combinations of habitats
and times (valley-night, valley-day, hill-night, and hill-day) were also considered; percentages of
beetles of each trap group are summarized in Figure 2.

Table 3. Total number and average number of dung beetles caught from different times (day, D and night, N)
and habitats (valley, V and hill, H) from January to December 2000.

Trap type Number of dung Number of traps Average number of dung
beetles beetles per trap

VN 556 72 7.7
HN 526 72 7.3
VD 353 72 4.9
HD 383 72 53
Total 1,818 288 6.3

N 1,082 144 7.5
D 736 144 5.1
Total 1,818 288 6.3

\% 909 144 6.3
H 909 144 6.3
Total 1,818 288 6.3

BRT Research Reports 2002 @ _ TunumIsululasins BRT 2545
Wl (BRT



Therefore, as shown in the figure above, percentage of dung beetle numbers caught in a
trap-night from valley areas was about 31% which is similar to that from hill areas. Percentage of
dung beetle numbers caught in a trap-day was lower than that in a trap-night and was 29% from hill
areas and 21% from valley areas.

HD
21% VN

31%

O VN mVvVD OHN gHD

HN
29% VD

19%

Figure 2. Dung beetles (1,818 individuals) from different times (night & day) and habitats (valley & hill)
collected from January to December 2000 (Valley-Night, VN; Valley-Day, VD; Hill-Night, HN, Hill-
Day, HD)

3. Observations of post seed-dispersal of seeds by dung beetles

From 49 observations (33 days and 16 nights), dung beetles in the study area were
classified into 4 groups according to their dung processing. There were 3 species of ball-rollers from
Sisyphus and Synapsis. These two genera had 2 long and curved hindlegs. These beetles made dung
balls every time and rolled them away to bury. The two Sisyphus species were S. thoracicus (Figure 3,
4) and maniti. They were 4 and 7 mm long and rolled spherical dung balls of approximately 7 and 15
mm, respectively. Many small seeds especially Ficus were included in their balls. The longest
distance that they moved balls was about 150 cm. Most Sisyphus were found during day observations.
The largest ball-roller was Synapsis boonlongi (Figure 5) with > 25 mm body length. It’s balls were
about 60 mm in diameter. Seeds of every length could be found in them. One Synapsis boonlongi
was found to roll its ball 120 cm away and bury it at 4 cm depth. This species seemed to be nocturnal
because of niche separation among ball-rollers. Though ball-rollers were found in small numbers and
not in every month during my observations (2 Sisyphus thoracicus in March and May; 5 S. maniti in
January, February, April, and November; 3 Synapsis boonlongi in April, September and November),
they always took their balls 15-150 cm away from the original observed piles. This made the group
important seed dispersers in the area. Sisyphus thoracicus and Synapsis boonlongi are shown in
photos 2 and 3 respectively. A ball-roller, Sisyphus thoracicus, rolling its dung ball and including
many small seeds is shown in (Figure 5).

Another outstanding dung beetle was Onthophagus doisuthapensis of only 6 mm long.
These small beetles always pushed large seeds or big pieces of feces quickly and quite far away from
dung piles. A seed of Nephelium melliferum approximately 30 mm long could be easily pushed by
this small beetle. I called the species “dung pusher”. Distances of their dung and seed removal were
12-105 cm. Most individuals of the species were found during day observations in April-August and
October—December.
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Sisyphus thoracicus Synapsis boonlongi

Figure 3. Sisyphus thoracicus, Figure 4. Synapsis boonlongi,
one of the three ball- the biggest (>25 mm
rollers found in Mo long) ball-roller,
Singto study area. could roll a 60 mm

spherical dung ball.

Onthophagus orientalis
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Figure 5. Sisyphus thoracicus always made Figure 6. Onthophagus orientalis, one of
a spherical dung ball (c. 15 mm the burrower dung beetles. This
diameter) with many small seeds species was found during April
before rolling it away. and November 2000.

Burrower dung beetles found in my study area included 39 species of Onthophagus (not
including O. doisuthapensis), 3 species of Copris, and one species of Catharsius. Their body lengths
were 3.4-26.9 mm so they had the potential to move seeds of various sizes. These beetles usually
made tunnels under dung piles or took feces and seeds away shorter distances (normally not > 50 cm)
compared with the first two groups. Seeds were always found at approximately 3 cm under the
ground. From observations I found Onthophagus all the year, Copris from April to November, but
only one Catharsius molossus during a night observation in August. Although most dung beetles in
this group made their burrows under dung piles, their large numbers (1,533 from 1,818 trapped dung
beetles) could imply a great role in helping to move large numbers of seeds into the ground. Figure 6
shows O. orientalis, a burrower or tunneler species.

The last group seemed to have the least importance in post-dispersal of seeds because of their
small bodies (2.4-5.5 mm long), their relatively small number (226 of 1,818), or their habit of staying
inside dung piles. This group included 2 species of Aphodius, one of Caccobius, one of Cassolus, and
2 of Phacosoma.
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Conclusions

From this study, various dung beetles (53 species from 9 genera) and seeds from gibbon feces
(42 species, 7 genera) were found during the year. Ficus seeds were found in feces in all 12 months.
Onthophagus dung beetles were the most numerous compared with the other 8 genera. The majority
of dung beetles (1,381 from 1,818, as in Table 2) and seeds (1,438 from 3,808; Table 1) were between
0.5 and 1 cm long, while bigger (10 to > 25 mm) and smaller ones (< 5 mm) were less common.

Of a total of 1,818 dung beetles caught, approximately 60% were caught at night and 40%
during daytime. The average number of beetles per trap-night was about 8 and per trap-day was 5.
Dung beetle numbers from valley and hill habitats were equal at 50% (909 dung beetles from trap-
valley and also 909 from trap-hill). The average number of dung beetles from trap-valley and trap-hill
was 6.

These beetles always helped to disperse seeds together with gibbon feces away and/or brought
them down into the ground. The distances of dispersal were from 0-150 cm and burial depths were
from 0-7 cm. Most seeds were buried at approximately 3 cm.
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Abstract: Aquatic insects and Their Application to Environmental Bioassessment in
Lotic Water of Northern Thailand.
Pongsak Luadee’, Artit Nuntakwangl, Taeng-on Prommi', Prachuab Chaibu’,
Penkhae Thamsenanupap', Deacha Tapunya' and Porntip Chantaramongkol’
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Because of recent increases in knowledge of the biodiversity of aquatic insects in Thailand,
some of these insects have been used as indicators of ecological conditions and environmental
quality. Aquatic insects, especially in northern Thailand, have been used in attempts to detect,
measure and interpret environmental disturbance resulting from pollution by fertilizers, pesticides,
nutrient enrichment and sewage. Several studies have been made. The diversity of some aquatic
insects from Chiang Dao watershed in Chiang Mai Province has been investigated for
environmental bioassessment. The use of Trichoptera as water pollution biomonitoring indicators
in the Ping River, Chiang Mai and the diversity and distribution of Trichoptera adults from streams
at different elevations in Doi Suthep-Pui National Park have also been studied. Secondary
productivity of caddisflies (Trichoptera: Calamoceratidae) inhabiting different streams in Doi
Suthep-Pui National Park, aquatic insect functional feeding groups as indicators of stream
ecosystem attributes and water qualities in Doi Suthep-Pui and Doi Inthanon National Parks and
the impact of pesticides on macroinvertebrate communities and cholinesterase activity of
chironomids at Ban Mae Sa Mai, Chiang Mai Province was also done. The results of these studies
have shown that these aquatic insects, both as population and species assemblages, have been
useful for assessing the aquatic environment.

Key words: bioindicator, aquatic insects
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uazUTum I@yﬁuagﬁmzﬁuqummLmzﬂmﬂmaamﬁu (Abel, 1989) dmiuATmIlsziliugmuninyes
ursItnnsE A wlsznaue 1) menageuszauaNnuiunivuesmsuafiudediTia 2) Anwmsszauves
minsluiliTiaussuansznuvasmiszauasisluiiglganns 3) AnvndSoufiouusnmdslésunanszny
fursnoilldsunansznunnmsuaiis WiadnsnmadisuulsianannizUnduesiuiinitayionfieuiy
Wefifanssusunelifanansznudefsidiafiondoluusnain 4) nsldaeddiadudvsdannizdufisan
ssvafiwluunasin uay 5) msUssfiunansznuvasan s msldRuiuazmslsdss lomlnnunasidoszuy
fng  B9iEnslwmItsaduwnansnuainanfenuinluiidemnuedusznevveielitia a3 lumsda
$uunmdtiaudazoiialuusiinidne  (Noris and Norris, 1995) lumsdssiliunansznuaassnsfed
ﬂmﬁauadgjt,mmﬁﬂ@ﬂiﬁaﬁ%’imLﬂuﬁ’s%’?@ﬁaéf’sﬂiuﬁu (bioindicator) wanIMNITANBIINBIALIZNOLUVDI
ﬂ&iuéﬂﬁ%’imﬁaﬂ"’dﬁmiﬁﬂmmmauauawaaéaﬁ%’immawﬁ@ (individuals)  demINwaulIzNaLA83D
msdnEMeEaedl (biomarker) MmsdnENAsiUNaIB TR B aMIU AU saital auss s inswasaeiidia
uAnzuia (biosensor) waemIAnERgIiuMIszaRssm s wluF T ausemaseaaluiaslgenms
(bioaccumulator) Lﬁaamﬂmamadmiﬁwﬁﬁ@ia'é@ﬁ%'%ma%ﬁﬂﬁ‘éaﬁ%%ﬁmﬁ'ﬂagjmsﬂuﬁuﬁ ueaz liinarin
TWnenudeseiiTinadalaagnomite (sublethal effect / chronic effect) L% mnﬂﬁwuﬂquamw OTINTT
Wigdulaniaszuniuiug lagd3nfeulslunsfnmde msfnmnisufsuudssszduvasenlod msfnm
a0NEIU8d RNA/DNA ﬂ']il,ﬂfé"wuﬂawaansz@ﬂLLaziﬂiaiNLL‘%@ msﬁﬂmmnﬂé"wuﬂmmawqﬁﬂﬁuLms
19T (Johnson et al., 1993; Hollaway et al., 1995)

LL;JaaLﬂuéaﬁ%%ﬁﬁﬁhmmﬁ@mﬂﬁﬁg@luiaﬂiﬂsﬁ 75 durfia (@innulguouasuRuEILIna ey,
2541) m_iamuﬂszmﬂﬁag’mﬁ'ﬂazﬂszﬂauﬁaml,umuml,a:l,mmm{w (McCafferty, 1981) unasinmangde uuadfi
mﬁ'ﬂayﬂmmdaﬁm%ﬁw%"‘mmﬂwmﬁﬂagiuﬁw a%iu’%nmlnﬁl,mmﬁ'm%aﬁuﬁ%mmzﬁﬁmm%uga
1sznau@iy 13 Order @@ Collembola, Ephemeroptera, Odonata, Hemiptera, Orthoptera, Plecoptera,
Coleoptera, Diptera, Hymenoptera, Lepidoptera, Megaloptera, Neuroptera L8 Trichoptera lasfuiNes 5 Order
L‘Yhﬁ?w?iLLNﬂdVJﬂ“EﬁﬂIué'uﬁuL‘ﬂuLLua\‘it{ﬂﬁa Ephemeroptera, Odonata, Plecoptera, Megaloptera L]z
Trichoptera (Ward, 1995) §w3UmsAnsanunanwanenaanwasusasinludssnelng nndayans
wuuwasuanlasninaiialwilulszinalngda Stenopsyche siamensis (Martynov, 1931) ¥hl#nsui
myensusasinludsnalnoGuanegnsteslugng 70 Uiuan Tesmsanslugrsusnidumsaneifies
vngulildimmunaenas mavhiyinedevssunasinismmmuuszmadssmlnadifiumslas
#3819 a deanludl w.a. 2530 "L@i”ﬁmiﬁﬂmmwwmﬂ%mwamwamuauﬂaam{ﬂumﬂmﬁahamﬁg;u
ﬁfn'ié'ﬂ"mavlwmw%awj’ﬁmmmumnﬂi:mﬁaaam’%a luduaneuuiemdaasdunuuiuazaneuursndaes
-y Saniadeslna S'I‘j'aﬂ'amamwmmauyitﬁmaaé’mﬂﬂ”mn TagnamyAsewuunamuandaeningi i
susnsunnsiielddsanm 3 T 4 swvesmasfignany ussldiminsdeunssinuduuuassiialna
(new species) I@mﬁﬁlﬂ (Chantaramongkol and Malicky, 1989, 1995; Malicky and Chantaramongkol, 1989a,
1989b, 1990, 1991a, 1991b, 1992a, 1992b, 1993, 1994, 1996, 1999; Malicky, 1987, 1989, 1994, 1998a,
1998b; Malicky et. al., 2000; Malicky et. al., 2001) msanEIANIRAINRABVeIuNaInludszmelnauas
nina
dsazineanidesld dslinsnsnutasinnlasamzludseinalng (Stark, 1983; Dudgeon, 1994) agingls

e vlﬁﬁmiﬁ'ﬁ'sﬁ]wuuumﬁ’méju Plecoptera i lnailudszinelneg (Stark, 1983; Stark, 1989; Stark and
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Sivec, 1991) mi?dm‘mLLazﬁlﬂﬁﬁLﬂ%aaﬁaslumi’s‘i'ﬂ’si%mﬂ (Key) LLaJadluﬂzj;SJ Heteroptera (Nieser, 1996; Chen
and Zettel, 1996; Zettet and Chen, 1996; Hanboonsong et al., 1996; Hecher, 1998; Nieser, 1998; Zettel,
1998; Nieser and Polhemus, 1998; Chen and Zettel, 1998; Lis, 1998; Schaefer and Ahmad, 1999; Zettel,
1999; Nieser, 1999; Polhemus and Polhemus, 1999; Zettel, 1999) msﬁnmmsmzmwaaﬁaéammmﬁwmju
Ephemeroptera, Plecoptera uaz Trichoptera lug1snsdutinniaazinaanidsamilerasszinalng wous was
Ak, 2542) LATAMUNANTAAVILUAITLU2U1129A Leptophlebiidae luiienniasauaznInuuss anenw
wismdiMun (eaanTol uszamuz, 2542) mi?mmmimﬁﬂmmmﬁaﬂwaaumaﬁﬂquma@ms] ludms
nMamalduastszindlng (Watanasit, 1999) MIANHIANURANNRAILULAZNNITNITZANLAIVBIAID D BUNAIRKDY
1Jaanﬁﬂuﬁﬁmsﬁi:ﬁummga@mﬁu UHNEULHITIAA DS FLNN-1)8 amdadealnal  (aued, 2543) uae
MyenEITIRasuasinTiie Ugandatrichia maliwan W8s Limnocentropus spp. ﬁqwmuumam?maﬂﬁu
NUBA (Thani and Chantaramongkol, 1999; Sompong and Chantaramongkol, 1999) mﬂ\‘nuﬁffmﬁmﬁ'ilmi
gyanunannanzasuNasi lulsinalnedinann mmmﬁ’r‘ﬁagamaéﬁuagﬂm‘immaaLLaJaa“lf’]m’L%
ﬂifzLﬁuqmmwmaa?ﬁLn@éfammﬁﬂ@mawwzamaﬁmumﬁﬁmju Trichoptera %aﬁﬁagamwﬁumm
wanranepeIdIanTodaudssuy ol
LLN@@&W%’@Lﬂué’aﬂa‘%ma%amwﬁﬁ%’]ﬁryluﬂ"ﬁﬂmﬁuwaﬂszﬂumaa’éamﬁammsqmmwﬁﬂ flasan
funanANes IR IuNRImaE e Teaauildtes  wasmanemiiadanhdemawaswsisnmuwaeaon
mné’afmﬁma:ﬁﬂmwaaﬁaa’auLLwmmfwmjwﬁlwmdaﬁmﬁa 9 Fsmwnsnaziaugunnlasyinvedifadumn
sialuunadsiiinle (Hellawell, 1986; uqua uazams, 2542) NNIRGHAGINA1III IdTIndns 3Tl duaa
tfﬂumsﬂi:l,ﬁuqmmwmm'éaumﬁaulmmdaﬁﬂm Chantaramongkol (1983) @nmm3lfuusimueudaania
@T’JLﬁ&li’ylumsﬂizLﬁuqmmwﬁﬂuuﬂﬁwmhmmaﬁ"lmamuﬂi:mﬂéﬁm’% lagltinafianmsanaulasldussln
88 Pinder and Morley (1995) ﬁﬂmﬁnmmwmaamﬂﬁmaaﬁwmju Chironomidae ({udatisEmsEinmnaas
qmmwm{ﬂumammmmﬁﬂ Ussnedsnge  wenanuuasinsansolfidudaiiatanmlumsdsadn
Qmmwwdaﬁmﬁa ﬂ'aﬁmu’ia‘i’m'é'ﬂﬂmmﬁuﬁ’lﬁmjwaaLL&Jmm{ﬂumiﬁiuﬁuwanimwmmﬂ%meﬂ%mm
Tumsimainsasunulnddefoniagon waamsleuuarinlumsdssfiunansenuusimsliiuideana
wannaevasFIlFinuasFaaadanluunsanin (Liess, 1998; Collier, 1995)

aA
IDN19

mﬂﬁmaaﬁ,’]Lﬂuﬁmﬁﬂa%qmmwLmaiaﬁ'mmimmuﬂu 2 520U Usznaudls nsdnsnluszeusiia
(individual organisms) uazmsdAnluszaUNguFIATIa (species assemblages) vasuuasbududIlsziin

ANINRILIATDY

2 & @ A A y 'Y
1. mslgunavilwszaveialunisyszdwamnmdsuindas
milfuuasihluszduriialumalsadudonedeszjiiudnsnInauauad1aIunaimisu
Fad MIYwpaIawlEd MITAMTMNAINWIUAITAITITN NMIANIIOAIIEIWYAY RNA, DNA, Amino
. a = @ A A a a A = ' " =2 o
acid uazldsdn ANEINIINUFININE-aNNAaUnEnIoMIEEUITaIINIY (deformities) NI1ANHIBAN
mmela  warmIAnMwNgAnIIuLaz N FIa-msAnmaamMdula  8aMITaRaBLATEATINTANY

CHS) mlum‘sﬁw WU a%1uLL@l'i$El§(ﬂ' ARNMZNAAUYDY uaﬁw’luﬁa LIARDY
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2. mﬂyﬁwmﬁ%?uszé’unzjmlszmnm?anq’wﬁa.ﬁi}’?m‘lum5ﬂﬁzcﬁu@mn1w§'\7mﬂa"aw
mﬂﬁﬁmaam‘zﬂmzﬁmajuéaﬁ%ﬁmlumiﬂmﬁuéaLm]éfa:umaﬁ']vl@i”ﬁmsﬁwmluﬁwﬁumaa
A=A 20 Tutznanguglal Jagduiimavamandt (indices) laslingudailifinszgniunasumalng
‘vﬁaLL;JM“IE’]Lﬂuﬁ’sﬂiuﬁuﬂmﬂ’lwuﬁmﬁ’l 173% Trent Biotic Index, Chandler Biotic Score, Average Score Per
Taxa (ASPT) Index L& Biological Monitoring Working Party (BMWP) Score luﬂi‘:mﬂ&ﬂiﬂ Rapid
Bioasssessment Procedure lun3taiuinunile uae Stream Invertebrate Grade Number-Average Level
(SIGNAL) Index ludszinmaamasiae uaﬂmﬁamnmﬂ%ﬁmﬁlumsﬂiuﬁuqmmwLmddﬁﬂ@ﬂ“ﬁmjwaﬁ@f
vlu'ﬁmt:ﬂn§w5\‘1°ﬂmﬂlmjﬂ%mmmﬁﬂ m3lfuaagainw (biomass) V8915 N TV IR L vasnLE
dmiinusts (dry mass) il seeni (ash free dry mass) mslFunumnsAnsasusasin nsdne
asfUsznavvasuasin Ej'dmmmmmﬁﬂmwaﬂiwwmmﬂ%ﬁvuﬁLﬁa1°ﬁ'lun15ﬂ‘mﬁuqmmm§aLmeoi”an"L@T
Bhlel)

% a a ¢ > o a s Y o &
3. msvszgndlinaianmsiansinargaudsiunsszsivamnmasinaonlaglgusasin
matdszdugunwiswedeulasliaelidia Teyanldinduravesdayanfvwelng dsznavdas

v

radayavaIFIlaninmitaay ﬂagaqmm‘waaLnﬂﬁauﬁ‘ﬁﬁmmmﬁ@ﬁ'&maﬁmmﬁLLa:nﬂﬂnﬂwluLL@ia:

anhmsAnmn éfmfumiﬂszLﬁumwiﬂmawaaémmﬁawvﬁaﬁnmmwé?uﬁ'uﬁamiwéaﬁ%’imﬁ'uqmmw
Foneseanfivnmsasata suludesardueiacdafietislunsaasunaiied NUNIUMIUTELTRA NN
foneasenlagldfiiie luflduiisuldinefiemsliensinasaududwndislunmsiienzideys oo
wmediafifouldUsznaudis 1) m33e3ed Ordination \dunafiansiangulasanduanunlaunues
aaﬁﬂizﬂawaa’éaﬁ%”‘miuu&iazﬁuﬁag’ *J”@mﬂm'mé’uﬁuﬁ’uazszmmaifzwj’mﬁagaimﬂmsmgmmﬂﬁwU
smanndanguldnaedid  2) myleTzd Clustering  lumsdanedtanguanuimiionnulanduing
(Relative homogeneny)maaéaﬁvmﬁauﬁuaglunguLauaﬁu 3) PCC (Principal Axis Correlation Method) Las
MCAO (Monte Carlo Test Method) Liun1siiamziandunuiznitagadinm 798750 waziladonaduinil
wazmomwiiiailudesunefafadvfiddninadansdsnguafsfidia uaz 4) TWINSPAN Classification
Method (Two-way Indicator Species Analysis) LﬂuLwﬂﬁﬂﬂﬂiﬁ'ﬂﬂéijﬂﬂ‘ﬁ' indicator species w4
g@ﬁﬂ‘miﬂUmjuﬁ"lﬁmnmﬁﬂmjmmmiﬂﬁﬁmim’%ﬂuLﬁﬂuﬂ'«afﬁ'ﬂmoﬁmmﬁLLa:mHmWi:%dwmg'w A ansu
ﬁaﬂﬁlﬁ'ﬂﬁﬁaw%wa@iammﬁmn%mwadﬂq’uLmaaﬁﬂiﬂﬂgluu@iasqﬂ NAMATZAT IdnaananansanTe

o

aytuanan indicator species fillun1tsziliufawaadenleidudemy

NAN13IY

1. AMINHAINNAIYNWTINNYDIUNAIHIUWNGNDINGNUUTEIATD dondmiavlual iWanis
Usadunrdinmyasdsuinaan
MNMIANHIANVAAINANINNTINNVDILNAIINRUUNITUZY UNRUNEAU  wazuang

AUOUUFBNIN LATNNIANBINANTTNLYBIN T MRNITATNINSINEATABN TN UV LW LTI AR DR ULERLABLIR
HanIznudaiamkuazTiatasunsinuauLlaantinsiia  Stenopsyche siamensis luiunguthaasifoinm
A oA v v Ao a Y by . a o o a
v.oalwal inalfidudriiriagmawdawiaden wuuwasihlunguuussdzamswman 1,315 61 uuasmzin
88 ¢ unzuuasruauLaantuway 4,460 @1 waINMIIRdwIUNashwouaashlunguuaaITza 7

& ¥ \ A & a , g &
26 unasihlunguuusainizfin 2 296 5 ana uaz 10 vl druuusmuaudsaniing 17 294 38 ana uaz
127 wiia TuuuaashnguBuza1n wouuasluidd Heptageniidae, Baetidae uaz Ephemeridae i51uausnnfige
fla 370 ¢ (28.1%), 350 1 (26.6%) UAT 292 G (22.2%) MNIAL MRIVUNAINNFUUNAIMERUNY 2 2
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fa Perlidae U8z Peltoperlidae fuuyaauantaaninned Hydropsychidae, Philopotamidae L&z
Psychomyiidae Lﬂmaﬁﬁﬁaﬁwmmjﬁ@mnﬁq@ﬁa 39 Tha (30.7 %), 19 THa (15%) uaz 11 TUa (8.7%)
MuS1AU
NRINMTIANEARAEaLUT (Multivariate analysis) lasldsunsy PATN- (TWINSPAN uaz
Semi-Strong Hybrid Multidimensional Scaling (ssh mds)) ﬁﬂuﬂiﬂ%@ﬂéu@@ﬁﬂﬂ’]ﬂﬂﬂﬂu 4 ngy fa nz;iw?i 1
ﬂq’ﬂﬁ%’uwaﬂiz'ﬂm’mmﬂ%ﬁuﬁmamsmwﬂmzﬁuﬂmﬂma ﬂﬁjuﬁ 2 lunguaiugu ﬂq’uﬁ 3 uaz 4 1Ju
najuﬁvlﬁ%'uNani:“n‘umnmﬂ‘*ffﬁuﬁmeimwﬂm:ﬁu;;m mﬁLﬂﬁ:ﬁwé’wﬁ'uﬁi:mnqmmwﬁﬂLLazﬂnﬁ@
Pa3uuaInHanLlaentin wuiwﬁ@gmmwﬁﬁﬂmu 10 1238 ﬁmmLmn@mi:ﬂiwnéjmgﬂﬁnm Usznavee
danuilunsa-ang manuih i Ysunsesudsazanoin Tuasm-lulasion dama qmﬁnﬂﬁﬁw A
szt USunmeandaufiaansin ﬂ'%mmaan%wuﬁq'ﬁuﬁﬂ%’tumm’aﬂamﬂms'ﬁuﬂ%ﬁ uazatasidud
MU TN ua910w Tl nae A WaMABITEINAZNO ez 28 THABILNMIRHaRTaaNINT ANUFUWUE
UM 00aIUTH 3NANUFTURHEIBLWILNUTERINITRALNaIMBanTaaNIN TAsomMIRIuIndon uas
ﬂq'm;ﬂﬁﬂm sunTouLsnuasrnentaaniinle 2 ngw fa
1. Sensitive caddisflies species isznavuay Psychomyia barata, Hydropsyche arcturus,
H. cerva, Hydrominicus truncatus, Cheumatopsyche joliviti, C. cocles \\8z Ugandatrichia maliwan
2. Tolerant caddisflies species Usznauaiy  Marilia sumatrana, Macrostemum floridum,
Hydropsyche clitumnus, Cheumatopsyche globosa, C. cognita, C. charites, C. chrysothemis,
Potamyia flavata, P. baenzigeri, Oecetes tripunctata, Maesaipsyche prichapanyai, Ecnomus
volovicus, E. puro, Agapetus halong, Psychomyia mithila, Setodes argentiguttatus, Goeria
uniformis W8s Goera redsat
wamiﬁﬂmmdﬁmgm’iﬂmmaaLLuamuauﬂaaﬂm{wﬁ@ Stenopsyche siamensis ﬁl’mﬁ;ﬂﬁmﬂ’llu
aaaﬁ‘iwmsﬁﬁn']ﬂ%ﬁuﬁ@mﬁu@hﬂmﬂﬁﬂmaﬂﬁaaqamiﬂﬂi&ﬁﬂmammudaans’m WUINAI0EIVDILUA
MNE IR e wiufiineas faviusnaldasenuasiasdanwasialng
HANIANBINANIZNUENUNlUNgY organophosphate WAz carbamate @a3zALN1ITINUBEY
owlmiladwamaatsaluuussiniia Stenopsyche siamensis wuinszeumsvinemaasowlsy luuuasan
§on3n Inar s Basdninauminwestewliluwsssannd ssfilvariuh  lasafasaiale
fla 2.3920.56 (n9Tawu), 1.26:0.19 (QHWU), 0.99:0.21 (AANWI7) Lmole/min/mg luaAAILAY WAz 0.63:0.36
(n@¥aw), 0.57+0.22 (gww), 0.85:0.38 (NAHU1) Umole/min/mg slu’a;ﬂﬁnmﬁﬂuﬁvuﬁmwmmm mMIAnEN
1T3auasunasinTiia Stenopsyche siamensis WuNeIsewBILNAIE 5 T2pz F29FIAULUL univoltine FaBaw
wwasdwganssumsfiuduuwuy fitering collectors Tapamsfinulusiusasmatdnemisae s inasdurss

YUIALAN benthic algae 3TWIN diatom Tika Aulacoseira granulata (Junan

2. mslgunummsanyasusasiniuaailsaduanimssuuing ua:@mmwﬁzmnﬁvmi
TugneuusmGnagdunwui uasnagginn-ig
mﬁﬁm:nLLuaaﬁﬂma@Tﬂuuwm‘nmiﬁumm‘nﬁa’[‘ﬁ’l,umsﬁmﬁu’éaLnﬂﬁawizmwﬁuﬁqwmu

WAHITIARaLBUNUWY  LazAaFINW-L wmmaamjuﬁﬁmwwmn%mﬂqaﬁqﬂluudmawwmﬂmiﬁu laun
LLuaaﬁﬁmju Trichoptera, Coleoptera ILaz Diptera Fafiunummsindsznaudae 1) mjuﬁuﬁmﬂumms
(Herbivores) L% periphyton algae LLa:'«gﬁuﬂ%ﬁﬁﬁumwﬁuﬁaﬁmm{ﬂmuvlﬂﬁauummjuﬁu6] e wialy
\loflafie viaimad Lﬁa@@ﬁumaamm 2) nufwasminfzondaiiduemiy (Detritivores) uazaunazwa

A & = ) v a o o =3 a A ea o ] v oA
Ingfududs 1w weeluld Aalaifiisasludss nafnfunidiimzanuasmnamandis 3) unsanguiiv

BRT Research Reports 2002 @ Tonumsiaslulasins BRT 2545
wlERT



a

FPOM muflsgaunidnuziuasslui (Sundn “fitering-collectors* 13a “filter feeders” §auwanfiiu FPOM

ﬁmﬂ@:ﬂauagﬂwuﬂaam 138N “collector-gatherers” LLag 4) LL&Jadmj'iJg?m (Predators) "ﬁdﬂq’mmmguﬁ] N
lagAmidneg 1w mIndu nsdinfiu wianslsihnunsudigavasnailuiimeduems d'suﬂajmmad%a
ﬁm’mm’mﬁmwaawmwmsﬁuﬁayﬁqﬂ laun WWRIN§N  Hemiptera, Odonata, Megaloptera W&z
Lepidoptera

M3 IARIUNNIN U DI MINENEA lumsdszilingnwszuofinausdsemsvesdrms
dlautsuasieudnsuensinemns  uashanifousasnesUSinsiinusmansauananwuasdnssle
NANTANBINLINENENT 3 @18 MauA Wnans #asuia Lazkiana SLuﬁuﬁaqwmuuﬁamaﬂamﬁuﬂuuﬁ LaZABE
gnw-yenilis heterotrophic AnwmznisfiuamivauNassnlngnuiduuuy collectors Fuiilasunannuns
mmﬂuﬁwmsdm’lmyja:gﬂLﬁuayj"tugﬂmao fine particulate organic matter (FPOM) [usaznaniiuuuaas
ag’ium‘fwLLamﬂmﬂauagu‘%mmﬁvué’mi ﬁ‘hmﬂuﬁuﬁ@aﬂauwuuﬁ%ﬂmmuqmu WREIafiEn uasiud
mum%ﬁﬂ’%mmuammmmnwmmjaamjuLmaa@‘i'"m’m‘hmﬂuﬁuﬁ@aﬂqmw%avlajgmumumﬂmﬂf
Uslgmluasiui Lmzﬁnﬂmimﬁmﬁ?wﬁ'uﬁ’szwmnajmamumﬁﬂmzﬁmaﬁ WUIUNa9tin9¢ Hydropsychidae,
Heptageniidae Waz Nymphomyiidae JANMUFNWKSIMEILINAL mqmwgﬁmmf:’] A1NNT% UATANLTIVBY
nszuatin  duuwasinluaed Baetidae, Cordulidae usz Tanyderidae fieuduwuSluBaaniuLSunm
sandaufiazanslui

Lﬁaamnﬂagﬁuﬂaﬁ‘hﬁ'ﬂlumiﬁﬂLLuﬂé’aéaumaaLmaaﬁwﬁdvlsiaﬁuﬁsnﬁwvleﬁ'lui:é'U‘ﬁﬁm (species)
Mnuamsansvhlinuimslsunummsinsessussindudnmadenniteansumsldusssind e

1%ﬂ'\iﬂ3$ll'] mﬂq wnwidasauuasdnss

3. ﬁ’nﬂmwms‘lf’lwmﬁtpnq’aflnmailmasuﬁamsﬁﬂmwmsaaaaumaﬁ’amwwawaﬁv‘lu

uaivirtle sonsmBaelnsi

miﬁﬂmmﬂwmﬂmmﬂmd%amwLLa:nﬂsﬁi:qﬂmﬂ%LLuaaﬁﬁnﬁeju Trichoptera  Lawfiauas
indicator species lumsaamuasiagaumidinmn vaRsluwaiinds a.Fodlwal ldvhmaiudatnauuainga
Trichoptera lagluas Insaidanazass wiouiindatinesin aauathudelds a1da9a17 fwan aias aufs
a.futhaes 2.u8ualnd $ruau 12 qaifiudiadns luszniadaununsu 2540 - Fiwnan 2541 790 12 Ldawu
mnmsﬁm&mmwLLuaaﬁwnéu Trichoptera LweR las1uIn 19,562 @1 uensfiale 58 species a0 13
families 'l Hydropsychidae (41%), Leptoceridae (21%), Ecnomidae (19%), Psychomyiidae (13%),
Odontoceridae (4%) uwasz Dipseudopsidae (2%) I@ﬂ‘ﬁ Archtopsychidae, Calamoceratidae, Goeridae,
Hyalopsychidae, Polycentropodidae, Philopotamidae Wae Lepidostomatidae TIUURINBENIN 1% NMIANE
WU Trichoptera afialni 2 o8ia A Ceraclea egeria (Malicky and Chaibu, 2000) L8z Oecetis empusa (Malicky
and Chaibu, 2000) uszaaiudusiialnddn 9 ofia denwuandwedlvbddgrasiwinans slia uas
a‘iwmuﬁaﬁwm:%iwqmﬁuéﬁasha Icﬂﬂﬁmﬁﬂﬁdﬁmﬂwmn‘ﬁmsmnﬁq@ﬁa 39 THa LLa:wuﬁfamﬁq@ 18
wfia Athunuaine

miﬁﬂmqmmwm{ﬁ wudeanudunIa-a19 aan%wuﬁa:mmagﬂm{ﬁ ilad lwasa uay
wanluifie mulmgﬁqmmwﬁﬂa§1uLﬂmsﬁqmn1w1fwﬁaau Usziandl 3 vesdszmansznnisinemenaasy lu
f]g}&luwu’j’lﬁm total suspended solids Lag nitrate-nitrogen fenAntn 6 BOD; ﬁﬁ’nﬁu%ﬂu@@ﬁﬂﬁ’lﬁmu
ﬂgmmﬁaaL%yﬂmiLLazu’%nmﬂaaaLL&i‘*}hmmwﬂumﬁau YSanmlanenin MY uaaLiioy azma Tfa uae

[ A s A . A o
mﬂzﬁﬂ,umLmsmﬂau@uaglummmwmﬁuﬂ
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M3AN® Bioindicator species laglinmsiiansinanaaiuds (multivariate analysis) HMDS 38U
TWINSPAN ’Lumﬁ@mﬁugmﬁuéﬁazmslw,mjtfﬁ]a lavlddaya caddisflies Iui:ﬁwﬁ@ﬁdL%aﬂ'%mmua:qmmw
miﬁﬂma%é’uﬁuﬁ’izqummwm{w Wae caddisflies species WU caddisfies 24 wfia fa  9d
Hydropsychidae 4144 12 afa laun Amphipsyche gratiosa, A. meridiana, Aethaloptera sexpunctata,
Cheumatopsyche cognita, C. globosa, C. charites, Potamyia alleni, P. flavata, P. phaidra, Hydropsyche dolosa,
Macrostemum floridum W8 M. midas 96 Leptoceridae 41%47% 8 THa Ieun Leptocerus dirghachuka,
L. chiangmaiensis, L. lanzenbergii, Oecetis empusa, Setodes argentiguttatus, S. endymion, S. fluvialis W%
Parasetodes bakeri 196 Odonterceridae, Ecnomidae, Hyalopsychidae taz Psychomyiidae 1 i@ laun Maliria
sumatrana, Ecnomus puro, Hyalopsyche parsula Wae Paduniella semarangensis Rttt I@ﬂﬁ”’a‘*ﬁaga
L%aﬂ’%mmuazqmmwmmmﬁmmnajm;mﬁuﬁ’samaluum{ﬂmazm indicator species &
Namﬁme:ﬁﬂ’ﬁﬁ'ﬂmjumuﬁnLLﬂaﬁ;@ﬁﬂmiuLszﬁﬂﬂ@UlﬁﬁﬁﬂmaaLLma Trichoptera la 4
nga lefur ﬂﬁjuﬁ 1 wihihdenanuudlduafuiay najuﬁ 2 'leun mjuﬁ"lﬁ%’uwaﬂizwumnmsﬁammwaa
Aufnitadisndeslna mjuﬁ 3 nuldsuransznuanilaadoalni anssuaain LLa:mjuﬁ 4 lefurt nguuath
aaniafisslifiumanuafedlasuandendodlnyg ananu§uRuEs=wing indicator Trichoptera species
ﬁummwmmsnlumsﬁﬂﬂﬁw ﬂ%mm‘umuﬁdﬁa:mﬂﬁ ﬁﬂ’]Wﬂ’J’mL‘fJuﬂiﬂ—@hd ﬂ'%mmmadwﬁmmuaam
vavue Usinmeendianiiazarsiin andled wenluily uszluasn mmmLL‘LiumijuamuamJaam{ﬂvLﬁ 2
g Ao
1. Tolerant species 31WIW 7 ofa laun Aethaloptera sexpunctata, Amphipsyche meridiana,
Cheumatopsyche cognita, Macrostemum floridum, Leptocerus chiangmaiensis, Ecnomus puro
Wae Peduniella semarangensis
2. Sensitive species 31WI% 11 THa @wn Macrostemum midas, Potamyia phaidra, Amphipsyche
gratiosa, Hydropsyche dolosa, Cheumatopsyche globosa, Leptocerus dirghachuka, Oecetis
empusa, Setodes argentiguttatus, S. endymion, S. fluvialis 8¢ Marilia sumatrana
wamiﬁﬂma%y'af:mmmﬁn"l,ﬂﬂizﬁqﬂ@ﬂﬁﬂué’wﬁ%nmw’l,umiﬁ@mm]inaauuaﬁwmaﬁwaa

RIS HIN LLa:ﬁﬂvl,iJiJi:naumsﬁﬂ%ﬂﬂumsﬁ'@mimuquuaﬁwmdﬁﬂLLﬁ%mmmﬁ%'uﬁwamia"lﬂ

4. mwwa1nvrmyuazmsnszawﬂamwamuauﬂaanﬁz@?‘uﬁwi’ymnﬁ"”:mﬁﬁﬁzﬁumwga
A9N% UHINLTBUNITIANBLFINN-1g danIades nal
MSANENANMURAINRAHLAZNNINTZN BV BILNAI MU aa NI dLFL T NE BB

naanaansi ANEI 950, 800, 700 LAz 650 LuAT MNTEAUIN=LE tp‘hmiﬁ'mm'm'ml,l,azﬁ'sﬂgjm’l'aﬁﬁﬁwvlm
WWE9L19T29789T AWEI 700 Uaz 550 LAY MNTEAUENNELE ﬁqwmuumma@aﬂqmw-@ .59 1na
FTRINADULNENYU 2541 - NINGIAN 2542 WoLNaIMuouLaNINGLFLTETIER 18 19 144 Tfia 9N
vanua 18 A Awuiies 6 NéLYi’]ifuﬁﬁﬂﬂ&J%mﬂ%mﬂmﬂd“ﬁﬁﬂ&lﬁﬂﬁqﬂﬁa 296 Hydropsychidae,
Philopotamidae, Polycentropodidae, Lepidostomatidae, Rhyacophilidae W8z Psychomyiidae AN
M3sufguaNURaNRaEYaILaITERI A BsREN Inanasansd fudm TR Tnauipaunstasast)
WundmIRdin lnanasansdIanunannan s TRALEz I IR B LLAIRLETRaNINANNNINE BN TR

N R T IR TR o AMNIWININADTNT 3 /e laidnanuannin wadranududrs amssin Wil wazdSuno

°uaaLLﬁaﬁmmﬁmmﬁﬁﬂua‘hmiﬁ’sw’m’msi’mmﬁ’m’ﬁﬁaULLr‘ﬁLLazﬁ’;m;]"‘m’; MFIATIERANUTNNUT
°uaaqmmwﬁ']maﬂizmmazﬁaLﬁu‘s”wamwamuauﬂaaﬂﬁw wudwqm'ﬁqﬁa’m’mﬁmmé’uﬁufﬁmaﬁ

Odontoceridae, Polycentropodidae Was Psychomyiidae lufigniaideiny (P<0.05) nannde tgmnniues
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Abstract: Firefly Study in Thailand
Anchana Thancharoen and Sangvorn Kitthawee
Department of Biology, Faculty of Science, Mahidol University, Rajdhevee, Bangkok 10400

Fireflies are nocturnal insects belonging to the family Lampyridae, order Coleoptera. They
are luminous and best seen after sunset, when they use mainly flashing lights for sexual
communication. These flashing patterns may be disturbed by human activities. Destruction and
fragmentation of habitats, combined with interference from human-created light sources, affects
firefly populations, causing their reduction and, in some cases, extinction. Rare or threatened
species may be conserved through appropriate habitat management. However, conservation
requires a skilful blend of knowledge gained from both academic and practical traditions. One
major difficulty in Thailand is the present lack of expert knowledge on fireflies. The aim of the
current work is to study firefly taxonomy and distribution so as to identify high diversity areas and
other key sites. These studies are a prerequisite for effective and sustainable conservation.

Key words: Lampyridae, firefly, lightning bug, extinction

LN

fsway (frefly #3a lightning bug) duuuasdiwindrefiinn@nmsunsindiadiulnglunm
NaNdA% (nocturnal insect) ﬁ’]LLuﬂayﬂuﬁuﬁu Coleoptera 296 Lampyridae IR AN B AUTLANA192INA
fiadug da feivfiasuiumUmosiwiamasidisansondausld Sond elbasSeuss (light
organ) Jéddaufiy (soft-bodied beetle) IWNARIUG 5-25 TaALUAT FawinluruLdingu (3undn pronotum
ﬁaﬁamwa@ﬁm:ﬁmmmeﬂmy wasdtnfinewidaf Tnunefinedourssfednau (du Photinus extensus
Gorham) 'vf%avl,u'ﬁﬂﬂ%dﬂ:ﬁﬂﬁﬁé’ﬂwmxgﬂiwﬂE'ﬁﬂéhéjau (W% Lampyris noctiluca Linnaeus) {48431nanansa
L%aaLLaavlé’ﬁdﬁaslmmf:ﬁdgm%ﬂﬂiw glow-worm werfazliadpisiasuad 2 1dag o do ol ao
v

ﬁaﬁaﬁﬂizmﬁaQﬁ'ﬂﬂluaﬂﬁﬂszmﬂﬁﬁmnﬁmyluwmuEju uaztaasauvadlan aniuusiioua
NELANTIUALNLIEI (Buck and Buck, 1976) fimssunuuazdunnaiarmlanudannnnin 1,900 1fia uazdad
ANsIMINNINTITENITAUNWY (Anonymous, 1996) ilasanfiskasiianuinmizdafufiondouninliudas

ninaiiziauandrans Wwranasiuaypwitisiasiduuussnianunainnaneniiiinwgs

IInBInVasRIRen

TgansiievesRirasianuasonfinual9ue luduay Coleoptera &91/sznauds 4 sz fo 1o

(egg) 180w (larva) ANUG (pupa) WATALANIY (adult) AsasiwadLazilisaznszwIuuadusyy MFaas
\WamgHaNWUT (sexual communication) ATYf MURINTzWILUGAsTiadANBMAz3 NI (species specific flash
pattern) lWudUa9 & VU@ ANNEIN FINITANINTENSL mmgalumiﬁu Yi9riIn1si% aaaaawIa NSy
a o a ;d Lz o v v ¢ JA 3 v o dy A
nIsWiuus anviuwzaaswsnwivifidlomilunmalesiummwandusodus soduldsaanluiud

[ A

niiAaReunasritaandoagiaunu (Loyd, 1973) (MW 1) AAIMINENNUT WALl Dazm iz audwiy

(115)
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19l Ravesrfianiiszozarseumss3ialuiin (aquatic larva) 1w Luciola cruciata Motschulsky (Suzuki, 1997;
Yuma, 1981), L. owadai M. SatO et Kimura (Suzuki, 1997), L. japonica (Lloyd et al., 1989) iLae L. brahmina
Bourgeois (SWWANY Uaza{u, 2539) NI lUuuATIn FuRiResrianlaisaum98iaunun (terrestrial
larva) 1% Photuris W2 Photinus 3379 MILWNUARLT AN TULAS
' A A ' A A A
ldvasfiskaniizuinanau Andoy G851
A A T AA ' A A & '
widad wialifid lienanadeng niaiungug as
Uszunme 20100 Was uaziilanlag Tandaliluet
danu lUvesAsrosunsTiasnunTniT0Iusd balug9 2
w38 3 71 ¥AIINYNINI WRTNUINF1WIW N9l uue
NTATIVENANMUFNNUS N U RUNVBIANUFLWNALT &)
A2
(Buschman, 1984) TaiilunannNANUYANFIYTDL
maammiﬁﬁ'séauvl@ﬁuﬁamiﬁgjswzﬁmw? YUNAVDI
2 & v oA, ¢ A o
lidaduarfidszanuauysoiudussvasfsionly
o v A a o A A &

suzddeuld efiskenmelolanguinin 1w
284 11N21992a0IWIARIT08 9 lARTEInkniay
s I IldI ] 6 tﬂl =1 1 v lﬂ!
Jaudulinlaauysol Wasanilliuas (yolk) was T
Alvwaunilviduarsaunlindinss nude
anwuiadenldlid sswaldfidannsaogeluszos
@8aw (Yuma, 1984; 1986) &N bsiany amnnlaad

gnwwasaunduiladuiginadatiininuadliale
WA 1 ﬁaﬁamqa Photinus usdaznfia (1-9) § dyanme  (Yuma, 1986)
nswsufLanasiuagnITaIud s uan e d8aun89R R8s U19871 §1eus o
u

$uwzpasiaasudazTiia o . o 0 o o —
Uad Lma:ﬂaawaammgnﬂﬂﬂqumﬂLLNuLLmswVLiJ

5adauﬁaﬁﬂﬂﬂquﬁw pronotum 2walwa) 421 6 11 FudapiraafiaTuzasoy (Sundn holdfast organ #ia
caudal gasping organ l$¥inanuszanassmeussdaddrnuiuuaindens favesszositdoTonzGouasd 1 i
fiduriasaldasfi 8 vasddn usvassrsanduuasdaiiios linswiy auriu a3uazdesualusasits of
lavsaslidudaunilanluszosfuty (Peterson, 1970) ﬁaﬁamsz:vl&ivlﬁﬁlﬁmuﬁamgiwauﬁunfmﬁau’l,uﬁa
Wy uanuinddeuldussiial aaﬁuﬁ@lﬂ@m}zﬁawﬂaLﬁagmummwnmﬁuﬁa MIRUEzLT aU AREAULE
I visauasnszwiunasiaRas sz uadaau (Loyd, 1978) wananil Undewood et al. (1997) Wu3nuasuassi
sowdusyaofawnafisauag (aposematic display) Lﬁagéﬁﬁuﬁaéauﬁaﬁamﬁﬂﬂ gaSasusdaiumine
azhvgane 3o LLa:Lﬁ@wqaﬂiwmsﬁﬂuﬂaﬂﬁﬁuﬁadauﬁdﬁaﬂﬁL%adLLm’é'ﬂ Farin WO ANTIUMSISaouaIas

ddaudaunalnivailasudrangan (defensive mechanism)

'
a

dmdauvasnsiapdaduganlurnaalgennis (predator) TiaaINdrIdeufinazduRusiuTiavas

[ g 1

WAHANNIAWNBLNAY LT ArdaunaduununluLTMNTwLa: ansadan Iaasluld 1dhu aziuney

a
Aao o

MNUABRZLNRINTaNa8auiutdua1nny ﬁ%’mﬁ’séauﬁayﬂuﬁ’] Wi Uatin w112 ﬁuﬁﬁwﬁw AURaL1NIN
LUAIEN ARAAIUAIDAUVAILNAINIG1S 9 LT UaIMIT (Buschman, 1984; suRaNg LLa:a\ju, 2539) ﬁrmmmj:
o ' va o A o A& a . A ad . .
danand manIndgndliisiaslunismivgunasduduninziingaws Schistosome lanT3T (biological
control) (Sodeman, 1980) LaA8aUAIRDLLITRAANUOIAIINABUT T UNE LT ﬁaﬁaﬂuaqa Photinus L&z
Stenocladius 3zRwLaNIz IRLAY (LaBella and Lloyd, 1991; Suzuki, 1997) dﬁuaqa Rhagopthalmus 20
LWANIZATVIY (Suzuki, 1997)
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ixm:@ﬁéjawuadﬁaﬁaﬂLﬂm:ﬂ:ﬁl‘ﬁnmmamuﬁq@lui’g%’m‘ﬁ'% verialdiaauiuiis 90% 289
FUZIAARDATPINITIA (FNRNNY wazadu, 2539) MavaIdmidauszuzgarneiianuduiuiiudantay
sonvashaRanluszozanud (Yuma, 1981) dnuduasisasduuwuy exarate liffanuisvaRu (cocoon) 34
muﬁ'@ﬂ@ﬂﬂ'm‘*ﬁwé'ﬂl,l,@‘i‘lﬁﬁuau Tulwsefidrsouainsdn (excavated cell) wialulwsels Bonnmsdhanud
§numiiin subterranean pupation lagia ld@nudddu1n 1 neunaes Wi0UaNTUN azﬁﬂszlmﬁlﬁaﬁ;ﬁmqﬂ
INANUAIZLTBIUEY %é’aﬂdnazﬁﬂﬁﬁuumﬁg\ﬁaLﬁaﬂaaﬁuﬁmg Wi AIRa U Tia 1% ﬁaﬁaﬁaqa
Pyractomena = 4Nanuaundwla 13un31 aerial pupation %38 arboreal pupation %dLﬁﬂd@iamigﬂdﬁ o
anuaseadnsusuasulWnaunauiuanwwasouianansd (Lioyd, 1997) szuzdnuduasfisiasldinaszano
1-3 §UonA %ua%iﬁ'wﬁmauwmadﬁaﬁaﬂ é’mwﬁiwmﬁaoﬁaﬁaﬂ Pyractomena lucifera 1Hianlumsnawidn
AUANIDIIUNINANUALNAL ) ﬁafuﬁaﬁamwmﬁm'ﬁ‘iaaanﬂﬁmﬂué’fuﬁﬁﬂﬁamwmj (Buschman, 1984)

Tpinifiavesfstesudarsfialfzoznamnnawiuandiaiu %uag;ﬁ'umﬁﬁﬁaﬁaﬂ ANRAY
CEGTEIS Lardnumzvasiufionds assnautladanienmeonin u GRIVEET ANNTUFURNT it 598m3
Lﬂ?iﬂuu,ﬂma‘im’mﬁaﬁaﬂumia:qgma (Thancharoen, 2001) MIAn®1ipinsdinvasisiesludszinalned
laianniin inzRekesfiipiniiinswiu Sedadldiaalunsmnziissdendrawiu vefiaanafiviawn
ud Aeenludszmalnofifnonumamadofidios 4 gia G 1 ﬂmufﬁaﬁgffnﬁ% ThABIANT
Vose8anRaion anananilasufitunumdam e luudasszes Lﬂ%ﬂdﬁﬂ’)’]&lﬁﬁﬁﬂiﬂﬂ‘ﬁﬁaEhdll’mhmﬁi

LAZLRE LLa:mmslﬁ'uﬁjﬁaﬁaULﬁamsﬁnMLLa:mﬁﬂﬁ

AN 1. WITTIAVRIRIRB B UITHA buUssinea tne

STHLNIAINTNAHBIUANLITHE (I)

sTELIA A290%
A a v o o ' o v | & o ¥ A
TUANRIioY A[AININT 1’1.! ANLIA (AILANIE Lland1Iadal
- 1 2 (34|56
IR (IN)
Luciola circumdata 515 18 | 29 | 84 (146|201 - - 8 21 ‘ﬂa\‘lﬁ)a, 2512
Luciola brahmina 94 8-11(10 (14 (18 |20 | 17 | - 5-7 - GEVREVeld] LLaza\ju, 2539
Luciola chinensis ND 21 |22 |12 |23 |24 | 40 | 52 ND ND Thancharoen, 2001
Pteroptyx malaccae 107 13 125|123 |27 (10| 2 - 7 - FUNRUNY LLaza\ju, 2543

waneng: ND = lifidaya
auNINID MY BIRIRDY

miﬁm:nmgmm%mwnaaﬁ'aﬁaﬂdmmnﬁﬂuﬁaﬁamw:lﬁwﬁmwmj lasfnmansueglineneouen
Vi ANz pronotum Unguan (elytra) Wida aTBIzFaIuad LazaTbIZRUNUEINAE (male genitalia) §3un3
Suunsfafsiasluszozisowhawla  winmsdnsrldenainninnzdeatofsienluienljisms e
Suswindsawindufiesrfiaarls lasifsurfiennfistesszeaduiofimunsadiunnoiialdud auiuge
wmmmunw’iﬁﬂmaﬁmﬁﬁaﬂmﬂ (Archangelsky and Branham, 1998)

5\1LLﬁﬂWiﬁﬂHﬁa%ﬂiuaﬁﬁuﬁdﬁaEIVL@T?IT‘]‘J:P’IQJ’]WM&\‘]LL@iﬂa’]\‘lﬂ@nii‘H‘ﬁI 18 mysuuniiafsdand
AUt NBLINTIRINAUARLEANIDENI93499  McDermott Noumssuwniaiesfignranurmalanlull 1964
(Suzuki, 1997) muagﬂm’imuﬂuaaﬁ'aﬁaﬂlugﬁmmaﬁmm:aamm@sJ"l.@i”gﬂ‘nmmuaza?m‘i%ﬂugﬂﬁmu (keys)
Lﬁ@ﬁﬁLL%ﬂ’ﬁﬁﬂaﬂNa:Lﬁm (Ballantyne and Buck, 1979; Ballantyne and McLean, 1970; Ballantyne, 1987) 51‘%0
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fusloziunnlunmsiuunsiiefsvesludsandlng  wagalidnsrwinuinngsaadiuuwn b lawazaiainuiiey

'
=

wuiakassfialna g na1wslda esnnfsiesiduuiaiideutiagianiziv amuluudazgliniavaslanis

wuakasndwiiany Sudulymamiunueyninin

AanaINrangvasrsnaalwlsznalng

myansdsiesludzinalngFuaniisruaianarsusiimtinuaiin nsanusluszezusniis
mdalagraziuanfidandzig LLazwuﬁ'aﬁaﬂﬁmuﬂﬁjuﬁ'uaﬂ'wmmuuuuuﬁuvm‘%uLLﬂﬁﬂLﬁTﬁWi:m
nazwsuusadudinizniontu Fadungdnssuiividszrivlasas isunsonudinldludszaneluaadnlan
az3uan 1l w.a. 2508 John Buck uazame sand1safiswassuaitinsngzmn ﬁﬂﬁmmiﬂﬁaﬁaﬂﬁswmju
ﬁ"uagjiuuﬁu"laﬁmmﬁn%ﬁm:mf: ﬂi:nauﬁwﬁdﬁaﬂuaqa Pteroptyx 2 THha (Buck and Buck, 1966) wioung
ANBINTTUIUNTUALNA INAINTEWI LRI UIIITWTauNY (synchronous flashing) (Buck and Buck, 1968)
downdl w.a. 2512 navisa szwatl SsunIwuiedas 3 1ia 1uu’%nm€1’m5’mﬂ§aqu wazEyNIUIINg
‘ﬁldﬁaﬂﬁlwu & WA Luciola brahmina W&z Luciola circumdata Mots. wuﬁ"ﬂﬂmumu &% Pteroptyx malaccae
WLTNTUANUAUAY nwissiivdwnuwisefatestunsnaasawlng 11 Jdaun Ipeunsdsrefeies
vSmhnudiidwszen udiiniu widiuinaes wazuSnalndidos lasdnfginosiewitu wod
uanmnﬁ'aﬁaﬂaqa Pteroptyx W& ﬁaawmmwuﬁaﬁamqa Luciola 4 T%a @8 Luciola japonica (Thund.),
Luciola cingulata E. Oliver, Luciola nr carinata W8s Luciola circumdata W%’@&J“/ﬁﬂﬁﬂﬁﬂﬁnﬁ%ﬂmma\‘lﬁ'dﬁaﬂ
@IN&12678 (Lloyd et al., 1989) mu’i%’mﬁﬁfmwL‘flmwzmumﬂwmﬂmmwaaﬁaﬁamﬂ'ﬂmqﬂﬁﬁnmim
ez iuan anvaurilumsansluszozusniiinluognetn wszsslilduanuaulannindssrnng

Tufl wa. 2540 FULEINTEUIILEIFEAG WITUSUTITAWD NINEIRRTEINITANEIDE1959A137 V09
$rwndszrinheias LLazLﬁaLfluummﬂumimﬁﬂﬁﬁaﬁaﬂuﬂszmﬂ"lmUﬁaLﬁﬂIﬂianwniﬁWisuw
MNydand Wefnsanunmnnanouszinainanvssioiesludszmelnedu Taganusnilavesfiznrmy
dufiginsnannasantu SuRevevluudazpiinavasliznalng nszesvenwanisdsrailiny
Aedappiialng g NANTw Imamsﬁtmamgw 35 Fanda wuhedasranue 10 ana ldun Diaphanes,
Lamprigera, Lucidina, Luciola, Pteroptyx, Pyrocoelia, Pyrophanes, Rhagopthalmus, Stenochadius W8s Vesta
aai1ezdsznaudiefeiasuinnit 100 wiia ﬁfﬁﬂmumﬂﬂ'd"laimmsmzqmﬁ@vlﬁuuuau (8396NY
mqunﬁmam%amﬁaws:muLﬁi’ﬁ%’%ﬁa{, 2544) uazlul w.e. 2544 Anchana Thancharoen @ANB1AY
m’mﬁmmmzﬁnﬂ%mmaaﬂimmﬁaﬁayluu’%nmﬁgmazﬁﬁu u’%nmﬁgawuﬁ'aﬁay 8 Tia mﬂaqaﬁ
ansaduunle 4 ana fla Diaphanes, Luciola, Lamprigera Wz Pyrocoelia Uaz 3 THha ﬁvl,aimmim‘i’m,unaqa
16 sanluuSmiinunufskeniites 3 wiia o L. brahmina, Pteroptyx malaccae (Gorham) uas P. valida
Oliveir miﬁﬂmﬁaﬁaﬂLmuﬁmmuﬁﬂﬁmm’hmﬁmmrmmmmzmmqﬂﬂgm safswasfiuanarsnulyluug
8209NA wazudnzTIsa a1 sAwEn unaduiilosntanm A suudastlasonisnen nena g g
ANUTUTUANT an A FINTIBNTNAVBIAIITUNS uanmnﬁluﬁuﬁﬁﬁﬁ'aﬁawmwﬁﬂagﬁwﬁmzﬁms
wgsTuszninesiafeas (interspecific competition) LNDUAIUENINENT 1% meci\‘iﬁa%i LRZWABIDNATIN
s282e80% T9INHITIMINMIBINNIEWS LA ARasudsrTRiassimaaesnslaninensatwieaa
NNIUALEI LI %

A = a o a Y . A &
WwWatdssuth ﬂuﬂqjﬁqjﬁ'ﬂlua@@]uﬂ$ﬂ'ﬂ'ﬂqﬂu RIVNIDUNITOIRDIUNIIUNIIRAAINNRITNRI VD

'
A

asvesludszinalngld wiu nIaaastassiaiakanana Luciola TuuSmnanaInanand 81afiaannIg

yn3INn ﬁ’lmmmﬁiamé’r’waaﬁaﬁamﬁaﬂaﬂ%maai’w TasRaRauriaNa18aud13ITIALUUN LB L. circumdata

q q

(naside, 2512) wazldTuaninannnitfeiesndideudsadialuin iu L. brahmina (FunRNY uazadu,

Tonumiaolulasinns BRT 2545 _1/_1-@ BRT Research Reports 2002
Wl ERT



2539) me:ﬁuﬁmgnqn?ﬂﬁwmﬂmﬂniwﬁuﬁmdoﬁw nsfaisissrinmmanasaauansludagiuis
aiwy L. circumdata lupmzilwinsssoowesgnouuisimaunngdadwaaeyinddimusanufisiaysiia
fﬁumm@ma (Thancharoen, 2001) FIRUMSANFNANURAINIANE T23N81 RN AramIRMsANE LR
isdepanlddselomilusudngg Semsneufifswesnas 9 sfiaazmeldandszanalng
ﬂszmﬂvl'nyﬁaagﬂum%aw‘fﬁmﬂugﬁmﬂﬁ'ﬁmﬂmmnﬂmwaa’éaﬁ%%mﬁanwﬁaﬁaﬁaa WAINDIR
mwjﬁvlﬁﬁ'm']ﬁaﬂmmﬁmﬁyuﬁ'uﬂizmﬂsl,ugﬁmﬂ'é"ue] fifarnunainnatsvesfekeniasndt iou
aﬁ%'gam%m (Archangelsky and Branham, 1998; Branham and Wenzel, 2000; Lall, 1993; Lall and Worthy,
2000; Lall et al., 1980; Lloyd, 1997, 1998, 1999, 2000) LLa:E]jl;]u (Hariyama, 2000; Suzuki, 1997; Yuma, 1984,
1986; Yuma and Hori, 1981, 1990) miﬁnmﬁmmgmu%mumaaﬁaﬁaﬂuﬂs:mﬁ‘lﬂﬂ Vlanudiagussdad
dnmdeluBniunaum inmmaasiugn Ingmaasiszgnd aasaswnalulad funundamanandu
IMAaanuilatainen LLasﬁL’m‘iﬂmmaoﬁoﬁayammugm}: S‘fiaﬁ]znmalLﬂuaaﬁmmfﬁﬁ%’]é’ty@iamimﬁﬂﬁ

myﬁuﬁ:ﬁaﬁayamaﬁaﬁu

naanssndsznd

Nmm’iﬁ'ﬂﬁvlﬁ%'unuaﬁumgumnimamiﬁ'@umaoﬁmwﬁua:ﬁnmﬂﬂmmmﬁﬂmiﬂ%'wmﬂﬁhmw
lutanelnyg Seldhndaaslasdriinaunamusivayunide wazgudiuniansmuuazinaluladfiniw
WAITIA TR &LATINTT BRT 541053

LONE1ID19D9

neade wwwanl, 25120 nadnmdaledd maasmdole  wezedtizSeswaslufisfessiia  Luciola
circumdata Mots. AnmAwuslSugningmaasumiiudia 12713380 TRAINgIa
gwwaamtﬁwﬁwmé’mgaqu.
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44-52
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MIsInguazanIIng. 22(4): 275-284
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BFAE WazusunBiunn Auneyinsdanunanransnsiinwludinalng. 9-10 fimnaw 2544,
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Abstract: Diversity of Edible Insects in the North and North-East of Thailand
Angoonl Lewvanich!, Sommaich Chunram’ Numchai Charoentesprasit’ and
Yupa Hanboonsong*
'Insect Taxonomy Group, Entomology and Zoology Division, Department of Agriculture,
Chatuchak, Bangkok 10900. *Department of Fishery, Faculty of Agriculture, Khon Kaen
University, Muang District, Khon Kaen 40002, *Department of Entomology, Faculty of

Agriculture, Khon Kaen University, Muang District, Khon Kaen 40002

A study on the diversity of edible insects was conducted for 2 years from October 1998 to
September 2000. The collected insects were classified into 8 Orders, 33 Families and 194 species.
There were 61 species of beetles, 11 species of bugs, 11 species of cicadas, 16 species of bees, ants
and wasps, 2 species of termites, 47 species of lepidopterans, 4 species of dragonflies and 42
species of crickets and grasshoppers. The seasonal occurrences and methods of cooking these
insects varied with the species. Common species that were consumed included many species of
leaf-eating beetles in the genus Anomala, dung beetles in the genera Onitis and Onthophagus,
giant waterbugs (Lethocerus indicus Lep.-Serv.), larvae of bees (Apis spp.), red ants (Oecophylla
smaragdina Fabricius), larvae of wasps (Vespa spp.), bamboo caterpillars (Omphisa fuscidentalis
Hampson), crickets (Tarbinskiellus portentosus Lichtenstein) and many species of crickets and
grasshoppers in the order Orthoptera. The nutritive values of 38 fresh edible insect samples were
analyzed. The Bombay-locust (Patanga succincta Linnaeus) contained the highest protein content
at 25.88 gm/100 gm. The bamboo caterpillar (Omphisa fuscidentalis Hampson) had the highest
lipid content at 19.17 gm/100 gm. The grasshopper (Choroedocus illustris Walker) had the highest
energy source at 237.26 kcal/l100 gm. The mineral elements, calcium and phosphorus were
obtained from the mealworm (Tenebrio molitor Linnaeus) and the red-legged metallic wood
boring beetle (Sternocera ruficornis Saunders) at 0.59 gm/100 gm and 0.34/100 gm, respectively.

Key words: edible insects, identification, nutritive values
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(Order) 33 2461 (Family) wamﬁLmﬁ:ﬁqmmmamwﬁmaaLLwaaﬁﬁmuﬁwm%’uﬂszmuﬁumﬂLLam"Lfi'Lums'mﬁ 1

3N 1. qmﬂ'wmammsmaal,l,maﬁu"lﬁmﬁmhas]

ZRAUNRY AWAIMNNDINS (% »fmﬁfnam) n33/100 N33
4 a ¢ 4 o J & T g E - 2 w é DE
FoInsrAans Fonasdin € L § :; re : E
= =
Order Coleoptera
1. Anomala cupripes Hope meﬁ‘g‘.wﬁm 69.09 161.70 18.73 9.64 - 0.06 0.14
2. Copris nevinsoni Waterhouse LL&JENQ@":]I 73.75 148.80 14.13 5.53 0.68 0.10 0.21
3. Cybister limbatus Fabicius LURIALILEN 65.81 182.21 18.33 8.13 0.19 0.08 0.22
4. Heliocopris buccphalus Fabricius LL&Ia\‘iQ@?]ILﬁW 60.46 185.17 22.63 9.15 1.36 0.14 0.30
5. Hydrophilus bilineatus Macl waanie 69.36 | 161.09 | 15.85 6.30 217 0.09 0.07
6. Onitis niger Lansberge LL&IaGQﬂE«J’ImJ;N 73.31 98.75 16.54 3.91 - 0.08 0.19
7. Onthophagus seniculus Fabricius LL&IMQ@?]I%M?J 64.46 133.98 18.61 3.31 1.34 0.48 0.31
8. Sophrops foveatus (Moser) LL&JmﬁHu 81.35 84.07 9.49 5.75 - 0.05 0.15
9. Sternocera aequisignata Saunders LNAINUU WD 60.20 183.16 18.97 4.55 0.84 0.10 0.28
10. Sternocera ruficornis Saunders RURINUDIUA 61.64 148.14 | 20.76 11.49 - 0.46 0.34
11. Tenebrio molitor Linnaeus (Larvae) RUaUWN 61.27 107.40 19.39 10.23 1.49 0.59 0.25
Order Hemiptera
12. Lethocerus indicus Lep.-Serv. LURIATUN 67.57 174.33 16.48 4.20 1.79 0.41 0.24
13. Pygopaltys sp. (Adult) LURILAILEN 62.31 196.89 | 14.94 14.44 1.00 0.04 0.16
(faie)
14. Pygopaltys sp. (Nymph) LNAILAILEN 58.13 195.09 14.54 13.44 6.99 0.04 0.15
(A288)
15. Platylomia radha Distant $nau 50.96 118.3 9.85 12.77 23.25 0.08 0.12
Order Hymenoptera
16. Carebara castanea Smith (Pupae) UNAINY (ANUE) 76.83 | 158.09 | 5.81 418 11.99 0.03 0.18
17. Oecophylla smaragdina Fabricius Tanauas (@Taa'au 81.91 78.81 8.73 2.83 3.45 0.02 0.09
(Immature worker) LAZANLAY IUAIU)
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18. Oecophylla smaragdina Fabricius waidly 81.47 80.34 5.81 5.60 5.74 0.03 0.15
(Immature queen)
19. Oecophylla smaragdina Fabricius VAU 89.14 53.65 3.69 0.98 3.19 0.02 0.09
(Winged queen)
20. Vespa affinis Linnaeus (Larvae) faniLie (ﬁ"ldau) 75.51 143.12 13.27 4.63 5.38 0.08 0.11
21. Vespa basalis Smith (Larvae) Giamgu (8w 71.26 148.70 | 14.06 6.36 5.26 0.09 0.13
22. Vespa mandarinia Smith (Larvae) fanilie ((?nl"la'au) 70.39 120.36 15.25 7.6 3.49 0.34 0.25
Order Isoptera
23. Macrotermes carbonarius Hagen LRI 58.99 161.00 22.66 6.25 1.56 0.13 0.29
24. Antheraea frithi pedunculata an LL@TﬁLgavLﬁuﬁﬁ 68.24 138.04 15.55 8.38 1.19 0.36 0.25
Bouvier (Pupae)
25. Bombyx mori Linnaeus (Pupae) anudnnan lny 76.70 113.36 10.25 3.77 1.45 0.08 0.16
26.0mphisa fuscidentalis Hampson nuan bl 67.34 174.06 8.06 19.17 1.27 0.05 0.11
(Larvae)
Order Odonata
27. Crocothemis sp. (Nymph) | fhaauunadle | 83.25 ‘ 79.81 | 9.87 | 110 ‘ 3.27 ‘ 0.10 ‘ 0.07
Order Orthoptera
28. Chondracris rosea De Geer @fl':ﬂl,mulif_l’ﬂﬂqj 63.81 177.89 | 21.41 3.43 1.25 0.05 0.19
29. Choroedorus illustris Walker V;l;zn Lmumﬁwm 59.56 237.26 25.32 7.35 - 0.04 0.16
30. Cyrtacanthacris tatarica Linnaeus ﬁ?ﬂLL@mWJ’m 64.92 146.66 21.15 1.67 3.20 0.06 0.20
31. Gryllotalpa orientalis Burmeister LURINTETOU 74.07 99.81 13.17 8.23 - 0.43 0.24
32. Gryllus bimaculatus De Geer Sawsanasdn 60.88 196.93 | 21.80 12.07 0.13 0.04 0.22
33. Hieroglyphus banian Fabricius Vy?mmuﬁaﬂ 64.67 145.58 22.07 3.17 297 0.07 0.18
34. Locusta migratoria Linnaeus (;l':ﬂ uanlafadn 68.57 136.13 16.68 5.00 3.63 0.06 0.17
dnuanula
35. Oxya japonica Thunberg V;T"mmwin 68.41 121.28 21.54 1.60 1.18 0.32 0.24
36. Patanga succincta Linnaeus (;l':ﬂ uanlnemn 58.69 186.79 25.88 5.66 0.60 0.05 0.24
37. Tarbinskiellus portentosus ":]?ﬂﬂid 64.66 155.60 20.72 6.66 0.88 0.05 0.16
Lichtenstein
38. Teleogryllus mitratus Burmeister %ﬂﬁ%ﬂ“ﬂamm 69.16 150.62 18.90 7.85 0.49 0.04 0.19
Aade 68.37 14429 | 16.08 6.75 3.21 0.14 0.19

WaNewe: NFE (Nitrogen free extract) = aslulaiesangasing

(=3
1. Order Coleoptera (m”’mflnum)
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AMALN A Cerambycidae #299391143961 Curculionidae @29AIRIBUNRIALLAN  WAZULNAITIIETI9H
Dytiscidae waadiniiealwasd Hydrophilidae unaafium uuainad uwaznitaluiid Scarabaeidae TINTIWUOUUN
14296 Tenebrionidae WNAINUNINNITUUTzNUT 2 BH0 drieansnzaduafnunnuduandwiunFueN
WUNNUTHA Sternocera aequisignata Saunders FJTpn @rwwasinusiia Sternocera ruficomis Saunders
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v el ‘é 1 1 v a a 1 v Y a
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PUNARILATUFNANVINNNTA I erTesliLA® 10 HaRluaT 1T Sophrops simplex Frey f97#1aa14817
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3 Lﬂi']‘&iﬁrﬂ AN BN TVDIR IO UWNNL IR

ﬂ']W“?i 3. LLN@GQ@%M?’]U NN 4. ANUGNUAUUN

(Onthophagus seniculus) (Tenebrio molitor) waatsad  0.59 NIN/MNRUBNLURIR@ 100 NIy

InnIwuaIinleriaduniundianzyi
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2. Order Hemiptera (33%)
Lmaaﬁ‘hmﬂmuﬁwuﬁag 1 Tha ayﬂu 5 296 e mﬂﬂﬁjuumamuﬂmaﬁ Belostomatidae
anwinnaalwed Coreidae wmuaatlastinlwaed Nepidae amtinnanaluasd Notonectidae uszanuaus &y wia
UNRILAIL9A Pentatomidae mwmwﬁﬂﬁ@iawaﬁ”'mﬂ?iuag;u’%mmanmméh (metathorax) Tusnuauda e ualuad
dauag}iﬁﬁmvmaaﬂﬁaaﬁmﬁ 4 - 6 nawvasmiuwnawaweTie Wosndulndudmnam auiainn
Usznaudluewnsfisutiandduwinndn uussanw Lethocerus indicus Lep.-Serv. \lwanuafiewitsdisminaen
viasamanadszne lagtanddwimdnunssan anmsienlnefiossudsmumsseniunninldamensne
e lulsemalnadlafeinanngsudssmuuwaseny dlosnlinmudaiasssuse inrudnwoe
LANFITEWIIAIILRRIAIENL  lermstueafieli mwwarivas
Usnelngddn (U, 2537) wanaTMiWsnuARIeNUEn Tt
fFafluainanuafiadueg i anuknna s Anoplocnemis phasiana Fabricius
W
unstlagin  Laccotrephes robustus  Stal  andndlwimniudsemu

lasarnzanulnid Pentatomidae L% 3IURUA Tessaratoma Javanica

Thunberg Uiy Tessaratoma papillosa Drury 43WkU1 Amissus testaceus
Distant (1711 5) WAELUSIUAIISN Pygopaltys sp. SMILMARIUAIRMAME 4 & 20 (Tessaratoma javanica)
a3 IWIasememuanaFaMIIRIARNAUAT  AINMTOTEANUTY  gously  (Tessaratoma  papillosa) sz
LURILAIENANAN BT UAY 1494 NTUANWINUUAIRA 100 NN W w1 (Amissus testaceus) (1ndeliuan)

o A o ¥ Y o
WU U UL AIINTIN [UsA 1 16.48 NTNAINMINLARIRE 100 NTY

3. Order Homoptera (5’n5:%)
Lmaalué’ué’uf:ﬁéwsaawudwﬁwm%’uﬂizmuvlﬁﬁag;'m?ﬁ?]mﬁa
Cicadidae Usznauduindu 11 viia 1w 6 ana Ae Cosmosaltria, Dundubia,
Leptosaltria, Platylomia, Pomponia W8 Terpnosia ‘I,umi%'u%'ﬂﬁl'umaﬁmlﬂﬁ
29 HENAT U 19uK WispsaneduwldnauiuenduniFunings
(33, 2542) muaeldidud lsenudrsnandasfasnaniioadnlale

v o b A ad A A e & oA o o e 4
myanaudnitninda nalgiWdednaududmiussln drdeudnauaglu

dumalauduldfunnfimduamsivldlasmaen slladnaunwuiidianm
ANUAININIATEAMIAIUAINIaWITAE IN% Platylomia radha Distant

(MWH 6) wuanansaawitadls@u 9.85 nuARINLLAIER 100 N3N DN 6. AN (Platylomia radha)

é/ >3 I
4. Order Hymenoptera (HY dA WazmIA)
a = a € A & a [ . a 6
wuadnwlalu Order Hymenoptera § 16 wHia 1 3 296 Ao H9 4 vHalw9d Apidae ua 3 Tiialuled
o o - ) & A Ak . Y )

Formicidae Waz6ia 9 wiialuiae Vespidae ARSI ARITER Apis cerana Fabricius N3IWR3 Apis dorsata

.. -y . .. & o . . . vy X o o & o
Fabricius N3N Apis florea Fabricius LLa:Ndwuﬁf Apis mellifera Linnaeus wanN A ILEY ArdauRatinun

o oW L L e X dae . oy
Sudszmuldlassildar nea wlauns awssrsnfiarseuihlutende
Judeemuse  wuasiwdureriosiuvesna 2 wle @Ae  Carebara
castanea Smith (ﬂ’lwﬁ 7) wae Carebara lignata Westwood lyvaIuuad

FuioniiuinduwsaTudsenmy anudinungn ivenun wyanaany

To guanduianddnianasudszmu - nmy Lmﬂ:ﬁqmmmd

MAN 7. wURIN® (Carebara castanea)
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NRNIVRINNUARNRINUTHA Carebara castanea Smith WUR UG 5.81 NTUANRUNLURIRS 100 DTN
WAWAd Oecophylla smaragdina Fabricius (Junfisnsudszmuanniansaurissaananitdlu

mawmilauazazineanifonile laswwzatniilutungiauzniafenunney - wosnay sauaniu

o [ = Aa o . o A« 4 Ao A AA A « . @
wuasFinn Molusinauesiuanianwazuandanuraisuuy Aiunag lufisduesliditnfe “wasw @7
' o ) & ) ' ' A A = o @
SAULATANLAVBINANURVMIAENTLY 3T wTen “linauas mmwﬁmummLﬂuaiimzﬁuwuﬁ:@]aiwﬁ
A Aa 4 ! ” ” & 1 iy kg a =] = ! “ ” < “ H ” ‘:I
WenditniFandt "uawy’ arsaulazanuduasuawuwmalngdnisenin wadly wia wdiile’ (wh 8)
U lU19a3ITTNWEIN N B RUALAZANULAN AW TIN g
Awd uaidle s wdusewaslaslglaildonynida

v $ Qs v dl dl v o J >
Uansdaniliasasninsudna i dullgesTiua
1K) Iﬂmns:ﬁaﬁ%’aml,maﬁﬂﬁéhm A280% LATANLG

anasunfinzni Samnasludasin Mdanlazanusavag)
ﬁﬁ%ﬂd EhummLLm?ﬂaﬂag’ﬁﬁ’;ﬁﬂ"ﬁﬁmmﬂ’jﬂum m‘wﬁl 8. UAWN (T18) uaztkaitily (Oecophylla smaragdina) (177)
alidmuauasnimenduszauentidumn - wa

uasnszozmasiyaulaminInhiniudsmuld Tasnsm 6 neaiuly wisvinvewan ldrimsienet
Qm@hmammwawmmﬁ% 3 wewzmaaidvle Ao ldvaues udiils uazuawns wud livauesiilus@uann
ﬁaﬂ 8.73 niunihminuusiae 100 N3N dmiuddeiumthwihdseuanuilnalasmsifivanness lums
Wussdadaslsanudinnuss @1aam‘tunmnmmummmnmarﬂmmaamw nﬂﬂumam mﬂmmm DTN
ane'ld mafivsiaaldaiusaiss damiiFaluana Vespa inaorfiasing
F9ldawdwlsd donqu Vespa basalis Smith m’mavl'smmuvlumauu
Nudn datia Polistes sulculus Smith shetlngilinedoininvesay
audwlsl (mwil 9) dewFerfia Vespa mandarinia Smith fuwralwng)

] a A o ¥ 9 o A
nindasfiaaneg wazdlUsiu 1525 nIushwtnuuadEa 100 N3N @9

innninlusduvasuuasriadulu Order Hymenoptera NYINIATEHAATS  mwdi 9. Ssdati (Polistes sulculus)

2
=1

1

5. Order Isoptera (Uan uazuuadin)

Tumsdnasifinulsmnwiownassfinaniudssnmu 2 afia ln 2 wd Ae  wuassi
Macrotermes carbonarius Hagen lu196 Macrotermitidae LLmW]dWQJJ’]ﬂmﬂ Coptotermes havilandi Holmgren
w236 Rhinotermitidae 3athuivunassinlaslsinse lagaimasalnlimilesnsin deuusssinbuinezanas
Twih vlwsulddusrwanann ﬁ%'m%'umawzy']ﬂmﬂﬁ?uﬁaavlﬂ"q@mmﬂﬁ]amJa’m TwsandainTamtadwonan
Usnifissdndor egasludundsfianaiuily wamgndsnivnaelngnindsnnundesdsnnmsluss
230NN A281U Tz 50-60 UALUAT maﬂmﬁwﬁﬂﬂ%’uﬂi:mﬂﬂUﬁmmL%aiwﬂumﬂﬁ;dﬁwé’a lag
masudsrmusanduadlumdm  wiensaniiudsmu  desmnwewgrlsnmenninniifivinemgans
YosamaResnsias 1 - 2 davinrin Vl,aimmimwsmlﬁﬁﬂ%mmwaﬁa:ﬁﬂﬂ%Lﬂﬁ:ﬁmqmmmammﬂﬁ
ua ldsiuaadLain Macrotermes carbonarius Hagen 'ld3iamesinwuiilusdu 22.66 nSuAnnRTNLNAIEA 100 N3y

A = a A
s dudTuunuINwaaNAIT

6. Order Lepidoptera (ﬁlﬁa)
dnmnuunasinlaluouaud 47 oiia lu 6 296 fa anud lnulured Bombycidae anuanmantIn
2 6 . =) ] v v 4 . v 1
lundauluaed Hesperiidae wuaufuazis uaznuaunszind1luiid Noctuidae nuaunadasuaznuawlailailu
246 Pyralidae anué Nt luised Satumiidae wazHiFaaT@ 40 Biialuwa96t Sphingidae uladli Order Lepidoptera
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gaulngihdmnueuaniudsmu uenaniiFesna fsudsemudadaty anudlng Bombyx mori Linnacus
e ldasesd esananiuwasslunieiduloamaduilng snuswuoutulundrs Eronota
thrax thrax Linnaeus T8 %380 ﬁ'syg WUL'ﬂ%ﬂ%ﬂﬂi’n LﬁuLﬁmﬁ'muauﬁuazﬁa Achaea janata Linnaeus
WRSUHBUNIENNA Mythimna separata Walker ﬁd’mlmy’ﬁnmé"’s nan waieudszinu nuaunasay Chio
tumidicostalis Hampson ﬁf'mawﬁ"l&iﬁ;ﬂ@ﬁﬂm%’uﬂszmu uadadmyszinavaswuensiiaiiiiel wa. 2543
laginzihmodudesauunaslgndasludiniadeg  vasmaeziueanidoaniiavhanuiomsun  1ad
msilasnwinaadisitmsdeg udlddeslana Feunzinlisuanviuduwemissudsemu @u duneansay
vimansiu neanv'ly wiouanauriudnandsududu vlraruieusuanulsmuiuennie el
Omphisa fuscidentalis Hampson (mwﬁl 10) L‘fluLLum‘ﬁlﬁ;ﬁi.l‘l.li:mumnﬁQ{@‘Hﬁﬂﬂﬁﬂu"um:‘f: UIe 1T
nynfiouiudsenu wuanld linaansaufnsnoaurasaaanld enudasmsusinevuenldln 87,942
AlansuA) lusiavein 1 Alansy S5 amueuae nuauaINindon waznuaunanud? Wus1win 1,955, 1,390
WAz 4,713 67 AWAGL (FUd uazam, 2542) nMlenzimgmdmiamsvasnuenliln wuldsdu
8.06 NSWANVINULAAYER 100 n3W uailusuunnde 19.17 nuahwinuuasan 100 n5U anuelruudeunasing
Antheraea frithi pedunculata Bouvier (,m‘wﬁl 11) wmzmmﬁuluﬁuwwauﬁ%’mi'ﬂﬂIaﬁi Uaz3a8Lae
Tugraldandevnaunasiugnen w.a. 2542 TthwhenusunesuUsmmasusznsmuiasaaa Alieasa
finanosiia anthuivmfdounsudsmulasldranndaiuisudlsinas sfiFeduuimedaei Wedy
AidanaldudniluidalndsinieindauuiiaaaudmiiFesenlimue 3o ludnianan siiafiiFaasa
ﬁwuﬁaﬁﬁa Agrius convolvuli Linnaeus, Acosmeryx shervillii Boisduval, Callambulyx rubricosa Walker, Daphnis

nerii Linnaeus, Parum colligata Walker Was Theretra nessus Drury (MW# 12) uatSanainuudazsfia laisnn

-

waﬁﬁ]zﬁ'mﬁmﬁzﬁmqmm
v a A ‘:WL ,
NI RLREITIALNLAL

NUIMNTILANUT 2IAANG v

ey A1 LNRINT LI UIVNITUY TN

mwi 10. nuawldld i 11, dnudlnuth w12, fideena i dudnusnuasw
(Omphisa fuscidentalis) (Antheraea frithi pedunculata) (Theretra nessus)

7. Order Odonata (#xavila)

Lmaa‘ﬂaﬁﬁwm%’uﬂs:mmﬂuﬁadauﬁagluﬁﬂ loowy 4 wia lw 4 29F @8 Anax sp. WA
Aeshnidae, Ceriagrion sp. 21d Coenagrionidae, Progomphus sp. 26 Gomphidae L8z Crocothemis sp. 21F
Libellulidae 111 wsbuwaselasldsdetoulumin  viaunsiildatean dsldmsanuuastatianadiann
ansudszmwiuamnilesmainiuianun vfes vie a1 nee wazdu mﬂmﬁmﬁzﬁmqm@i’lmammi
vasmsouunasle wHia Crocothemis sp. wufilusan 9.87 niushminuuasaa 100 n3y wafludwitosde

1.10 NTNANRBNLURIFA 100 NTY

8. Order Orthoptera (AnuA% 9915A uazsslnsy)
Lmaaﬁu‘lﬁ”ﬁayjlué’uﬁuﬁﬁﬁnwu 42 wiia swlngidunguanuaunme
#ulusd Acrididae 33 wiia woniwiusevia uazaslnis 3 ofia luwasd Gryllidae
uuasnszmaulinaad Gryllotalpidae LazANLARENTN1296 Mantidae 88198z TRATINNS

ANLARAWINLNT 3 Tha lued Tettigoniidae anuannwIaawitauiiuniudszmuda

anuanUINImN Patanga succincta Linnaeus (ﬂ’l‘wﬁ 13) ﬁmmumﬁﬂm Choroedorus

. . & a ' 3 & -
illustris  Walker mmmumm‘lmy, Chondracris rosea De Geer @ONUAUWNMY & 0 B o0 se

(Patanga succincta)
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Cyrtacanthacris tatarica Linnaeus ANULAKEDE Hieroglyphus banian Fabricius LRZANLANIN? Oxya japonica
Thunberg Myuanuandwlnglrnuanuss W wdlusrsndanuauszunaldiaidis lusansildmarsauau
wazidulavdawluanuriasn Adamansnduanuanlddiuwinann anmsiiendgudinisenmIveianua
& A A A o | A v A A & o o A a o ¥ @

winasunaeziia wnohiilududendginiunseinldsfiodu anuaudhviamillséu 25.88 nuahmin
WNRIRA 100 NTN (B4% UAZATA, 2542) AnuAnKINALAzanUAReau i l1sAu 25.32 uaz 22.07 nSuANKEN
LURIEA 100 N3N MNEGU anuaurngauanandldsdugaudalinasnuniniga 237.26 Alauasad/
INARNUNAIRA 100 NTN

Amvauazdslniadunnasnndvagludu sdhudesemishunivdsemuld Jwiedl 2 oda
fla JnIanaIm Gryllus bimaculatus De Geer (m‘wﬁ 14) LRZRIRIANDILAL Teleogryllus mitratus Burmeister
Aamans 2 piad uenanihaniudszmuudy sndhudshaiswdwnuinda da3mia ludatiuanaiiog
lunstudsenmudnialduninaslunganlnonn
A A a v & A o &< a A
Wasanaunsadndsunaldisy Aawansaw dutlnils

mgqyﬁuﬂﬁ%mﬂﬂ%ﬁ wazAnLad ladny §wsuaelnge

Tabinskiellus portentosus Lichtenstein (ﬂ’l‘wﬁ 15) Wb 3

pnadalandt daniudsenulasnisaimianaa lais bt

WENNAIIBIAZLELIR9INTs NaANSI I Ha99I0 i 14 SenBamasen i 15 Salndg
af A A v o A & a
Tusmwsrsumalunibiwmousldidssasads (Gryllus bimaculatus) (Tabinskiellus portentosus)

athslsfiann madesdalnssludewniaesludanils g a1aldeaus 500 - 1,000 #1 auanuniewestauazms
UsauwaudWus (Tute, 2543) mnmﬁmﬁzﬁqmmmamms"uaa%ﬂﬂi’awﬂﬂiﬁu 20.72 nSuANRTNLLMIER
100 n5u luvaeismdanesduasisvianosuasdildsein 2180 war 18.90 n3wniwinuusiEe 100 N5W
AUAAU UNAINIZTaW Gryllotalpa orientalis Burmeister mﬁﬂagﬂuamﬁimamﬁ'uﬁww‘%mmzﬁya‘[ﬂs'a weiraun
sy ldantudnuasinamiazung  sthwihansudssmulagiananianaauddosidannin
%auﬁuﬁ%ﬁm%’umﬁuaaﬂﬁau mylanegudnenIzesuusInIzTeunull@n 1317 nSunimen
LNAIRA 100 NN

Namiﬁnmqmmmammwaauwaaﬁu"lﬁﬁa 38 719m3 ugalSluansefi 1 Tasshdredrouwas
ga 100 n3u MWAensd Sedaslduuaadudwauinn Senuendsuinlumsmuny mwnzdulnguusd
ﬁu"l@i”ﬁwuvlajvlmmmamwiLﬂuLLumﬁ“ﬁnﬂ’mmmmuns:mumiﬁﬂﬁqnuﬁa T §U 62 Naa W §m3L
wuasgand e ldiliunnoiaduunasfinumll wioduwiwasfiimsueunniduainma wamBenes
dadwasiduduasiminuuasaansar  seiinauandnsldanniiaaduefifuduoniminuusits  vie
iminuuasgeRvniansuisuUsemulddeanudy 1w lumaliensiguameaimisvasnuanldll woh
filsen 8.06 n3wAWINLLAIEA 100 N5U uatdwmmdasiduduoslysaulumuonliflusfiianuis
sonwuandSTisdn 25.5 nuahminuussusts 100 niudludu dlUsauadsvasuuasns 38 Mamsfitian
Sizidae 16.08 niWAWINLLaIER 100 N3 %alnﬁﬁmﬁ'uﬁaua:ﬂmﬁa fafilusdn 16.05 wuaz 19.50
nusimEnUaEa 100 N3 AUEGD (S, 2524) LLaﬂmfﬂLLuaaﬁqmﬂ'wmammmmmmﬁaé’mf’é‘ﬁlﬁ

mnagﬂ

= a =1 s a =1 o v
MIANEIAINNARINRALVBILYRIAK LA kA A o ez Az o anSudniavaslssina inayinlv la

v o s A' &/ v 1 v o a a 9»;:' R d' a [ v
TayadAyAnIunaelIzns leun °uagammmumaau,:umﬂuvl,@wvlmﬂmwumuuﬁ”l,wmﬂmmam 1%
Fanuondasaiunanzing aN13nsn lWinawnsluszauw ol wananiss ledanainaInuiITNNIILIaY

u U
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miﬁnLLummﬂgaL‘ﬂummi"ﬁaL‘TJugﬁﬁzyzywmﬁmua:i’wuﬁﬁuﬁaaﬁwnawnmum’luﬁamﬁmﬁ'mmm ms
'3Lmﬁ:ﬁqmmmamms‘uaumaaﬁﬂiﬂwmﬁa‘l,‘*ﬁl,i“;luummaL'§am‘hLLuaaﬁﬁqmmmammifgammﬁuﬁm
% AI a2 J " Y o 1 a { o v oA v a

pnpiuiiuUTInatuluewen  laslidesdvusssnnundssrnmanldtiinsuaassedasasianns
g RDANMURNAATIITIINTG quinsanIvasnuasiulannum g lldhandenzsiudy udaasfinng
a 6 a A' a s = nl' o s (% a v 1 I d’d‘ Y Aa
Aenzhunaiziiadug 8n lasawnzussdagfofithaniodsenuld waeluwlivindunfuseuvesduilng
Lﬂumiﬁﬁ@ﬁmgﬁﬁﬁmﬁa W NNIHNIAANWARUNNIANN LAHRFNILED

MITUYTEMULNRINBINANNITNATL I VlaiﬂaiﬁﬂuﬁLLN&&ﬁW%&JﬁﬁLﬂﬁﬁaaﬁ'umiﬁﬁﬂﬁmgﬁmm
Judsemu uwuasnnziia ldaunsnthanivdsemuld wNAITRA AN
Fudszmulanialinwduanuinfudesn  Suvasusfaleiudszmwdilyl
uanadusuanavinliidediale 1w §2948% Mylabris phalerata Pall. (MWH

A = ' A ' & A Aava an o % A &
16) sml,ﬂwmﬂuaamaﬂnuuammL;Ja:u;dLamn@mﬂmﬁuﬂssmummu@u
A4

Wduldaendsanm 3.5 wudwes n39Uszinm 1 I uies anyussay

Ao UniFduazinfeIgauNwaLIgas 3 wau Lﬁagﬂiumm:ﬁumiﬁmaﬂm
aTiideduaun3au (Canthariding Weuslaadn luazluvmeszumarienm e 16, S
289la  uazvihldifeasanlunszinizanmis gﬂam:ﬁmmﬂ%aa%w ANIUU  uwassuaTEFINTULTEMY
Uasnzdwfea %maﬁua:mrﬂuﬁq@ Faisadosinmadans s Sesiilidsanmy
nuldarssudsemunnadlas ainuinduwuassiala

naanssndsznd

wamu”?%’yﬁw"l,@i”%'u“quaﬁuméumﬂ‘[mamiﬁwmaa@i‘mwufuazﬁﬂmu{ymﬂmsfﬁ'@miﬂ%'wmm
Fanmludsznalng - Sehwdaaslasdinaunaauaiuauun1aids  wazgudnuniainsmuuazinalulad
FIAWLAITIA W RLATINTT BRT 141005

LONENID19D9

6l 6 a & 3 a

Ami3s Fdasiwdizd. 2542, wuas-amsuysdluauman. IRunasdnIsaeinmInIuen nyanwey.

L93T AUUWINTIW. 2532, LURY BIAITTTRANIINLIINGTL. 130G 53 104-113.

gy Aring. 2529. wnasdaATunaslUsduvasTITuun. NN 59(2): 155-157.

lven dugaiiin. 2535. IR BILRININ. %’@ﬁwﬂﬂﬂguﬁwﬁmﬁﬁwmwnﬁawm UuNU3.

@1 AanBinen uazanu o §1104. 2535, wuan il nsaTuenaas 11(1): 16-21.

Aafld udnassen, Tyt nveynaiia uarilya vRugITIL 2543, ensstsznaumsilneusumatassasvialuge

2ARIMNTIN. NULITM AT M IUARIAUMUINENANFATTININ UAIINENALVDHUTIY.

YN AANEWTY. 2537, AWINSABULNAIRILIIINGE?. NIFINHUALEAIINGT 16(4): 253-260.

Uszwa ?uqn;ﬂ‘%, iwd gk, dszmed pasdos, diaw Waafies uszweass dafiflan. 2532. mydenzdm
A Ivasuanlilli. Tnawinisans 23(2): 185-189.

Uszfiuws auwuss, wmiad Sgoed uasgand Sewdgan. 25260 nsdnmamsINmdvasrtuluna
ariuaanidoanialungnun. Insuimaans 17(2): 28-47.

Usefaws suwuss, #n1iad 3ed wazgand Saudyan. 2528, msdnmannsaassumavasnhulungis
meaziuaanidoaniialunguu. Inawinisans 19(1): 12-32.
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wadss ddiflon wazdsznead puatios. 2526. Qmﬁ’lE’J’I‘WITIJEJ\‘leEi\‘lﬂ’]%’lﬂﬂiﬁ%‘ﬂﬂd‘ﬁ’ﬂ‘ﬁ%ﬂﬂ: WNad. LATUINIaNs
17(1): 5-12.

AUN WUIILNTI. 2536. UNRI-DIMITRATRUINA SN isamaluladimanzan 11(2); 40-44.

S0 naintiur. 2541, nuauiwbeld (sndaw). safinlasdnitouasiamndanathly dindmmsthld nsuthlal,

i gafiwant, ﬂixwm'ﬁ'uqmwﬂ’% uazeinss lanaw. 2533, Myvszaliuanuidufwvasnuauwlilly. Avinenans 1(1): 10-13.

N3 Mm@, $1us IgnSunnd uszifinsd widlue. 2518. wasidunarmnslumanzinaanideanite. lnasms
340 aufl 7 awInndoeiuasunsdlsal awanIa.

Wi afasdunina. 2543. Lﬂﬁﬂmﬂwﬁmﬂu%?rja (331n$9). N&n3 73(1): 55-59.

FUWNNY TUTIN. 2536. Ga99a9tanevialdl nEng 66(5): 483-484.

FuT 2IWNEd. 2540. mMInnsvaduNaIiwldlumaaziueanidsaniionaussasdsznalng. Nsamanalulad
§IU13 4(3): 211-217.

FUNT WIAANG. 2517N. mslfuaasdluoms (@aufi 1). nFnT 47(4): 299-306.

JYNT WIAANG. 25177, msltunadiueins (@auﬁ 2). N&N7 47(5): 380-385.

fud qu8010 Waziaw Tiwkinen. 2542, %uau"lu”’lcmuauﬁﬁqmmmqa'lwm,l,azl,ﬂswgﬁﬁ]. RMILNBAT 23(2): 195-197.

gNAl TINN3. 2544, W evsanas. dinfiuiudou NINWY.

au faiie. 2531, wuasinule. ndns 61(6): 545-551.

a4 §ai. 2540, waasiUSAuEITN AW, NIFINHUSLFAINYT 19(3): 1-2.
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Abstract: Diversity and Abundance of Insect Visitors to Flowers and the Pollination
Ecology of Teak (Tectona grandis)
S. Tangmitcharoenl, R. Cunninghaml, P. Pianhanuruk’, S. Angvichanpanyal,
A. Lewvanich?, S. Pimpasalee’
'Forest Research Office, Royal Forest Department, Chatuchak, Bangkok 10900

Taxonomy Group, Entomology and Zoology Division, Department of Agriculture, Chatuchak,
Bangkok 10900

The diversity and abundance of insect visitors to teak flowers was studied in natural and
plantation forests. The insects observed belonged to 11 orders and were classified into three groups:
1) pest (342 species); 2) natural enemies (278 species) and; 3) pollinators (73 species). Diversity
indices revealed that the total species diversity and abundance of insects in the natural forest was
higher than in the plantations. The total species richness for trees in the natural forest was 552
species while in the plantation it was only 340 species. The mean abundance per tree was also higher
in the natural forest (484 + 36) than in the plantation (259 % 40). In plantations, pollinators were
more likely to fly between inflorescences, than in natural forest. The number of pollen grains on
stigmas was higher in the plantation (5.90 £ 0.79) than in the natural forest (2.96 + 0.74). Behaviors
of insects in the plantation, which result in flight among inflorescences (with increased probability
of cross-pollination), as well as more effective transfer of pollen (more pollen delivered to the
stigma) are factors likely to lead to higher fruit set rates in plantations. This was confirmed by a
study which found that the reproductive success and seed-to-ovule ratio of plantation trees was
significantly higher than those of natural forest trees. The most numerous species found, Trigona
collina, were the most important pollinators of teak.

Key words: Tectona grandis (Linn.f), species diversity, flower visitor, pollination, fruit set rate
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1. MIANHIAMINAAINAAIYUAEATINYNYNYBIUNAIABNEN

matfiudagouasdldiuen 2wy fe malaise trap usEEIIILLNSS ln@AGanuUen malaise trap
$1uan 6 au Inddudniaadeniswm 6 du ﬁﬂuﬂ']ﬁﬁumal,l,a:ﬂwﬂgm vinmamindamianus ldihutm
anzien lasdudnlusuthiiony 30 U szezilan 12 x 12 . %dLﬂumuwﬁmﬁﬂﬁﬂQnamLLaJVLﬁmﬂﬁ'uﬁ:ﬁmmmda
NG| fFmiusisunal LU enendnIwIInMAinena LU e 8.00 — 14.00 w. nné’ﬂmﬂwﬁw
\ADUTINAN - AANAY Tufingomifiu wasan Suify mesuunafia fuswin wasdemzvins

Jenzianunannanslaglsllsunsy Estimates 5 lagld Fisher s Alpha Diversity Index Wa
Aenzdanauandisznivithsrsnmduazidan lasld F-test analysis of variance (ANOVA) uaz Kruskal
Wallis test (Kruskal and Wallis, 1952) minasauanuudslsiuliis Bartlett s test (Bartlett, 1937) vinune
m’m'ﬁmﬂﬁmULLmﬂ'J’mﬁuHiﬂI“uﬂdLLNamaﬂﬁﬂI@m ACE technique (Colwell and Coddington, 1994) L&z

AWM community composition kiU cluster analysis lae Wald’ s method (McCune and Mefford, 1995)

2. msAnsRIAINgIN IHaNINa YA [Aan
5ﬂ§dﬁa§wum§ﬂ§uwhs:é’uﬁauﬂamadﬁué'ﬂ W 9 ﬁuﬁﬂﬁﬁﬁumaLLa:ﬂﬂﬂgmﬁams
ﬁﬁﬁ@muﬁﬂané’mm:ﬁuﬁﬂ%gamaauumaam‘l,ﬂfci”%@ I MssULLaILaEATIRRULA LT UU M INFULNETR
fey  maihdeaunwginmsulunmmons  mMIaTIRUTIwILZaaINEIURYaaNFIALTauNi09
ECUERGAISINT
§O90N LLazﬁhLmaavl,ﬂm'sﬁ]aauﬁ'sﬁnﬁaaﬁ;amiﬂﬁuuu’émﬂmau UAZMIANINANUENTIVINITUNUTINGA S
Reproductive Success (RS) = fruit/flower (Fr/FI) x seed/ovule (S/O) (Weins et al., 1987)

NAN13798

1. MIANHIAMINNAINAAIYUAEATINYNYNYBIUNAIABNEN
1.1 meﬁwuﬁ'@agiu 11 duay uazuseanidn 3 ngu fa NFUULNMINFULNEIIIWIL 73 Tila
ﬂq’mmadﬁ'@gﬁmﬁmm 342 11 agﬂuﬂﬁjuLLuaaﬂnﬁﬂmﬂﬁ'ﬂLmzmﬂ@@ mezﬂﬁjmmmﬁuﬂ W% 278 THA UaT
Lﬁaﬁmimtmaﬂuﬂéjuﬁmgﬁmwuh Fwausfiauvasluhsrwmd (284 ofia) snndiluthdan (170 siie)
L‘ﬁ%LaEJ’JﬁULLﬁJaGSLuﬂa;ﬁJLLSJadﬁu5] Anususieunssluihsssuma (218 T1a) mﬂniﬂuﬂm@jn (111 1Hq)
LL@iz%m%'mmaﬂunEjuwaumai'qiﬁmul,t,waﬂuﬂﬁﬁﬁuma (50 Tiha) ﬁfamﬂiﬂuﬂmg}ﬂ (59 THA) (miwﬁ 1)
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MW 1. ﬁ‘hmwﬁﬁmumﬁLﬁuﬁqamomnmﬁsumaLLa:ﬂ’nJg}n u’%nmmuwﬁmﬁﬂﬁuﬂﬁﬂmmm FIWIANELEN

Number of collected insect species
Types of insects Order Natural N and P Plantation Total
(N) (P)
1. Pollinator 1. Diptera 9 9 9 9
2. Hymenoptera 18 15 22 25
3. Lepidoptera 23 12 28 39
Total 50 36 59 73
2. Pest 1. Coleoptera 62 16 35 81
2. Hemiptera 17 2 5 20
3. Homoptera 49 21 24 52
4. Lepidoptera 151 70 103 184
5. Orthoptera 4 3 3 4
6. Thysanoptera 1 0 0 1
Total 284 112 170 342
3. Other insects 1. Coleoptera 4 1 1 4
2. Dermaptera 1 0 1 2
3. Dictyoptera 1 1 3 3
4. Diptera 64 32 55 87
5. Hemiptera 2 0 0 2
6. Hymenoptera 143 16 49 176
7. Neuroptera 3 1 1 3
8. Orthoptera 0 0 1 1
Total 218 51 111 278
Grand Total 552 199 340 693

1.2 enunannasvesriiauuasasduaniuthssumainnnithlgnagnalisddymeaia
(p = 0.0368) fa 552 THha (mm‘é"ﬂ = 277 + 158, n = 3) Uaz 340 Tha (mm‘é’im = 151 9@ + 37.6, n = 3)
MURIA

13 anungavessaIsswummatlulrsm@nnnilugnegnsdlivbddyneaia
(p = 0.01) fia fiadpvassniaaidaduluthssmaae 484 @1 (+ 358, n = 3) uwazihilan 259 @
(£40.2, n = 3)

1.4 wWam3kf ACE technique RarnmsanuraINRMELNaIeathng 2 uuy  lagmmwsan
Unngiluthsssumdezfenunainwagaasriiauuasninninfa 847 wila mm:ﬁﬁﬂﬁgﬂﬁ 537 sila

1.5 WAUBIMTIATIER insect community lagld cluster analysis wuadAlsenay (composition)
°1Jaaé’aﬂmmaa’luﬁwé’nmsumaLLa:ﬁmgmmﬂ@mﬁ'u aanTnuLunasiu 2 ngy Ao LLuaﬂuﬂfcjuﬂﬂﬁiiu‘*ma
Fafudagnanneud 1, 6 uas 15 LLazLLuaﬂumjuﬂﬁﬂgﬂéﬁaLﬁumnﬁuﬁ 7,8 1az 10 (mwﬁ 1) FIRTUUNAS
1uﬂ§§uﬂ’mﬁwmaﬁﬂ'ammiml,ﬂaaanvlﬁtﬂu 2 nywday fa 1) ﬂaqiuﬁ'ag'ﬁ'uﬁuﬁ 1 Uaz 2) ﬂﬁjuﬁagﬁuﬁuﬁ' 6
uaz 15 HTasunafiinaulade ﬂ@juﬁ 1 (fufi 1) G’fmaQlﬂﬁﬁuﬁﬁgnuﬁ'smuﬁaﬁﬂi fefiuaasianny
WANARDUAZANNTNTUVBILNA (alpha) @‘iwﬁqﬂ (202.22) Lfial,ﬂ'%ymﬁﬂuﬁ'umjwﬁ 1 %61 alpha Va96u7 6
waz 15 1w 241.14 uaz 453.13 MudIAL anuuanasiionaLilasunan msﬁ'ﬂ'}gﬂLLcT'amaﬁﬂﬁﬁuﬁmﬁ'wm

wuasgninangldédan Ssfinaldanunannasuszanugnguvasuusluiuithfegndifssaaasanldeas
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dmivlwhidaniu widauuuateanliidu 2 nqudes da 1) nduiagriudun 7, 10 uaz 2) ngw

{ v 9

afnudui 8 idesunafa nawfegiudun 8 iid1 alpha dhge (74.41) Walfsunungun 1 fidlen alpha
v til
o)

360N 7 waz 10 11 309.59 waz 128.51 MNAIAL ANVLANG1IHD13LI899NNGUN 8 BaNABNRBLNINAUI

o

=)
N
U
td v a @ @ v

maﬂwlﬂuuaauin:u@aﬂanuayaamﬂuiﬂQQU

Distance (Objective Function)

1008 299 4581 . 331 8154 363 11727 400 15300430
| } t t } t t } t
Information remaining (X}
100 000 75000 25 . 000 .oon
| } } } } } } } }
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ta [

WA 1. insect communities 917 cluster analysis VaIFIANUNAILUTNENBIINTNG (11, t6, t15) uazthilan (7, t8, t10)

2. msAnsIAINgIN INaNINa YA [Aan
2.1 MIANBTRAUNAINFUINAINE AT

wuaIREnwIemsIueenand 11 wiia LLuadﬂéju‘*ﬁ’uIid (Trigona spp. Waz Ceratina spp.) &
o P A & = Lo @ o a @
wwmnfiga (n = 215) (TN 2) wazhuadItALazaadnaT WENLDuI IR AN EIUU AN 8VB VAR

A A A A ' @ A Ao v A A

(MW 2 uaz 3) Juseantawlunmstnoazeaanasldiunasfe SuinazeenaIUUeaalnaIALluIaaeY
W% 5 pollen (137N 2) Lﬁa?mmLLwaaIuna;u%'uIiaI@yau’émluﬂwﬂg}n wundsznaudisuusinga 4
39ia Ao Trigina collina (n = 189), T. terminata (n = 25), T. laeviceps (n = 3) Wz Ceratina spp. (n = 26) Nath

Trigona collina \IJwlaaNWLANNNFA Laz@1AINNFA

WA 2. UNRINENNET Trigona collina LT BEIBKAAWEaWUS Ldthuan Tswianzien
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mwil 3. mwdennndenantieiuundianateuvasazannaiaigved WanUwmMAIgAiaaveIuNas Trigona collina:
a. (1w) azasdnasngvas anfnaguurmasduiiGunia tibia b. (171) MWVENLVDINZABINAIAE NN

a

o A

79N 2. WAnTIuMImamsuazlEAnTmwnsanuazeadnatadLuaNaNINaINa e Nwuluhsisumauas

]

thilan u‘%nmmuwa@]Luﬁmﬁuﬁ?'lﬁﬂ'n.uim FIRIANLEN

Visitation rate |% Insect foraged Number of
No. Species (flower/sec.) | on same inflo. n Pollen on n
stigma
1 Fulsg (Trigona spp. & Ceratina spp.) 0.13 (0.005) 90.2 215 49 80 (0.67)
2 @aLane (Allorhynchium sp.) 0.14  (0.05) 62.5 8 6.7 3 (4.81)
3 | dawiie Vespa affinis (L.) 0.3 (0.09) 62.5 8 2 1 (0)
4 @1'?33 (Scolia ruficeps) 0.12  (0.03) 86.7 15 0.5 2 (0.5)
5 | fsfin (Apis florea L.) 016  (0.03) 75 12 0 2 (0)
6 ﬁt‘éfvaﬁwawuﬁﬁum 0.02  (0.01) 50 2 2 1 (0)
Anthena emolus emolus (Godart)
7 ﬁl,‘gaw;uvlﬂﬁsswm (Hypolycaena erylus 0.03 (0.01) 100 2 2.6 5 (1.78)
himavantus Fruhstorfer)
8 ﬁl,ga%uaugu (Catopsilia pomona 0.35 (0.06) 71.0 31 7 5 (3.8)
pomona Fabricius)
9 LURIIWAUIW (Techina sp.) 0.02  (0.01) 87.5 8 4.3 6 (1.31)
10 LNAIIBARIANE (Parasarcophaga sp.) 0.1 (0.40) 66.7 3 3.6 10 (13.3)
11 | wuRIBAILRAN (Rhinia sp.) 011 (0) 100 4 1 1 (0)

YSRHIVE aavlwiaduda dasiafounnasgu (standard error)

2.2 WOANITWATIAI UL ILFNTNIWNITNERZ 8N TVDIUNRINGUINGT
WURINERINESENATTI 11 78ia fdannisaineanenuandaiuetnsfiiodandmeeia
(p = 0.001) unsffidanmInauaandmansis IFmmemfiaenudazaanidunauu Gsanliidunsd
fio vlitlemmAamananludiiasgs dmlnguunsiinimmeims infeudoagmelusanenidy udunssth
ﬂgmzm'éz‘lauﬂ']ﬂmmmﬁzwj']a"ﬁa@aﬂ (20.6%) NANNIMINBITUTG  (8.5%) amaﬁﬁfﬂéﬂﬁty‘ﬂ'ammﬁa
(p = 0.004) LLazLﬁaﬁmsmLLuaaIunﬁju%'uIiaLﬁmamaLﬁmﬁlﬁwauumﬁmﬁuﬁa Tusuthignazmans

o @

Tusaaanunniluthsrsumfadeiiveimanimeaia (p = 0.002) (13197 3)
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LNRING 11

B

Infifpariu widwinazeasinanaduluthian (5.6 + 074, n

(2.96 + 0.74, n = 46) aensfituadBmeaia (p = 0.0042)

RINTDIINIRZBBINET I ANNLALNRIA LI BUDINDNAN bo bATIUIN
70) ANNINIMIUAZEINET MU TITNING

a7 3. MuARaui v IUNMIHANINEINFAYNUIN I TN 2 uszunaInguTuls (Trigona spp. & Ceratina

spp.) Minuluthsrsumauazluthdgn Winmmundawdanus lithuin Sanianzin

Percentage of the insects moving among and same inflorescence

Types of Forests Major insect pollinators (Trigona spp. & Ceratina spp.)
Among inflo. Same Inflo. Observation | Among inflo. Same inflo. Observation
Natural 8.53 91.47 129 4.65 95.35 86
Plantation 20.57 79.43 175 13.95 86.05 129
Avg./Total 15.46 84.54 304 10.23 89.77 215

a |3 o ® o
3. Naﬂﬂﬁl&laﬂllagﬂ?'l&lﬂqliﬂﬂﬂﬂﬂq5ﬁﬂwu§f

3.1 mMIfgaNa

mMInamaaniazNallads 5 szuz fa 1) aanimaInaw (young flowers) laur a1aan

URZABNTUIANA 2) ABNWAIWILANT (mature flowers) 3) T2azITUAANA (initial fruit set) 4) THZHATNAINAIW

(developing fruits) uaz 5) Wauri (mature fruits) nafiaanwisnafignuuasranslasdanalédaniassasnouan

1 &) v v & ' A v { 1 {
viw lugniasenun: lausnliidudnnduniediefiiTondn damaged flower/fruit (a131970 4)

AN319N 4. ﬂ"lmﬁsJé’mwmﬁawamﬂEmLLa:wamaﬁué’nluﬂﬁnﬁsumaLLa:ﬂwﬂgn Fmmatgar 3 du NLMI

WA 6§ 32WIN9TUN 6 RIRIAN 2541— 2 LUBNET 2542

Abortion of flowers/fruits
Stages of Development Natural Plantation
% Number std err. % Number std err.
counted Counted
1. Young flower - bud flower 14.84 674 41.65 13.00 1,023 65.30
- middle flower 10.83 492 106.44 8.59 677 71.170
damage 11.00 500 60.79 9.93 728 142.52
Total flowers 25.67 1,166 145.32 21.59 1,700 132.73
2. Mature flower damage 1.69 77 17.75 1.71 135 50.50
Total flowers 10.53 478 94.93 12.03 947 323.47
3. Initial fruit set - pollinated flower 60.18 2,733 533.64 62.16 4,895 1,529.3
- small fruit 1.99 90 31.06 2.32 183 70.13
Total damage 9.11 414 125.25 7.07 557 213.49
Total fruit 62.17 2,823 553.60 64.48 5,077 1,511.8
4. Developing fruit - middle 0.88 40 13.87 0.72 56 21.85
- large 0.46 21 5.51 0.80 63 2.96
Total damaged 0.73 33 8.11 0.50 40 5.55
Total fruit 1.34 61 19.3 1.51 119 22.81
5. Mature fruit Total 0.29 13 1.0 0.39 31 6.56
6. Total flower counted 100 4,541 780.66 100 7,875 1,934.11
Total flower damaged 22.55 1,024 19.22 1,514
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Spiders of Doi Inthanon National Park

Pakawin Dankittipakul and Saowapa Sonthichai
Department of Biology, Faculty of Science, Chiang Mai University, Muang District, Chiang Mai 50202, Thailand

From August 1999 to July 2000, a total of 3964 spiders was collected in Doi Inthanon
National Park, representing 44 families, 148 genera, and 211 species. Members of the Linyphiidae,
Zodariidae, and Sparassidae comprised almost half of all spiders collected (45%). These three
families formed the dominant group of families (more than 10% of individuals). The rest belong to
influence (1-10%) and accessory families (below 1%). Only a few species were collected in high
densities and comprised more than 1% of the total catch. Many species were found in low
numbers. Among them, 66 species (31% of the total) were represented by only a single specimen.
The observed frequency distribution pattern for spider species on Doi Inthanon conforms to an
expected hollow logarithmic series model.

Two prominent altitudinal patterns of species richness were revealed by the data; a broad
peak in overall species richness in middle elevation and a marked downhill decline for most taxa
between 1500 and 2000 m. The general altitudinal variation in the abundance of spiders parallels
the altitudinal variation in species richness. The number of individuals peaked at mid-elevations
and underwent a dramatic drop above 1500 m. Faunal turnover and similarity index indicate three
separate zones of spider communities in the national park.

Monthly fluctuations in activity were mainly influenced by the activity of immature spiders.
The cold season peak of mature spiders was dominated mainly by female activity, whereas the hot
season peak was formed both by male and female individuals. The decline in activity of both
adults and immatures in December probably was the result of variation in physical factors,
especially temperature. Two types of life cycles were present: eurychronous species which are
species with a continuous presence of mature specimens over the entire year, and stenochronous
species which are active for only a limited period of the year.

Key words: Araneae, Doi Inthanon National Park, spider, diversity

Introduction

Over the past several decades, the general public has become aware of increasing problems of
erosion of biological resources. Ongoing habitat destruction may result in the loss of substantial
portions of the Earth’s biological diversity. Now, more than ever, understanding biological diversity
has an undeniable urgency. So far Arachnida and other invertebrates have hardly been considered for
conservation in Thailand, neither for biodiversity assessment nor for ecological research. About
37,000 species of spiders have been named, representing what is believed to be about one-fourth of the
total. However, the spider fauna of Thailand is poorly known. Although a considerable amount of
information on the spider fauna of Thailand has been brought together by various authors, our
knowledge of this fauna is far from complete. This study was carried out to increase basic knowledge
on tropical fauna, since the spiders are one of the most diverse arthropod groups and an important
component in terrestrial ecosystems. Spiders are valuable indicators of endemism and for early
warning of ecological changes. They are capable of responding more rapidly to changes in the
environment than long-living vertebrates and plants. Indeed many spiders of Thailand could be used as
key species in the complex process of deciding which habitats deserve conservation priority. This and
ongoing rapid habitat destruction make the survey of Thailand’s spider fauna most important. This
study provides a good opportunity to receive additional information on measuring and monitoring
spider diversity in Thailand in an effective way.

Early work on spiders in Thailand was carried out by Europeans. There were many keen and
remarkable arachnologists during the period 1850 to 1900, including O. Pickard-Cambridge, F.
Karsch, G. Keyserling, C.L. Koch, T. Thorell, R.I. Pocock and E. Simon. The most widely used
classification at that time was that of Eugéne Simon’s “Histoire Naturelle des Araignées” (1892-1903).

(140)
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Simon was a classical morphologist and his key taxa were defined by the absence of characters and
hence are mostly not monophyletic. He published the first ever record of a spider from Thailand
“Arachnides recuellis par M.A. Pavie (sous-chef du service des postes au Cambodge) dans le royaume
de Siam, au Cambodge et en Cochinchine” and described several species and even genera in 1886.
Following on from the time of Simon, several authors when describing new species from the tropics
tended to attach new species to existing genera and families. However, these descriptions lacked
drawings and contained no habitat information. There is little or no recent records of these species.

Another significant contribution to spiders of Thailand is “The Fauna of British India,
including Ceylon and Burma”, published by Pocock (1900) that included a few species occurring in
our country. After the 1900s, there was a lull in the study of Thai spiders for almost a century until the
1970s.

The 1970s and 1980s marked the era of renewed interest in spiders in many parts of the world,
not only their taxonomy but also their biology, ecology, evolution, and physiology. Knowledge on the
spider fauna of Thailand has been significantly increased by a number of other arachnologists.
Foremost are the works of C.L. Deeleman-Reinhold, P. Lehtinen, A.F. Millidge, C. Okuma, P.J.
Schwendinger and W. Vungsilabutr.

Study Sites

Doi Inthanon was established as a national park to protect the flora and fauna of Thailand’s
highest mountain. The towering centerpiece of this 482-square-kilometer park is an eponymous
granite massif of 2,565 meters. This mountain harbours many high-altitude plant and animal species.
At higher altitudes hill evergreen forest dominates while lower down deciduous forest takes over.

The altitudinal transect examined consisted of nine sample sites from 510 m to 2430 m,
situated approximately 250 m apart in elevation. All sampling sites were located in seemingly
undisturbed forest, at least 300 m from the forest edge. However, only five major sites were
considered for the altitudinal analysis (Table 1). Sites I and II are here called low altitudinal zones; site
IIT is the middle or mid-altitudinal zone; sites IV and IV are the high altitudinal zones.

Table 1. Description of five major sampling sites on Doi Inthanon.

Site Altitude Coordinates Forest type

I 510 m 18°31"N,98° 38" E Dry dipterocarp forest

I 1000 m 18°32"N,98° 34" E Dipterocarp with pine forest

11 1510 m 18°31' N, 98° 29" E Hill evergreen forest

v 2090 m 18° 33" N, 98° 28" E Hill evergreen forest

\Y% 2430 m 18° 34" N, 98° 28" E Moist hill evergreen forest
Climate

Minimum temperatures during the study period were 12° C at 500 m and 3° C at 2500 m in
December 1999; the corresponding maxima were 32° C and 18° C in July 2000, respectively. Mean
temperatures along the altitudinal transect have been estimated to be 25°C in the lowlands and 12°C at
the summit. The annual rainfall is over 2100 mm on the upper slopes, most of which is between June
to September. The highest rainfall is in August.

Methodology

The spider fauna was sampled monthly from August 1999 to July 2000 along an altitudinal
transect, using five different methods: pitfall trapping, litter sampling, sweeping, beating and visual
searches.

The knowledge of Thai spider fauna is still in a neonate stage and many new genera and
species await discovery. While this is true, various different taxonomic publications were used to
identify the materials. For more detail of literatures used, see Literature consulted section under the
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taxa treated. Representative specimens of several doubtful species were sent to specialists at the Musé
um d”Historie naturelle, Geneéve for verification.

Results

Spider fauna of Doi Inthanon National Park
A total of 3964 spiders was collected during the twelve months of study, representing 44

families, 148 genera, and 211 species (for details of each species see Taxonomy section).

Members of the Linyphiidae (21.95%), Zodariidae (12.17%), and Sparassidae (11.59%)
comprised almost half of all spiders collected. These three families can be classified as the dominant
group of families (more than 10% of individuals). The rest belong to influence (1-10%) and accessory
families (below 1%) (Figure 1).

Figure 1. Family compaosition of the spider community of Dei Inthanon National Park during the study period.
Dominant families (> 10% of the total spiders collected), black; influence families (between 1-10%),
white; accessory families (less than 1%), gray. LN = Linyphiidae (21.9), ZO = Zodariidae (12.1), SP =
Sparassidae (11.5), ON = Oonopidae (1.7), TH = Theridiidae (3.9), MY = Mysmenidae (1.6), TG =
Tetragnathidae (6.8), AR = Araneidae (1.5), OX = Oxyopidae (1.4), CN = Ctenidae (3.8), HA =
Hahniidae (1.1), DC = Dictynidae (3.3), AM = Amaurobiidae (4.3), LO = Liocranidae (5.5), CR =
Corinnidae (1.7}, GN = Gnaphosidae (1.6), TM = Thomisidae (4.0), SA = Salticidae (5.5), OT (5.9) =
Liphistiidae, Hexathelidae, Cyriauchenidae, Ctenizidae, Nemesiidae, Theraphosidae, Filistatidae,
Scytodidae, Ochyroceratidae, Pholcidae, Tetrablemmidae, Stenochilidae, Palpimanidae, Mimetidae,
Hersiliidae, Uloboridae, Nesticidae, Theridiosomatidae, Anapidae, Lycosidae, Pisauridae, Psechridae,
Agelenidae, Miturgidae, Clubionidae and Philodromidae.

A complete list of species collected is given in Table 2. Only a few species were collected in
high densities and comprised more than 1% of the total catch. These are Bathyphantes sp. {n = 56), ?
Batueta sp. (n = 157), Neriene sp. A (n = 411), Neriene sp. B (n = 41), Oedothorax cf. hulongensis (n
= 144), Tetragnathidae gen. sp. (n = 44), Coelotes cf. aspinatus (n = 40), Otacilia zebra (n = 163),
Ascena sp. (n = 421), Pseudopoda cf. parvipunctata (n = 60), Pseudopoda exigua (n = 367) and
Misumenaops cf. tricuspidatus (n = 69).
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Table 2. List of spider species found in Doi Inthanon National Park during the study.

LIPHISTIIDAE Thorell, 1869 PALPIMANIDAE Thorell, 1870
Liphistius yamasakii Ono, 1988 Boagrius sp.

HEXATHELIDAE Simon, 1892 MIMETIDAE Simon, 1881
Macrothele sp. Mimetus sp.
CYRTAUCHENIIDAE Simon, 1892 HERSILIIDAE Thorell, 1870
Angka hexops Raven & Schwendinger, 1995 Hersilia sp.

Hersiliidae gen. sp.
CTENIZIDAE Thorell, 1887

Conothele sp. ULOBORIDAE Thorell, 1869
Miagrammopes sp.

NEMESIIDAE Simon, 1892 Uloborus walckenaerius Latreille, 1806

Damarchus sp. Uloboridae gen. sp.

Sinopesa maculata Raven & Schwendinger, 1995
NESTICIDAE Simon, 1894

THERAPHOSIDAE Thorell, 1870 Nesticella sp. A
Phlogiellus sp. Nesticella sp. B
FILISTATIDAE Ausserer, 1867 THERIDIIDAE Sundevall, 1833
Tricalamus cf. papilionaceus Wang 1987 Achaearanea celsadomina Zhu, 1998
Argyrodes flavescens O. Pickard—Cambridge, 1880
SCYTODIDAE Blackwall, 1864 Argyrodes cf. labiatus Zhu & Song, 1991
Scytodes sp. Coleosoma sp.
Stedocys sp. Coscinida sp.
Carniella siam Knoflach, 1996
OCHYROCERATIDAE Fage, 1912 Chrysso scintillans Thorell, 1895
Althepus stonei Deeleman-Reinhold, 1995 Chrysso sp.

Psiloderces septentrionalis Deeleman-Reinhold, 1995 | Dipoena turriceps Schenkel, 1936
Dipoena cf. mustelina (Simon, 1889)

PHOLCIDAE C. L. Koch, 1851 Episinus sp.
Pholcus sp. Molione cf. triacantha Thorell, 1892
? Pholcus sp. Moneta mirabilis Bosenberg & Strand, 1906
? Psilochorus sp. Moneta sp. A
Spermophora sp. Moneta sp. B
Moneta sp. C
TETRABLEMMIDAE O. Pickard- Theridion sp. A
Cambridge, 1873 Theridion sp. B
Chavia monticola Lehtinen, 1981 Theridion sp. C
Perania nasuta Schwendinger, 1989 Theridiidae gen. sp. A
Theridiidae gen. sp. B
OONOPIDAE Simon, 1890 Theridiidae gen. sp. C
Gamasomorpha sp. A
Gamasomorpha sp. B THERIDIOSOMATIDAE Simon, 1881
Ischnothyreus sp. ? Ogulnius sp.
Opopaea sp. A
Opopaea sp. B ANAPIDAE Simon, 1895
Orchestina sp. Metanapis sp.
STENOCHILIDAE Thorell, 1873 MYSMENIDAE Petrunkevitch, 1928
Colopea virgata Lehtinen, 1982 Mysmena sp.

Mysmenidae gen. sp.
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Table 2. (continued).

LINYPHIIDAE Blackwall, 1859
Bathyphantes sp.

? Batueta sp.

Linyphia sp.

Neriene sp. A

Neriene sp. B

? Neriene sp.

Oedothorax cf. hulongensis Zhu & Wen, 1980
Pronasoona aurata Millidge, 1995

TETRAGNATHIDAE Menge, 1866
Leucauge celebesiana Walckenaer, 1842
Leucauge decorata Blackwall, 1864
Leucauge termisticta Song & Zhu, 1992
Leucauge sp.

Nephila clavata L. Koch, 1878

Nephila pilipes (Fabricius, 1793)
Tetragnatha maxillosa Thorell, 1895
Tetragnatha nitens Audouin, 1827
Tylorida striata (Thorell, 1877)
Metinae gen. sp.

Phonognathinae gen. sp.

Tetragnathidae gen. sp.

ARANEIDAE Simon, 1895

Anepsion maritatum O. Pickard —Cambridge, 1877
Araneus auriculatus Song and Zhu, 1992
Araneus himalayaensis Tikader, 1975
Araneus sp. A

Araneus sp. B

Araneus sp. C

Araneus sp. D

Argiope pulchella Thorell, 1881

Chorizopes bengalensis Tikader, 1975
Chorizopes shimenensis Yin and Peng, 1994
Cyclosa bifida Doleschall, 1859

Cyclosa omonaga Tanikawa, 1992

Cyclosa cf. informis Yin, Zhu & Wang, 1995
Cyclosa sp.

Eriovixia yunnanensis Yin et al., 1990
Gasteracantha geminata Thorell, 1887
Gasteracantha hasseltii C. L. Koch, 1938
Gasteracantha kuhlii C. L. Koch, 1838

Gea spinipes C. L. Koch, 1843

Larinia sp.

Neoscona theisi Walckenaer, 1841

? Pronoides sp.

Singa sp.

Zygiella calyptrata Workman, 1984

LYCOSIDAE Sundevall, 1833

Hippasa holmerae Thorell, 1895

Pardosa songosa Tikader & Malhotra, 1976
Trochosa bannaensis Yin & Chen, 1995

PISAURIDAE Simon, 1890
Hygropoda sp.

OXYOPIDAE Thorell, 1870
Oxyopes javanus Thorell, 1887
Oxyopes macilentus L. Koh, 1878
Oxyopes sikkimensis Tikader, 1970
Oxyopes sp.

Peucetia sp.

Oxyopidae gen. sp.

PSECHRIDAE Simon, 1890
Fecenia sp.
Psechrus gehcuanus Thorell, 1897

CTENIDAE Keyserling, 1877
Ctenus sp. A
Ctenus sp. B
Ctenus sp. C

AGELENIDAE C. L. Koch, 1837
Tegenaria sp.

HAHNIIDAE Bertkau, 1878
Hahnia cf. liangdangensis Tang, Yang & Kim, 1996
Hahnia cf. xinjiangensis Wang & Liang, 1989

DICTYNIDAE O. Pickard-Cambridge, 1871
? Cicurina sp.

Dictyna sp. A

Dictyna sp. B

? Lathys sp.

AMAUROBIIDAE Thorell, 1870
Coelotes cf. aspinatus Wang et al., 1990
Coelotes cf. uncinatus Wang et al., 1990
Coelotes wudangensis Chen and Zhao, 1984
Coelotes sp.

MITURGIDAE Simon, 1885
Calamopus sp.
Cheiracanthium sp.

LIOCRANIDAE Simon, 1897

Otacilia zebra Deeleman-Reinhold, 2001
Sphingius gothicus Deeleman-Reinhold, 2001
Sphingius vivax Thorell, 1897

Jacaena distincta Thorell, 1897

Sesieutes cf. schwendingeri Deeleman-Reinhold,
2001

CLUBIONIDAE Wagner, 1887

Clubiona cf. bonicula Ono, 1994

Clubiona cf. pteronetoides Deeleman-Reinhold, 2001
Clubiona cf. zhangmuensis Hu & Li, 1987

Clubiona sp. A

Clubiona sp. B

Xantharia sp.
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Table 2. (continued).

CORINNIDAE Karsch, 1880

Apochinomma nitidum Thorell (1895)

Castianeira sp.

Corinnomma severum Thorell, 1877

Oedignatha barbata Deeleman-Reinhold, 2001
Utivarachna cf. kinabaluensis Deeleman-Reinhold, 2001

ZODARIIDAE Thorell, 1881

Asceua sp. A

Asceua sp. B

Asceua sp. C

Cydrela sp.

Mallinella labialis Song and Kim, 1997
Mallinella sp.

Storenomorpha sp.

Zodariidae gen. sp.

GNAPHOSIDAE Pocock, 1898
Hitobia sp.

? Micythus sp.

Odontodrassus sp.

Trachyzelotes fuscipes (L. Koch, 1866)
Zelotes sp. A

Zelotes sp. B

Gnaphosidae gen. sp.

SPARASSIDAE, Bertkau 1872
Heteropoda sp.

Pseudopoda exigua (Fox, 1938)
Pseudopoda cf. parvipunctata Jager, 2001
Pseudopoda schwendingeri Jager, 2001
Sparianthinae gen. sp.

PHILODROMIDAE Thorell, 1870
Philodromus cf. assamensis Tikader, 1962
Philodromus sp. A

Philodromus sp. B

Philodromidae gen. sp.

THOMISIDAE Sundevall, 1833

Amyciaea lineatipes O. Pickard-Cambridge, 1901
Camaricus cf. khandalaensis Tikader, 1980
Diaea sp.

Lysiteles cf. kunmingensis Song & Zhao, 1994
Lysiteles cf. mandali (Tikader, 1966)
Misumenops cf. tricuspidatus

Misumenops sp.

Sanmenia sp.

Strigoplus sp.

Tmarus sp.

Xysticus sp.

SALTICIDAE Blackwall, 1841
Belippo sp.

Chalcoscirtus sp.

Cheliceroides sp.

Cyrbra ocellata Kroneberg, 1875
Epeus alboguttatus Thorell, 1887
Epeus sp. A

Epeus sp. B

Erasinus sp.

Euophrys sp.

Eupoa sp.

Evarcha crassipes Karsch, 1881
Evarcha orientalis Song & Chai, 1992
Harmochirus brachiatus Thorell, 1877
Irura sp.

Myrmarachne cf. elongata Szombathy, 1915
Phintella versicolor C. L. Koch, 1846
Phintella vittata C. L. Koch, 1846

? Phintella sp.

Plexippus petersi (Karsch, 1878)
Ptocasius cf. strupifer Simon, 1901
Ptocasius sp.

? Saitis sp.

Spartaeus sp.

Synagelides sp.

Telamonia cf. caprina (Simon, 1903)
Yaginumaella sp. A

Yaginumaella sp. B

Many species were found in low numbers, among them 66 species (31% of the total) with only
a single specimen. Several species were represented by few individuals and few species by many
individuals, the most abundant being represented by 411 specimens. The observed frequency
distribution pattern for spider species on Doi Inthanon conforms to an expected hollow logarithmic

series model (Figure 2).
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Figure 2. Spider diversity of Doi Inthanon National Park from collections made between August 1999 and July
2000. The Log series distribution is indicated by the red line. Five dominant species with individual
numbers of 128 (? Layths sp.) 144 (Oedothorax cf. hulongensis), 157 (7 Batueta sp.), 367
(Pseudopoda exigua) and 441 (Neriene sp. A) are not included in this graph.

Discussion

The average number of spiders per species in the Doi Inthanon National Park is low with 18.8
individuals per species, in comparison with 42.6 in European spider communities and 3.9 in Panama
(Nentwig, 1993). A general structure of the spider community with high species numbers and low
individual numbers per species is clearly described and is characteristic for tropical communities
(Nentwig, 1993). In temperate spider communities, on the other hand, the numbers of individual per
species is generally much higher. It is desirable to compare spider communities in tropical Southeast
Asia with those of temperate areas in Asia in the future.

In overall view, wandering, ground-living spiders dominate on the mountain, constituting
about half (47%) of the total spider fauna with regards to individuals collected. Three dominant
families are Linyphiidae (2.19%), Zodariidae (12.1%) and Sparassidae (11.5%). Members of
Linyphiidae are mainly collected from leaf litter samples and pitfall traps (506 individuals out of 803).
Amaurobiidae (4.0%) and Crenidae (3.7%) belong to a less abundant, influent group, together with the
Lycosidae which were collected in remarkably low numbers (0.6%). Lycosidae are believed to be less
abundant in montane forests. Only 0.4% of the total numbers of spiders collected in South Africa
during a yearlong survey were lycosids (Van der Merwe, 1994). Russell-Smith et al. (1987) reported
even lower lycosid numbers from Kenya. On the other hand, Linyphiidae, a characteristic spider group
of cold and temperate climates, is the commonest family in the national park. Zodariidae form an
important component of the ground-dwelling spider assemblage on Doi Inthanon. Most zodariid
species occur in arid or semiarid regions, with few genera (e.g. Asceua and Mallinella) being adapted
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to life in rainforests (Dippennaar-Schoeman and Jocqué, 1997; Jocqué, 1991). Sparassidae are
supposed to be one of the most common soil-dwelling spiders in tropical and subtropical regions.

The most important family of web-building spider on Doi Inthanon is the Linyphiidae
(Oedothorax sp. and Linyphia sp.) with 7.4% of total spiders collected, followed by Tetragnathidae
(6.8%), Theridiidae (3.9%) and Araneidae (1.5%).

Salticidae (5.5%) and Thomisidae (3.9%) comprise more than 70% of ambushing spiders.

In terms of species numbers, the ten most common families according to guild are: web
builders (66 species of Araneidae, Theridiidae, Tetragnathidae and Linyphiidae) > ambushers (38
species of Salticidae and Thomisidae) > hunters (33 species of Zodariidae, Gnaphosidae, Oonopidae
and Oxyopidae).

Probably the single most important factor affecting the richness of web building spiders is the
availability of suitable sites for attachment of webs. Riechert (1974) observed a regular spacing of
webs in a population of spiders in an area of desert in southern USA. Both richness and abundance of
Araneidae and Theridiidae in my study peaked at two lower collecting sites (500 m and 1000 m). The
lower slopes of the Doi Inthanon National Park experience higher temperatures and receive less
rainfall than the higher slopes. Tree density is low and canopy cover is sparse. Light intensity at
ground level is therefore high and this allows a dense growth of grasses and shrubs. This kind of
environment provides plenty of attachment sites for the suspension of the web (Uetz et al., 1978).

A noticeable feature of the distribution of Salticidae was their preference for more open
vegetated sites, with only five individuals being recorded from moist hill evergreen forest. Similar
trends can be found among Oxyopidae and Thomisidae. Such spiders use the low vegetation in a
manner which depends on the density of this vegetation. Salticidae, Thomisidae and Oxyopidae are
more abundant in open sites, while web builders are present in more densely vegetated sites. Rising
species richness and abundance of Thomisidae in hill evergreen forest at 1500 m is due to the
occurrence of Lysiteles cf. kunmingensis. Gnaphosidae, a relatively common family in Europe, shows
the same pattern. However, on Doi Inthanon their abundance is suppressed by Zodariidae and ground
living Linyphiidae.

It is interesting to note that although several families are represented by low species numbers,
the numbers of individuals collected is rather high. These families include Linyphiidae, Ctenidae,
Dictynidae, Amaurobiidae and Sparassidae. They are present in several instars at any time, indicating
that they live for more than one year. Hence these species are more competitive and better adapted to
local conditions than others which occur at lower numbers.
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Abstract: Biodiversity of Marine Sponges Associated with Coral Reef Habitats in
the Eastern Gulf of Thailand (Chonburi to Trad Province)
Nilnaj Chaitanawisuti', Sirusa Kritsanapuntuz, Thammasak Yeemin®,
Sumet Putchakan®and Jane Fromont®
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Prince of Songkhla University, Surat Thani Campus, Songkhla University, Muang,
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Bangkapi, Bangkok 10240, “Institute of Marine Science, Burapha University, Muang District,
Chonburi 20131, *Department of Aquatic Zoology, Western Australian Museum, Perth WA
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Coral reef sponges were investigated from reef habitats along the east coast (Chonburi -
Trad province) of Thailand, i.e., the inner part of the eastern Gulf of Thailand. The sponge survey
was carried out by means of SCUBA diving at 37 localities in which there were shallow water
reefs. Underwater photography in situ was used to supplement manual collections of specimens
which were preserved in 70% ethanol. All specimens were identified using the methods of Hooper
(1991) and Fromont (1991). The species descriptions provided here emphasize the skeletal
architecture and spicule morphology that were examined using the light microscope. The
taxonomic characters utilized here included the external morphological characters (growth form,
color, texture, consistency, surface appearance, habitat description, oscule size and distribution),
which can be recognized in the field. Results showed that most sponges found were in the class
Demospongiae. A total of 3 Subclasses, 10 Orders, 31 Families and 126 species of sponges were
found as follows: Cholburi province (3 Subclasses, 9 Orders, 31 Families and 100 species),

Rayong province (2 Subclasses, 8 Orders, 16 Families and 22 species), Chantaburi province

(2 Subclasses, 5 Orders, 9 Families and 19 species); and Trad province (2 Subclasses, 5 Orders, 11
Families and 30 species). Results showed that coral reefs at Cholburi province (Sichang Island
groups) and Chantaburi province (Chao-Lao Beach) contained the highest and lowest species
diversity and abundance of sponges, respectively.

Key words: Gulf of Thailand, sponge, coral reef
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Order Homosclerophorida Family Plakinidae
Plakinastrella sp. X
Order Spiroghorida Family Tetilidae
Cinachyrella australiensis (Carter, 1886) X | x | x |x X [ x | x |x
Cinachyrella n.sp. X
Paratetilla cf. bacca (Selenka, 1867) X X
Raphidotethya n.sp. X
Order Astrophorida Family Ancorinidae
Ancorina n.sp X
Family Cathropellidae
Pachastrissa sp. X | x X
Order Hadromerida Family Chondrillidae
Chondrilla cf. sacciformis (Carter, 1879) X [ x | x |x [x [ x |x |x [x |X
Chondrilla cf. mixta (Lindgren, 1897) X
Chondrilla cf. macula Schmidt, 1870 X
Chondrosia corticata Thiele, 1900 X | x | x | x | x [x [x |x [X X
Chondrosia sp. X
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Family Clionidae
Cliona cf. celata Topsent, 1898 X
Cliona sp. X
Cliona sp. X
Family Spirastrellidae
Spirastrella n.sp. X
Spirastrella n.sp. X
Spirastrella vagabunda Ridley, 1884 X | x | x x | x X
Family Suberitidae
Suberites cf. incrustans Keller, 1891 X
Family Tethyidae
Tethya cf. fastigata Berquist & Kelly-Borges, 1991 X
Tethya cf. aurantium (Pallas, 1776) X
Order Poecilosclerida Family Microcionidae
Clathria (Microciona) aceratobtusa X
Clathria (Microciona) n.sp. X
Clathria (Wilsonella) n.sp X
Clathria (Thalysias) reinwardti Vosmaer, 1880 X X X X X X X X X
Clathria (Thalysias) vulpina (Lamarck, 1814) X
Clathria (Thalysias) toxifera X
Family Raspailiidae
Echinodictyum asperum Ridley & Dendy, 1886 X X X
Echinodictyum conulosum (Kieschnick, 1900) X X
Family Anchioidae
Phorbas cf. arborescens (Topsent, 1897) X | x | x | x [ x | x |x |[x [x
Family Coelosphaeridae
Coelocarteria singaporensis (Carter, 1883) X
Lissodendoryx cf. paucispinata (Ridley & Dendy, 1886) X
Lissodendoryx aspera (Bowerbank, 1875) X
Family Crambiidae
Neofolitispa ungiculata X
Family Hymedesmiidae
Stylopus sp. X
Family Myxillidae
lotrochota baculifera (Ridley, 1884) X
lotrochota cf. birotulata Higgin, 1877 X
lotrochota cf. purpurea Bowerbank, 1875 X
Family Tedaniidae
Tedamia cf. anhelans (Lieberkuhn, 1859) X
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Family Desmacellidae

Biemna fortis (Topsent, 1897)

x
x
x
x
x
x
x
x
x
x
x

Family Mycalidae

Mycale (Arenochalina) mirabilis (Lendenfeld, 1887) X

Mycale cf. monanchorata Burton & Rao, 1932 X

Mycale (Acamasina) cf. cavernosa Berquist, 1965 X

Mycale (Aegogropila) cf. macrosigma (Lindgren, 1897) X

Mycale (Aegogropila) cf. laevis Carter, 1882 X

Mycale (Mycale) cf. gelatinosa (Riley & Dendy, 1887) X

Mycale (Mycale) cf. tenuidpiculata Dendy, 1905 X

Mycale (Mycale) cf. orientalis Topsent, 1898 X

Mycale (Mycale) n.sp. X

Mycale (Mycale) pectinicola Hentschel, 1911 X

Mycale (Zybomycale) cf. parishii (Bowerbank, 1875) X X
Order Halichondrida Family Axinellidae

Axinella sp. X

Axinella sp. X

Family Halichondriidae

Amorphinopsis sp. X

Halichondria sp. X

Topsentia sp. X

Topsentia (Viles) ophiraphidites X

Order Haplosclerida Family Chalinidae

Gellius sp. X

Gellius sp. X

Haliclona cf. pigmentifera (Dendy, 1905) X

Haliclona n.sp. X

Haliclona n.sp. X

Haliclona sp. X

Haliclona sp. X

Haliclona n.sp. X

Haliclona n.sp. X

Haliclona n.sp. X X

Haliclona cymaeformis (Esper, 1794) X X

Haliclona cf. delicatula (Dendy, 1889) X

Haliclona nigra Burton, 1929 X

Haliclona (Adocia) muricata (Ridley, 1884) X X X

Haliclona (Adocia) n.sp. x | x

Haliclona (Adocia) n.sp. X
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Haliclona (Adocia) n.sp. X
Haliclona (Adocia) n.sp. X
Haliclona (Adocia) n.sp. X
Haliclona (Sigmadocia) cf. amboinensis (Levi, 1961) X X
Haliclona (Sigmadocia) n.sp. X
Haliclona (Toxadocia) violacea de Laubenfels, 1950 X
Haliclona (Toxadocia) n.sp. X
Katiba milnei de Laubenfels, 1954 X
Reniera (Reniera) sp. X
Reniera (Reniera) n.sp. X
Reniera (Reniera) n.sp. x | x
Reniera (Orina) n.sp. X
Reniera (Orina) n.sp. X
Family Niphatidae
Aka n.sp. X
Aka mucosa (Bergquist, 1965) X
Amphimedon cf. conica Brondsted, 1924 X X
Cribrochalina n.sp. X
Cribrochalina n.sp. X
Cribrochalina cf. koremella (de Laubenfels, 1954) X
Cribrochalina sp. X
Niphates n.sp. X
Niphates n.sp. X
Family Callyspongiidae
Callyspongia sp. X
Callyspongia n.sp. X
Callyspongia cf. muricata (Ridley, 1884) X
Family Phloeodictyidae
Oceanapia sagittaria (Sollas, 1902) X X X X X X X X X X X
Family Petrosiidae
Petrosia sp. X X | X X | X X X | X X X
Petrosia cf. crassa (Carter, 1880) X
Petrosia cf. similis (Ridley & Dendy, 1887) X
Petrosia cf. elastica (Keller, 1898) X
Petrosia cf. dura (Nardo, 1824) X
Xestospongia testudinaria (Lamarck, 1814) X | x | x | x [x | x |x |x [x |x |Xx
Xestospongia cf. testudinaria (Lamarck, 1814) X X
Xestospongia cf. burgquistia Fromont, 1991 X
Xestospongia exigua Kirkpatrick, 1900 X X X X
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Order Dictyoceratida Family Spongiidae
Hippospongia metachromia de Laubenfels, 1954 X
Hyattella sp. X X
Spongia n.sp. X
Spongia n.sp X
Spongia n.sp X
Spongia cf. officinalis Linnaeus, 1794 X
Family Irciniidae
Ircinia cf. dendroides Polejaeff, 1884 X
Family Thorectidae
Hyrtios erecta (Keller, 1889) X
Thorecta n.sp. X
Order Dendroceratida Family Dysideidae
Dysidae arenaria Bergquist, 1965 X
Family Darwinellidae
Aplysilla n.sp. X
Dendrilla rosea Lendenfeld, 1883 X X
Dendilla rosea digitata Brondsted, 1934 X
Family Halisarcidae
Halisarca cf. dujardini Johnson, 1842 X
Order Verongida Family Druinellidae
Pseudoceratina n.sp. X
Pseudoceratina sp. X
Family Aplysinidae
Aplysina ianthelliformis (Lendenfeld, 1888) X | x | x | x [ x | x |x |[x [x |Xx

u‘nﬁ@;ﬂ

miﬁnmmwwmﬂ%mwaaWaaﬁwﬁmé'l'ﬂa%ﬂuumﬂxm%'w'%nmdnvlwmﬁm:i’uaaﬂ wurasin
ﬁzdgu 126 e V\Iadﬁwﬁﬂﬁ'wumﬂ (common species) laud Cinachyrella australiensis (Carter, 1886),
Chondrilla cf. sacciformis (Carter, 1879), Chondrosia corticata Thiele, 1900, Clathria (Thalysias) reinwardti
Vosmaer, 1880, Phorbas cf. arborescens (Topsent, 1897), Biemna fortis (Topsent, 1897), Oceanapia sagittaria
(Sollas, 1902), Petrosia sp., Xestospongia testudinaria (Lamarck, 1814) W8 Aplysina ianthelliformis
(Lendenfeld, 1888) I@mjtﬁ?j’mmryﬁmmgmu’imumwhLﬂuWaaﬁwﬁmlm (new species) $11% 29 A
mianenluassilmunsonurasnirléunnninues McCauley et al. (1993) Fawuusamen Inedsaziuoan
9z Iuan LazNzIasuwaNl% 1IMNA 47 Tila (2 Subclass, 9 BuU, 25 ATAUATY) laswuLSmilsazSuaan
31wI% 14 e (2 Subclass, 5 aUAL, 10 ATOLATI) wenanii Hooper et al. (2000) Wwunastinsmen s ng
HanzTuoen H3aziuan UasnzLasua T nInua 66 THa (2 Subclass, 7 Suel, 24 Asaua) TagwuLsIM
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Abstract: Ecological Studies on Coral Communities in the Gulf of Thailand
Thamasak Yeemin, Nisit Ruengsawang, Saiprateep Asa, Parnhathai
Nopchinwong, Jamrearn Buaruang and Naphalai Jantraruk
Marine Biodiversity Research Group, Department of Biology, Faculty of Science,
Ramkhamhaeng University, Bangkapi, Bangkok, 10240

Coral reefs are among the most diverse ecosystems on the planet and provide important
economic benefits to coastal communities. This report presents the results of research concerning
the ecology of coral communities in the Gulf of Thailand. A new species of sponge, Petrosia sp.,
was found to be a hermaphroditic brooder. Most parenchymella larvae were released in the
morning and settled on a massive coral, Porites lutea. Petrosia sp. from Nok Island had a higher
fecundity than those from Khang Khao Island. A soft coral, Cladiella tuberosa, was determined to
be a gornochoric broadcaster. Its sex ratio was 1:1. There was high variation of polyp and colony
fecundities of this soft coral between study sites. Spawning occurred around September and was
asynchronous. The first severe coral bleaching phenomenon in the Gulf of Thailand in 1998
resulted in the interruption of gametogenesis in C. tuberosa and Petrosia sp. for several months.
An abundant sea urchin, Diadema setosum, clearly showed a relationship between population
density and body size. Bioerosion rates caused by D. setosum were higher in the shallow zones and
were 0.34-1.43 g CaCOs/individual/day or 1.64-5.5 kg CaCOs/m*/year. Recruitment of D. setosum
was observed mainly on dead coral fragments. A peak of sea urchin recruitment occurred during
July-October, 2001. The zoanthid, Palythoa sp., assimilated sediment at about 0.25 mg/cm2 in its
mesoglea and plays a major role in the calcium carbonate budget of coral communities. Our
findings provide basic knowledge for coastal resource management.

Key words: Gulf of Thailand, coral, bioerosion, sea urchin, sponge, zoanthid
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Species Diversity and Abundance of Rhizostome Scyphozoans (Phylum
Cnidaria) along the Coasts of Chon Buri and Phetchaburi Provinces

Nontivich Tandavanitj and Ajcharaporn Piumsomboon
Department of Marine Science, Faculty of Science, Chulalongkorn University, Bangkok 10330, Thailand

This study focuses mainly on the species diversity, as well as the abundance, of
rhizomedusae along the coasts of Chon Buri and Phetchaburi Provinces, where jellyfish harvesting
is carried out annually. Sampling was conducted from December 1999 to December 2000 in the
Inner Gulf of Thailand. Six species of rhizomedusae were found: Cassiopea andromeda (Forskal,
1775), Acromitus flagellatus (Maas, 1903), Acromitus hardenbergi, Catostylus townsendi Mayer,
1915, and two well-known commercial species, which are Lobonema smithii Mayer, 1910 and
Rhopilema hispidum (Vanhoffen, 1888). R. hispidum was predominantly found along the coast of
Chon Buri Province while L. smithii was found exclusively along the coast of Phetchaburi
Province. The highest abundance of rhizomedusae occurred in March 2000 (> 23 individuals-/ 10*
m~) and November 2000 (> 302 individuals -/ 10* m™) for Chon Buri and Phetchaburi,
respectively. Among the 6 species obtained, A. flagellatus, a relatively small noncommercial
species, was the most common species found in both provinces and yielded the highest abundance
in terms of density (> 300 individuals -/ 10* m™ in November 2000). The environmental factors,
salinity, water current, and zooplankton concentration, as well as the life history of the medusae
themselves, affected the abundance and size structure of rhizomedusae in both provinces.

Key words: Rhizostomeae, biodiversity, jellyfish

Introduction

Scyphomedusae, commonly known as jellyfish, are organisms belonging to the phylum
Cnidaria and class Scyphozoa. This particular class is divided into four orders, which are the
Stauromedusae, Coronatae, Semeostomeae, Rhizostomeae. Scyphomedusae are exclusively marine
and are often large in size, ranging from 2 to 40 centimeters in diameter. There are approximately 200
species of scyphozoans inhabiting pelagic habitats, from surface to deep waters, as well as coastal
waters of all oceans, from the Poles to the Tropics. This study is focused primarily on scyphomedusae
belonging to the order Rhizostomeae.

Rhizostome medusae are distinguished from jellyfish in other orders by the lack of tentacles
along the edge of the bell and the branched oral arms of the manubrium bearing deep folds into which
food is passed to the mouth. They are generally found in tropical and subtropical shallow waters.
Within the order Rhizostomeae, there are 8 families encompassing a total of 22 species (Arai, 1997).
Four of the eight families of rhizomedusae are restricted to the Indo-West-Pacific regions, with few
genera being common, such as Cassiopea, Rhizostoma, Mastigias and Stomolophus (Barnes, 1987).

Regardless of the presence of nematocysts (stinging cells), rhizomedusae are subjected to
human consumption. In addition to their ecological importance as major predators of zooplankton and
fish larvae, as well as being the food source for a variety of marine animals including nudibranchs and
marine turtles, rhizomedusae are known for their medicinal and economical importance. In China,
jellyfish are believed to possess medicinal properties that relieve pains associated with urinary bladder
infections and cramps. Omori (1981) reported that the main sources of jellyfish used by humans are
from China, the Philippines, Thailand, Malaysia, and Indonesia (Arai, 1997).

In Thailand, jellyfish have been harvested for more than 20 years. The species that are
commonly harvested are Rhopilema esculenta, Mastigias spp., and Lobonema smithii. In addition,
Boonyanej (1979) reports Rhopilema hispidum as a commercial species. Rhizostome jellyfish are
found in abundance during March, and also between August and September, along coastal areas of the
eastern provinces including Chon Buri and Rayong. Along the western coast of the Gulf of Thailand,
1.e. Phetchaburi, they are found between October and November. Jellyfish are collected 2 to 4
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kilometers offshore. By means of dip nets, a fishing boat may earn up to 2,000-3,000 baht per day.
Jellyfish fisheries are now spreading to some southern provinces i.e. Phang Nga, Phuket, Krabi, and
Pattani. In the past, between 1983 to 1990, there was a reduction in demand, particularly in Japan. At
present, however, there is an increase in demand because new markets have opened in Korea, Taiwan,
Malaysia, Singapore, Europe, and America. Most exported products are already processed and dried
(Sirirattanachai, 1994). In 1996, the value of jellyfish exported from Thailand was 40 million baht
(Department of Fisheries, 1996).

Despite their importance to ecosystems and to the fishery economy, most information
regarding the species diversity of rhizomedusae are limited to a few commercial species. In order,
therefore, to assess species diversity, the sole purpose of this research is the systematic sampling of
rhizomedusae along the coast of Chon Buri and Phetchaburi Provinces, where there are intensive
fisheries for jellyfish. Furthermore, to gain insights on the annual distribution and abundance of
different species of rhizomedusae, physical and biological environmental parameters will be
monitored as well.

Methodology
I. Scyphomedusae

For systematic sampling, a fishing boat equipped with a push net (mesh size = 0.5 inch,
mouth width = 12 meters), operating at an approximate speed of 3 to 4 km/hr, was chosen rather than
the conventional dip nets commonly used by fishermen. At each location, Chon Buri and Phetchaburi,
a total of three sampling transects running parallel to each other, at approximately half a kilometer
apart and perpendicular to the shoreline were established (Figure 1). The length of each transect was
approximately 10 minutes. At the end of each tow, the net and its contents were retrieved. All
medusae were fixed in 10% buffered formalin solution (UNESCO, 1976). All specimens obtained
from the tows were transported back to the laboratory. For those few months when the numbers of
specimens obtained were extremely large,
each specimen was measured for weight
and bell radius. Representatives of the \\
specimens were then selected and fixed to
be transported to .the laboratory. After 7 |3 I'ppetchaburi o =
to 10 days, specimens were transferred
into a preserving solution. To prevent
immediate loss of water, specimens were
first transferred to 30% ethanol solution
for approximately 1 week prior to transfer
to 70% ethanol solution (Omori and
Ikeda, 1984). All medusae obtained from
the field were measured for weight and
bell diameter. Specimens were examined
by their physical characteristics and
identified. Specimen identification was N
accomplished using existing taxonomic
keys (Cornelius, 1995). Sampling was I
conducted at each location once a month,
during daytime spring tide, for a period of T I
13 months from December 1999 to 100 102
December 2000. Figure 1. Map of offshore sampling areas at Baan Laem,

Phetchaburi and south of the Bangpakong River’s
mouth, Chon Buri, Thailand.

=)o Chon Buri

Gulf of Thailand n

11—

I1. Environmental parameters
At the beginning and the end of each ten-minute tow, vertical zooplankton samplings were
conducted using a standard zooplankton sampling net with mesh size of 330 um and equipped with a
flow meter. Samples were immediately fixed in 4% buffered formalin. Each zooplankton sample was

BRT Research Reports 2002 (_1/_(;7) Tonumsiaslulasins BRT 2545
wlERT



sorted and identified into major groups, i.e. copepods, fish larvae, amphipods etc., and individuals
counted under a stereomicroscope. Other parameters that were measured included transparency,
depth, salinity, pH, dissolved oxygen, and temperature. On-site records included geographical
coordinates of the starting location and terminating location of each tow, trawling depth, dimensions
of net, and notes on atmospheric and ocean conditions.

Results and Discussion

After 13 months of field sampling, a total of 6 species of rhizomedusae were identified. They
are Acromitus flagellatus (Maas, 1903), Acromitus hardenbergi, Cassiopea andromeda (Forskal,

1775), Catostylus townsendi Mayer 1915, Lobonema smithii Mayer 1910, and Rhopilema hispidum
(Vanhoffen, 1888) (Table 1).

Table 1. Species, size range, and months of maximum abundance of rhizomedusae at Chon Buri and Phetchaburi
Provinces. (*economic species, **extra sampling outside the usual sampling areas)

Chon Buri Phetchaburi
Species Size Range (cm) | Max. Abundance | Size Range (cm) | Max. Abundance

Cassiopea andromeda 1.9-15.0 March 2000 1.1-26.0 June 2000
Acromitus flagellatus 2.1-16.0 March 2000 2.0-16.8 November 2000
Acromitus hardenbergi 2.8-10.0 March 2000 2.5-14.0 October 2000
Catostylus townsendi Not found Not found 3.0-12.0 August 2000
Lobonema smithii* Not found Not found 24.0-53.0 July 2000
Rhopilema hispidum * 16.1-54.0 August 2000%* 15.5 July 2000

The species diversity was greater at Phetchaburi Province than at Chon Buri Province (Table
1). A total of 6 species were identified from Phetchaburi while 4 species were identified from Chon
Buri’s samples. Among the 6 species that were determined in this study, Lobonema smithii and
Catostylus townsendi were not found at Chon Buri Province.

At Chon Buri Province, rhizomedusae occurred in highest abundance (> 23 individuals -
10* m®) during the month of March 2000 (Figure 2). Relatively smaller numbers of rhizostome
specimens (< 3 individuals - 10* m™) were found in January, February, May, and October 2000. No
rhizostome specimens were found in other months. In contrast, the highest abundance at Phetchaburi
Province occurred during the month of November 2000 (> 300 individuals - 10* m'3) (Figure 3). In
addition, more than 25 individuals - 10* m™ of specimens was obtained in June and October 2000. No
rhizomedusae were found during the months of March and September 2000. Interestingly, the

abundance of medusae was more than 10 times higher in magnitude at Phetchaburi Province than at
Chon Buri Province.
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Figure 2. Abundance of rhizomedusae at Chon Buri Province from December 1999 to December 2000.
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Figure 3. Abundance of rhizomedusae at Phetchaburi Province from December 1999 to December 2000.

The differences in abundance, and species diversity, between the two sampling areas may be
best explained through population dynamics, in terms of reproductive strategy, coupled with surface
current patterns, food availability, fishing pressure, and environmental factors, such as salinity, in the
Gulf of Thailand.

A typical cnidarian life cycle, characterized by alternation of generations, involves free-
swimming medusoid individuals, which produce eggs and spermatozoa. Fertilization results in
zygotes that will eventually develop into the planula larvae. After settlement onto the substratum, the
planula larvae develop into polyps, which will undergo asexual reproduction and evolve into the
medusoid forms, completing the life cycle. The benthic stages, reproducing asexually, are able to give
rise to numerous individuals, which will contribute largely to the recruitment and population
continuity of species. Differential reproductive success, specifically in the asexual stages, would
probably contribute to the abundance of the medusae at each locale. The medusae, which are
planktonic and are carried by surface currents, have evolved for better dispersal of the species (Hardy,
1971). It is highly possible that the parental stocks for Chon Buri and Phetchaburi Provinces originate
in different areas, resulting in the variation in species diversity that was observed. The muddy bottom
of the Inner Gulf of Thailand is unsuitable for the attachment and development of the benthic stages.
Thus, the medusae were likely transported from outside into the Inner Gulf by currents. In fact, during
the month of March, the current flows northward along the western part of the middle Gulf, and
eastward at the upper part of the upper Gulf (Buranapratheprat and Bunpapong, 1998). It can be
assumed that the young ephyrae were carried by the current and matured when they reached the
coastal waters off Chon Buri Province, resulting in the high abundance that was observed. If this was
the case, scyphozoan larvae should be present in the zooplankton samples obtained from the western
part of the Gulf, or at Phetchaburi Province, a few months prior to the peak of rhizomedusae at Chon
Buri Province. However, scyphozoan larvae were first observed at Phetchaburi Province in July 2000
(Figure 4). In the same manner, in November when rhizomedusae were found in highest abundance at
Phetchaburi Province, the direction of flow at the most northern part of the Upper Gulf changes from
eastward to westward (Buranapratheprat and Bunpapong, 1998). Zooplankton data revealed the
presence of scyphozoan larvae at Chon Buri Province in July 2000 (Figure 4). Thus, it is plausible
that these larvae were transported to the western part of the Gulf by currents as they grew, resulting in
the peak of abundance of rhizomedusae observed in November 2000.
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Figure 4. Abundance of scyphozoan larvae at Chon Buri and Phetchaburi Provinces from December 1999 to

December 2000.

Besides the current, a
physiochemical factor, which
affected the abundance of
rhizomedusae, appeared to be
salinity. The average salinity at
Chon Buri Province fluctuated
severely through out the sampling
period. The highest average
salinity was observed in February
(31.5 £ 0.1 psu) and the lowest
was observed in June 2000 (0.3 £
0.0 psu). During the period of
low salinity in June and July
2000, either none or less than 5
individuals 100 m® of
scyphomedusae was  obtained
from sampling (Figure 5A).

At Phetchaburi Province,
on the other hand, the highest
value of salinity was observed in
March (32.2 =+ 0.1 psu) and the
lowest in October 2000 (19.9 =+
0.9 psu). The fluctuation of
salinity did not appear to be
related to the abundance of
rhizomedusae at  Phetchaburi
Province (Figure 5B).
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Scyphozoans are euryhaline, and are able to tolerate a wide range of salinity. The medusae,
scyphistomae, and planulae of Rhopilema esculenta (order Rhizostomeae) can survive in varying
salinity of 8, 10, and 12 ppt, respectively (Arai, 1997). In a study of biomass and size structure of the
scyphomedusae Aurelia aurita in the northwestern Black Sea, Weisse and Gomoiu (2000) revealed
that abundance and biomass of medusae were unrelated to temperature and salinity when salinity
exceeded 13 ppt. Biomass was relatively low at coastal stations where salinity dropped to less than 11
ppt. Evidently, the salinity values at Chon Buri Province between June to September 2000 were much
lower (near O psu) than the tolerable range for rhizostome jellyfish. In 1998, the salinity at the mouth
of the Bangpakong River was also O ppt (Burapha University, 1998). The freshwater input from the
Bangpakong River, situated north of the monthly sampling area, resulted in the low salinity that was
observed. In order to confirm this speculation, an extra sampling was carried out further south of the
usual sampling area off the coast of Chon Buri Province during August 2000. The average salinity of
that particular area was 16.3 = 0.6 psu. At the end of a tow that lasted for one hour and thirty minutes,
a total of 49 specimens (1.80 individuals - 10* m™) of Rhopilema hispidum, an economic species, were
found. Thus, it can be concluded that the extremely low salinity affected the presence, and magnitude
of abundance, of rhizostome scyphozoans at Chon Buri Province.

A biological factor, which appeared to be related to the abundance of rhizomedusae at Chon
Buri and Phetchaburi Provinces, was zooplankton concentration. During the summer of 1986, in the
Lebanese coastal waters, a high production rate of phytoplankton resulting in high zooplankton
biomass, high temperature, salinity, and water transparency are believed to be factors responsible for
aggregations of Rhizostoma pulmo. The outburst of zooplankton was characterized by Chaetognatha,
Appendicularia, Cladocera, and other meroplanktonic larvae (Lakkis, 1991). At Chon Buri Province
(Figure 6A), the highest zooplankton concentration occurred during the months of November 2000
(716,569 individuals - 10> m™), where the major fraction of zooplankton were copepods, while the
lowest concentration was observed in October 2000 (71,703 individuals - 10* m”). Preceding the peak
of rhizomedusae, in February 2000, the peaks of few zooplankton prey items were observed. They
were polychaetes, barnacle larvae, gastropods, larvaceans, and fish larvae. During the month of
March 2000, where the peak of rhizomedusae abundance was observed, a large fraction of the
zooplankton population was composed of fish eggs and larvae (91,494 individuals - 10* m”). In April
2000, the total concentration of zooplankton had decreased dramatically. In addition, the
concentration of fish eggs and larvae had decreased to 23,932 individuals - 10* m™. This is believed to
be a result of the predatory impact by scyphomedusae. Fancett and Jenkins (1988) reported that the
impact, in patches, of predation by scyphomedusae, Cyanea capillata, reached 2.8% day™ of fish eggs
and larvae.

In comparison, at Phetchaburi Province (Figure 6B), preceding the peak of the highest
rhizomedusae abundance in November 2000, the highest zooplankton concentration was observed
during October 2000 (2,734,438 individuals - 10> m™). The majority of the zooplankton were decapod
larvae and copepods. In fact, the peak of rhizomedusae at Phetchaburi Province followed the peak of
several groups of zooplankton prey items, including hydromedusae, ctenophores, polychaetes,
barnacle larvae, gastropods, copepods, shrimps and larvae, crabs and larvae, larvaceans, and fish
larvae. During November 2000, and thereafter to the end of the year, the concentration of copepod
and decapod larvae severely decreased (by approximately half in November). Once again, it is highly
plausible that the decrease in zooplankton concentration was a direct result of the predatory impact of
rhizomedusae. Fancett and Jenkins (1988) had revealed that Cyanea capillata and Pseudorhiza
haeckeli can consume a maximum of 1.6% day™ and 4.8% day™' of copepods, respectively.

Although the results of this study demonstrated that salinity and zooplankton concentration are
directly related to the abundance of rhizomedusae, it is possible that these factors play important roles
in governing the abundance of rhizomedusae indirectly. As mentioned earlier, a typical cnidarian life
cycle involved the planktonic stages as well as the benthic polyp stages. The development and
survival of these stages are crucial and contribute largely to the survival and abundance of the
planktonic stages. In the Gullmar Fjord, western Sweden, it was reported that the scyphistomae of
Aurelia aurita develop during the period of maximum food availability, encouraging asexual
reproduction and release of ephyrae. In contrast, Cyanea capillata’s scyphistomae develop during
winter and early spring where there is minimum zooplankton biomass (Grondahl and Hernroth, 1987).
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Brewer and Feingold (1991) revealed that, in an experiment, transfer from low to high temperature
induced podocysts (cysts produced by the polyps) formation in Cyanea capillata and transfer from
high to low temperature led to excystment of podocysts as well as strobilation of polyps to form
ephyrae. In the Niantic River estuary, Connecticut, field observations of the benthic stages agreed
with laboratory results. In Chesapeake Bay, ephyra and polyp production of Chrysaora quinquecirrha
was relatively lower for salinity lower than 11 ppt and higher than 25 ppt (Purcell et al., 1999).
Moreover, Cassiopea xamachana, a tropical jellyfish, has cold-sensitive scyphistomae and
temperature-tolerant medusae, which are found year round (Fitt and Costley, 1998). Since this study
was conducted in the tropics, where there is very little change in annual temperature, factors that affect
the benthic stages, which in turn affect the abundance of rhizomedusae would be salinity, food
concentration, and type of substrate available for settlement of planula larvae.
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Figure 6. Abundance of zooplankton at (A) Chon Buri and {B) Phetchaburi Provinces from December

1999 to December 2000.
Besides the abundance, the  Table 2. Sexual maturation stages of 6 species of rhizomedusae
gonads of each species and varying obtained from this study. i
sizes of rhizomedusae were analyzed : Species Bell D'a“‘;‘:' (cm)
for size at sexual maturation. The Camof?ea andromeda 15,
. Acromitus flagellatus 8,14

results suggested that each species . ,

hed . ; &iff Acromitus hardenbergi 7
r(_ﬁac e seyfua maturation at .1 erent Catostylus townsendi 6. 12
sizes. This can be summarized as Lobonema smithii ~ 24
follows (Table 2): Rhopilema hispidum > 15

Along with this information, the effects of surface current (Appendix 1), salinity, food
abundance, and reproductive strategy are more apparent when the size distribution of each species of
rhizomedusae are analyzed separately. For instance, in Cassiopea andromeda, which was found at
both Chon Buri and Phetchaburi Provinces (Table 1), a wide range of size classes was observed in the
same month (Figure 7 and 8). The planula larvae of the up-side-down jellyfish, Cassiopea
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surrounding environment of both sampling sites, with mangrove forests along the coasts, would be
ideal for settlement and development of C. andromeda larvae. It is possible than the life cycle of
C. andromeda evolves within the mangrove forest.
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Figure 7. Size class distribution of Cassiopea andromeda at Chon Buri Province from
December 1999 to December 2000.
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From the gonad analysis, C. andromeda reached sexual maturation at the size of
approximately 15 cm in diameter and another maturation at 26 cm in diameter (Table 2). At Chon
Buri Province (Figure 7), in January 2000, the largest size of C. andromeda obtained from sampling
was 15 cm, at which sexual maturity was observed. In February and March 2000, scyphozoan larvae
were observed in zooplankton samples (Figure 4). Thereafter, the size distribution of specimens was
between 2 cm to 7 cm. At Phetchaburi (Figure 8), in December 1999, the sizes of specimens were
smaller than 5 cm. However, in January 2000, specimens larger than 15 cm were obtained.
Furthermore, in April 2000, specimens larger than 26 cm were obtained. The reproduction of these
sexually matured individuals would likely have resulted in the presence of smaller size classes
observed throughout the rest of the sampling period. The reproduction of this species at both Chon
Buri and Phetchaburi Provinces did not appear to coincide with the peak of abundance of any
zooplankton group. This is due to the fact that C. andromeda are able to attain nutrients from
symbiotic algae, or zooxanthellae residing in their tissues. Thus, zooplankton concentration may not
play an important role in governing the reproduction and abundance of this species.

Similar to C. andromeda, Acromitus flagellatus was also found at both Chon Buri and
Phetchaburi Provinces. A. flagellatus appeared to reach sexual maturation at approximately 8 cm and
at 14 cm (Table 2). Contrary to C. andromeda, monthly surface current (Appendix 1) played an
important role in the abundance of A. flagellatus found at each sampling location (Figure 9 and 10).

A. flagellatus specimens were first obtained at Phetchaburi Province in January 2000 and the
sizes of specimens were smaller than 8 cm. Thereafter, no specimens were found at Phetchaburi until
April 2000. However, specimens larger than 14 cm were found at Chon Buri in February 2000. It is
possible that specimens were either transported from Phetchaburi to the southern or the eastern part of
the Gulf by currents. Those that were transported to the eastern part of the Gulf may be trapped within
the gyre that occurs between November to February. This resulted in a shift to a larger size class from
January 2000 at Phetchaburi to February 2000 at Chon Buri Province. The reproduction of sexually
matured individuals at Chon Buri in February 2000 resulted in the smaller size classes observed in
March 2000 at Chon Buri.

According to the current pattern, specimens found at Chon Buri in March 2000 were likely
transported to Phetchaburi in April 2000. This is evident in the shift of size class from 3-7 cm at Chon
Buri to 8-10 cm at Phetchaburi. In addition, reproduction of sexually matured individuals, size > 8
cm, found at Chon Buri in March 2000, as well as populations further south, would result in the small
individuals, sizes 4 to 8 cm, found in May 2000 at both locations. It is highly possible that this
transportation of specimens back and forth, between the western and eastern sides of the Gulf,
occurred throughout the rest of the year. Nonetheless, no specimens were obtained at Chon Buri after
May 2000. It is suspected that the freshwater input from the Bangpakong River during the rainy
season, coupled with the strength of the discharge, had transported specimens to a location further
south of the sampling area.

After May 2000, at Phetchaburi Province, there was a shift to a larger size class and specimens
larger than 14 cm were obtained. It was expected that the reproduction of these sexually matured
individuals would likely result in smaller juveniles in June 2000. However, no specimens were found
in June 2000. Nonetheless, the results of zooplankton concentration revealed a high abundance of
scyphozoans larvae at Phetchaburi Province in June 2000 (Figure 4). In fact, these larvae were smaller
than the mesh size of the push net used for sampling. A shift from juveniles, 3-7 cm, to larger
individuals, 9-15 cm, was observed for the rest of the sampling period.

Since specimens of Lobonema smithii and Rhopilema hispidum, both economic species,
obtained from the field were large specimens, sexual maturation was observed in the smallest size
obtained. In L. smithii and R. hispidum, oocytes were observed in specimens larger than 24 cm and 15
cm in diameter, respectively (Table 2). L. smithii were found only at Phetchaburi Province and
specimens were obtained only in June and July 2000. In addition, the smallest sized specimens
(approximately 15 cm in diameter) obtained were already sexually mature. Since L. smithii is an
economic species, they were subjected to intense fishery during July 2000. The data of gonad
development of this particular species did not imply whether L. smithii can reproduce more than once
during their life cycle since specimens were obtained in only 2 months out of the 13-month sampling
period. Indeed, if they reproduce only once during their life span, fishing prior to or during
reproductive periods may result in a future decrease in populations. Likewise, all R. hispidum
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specimens obtained from both Chon Buri, outside the usual sampling areas in August 2000, and
Phetchaburi Provinces (only in July 2000) had already reached reproductive maturity. Relatively
smaller specimens (= 15 cm in diameter) were found in July 2000 at Phetchaburi Province and larger
specimens (> 15 cm in diameter) were obtained at Chon Buri in August 2000. Specimens were
possibly transported by currents upward along the coasts of Samutsongkram and Samutsakorn
Provinces and down along the coast of Chon Buri Province during these two consecutive months. Similar
to L. smithii, this particular species is also an economic species and are subjected to intense fishing.
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Figure 9. Size class distribution of Acromitus flagellatus at Chon Buri Province
from December 1999 to December 2000.

In general, when comparing the sizes of the same species of rhizomedusae obtained at the two
provinces, the size of medusae at Phetchaburi Province appeared to be larger than that of Chon Buri
Province. For instance, the largest Acromitus flagellatus found were 12.5 cm and 16.8 cm in diameter
at Chon Buri and Phetchaburi, respectively. The largest A. hardenbergi found were 7.9 cm at Chon
Buri and 14.0 cm at Phetchaburi (Table 1).

There are many factors, which are believed to affect the size distribution of medusae. In
Namibia, the size structure of Chrysoara hysoscella changed with both depth and distance offshore.
Medusae that were found inshore, and at the surface, were significantly smaller than at depths greater
than 30 m. These medusae were also smaller than those obtained from surface waters further offshore
where bigger and more mature individuals were found (Buecher et al., 2001). In the northwestern
Black Sea, Weisse and Gomoiu (2000) observed that there was a difference in the size structure of
Aurelia aurita at inshore and offshore stations. Relatively smaller sized individuals were found at the
inshore stations compared to those found offshore. Since the depths of both sampling areas were
considerably shallow, approximately 1-3 m, depth can be disregarded as affecting the size structure of
rhizomedusae in both locations.
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Figure 10. Size class distribution of Acromitus flagellatus at Phetchaburi Province from December 1999 to
December 2000.

Food concentration and water circulation in the inner Gulf are believed to affect the size
structure of medusae at Chon Buri and Phetchaburi Provinces. In Aurelia aurita, an experiment had
shown that food availability governed both the maturation process as well as individual growth. While
food scarcity reduces the growth rate, energy is allocated towards reproduction, which occurs at a
relatively smaller size than well-fed medusae (Ishii and Bamstedt, 1998). Lucas (1996) observed a
similar trend in Horsea Lake, England. Abundance of Aurelia aurita was limited by numerically and
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species-poor mesozooplankton community. However, small-sized medusae were able to reach sexual
maturity and reproduce. Here, medusae appeared to partition the available food resources into either
somatic growth, when food was abundant, or reproduction, when food was scarce. As mentioned
earlier, the general size of rhizomedusae appeared to be relatively larger at Phetchaburi compared to
Chon Buri. At the same time, the zooplankton concentration at Phetchaburi was relatively higher in
magnitude than at Chon Buri (Figure 6).

There was a peak in several zooplankton groups preceding the reproductive period of each
species of rhizomedusae. Prior to the reproductive period of A. flagellatus at Chon Buri Province,
which occurred in March, peaks of fish larvae and gastropods were observed in February 2000.
Likewise, the November reproductive period of A. flagellatus at Phetchaburi Province was preceded
by the peaks of chaetognaths, polychaetes, barnacle larvae, hydromedusae, ctenophores, copepods,
shrimp larvae, crab larvae, and fish larvae in October 2000. However, rhizomedusae at each sampling
location appeared to reach reproductive maturity at approximately the same size. Thus, surface
current, coupled with life history of each species, was probably responsible for the difference in sizes
observed at both sampling locations.

Conclusions

After 13 months of sampling south of the Bangpakong River’s mouth, Chon Buri Province,

and along the coast of Baan Laem, Phetchaburi Province,

1. A total of 6 species of rhizomedusae (Cnidaria, Scyphozoa) were found. They are
Cassiopea andromeda (Forskal, 1775), Acromitus flagellatus (Maas, 1903), Acromitus
hardenbergi, Catostylus townsendi Mayer, 1915, Lobonema smithii Mayer, 1910, and
Rhopilema hispidum (Vanhoffen, 1888).

2. All 6 species of rhizomedusae were found at Phetchaburi Province. In comparison, only 4
species were found at Chon Buri Province. C. fownsendi and L. smithii were not obtained
from Chon Buri’s samplings.

3. The highest abundance of rhizomedusae occurred during March 2000 and November
2000 at Chon Buri and Phetchaburi, respectively. When the abundances at both locations
were compared, the abundance at Phetchaburi Province appeared to be higher in
magnitude than the abundance at Chon Buri Province.

4. Factors believed to affect the abundance of rhizomedusae at the two provinces are water
current, salinity, food concentration in term of zooplankton concentration, and the life
history of each species.

Apart from their important roles as economic species in the jellyfish fishery industry,
rhizostome scyphozoans are also considered an integral part of the marine ecosystem. Their predatory
behaviors are believed to pose major impacts on the fish stocks of economically important species. In
order to establish a better understanding of these complex animals as well as conservation for
sustainable utilization of this fishery resource, more information regarding the ecology, growth rate,
and reproductive biology of rhizomedusae is extremely crucial. Knowledge of growth rate, in addition
to information on the polyps and the benthic stages, will be useful in the understanding of the complex
life cycle of these organisms.
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Appendix

Appendix 1. Water circulation in the Upper Gulf of Thailand (Sojisuporn and Putikiatikajorn, 1998).
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ﬁagﬁﬁmm%’mmaﬂmnmmwaqa AMPHIDROMUS

andnd fTamn', S3¢ndr g33¢’, Ulusa neaifia’, won sudasad® uaznaddnd waiaus’
mmm-rn’mm aninmmant emssnsolumingds wadnaiu NIANWY 10330
aﬂmuummﬂmmnwm finayinEmiwgnsramd nsuh 1l waegdns NTUNWY 10900
‘mungnemaaimaaziusen (futan) sunnnuenaasth ey nsudaly LTATGINT NTINWY 10900

Abstract: Blogeography of the camaenid land snail genus Amphidromus
Somsak Panha', Chirasak Sutcharit' Plyoros Thongkerd', Pajon
Thanamntramanee and Phongsak Phonsena
Depanrncnt of Biology, Faculty of Science, Chulalongkorn University, Pathumwan, Bangkok
10330, *Phuieu Waterfall National Park, Namral Resources Conservation Office, Royal Forest
Department, Chatuchak, Bangkok 10900, *Eastern Botanic Garden (Khao Hinson), Forest
Botany Division, Royal Forest Department, Chatuchak, Bangkok 10900

An analysis of the evolutionary relationships among tree snails in the genus Amphidromus,
a genus endemic to southeast Asia, was conducted using past taxonomic information and recent
specimen collections. The shell morphology and anatomy of genitalia were investigated in sorme
species. Two subgenera are clearly distinguished. Shell morphology seems to have geographic
specificity and seems related to past geological changes, e.g., Amphidromus (Amphidromus)
atricallosus, A. (A.) perversus, A. (A.) siminis are all distributed in almost the same area in
Thailand, Malaysia, Sumatra, Java, Bali, Lombok and Borneo. Palawanian species were more
closely related to those of mainland southeast Asia and Borneo than to Philippine species.
Geographical analysis showed that Wallace’ s Line and Huxley’ s modification of Wallace’ s Line
can be utilized for clearly separating the two sub-genera. Data from distribution patterns and past
geological changes were used for developing a hypothesis that the two subgenera originated on the
mainland not more than ten thousand years ago. When the rising sea levels occurred, most areas
were separated and many islands appeared. The subgenus Syndromus survived on islands while
Amphidromus preferred the mainland. However the two subgenera do co-exist on the mainland
and large islands in many areas.

Key words: Thailand, Southeast Asia, Camaenidae, Amphidromus, distribution
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Sallwszaunuromeaiuld unanmumiwuuum‘lwaﬂmu (Pleistocene river) auuuwummm Fasiauin
'n-twum‘lﬂmuﬂumnmuma=] AR 'I.m-n*ummumm':’m (Palawan chain) 'lmm WIRTH UARILNA
uszmaiun Ierandruluiunibivafayiing mmﬁmm‘l,uaﬂmmmmuumﬂumwuw BIgUAN FUNG
y ] ' =t = [ > o A s P
nnauaufiuanmyimanueanainuasiinifizdunnuinuasimasifies 140 wat Twaneiyinmiug
ala P ¢ a \ o a & , \ - a o
s dUTusuannuafifivalandeinnuidanudnuinndn 280 e sugndunlilddiuadduuan
gquanluszoz wadlaBuminususnuiainuefiii

3. nsnIEv BN NpAAaaiyas Amphidromus
. - asd v dwvae . f
ULULHWMSNTZANLVBIMBEMNEILNUANA Amphidromus SwaurDTsnIuAfinuninats win
A 1 1 =l ar [ a o~ »
Amphidromus perversus AuwinIzBagLUMETN U WME uazgnaT Taatuwuidluinnuinnudnmeunats
' . a a . . v a a ¢ A =
199 1w Ju wzwin Wiz A atricaliosus uwinszipagfidsanalne ey wssiealds Snwuidudwou
wnuFnmmusalidne g i f aewhin wie giow lwemwihmsumdeswuituiy widiliuukasann
o I’ 2 . W - o = = o
Tywmwasmyianelll nmsliaugesassiinudan  assssumsfinmfidinenvanduednunn Tayalu
At = a , N Eda o A a w o & a &
vazitudwAvanmaenziuiiu nsfinmeidiadunnfududoysiauysabnnbiu
HawiAdnlan Panha et al. (2001) ldsmInszaipuasvauans Amphidromus usungulnaig
L = 1 1 z 1 | S ] :
lagld Huxley' s modifications of Wallace' s Line iiulduuiiswanisnizanga aymaunImunguld deyadelui
& A 4 AW & w @ <
dunuaainsnezaisaadiud 11 19 Alduddliuiadund (@799 2)

o P o % Y a f a o w
ATV 2. NTNIEAUDINED Amphidromus WU ARATIANLENET AI88149 uﬂ:ﬂ’ﬁ')aﬂl“ﬂﬂ?u“
region| NM NEM CL TLD T™MP SEL SL SW PH LS NA

species

A. adamsii - - - - - - + - - - -

A. alticola - - - - - - + - - - -

A. annae - - - - - - - + - - -

A. areolatus - - - + - - . - - - -

A. asper - - - - - + - - - - -

A. atricallosus - - + + + - - - - - -
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7Tt 2. (90)

species

region

CL

TLD

T™MP

SEL

SL

SwW

PH

LS

NA

A. banksi

A. beccarii

h-Y

. begini

. bulowi

. cambojiensis

. centrocelebensis

chloris

. classiarius

. cochinchinensis

. coeruleus

. cognalus

. collumellaris

comes

. confrarus

. costifer

. cruentatus

. dautzenbergi

dohmi

. enganoensis

. entobaplus

. filozonatus

. Ravus

. Roresianus

. fultoni

. furcillatus

. glaucolarynx

. haematostomus

. heerianus

ilsa

S N N N I B N [ N [N N B N N [N N N N [ N N N I N B N [N

. inconstans

A. ingens

A. inversus

A. janus

A. javanicus

A. kruiti

. laevus

. lacsianus

. latestriagatus

. lindstedti

. maculatus

. maculiferus

Db > (b

. martensi

ormwmsinlulazimT BRT 2545
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15N 2. (9)

ragion

species

NEM

CL

TLD

T™MP

SEL

SL

SwW

PH

LS

NA

A. masoni

A. metabletus

A. mirandus

. moniliferus

. mouhoti

. mundus

. palaceus

. pattinsonae

. PErversus

pictus

. placostylus

. poecilochrous

. porcellanus

. principalis

. quadrasis

. reflexilabris

rhodostylus

roseolabiatus

schomburgki

semifrenatus

semitesselfatus

. similis

. Sinensis

. sinitralis

. smithii

. sumatranus

. syitheticus

. tanyai

. ventrosulus

. waterstraati

webbi

. winteri

. xiengensis

+

+

P N I I N RN N R U N N N N SO NG S N N N N B N N N N N N B N

. zebrinus

+

Total species

3

1

2

18

17

24

8

Wome: NM = efiTugenawniie; NEM =

P o - a - Pl
Lmﬂﬂgm:’maanmmmua; CL = wansuaaunais; TLD = l'l.lﬂﬂﬂ]JEJ\lﬂLI-

' = a v
a1 TMP = wﬂmﬂﬁﬂmwmua:muq&m‘:umg; SEL = efimunzineandiodld; SL = LUATUA; SW = 1A,

PH = L'uwgtm:ﬁaﬂﬂua’; LS = quumu'.au; NA = lwananiiaveseamasids

El A s g - . .
3.1 wwangiaowiniue (Northern Montane Region, NM ) WUTUAIILWIZDU (endemic species) Tu

waaz waanideanitorasduan thisou uazazluanuaIwn maﬁmzmnmm\my:m']:'luu.nummé'umﬁu

Tuavzinawsin wonaniey 3 atlad ldun
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A. masoni (Godwin-Austen, 1876) wun1sunuaziuaandssnilavaiduiie Tananisfiuatu
Safu vavsiailanymedugwinmussulfanadiuiy A schomburgki silgdAnualulznelnoriniu
mm%ﬁunnejuaﬂ%éﬁ'jw “schomburgki complex”

A. sinensis (Benson, 1851) wWufiaxau Famznas thiianmw wWouszoniu Wi sFdany
AR INWRUTaIANBMENIFULULRYasLFan (color pattern) vlrsuaulumsdaduun dasanmnfu
fratnslufiufiivenunn wieden “indistinctus Pilsbry, 1900° wuflan Samalndifinetiu A. sinensis 17N

A. syltheticus (Reeve, 1849) wWufluniudasuituiu uaziianatiay fepidus Gould, 1856 fiwy

= (3 - | W oa ar
415 AgHY Y E]TQ UUDIWAIAN 3.I1ﬂﬂ L eI WA

P G . ]
3.2 wafgemenziusaniloanile (Northeasten Montane Region, NEM) wunasReallTaauaf

- : _ 4
ATzEnIRawnisTaId sauILAET BUAUAANUIU l@ur A, dautzenbergi Fulton, 1896 &3 Laidlaw and
a4 & LY .4 i . ar ;
Solem (1961) SuwfaaD3sRonaiuusanann A. schomburgki Anulawiszing Ineswdoiu A masoni

33 1uaflsIUABUNEN (Central Lowlands, CL) wuaﬂ%éwiui‘hmw:ﬁuagaaaaﬂ%ﬁ 1etur

waswnviwfisuunnuadlng A atricafiosus (Gould, 1843) ﬁguﬁnmaﬁnmmi’uaﬂnuﬁa
niznoFenadlumild suade wasfinlds wiandudnsoizanudulsussdnwsdugwinenyean/aan
(Panha et al.,, 2001) vmuun‘uﬁulumam&n‘m"‘:muﬁmﬁﬂﬁ’lLLunaﬂ%ﬁﬂauﬁN6} UMD ATURTIRUANEIIVES
snumsdon wiaudwadmsiuunusidduanesly 1w A leucoxanthus (von Martens, 1864) wulwine
A. perakensis Fulton, 1901 wuflaniai@e uasFanlus

wapranlnuae A. inversus (Muller, 1774) wnmzmuagﬁﬁﬂ@mu At g wuaide
F9alLs ganas o uazvefiie wouadldanumsnszaen iz aen ﬂﬁa:Lﬂunéuﬁﬂ%éﬁﬁﬁﬂ Wanamun
nalAgang A 'Lumamgmu%mmuﬁwm:ffﬁmﬁm‘hLLunhé’m:rm:maaaﬂ"ﬁéﬂaymnmn VB “inversus
(Muller, 1774)" wufl sy §A1ATY UALTIN “andamensis (Pleiffer, 1871)" wuﬁuaﬁﬁmLLa:muiLm:‘lnﬁ'Lﬁm
“annamiticus (Crosse and Fischer, 1863)" wuﬁmunmaﬁuamu ﬁ&lw‘l'ﬂ’l wating “koperbergi (Laidlaw and
Solem, 1961y wuflamala ua:égmns‘ﬁ‘

34 Lwﬁﬂugﬂﬂu-ma (Thai-Lao Dry Plateau, TLD) iilurFianuusindulug Awusuinalds
’uamaﬂmnﬁq@ﬁa 18 #0834 InalSdfnuitwmiuaaing fvuiedin 15w A. atricallosus, A. inversus,
A. cruentatus, A. fultoni, A. mouhoti, A. xiengensis Waz A. flavus ADT AL Wzttt leud

A. areolatus (Pleiffer, 1861) (uatddAwutawzlsamalnominiu lasawenuaswnile

A. glaucolarynx (Dohm, 1861) dusdlifnuiawizmanriuanuasdsmnalnmriniu aoud
an many3 wdleszuas ussfimanszngluduuanseamirfiaginddalnadan Abbott (1989) Mpanwimas
ﬁﬁﬂﬁgmvﬁuﬂﬂuﬁ’a Tagtiunmzfidvfnmunaauinasaimyanyiuazain uanmmfuﬁ'qwuﬁ’ﬁ'ﬂgﬁ
massiueanidsanitarasdsanalng fadunsanumswuadisnluinadmna

A. principalis Panha et al., 2001 {Jualdlnsifinuuumzyiomannoriniu uasddnwme
FUWIZFIUN

A. roseolabiatus Fulton, 1896 wulawizfimeezTusanisamilevasing uwddinefianuduau
Twieunininuay

A. schomburgki (Pfeiffer, 1860) Lﬂuﬁﬂ‘ﬁﬁﬁﬁm’méﬂ LWI2d3aNN (highly endemic species) WU
lawrisnmmeasiueandoaniionauss masziwean wazvwnizuélne  Fadwnorumewoiu
ﬂ%‘:\‘ll.l.iﬂ (nrew record)

nasunIdululasiniy BRT 2545 @ BRT Research Reports 2002
Ll BRT



. o o
A. semitesseliatus Morfet, 1884 WUﬂﬂuw"'ﬁ’l Ltazmﬂﬂzmaanmaﬂﬂu
A. tanyai Panha, 1996 wulaw zfimaaziuwaanifoaniiarading

, , = o = & &
A. zebrinus (Preiffer, 1861) ‘WUL@.W’l:ﬂﬂﬂﬂ@!:')ﬂﬂﬂﬂlﬂudL‘Hu'ﬂ‘llad'lnﬂm'mu

35 wmma’lﬁmaawzhua:mumgmumg (Tenasserim and Malay Peninsuia, TMP) wuatl3sii
nTouiuiundng 15w A. atricaflosus, A. inversus Az A. flavus SiBd 5 allFa dudinzveaiad Teun
A. classiarius Panha et al., 2001 tﬂuaﬂ%éﬁwulﬁajmqﬂumm:‘lummé’umﬂ'u ANMuE
AFIBARITL A. atricaiosus Uwirninlngunn woawnzluaaysanelnoyiiu
A. furcillatus (Mousson, 1849) WURLMzT91 LTWE wltmMzauandy usziilaung
A. janus (Pfeiffer, 1854) wmawn:v"imgim:mai'qu
A. monififerus (Gould, 1846) wui’q‘ﬂ:’nu Nz@zii Wi HRSLMZEYY

. o ar '
A. pattinsonae Iredale, 1943 WULAW Iz NAUAZLA Wi

36 afinuariueanidosld (Southeast Asian Lowland, SEL) wuswnwall@duniiae 17 stldd
waniiuatlFasumwzfin furaaUFdAnuaiuwatng 15u A inversus, A. cruentatus use A. fultoni Swann
aldandwwclwai eun

A. asper Haas, 1934 wufisaunasasduauy
. cochinchinensis (Pfeiffer, 1856) wufimanauldwadoauiy
. comes (Pfeiffer, 1861) wuflaaunsousclduadiSuauy nuwe uazing
. costifer Smith, 1893 wufinaunasveadsauiy
. dohmi (Pleiffer, 1863) wufinauldvaadoauy uazlng
. haematostomus von Moellendorff, 1898 WuR@awnNa1ITaISHawY
 ingens von Moellendorff, 1900 wufinaulduaySoeuiy
. metabletus von Moellendorff, 1900 wufinaulduasSuauiu
. mirandus Bavay & Dautzenberg, 1912 wuﬁmumﬁammﬁwmu
. placostylus von Moellendorff, 1900 wufinawniiavea3uauin
. rhodostylus von Moellendorff, 1901 wuﬁﬁ’umm uazeawmniavraaisauly

D > B2 M B OB OB OB > OB O

&
. ventrosulus von Moellendorff, 1900 WURAaW¥ava0 I AU

3.7 \wemue) (Sundaland, SL) tﬂuu‘innmgLnﬁ:ﬁwuﬁm'Juaﬂ'ﬁa’u']nﬁqﬂ wulle 20 allfd
loiawznasmwimdnluanates “Syndromus” Wilatl3AdruvuwswaIngiEn TS A, inversus
A. adamsi (Reeve, 1848) wufiua$iiiu,
. alticola Fulton, 1896 wufiaz Tuanuasimsnan
. banksi Butot, 1954 WuflazTuanyasLmMes
. beccarii Tapparone-Canefri, 1883 wuﬁqmn‘i
. bulowi Fruhstorfer, 1905 wuf“lm’l:qmﬂﬂ
. enganoensis Fulton, 1896 ‘wuﬁlmzqmmﬁ
. filozonatus von Martens, 1867 WUNINZIUEEN LATADUNANIYOINNZTIN
. furcilliatus (Mousson, 1848) WU UWE waziizauats
. heerianus {Pfeiffer, 1871) wuﬁ'm:mn

N N T D U A T T

. ifsa B. Rensch, 1934 wuﬁmw:qmwm
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A. javanicus (Sowerby, 1841) wufinmensiuenaatinmz

. martensi Boettger, 1894 wuﬁtﬁammﬁmmg gun vafifien uazeTin
. mundus Pfeiffer, 1853 wWuigsnlU§ uasAaUTug

. palaceus (Mousson, 1848) wuﬁLm:qmm’l BRZTI

. perversus (Linnaeus, 1758) wj.lﬁl.m:qmm’l 711 vaiiile 1WA uargnng
. pictus Fulton, 1896 wufiusfifin

. porcelianus (Mousson, 1848) wuﬁm‘l:mw UAZHUIAT

. semifrenatus von Martens, 1900 wuﬁm’lzqmmﬁ

. similis Pitsbry, 1900 wuflua$iilen

 smithii Fulton, 1896 WUTIABWNAWR3 LAWY

sumatranus von Martens, 1864 wuﬁtm:qmﬂﬁ

P
. webbi Fulton, 1907 WUNINIEHINAN

> 2 > > > B B B B 2 D> b

. i
. winteri (Pfeiffer, 1849) WUNLATN
o & - & y a o o el £ oy &)
3.8 g (Sulawesi, SW) Lﬂmm:ﬂmag'l,umnmﬂml,ww: wunanatlzddinwe 6 aUda 1w
A gal

oyl § e "a T o . d W as v s A
ﬂﬂ'ﬂﬁﬂwuu“tﬂ’]:ﬁ;ﬂqu!ﬁLﬂquu HTILIU A. inversus ﬂﬂﬂﬁﬂﬂuﬂﬂﬂm’umm&lﬂ’l’m%’lLWW:’LIENQ‘&I'II.’J‘H ﬂ‘ﬂ'ﬂﬂﬂu‘]

16l A. annae, A. coeruleus, A. kruijti, A. maculatus Wt A. sinistralis

3.9 wiimARlud (Philippine Islands, PH) Lﬂuﬂy"Lm:ﬁﬁﬂmui‘mm:f?qwmqﬁmim%' wa
1528 MITIRINGT way Amphidromus ﬁwmﬂunq’uﬁﬁmwmﬁw \W1zgd (highly endemic) TuudazallFaflnnunn
LTSN BIMEN IR UFIUINENNN ﬂﬂqﬂ'uwumnﬁaﬁu 8 ald wusuweAREUTuSrint oniiu
A. ventrosulus ﬁﬂ’?ﬁﬁluq éun A. centocelebensis, A. chioris, A. entobaptus, A. lindstedti, A. maculiferus,

A. quadrasi Wiz A. waterstraati

3.10 wamuaioy (Lesser Sundas, LS) duuSimnginmzvag g imzfusnaanllainuiianiau
finausnatoy “Syndromus™ LAWTULALINLIIATUAT WU 8 s158 Tifvaniia A perversus imiufimilauriy
LUATUAT ﬁm§mﬂummt‘um‘quml.ﬁnﬁv‘\‘m&m 1éun A. collumeltaris, A. contrarius, A. floresianus, A. inconstans,
A. laavus, A. latestriagatus, A. poecilochrous Uss A. reflexilabris

)

3.11. 1 wamnanitareteasaTiay (Northern Australia, NA) uuSnafiflnonuwunesifnsalad

= - o - =
Lae7 §1a A. cognatus NLIaIa1TIW

4. mshensiansucdmgmingigenddan

ninmafine ldTeanugauaaildan (shell height, SH) ugzanuninsvaalfan (shell width, SW)
mnﬁ’mLhaﬁa%iluﬁﬁﬁﬁmﬁamuﬁﬁuma‘inmwmmm’a udhumAals uazANdnEINIAl SHISW T84
wouluudazdszains (M39A 3)

nmIvunedeysluefiazasd SH use SW ufidmimmid1 SHISW  ratio luwanans
Amphidromus $1w% 16 1ia saluaneft 3 wudne 3 dsasaudavenasnidy 2 ndu fia nduuin § SH
> 35 mm. SW = 20 mm. uazilén SHISW ratio < 1.85 uazngused § SH < 35 mm. SW < 20 mm. uazfie
SH/SW ratio > 1.85 Iﬂﬂnzﬁmﬁﬂﬁﬁ%mum 6 wila fa Amphidromus atricallosus, A. inversus, A. djajasasmita,
A. schomburgki, A. sp. U8z A. classiarius Lm:ﬁu“wuaé'ﬂag'luaqaﬂaﬂ Amphidromus Lta:n&iuﬁaaaﬁ 6 THALTW
ﬁ‘mm:ﬁ'ﬂaghaqaﬂaﬂ Syndromus fin Amphidromus areolatus, A. semotessellatus, A. xiengensis, A. tanyai,

A. versicolor WA A. quadrasi gudn 4 wila fa A enlobaptus, A. glaucolarynx, A. principalis URE

nwmsidelulasanis BRT 2545 @ BRT Research Reports 2002
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v ' ' [ o 2 . i d A '
A. maculiferus S3laimansoudnldogntaanlaalden SH uas SHISW ratio udiilafinrsonesnd Sw Wy

11 A. glaucolarynx, A. principalis ﬁ’magjﬂumﬁu'ﬂm Syndromus 16 uas A. maculiferus, A. entobaptus fﬁ'ﬂﬂ%ﬂu

NANYEY Amphidromus

ﬂ’l‘I’Nﬁ 3. ﬁhm'ﬁ'ﬂ SH, SW uaz SH/SW ratio 1adilfenvay Amphidromus UHTHe

- IUIN MEAN * SD. 2
TUHA Lland&iaagy
wian SH (mm)) SW (mm.) SHISW ratio
A. {A.) maculiferous 1 59.46 ¥ 3.21 3169 1.57 1.88 + 0.074 Bartsch, 1917
cotabatensis
A. [A.) macuiiferous 2 6167 £ 283 31.90 * 1.40 1.93 * 0.061
buluanensis
A. (A.) maculiferous 12 57.02 = 2.90 2853% 128 2.00 + 0.063
hoholensis
A. (A.) entobaptus entobaptus 25 50.24 + 2.29 28.48 11.42 1.77  0.056
A. (A.) enfobaptus 25 43811296 23821124 1.84 +0.854
linapacensis
A. (A.) entobaptus culionensis 21 43,38 T 3.46 2438+ 1.28 1.74 1 0.080
A. (A.) enfobaptus 16 4268 £ 2.57 2428 128 1.76 £ 0.100
busuangensis
A. (S.) quadrasi quadrasi 25 3451+ 468 17.45 £ 213 198+ 0.129
A. (5.} quadrasi quadrasi 25 3045+ 325 16121 1.14 1.89 * 0.125
A. (5.} quadrasi quadrasi 10 37.04 £ 321 18.27 + 0.56 2.02 +0.130
A. (8.) quadrasi versicolor 10 3805+ 4.36 1922 * 1.87 1.98 £ 0.119
A. {8.) quadrasi solidus 18 30.37 £ 440 18.57 = 169 2.01 X 0.110
A. (8.) quadrasi Quibus 9 3501355 15.30 £ 0.10 1.92  0.090
A. (8.} versicolor sacamensis 25 3482 1 487 18.76 + 1.88 185+ 0.102 Bartsch, 1919
A. (8.) versicolor 25 38.77 X 3.61 1856 + 127 2,090 £ 0.182
canabunganensis
A. (A.) maculiferous 32 56.4 + 2.81 304116 1.85 ¥ 0.071 Laidiaw and
MCZ 138090 Solemn, 1961
A. (A.} maculiferous 14 655+ 2.52 3321105 1.97 £ 0.083
MCZ 48012
A. (A.) maculiferous 32 555 & 2.19 2691 1.07 207 £ 0.084
Saub, Cotabato
A. (8.) xiengensis 2 3481226 174+ 082 2.00 + 0.089 Solem, 1965
A. (8.) semitessellatus 9 360 % 1.71 17.5 F 0.57 2,06 * 0.90
A. (A) inversus 13 441 % 292 2441126 1.81 T 0131
Koh Samet
A. (A.) inversus 11 4221 441 236+ 095 179+ 0.138
Koh Samet
A. {A.) inversus 22 460+ 2.56 263+ 094 175+ 0.52
Bandon
A. schomburghi 10 490 + 3.3 267+ 1.48 1.84 + 0.53
Pak Chong
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TIA 3. (CE))

R IWIN MEAN * sD. . -
THA LBNATOIBN
wdan SH (mm.) SW (mm.) SHISW ratio
A. schomburgki 2 4931338 270t 1862 182t 089 Solem, 1965
Lam Thong Lang
A. (A.) atricaliosus 20 442t 259 2441 1.01 1.81 +0.076
Thalo Bandon
A. (A.) atricallosus 20 483t 247 216.9 £ 1.11 1.7t 0082
Kao Sabap
A. (A.) atricaliosus 10 4711+ 144 26.7 1+ 0.58 176 + 0.63
Krat
A. (A) atricallosus 15 4271310 248+ 137 1.72 X 0.067
Nong Yang
A. (A} atricallosus " 4151 1.90 2481159 1.68 £ 0.055
Sriracha
A, (A.) atricaliosus 10 4061+ 236 233t 124 1.75 1 0.084
Nongkhor (367510)
A. (A.) atricallosus 45 396+ 197 236 1.24 1.70 1 0.057
Nongkhor (363616 & 405861)
A. (A} djajasasmitai 4 3s73t222 20.38 £ 1.31 1850071 | Dharma, 1993
A. (8.) xiengensis 10 27.7 T 060 1141 0.10 243 Panha, 1997
A. (S.) areolatus 9 283130 124+ 0.80 2.28
A. (8.) tanyai 4 2161050 1111030 1.95
A. (S.) glaucoiarynx 8 2321080 11.6 X 0.40 2.00
A. (A.) inversus 187 4447+ 234 24.65 £ 1.90 187 +0gs0 | midnmludl
Koh Mamvichai .9, 2001
A. (A.) inversus 91 39.62 + 2.82 2245 £ 1.11 1.79 + 0.096
Koh Karm
A. (A) inversus 85 4623+ 2.75 24.49 £ 1.30 1.89 £ 0.077
Koh Pai
A. {A.) inversus 109 4347 £ 246 24.03 £ 0.78 1.82 £0.77
Koh Rin
A. (A.) inversus 7 41.85 + 2.94 22.88 + 1.27 1.83 + 0.081 mafn g
Koh Jamn f.¢. 2001
A. (A.) inversus 80 4168 £ 3.68 22.89 + 1.31 1.82 & 0.097
Koh Jueng
A. (S.) glaucolarynx 34 21.88 + 1.91 13.08 £ 0.84 1.67 £ 0.108
A. sp. 22 35.45 + 4.15 20.68 + 0.87 171 £0.188
(Patam, Ubon.)
A. (A} atricaltosus 246 4275 + 2.43 2555 + 1.18 1.67 £ 0.064
Kho Klew
A. (A) atricaliosus 242 45.43 £ 3.03 25.68 £ 1.24 1.77 £ 0.094
Plieu, N.P.
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aTef 3. (da)

- FmIm MEAN * sD. v oa
THA - 23031 R ou b
waen SH (mm.) SW (mm.) SHISW ratio
A. (A.) atricallosus 29 42.22 + 3.03 24.41 % 1.12 173075 msdnwrlull
Kiong Sang f.¢1, 2001
A. (A} classiarius 16 37771 1.85 20.98 + 0.72 1.80 £ 0.062
A, (A.) schomburgki 107 44.22 + 347 25.64 + 1.98 1.73 £0.086
Kho Klew
A. (A.) schomburgki 28 4174 £ 3.41 23.06 £ 1.31 1.81 1 0.086
Koh Kud, Trad
A. (S.) areolatus 14 24.62 1 1.50 13.29 ¢ 0.62 1.85  0.071
A. (S.) principalis 20 26. 87 + 1.68 15.00  0.84 1.79 1 0.091
A. (8.) semitesseliatus 28 25.80 + 1.54 13.17 £ 0.63 1.96 £ 0.080

Amphidromus %’ﬂi’uﬂwauﬁﬂzﬂuuumwmwm|.'1J§an (shell coiling) upuisuwtauszn (left
handed coiling, sinistral: right handed coiling, dextral) mtllwﬁﬁmﬁﬂ'JrTuLLﬂ.,'luﬂi.,'n'msl.ﬁmﬁ'u Taoluusiaz
Uszmnsenadmsvaaniiuandranuled i A schomburgki WuRla e vniaray3 fvadoudiouasa ud
wudonrnrionualulssmnuwne 00 Smdnena (134 4)

msﬁnml'nanvm..maﬂmmm‘nmmu6] Aeansodald usdmsensnymeiinunzay (characters)
$MINTIAW 20 characters (MTaf 5) mnuummmmumamﬂ:ﬂmmwuﬂuwuﬁmnwmm{[ﬂnh
Tusunsudiassd HENNIGES

dayadneg fanldlunsiinua character usz character state aulnglénnmariunuan
AIAN®ITD9 Pilsbry {1900); Collinge (1902); Bartsch {1917, 1919); Laidlaw and Solem (1961); Solem (1965);
Bishop (1977); Solem (1983); Dharma (1993); Panha (1997) uazannmIans i@y luuidu

] - o a . . P
TN 4. 'ﬁ'lu‘lvoﬂjik’]U'H'InULlﬂ:'ﬂ']'ﬂ]a#lﬂﬁan“ﬂﬂﬂﬁln'ﬂﬂﬂqﬂ Amphidromus 1‘ullﬂﬂ:‘wuﬂ

viavasn T iewoeadian
nia And dwaniddan Sinistral Dextral

(%e) (%) () %)
Amphidromus atricallosus Aun L‘Id 69 20 28.99 49 71.01
Amphidromus atricallosus WUN :1' 26 18 69.23 8 30.77
Amphidromus atricalfosus TUn q? 736 247 33.84 483 66.16
Amphidromus atricallosus ALTIUNT 112 47 41.96 65 58.04
Amphidromus atricallosus Tay3 287 109 37.98 178 62.02
Amphidromus atricaliosus a0 Hgi‘!ﬂﬁ 258 166 64.34 92 33.66
Amphidromus atricaliosus aregimil 65 7 10.77 58 89.23
Amphidromus atricaliosus Wi 70 70 100 - 0
Amphidromus atricaflosus Faalus 13 - 0 13 100
Amphidromus atricallosus TN 38 11 28.95 27 71.05
Amphidromus schomburgki Ll 37 - 0 37 100
Amphidromus schomburgki Tayd 154 64 41.56 90 58.44
Amphidromus glaucolarynx mgauy3 49 25 51.02 24 48.98
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- o - .
§713740 5. Character ez Character state filglun1sfdnw Cladistic Analysis

Characters States
1. Shell outline: shell shape 0 = depressa
1 = e¢longate conic or _ovate conic
2. Shell outline: shell height 0 = less than shell width
1=< 35 mm.
2= 235mm.
3. Shell outline: SH/SW 0 = < 1 (depressa)

1 =21 < 1.85 (ovate conic)
2 = 2 1.85 (elongate conic)

4. Apertural shape 0 = subcircular
1 = coblique or ovate
5. Umbifical opening 0 = Amate
1 = umbilicate or nearly sealed
6. Protochonch color 0 = colorless or white
1 = brown or black
7. Peristome color 0 = white
1 = purplish or brown
8. Periostracal lamination 0 = coated periostracum
1 = uncoated periostracum
9. Parietal callus 0 = absent
1 = present
10. Parietal callus color 7 = not applicable because parietal callus absent (see character 9)
0 = white

1 = deep purplish
2 = brown or black

11. Shell color: form 0 = monochrome
1 = variegate
12. Spiral band at columella 0 = absent
1 = present
13. Varix 0 = absent
1 = present
14. Lip developed 0 = simple expanded
1 = reflected and thickened
15. Shell structure 0 = fragile
1 = heavy and solid
16. Length of flagellum 0 = short
1= long
17. Radula: central teeth shape 0 = triangular shape
1 = spatulate shape
18. Radula: first lateral teeth shape 0 = unicuspid trianguiar shape

1 = bicuspid spatulate shape
2 = tricuspid spatulate shape
19. Coiling direction 0 = dextral

1 = sinistral

2 = dextral and sinistrat

20. Sheli color: pattern 2 = not applicable because monochrome color (see character 11)
0 = with radial streak
1 = with spiral band and/or blotch

& [ ey . s & o Ry - A o wad
lumsnuaTaitlt Chloritis siamensis \Jw outgroup Luaamnm:mulamamgmmmunn'\'lmmam
o N A e A . = a L L . - a
duadiddtanulndseny Amphidromus uaziinisdananensetlundton (subfamily) WfpInu uazay
v L ga s & “ . ]
Fuvusivawmslwiaadunas Amphidromus waadlun Wi 9
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Chloritis siamensis

I Amphidromus glaucniaryax

Amphidromus principalis

Amphidromus arenlatus

Amphidromus semitessellatus

Amphidromus xiengensis
Amphidromus sp. (Cbonratchathsai}
Amphidromus schomburgki

.
1%

A slengensis (g'n:a;llslp 14y

Amphidromus inversus (Samui)

Amphidromus inversus (Koh Rin)

} g — Antphidromus airicallosis | Plieu)

1 : l Amphidromus atricallosuy I'Surntlhanii

Amphidromaus classiarius

e
%

A ﬂlﬂ"l;h’l;;;f}. i;:ll:nup ki)

Chilaritis siamenxic

Amphidromus glancolarynx

Amphidromus privcipalis

Amphidromus arcolatus

Amphidremus sentitessellatus

Svndromus

Amphidroinus xiengensis

Amphidromas sp, (Uhoaratchathani)

Amphidromus schomburgki

Amphidrosmus invervus | Samui)

Amphidromus inversus (Koh Rin)

Amphidrontus atricalfosus {Plien)

Amphidromuys

R i —
I Amphidromus atricallosus (Suraithani)

Amphidromns classiarius

o . = % . . .
MWN 9. strict consensus tree IMMTUATIEAILIUTUNTY HENNIGEE {1. Amphidromus xiengensis group W&z
A. atricallosus group; 2. nq‘uaqadaﬂ Amphidromus U8E Syndromus;)

unagﬂ

Namﬁﬁ‘uwm‘wwﬂﬁﬁugﬂnu-m'z (TLD) usziveque (SL, LS) iudnmifiimanstdfuaimen
dwlsl Amphidromus gge Wuanatian Amphidromus Wae Syndromus NS UALTIMINTELEENIN 9T
'luﬂmua‘ﬂ"ﬁﬁ[ﬂumm:aaaaﬂ%ﬁwmanadau Amphidromus $8 worunwiu A. atricaliosus uaznaoTanlnLaa
A. inversus vmulwmm‘*waﬂﬂummLﬂunaumLW']“‘lnaulumaamnauaummum‘:mﬂmm Panha et al.
( 2001) M@ 2 widwimeninaUisfinanaludaduud i vasdwufidaiiou 80 atlFd dau
iuslddiumwzvetudazioans 11 119 diAwimesduld Amphidromus Simusumnzsodnymemng
Qﬁﬁ’]ﬂﬂ{&ﬂﬂ 1.11".iwzﬁawmﬁnnﬁ1La?iﬁgm%aﬁmwgﬂmmﬁ Laidlaw and Solem (1961) l@d uunizams
nizawesaniily 4 L'll@'ll“f}vj‘] fia Buladu (Indo-chinese or Continentat subregion of Wallace) uuaiiuwieine
TuA1 (Malaysia or Sundaland) iauﬁanwalﬁmadﬂaﬂa@ns: {Isthmus of Kra) Uiyl uasIMzY eREERIG
wissrninduliwaiuasidwinaias (Wallacea or the area between Weber s and Wallace' s lines) wae
agare Aa willmMeWSUTUA (the Philippine Archipelago) u.a*mal’nmauammﬂmuunmaaummmmum
ﬂﬂwum‘wm’l Wallace’ s Line Waz Huxley' s modification of Wallace' s Line fusa liduizaus
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minsznsvamasmuanatasldidusdned me‘u‘%nmmiuaulmm.ﬂuﬁnmﬁum**mvaueim%’unww‘h‘sﬁw
FIUNUTINDUNANGY twsw,{]wuumﬂawuwauanaﬂauaaaanaammnu‘lmﬂuamm TupFmninzuas
A U?Jumﬂuﬂauwad%aumuﬂatanTmmawn:anauau Syndromus WiHAUTwdaslianyo: AaalUBnAanuan
g4l m’mﬂmnnuﬂnaﬂau Syndromus u’mn’nanﬂuaﬂ Amphidromus

SafnTantwiavantfanwudien SH SW uaz SH/SW ratio 8YNINAAN§AVEI Amphidromus e
i 2 nga auMITUUNTEYNTIITIU fin anatey Amphidromus Lﬂﬂﬂﬂuﬂﬂ:&l’ﬂ%’mlﬂmﬂ’)’l fifn SH >
35 mm, SW > 20 mm uaz SH/SW ratlo < 1.85 muﬂﬂaﬂau Syndromus wasndnlawadn Jdn SH < 35
mm, SW < 20 mm Uay SH/SW ratio > 1.85 mauauaaﬂﬂﬂmn‘m’mmm}m Pilsbry {1900); Laidlaw and Solem
(1961); Solem (1965) uszifwiten SH hisanIndn A quadrasi uaz A. versicolor wasffUUuAld uazla
aaN305A A maculiferus, A. glaucolarynx Wat A. principalis WEitwrh uadn SW FINTIRIANGY Amphidromus
s 16 e AuTNanflddnedned usnyTlEns 3 ﬂ"]mﬂ*:znanmsﬁmsmﬁmzﬂﬁ‘mwﬁgm wananiine
=uaaLﬂﬁanuathé'aai'mﬂ'ammmﬁﬁ'lﬂl’ﬁm'%uﬁ'ué’nnmzmaqmmwﬁ‘l'fi’l,umﬁﬂﬁﬁLmn‘lm:ﬁuaqafjau‘léf

ﬁnummﬂmuﬁ%& 2 WUl (sinistral Waz dextral) apsilRanszwyln A. schomburgki uas A. atricaiosus
wel A. schomburgki ﬁmﬁ'ﬂau’umm:nﬂ PNINATA Lﬂuﬂvmn‘sﬁﬁuuﬂuﬂﬁwm Lm'mnﬁaﬂuw,muaulﬂm
Wl 1ay3 el Auusrousza enallasnnuarsInIfAEena TSI Ul TzNITING
mnﬂmﬁuaumﬂna "Luummamﬂaﬂuwuﬁnﬁui'“mwaﬂ‘s“n’m‘mmmumlﬂrum‘lﬂwuanmm,lmanummm
menmammmaau g vivlu A atricaliosus siidadIwvandienisutouastn wanesiulyanuiiud
(mwil 10) Taunguaasguuy feucoxanthus Fnurdimmaasiuaen dneziidsannsniournunniigy
uasNNUBIFURIY atricaliosus i typlcal form FwpuSmneld dnesdilsrnifdsudisnnninen ud
ﬂi.,'mn'mauummmwmmﬂunﬂwmumvmm smmmwmaua"iﬂﬁwaauJaanumnmamnnaunmﬂn
aguuuwAulrg) mmummmﬂuﬂs;mnmnnLnuattuniﬂuuWﬂ W8 auﬁﬂwmwmmnmqmnﬂ's:mnsmmu
uuuwumulﬂmamamn suiaTamsliufiamaesauas wananil A atricafiosus group Awuludlszing
Tnofsuraidnuoeeas morphological dline TedFuazmMIzAIMIasBananukwiningsenauemuayns
LRl mm’uuaamnﬂmwamawaaﬁmwnummﬁumwsim‘lu mzharatwiiuaiefianuddalung
MstieTaInay uavmmﬂuanmﬂNaﬂauummummL:imﬁmmmwLta'"ﬂﬂman'mmsni.mmjm Amphidromus
910 Mainland Southeast Asia aﬂﬂg Malay
Peninsula @1uuWIfavad  Laidlaw  and
Solem Wl 1961 & niU A. inversus {38
Nunusdaudroussaanlunnsdizoing
sasdulaiidouazdoamy wafinoludszng
Insussienlfdusmnsfii s nriones

@ ' . &
ﬂ;ﬂ'ﬂqﬂnﬁ!u'ﬂaﬁﬁqﬂﬂaﬂ Syndromus 1 4

PN 5 A e ) & v oA
gRazliuwInAd BT ENInug walagui
P a ol e -
wia Aa A. glaucolarynx Nivwreradfen

o o - &
AW 10 AnsueRwulTaafanwasunuiiu Amphidromus

a - P s P
UATANHOC A ITELUAUWUE AeTazdaived , . _ 4 d
1 Y (Amphidromus) atricaflosus species complex YIWLN

. ) &
luanatay Syndromus WALFAIMIYAIUNS lsemneing anade FinldS wazuediiisn

4 .
saauuudawuluanatan Amphidromus
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mnia;daluaﬁ@]Lm:miﬁnuuﬁm?m'luﬂagﬁu
WU radula mamau‘luaqa Amphidromus \luzuuyuaas
aqaﬁ'ﬁ‘ﬂLau'l,:jmmsn'lﬂumsﬁ'@ﬁﬁ wunoiald (nwdl 11)
gﬂ"mmaaﬁuTﬂuﬁLﬂﬂLﬂuLLuu spatulate W38 gouge
shape ff@l.%mé"nﬂuu,mgﬂﬁ'ﬁ § central teeth 1w
unicuspid Wi lateral teeth WLy bicuspid iLazW marginal
teeth 3niilu tricuspid ¥3a polycuspid 3TwInTasiuln
LDIAINTININDITUDILRUAIINUANA VI AW IURD L L6
arTha Iﬂwauaqaﬂau Amphidromus =i WIRWUNN
ni"\luaqﬂziau Syndromus W@ radula %23 Amphidromus
glaucolarynx  azRdnsmeiuanensanwasaiinduotng
awids Tond jateral teeth 1iunuy tricuspid 31513151
gmAnd AdmugutasiwatyinssBuidaie anumus
Wuuty spatulate Hanansonuleluna uﬁuiﬁﬁqaﬁluq VT
Beddomea, Pseudopartula, Papuina sinazliwuluneauf
mﬁ‘uaguuﬁuﬁu prilasoniiu radula uLnR$ WAL
waeliTRwmanvandurasfiondouneulsy  Auaiws
{Wn  microfioral 'ﬁmﬁeuaguuﬁaﬂ%aﬁﬁu'lu‘ﬁaﬁﬂﬁ
Wulansmsuuns ﬁﬁﬁwﬁ'ﬂn%mﬁia'ﬁmlﬁymmm*s"lﬁmn

o 3 & w gda =
an H’m:.[ﬂiwj GRBR NPT ﬁuwugﬂﬂﬂﬁq Wy

3 ' | a a P =t ' - - , -
ﬂ?lWW:ﬂJﬂdﬂquL'ﬂ%tﬂﬂ?ﬂUﬁu (WWT'N‘Y] 6) UETULLANF WA 11. aﬂwm:unuﬁu (radula) YRSVALFINTHE

TWHBINTEWINIRBENY 3 ana Iﬂuaqa Amphidromus f8 1, 2 Amphidromus atricallosus; 3, 4
JUuRzIwIeuas penis, flagellum, appendix W8: vagina A. inversus; 5, 8 A. classiarius WiIEU
a o s s H @ ar =1 . .
Watbunuawaiianuasawadal  AsauIn liuanai (1, 3, 5) llwludszian central waz

uanshalusziumia  uszdiutiowasana  Amphidromus lateral teeth: WDINULTT (2. 4. 6) LluNn

- D oa ) a U320 marginal teeth
pamiw 2 anauay a1 Amphidromus atd flagellum 817
o . & = \ , - & 0 (- . od &
i appendix IWIaRUINDIENT Fuanatan Syndromus a:dl flagellum auwn 'l appendix Gailutyana
MIFAN¥1BE Pilsbry {1800); Bishop (1977); Solem (1983) lau#i A. inversus 1zl appendix 4 (Hufvuadn
aaumpvay flagelum dnvedudnvwielvg wazll penis vruflugUniie @ A atricatiosus Uiz
A. classiarius azyLRUNUERRSBARIUIN §1W3L A schomburgki Lz A. sp. T penis Wustlmunisuniauiu
wdl A. schomburgki § appendix fiilwvavwaidne1aunndn wazdruuas flagellum Unazzadurmsiurngg
fiu uduay A sp. wull appendix Funin uaz flagellum nasdadwniofidans fauluanatan Syndromus
4 5 Thawundnalianwoclasiahs
& W rA e FEY
vasrzruRuRuENad1safsfuuIn
ol s ‘ ol 8 el o =
diasiniffunguali@dniisuiainus:
wuauRsulTadlfanatnuenta
o = A a o
(mwi 12) madnmRudnludun

a ' Ao & =
AIDYTINAIIUIUN IV ULREAN T

w12, dnsusdundsresalfannepunviiuany Amphidromus

Wwennulanafameluras penis

) e . (Amphidromus) Awufidszinalng vuade wazan
wRz vagina ¥ IFARAIINLANGN
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- M N S M SISUBLIBIS SHUOD 144
- 7 7 7 7 SIS BUBBWED ford
7 7 7 7 7 SMB|/assejLias ZZ
- 7 7 7 7 sisusbusix 'y \Z
- 7 7 7 7 sniejoale 'y 0z
- 7 7 7 7 xufiejoonels v 61
- N M S M syedpuud 'y <]
M M M M M SNeISSeN 'y L)
: 3 b r r wv| o
- M M M M pbnquoyos "y St
M M M M M snsofjeauie "y ¥l
- 7 7 7 7 SNSIBALL Y €l
- 7 7 7 7 snuepoaiod v ZL
- 7 7 7 7 smeuboa 'y Ll
- 7 7 7 7 yayoael snojoydofosod 'y 01
- 7 7 7 7 snsioned 5
- 7 7 7 7 iaxoael snosoyooposod v g
- 7 7 7 7 snueyasiod v z
- 7 7 7 7 snojuenef 'y g
- 7 7 7 7 snueLeay 'y g
- 7 7 7 7 snageed v v
- 7 7 7 7 sisuoyeiad snsofjesute Y £
- 7 7 7 7 snaoeted vy z
7 7 7 7 7 snpdnieu v 1
Buoq | woyg | Buol | Wouys | juesqy | Buo | woys | I1BPUPUNAD | shoqing | uoys
asoydojeunsadg Jasaig Buo pane nuLe
ewmbep, xipuaddy winyjabe|4 sjuad
Hed ajewad ped ajey

SHUOIYD 28N BUBBWED ‘SNWOIPIYOWY BUBUMULABEMEBLITMITENZEN), b OLBMLEMIUINGLM "9 UiLLLL
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Avaiaule mmﬂﬂwaﬁanumuwumm Camaena illustris uAn#N39 N Amphidromus spp. Tauil vagina
#unin penis ¥ epiphailus Uss flagelium 5oy anwailuviaessliveltun uasly Chlionitis siamensis i)
spermatheca wasifunezwalngunu mewnawmmmﬂwmuanmm.ﬂawﬂmnwauanauau Syndromus
3N nJu'l.ﬂ‘lmmaumﬁaaanauumwlnﬂ'mnumnmmms Whilansueuasrs suURURRETIM T auriu
NN sz TayagLias spermatophore Aifiudaagngldinvan 4 1 wuhlisnwaafinauy Ui
Suaemnan mmmmammamﬂuamsmmmmmamau'luana Amphidrormus 16 usidwinafiafiwuitan
mevmmmauamawauluﬁnaaumuﬁuumuu

MINTELVAREY Amphidromus i =uauaﬁﬁwﬁaﬂwﬂ’umm‘mmm? winzddsznav|diduatned
'luaﬁmmuﬁmm%umwauaanmual@wamﬂLﬂuuuummnu"l,ﬂaumuanum FNGT) 727 v.auunmumﬂunau

ﬁﬁﬂ?ﬂ&lﬁ'ﬂ.w’l.‘ m&awmwumunnuaumunumﬂuluwuﬂma6] g maum’mﬂ’ma‘n 2 a%ﬁu’nlmﬂmu

wapil 81 Tila NLWUJVL&IIN 5 ”HuﬂﬂW'LIEJEJI%

wpg Aufienudiimualy 11 Aud Tﬂymm.
gaiTile  fe Amphidromus (Amphidromus)

atricaflosus W8 Amphidromus {(Amphidrormus)

inversus &lﬂ'ﬁﬂi“i]'] Elvl.ﬂﬂ']'lﬁ.l’ﬂ\‘lﬂiﬂuﬂﬂll‘lﬁﬁ'm

L9 (nwdl 13) Lua@maﬁaumnmamm'l@ﬂum

'uaaa%nimmuwuﬁmmUanwm:mauﬂﬁan
aifm:ﬁuﬁ'mf uazusgar fezwuiRuanunuuys

- . - J A ] bl ]

(variation) MNAAUAINTELENINA DU LT
. . . =

Amphidromus (Amphidromus) atricallosus WU

= P A " a A
Lﬂuﬁﬂ'ﬂﬁlﬂu‘ﬁEldﬂ’]ﬂﬂzﬂuaﬂﬂ'ﬂa-ﬂvlﬂﬂ (S FYEVL M b

u,@m@i'wﬁ'u'l.umaﬁ'mj'm"‘mmﬁunsjuaﬂ%afuum:

a o a P a
Tunziaduendu dnpusiidutane marginal teeth

= . .
oA - o QNN 13, AITIUWINIZETEY  Amphidromus {(Amphidromus)
’uaau':@m un:maamanuﬂﬂluanﬂmzmaaamg’m

a o - 2 = , alricafiosus (&) U8z Amphidromus (Amphidromus)
Lﬂaannumﬂ'luu’nmmu LRZEHLARAMULANHD - - - -
" . . u_ . inversus (@) TwuaiaiBuas Tusandnsld
\WNevasTalIwALMasFInlUT Laidiaw and Solem

[ =) A a r = - " [V v o
(1961) 1ﬂLtnnﬂﬂw§maaaaﬂTﬂstﬂu Amphidromus (Amphidromus) perakensis meaﬂszmuﬂnuﬁrsm TCRLIEEY

Al numﬂumw mmuwm'l.ﬂmm‘mmaaa‘lmqummmua unmﬂmnunumiwawn’mam‘mmam
uanmna*‘lmauamﬂwumaaummmuum m‘swﬁwauuﬁmulumwanawmmﬂua@mnwﬂﬂnguJu.mw
fifalamgwdoariu lmuamuua.asﬂ"l'm ngunaswnuiin Amphfdromus un’n‘nrmuaﬂm'l.ﬂummuﬂum
L'num..maanmm'l@mmauwamnu'l,uaﬂm doudimyuwanims La'[@umm*ﬂnaﬂmmua'lumﬂumuuﬂﬂ
HIUUN (Vons 2000) mlmﬂﬂnmmnnwaaLLmumuLﬂumwaaLLuuﬂu‘lﬂmua TMEHN 9 wwmmanum’lum
ua*waﬂﬂummaaauu,'mmmmiw’mmwmﬂwuuuuum'mLﬂu'lﬂmu'nqug ISLAND BIOGEOGRAPHY #a
wuhuwwisdulngidinsfiiuusioussdianann 1w Soawn weslno-s1 mnm‘uawa*tﬂuﬁuunme
VBINUWINE MY vwmzawalugussIndusiudulngas mw&mmnmmumununu’luuanum qUIAT LAz

737 1udn LANe mmmanna*wuaﬂmuauLm.,mww.m nammauﬂimwu‘numm"m’mu VW iMELInRE

q
WU Amphrdromus {Amphidromus) perverus Lﬂunamﬂumnﬂammuu anﬂyaﬂmaaw“wsm‘lmnm.muﬂu
1wm muumm*uuunmwmum"anauau Syndromus mmuwaﬂﬂuﬂumﬂuﬂ?mﬁnmmmaumﬂnmtﬂ,u

o

‘1.]1"’1ﬂﬂ?dﬁifu’lﬂﬂﬂﬂltﬂﬂﬂﬁd‘ﬂ'\ﬂﬂE]‘H;‘] ﬂdﬂ%‘ﬁﬂﬂ?’lﬂﬂ%duﬂﬂﬂmﬂﬁ)’l wa.,'lﬂan wagalunawmmqmm
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ﬁﬂtﬁmfuﬂ'ﬂ;immmi.-ﬁ”ﬂmmmnvlaamﬂ'ﬂm Amphidromus fnuiiiouiaden da Bulailidy mmmmu'la
Wit 4,000 — 5,000 T/ (Bishop, 1977) Amphidromus mmmﬂuv\amnq.wmmmm'smmauﬂmmmmumm
ﬂ's.:mamua.‘lﬂnm'lunmﬂauuuﬂaawum 80 niailderpnsuRpInan Al mswmummummﬁama
mﬂs,nauaw} an 'umummnm’lﬂaaﬂﬂu'lmuummmmumﬂnﬂLaﬁﬂuiﬂumww*ﬂﬂ'ﬂamnﬂsvmﬂ'lmu

uacuRlnfides mmﬁmm'lﬁ“l,ﬂmauamaﬁmumnuwu

AnAnssnydiznnd

Namv.'muﬁ“lmunuauuauumn'[ﬂ‘nmswmmmﬂﬂ'rm':u,a.ﬁnmuTUUﬁun’mﬂmimwmmmmw
'lmJ's**mﬁ'lnu %1'51mmﬂﬂumummnaaﬂuﬁuuﬂuum':’mu uwﬁuuwummnﬁuua mﬂTu'[ammmwum
gl Tﬂﬂ‘[ﬂﬂﬂ'l‘i BRT 143004 Lm,’\lmaan'mum'mmaﬂ 'uamauﬂmnu'nu-naﬂa‘lﬂuwﬁﬁ'lunﬁm'mmuu
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Abstract: The Diversity of Anurans in Thailand
Weerayuth Laohajinda, Kowit Noikotr, Chanthip Inthara
and Varunee Luangsakulpong
Department Zoology, Faculty of Science, Kasetsart University, Chatuchak, Bangkok 10900

A study of the diversity of anurans was carried out in Khaokitchakut forest area,
Chanthaburi Province, during the period April 2000 to March 2001. A total of 29 species (29 adult
species and 20 tadpole species) belonging to 17 genera and 5 families was found in this forest area.
The finding times of adults and tadpoles were divided into 4 groups: 1. those found throughout the
year, 2. those found only in the early rainy season, 3. those found through out the rainy season and
4. those found in winter. Correlations were found of total species number with relative humidity
and adult species number with rainfall and a negative correlation of flowing water tadpole species
number was found with relative humidity. All correlations were significant at a 0.05 significance
level. A study of the breeding ecology and larval development of four anuran species showed that
all four species have different breeding habits, egg masses and breeding seasons. Larval
development of a tadpole involves four stages: the embryonic stage, the stage from hatching to the
appearance of the hind limb bud, the well-developed forelimb stage and the tail resorption stage.
Studies on the mouthparts and feeding behavior of some tadpoles have revealed that tadpole
mouths can be classified into 5 patterns related to feeding behavior and habitat.

Key words: anurans, tadpole, frog, mouthpart, breeding ecology, feeding behavior
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Family Thai name Common name Scientific name
Megophryidae 1. édﬂiwﬁimﬁﬂ* Lesser-stream horned toad Xenophrys parva
Bufonidae 2. ANANTNY Common Asiatic toad Bufo melanostictus
Ranidae 3. nUU* Common lowland frog Hoplobatrachus rugulosus

4. U2 ¥_|°11’11!3J Kuhl’ s creek frog Limnonectes kubhlii

5. NUKRUBI* Marsh frog Limnonectes limnocharis

6. NUKRIDU Swollen-headed stream frog Limnonectes pileatus

7. 8ATW Floating spotted frog Occidozyga lima

8. Lﬁﬂ@%é’dﬂw* Paddy field puddle frog Occidozyga martensii

9. NULLIA NUBNAWIN* Spiny-breasted giant frog Paa fasciculispina

10. nUTA* Green paddy frog Rana erythraea

11. NURRI INE* Orange stream frog Rana lateralis

12. Weadndnunau* Three-striped grass frog Rana macrodactyla

13. nuaad* Common brown frog Rana nigrovittata
Rhacophoridae 14. ﬂﬂ@?l:'sl,muﬂ/’l\‘l"n’l’;* Chonburi pigmy tree frog Chirixalus hansenae

15. m@%mmuﬁu* Nongkhor pigmy tree frog Chirixalus nongkhorensis

16. tha3wain* Violet pigmy tree frog Chirixalus vittatus

17. thauatzih Cricket frog Philautus parvulus

18. thadu* Common tree frog Polypedates leucomystax

19. ‘Ll’l(ﬂgﬂi:ﬁd Green-limbed tree frog Rhacophorus bisacculus

20. 1haaziuiunysal* Purple-spotted warted frog Theloderma stellatum
Microhylidae 21. SGLLN Sdaﬁm Orange burrowing frog Calluella guttulata

22. 5%9’3@@1 Spotted narrow-mouthed frog Kalophrynus interlineatus

23. Sdé’mﬁ’m Asiatic painted frog Kaloula pulchra

24. 5GLL3J'%W1’J Hourglass froglet Microhyla berdmorei

25. Sdmf_lLL@T&J* Butler’ s froglet Microhyla butleri

26. 50"1?1”10@5’1* Dark sided froglet Microhyla heymonsi

27. 501%%(5’1* Ornate froglet Microhyla ornata

28. Sdmﬁ’l* Yellow-legged froglet Microhyla pulchra

29. 50%5@‘%@* Inornate froglet Micryletta inornata

RNLLAG): FoInunenans8198997% Frost (2000), *“ﬁﬁ@ﬁwugnﬁa@

Occidozyga martensii

Paa fasciculispina

Rana erythraea

Rana nigrovittata Polypedates leucomystax Microhyla heymonsi

Microhyla ornata
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Xenophrys parva Rana nigrovittata Polypedates leucomystax
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Limnonectes kuhlii Occidozyga lima Calluella guttulata

Kaloula pulchra Microhyla pulchra Micryletta inornata
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Hoplobatrachus rugulosus Occidozyga martensii Micryletta inornata
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Xenophrys parva Hoplobatrachus rugulosus Rana lateralis
Chirixalus hansenae Chirixalus nongkhorensis Chirixalus vittatus
Kalophrynus interlineatus
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Limnonectes limnocharis  Rana erythraea Rana macrodactyla
Chirixalus hansenae Chirixalus nongkhorensis Chirixalus vittatus
Microhyla butleri Microhyla heymonsi Microhyla ornata
Microhyla pulchra
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Rana macrodactyla Philautus parvulus Rhacophorus bisacculus
Theloderma stellatum Microhyla berdmorei Microhyla butleri
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Limnonectes pileatus Paa fasciculispina

Theloderma stellatum Rana lateralis
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4. ﬁmﬁnﬁ?nmmsﬁuﬁuff ﬁl’mmiﬁmﬂﬂuﬂu 4 Tie VL@TLLfi Rana kuhlii, Rana nigrovittata, Rana
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Haluunaingini wasundsinnns uadesduusnmiinssusindoudneite lag Rana kuhlii 1n3ladunga
agjs‘iﬁﬂiﬂﬁam{nﬁﬂﬁaUiuu%LamﬁﬁWVL&iﬁﬂuﬂﬂﬁfﬂ LL&:%UW%‘E@&QW’%@ &% Rana nigrovittata 119 1L Juuwass
agjﬁ

(2
o

Ravuaztduusin mﬁﬁﬂﬁm\nﬂniﬂumm@ﬂu
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4.2 Rana alticola uaz Leptobrachium smithi Sunasnauwuingliludiioduaniu nisesziia
mﬂﬂuéwﬁwﬁﬂ%aﬁLi“;luLmsiaﬁmnﬂwﬁNﬂmUqgslu ﬂ%aﬁquwun LLa:WUQnﬁa@mﬁ'ﬂLLwiﬂs:mUagj

AURTUSI UV BIR RS

5. ﬁvun15tﬁﬂfm?u55 zgné”aﬁ PYAINUR mnl'ql&l Rana kuhlii, Rana nigrovittata, Rana alticola 8%
Leptobrachium smithi WU3NTH 4 wiia VL@TLﬂ?iwgﬂs’wLLazé'ﬂwmzlﬂiqa§wa%awyﬂizmﬂuﬂm,m’%wﬁuﬁaﬁu
ludrsatiauuunluszozanduie laun

5.1 Iﬂida‘?wﬁﬂ%’uLﬂ§Um:ﬂinmimﬁ'mgﬂiwﬂm:mgné’a@ laun lassasethn szuuvie
MILAUaIAT (B, an17) Lashinik

5.2 Iﬂidﬁ%ﬂaﬁﬁwmLﬁ'wﬁui:%iwmimﬁmugﬂiwalmw:@jﬂﬁaﬂ ldun L'E'iaLLﬁaz} Waanan &
LRZIENIAUN

5.3 I@ma%'m'ﬁ'a@gﬂvl,ﬂizmwmnﬂﬁUuﬁﬂiw’tmwzaﬂﬁa@ laur w19 wmian uaztealavias
\isan

Tassastnazsuesylugroum g sasmaiivla Wawsnduluszozdesnaunsziidaa
auyitﬁgdqﬂLﬁagﬂé”aﬂL'%Nﬁ@j&‘ﬂﬂ%éﬁLﬁ]’%ﬁg“’fumlﬁnﬁaﬂ Atz fouutadldidutnluszozanduie 3
andaaudazsiadduniersithn SnioIWu wasansuzLHwRIRTaUINALANGINK YADINUNITLITEY
maa‘viamaLaummﬂumumamdﬁﬂﬁmmiwzﬁﬂﬁamaoﬂuﬁg\a 4 wiia GeflanusunninumIaiaaulanss
matasuudssvaslassaioin lasdnlduesgndenisueiy iondntiaslugisum wazias RN uand
ﬁ‘hmmagaquiagﬂé"ammmda%waﬂﬁﬂLauI@]gaq@ Foudnzrfinazdinunwid lduanansiu mnsudnldazaa
gﬂLmzﬁ’lmmaaaﬁmmzﬁahiﬁé’ﬂwmuﬂmmaz@iauﬁwag'u mynawndamadisuudaslasiaiiodug lu
szuzgndaa leun au wWianan A vienans sxdufevminduladed luvaefmlsnuasgesdaas
mﬁana:ﬁuaﬂgﬂlﬁamdaﬂgﬂ

uanani wuimaaiyiulavasgndan Rana alticola uaz Leptobrachium smithi lFazpziianuns
niNandaa Rana kuhlii W8z Rana nigrovittata Lﬁaamngné”aﬂﬁxaaawﬁﬂ'«iﬂL‘ﬂuﬁaaLﬁwmﬂ@"ﬂﬂmgmmdw
Sagunuinusnealasignnidsmauenaiu uazdwinsi ldunnd weindszansawlunsann

IMITUAZHALDINIT TINNITIWIBLDIN LRI W IWIIE LFTI DA uERILININN

= 'Y o o v & «  ga € o &
6. m5ﬂnﬂ’ifﬁs\7ai’mihnﬂmgnaaﬂ ansaduunbaiiu 5 gﬂLL‘UtLI (AWNINNWY, 2543) A3t
6.1 1hnagnduunasdinia (dorsal) thnurunwiuwwiunivwiaiduzlnig meluthnlad
fiduiu (denticle) uazlaiflazvanihn (beak) lassairathnzdunuiinulugndon 2 194 da
Pelobatidae 'laun Megophrys parva Wae Brachytarsophrys carinensis
Microhylidae laun Microhyla heymonsi
' v ' ' 04 A ] 2 & ' v . .
6.2 mﬂagmdmumwmmum (ventral) #3888 ABUINFIVBNINWIINRUIVBINT (subterminal)
A ' o . ' @ A v A & ' (% ' a
VUHWAITAULIN (papilla) ummwmquwmLsyaLﬂuLLnaaQI@yiau mﬂuﬂ’mﬂisﬂaumﬂqwﬂunm
Juunn $wnunumzesduiuanadunniavesududsfiovasgndea uszliazsanihn (beak) lasaatisn
& o ¢ o &
E‘].]LL'ULI% Wuluaﬂaa@ 4 3¢ W
Pelobatidae @A Leptobrachium smithi, Leptolalax pelodytoides, Leptolalax gracilis,
Leptobrachium sp. e Leptobrachium hendricksoni
Bufonidae 'lawr Bufo parvus, B. melanostictus W& B. macrotis
Ranidae 'léun Rana limnocharis, R. kuhlii, R. rugulosa, R. nigrovittata, R. erythraea,

R. alticola, R. chalconota, R. hosii 8% R. cancrivora
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Rhacophoridae lauwn Polypedates leucomystax leucomystax W8z Rhacophorus bipunctatus

6.3 thnagdunigazasdiumi (terminal) nolutnldfguiu wazlifiazsanihn lassashs
ﬂﬁﬂEﬂLLuuﬁwuluQﬂﬁamdﬁ Microhylidae '}#A Microhyla pulchra, M. omata, M. inornata, M. berdmorei,
M. butleri, Kaloula pulchra Was Glyphoglossus molossus

6.4 1hnagdumingavessiuwi (terminal) SuAnaraidugiinens (horseshoe-shape) iaaan
waznaihgtashinle muluhnlufiguiu udflazsasthn Qﬂﬁﬂ@ﬁﬁIﬂidﬁ%’]dﬂ’]ﬂgﬂLL‘]J]JﬁVL@TLLﬂ' Occidozyga
lima Wz O. martensii %ﬂﬁy’daawﬁmglmaﬁ Ranidae

6.5 1UNagNIdUaNITBIEINAI (ventral) wuwssauthnauun wielid gesthnniennn 19
hniuaisizdwiudainzniaiiuiuga (ventral disc) feurias gﬂﬁaﬂﬁﬁiﬂiaaﬁ”nﬂﬂﬂgﬂl,l,uuf:"L@TLm'

Ansonia malayana (N?T Bufonidae) W8z Amolops afghanus, Rana fasciculispina (N?T Ranidae)

7. msﬁnmfmaa%aihnua:wqﬁnﬁmmﬁﬁumm5ﬂaagné"aﬂﬁcma'amﬁ'mho 9 aw laun
Uraatindle unaasinlna andsendeluszaiindreiude A5 nansi uaziuitessin wuinlassairenuas
wqaﬂﬁumiﬁummﬂaagnﬁawé’uﬁuﬁ“ﬁ'ﬂamwmeﬁagmﬁ'ﬂﬁaﬁ

71 gﬂé”a@ﬁmﬁ'ﬂmméaﬁﬂﬁaLmzmﬁuﬁizﬁuﬁ’sﬁw Unasuiuwoenfiusiimiain aneludin
Tigwu seuthnanafiaugusrswanienwisidtan ﬁummﬂ@ﬂminiadamgmﬂmmmLﬁnﬁdaaaammmu
A leun Microhyla heymonsi

7.2 gﬂé”aw‘?'imﬁ'ﬂmmdaﬁﬂ%aLLazmﬁuﬁi:ﬁuﬁaﬁﬂ 1hnezudvweanfivdnadain moluhnls
fivls southnSuuautiowanemsdhihn 3‘1J5'N‘1J1ﬂﬁﬂlﬂugﬂm§ﬂmﬁaﬁmm:ﬁ'ﬁﬁﬂanﬁmﬁam:um‘fﬂmma
ﬁummsMﬂﬂ’]iﬂiaaamgmﬂ"ummﬁﬂﬁﬁadaaammuﬁ’sﬁ’l 1@un Megophrys parva Waz Brachytarsophrys
carinensis

7.3 gﬂé”a@“?imﬁ'ﬂmmdaﬁﬂﬁaLwimﬁuﬁizé'unmoﬁw mna:agﬂmﬂqﬂmaamuﬁa (terminal) 3]
wrivnwduztnme udldanIedau nIewuidy wisaanaintesin muludnlifidu Avemislasnisgy
m{:nﬁﬂ"uumLﬁm"ﬁ’];jﬂ’m (suction pump) 'l@WA Microhyla ornata, M. norata, M. butleri M. pulchra,
M. berdmorei, Kaloula pulchra W8z Glyphoglossus molossus

7.4 Qﬂé”a@'ﬁ'mﬁ'ﬂmmdaﬁﬁﬁaLLa:mﬁuﬁizﬁuﬁVuﬁam{w nanavin uaziaih uddulngidnendy
ARurasin 1hna1vageurias (ventral) ﬁ%a@iawﬁ’mgaﬁumﬁmuﬂmwaaﬁ"s (subterminal) lassa19tn
U3znauals uHwRtITautn oW wazazdaslin 'vf%faamaﬁaﬁﬁqmsﬁaaﬁamaymn Usznauadis najuﬁﬁ
‘anﬂﬁ&lmiﬁumv\ﬂﬂ(ﬂUmimmm:ﬁumnauiﬁﬁadlfﬁ laun Rana nigrovittata, R. chalconota W8z
R.  cancrivora mjuﬁﬁwqﬁﬂswmsﬁummmuu;jmua:ﬁwmm%'@lf 1eun Polypedates  leucomystax
leucomystax, R. rugulosa W8z R. erythraea mjuﬁﬁwqamsumiﬁummi 2 suuuunuAe Aulasldinann
i?&lﬁ"i_lmiﬁul,mu%’d’] \@un Bufo melanostictus, B. macrotis, B. parvus Waz R. limnocharis LLa:ﬂéjﬁJﬁuIﬂ oyl
1NgUaMINALNDANITUMIAULLILILEY éuA Occidozyga lima uwaz O. martensii

7.5 andaanaduluunasih nauazmiunszauiuriani naeh uaziiomh uddulngjinady

=3

ARwrasi ﬂ'mag’maﬁ’mﬁam%@iauﬁwga"'ﬁumﬁmuﬂmwaaﬁ's wWIiaduiunga LﬁaifLﬂwz‘qulum‘fﬂmmzﬂ
nyzuainlnaunss lassarotndsenaudie uiunisseuln unafu uazazsesin dszneudae ﬂﬁjuﬁﬁ
wadAnssunsinenmislasnmsannuasinazneuldiuiioasin I6un Leptobrachium smithi, Leptobrachium sp.,
L. hendricksoni, R. kuhlii, R. alticola, R. nigrovittata, R. hosii, R. fasciculispina, Amolops afghanus W% Ansonia
malayana LLa:mjuﬁﬁ‘wqaniiumiﬁummﬂmug’mLLa:ﬁwmm%'mf léwr Rhacophorus  bipunctatus,

Leptolalax gracilis .8z L. pelodytoides
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Abstract: Wildlife Research in the Western Forest Complex: A Review
Anak Pattanavibool
Wildlife Research in the Western Forest Complex Natural Resources Conservation
Office, Royal Forest Department, Pahonyothin Rd., Chatuchuk, Bangkok 10900

This review of wildlife research in the Western Forest Complex (WEFCOM) was based on
88 research studies. Mammals are the main target for researchers with 51 studies followed by birds
(26), fish (9) and herpeto-faunas (3), respectively. For mammals, large ungulates, including gaur
(Bos gaurus) and Banteng (Bos javanicus), are the major taxa receiving intensive study.
Monitoring systems with permanent transects for Sambar (Cervus unicolor) and Barking deer
(Muntiacus muntjak) have been established. Carnivores, especially tiger (Panthera tigris) and
leopard (Panthera pardus), have also been studied for home range, biology and ecology. The
remaining mammal species still receive little attention. For birds, hornbills are the group on which
intensive research studies have been conducted. Applied research studies, which are normally rare
among wildlife research, to look at impacts of resource management, can be found among the bird
studies. Very few research works have been done on the herpeto-fauna and fish. According to the
study area, Huai Kha Khaeng Wildlife Sanctuary is the site for almost all research studies on
wildlife in WEFCOM. More research to cover the whole scale of this large ecosystem should be
supported. Monitoring and applied research studies are really needed to keep track of wildlife
status and to promote the values of wildlife to those who use this prime ecosystem.

UNU

thaziuen ldsunmiduasesliidutiuthoning Fedsznavdin HUhanenuuwannd 9 uns Lwainm
Wuidadth 6 uws LLa:‘ﬁuﬁm’%auﬁi:mmﬂuqﬂmuuﬁwﬁ%n 2 ud samﬂuﬁuﬁﬂmﬁnﬁ 17 LAY
ﬂiﬂﬁJﬂﬂqﬁJ‘ﬁ%ﬁ 18,730 nu.” (~ 11.7 §wl3) uenanit lenanswesiiudhde wainmwuisadimslnguisens
waziainmwuisaithwseuds Seldsumsdemealdiduusanlanlull wea. 2534 Wasandanulaawdn
UM uNIWeInsEInw uazsitawins (USa, 2544) A wenfiuy Landsat 5-TM 1 2543 wudignn
I@ﬁﬁ"’svl,ﬂmaaﬁuﬂwLLﬁaﬁﬁaﬁﬁuﬁﬂwﬂnmuﬂ'jw 80% aIRUANINUA wazlanunanuansveIInuFa i
L wué’migmgﬂﬁwuunfh 120 8@ wnni1 400 vHa (DANCED, 1998) LLazﬂﬂﬁ@ﬁuﬁ:ﬁm’j’ﬂﬁuq an
RAMNNALTUA Wad (2544) a;ﬂmmmmzamadﬁuﬂwmi’umn@iamwwmﬂﬂnﬁwm 29803113 3 dsens fe
1. @‘hLmu',aﬁmmzauma%’sgﬁmmi’ (Unique biogeography) AuthaziwaniduuSiimsesdavas 3
\waFaaliaaastas @a India, Indo-China Waz Sundiac %ﬁﬂﬁ%ﬁjﬁ?@]’iﬂ’m’mﬁgﬂ 3 120 §NNTAND
Ieludinihit
2. dnsnwassnnaduiuiivmalng (Large-are size) Fevhldvasiuriienuidaithldnainnans
Tasawzdafvwalng Sfaduanulaaduvasfiuvthaziuanda 419 nszfia uas Falass un
Hanafiaend g
3. fanuuanddunanraeuesszuuinaLasiuafu1e9Fii83a  (Habitat  heterogeneity)

Qﬁﬂizmﬂluﬁuﬂmﬁumﬂ ﬁ@mmmn@mlmzﬁummgaﬁaLL@i 100 - 2,152 a3 lagAiany

(212)
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wannnasrasNTNITMAIUATh ALY thauan Jideds dugawsss thijs vewah uazthils
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Huhaziuaniudinduunasanuivisssund  Sidawnsnady  wasdunseuiuvesiniay

=)

HaWdTAsTasTuda Tt neau 88 (Gas Lﬂué'@lﬁfgmgzﬂﬁwuu (Mammal) 51 389 wn (Bird) 26 (384
Fafinunnu uazdasazifiuinazifiuun (Herpeto-fauna) 3 (389 uazian (Fish) 8 Bas (Mwit 1) azfiningas
L'f??mgﬂﬁ'muwﬁ;ﬁ%'ﬂmnﬁq@ (58%) un (30%) Uan (9%) sndataaiiionnau uazdasazfiuinazfinund
ARdpasun F9ldmdunguiden (Herpeto-fauna) FsfiRps 3% dmiumsanalanasasil fildavoungu

MNUAzLENAL89UITENT 88 (389 udAaiianiawznanuidudunuluudazoiia wIangudainan g i

Reptile 99,
3%

Mammal
58%

Bird
30%

P & & ac o o & A, o
A 1. wesisudanuddumusa S luiudaziuan

NRITNIDY

o & A 'Y

1. dadldz9gnaIgus (Mammals)

a o A A & o a A . e a &
muﬁnmawmnﬂqﬂ ‘INﬁﬂuﬁiﬂLLUdLﬂ%ﬂQNﬁ@]’fﬂuW“ﬁ (Herbivore) ﬂquamfﬂuma

b

nauidung

D¢

9
(Carnivore) uazn AR

9

mgnéf’mummmﬁﬂ (Small mammals) azPUIANAIS (Medium mammal) S

a o &
UNSLDUARNIU

1.1 nguaninwuiy (Herbivore)
theaziuan Wulnthiduunasdsennststhilugfgaludszina laoinun (2540) Usziiin

v 9

o 2

Afitethnda 500 ¢ %ﬂﬁainﬂmmdaﬁuqmw (Gene pool) ﬁﬁmmﬂaamaﬂﬂuﬂizmﬁ Ty asfiunsstn
1hwéng vesdsunadug Alesumsdsafinliesil Huthanlwg-vivaw Juszanme 200 - 250 @9 thifianan
Wyl 400 @) thiflaniwnduny3T 140 @v wazthurinizaull 160 @7 (MW, 2540) WITBen
fnainouasdizmnaawzuisfidnngluaainsiuidadthdisruts  winasoniidodaidioweh
Taningniumd lastasnn (2536) 189m0 uazAmz (2543) dr9natathlasfaaulassths s uas
ﬂaagammﬁmmﬁ%ﬁw (Transect) g lgUss lmiuddhnaeysznn mnﬁanﬁyuﬁ%uagﬁ'u
fasunanyg e mawdsuulasvesisarms WITHNTARU G LLﬂszd\‘l‘li']@I’mf]ﬂﬂ']ﬁ nmIaaauluastn
wuiﬁﬁﬂaﬁﬂﬁﬂumﬂg}amﬁﬂ 5 ¢ Usmduamanmnuiuuasdszmnstrah3i 007 - 0.09 dnu’ e

' A ' 2
%%WLL%%“E@Gﬂ@GHﬂNﬂW?:%?WG 100 - 200 nav/ny.
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1.1.1 ﬁm{ﬁﬂ@' (Artiodactyla %38 Even-toed ungulates) Lﬂuﬂéuﬁ@fﬁuﬁ“ﬁﬁﬁmiﬁﬂu’l
mﬂﬁlﬁgﬂ laganiznszis (Bos gaurus) LRSI (Bos javanicus) fanmsanuninaunsagneninenng
mu’i%’yLﬁauﬁy'mmEfamagﬂwmw%’nmﬁ'uﬁ:ﬁ@fﬂwﬁaﬂmuﬁa msanwIssluszezusn g \umsAnunsssusa
el 38y (2530) anmlasn1sdanuysusziaszas wuiuaslERuitgess thusundaly wasth
11 saufusaalsd Tulsl LLasziTaﬂ‘I@ﬂVL@Ti’miawﬁuﬂﬁﬁLﬂuﬁ‘*ﬁmmii‘u,l,mvl‘fﬁa w1 22 oiie Wodugn 12
0a W 4 ofia  wazldBudu 21 va  uaz maamﬂ‘ﬂmnqama Nauwumm ananiNauaaenl $90QNaN
Wutdulngjeginivfenigmen - fusou mnanm‘aaw 1 67 awfas 95 - 10 1Hou AREHERRIEE Y
Uszanm 2 - 10 a1 muﬂam:mwﬂs:mm 8 @2 (Bhumpakphan, 1997) msansedszlindszrinsuas
nzfis uazued lasdifivainsasiusznasyaiunan Srikosamatara (1993) wuinlwwainsmwusaaith
WU WTITIUA 250 G UaznIzia 290 61 lasdanunuuiuadnsziia uagiaues Aa1uszanm 0.20 @/

0’ (890 uszem, 2543) mianwmslEAuivesnszfs waruas ldfimsfinmlasdeingdaaue
(Radio telemetry) (Prayulrasiddhi, 1997) Wuiﬂmm@]ﬁuﬁmﬁﬂ (Home range) madgamsﬁmas*ﬁ"sum i
Uszanme 3,900 uaz 2,000 tanua$ laufi Home range 224N 327968 uazIuad fia 4,500 waz 1,000 Lanuad
MUEIGL WU AWATInTAsuar Puasl i azag’lm:é’umwgamﬂﬂdw 200 — 600 LNAIIN
sEauimzLa Lwﬂwﬁam@LLﬁaﬂs:ﬁw:‘L‘ﬁﬁuﬁﬂﬁaulﬂ&méaﬁﬂﬁ;jjmmfﬁ 400 . %@maﬂmﬁuﬁLLmﬁqcﬂLLé’w:
ﬁumj’mﬁaLLa:mﬁuvlnamnLLwdaﬁﬁi:ﬁus‘iﬁﬂiﬂ 400 3. Bhumpakphan (1997) léssluiasfinendeaasnyzfia
Tuthwaspuds wuiﬁﬂﬂﬁ'ﬂﬁLﬂuﬁaﬁﬂwumﬁuﬁagaﬁwaaﬂizﬁdﬁa thiwganssmluiuie thauuasaath
wazthAuuasuwlnaian

§aTsman Bovid SnvRewilefilaSunisfinmnagiseiessluiieauts e anedh
(Bubalus bubalis) %Gﬂ’ﬂﬂﬂ’]ﬁ‘!dﬁjﬂﬁﬁﬂ“ﬂadﬂitLﬂﬂvl,‘Y]EI mﬁyagéﬁumaﬂﬁﬂuaaL%@%ﬂﬁﬁﬁuﬁﬁﬂfﬂwﬁmmuﬁa
msansluismsyssdivdssrnsuasnsanmfinaing Gawsanl, 2544) wudszmnsanothluiuis
Uszanm 40 1 Famawwuin 0.27 .’ Tasdnwoluonadhwsiuie wasthwyanssad Tl daq
odunasin Uan T Saudani (2544) WidadanainUszansanath iiaduwlugas 15 D wn lazgn
219MLIMNAUNANWIITNTNG

NEULAILAZNI (Cervid) Lﬂumjmﬁﬁmsﬁnmwaaumi J09810 uATAMAE (2542) o
aﬁ”ﬁﬂmﬂaﬁ'uﬁagjimﬁwmmwﬂw (Cervus unicolor) Waziiid (Muntiacus muntjak) @L‘%faamisiaﬁamwmnm
yaisuazniath ldfinsadng@eaududs duwn 18 @1 vTnusmiissdaihinwsi .evivmil
Usznaunuinaiian I infeaansnuA W (Camera trap) WuWeTasRuMAwadsasisie 227 tanuas
uam’mﬁﬁ'ﬂagﬂ'jwmwﬂwaﬂfﬂwLutyawsim waiisldAuitmannuaosia LLazwudWLﬁaﬁmiwauﬁuﬁﬁy’aﬂ
daué’mfﬁﬁi’nﬁaﬁumﬂﬁq@ﬁa \&8@12 (Panthera pardus)

Piyapan (2000) la@nmnmsudstiuamsluaainu 4 vfia da 1is naneth nsedis uay
Fauas Tuthviasanuds woihdsusddasiur 4 afiail wfuiot 74 TRAWUT ueifiiips 11 mﬁﬂﬁuﬁ:ﬁ'ﬁumn
ﬁﬂﬁ’ﬁﬁﬂﬂ’m’ﬁﬁﬂ?’mﬂﬂmﬁU?ﬁ%@j{i ﬁmgﬂdﬂumm@uﬁdﬁmms‘mmmau FaSthig 4 siediazussiuiuly
Sosunasamaniuagneb

1.1.2 dninua (Perissodactyla %38 Odd-toed ungulate) fgsasdinanunuluiiuga
AzIUAN AD ANLESA (Tapirus indicus) lasmsad (2531) ladnmluthdrewiuds nuiaueTalinmmisany
Wunwdszd wasniulaslifzduoy wiadumanuinen uazlddufinsfiafizamnnauedafiulind 37

e lasnonwihlunguisauadainldiuniudion uazdnrenuginlunguas
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AaaaA

1.1.3 daddmandouazars (Primate) lunguitidgaulafinmfe wzfifionny (Hylobates
far) lapfnwufmaiuduends  naden  (2544) ladnsuSpudipurziiiovnluiunihduuds  uazth
. a o Pt W_a v A & P =1 f a
LR anssth wuhawmeuasiwandevassziluhduusiawe 11 wanuad lusmeipeiluduoganssaiome
fuandy 16 1anual wanandinmvhindnederiedsevimmathavussuazdnuganssmlivinnit 50
e laowuililwisddasni (Annonaceae) \luiirimeiiiasnvoufiufiga du Primate 8w G9liny

NRITWNTIAEL

1.2 nzg’wﬁmfﬁucﬁ% (Carnivore)

Lﬂun§u§mfﬁﬁ;§au1aﬁﬂwwﬁammﬂﬁﬂ@m6] luwmnogtuuy leslawizdad 2 ofla da 1§e
1039 (Panthera tigris) wasidoann (Panthera pardus) gmiuidalaislddnuniania lavdianzhauuaznazan
ﬁmfﬁwuluﬂaaga (83277, 2543) WU IwanadFalassluiisuudsfia uas nneth 1A nsedia
waznyth LazanMIswNLTeswIsEiiae  1Felatsdanmeiladuiannnidnssliladuis @
nMsAnswaduadiTeddelag vlﬁﬁﬂ’]iﬂitthﬂ@ﬂﬁﬂﬂﬁﬂﬂaym@qfﬂﬁ’]f;l.ﬂ']‘wLﬁla%'ﬁi’m?m%a WALYWIAV DI
fiuadiy (Home range) (AnAans, 2544) wuidalassdivuiauasinardouanensiuauine [CHICCRTITRE
ffananwavesduadaie 100 nu.’ §rwieana fimifinslasnsfeingfanud (28w uazgmu, 2531)
wm%ﬁamaLWﬁ;ﬁLLa:LWﬁLﬁUﬁmmﬂmadﬁ'umﬁ'ﬂﬂ%d 23 sy 11.4 nu.” WL uasWUImME e EeeTay
ﬁqﬂﬁa LA

1.3 nzg’wﬁmﬁﬁzagné‘wuwwmmﬁn (Small mammals) uazaw1Ana1y (Medium mammals)

ﬂ@;uﬁlﬂuvlﬁﬁdﬁ@]’jﬁuﬁﬁ wazdasAwila Robinson et al. (1995) ﬂéjuﬁﬁﬂmmﬂﬁq@ﬁa
f19a17 Duangkhae (1990) AnwNAIAINEVBIAI9ANINAR (Craseonycteris thonglongyai) luu%l,’smg’lﬁugu
fuasiuanvasiinthasiuan woindeniaalsidunslszslumseenmin delilnanin 1 nw. a1ndn
wazdnaanwiuluaalnde wiawaudn &9 Duangkhae (1991) lédadnluilenziuandtuan 51 1 wu
fenfadsiwn 21 1 dsdudszonsle 2,000 67 Uszmnsiadpdainiszanm 100 62 §mnsanen
ﬁ”ﬂamﬂw’ﬁaﬂi:qﬂm"l%ﬁ'umsﬁnmﬁnmaﬁmﬁ'ﬂsl,ugwmml,mviaﬁﬂeﬂ Tng-wain Taofaenil (2542) dnwndn
29 £ Wud9em 19 1 udrsanafunalsl 4 ofia uasiludrsanAnuuss 15 180 aRNsaLLIFIATIAY
gﬁLLﬁJumiaanmﬁummi"l@ﬁﬂu 2 ngw fa mjumﬁuﬁidai:ﬂiwLLa:mﬁaﬁawaﬂvlﬁ LLa:mjuﬁnmaﬁmﬁu
leSeuvaalyy launasndh (2542) agﬂdﬁﬂﬁﬂﬁ'sumuﬁwmﬂuﬁv’lﬁ 4 i @8 n3d1 mafuyada M
e LLazmi’L%gwag;mﬁ'ﬁ HusnuilsznauRsnssumasnawn Robinson et al. (1995) ﬁ%’]i’sﬁ]é'm‘l,‘gm@ﬂ
@Taﬂumm@Lﬁrm:uﬁza@T’mm’ﬂuﬂwjalmy'miﬂm,mzﬁaﬂml,vﬁa WU 90 THa WIoUseNme 50% maaé’m'ﬁ‘gmgﬂ
sonumadnfinuludsena sludwon 90 wfiaid 24 viia usdedinulnaludszne

duldin (Cannomys badius) Smsensndasduisnfiainfiny Tasdsfil uasunial (2529)
Newdwhsilulh 3 wlie A thauuds druganssm Ju@ess wazensiiauuulaafien (Solitary)
uanmnmu’gmgﬂéau fINTTUUN Usznaueiy waauat RadszauaIns INBUT LL&:ELﬁU“MNL%U

WIANT (2534) Anssinlnaunsvedu (Hystrix hodgsoni) wuihlwsswindlanadunusiuss
Unaguinilalns wazdmsdhesadesnmwiageslivanzay W HamIzauaaueInT

2. %0 (Bird)
=2 ao 4 a =2 a = A a a a '
MNHNR/ITUNITIANBIYUN DINNIANET 3 EﬂLLUU e 1) ANWIVIINE LLE‘]$%L'§?|’]Y]E|7°U@\1‘H;T]1%LL@

A o & =< a & A =2 ao & A o a o . 9
ﬂz"ﬂu@]wuﬁq 2) ﬂﬂiﬂqﬂ"nﬂﬁa']ﬂ"ﬁ%@"ﬂa\‘iuﬂ‘luwu‘ﬂ NS 3) ﬂ'ﬁﬂﬂ'ﬂq"]"ﬂﬂﬂizﬂqﬂ@Lwaﬂqi"ﬂ(ﬂﬂ'ﬁﬂu'ﬂagaqﬁﬂ I@U

v
a

Foazduaagi
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2.1 msanwFIInguasiiiaing1zasun

ﬂﬁjuuﬂﬁvlﬁ%'umiﬁﬂmﬁa;ga‘[@mu%mﬁa nguunidan (Bucerotidae) Chimchome et al.
(1998) fAnwundanaauas (Aceros nipalensis) waznnFannTutetnizay (Rhyticeros subruficollis) W17
wnidanaauaizaurhistudunt (Syzygium spp.) Aidvwalng \Wwsgudna1iiedan (DBH) 70 - 121 @,
9 24 - 54 4. SwunFennuTwINGEY TaunTINUAUENN (Tetrameles nudifiora) DBH 130 - 135 .
g9 36 - 55u. nilsg1 (2543) wuhundenaauasiniieniunaliluied Lauraceae, Annonaceae uaz
Myristicaceae N1NNITUNNN (Buceros bicornis) ‘T%dl,ﬁaﬂﬁugﬂvl‘}’limnﬂiﬂ dﬁuwavlﬁﬁuﬂﬂﬂLLa:umﬁaﬂﬂaLL(ﬂd
maumnﬁqﬂﬁa e1alaw (Polyalthia simiarum) laorialduslifiunweusinditenauin Sfdu uwaslinsvmwalng)
udtwda lilwgiunnin lusmsdsanuunidanaauaiazifaninwtuasnnnniiwnnn wonanil Ala (2544) &3
Anwndnanwaaswniianwlumsnaliiialnsisivasuwnidan agﬂiwﬁu"lﬁﬁum’f‘ian’l‘*ﬁﬁﬂmamnﬁq@iuﬂﬂ
wyansnluiuianmda dusans waznudiwndennratrahnsouldnsunirrmansi 100% &
WAWAN (Anthracocerus albirostris) \F 71% gauunnnlildIwsefiunwavawans 1y

WNEN (Pavo muticus) L‘ﬂuunﬁnnfojwﬁaﬁﬁmiﬁﬂmﬁa%ﬁﬂm wazileIngn AnIwenenu
Umfiudwindszmnsluthiisauds Ponsena (1988) dszifiudszmnivasungaluthwrsnudilidszanm
300 - 400 67 UAFNAEND uazaniz (2538) Yszilinliuszanm 256 &a wngevouldihiugansin thauuds uaz
149 IﬂaﬂquNauﬁufaﬂ‘ﬁﬁuﬁm@mwU’%ua"ﬁﬁam Inguaniutanidaunneinmeon - Swew 14 2 - 5 Wag
(Ponsena, 1988)

uanmnﬁﬁaﬁmsﬁﬂm%ﬁwmmiﬁuﬁuﬁ?uawnmﬁuﬁ'ﬁﬁw (Oriolus  xanthornus) (B4,
2528) 'livh (Gallus gallus) (waﬁﬁné, 2531) wnwinningen&du (Serilophus lunatus) (U3e, 2539) uay
WA IIAUNLTIEITIA (Monarchidae) (A3, 2539) LHudn

mafinsiFasizanmsun Tasdnsnge (unngdfa) léansnlioufsufzarnsun u
ﬂ%mgﬁ]wssmizﬁuﬁ"] (400 — 600 ¥.) UALTNLLYINITUIZAVFS (600 - 850 3.) 1%@7} HNUUAITIRALDTIITE WU
twganssaszaudiifirermunuinnii 68 oda sauluszaugeiiiTannisun 47 ofia

wanNINATEIMNIUEY Jirawatkavi (2000) l@ANHNAMNRINRAIBLAZANTNTNVDITIUN LY
thwganssos wuh3iun 44% wunwia'lsl 40% Husilulnseld uaswuiunifay 50% vindiluduldfids
WNgy 1-5 .

2.2 N1IANMIANNNAINT A [BAWT
1nssast (2539) emaunluthduudsuSinahdsauds wounluthdouds 141 afia las

wmf']Lﬁauqumﬁ'uﬂﬂuﬁ’mﬁwuunmﬂﬁq@ 69 Tk

2.3 miﬁnyﬁﬁ’yﬂszqnm‘iﬁamsﬁ'ﬁmsﬁ'umﬁﬂ

ﬂ’]iﬁﬂ‘]&ﬁﬁbl%ﬁﬂﬁmtL%auiﬂdixﬂ’hdﬁnﬁ’?ﬂEJ’]LL&:%’J%‘YIUﬂmﬂd%ﬁ@ﬁuﬁ: ANURAINRANY
fumssansnerds  Gifewdsedandnsinalufinthasiuan Useitd uszeme (2544) ldasrasaums
Waswsiriaunszwinsiuiithssma LLa:ﬂﬂﬁﬁﬁaﬁuﬁmﬁaamawawswgiaaﬂ a‘gﬂiﬂuﬁuﬁﬂﬁﬁ
ﬁﬂé}"ﬂﬁuwﬁﬁ?u flrfiaundi Habitat specialist gm3uihesduanlfidudu soiuismansaldunidudoisns
Ausrvosszuvinale ﬁ%’sumu’ifﬁ'ﬂé’ﬂwmzﬂi:qﬂﬁﬁvlﬁﬁwLﬁumwé’amﬂnw%ﬂwé’uﬂmuﬁwvlﬁﬁa MIANEN
nansznuanmavh i dafsslulnse s Tasawnziuun (Pattanavibool and Edge, 1996) luthiuaa
wasnianu e v nelwiAa lnse i msugasldunde U3 (Alangium  salviifolium), ~AZULNUAZIFAT
(Lagerstroemia spp.) Waz@uun (Vitex spp.) Wazwuin anwiSausaald anula LLaz"ﬁzumaammﬁa (Huilade

fenlumsinuadSunmlns ldee
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3. dadlasgnain uasdniaziNwIgsiwUn (Herpeto-fauna)
Ao o o ao & 4 2 = o
NUANNIIT8A Herpeto-fauna Akasan asttanaIwLNuiag 3 3w 09 2 Swdumssra
phanuimlufa sygn (2530) dAnasfieduisadazfiwhaafiuunludhisnuds wodwau 32 1fia uas
vL@Tm.idﬂq'ué’@'?mmﬁ@ﬂw LR ILALANGS f‘siﬂq‘mﬁ wardseid (2542) SedadaziiwinaziuunuSmih
a A o { a 2 ' =
neand  wusliawuinwuawziulunialdfa nuvinans (Rana tasanae) unzdua13@  (Kalophrynus
A @ { A o A
pleurostigma) wuzfiaRuinwuiamzlunmailofia 8318177 (Leptobrachium chpaense) uazfIWLTHAA
wuslwain lidnenuludsanelnoanneudia  Leptolalax gracilis &winuwiduludsdn  Snuidbeunies
(Indotestudo elongata) (Tudwn, 2539) NdeIngdaaudi ldnmusauwemiuvesduniosfio iwaguaz
A A A 2 o o
inedsfivauimariin 224,000 Laz 150,000 4.” MUSIAU
fauiAuhaziuanazATaUARNAALENETUURITIE uatiuainBRUTAAT udnuide 69 (a4
A 1 s @ 6o 6. v v a a & a i A A A s '
9N 88 (304 azagluainymwuidadihinuuds v.97umd (Dunan du 19 FasimAenizdanizavaglu
& Aa ' @ o go & ' ' ' A o p A A ' vl A
Aundug 1w wainsuidadihrluguees gnomudim@enine dmesnnd sauieasliinGes

i

uﬂa§ﬂ

'
A

nWITsduFadth azwhdaliassgndieuniifAnsiseniigeis 58% Jasasnfa un (30%)

Ua (9%) uazdadifesanuuazdadaznfivihaniiuun (3%) lundudadifosgndioun uwiddpgaiuiidainy
AT A9 119 kazn9TN TINNIANENNITIINGT ANAINET wazUTerInT waaTUASANELRNIZAN WA
Ao w . ° [ o o N v o A v o o
soug soniddpdaithiswieh luwwednswuidadihdisnudy Seflszunidudsadainig (Permanent
P . A ' oA . . v ea A Ve v &
transect) LNa@3T98AU (Monitoring) N13tUALKLLaIYIUTETINTBE19ADLIDY muﬂ@mmﬂumavlmuuﬂﬂm
o A , A & v A a 2 Ar & o oA A A a P ’~ . @
Autialase tiean unan SIRnsAnEITuNIGAIUNILIEAUN (Home range) F13nen waziiedneisuny
. oA . P . v e o oA o A = Ao o A .

LAUNAAINNGBLIB Lmﬁcvl,umam@mum muamLamgnmﬂuulunquaus} FaNnIIANEN B NINKI B bl
Tiaw

Tungaun wnenidunguiiinsansidsainidaiitosuaziduszuuninguunaug ungailel
an3edslusaudsering werneeudaiiias  wdIdnlwgsfineaing LLa:%ﬁﬂmmwwwﬁﬂﬁuﬁfﬁ
msﬁﬂmagﬁw,wivlaimnﬁn wIauuaNsAnEMNRaNT A lANUNN TN SAENE L REILENTes  wanaula
A P =2 Ao a & o @ o as A A P a v
fda Snudnsidnlwizend laslsundudsiznisuniu wienmafouulasszuniinalwdinisians
iy DIwanzinuisnlusanyasnashiiNadntaufany

, @ & o & a o PN a A ' A A A,

muawﬁ‘lun@maaﬂﬂmu wazdaasiwihaziinun avawuied 3 (589 uazngulan 8 (39 afiat
v 1 T o a { lé =3 L gj yQ/ 1
dosun sulnaiflusnsuenmsdnwenunansieluaniunnie g Wunan lunsasaatenanslunsafasl

ﬂiamquﬁmuaa LAANAIIAIITTINUAN B URT DL NINLTUAY

LlONE13D19D9
vialal
win ninaRut. 2544. quidnanudmagveaminenidaith lufiutheziuen. yalifuwanados. thaziuen: 1h
Ingjiugarnovastsznalng. TasRuiifougan. wih 18-30.
DANCED. 1998. Final Project Document: WEFCOM Ecosystem Management Thailand. Danish Ministry of Energy and

Environment.
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Mammal
i yifie. 2542, ndEnwanIznudadaithanmIukIafeTImd nuRaIau (ERnWwaN)
nsdanwdennluiufiuuaviae Tawiamaawys. MImssadudesing 7(1): 120-126.

naken lasdn. 2544, PnaRAande uwazzfiaamnImangmavesteiiiesn luwainmwuisaiihwoanuds.
InenfiwunslSyanln amingssinuasmans.

w39d Axdanind. 2531, Anawinowasrasialwsainmwuidaithisauds. 1msumand 7: 277-288.

$3ANT Uszysdns. 2530. Wneinguasines (Bos javanicus D'Alton, 1823) lume§ﬂﬂwﬁuﬁ:§mfﬂ1ﬁaymLL'iTe AWRIA
priumdl. Inefinuitiyanln uninmasinsasmat,

Ysefi) Tsaudan wazunsadl wiasfiad. 2520, sruusiasdaismindu. nuundadanuwitofiansnesluaainem
Wusda fhwananuds.

waens taanes. 2534. Tassefreszuuiiuasiinainamnadsrmavenaiulnnjunsnadu lwainmwuddaithiaean
uty. Tywiee. Meamdinenh 'l asauengad swingnasinwasaans.

AN AINTIN9. 2540. %ﬂqﬂﬂmLfﬁﬂluﬂs:mﬂﬂvlmmmmmmamimﬁnﬁ. namuﬁm’?ﬂﬂaﬂ.

09810 JUINATN. 2536. WAINe1wa4519th (Elephas maximus Linuaeus, 1758) luiwainmiuidafihwouuds
Tawiagriumfuazan. Inmdnusdiggiln amineasinuasmans.

NN FUVUIETN Uazgiid qgﬁuﬂ{ 2544. BFINENVBILNAYS (Muntiacus spp.) sl,um%'msnﬁuﬁfﬁm'?ﬂ’lﬁ'aummﬁ.
Mgrsaastudasineg 9 (1): 64-74.

09810 JUNATN, W08 reAnd, Se Resuysol, 10 sllaaned, wyateil Iunuawas, wiln Tiiuens uaz

¥
A A

aulnail @9aunTds. 2543 ﬂﬂsLﬁaﬂImwuﬂﬂwaaé’m’?tﬁmgﬂﬁmuumwﬁm Twainswuidafthiaeen
wdd. 1sssaadtudasine 8(1): 22-30.

83NN E‘I"U%J’]ﬁi’)d, ’Tﬂiﬂ mﬁ@maaﬁ LLﬂiﬁNIﬂ"Jj‘l«f ﬂ'ld%%“fli’]ﬁ%. 2542. ﬂ?iﬁﬂﬁ?gﬂiﬁﬂﬁiﬂﬂﬁﬂﬁﬁmadﬂadﬂalﬁdﬁiiuﬂ’]
wazn9th lutmm%'ﬂmﬁuﬁfé'm'?ﬂwﬁaw'n,t,‘*ﬁq. Nnsasaadtudadlneg 7(1): 70-77.

sawland lyedeil. 2544, feinenvasaneth luaeinswuidaithwisuuds dwdagnenid. msdadih
Waslne 9 (1): 75-81.
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3. Behavioral comparision of dusky leaf monkey (Presbytis obscura) on is land habitat and
undisturbd habitat of Khlong Saeng Wildlife Sanctuary, Surat-Thani Province. (Wanghongsa,
1989)
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P & & A o o o ¢ A o cao &1
WWNBWINUKHNTaW YL 52N1 ININGT 187519 (Navawsndaniih, 2534)
MIAAAUNILANBUNVBIRBIN WAL (Capriconis sumatraensis) NaWaWLARBUELBANANINE
10 27 ha.  udvhldddesuuukudulnguinaniienanfulusasgneuuisn@ngn  .gnuegini
swhadaunneinou 2532 - guipn 2533 iNamvaduimfuuazdanduuesngdnisui ldagis
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las@aauaningdaaudaisfiadsdygrmaiuniaaienlnl (motion-sensitive radio-collar) uazld Focal
Sampling Technique LiuTayansdungdnisn wudndssrnldion 81 T lunmsimzmdunnisagendon
S ' X a @ o @ ' ' = A 'Y a o
wianzan Slutinmibissndanafeudeldagummzuientadunadszanm 1 deu uduafoudon
a & A o L& ) & @ r f A a \
um"umugu‘é‘nmmm unzenfyagiiuag 33 mﬂuuﬁavlﬂmﬂuaglummﬂuuuwmumu lugr9nan 5
A oA A a & af 4 a Y a a A A o
o AuArAunInue (home range) 136 ha. UNUNAINWARN (core area) 86 ha. LRLINILARDUNLARYIURE
445 + 139 was lasdunslnage 1,350 a3 uazlszozadsluniuaasfianisn (average activity radius)

613 £ 122 a3

Tugsszwiadeuunmay - figwiou 2533 LﬁmmLWﬂQ’L%L'JmLLaquaﬂﬁwﬁvl,&iayj’ﬁa (active
behavior) TanuAsasay 63.28 lasfidnungaluzisiaa 18.00 - 22.00 w. LLazﬁ@iw‘iﬁqmlu‘*ﬁmnm 07.00 - 11.00
W, wqﬁmwﬁhiag’ﬁuﬁm%umﬂﬁq@lmﬁauﬁmﬂu uwazfavangaludauiigwiou WONIINATINLINELINN
Lwﬁgﬂ‘*ﬁnaﬂumﬂmquanﬁuﬁ‘lﬂagjiﬁa’lwﬁamaunmaﬁummimaunmai’uimﬁ”ama: 53.76 LAniulunan
nangan uazlugaeszozam 6 Wan woanssui Wagfafeduluaeunasduunnniaeunansiuludan 2 : 1

U

6. mﬂil%'ﬂmﬁymlszmnsﬁmiﬁs;;mgnﬂ”’muwﬂmmﬁ'nﬁmﬁ'yagﬂua’mrﬁha6] Y29ARAD19
Wuingonsposenn FIUINFIIHY 19 (NavansnEaniLh, 2534)
miﬁﬂw’nﬁam%mﬁyuﬂizmﬂié’fﬂﬁgmgﬂ@‘hwmm@Lﬁn Tudufisnafusindousomyszn

LgNE) N Ewifeunnainon 2532 - Juiay 2533 TasiRanfiufidnsanimeAfiawenuiiannni 1
AN AT ﬁﬂizmyagm’mmu@mq yasiufenafivsin 199% Capture-Recapture uuy Grid  with
Assessment line LAUTaa13eTN3 wué’migmgﬂﬁaﬂuwﬂummﬁﬂfﬁﬂmu 9 7Hia Lﬂué'@]fﬁmﬁﬂagmuﬁuﬁu
(terrestrial) 7 wila ldun vy unies (Rattus surifer) WyWWLAN (Rattus whitehead) %Hmm'gw&ﬁmwm
(Rattus rapit) %k&ﬁad"ma (Rattus rattus) Wyfﬂwmﬂmy' (Rattus bowersi) NILUQATIINAN (Tupaia glis) Uae
n3zdau (Menetes berdmorei) Lﬂ%é’@fﬁﬂﬂﬁﬂ%ﬁﬁuagmuﬁuvlﬁ (arboreal) 2 wiia ldur wwliduusifiouun
(Hapalomys longicaudatus) uazn3zsaniUangwNen (Callosciurus caniceps) sasnwuluiuidunihenfiuiing
9w 8 viia Aa Ay wnGes %Hmm’éﬁu&ﬁwwm AWuAWAN niasrnd wuiluanlng nazdeu
nszuasTINe  wasnszsanUmennadn wulwiuisunansgrafivine swu 6 afla de ﬁkbwmmﬁm
%HW’]%Lgﬂ %ELVLNLg‘]JLL&iﬁaLLiJu NSEUATIINAN N3Eaan wazntzsanUmenidn uaswuluiuiidurinesnafiu
e $ruan 7 oila de wurunRDd MEmuLﬁyﬂu%Lﬁmmﬂmu wwan wyldifuwilauuu nszuasTIne
NI290% UWazNIzTanlaan1ean

Aufigrumihenafusing ﬁmwvxmmeamaaﬂszﬂmﬂﬁmi'gmgmﬁ’wuwmmﬁnmnﬁq@ (50.45
@7/ha.) MURIAL é’mﬁgm@nﬁwummmﬁnﬁLﬂuﬂnﬁm@iu (dominant) nanunmnuskluiuisumines
Ao ldun nszden (M. berdmorei) Tuiufisaunanssnsifiviing uazswesnafiusi leun wuHwan
(R. whiteheadi) N3z30% (M. bermorei) Lﬂué'@ﬁfgmgﬂ@i’:}ﬁuwm@LﬁﬂﬁL'ﬂumﬁ@L@iumﬂma%’;mwluﬁyuﬁa"m
AuinssudIs 9nAneuit  Shannon-Weiner Index wuinluwiufisaunanssnafivihe Samamannwany
(diversity) maaé’mi'gmaﬂ@haummmﬁﬂmﬂﬁq@ 5098911 1dun Aufisurnesnafuih wasiufisiuniiens
fiuving gy

lu'«iwmuﬁmigmgnﬁaﬂuwmmﬁnﬁwuﬁz\a 9 viia luiuienafiurig mmﬂﬁuﬁmﬁumﬁwaw%

muéw&ﬁmwwma@ uwaznurwRa ey fngigafa 0.56 uaz 1.13 ha. awuay wuiuslngiwagd
szozLafani luudas T LLa:ﬁsw:mﬁauﬁmﬁﬂluLwﬁa:?umnq@ 150 LAz 51.24 LWAT AURIAL
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7. ms@nwimsiaguuasans 9 vasanla lusaul (navawsneanith, 2534)

guliiuunsinanamislasaisuessaiin Taganisdasswinas nzsen uasunfissnsanens
a1dzagaumzlng g maauudasdne g vasduldazrhldifaamamywisuiuldlusent annsfnmn
dwliinwan 129 T 2,259 du wuirdmsuanlugouluudazidon Budsudidonunauiuduly s1umw 43,
13, 37, 35, 18, 1, 0, 46, 12, 12, 50 waz 53 80 AURIAU 8aNABNTIUWIL 52,36, 23,7,3,1,0,0, 2,6, 17
WaT 43 Tha ANEINL LATENHAIIWIN 40, 55, 61, 43, 37, 7, 6, 6, 6, 3, 4 LAz 18 THa W& ey Faithle
Urlominnludewvesirgilutinfoungaimentiounman  wsuiiwnenan  uasimian anaeaen
lutufeungadmeuniiawsnon uaznalugradensunauiisfiguion

8. nsdrsaalsinareluiniioriuindawsonlsean (navawsneaniih, 2534)
amwihasdumitad ensousznfidnsuellse wazwalulinuwusiuin Wlasaniufiiumai
lwnnmsshadan vilwanlal LLazﬁuﬂﬁﬁudwaﬁuagl'ﬁmméumﬂ INMIATALTAMMLTIWIINN LAz
IMEUTNUARBIE Lﬁuﬁuﬂﬁﬁumaﬁwuﬁy’mm‘[@mﬁamﬁuﬁhiff?ﬁu ildavndefivenssaeld uua
aamﬂumju‘lﬁé’aﬁ

1. Vlai’vjm?iym IiFon liddugn wulwisdidn (Rubiaceae) nawzfia iu gnlritnu (Hedyotis
capitice lata Wall) Lﬂuvlﬁvjuﬁlmmfﬁ'mm:vlsﬁu WlANAR (Psychotria rhinocerstis BI.) Wl
vg'm??wmmﬁﬂ 237 89w (Euphorbiaceae) 2461 Myrsinaceae Waz4¢ Lecaceae

2. VL;TETNQﬂ LLﬂ?:vliTLgaU wulwadeindany (Commeliaceae) 29¢  Maranthaceae 463421
(Zingiberaceae) LLatldﬁﬁﬁ (Leguminosae)

3. Liuswanastisumnalng wolwasdlisnawna (Ephorbiaceae) 11w uzisitANy (Antidesma
velutinosum Bl.) 8¢'lWih (Baceaurea ramifiora) 196 Sapindaceae LT azW3@ (Lepisanthus
vubignosa Leenth) 13fINT (Moraeceae) I UBHWUWN (Streblus taxoides Kurz)
2196 Apocynaceae LT Tunuas (Wrightia cambodiensis ) 294 Violaceae 19dL94 (Rubiaceae)
147 Rhannaceae 296181 (Annonaceae)

4. @jﬂvh’li wulwa9d Annonnaceae 196 Myrtaceae WINWI 29 Euphorbiaceae Lﬁafﬂ\‘i (Sapium
baccatum Roxb) 89U1IMI8LAN (Macearanga tanarius Meell. Arg.) 244 Lauraceae WInauLwe

REARGE! (Fagaceae) 1A NI (Moraceae) 29dda (Sterculiaceae) Wa9H Sapotaceae

9. NMIAAAINLIADA (Panthera pardus) ﬁﬂa’aynﬁﬂg'i'h (laa, 2534)

\§ad (Panthera pardus) LWﬂgﬁQﬂLgmﬁ,ﬁdLL@iﬁ’aLgﬂﬂ VL@TE}ﬂﬁ’lma@emalq (Radio telemetry) L&
Usesluudnmiudmiosnafiuing aussmsznm agnupinil nmaih@eaaldis  Focal  Sampling
Technique ﬁuﬁnﬁagaﬁmmmmﬂ%aﬁdﬁaﬂaQﬁﬂa anaans 24 $2lus lagluudazaaluouvadn 4 enu e a
15 Wl 124 10 WALSALALTBYA UFINN 5 W ﬁauﬁa:@wLﬁuﬂagalwﬁawiavlﬂ YasuiwTuinaaani i
vafn HanIAnswLIIFadmanIndsiineg ldluamwssinma una 11 T A ufivAnnamua
128 anyeilawas Solapadoinaeud ldiuszoznoiua: 471 was Lﬁavﬁﬂ“ﬁ’nmuaquaﬂiiuﬁ‘lﬂagﬁa
(active behavior) 113&% 36.60% %aﬁmmﬂﬁq@ﬂummm 23.00 - 24.00 . ﬁd’]ﬁayﬁqﬂiwﬁ'smm 06.00 -
07.00 . L%ﬂ@‘mmquammmwagﬁa lugrsnanarsduuinninnarsiwanias (50.70 ¢ 49.30%) InANT

infigadlunizimnzermsuszi ldlngaauss wodnadaanand du (Manis javanica) ldiua1mns 1 6
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10. msdrsedaithumnzlugrofuindonssisent ssnsagsugssii (sasamn uaslhwa

, 2538)
migTasaithummeluaafivind enszrdsen $1wan 104 1mz Suduiiumsdnenludon
WINEU - nuenew 2537 wuded 23 sfle  sniiudadin wy wazvyih Lﬂuﬁmﬁ'gmgﬂﬁwuu 15 o9
Fafifosaanu 7 7la ussmdn 1 wfla nmsudsnatsiuiesmzeanidu 5 Tu Yineg nuAa 9.77 -
193.45, 193.45 - 377.13, 377.13 - 560.81, 560.81 - 744.49 .8z 744.49 - 928.15 15 wuidrwusiievessa’
thilannlugasiudiimeamnadn ﬁmﬁfmawaaé’migmgﬂ@i’ammm:ﬁwﬁﬂﬁmavﬁmaaé’@ﬁgmgnﬁwuu v
snvuzanadatroiufimedumalvgdu udswansiiade 1 ims LLa:ﬁmﬁfﬂﬁwaaé’mﬁ’gmgﬂﬁaﬂuu@ia 1

Ao A & A & A = Vs
LnIe Naﬂ‘iﬂmzLW;J“II‘H,LNaﬁﬁdwuﬂﬂladm’ltuﬂlu’ml%mmu

11. Differential responses of small mammals to fragmentation in Thailand tropical forest

(Lynam, 1999)

Fragmentation of tropical forest has wide-ranging effects on wildlife communities, but the actual
mechanisms of species impoverishment remain poorly understood. Small mammal assemblages on recent
land-islands at Chiew Larn, Thailand, were compared with nearby continous forest from the fifth to seventh
years following island creation. Assemblages on islands rapidly developed a nested structure, converging in
composition and representing a subset of those in continuous forest. Among species that persisted on
islands, many had altered abundances, with some increasing and others declining. A "random placement
model" accounted for the observed distributions of species on mainland sites but not on islands, suggesting
that nested island assemblages were generated both by changes in species distributions and abundances
after fragmentation. Six species were prone extinction on islands, whereas three increased in abundance,
apparently because they were good over-water colonizers or favored habitats on islands. We conclude that
the development of nested mammal assemblages in the Chiew Larn archipelago was caused both by
differential vulnerabilities of species to local extinction and by abilities of species to colo-nize islands and to

thrive in disturbed island habitats. 1999 Elsevier Science Ltd. All rights reserved.

12. Molecular genetics and the conservation of Hornbills in fragmented landscapes. (David et

al., 1998)

Asian hornbill populations are rapidly becoming fragmented on remnant patches of formerly
continuous forest. The viability of these increasingly isolated populations is threatened by processes linked to
habitat patch size, reduced population size, edge effects and the distance between patches. Genetic erosion
of natural variability in small isolated populations also contributes to their demographic decline and eventual
extirpation. In the next century, wildlife managers may increasingly have to mitigate against the deleterious
effects of genetic erosion by the careful movement of selected individuals between isolated forest patches.
The nature of the problem will be illustrated using examples from studies of genetic erosion in small mammal
populations recently isolated on islands in Chiew Larn Reservior, Khlong Saeng, Thailand and in an
endangered loggerhead shrike on an island off the coast of California. Molecular genetic methods are

described that permit managers to establish the management purposes and monitor genetic erosion.
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13. AISUNINILD1VDINAYINIYY  (Limnoperma  siamensis) Tuarafusndawsonlsean

(mlﬁnﬁ“f Uagsadaln, 2538)

WOHLWIEN Limnoperma siamensis ﬁmmwim:mmmss’mmjuammmLmumﬂ meznﬂu’%nm
°uaai’mqﬁaglﬁﬁm‘%nmdwuﬁuﬁwv’fﬁau%’mmﬂnm 2§ I uaﬂmﬂfuﬁ'\awumwzag’umﬂﬁaﬂvxaamu
mwammLmumﬁﬁﬁwuuﬂﬁﬁﬁmagiuﬁwﬁm 6,056 + 1,031.4 daiuii 300 anaTndwas Uszmmuwluuay
ffuﬂaiﬂﬁ'udﬁﬂﬁﬁuﬂ@juLLazLﬁm‘hmuaai'mummamamaﬂLw‘%mﬁ?mﬁ@%wé'amﬂﬁmia%ﬁaL“T]'au WU
Lm:uwiau"lﬁﬁ'«magj’lm{ﬂmnﬂiﬁmq'é"uaﬂ'ﬂ&ﬁﬁmﬁﬂﬁty (p < 0.05) MIUWINIZIEY IINNGW WastRNEIWIN
°1Jaav\amé’ana’nﬁwé’dLﬂuﬂtym@iaqmmwm{w wazfeanssufifsadestuiludrafivi é@nsmsunsnazany
YOIMBLLNTES Limnoperma siamensis  aaifuiindansrmilsenn Tasifiusatmeniwdss Limnoperma
siamensis ugnaufusind sy mui’mq’lﬁﬁwﬁm ﬁmmm:ag} WUIAMIUWINIZNE TIWNGUBLLL

f@qiﬁﬁmﬁaunﬂmﬁ@

14. anavanzinzasdaithlwaasnsiusanitiaaauas (savain uazlnaa, 2538)
VL@Tﬁﬁﬂ’ﬁé'mﬁmmwa’mmﬁmaaé’mi'gm@ﬂﬁmuw wn dafiannnan uasdatazfininazfiuun
lwasnswuidaithasesuss sznivfauganan 2536 - aaaw 2538 wudaithadnsiay 397 afia a1n 96
19F Lﬂuﬁmﬁgmgnﬁwuu 69 1A 31N 27 2196 wN 234 Fila 9N 52 2 FATiRaLAI 67 Tia 91N 13 29
waedasSazfininazfiuun 27 afia 90 4 1d Sududafihfinuiuanmsansasinon 61 afia ludwnit
Lﬂuﬁmigmgnﬁmuu 8 uiia wn 41 wiia dafiaeunan 7 wiia wardasaiiniiaziivun 5 viia

15. Wadnguazszrnsyasnseielmaasnsnusdnilinaasuas (Bhumpakphan, 1997)

midnmduiinaineuszdizrnivasnziisluaainmwuidaithanasuas LgnE)ind
3213190 W.¢1. 2537 - 2538 Lﬁaﬁaaﬂ'ﬁmmamwﬁuﬁa%imﬁ'y gRaRToMNs MIlTunassin wazunasltls an
MINUARLADATILALAIANNAWILURY TN TVRINTZAINNMTENTINAMTNILUWUEUATS  WUIINTEie
mé’l’mmxmﬁuagluﬂﬁmau%u wazanwihang  natulsznm Mﬁuﬁxé’umwga 68 - 600 LUAIIN
sweuimaathunans mamAusulngnoluusnagesihenhiinnnmislauwduesldlngeusssuna
aﬁuﬁumsmﬁuﬁﬂnmmﬂwjﬂﬁﬁLﬁﬂmnﬁanﬁwaamgmﬂuaam wazuAT 8 filAna N iuasas
seautin Tusnaiuind ensardszanlusent neefsluiuidnunfiufimavsmny 71 oiia 310 63 ana lu 33
WA issnnenEnsumdsinaussmddnngmiuieseet  indelldiduiieitamnazaines
Userng ﬂs:ﬁﬂuﬁuﬁﬁﬂmﬂ“ﬁmdaaﬂﬂaﬁaymmi‘iauﬁﬂuLﬁﬂuﬁuﬂimﬂiﬁwululfum%’ﬂmﬁuﬁj&@rj‘ﬂwﬁ'sﬁ
10 dsznnvasnansznunmMIniu uaziantsnsesnzisll 6 anmaiz da wWaandn una saup laudy
fGURN  Uazany m‘uflv\@wuﬁm’%aﬁwé’fuﬁﬁﬂﬁmm@Lﬁumﬂuﬁﬂmdi:ﬁuaﬂﬂnaaﬁﬂﬂﬁﬁaﬁaﬁwﬁuﬁﬂmﬁﬂ
2.97 Ty, uazWUMISABAALTY 4.76% VaININNa ﬂaagam:ﬁaﬁmé'mﬂmsamUﬁama‘mvhﬁ'u 0.0161 69w
I@ﬂﬁ@i’]l,ﬂml,uummgm 0.00068 T 0.0013 szeuanuToin 95 Wasifud anunwuiwweslszTINg
u’%nmﬂammuua:ﬁuﬁaUﬁvﬁum{whﬁ'u 2.05 Uaz 3.3 GU/MINLALNAT MuEaU mumaamﬁmmﬁu 6.55
@1 (R 2 - 13 6, N = 7) nazisluainswuidaithanaus gﬂqﬂmuﬁgﬂmnmiﬁﬂaaum LRZNARIINNTT
ALiin
Aanysweing g Indunasiimfuasnszisla wnﬂnmmamjulua’wLﬁuf:'] Woudrwiszn

16. Ecological characteristics and habitat utilization of Gaur (Bos gaurus H. Smith, 1827) in
different climatic sites (Bhumpakphan, 1997)
miﬁﬂmﬁnﬂ%mmaaﬂi:ﬁﬂﬁeﬁwLﬁumﬂuﬁuﬁLw%'ﬂmﬁ'uﬁjﬁmfﬁﬂﬁamnuﬁa 2.97mil waz

wainwuidaithaseuss 2.9l luszwiel we. 2537 - 2539 nazfvandvagluaniwimansuuy
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%uﬁuﬂafﬁ'ﬂﬁLﬁ'mﬁaaﬁu%%mmLﬂuagmaum:ﬁd Tuthsrudwudnszisazienlsthwaunaaluluny
191 thavudsuhe wssthauudadaanfiszdu 180 - 1500 La\lmmm:é'uﬁﬂmmmunmamnﬁqﬂ fauluth
ﬂaaaLLmﬂizﬁa%Lﬁaﬂi"ﬁﬂwauéﬂuqumn ﬂ'mauwé’@flu%uuazﬂwmuunﬁszﬁummgja 64 - 650 LUATINN
srauthnzatwnanadudiulng  nszfduhisudasldfremsedrolon 160 1iia voefiluthase
WEHIWLLRES 76 il luﬂWQaaaLLaafuLLﬁﬁiaﬁ’lvlajvleﬁﬂuﬂa%'m‘hﬁ'miaﬂizmmmaamzﬁﬂwﬁamgLLéTa M3

TilsvasnszAslununiing 2 uis Janunandrinu nizidlutaaasuasunuaz laildunaslioaey

wlstudseniwednszie uazauad wdhweoudslul w.e. 2537 1w 0.54 + 0.37 /a9
Alawas (p < 0.05) uazlull we. 2539 Usznnsiindwin 0.97 dransilawas fihwandaderudu 8.15
(SD = 6.23) lassa9tszrnsUsznauaas Adult : subadult : Juvenile : Calf = 6 : 3.75 : 4 : 1 swluthaed
waslanunmuUuaaInszialul w.a. 2536 uaz 2539 1w 2.68 uaz 2.98 AUMTNNLIALNAT ﬁmmﬁwaaga
\u 6.55 61 lawafadszmnslugadu 3.75: 025 : 11 1 audau

nasfioluthiis 2 uwa a:mé’aag;i'wﬁ'ué’migmgﬂﬁwuwma’lmﬁu % 19 s nth
gﬁLL‘umJaaﬂa%’mnﬂﬁauﬁmm:awmn‘s:ﬁﬂuﬂwﬁwﬂmuﬁmﬂu g (x) = -4.9188 - 0.00105 (dist. perm. water)
+ 0.00062 (dist.mam) + 0.00448 (elv.) Lﬁaiﬂi'aLm:wmlwﬂué’m’&jﬁhﬁé’nﬁ'rgmaaﬂizﬁa uusdialnagnanuee

Uszn3209n3:Aslui T Ing 2 uvs luedun1sanaauaILazN1IIUNIG

17. MsuLougna I TUAE AN AR aswINIE IS LA uazwinlvajaniSay ySiamaafuK
Wansvrysean U9UINFI1¥ 3517 (Sukhontapatipak, 1999)
luﬁuﬁﬁvl&iﬁmia%’na'm‘iLﬁuﬁw:mm‘snwumn’lmy'wﬁﬂu (Lutra perspicillata) wWIN%agUTI0h
it usswumInENEUSW (Aonyx cinerea) mﬁuluu’%nmmmwmLLaJ'm{ﬂﬁT’w%aﬁwmimmﬁﬂ6] uAs 9 laug
msfnsindafimsahesnafivinug wiinansznudansminesnnnisessiinagnels

mafneitldvnaSoudfiou fndingeswnnlngndsuaznnianiiuiulutiadon
womman 2542  UShmdnafuindenzrdsn  lesfnseusvinusssevessafivindutaeg s
Uszanm 1 - 2 nu. uszasnmensnae 6.3. na. ﬁ’m'ﬁﬁ'uﬁm‘mmuwaanaagamaamﬂﬁtmawﬁ@ wioung
Lﬁu@T'aaamammﬂ"nﬁmaamﬁaﬁwulunaaga‘[aﬂ%nﬁmama’%la wisstniminfuenldiianasdisznay
yasenInwInfuda’ly '«mmiﬁnma@iﬁmia{néjwLﬁuﬁﬂﬁﬂﬁamwﬁuﬁmﬁwaammﬂﬁmuvlﬂ hAUIN
HI09A1019NT L6 mffl‘ﬁty'muﬁﬂuﬂ%'ué’avlﬁﬁ%ammsnmﬁuu%nmmaua’wLﬁuﬁﬂéﬁlaﬁnniﬂLL&iﬁﬂﬁ"a"thnndﬁ
10 W3 oefnEndususseamninlugrsadng Aszauin 0.2 - 1.5 was Gwan uanmnﬁﬁuﬁﬁagmu
fwhwassnafivsihdadanuin 0.5 - 2 was mansnwunEsITRamAwiwld emmanvasmnlng
nGeufets lasamzaguiidaamauaslamuatranioy sawmnnidndusuwinisasniesudsinasin
Yuaziadusiulng pmsvsmnuaszTiait sinandriuluiuiinuinniiesiiadswasAui inuroses
GLERE!

18. wansznuvINNBBdaaA MR ILKRENIKsTasdadth  Twaasnsinusdndthaaauay
5@%5@615’71&6{]{5’717 (Wattanaratchakit, 1999)
ﬁmiﬁnmmnmﬂﬁLLamiﬂmgﬁﬁLLa:ﬁamsmm6] maam&wﬁdwani:mmfﬁ@fﬁﬂ uanM3AnEn

KopnfiazneneumfaaiwansznusInsinadesaithoiadns g ag1ols MelusrauaMaRIILe
ﬂimﬂmaz‘qmmaa?aﬁ%“m miﬁﬂmf:tﬂumsﬁnmNaﬂizwwaawmﬂ’@iaﬁﬂfﬂﬁé’andn lagdanfinm
ANunusuFNAwsvasgadihle 2 u’%nmﬁLL@m@mﬁ'maam%nmﬁuﬁ:é'm‘ﬂmaaoLL@N NNMIITIA

1% o ga "d' A " 2 A = 3 A P
iaﬂLﬂWTﬂﬂﬁﬂﬁﬂﬂiqﬂgﬂu NLROUU" YU19 1 x 1 4. ﬂgﬂﬁ?’]ﬂ“ﬂ%ﬂqﬂ 50 Lu@Y tusepeng 5.8 nal. 1%U<§L'Jm1’]
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Abstract: Evolution of the Parathyroid Hormone Gene in Primates
Suchinda Malaivijitnond', Osamu Takanaka® and Kanya Anukulthanakorn®
'Primate Research Unit, Department of Biology, Faculty of Science, Chulalongkorn University,
Bangkok 10330, “Department of Cellular and Molecular Biology, Primate Research Institute,
Kyoto University, Japan, ‘Department of Biology, Faculty of Science and Technology,
Radchapat Institute, Muang District, Nakornsawan 60000

Nucleotide sequences of the parathyroid hormone gene (PTH gene) in 21 species of
primates were examined. The PTH gene contains one intron that separates two exons that code the
sequence of a 115-amino-acid polypeptide, prepro-PTH. Prepro-PTH consists of 25 amino-acids of
pre-sequence, 6 amino-acids of pro-sequence and 84 amino-acids of PTH. The intron of the PTH
gene in Cebus apella, Callithrix jacchus and Saguinus oedipus was 102 bp long, whereas a 103-bp
intron was observed in the remaining 18 species. Comparison of nucleotide sequences among 5
species of macaque monkeys found in Thailand, namely, Macaca fascicularis, M. nemestrina,
M. mulatta, M. assamensis and M. arctoides, showed a 100% homology. A further comparison of
the nucleotide sequences of the PTH gene in 5 groups of macaque monkeys, classified according
to the report of Hayasaka et al. (1996), namely Barbary (M. sylvanus), Silenus (M. silenus and
M. nemestrina), Sulawesi (M. muara and M. nigra), Fascicularis (M. fascicularis, M. fuscata and
M. mulatta) and Sinica (M. assamensis) also showed a 100% homology. High homology of the
nucleotide and amino acid sequences were also observed between investigated non-human
primates and humans (95.43-99.80% and 93.04-100.00%, respectively). The results indicated that
the PTH gene is very conserved and that 3 million years of evolution of macaque monkeys did not
cause any differences in the PTH gene. Comparison of the 115-amino-acid sequences of prepro-
PTH of humans and chimpanzees (Pan troglodytes and P. paniscus) showed no differences. This
result supports a closer relationship between humans and chimpanzees than between humans and
the other great apes. From phylogenetic trees based on nucleotide sequences using parsimony and
neighbor-joining methods, and in agreement with size polymorphism of introns, 21 primate
species could be classified into 2 phylogenetic groups. The first group, belonging to the infraorder
Platyrrhini or the new world monkeys, includes Cebus apella, Callithrix jacchus and Saguinus
oedipus. The second group, belonging to the infraorder Catarrhini or the old world monkeys,
includes the remaining 18 species of primates examined in the current study. Within the infraorder
Catarrhini, 18 species of primates could be further subdivided into 2 groups at superfamily levels,
i.c., Cercopithecoidea and Hominoidea. The superfamily Cercopithecoidea (old world monkeys)
includes 10 species of macaque monkeys, Cercopithecus aethiops, Papio hamadryas and
Presbytes obscura, while the superfamily Hominoidea (apes and humans) consists of Hylobates
lar, Pongo pygmaeus, Pan troglodytes, P. paniscus and Homo sapiens. This study illustrates that
fixed-length polymorphism of introns can be consistently used to differentiate the new world
monkeys from the old world monkeys. The PTH gene can be used to accurately classify primates
of the suborder Anthropoidea to superfamily level.

Key words: parathyroid hormone, nucleotide sequence, amino acid sequence, primates, phylogeny
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wiinsendzeilun (parathyroid hormone; PTH) iiluszaslunidnfigiansiuaznannaindau
wnnsasd ﬁ’mﬁnﬁﬂ'suqmmaumms‘ﬁw wazWasanasime losdnainszauuaaifouuasanizay
Wasialuifan NIEAUNIRANLNIZAN mig}@ﬂﬁumeéﬁﬂmmzmﬁud’mwamwﬂﬁvlm LLazﬂiz@jumiéTamﬁzﬁ
1,25 dihydroxycholecalciferol (1,25(0H),D,) Ssiiluawiusvasinfindflashs a1ntiu 1,25(0H),D, 9ndu
mi@ﬂs’ﬁumeﬁ”ﬁymszamWWﬁﬁﬂ% (Smith et al., 1983; O’Riordan et al., 1988; Royer and Kemper, 1990)
FulmanfidnademIFiaNsiuaznas PTH fa anuidudurasunaidondoouluien deuwinlnsendas
w&9 PTH aszsuuaaidoameluusznonenioasansiag LLa:ﬁﬂmni:@‘i’mmaL%wLﬁugaﬁua:ﬁwaﬁuﬂz&mi
W83 PTH (Habener et al., 1977)

PTH ulnay Indiduidentsznoudis nsnaziilu 84 nihe nsaazilu 34 dausnaansnasngnan
auyInives PTH |¢ Tuanduillumssanmed PTH wolulaslulonunefi 11 dsznaudas exon 3 s uae
intron 2 &% TumsEaeTzH PTH 1in tuusnasiinsnaauasuyaswaues PTH mRNA 'léiilu prepro-PTH 7
dsznaudiontaaziily 115 @7 ﬁ“l'ua@a%iﬁ'uvliIUI‘ﬁ&l“nad rough endoplasmic reticulum (RER) wmusfiinng
\Rauilved prepro-PTH g cisterna 789 RER azfinsdaniaaziiluaindmoezllu (N-terminus) ¢an
awlsd clipase aan'ld 25 62 @I pro-PTH fidsznausonsaazilu 90 1 wasaniinsndaniives pro-
PTH 1" Golgi complex pro-PTH azpnaaniaaziiluanndaseziluaandn 6 o1 ldidu mature PTH (w3a
intact PTH) ﬁﬂi:ﬂauﬁwﬂiﬂa:mu 84 @7 (Royer and Kemper, 1990)

minsiAgnugefluudiiuiisulatuinnluneediin lasamzagnsbonmsansfisaiu bone
metabolism 1u;§§dﬁfﬂﬁaaﬂmﬁaanqw§ag LRENUTIBIUSIWIRINTAANB AL PTH gene 11w luau
(Hendy et al., 1981; Vasicek et al., 1983) M (Kronenberg et al., 1979; Weaver et al., 1984) Ej‘b?’ﬂ (Rosol et al.,
1995) #a (Schmelzer et al., 1987) Wazwuln (Heinrich et al., 1984) ’%”lﬂi’lild’]%ﬁ”l&l”liﬂﬁ?ﬂvlﬁ’j’] PTH gene
13znaude intron 2 &% UAZ exon 3 &% 1Ay Exon Il uag Il 9xgnlglunnIdaasnzi prepro-PTH Anumiisin
8nag19ve9 PTH gene Ao azliBwiies 1 ‘qm‘vi’lﬁ?ulu 1 haploid genome (Royer and Kemper, 1990) Wgating s
fiany SINMIBAMNAN AL ARA N TIBUABIAL PTH gene lud@ingw non-human primate Prman wui
Folaifsenuieany PTH gene lué'mfﬂa;uf: 19 ﬁmwmsﬁim'mmiLLf&’aé’mfmjuf:ﬁmmlnﬁ%ﬂﬁmumn
(Fiedler, 1972) d9azdiuldanlumsdnsnmedwdingmaasmsunngwanssia 7ldamansarnlaluaumwss
TadendnaTusssuuaciiasrnin Iddssnfnsmdoysiugiuludaingulnsum ww 59100 (Ferin ot al,
1982) 84%19812 (Malaivijitnond and Varavudhi, 1993; Malaivijitnond and Varavudhi, 1995; Malaivijitnond and
Varavudhi, 1998) UazBITUUNUT (Gold et al., 1979) Aaw tudn LLﬁﬁ?ﬁdﬁﬂTaQaﬁ"l,@‘i”l.ﬂﬂi:qﬂ@ﬂ“ﬁ’[uﬂu a91in
f:wm']ﬁLLuaIﬁuiuﬂWiﬁwé’@ﬂunajuﬁmlﬁﬂu&m’maaﬂumiﬁﬂrmﬁmﬁ'u bone metabolism LANIINTW
(Hotchkiss, 1999; Jerome et al., 1999; Krueger et al., 1999; Jerome et al., 2001) LWﬁzé’@lﬂuﬂﬁiuiﬁ“ﬁ’Nmﬂq
(life-span) Aawninluan uin amjl'!u (Japanese macaque; Macaca fuscata) ﬁ"ﬁ'mmqﬂizmm 26 1 (Nozaki
et al, 1993) FewhldmunTndamudnmmadasuudaslag ’Luﬁﬂfﬁﬂ@ﬁmﬁmaawmmq"l,@i” udaenalsf
a1 MIANHLABITL bone metabolism ludasmsniiaz liaansoudanauasyiranudilanalndnag leagna
Fatau dmndsnadaysiugmaasinduioaileindusznsnedlwasswninsesdseslun Sadusesluud
Junumanysa bone metabolism maoé’mﬂumﬁui{ Faiudaldrmsfinsmsrauianaleinduazninezilu
289 PTH gene ﬁmauﬂqumumao Exon Il uaz Il Uz intron B enuéay lusaiouaulwsiun (Order
Primates) suautasuaunlnlasiids (Suborder Anthropoidea)
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1. aaInAaay
AalRanaa’luauau lwsiun (Order Primates) susutasuaunlnsdasife (Suborder Anthropoidea)
w21 1la 9 8z 2-9 @1 lasFainihanlslunsfnunassftazsiuns captive animals uaz wild animals 910

Uzinalng BulafiBo aasln wazdu lapdaduunlnsumng 21 iia awmoIu89 Ankel-Simons (1983)
U Qs dQ/

LLas Lekagul and McNeely (1988) laasd:

Suborder Anthropoidea
Infraorder Platyrrhini (New world monkeys)
Superfamily Ceboidea
Family Cebidae
1. Black-capped capuchin (Cebus apella; Cape)
Family Callithricidae
2. Common marmoset (Callithrix jacchus; Cjac)
3. Cotton-top tamarin (Saguinus oedipus; Soed)
Infraorder Catarrhini (Old world monkeys)
Superfamily Cercopithecoidea (Old world monkeys)
Family Cercopithecidae
. Japanese macaque (Macaca fuscata; Mfus)

. Cynomolgus macaque 730 long-tailed macaque #30 crab-eating macaque (Macaca fascicularis; Mfas)

4
5
6. Barbary macaque (Macaca sylvanus; Msyl)
7. Lion-tailed macaque (Macaca silenus; Msil)
8. Stump-tailed macaque (Macaca arctoides; Marc)
9. Pig-tailed macaque (Macaca nemestrina; Mnem)
10. Moor macaque (Macaca maura; Mmau)
11. Celebes creasted macaque %38 black ape (Macaca nigra; Mnig)
12. Rhesus macaque (Macaca mulatta; Mmul)
13. Assamese macaque (Macaca assamensis; Mass)
14. Vervet monkey (Cercopithecus aethiops; Caet)
15. Hamadryas baboon (Papio hamadryas; Pham)
16. Dusky leaf monkey (Presbytes obscura; Pobs)
Superfamily Hominoidea (Apes and humans)
Family Hylobatidae (Lesser apes)
17. White-handed gibbon (Hylobates lar; Hlar)
Family Pongidae (Great apes)
18. Orang-utan (Pongo pygmaeus; Ppyg)
19. Gorilla (Goirilla gorilla; Ggor)
20. Common chimpanzee (Pan troglodytes; Ptro)
21. Pygmy chimpanzee %38 bonobo (Pan paniscus; Ppan)
Family Hominidae (Humans)

-Human (Homo sapiens; Hsap)
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2. MneTsNA I VT IMSUNITARRAIS W

wiziaaiunas 10 ws. ‘lu'lwnwnn’nﬁﬂ oI Gorilla  susadmRaanie  (femoral
venepuncture) WIWWANAL  heparin 0.1 8.  Iwumeiiiz@oavnniaavdainesasday ketamine
hydrochioride ¥ua 10 yn./nn. sminga disealudussnifivdwendodann (30 buffy-coat ATiiia
Wwoaridued) Induuasdafeeuasriul Aeuse 2,500 sauuaf wn 10w simiwhduvenia
Lﬁaﬂm'l.ﬂaﬁﬂﬁl.ﬁumwia‘lﬂ unsdlugs Gorila 2y ﬁnmmaummmuaLuaﬂ'l.ﬂmnmﬂmml.mi.wmnmm:
Rgavianii Rehailitation Center Lzinanaaln Lm,mmama‘lﬂﬁmwan@mamanﬂ‘s.mﬁmﬂu malate
fivwaras CITES

3. amanafiswie
ar o a J L
FNaaLaula’an buffy coat Lm:mmﬁa lasld STE buffer (0.1 M NaCl, 10 mM Tris pH 8.0, 1 mM
Na;EDTA) Uaz 1% SDS 1035017189 Sambrook et al. (1989)

4. Iwsiwesilgdmsuntsiin PTH gene lunasanaassuas +&193U sequencing
‘1W‘siuam1’nmmun’mwu PTH gene lunaeanasasda wunoiay 446 uaz 448 uazlwswafild
i sequencing Al WANELAY 449452 sauaadlunin 1 WRTATIT 1 et lnsdaulasunaindeu
mﬂa'[a']mﬂ'u B4 human PTH sequence (Vasicek et al., 1983) Twset El‘m 446 1w biotinylated primer Iwiiua¥
n 449, 450, 451 Wa= 452 \Jlu FITC labeled primers (Japan Bioservice, Japan).

6 452 448
—> O =
% < M

| HEN

Exonl Intron A Exon II Intron B Exon II1

- a . % 3, ar -
AN @Uumiaey PTH gene uazlwsiuafilddmiunaiu PTH gene lumsosamanasuasdmsy sequencing
B uaz F uanadumisf@aaaindanss biotin (B) and FITC (F) e gnasugasfiennsan 5 1y 3

= 2 ' L o - S o .
MW 1. winoaussdumbaaslnaweinldd miunsiiy PTH gene lunaaenaassuasinniy sequencing

waBLAY AUAH* sevitaadlalng
446 (-109)-(-90) 5.GCTTCTCGTGAAAACCAACC-3'
448 (496)-(516) 5-TTAGCAGCATGTATTGTTGCC-3'
449 (473)-(492) 5-CACTGTCTAGAGCAGAACTC-3'
450 (157»(176) 5-AAACAGAGAGGGCCACTTCC-3'
451 (-104)-(-83) 5.TCGTGAAAACCAACCCAATTAG-3
452 (166)-(186) 5-CCTCTCTGTTTICTCTTCTTCC-3'

nanowe: *dwmuieuiitnileinduas human PTH gene 14 Vasicek et al. (1983)
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5. N1TANIIIN PTH gene unaaannaay
A& A o v o A o aa = Y . A o
fduanana ldihaiuiminlasdt PCR las thermal cycle G9Usznaudig denaturation 9 94 °C;
1 ¥, annealing 71 50 °C; 2 Wl LAz extension 1 72 °C, 3 w1 I1UIu 30 58U Tagranazisy thermal cycle
FMIUMIAANTIWIB PTH gene 2eduaIsazans PCR mixture 1 94 °C; 5 w1l naw waidu Tag DNA
polymerase BAINAWFANTZLIHANILNNTIWIU PTH gene lunaaanaaadid’ ¥innsaasay PCR product

@28 5% Polyacrylamide gel electrophoresis uazauTUALOWEAI87D Silver staining (Tegelstrom, 1987)

= a & [ =
6. NMIUATANALD LD LT BLALD

WRINNFUFAMTANTIWIU PTH gene luduaaunudr @dwiafldazidudiduwaidug (double
strand DNA; dsDNA) Tadastihanvinliidudiduiaiduiaen (single strand DNA; ssDNA) fau a1u35
Hashimoto et al. (1996) lawlt avidin-coated magnetic beads (Dyna beads) TN biotinylated primer 370
& s o a a o o & A & . A Ao o L o Lo
mu@aumm’ﬂu dsDNA 'Y]LWN'%']%']%VL@%'H %&l(ﬂLauLaa%lLau%m“nNmuﬂmULmauagﬂumi biotin LW?’W‘ILW?LN
asnanuaw 446 AT biotinylated primers ¥inlw dsDNA 449 ®1313509UMY avidin ﬁﬁ@a@]a%iﬁ'u magnetic
beads o (avidin-coated magnetic beads) ARINUBYN alkalinization dsDNA @28 0.1 N NaOH ialile

v té v IJ 1 Qs ] { v {
ssDNA 2 &% 03 ssDNA Lﬁuﬂu\‘lﬁ]zﬁ@]agﬂu avidin-coated magnetic bead LLamﬂmnauagﬁnuma@ Tuvueh
ﬁﬂLﬁu%ﬁd’«J:aaEJa%iL‘ﬂuﬁﬁiﬂudﬁumaammmuaail wean  ssDNA ‘YTGaadﬁl'luﬂﬂﬂﬂqﬂﬁ%LLﬂZﬁWVLUFL“E‘Luﬂ']i
a 6 o ¥ A a 6 1
AnTzdmmauineala nase i

7. mylarizimaavuiiaialalng

myenzimaauianalelndrilasld cycle sequencing kit findalauus¥n Applied Biosystems
Inc., Japan wazaTamaauiiailalndlagld Shimadzu fluorescent automatic sequencer DSQ-1 IﬂﬂL’%lsJﬁ]’m
MW IazaNy PCR mixture 71 94 °C; 3 wift lumafiwswudiimesmiumsliansimaauianaleing
1 Usznaudiey thermal cycle 3 70 il

7auIn Usznauein denaturation i 94 °C; 30 5w, annealing 7 53-55 °C; 50 37 waz
extension i 72 °C; 80 3wl 1w 20 J8U

q@ﬁaaa Usznaude denaturation 71 94 °C; 30 317l uaz extension 71 72 °C; 60 W17t $1wan 20 30U

gafiana incubation 71 72 °C; 10 wal

ihdeufianalengfiledeann Shimadzu fluorescent automatic sequencer DSQ-1 Vlﬂamgmuﬁwé’u
nsaazfiluuarduuilaslysunsay DNASIS (version 3.0, Hitachi Software Engineering, Japan) uazilasnzin
anuaseafslasldsunsy  Clustal X mnﬁ#uﬁﬁagaﬁ%’lﬂ‘imezﬁmmwué’uﬁufmaﬁ'uqﬂﬁuL%a
IWWINT (phylogenetic tree) %dﬂ'ﬁ%mi’lzﬁwﬁlzﬁ’l 2 uuy fa genetic distance data (Kimura’ s two
parameters) laeAs neighbor-joining (Saitou and Nei, 1987) %di“ﬁﬂauﬁ’smaﬂﬂmﬂiu Neighbor lu PHYLIP
(version 3.572c) WAz parsimony hinauaaslUsunsy PAUP (version 3.1.1) laglAdauiiiadlalnauas
nsnaziluvasan (human PTH sequence) 14 in-group reference (Vasicek et al., 1983) uazsauiinalalng

waznInezdluwadin (bovine PTH sequence) S} out-group reference (Weaver et al., 1984).

NAN13798

1. arauiinilalnduaznsnazdluiionnmlavinaiduiiailandvas PTH gene
PNAMIANIIWIUADUE289 PTH gene lunaaananadlaslsinsinasnanoiay 446 uaz 448 lu

Twswnns 21 o wuindauen laduwiadszaios 500 s wWarhaauiiaalalnanle wIsuisuny
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gaufiandlalnduas PTH genomic DNA ma3au (Vasicek et al., 1983) WUINU3znaudas intron 1 §9% AL
exon 2 § 4 Lo intron #118azuys exon aanidhu 2 &2 uszlivwie 102 dwa lulwsiun 3 viia fa Cebus apefia,
Callithrix jacchus Waz Saguinus oedipus Uazilzuia 103 gima’.u‘lw'nuﬂﬁmﬁaﬁn 18 Til@ 1uﬁ1lm1i\1#l intron
U9 exon aanilu 2 dluﬁ‘:ulﬂu‘lﬂmung “GT-AG rule at the splicing junction” (Breathnach and Chambon,
1981) fin FIUAUVBINARS intron WULLE “gt” UAzFIWUa18VEILARE intron LWLHLUA “ag” F9nm e 2 uaz 3

-30 1

ttttaaatacctccattetgettttctttttagTGAAG ATG ATA CCT GCA
Met Ile Pro Ala

50

AAA GAC ATG GCT AAA GTA ATG ATT GTC ATG TTG GCC ATT TGT TTT CTT ACA
Lys Asp Met Ala Lys Val Met Ile Val Met Leu Ala Ile Cys Phe Leu Thr

100

ARA TCG GAT GGG AAA TCT GTT AA gtaagtactgttttgcoctgggaattggattttaat
Lys Ser Asp Gly Lys Ser Val Ly

15¢

gttggctttatcatttagaagtggggagctaatgggaaatggeceocetetgtttotettcttecoccagG
s

200

AGG AGA TCT GTG AGT GAA ATA CAG CTT ATG CAC AAC CTG GCA AAA CAT CTG
Arg Arg Ser Val Ser Glu Ile Gln Leu Met His Asn Leu Ala Lys His Leu

250
AAC TCG ATG GAG AGA GTA GAA TGG CTG CGT AAG AARA CTG CAG GAT GTG CAC
Asn Ser Met Glu Arg Val Glu Trp Leu Arg Lys Lys Leu Gln Asp Val His

300

AAT TTT GTT GCC CTT GGA ACT CCT CTA GTT CCC AGA GAT GCT GGT TCT GAC
Asn Phe Val Ala Leu Gly Thr Pro Lru Val Pro Arg Asp Ala Gly Ser Asp

350

AGG CCC AGA AGA AAG GAA GAC AAT GTC CTG GCT GAG AGC CAT GAA AAA AGT
Arg Pro Arg Arg Lys Glu Asp Asn Val Leu Ala Glu Ser His Glu Lys Ser

400

CTT GGA GAG GCA GAC AAA GCT GAT GTG GAT GTA TTA ACT ARAR GCT AAA TCC
Leu Gly Glu Ala Asp Lys Ala Asp Val Asp Val Leu Thr Lys Ala Lys Ser

450 500

CAA TGA AAAGGAAAACAAATATGGTCAGAGTTCTGCTCTAGACAGTGTAGGGCAACAATACAT
Gln *hk

mwi 2, a"’t@'fuﬁ’mﬂa'lnﬁua:m'ﬂa:muﬁmgmuiﬁ'mnﬁwﬁuﬁaﬂﬂa'lﬂﬁmm PTH gene 1w Black-capped capuchin
(Cebus apella) dnwidiAuingnanaiy sravileilalnduss mRNA wazdnuTiRuiEnnaneis ey
findlalndves flanking Uar intervening DNA sequence &IWAUIEILARE exon ITWULLE “ag” WRZ&EIW
Uatuaiueas exon ILWLLUR “gt" L 4" LROIFUNHISHAUTBINIS U 8 TH A A prepro-PTH
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exon Ald¥a 2 #m alfiaufy PTH genomic DNA v83au (Vasicek et al., 1983) wuinfluaiu
w84 Exon 1l use 1l Tagdwuas Exon 1 Uaznausiy dauilanilalng 91 dus fsznaudan 5 flug n &
untranslated region, 75 ﬂmaﬁa'm'ﬁﬂmgmu'[ﬁl.ﬂu pre-sequence 84 prepro-PTH Uaz 11 siiuagayie fi
suvinayumlaifu 4 neaexlluues pro-sequence 189 prepro-PTH Exon I tsznauday fauftndtainag
287 §LUA fulsznaudiy 7 Q’maﬁmmmagmu‘lﬁtﬂu 2 nynaziilufwiAoua pro-sequence 189 prepro-PTH,

252 gjmaﬁmmmm&mu'l@ﬁﬂu 84 nynaziiluvad mature PTH uas 28 fluagerneuay 3-untranslated region

-90
ccaattagttagtattgcattctgtgtactatagttttga
-50 1

atattaaaagtattttaaaatacctcecattttgectttoottttagTGAAG ATG ATA CCT GCA
Met Ile Pro Ala

50

AAAM GAC ATG GCT AAR GTA ATG ATT GTC ATG TTG GCA ATT TGC TTT CTT ACA
Lys Asp Met Ala Lys Val Met Ile Val Met Leu Ala Ile Cys Phe Leu Thr

100

AAA TCA GAT GGG AAA TCT GTT AA gtaagtactgtttrtgcctgggaattggatttttaat
Lys Ser Asp Gly Lys Ser Val Ly

150

gttgactttatcattttgaagtggggagctaatgggaagtggecctctetgtttotettetteccaga
S

200

AAG AGA TCT GTG AGT GAA ATA CAG CTT ATG CAT AAC CTG GGA AAAR CAT CTG
Lys Arg Ser Val Ser Glu Ile Gln Leu Met His Asn Leu Gly Lys His Len

250

AAG TCG ATG GAG AGA GTA GAA TGG CTG CGT AAG AAG (TG CAG GAT GTG CAC
Asn Ser Met Glu Arg Val Glu Trp Leu Arg Lys Lys Leu Gln Asp Val His

300
ART TTT ATT GCC CTT GGA GCT CCT CTA GCT CCC AGA GAT GCT GGT TCC CAG
Asn Phe Ile Ala Leu Gly Ala Pro Leu Ala Pro Arg Asp Ala Gly Ser Gln
350
AGG CCC CGA AAMA ARG GAA GAC AAT ATC TTG GTA GAG AGC CAT GAA AAA AGT
Arg Pro Arg Lys Lys Glu Asp Asn Ile Leu Val Glu Ser His Glu Lys Ser

400

CTT GGA GAG GCA GAC AAA GCT GAT GTG GAT GTA TTA ACT ARA GCT AAA TCC
Leu Gly Glu Ala Asp Lys Ala Asp Val Asp Val Leu Thr Lys Ala Lys Ser

450

CAA TGA ARATGAAAATAGATATGGTCAGAGT
Gln LA &l

o o L e - a o w e W - -
mwit 3. dwiviaedlaInduszninesfilufisuuwldnnarduiiaailalndaas PTH gene 1w Cynomolgus macaque

(Macaca fascicularis)
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¢atuanana12léd1 Exon I uaz 1l 289 PTH gene sanInauuwldidu 115 ninaziluvas prepro-PTH 7
Usznaudiy 25 nsaasliluwes pre-sequence, 6 NIABALUVDY pro-sequence WA 84 NIABH lUVaI mature
PTH anui1au ninexdilu 2 @agarouas pro-sequence (n1nasiluseuf 30 uaz 31 vay prepro-PTH) i
Cebus apella 1T Argenine-argenine Iummzﬁvlwnwﬁmﬁaﬁﬂ 20 wha  wuidn Lysine-argenine
(Malaivijitnond et al., 2002a) @3n Wil 3 uaz 4 densnesdluludunisihzliunumadndensda pro-
sequence 8anaN mature PTH udasdlsianu maduuan Argenine LI Lysine 13 ldfinansenuanniin
WIS Argenine a8z Lysine @mLﬂuﬂma:ﬁiuﬁﬁqw'ﬁiﬂumaﬁ”’dﬂ'

§upe9 Exon Il finaaussulasialaiiudinuas pre-sequence LAY pro-sequence Uad prepro-
PTH i wuitnsneziludmlnaluusimiiiu hydrophobic amino acid @sdnwazdms szwululusin
aaﬂuunnmﬁaﬁﬁnwwé"aaaﬂuamsﬁaﬁ (Royer and Kamper, 1990) §%3U& %89 Exon Il finaauazulasns
¢l mature PTH Aisznaudronsaasiilu 84 ¢a Lﬁaa%ﬂunimmﬁa@maa:gnﬁﬂmﬂa:muaaﬂvlﬂLLaxmﬁa
e 34 62 Tunseengndaes PTH wuiiniaezilu 34 dausnanaulaoaziluzasluiana (N-fragment)

dusunnaldifanasuiiinsuazdadud unltauaasusw It (receptor) @28 (Greenspan, 1991)

2. ANAaIgAavTavaIaUitInalaInduas PTH gene

anminesadluasiibidavdduiianalolndues PTH gene #ldanninsanudazdafidusiia
(species) L@8IN® (2-9 67 luudazsfia) Nve1ANNATBARS (homology) WuiNdlauAaEARI 100% WAz
Wavhseufinnalalndues PTH gene ludsana Macaca 5 wiaiwuludszindlng fa Macaca fascicularis,
M. nemestrina, M. mulatta, M. assamensis W8 M. arctoides NNHIAIANMNARILARI WUINTAN 100% LTwNH
(Malaivijitiond and Takenaka, 1998) tiladadnuunasana Macaca fivnmsanmlunsiivianua 9 sfia soniiu
5 NgY AINITLIUVBY Hayasaka et al. (1996) fia Barbary Usznaueas M. sylvanus, Silenus Usznauais
M. silenus W M. nemestrina, Sulawesi dsznaveisy M. muara Waz M. nigra, Fascicularis dyznavany
M. fascicularis, M. fuscata W8s M. mulatta Las Sinica U3znauea8 M. assamensis lag Hayasaka et al. (1996)
TLNWINGINGW Barabary #3IwwnIUENE8NINIINES macaque findedn 4 ngw e 3 S uilfiudr uazded
wiadn 4 ngu FTawimiuonaniuluginadszanm 2.1-2.5 filfudr anmsdnenil wuindeu
hadlalnduas PTH gene mulunguuasfisana Macaca fvsznoudsdsnnit 1 Tfia de ngu Silenus,
Sulawesi Waz Fascicularis IANUARIBARITH 100% wssifiawSouifisuseuiinilolndues PTH gene
FTAIWRINGUA9 ¥ 5 nay WUIEANNASIARINK 100% LTunn (MWF 4) (Fuen uazAmiz, 2545) G91i
lunsaneidanuadsaisessiuiiailalnduesdsens Macaca fulwnanaiiadng lusuaeudely
azlgdauianilalnduas M. fascicularis iudUNUIaIRIANA Macaca anaa

WaBsuifisuieuiaeslalnduas PTH gene sznindlnsiunns 21 ofia fuaasiuazan Wi
fidnanuadoaRigeily 86.50 - 88.09 Waz 9543 - 99.80% ANWFIGL GINMNA 5 uaza139N 2 uazWuInA
anuampaasvasseuinalendsewinglwawnlu infraorder Platyrrhini #616nan infraorder Catarrhini
(97.02 - 98.80 uar 98.41 - 100.00% muéﬂﬁu) wazmely infraorder Catarrhini @8R % WUINAIANW
auafseimauiiaala indszninglwsiunly  superfamily  Carcopithecoidea  fautnslnalfssnuny
superfamily Hominoidea (98.41 - 100.00 L8z 99.20 - 100.00% m&lﬁﬂﬁu) (Malaivijitnond et al., 2002a)
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Barbary
Silenus
Sulawesi
Fascicularis
Sinica

Barbary
Silenus
Sulawesi
Fascicularis
Sinica

Barbary
Silenus
Sulawesi
Fascicularis
Sinica

Barbary
Silenus
Sulawesi
Fascicularis
Sinica

Barbary
Silenus
Sulawesi
Fascicularis
Sinica

Barbary
Silenus
Sulwesi
Fascicularis
Sinica

Barbary
Silenus
Sulawesi
Fascicularis
Sinica

Barbary
Silenus
Sulawesi
Fascicularis
Sinica

WA 4.

10
attttgcctt

KKK KKK KK KK

80
CAATTTGCTT

koK ok ok ok ok ok Kk k ok

150
tttaatgttg

KKK KKK KK KK

—> < Exonll

20 30
tccttttagT GAAGATGATA

Kok Kk kK kK kKK

Kk KKK KKK KK

90
TCTTACAAAA

100
TCAGATGGGA

kK ok Kok Kok kok K

koK ok ok ok ok ok Kk ok K

160
actttatcat

170
tttgaagtgg

Kok Kk kK kK kKK

Kk KKK KKK KK

—> €—Exonlll
220 230 240
cagGAAGAGA TCTGTGAGTG AAATACAGCT

koK ok ok ok ok k Kk k ok

290
GTAGAATGGC

kK ok ok ok ok ok Kk ok ok

360
GAGATGCTGG

KKK KKK KK KK

430
TGGAGAGGCA

koK ok ok ok ok ok Kk k K

_)

500
TGGTCAGAGT

Kk KKK KKK KK

kK ok Kok Kok Kok K

koK ok ok okokok Kk ok K

300
TGCGTAAGAA

310
GCTGCAGGAT

kK ok Kok Kok Kok K

koK k ok ok ok ok Kk ok K

370
TTCCCAGAGG

380
CCCCGAAAAA

Kok Kk kK kK Kk KK

Kk KKK KKK KK

440
GACAAAGCTG

450
ATGTGGATGT

* ok ok Kok Kok Kok K

koK ok ok okokok ok ok K

40
CCTGCAAAAG

KKK KKK KK KK

_)

110
AATCTGTTAA

kK ok ok ok ok ok Kok ok

180
ggagctaatg

Kok Kk k Kk Kk KKk

250
TATGCATAAC

*k ok ok ok ok ok Kok ok

320
GTGCACAATT

kK ok ok ok ok ok Kok ok

390
AGGAAGACAA

KKK KKK KK KK

460
ATTAACTAAA

*k ok ok ok ok ok Kok ok

50
ACATGGCTAA

Kok KKk KK KKK

<«— Intron B

120
gtaagtactg

kokkokokkok ok ok K

190
ggaagtggcc

KAk KK KK KKK

260
CTGGGAAAAC

kokokokok ok ok ok ok K

330
TTATTGCCCT

kokokokokkok ok k K

400
TATCTTGGTA

Kok KKk KK KKK

470
GCTAAATCCC

kokk ok ok ok k ok k K

60
AGTAATGATT

KKK KKK KK KK

130
ttttgcctgg

*k ok ok ok ok ok ok ok ok

200
ctctetgttt

KKK KK KK KK

270
ATCTGAACTC

kK ok ok ok ok ok ok ok ok

340
TGGAGCTCCT

koK ok ok ok ok ok ok ok ok

410
GAGAGCCATG

KKK KK KK KK

480
AATGAAAATG

kK ok ok ok ok ok ok ok ok

Fascicularis W8 Sinica FfYanN®ol * LaesnNuAIgafsuasiauianilalng

NunwnAsslulasins BRT 2545

70
GTCATGTTGG

Kok kKK KK KKK

140
gaattggatt

kokok ok ok ok ok ok ok K

210
ctcttcttcc

Kok kKK KK KKK

280
GATGGAGAGA

*okok ok ok ok ok ok ok K

350
CTAGCTCCCA

*okok ok ok ok ok ok ok K

420
AAAAAAGTCT

Kok kKK KKk KKK

490
AAAATAGATA

*okok ok ok ok ok ok ok K

mudisuifisusauiiaadlalndvas PTH gene luisana Macaca 3 5 ngu fa Barbary, Silenus, Sulawesi,
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1 80
Cape ttttgctttt cttttt-agT GAAGATGATA CCTGCAAAAG ACATGGCTAA AGTAATGATT GTCATGTTGG CCATTIGTTT
Cjac v e e e e e e e e e e et e e e e Al
Soed ..........
Mfas ...... C...
Caet ...... C...
Pham ...... C...
Pobs
Hlar
Ppyg
Ptro
Ppan
Ggor
Hsap
Bovi

Cape
Cjac
Soed
Mfas .. ..
Caet .......... T U it e e
Pham .......... e B i et ce i erese asesaes e T TTT T 4 seseaae——— ———————— e e e
Pobs .......... e it N
Hlar ittt et e e it et e e e e T T T T L e e t,—m ————— e e e
POV g i e e T TTTT T .. t.—— e e
S S iU te— ———— e e
2o T o e, t.—— ——————— N
[ {5 < PN t.— e e
2 =TT e, t.—— ——————- N
Bovi ...G G A.....o. G e ca tagcc....c ...a...tga ggtcaggg.. ..........

* kk Kkhkk K Kk kkkkkkk Kk kkkkkk Kk Khkkkkkkk * Kk K *kk Kk ok kk  kkkkkkokkkk

161 240
Cape -—aatgttggc tttatcattt agaagtgggg agctaatggg aaatggcccc ctctgtttct cttcttccca gGAGGAGATC
[ = [
S Lo Y LAl
Mfas t....a..a. ..o, e e e B L L WAL
Caet t....... = L e L WAL
Pham t....... Q. i et e e L L WAL
Pobs a....... Q. i i e e L L WAL
Hlar t....... Q. i Cutt i iiee tie e L.gC..... L L WAL
Ppyg t....... = I Cottetiiee teie i e S t o WAL
Ptro t....... = I Cittetiiee teie e e S t o WAL
Ppan t....... = I Cittetiiee teieie e e B t o WALl
Ggor t....... = I 2= P B t o WAL
Hsap t....... = I Cuttitiiee teieee e P S t o WAL
Bovi t..g...... ..... g.... g. a = - —-.g..at..t ..... a.c.. g...cct.. A G

241 320
Cape TGTGAGTGAA ATACAGCTTA TGCACAACCT GGCAAAACAT CTGAACTCGA TGGAGAGAGT AGAATGGCTG CGTAAGAAAC
Cjac S G.
Soed .. - T IR G.
Mfas e R G.
Caet A G.
Pham e € G.
Pobs e e G.
Hlar e R G.
Ppyg P e e e s s e G.
Ptro e B G.
Ppan P e e e e e e e G.
Ggor P e e e e e e e G.
Hsap P e e s e e G.
Bovi

Cape GATGCTGGTT CTGACAGGCC CAGAAGAAAG
Cjac . .CC. Coviinn
Soed . . ALLALL Coal
Mfas
Caet
Pham
Pobs
Hlar
Ppyg
Ptro
Ppan
Ggor
Hsap
Bovi

bbb bbb bbb

* KKK

i 5. maSsuisudeuiinadlalnduas PTH gene sewinalwsiunns 21 ofla au (Vasicek et al., 1983) uazid

Ao o v o

(Weaver et al., 1984) MUSAL FYANHOL * LFAIFILAINNTSAULUFATLNY, - LFAS gap
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401 480
Cape GAAGACAATG TCCTGGCTGA GAGCCATGAA AAAAGTCTTG GAGAGGCAGA CAAAGCTGAT GTGGATGTAT TAACTAAAGC

*k ok Kk ok Kk k KKk *k Kok k kk kkkkkkk K kkkkhkkhkkhkk kkhkk kkkkk hkhkkkkkkkk kkk khkkkkk kK * Kk ok k K

481 527
Cape TAAATCCCAA TGAAAAGGAA AACAAATATG GTCAGAGTTC TGCTCTA
[ = R
Soed  L.i.iiiiiiee i CTo et iiiiiiiie eieeann
Mfas ....oiiiiie o T. T.Guovvih viiiiinem— —mm
Caet ... ... oL T. T.G C.o o Cov viviit
Pham .......... ...... T ToGu it it iie e
Pobs ...... .. ool T Gt er i e e e
Hlar ... oo, T -G e
Ppyg ... G ...... T LG s e
Ptro ......... G ..... =T -..G....T .- ———————
Ppan ......... G ...... T e
Ggor ... G ...... T R € I I,
Hsap ......... G ...... T e
Bovi C....G .= -...G..... A..... TCA T.——

Kk k Kk kK ok k * Kk k Kk k *

NN 5. (68)

aN397 2. Wesioudanuasuafasdauiinilelng (FuuneIanTe) uardaunseazilu (Mua19UIANTIN)
TR wTnng 21 38l au wazdd ANEaY

2 » 0

o Q

£ v > ] s a

@ 2 3 ] % 3 I\ @ ? i @
) o E: 3 £ 5 ? 3 3 3 2 2 $
Species 3 g 5 o 2 £ g 2 N 5 5 g s e
& g 8 & a2 8 2 s 8 2 g g 3 H
S S o s s 9] Q o z N o N z @

C. apella - 97.42 97.02 94.64 94.64 95.23 94.84 95.43 95.83 95.43 95.43 95.43 95.43 86.50
C. jacchus 95.65 - 98.80 95.43 95.43 95.63 96.03 96.23 96.62 96.23 96.23 96.23 96.23 86.90
S. oedipus 94.78 97.39 - 95.03 95.03 95.23 95.23 95.83 96.23 95.83 95.83 95.83 95.83 87.10
M. fascicularis 92.17 94.78 93.91 - 100.00 99.00 99.00 98.41 97.81 97.42 97.42 97.42 97.42 87.30
M. fuscata 92.17 94.78 93.91 100.00 - 99.00 99.00 98.41 97.81 97.42 97.42 97.42 97.42 87.30
C. aethiops 92.17 94.78 93.91 100.00 100.00 - 99.20 98.61 98.01 97.61 97.61 97.61 97.61 87.50
P. hamadryas 92.17 94.78 93.91 100.00 100.00 100.00 - 98.61 98.21 97.81 97.81 97.81 97.81 87.89
P. obscura 91.30 93.91 93.04 99.13 99.13 99.13 99.13 - 98.01 97.60 97.61 97.61 97.61 87.50
H. lar 93.91 96.52 95.65 98.26 98.26 98.26 98.26 97.39 - 99.20 99.20 99.20 99.20 88.09
P. pygmeus 92.17 94.78 93.91 96.52 96.52 96.52 96.52 95.65 98.26 - 99.60 99.60 99.40 88.09
P. troglodytes 93.04 95.65 94.78 97.39 97.39 97.39 97.39 95.62 99.13 99.13 - 100.00 99.80 88.09
P. paniscus 93.04 95.65 94.78 97.39 97.39 97.39 97.39 96.52 99.13 99.13 100.00 - 99.80 88.09
H. sapiens 93.04 95.65 94.78 97.39 97.39 97.39 97.39 96.52 99.13 99.13 100.00 100.00 - 88.09
Bovine 80.00 82.60 81.73 84.34 84.34 84.34 85.21 83.47 86.08 84.34 85.21 85.21 85.21 -

3. ANNAR1YAAIYaIAIAUNTAaLdlwYay PTH gene
Lﬁam%ﬂmﬁwﬁwﬁum@a:ﬁiuﬁmgmumﬂﬁwﬁuﬁaﬂﬁia%ﬁ 289 PTH gene 3w lnsiuni 21
sfanuzasiuazan wuhlidianuadeadsgautudsnuiudiauiindlaing lasdd1 80.00 - 86.08 uaz
93.04 - 100.00% GWEGU GINNT 6 uazaNTN 2 wazwudidANAREARITasEUNIRez R luTEning
Iwsiunlu infraorder Platyrrhini ﬁm@;ﬂﬂiﬂ infraorder Catarrhini (94.78 - 97.39 a8z 97.39 - 100.00%
auday) uazngl infraorder Catarrhini 1@8210% WUIAANNAEARIIIAUNTARz A luTznINe InTLan

T superfamily Cercopithecoidea dautslnaldseanuny superfamily Hominoidea (97.39 - 100.00 .8z 98.26 -
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100.00% MWEGL) (Malaivijitnond et al., 2002a) 34a71/1691 PTH gene LﬂuﬁuﬁﬁmsamﬁﬂﬁgdmnLL&TLL@]’@%’M
ﬁagﬂuﬁﬁﬁumgﬂw%muﬁmdﬁu fallanuamsaianusasiauiindlainduaznineziilugs uwdatnilsfian
wud’m&jué’mfﬁag’luéﬁuagﬂw%muﬁ'gan'j"mﬁmmﬂﬁ'}ﬂﬂ'éaﬁumaa PTH gene malun&iugan’hé’m’?ﬁag
luﬁwﬁuamgmﬁmuﬁ@‘i”mfh (infraorder Catarrhini > infraorder Platyrrhini > superfamily Hominoidea >
superfamily Cercopithecoidea)

WawSeuifisusduniaezfilu 84 niaeziluves mature PTH vasauivlwswmafiadug wo
S98N8 Macaca ¥ 10 wa Cercopithecus aethiops Was Papio hamadryas Ansaazfilulies 3 LU
uaneslannvesan (1ue‘hlmmﬁ 35, 58 WAy 76 U89 mature PTH) (Malaivijitnond and Takenaka, 1998)
lwamie?i Gorilla gorilla finsaozdluies 1 sawiniuiuandely (udumisfi 46 vos mature PTH)
(Anukulthanakorn, 2000) waz liwUANULANGNIVES mature PTH La8is=wing Pongo pygmaeus, Pan paniscus,
P. troglodytes wazat (Malaivijitnond et al., 2002a) uaﬂmﬂf:Lﬁmﬂ%amﬁﬂuﬁﬁﬁumﬂazmu 115 n3nazilu
Uad prepro-PTH Uad Pan paniscus waz P. troglodytes (ﬁ%amju%mmu%) AUr89A% MNUAMULANGIILA Y
Wy SeBuduidunnudiiTawnnmlnsidsenuauannitnsamsfiadug (Zimonjic et al., 1997; Chen and
Li,  2001) mﬁmai"n"L@T’jw‘ﬁaLawLﬂué'm’ﬁmmzauﬁqmﬁaﬂﬁﬂué’m’j’maaalumsﬁﬂmﬁmﬁu bone
metabolism I@alLawwzaﬂwaﬁalumn’iﬁﬁaamﬁagaﬁmmmﬁ']vlﬂﬂizqﬂ@ﬂ%’[umammww 5 lanui

Nussbaum et al. (1980) MewiNNIaaziluddufi 25-34 189 mature PTH anfludiudanlunsls
JufudsuRaMues PTH snmewisuifisuiSnadmsnszninen waanis 21 ofia et ldwuany
uandslag ndayadsnaenaagylddn PTH vasiuss Iwsnanansnaangnsinusfianwld aetudnuing
awldATeeu PTH ¢h wiaw1a PTH snaasvmssnenlaglw PTH veswsumofiedu vSevasimaunule

pro-sequence

“« pre-sequence ¢ S mature PTH
-30 -20 -10 1 10 20

C. apella MIPAKDMAKV MIVMLAICFL TKSDGKSVKR RSVSEIQLMH NLAKHLNSME RVEWLRKKLQ
C. JACChUS ittt ittt it e K .oooooooa. G e
S. oedipus = i e S. e, EK ... G e
M. fasCICULArIS . .uuviuiine tiiuennene vevueenes K oo, B
C. aethiopsS @ .ttt it et e K oo, G e
P. hamadryas = ettt e i K oo A
P. 0DSULa = i iieit it et e K oo B
H. 1ar i it e e e e K .ooooooo. T
P. pygmeus = ..... Gttt e i i c e K oo R
P. troglodytes ...ttt it e K .oooooooo. B
P. panisSCuUS = ittt teii it e K .o B
H. SAPI€NsS = ittt i e K oo, G s e
Bovine S AR....... K .A..... Foo .GoooSeve oo
* KKk kK kK AKXk KAKAKAKAKAK Kk KKK KKK * kkhkkkk kk kk kkhkk khkk Kkhkkhkkkkkkkhkk

-

30 40 50 60 70 80

C. apella DVHNEFVALGT PLVPRDAGSD RPRRKEDNVL AESHEKSLGE ADKADVDVLT KAKSQ¥*

C. jacchus ....... Po. i, Q i Vo et e et e e e *

S. 0edipus = i e Q i Vo et e et e e e *

M. fascicularis ..... I...A Ao, QO L Ko o T Vi e e *

C. aethiops ..... I...A A...... QO L Koo T Vi i e *

P. hamadryas = ..... I...A A...... L *

P. obsura = ...ece... A ..A...... [ N..A ..... *

H. lar L ii0ooe.. A ..A...... Q ...K...... Vo e i i e e e *

P. pygmeus = ..o A Ao, Q Keoooo Veeeoiiiie o, N.oo.o oo *

P. troglodytes  ......... A Ao, Q Koeooo Veeeooiiie o, N.o.o.o o.o.. *

P. paniscus = ..ieeea.n A Ao..... o] Koooo.. Voo it e N... ..... *

H. sapiens ... ..., A L.A...... O ...K...... 2 N... ..... *

Bovine ...l A S.A...GS.Q ...K...... VeeoQuwiie viiinn. I ...P.*

KXk kKK Kk Kk * Kk k ok * *kk kkkk Kk *hkk kkkkk kkkkkk kK *k Kk Kk

mwh 6. madSsufisuseauniaeziluvas PTH gene seninglwaiunni 21 ofla aw (Vasicek et al., 1983) Uazid

(Weaver et al., 1984) ausaL sanwal * ugaddunusndsauniaaziluasnoni
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4. Fianzdmanudunus neWngnIINdIimmwin1senaauitiailalndvas PTH gene

dlathaauiianslalnedldvaslnsiamn 21 wialUdansinanusuRuimMasusnITng
S5awimslagds parsimony uas neighbor-joining Wuinlednaimwidsaiude mutsaudslnsanns 21 wie
aantu 2 ngw fo ﬂﬁju‘ﬁl 1 Usenauals Cebus apella, Callithrix jacchus W8 Saguinus oedipus S’fm%'@ayﬂu
infraorder Platyrrhini M%aﬂﬁjuaﬂaﬂlmj (new world monkeys) Lmtﬂﬁju“ﬁ 2 dsznaudin Twsanindadn 18
BUA %aﬁﬂagiu infraorder Catarrhini M‘%ﬂﬂﬁjmﬁdlﬂﬂLﬂ"l (old world monkeys) lasutissialaiiln 2 ngugay fo
2.1) Usznauae Macaca spp. ﬁg\‘i 10 3@, Cercopithecus aethiops, Papio hamadryas \\.8< Presbytes obscura
%dﬁlﬂagjlu superfamily Cercopithecoidea ‘ﬂ%amjuﬁﬂamﬁﬂ (old world monkeys) uaz 2.2) Usznaueiw
Hylobates lar, Pongo pygmeus, Pan troglodytes, P. paniscus W8 Homo sapiens ﬁl“ﬁ 1w in-group reference ‘T%d
dnaglu  superfamily Hominoidea WianguAsawuszauuse (apes and humans) (MWA 7a usz b)
(Malaivijitnond et al., 2002a) Gsmsudsaaniu 2 NEUAINEND ITHAANNBINUNLANULANGNVBITUIA intron
o infraorder Platyrrhini § intron aW1@ 102 @;L‘Llﬁ Waz infraorder Catarrhini & intron 2@ 103 gjl,‘i_lﬁ ﬁd‘lfu?id
099z lduu1004 intron N9RUVEY PTH gene Tumsdadruundaingalwsiunluszdy infraorder 6 uazn1s

(%

asuunlnsunlaslidrauiinadlalnauas PTH gene anansnduunlaiiesudszay superfamily 1yinsi

M.fuscata
95
95 = M.fuscata
M fascicularis
— M. fascicularis
88
93 }— C.aethiops C.aethiops
93
P.hamadryas
95 .
— P.hamadryas P.obscura
79 — P.troglodytes
P.obscura
62
H.sapiens
86
H.sapiens P.paniscus
73
88 | P.pygmaeus
P.troglodytes
86 troglodytes Hlar
— C.jacchus
82| ! P.paniscus 90
98 — S.oedipus
%6 P.pygmaeus C.apella
Bovine
H.lar
N 7. ¢ phylogenetic tree andaufiandlalnddman 500 ¢
Sooedipus Wwaued PTH gene ulwsiunnis 21 vfla laslddeufiiadlalng
67] waznInazdluvasamdn in-group reference (Vasicek et al., 1983)
00 Capella wazdauiinalalnauaznsnasiluresindu out-group reference
(Weaver et al., 1984). laeA% neighbor-joining (a) Las parsimony (b)
C.jacchus Laz¥iN bootstrapping 31%3% 1,000 1
Bovine
0.1
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u‘nﬁ@;ﬂ

mn‘*ﬁ"agaﬁamaﬁ"lﬁmnmﬁ%ﬁagﬂh PTH gene 283838Ma Macaca Lﬂuﬁuﬁﬁmsmﬁnﬁg\mm fa
linnanuuandrila g vasdrauiianilalnduas PTH gene lufsana Macaca wnlutisszoziom 3 SQWSIHY
Fawinsuonantu aarmlumsAnelag Aeaiy bone metabolism laol#Rsana Macaca whalanfanis
uluiea mminﬁ'rﬁagaﬁvlmﬂﬂizﬂqn@ﬂ"ﬁﬁuaaaqa Macaca tiiadu laviud (§3uan, 2544; Malaivijitnond
et al., 2002b) udasndlsfany 1uﬂﬁlﬁgﬁuwu’hﬁ§mqa Macaca Y lanilseans 14 wia (Burton, 1995; Groves,
2001) Lﬁﬂlﬁlﬁﬁaa;ﬂﬁ“ﬁ'ﬂmmmzaugmﬁw PTH gene 3zWiN98987a Macaca lifanuuanedsnuag 39073
msfins PTH gene luﬁaaqa Macaca '5%6] ﬁmﬁaagj VW M. cyclopis, M. radiata, M. sinica Waz
M. thibetana \Jua LLa:mﬂﬁWUiﬁﬁﬁﬁumﬂa:mu‘nm prepro-PTH 83 vervet monkey (Cercopithecus
aethiops) \WilounLaIRIaNA Macaca 'ﬁ‘iaﬁﬂﬁmuﬁnﬁﬁagaﬁvﬁmﬂ C. aethiops Aateanunnounsinil
(Usami et al., 1995) wlEAURIaNA Macaca ¢ v n1sasviamszau PTH lunizumfanuadfs Macaca
fascicularis \\a¢ M. fuscata (Malaivijitnond et al., 2002b) 81315014 RIA commercial kit ﬁiﬁ%’umsmmaamwﬁ
HlEnuldiu ¢ aethiops wldivasmsassiiasinanld uszanfinuirdreunsaasiluves mature PTH
maavlwnwflumju great apes %dﬂizﬂauﬁ'sﬂ Q%GQ@TG (Pongo pygmaeus), Fuuwnd (Pan troglodytes) Lae
Tululy (P. paniscus) lduandranuvainn a"ﬁmaifnvlﬁfhﬁdLawLﬂué'm‘ﬁmmmwﬁq@ﬁﬁ]ﬂﬁﬂuﬁm‘maaalu
MIANEWABINY  bone metabolism I@]ULawwzaﬂ"mﬁﬂumﬂﬁﬁaamﬁa;&aﬁmmmﬁw"lﬂﬂswqmﬂﬂuma
MIUNNE LN d1ulunsdiuasnaian (Gorilla gorilla) ﬁﬁ'ﬂagﬂumju great apes LTuA% LawuInAnsaaziily 1
frfienslUanuasan (Anukulthanakorn, 2001) mm:f'?lﬁﬁﬁmsmaaasgfﬁnﬂ%uﬁaﬁa:ﬁuﬁwﬁagaﬁlw

luﬂaﬁ;ﬁuﬁwmwmiﬁﬂmLﬁmﬁ'i_lé’mfmju"lwsmﬂ’luﬂs:mﬁvlﬂﬂ falgansidoiudasann uazaailu
mjuﬁﬁLLmIﬁfuﬁa:gtyﬁuﬁ:LLa:Lﬁﬂmim?iﬂuu,ﬂmmaﬁ'ugnaaﬂﬁgﬂuam@m ilasnansuandszannsd
NANILAZLNA inbreeding (Malaivijitnond and Varavudhi, 2002c) ﬂ'm_qm;nﬁwmmmdammmazﬁag’mﬁwaa
failasau (Assavanonda, 1999) ﬁﬂﬁé’@ﬂumjwﬁﬁaammﬁ'm'mﬁ'mu’[mmdaqmu I B9M19BNINeE
WIZMW JIRTAANYT uazmarhmpunasandozasfsilidednssfianudesdiunardoagluuiinlndifoanu
WIaUIIOMALINY %'aﬁﬂﬁt,ﬁmiamaiumiwaw%uﬁuﬁ:ﬁumﬂﬁu (Malaivijitnond and Varavudhi, 2002c) W&z
wuluisana Macaca mminNauﬂmﬁuﬁfﬁ'ﬂﬁuaﬂﬁgn%muﬁvl.ajl,‘flwﬁu (Bernstein and Gordon, 1980
L8z Yang and Shi, 1994) maasuulasveslassaemetsansuansnszanspasszansesns it Jus
eiamﬂﬁ?&"wuﬂaamaﬁmmﬂwmﬂmmmmaﬁuqnswluﬂs:mmﬁu6] sarmmanenlaseasvesszmng

'
a =

LLa:minszmU‘ﬂaaﬂi:mnimaaé’mﬂumjuﬁ I@mmﬁ'ﬂﬁagamaﬁuﬁqmwﬁaLﬂumﬁmﬁnm Lﬁaﬁﬂ‘*ﬁ’agaﬁ"l,ﬂ
e A o

'Y o & w;.nﬁl’w. ) a & 4.
%@]ﬂ’]iLLaza%iﬂH’ﬂiztﬁqﬂimaﬁﬁ@]')ﬂf‘!uu ADYNLANICRY I@]ElLﬂW’]ﬂWE’NY]ﬂ’]MQJa@li’m’ligfyltmlwwnﬂ’m,m

Lmdaﬁag’mﬁ'ﬂuﬁwma 84

naanssndszne

Nmm’i'«?ﬂﬁ"lﬁ%'unuaﬁfua%uaﬂniﬂsdﬂﬂiﬁwuwaoﬁmwiua:ﬁnmuiﬂmUmi{f@miﬂ‘fwmni%am‘w
A o & o o Y v a
udsznelng mmmwﬂ@ﬂmummﬂamuauuagumimﬂ LLazquﬁwuqaﬂaﬂssuLLaszquIaG%'smw
WAITNG IWRLATINNT BRT 542067
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e mmaﬁu’mi, q%um &Jﬁﬁ‘ﬁmuuﬁ e Osamu Takenaka. 2545. 3‘Twmm?na\1wws’1vlmayﬁaaﬂuuﬁm:wj’m
NIANA Macaca 5 Ngw. 13815338 NNAIENT (section T) 1: 109-123.

FIuan AaLIIaTUUN. 2544, msﬁnmL?imﬁuﬁwmmﬂ%ﬂwLaqaluﬁm'j’nsgw"lwnm. naTUIEna UM TaLTILEY
dfdans: mﬂﬁﬂLﬁamiﬁﬂm%’fwu’m’lﬂ%ohmqa. MAANTTIND anAnmenand IWaINIRluMINGIAY
19-23 dunAn 2544. 11 9.1-9.9.
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Establishing and Verifying a New Anti-inflammatory Screening Assay
Utilizing Immortalized PGHS Deficient Cell Lines
Kanyawim Kirtikara and Sirichai Swangkul

National Center for Genetic Engineering and Biotechnology
73/1 Rama VI Road, Rajathevee, Bangkok 10400, Thailand

Screening for anti-inflammatory compounds was initiated as a part of the Bioresource
Research Program at BIOTEC which aims to utilize biological resources of Thailand. To evaluate
the usefulness of a murine PGHS-null cell system, derived from lung tissues of PGHS-2"" and
PGHS-17" mice, for analyzing PGHS-2 selective inhibitors, we tested PGHS-2 non-selective
NSAIDs and two PGHS-2 specific compounds using either endogenous or exogenous sources of
substrate, arachidonic acid. PGHS-1 and PGHS-2 null cell lines were exposed to three widely
used NSAIDs, ibuprofen, indomethacin and aspirin, and two PGHS-2 specific inhibitors, MK-966
and NS-398. PGHS-1 and PGHS-2 activity were determined by measuring prostaglandin E,
production using radioimmuno assays. ICs, values of each compound were determined from the
reduction of PGE, levels as a measure of inhibition of existing PGHS isozyme in the PGHS-null
cells. In our murine PGHS-null cell systems, both NS-398 and MK-966 were potent inhibitors and
demonstrated strong selectivity for PGHS-2. Among the non-selective NSAIDs, based on the
PGHS-2 ICso/ PGHS-1 ICs, ratio ranking, ibuprofen is more selective for PGHS-2 than
indomethacin while aspirin is the least selective inhibitor regardless of the arachidonic acid source.
Indomethacin and MK-966 ICs, values for PGHS-2 were in the range of 10°-10"® M while the 1Cs,
values for aspirin were in the range of 10° M. In conclusion, this system, using cells that express
either PGHS-1 or PGHS-2, offers a convenient and reliable method to determine ICs, values of the
two PGHS isoforms, entirely independent of each other, in the same cell type. The results of our
evaluation using a panel of NSAIDs, both PGHS-2 selective and non-selective inhibitors, correlate
well with previously published clinical and laboratory data, demonstrating the usefulness of the
whole-cell assay system described here.

Key words: PGHS, NSAIDs, prostaglandins, anti-inflammatory

Introduction

Prostaglandins play a crucial role in maintaining homeostasis such as controlling water
resorption by the kidney and mucous production in the stomach. In addition, they also act as
mediators of inflammation, pain and fever during disease
(Goetzl et al., 1995; Herschman, 1996; Herschman et al.,
1995).  Prostaglandin production is tightly regulated in Membrane phospholipid

several successive steps. First, membrane phospholopid is Phospholipases
converted to arachidonic acid by phospholipase enzymes
followed by the conversion of AA to PGH, by prostaglandin Arachidonic acid (AA)

al., 1996). Subsequently, an isomerase converts PGH, to a

H/synthase cyclooxygenase (PGHS-1 and PGHS-2) (Smith et
y yclooxyg ( ) ( @ PGHS
specific type of prostaglandin. Various types of tissues

contain different types of isomerases which determine the PGH,
final product in different types of cells (Figure 1). PGHS-1 is Isomerases
constitutively expressed in most types of cells and is believed

to perform ‘housekeeping’ functions such as gastrointestinal
tract cytoprotection, regulation of platelet aggregation, and  Figure 1. The biosynthesis pathway of
regulation of kidney function (Herschman, 1996; Hla and prostaglandins.

Neilson, 1992). PGHS-2 is shown to increase in response to

many stimuli associated with an inflammation process.
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Prostaglandins

To relieve an inflammatory response, nonsteroidal inflammatory drugs (NSAIDs) such as
aspirin and ibuprofen have been widely used to target PGHS function, and therefore inhibit the
production of prostaglandin (Smith and Willis, 1971; Vane, 1971). Prolonged usage of NSAIDs is
known to generate serious and sometimes fatal side effects such as stomach bleeding and kidney
failure. These untoward side effects stem from the indiscriminate inhibition of both isoforms of PGHS
(Masferrer et al., 1994; Smith and De Witt, 1995). Therefore, in order to efficiently alleviate
inflammatory symptoms without generating undesirable side effects selective PGHS-2 inhibitors are
required. Not until a recent release of two new PGHS-2 selective inhibitors, Celebrex® and Vioxx®,
all previously released NSAIDs cannot discriminate between PGHS-1 and PGHS-2. However, new
PGHS-2 inhibitors are still relatively expensive and inaccessible to many.

The National Center for Genetic Engineering and Biotechnology (BIOTEC) has established
the Bioresource Research Program in order to evaluate the natural resources of Thailand, such as
plants and microbes, for their potential as a source of new drug-like compounds. In our research
program, plant and microbial extracts have been subjected to various tests to determine their anti-
cancer, anti-viral, anti-fungal, anti-malarial and anti-tuberculosis properties. Positive samples are
further investigated by bioassay guided fractionation to elucidate structures of any active compound.
Over the years new types of assays have been incorporated into the screening scheme in order to
maximize the potential of finding active compounds from each extract. Recently, anti-inflammatory
compound screening has been initiated due to the increasing demand for better drugs without side
effects.

Many methods for determining PGHS-1 and PGHS-2 selectivity of inhibitors have been
developed (Grossman et al., 1995; Laneuville et al., 1994; Meade et al., 1993; Mitchell et al., 1993;
Simmons et al., 1993; Yamazaki et al., 1997). These methods use either pure enzymes, cell fractions,
or whole-cell preparations. In cell fraction or whole-cell systems, different types of cells (platelets for
PGHS-1 and synovial cells or mononuclear cells for PGHS-2) were used as PGHS-1 and PGHS-2
sources making direct comparisons difficult (Grossman et al., 1995; Kawai et al., 1998). In some
whole-cell systems, PGHS-1 and PGHS-2 gene transfectants have been generated in order to study
each isozyme independently in an attempt to make comparisons more meaningful (Berg et al., 1997;
Chulada and Langenbach, 1997).

With these limitations in mind, we have developed a method to test PGHS-1 and PGHS-2
specific inhibitors in order to incorporate this new assay into our screening scheme in the Bioresource
Research Program. This new method uses a whole-cell assay system employing murine fibroblast cell
lines derived from lung tissues from PGHS-1 or PGHS-2 deficient mice. These immortalized cell
lines have been characterized previously and shown to contain no alternate PGHS isozymes so that
each isoform can be studied independently in the same cell type, thus eliminating the possibility of
differences in cell penetration or drug sequestration in different cell types (Kirtikara et al., 1998).
These characteristics therefore make this system particularly convenient and useful for direct
comparisons of ICsy values for each potential inhibitor. In order to verify our system, a series of
experiments have been performed to examine the pharmacological profiles of different NSAIDs and
compared with previously published data.

Methodology

Briefly, immortalized mouse PGHS-1 (PGHS—I'/') and PGHS-2 (PGHS—2'/’) null cells were
grown in suitable media (Kirtikara et al., 2001). Different types of NSAIDs were incubated with these
cells in the presence of excess arachidonic acid or A23187, a calcium ionophore to mobilize
endogenous AA from various internal lipid pools by increasing PLA, activity (Smith, 1992). Medium
samples were then collected and analyzed for prostaglandin E, by radioimmuno assay. Inhibition was
calculated as percent PGHS activity of drug-treated cells relative to vehicle-treated cells.
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Results

Inhibition of PGHS-1 and PGHS-2 enzyme activity by NSAIDs

Five different types of NSAIDs including non-selective and selective PGHS-2 inhibitors were
used in an inhibition study. Aspirin, ibuprofen and indomethacin represent non-selective inhibitors
while NS-398 and MK-966 (Vioxx®) are selective PGHS-2 inhibitors. An example of a non-selective
inhibitor, aspirin, response curve using either exogenous AA or A23187-mobilized endogenous AA as
sources of substrate is shown in Figure 2. Aspirin was almost equally effective against both PGH-1
and PGHS-2 as indicated by the nearly identical response curves for PGHS-1 and PGHS-2 regardless
of the AA sources. This is a typical curve expected for a non-selective inhibitor.

NS-398 and MK-966 were selected to represent a group of drugs that selectively inhibit
PGHS-2 over PGHS-1, and the MK-966 response curves are shown in Figure 3. Again, regardless of
the sources of AA, these two drugs showed a clear preference for PGHS-2 inhibition.
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Figure 2. Dose response curves for the inhibition of PGE, production by aspirin in mouse PGHS-1 or
PGHS-2-null cell lines containing only PGHS-2 or PGHS-1, respectively. Cells were incubated
with different concentrations of aspirin for 30 minutes before replacing with new medium
containing aspirin and 20 pM AA (A) or 2 uM A23187 (B) and incubated for an additional 30
minutes. The PGE, concentration of the medium was then measured. Each point shows the
mean percent control (+ SD) of three different experiments with two replicates in each
experiment. (From Kirtikara et al. Inflammation Research 50 (2001) 327-332)
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Figure 3. Dose response curves for the inhibition of PGE, production by MK-966 in mouse PGHS-1 or
PGHS-2-null cell lines containing only PGHS-2 or PGHS-1, respectively. Cells were incubated
with different concentrations of ibuprofen for 30 minutes before replacing with new medium
containing ibuprofen and 20 uM AA (A) or 2 uM A23187 (B) and incubated for an additional 30
minutes. The PGE, concentration of the medium was then measured. Each point shows the
mean percent control (+ SD) of three different experiments with two replicates in each
experiment. (From Kirtikara et al. Inflammation Research 50 (2001) 327-332)
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Ranking of PGHS-2/PGHS-1 ICs ratios to determine selectivity

The potency of PGHS-2 selective inhibition is determined by their preference in inhibiting
PGHS-2 over PGHS-1. Details of ICsy values of each drug are indicated in Table 1. Based on these
ratios, each drug is ranked from more selective (low PGHS-2/PGHS-1 ratio) to less selective (high
PGHS-2/PGHS-1 ratio) for PGHS-2. Regardless of the AA source, NS-398 and MK-966 ranked the
highest for its selective inhibition for PGHS-2 followed by ibuprofen, indomethacin and then aspirin.

Table 1. ICs, values of NSAIDs for PGHS-1 or PGHS-2 enzymes. (Adapted from Kirtikara et al. Inflammation
Research 50, 2001: 327-332)

PGHS-1 PGHS-2 ICsy
ICsp ICsp PGHS-2 /-1

[uM] £ SE (n) [uM]+ SE (n) (rank)
Exogenous AA
Aspirin 234+ 2.67(3) 75.8£31.0 (3) 324)
Ibuprofen 7.62+£3.55(4) 0.40+0.17 (3) 0.05 (2)
Indomethacin 0.007 £ 0.003 (4) 0.018 = 0.006 (3) 2.6 (3)
NS-398 >32.0 0.17+£0.01 4) nd. (1=)
MK-966 >3.2 0.028 £ 0.001 (4) n.d. (1=)
A23187
Aspirin 11.41 £ 3.71 (6) 19.8 +11.2 (4) 1.7 (4)
Ibuprofen 0.53+ 0.26 (4) 0.31+£0.23 (5) 0.6 (2)
Indomethacin 0.005 £0.003 (7) 0.006 £ 0.002 (9) 1.2(3)
NS-398 >32.0 0.01 £0.01 4 n.d. (1=)
MK-966 >3.2 0.005 £ 0.003 (4) nd. (1=)

Remark: Enzyme activities were measured and ICsys of each enzyme were determined. Rank of each NSAID
was calculated from the ratio of ICsy of PGHS-2/IC5, of PGHS-1 to represent the selectivity for
PGHS-2. The highest concentrations of NS-398 and MK-966 used were 32 uM and 3.2 pM,
respectively. Smaller ranking numbers correlate with PGHS-2 selectivity. (1=) indicates that both
NS-398 and MK-966 are PGHS-2 selective inhibitors. n.d.= not determined.

Discussion

In this study, we have shown that PGHS-1 and PGHS-2 null cell lines provide a convenient
and reliable whole cell assay system useful for testing compounds to determine their isozyme
selectivity based on ICsy values of PGHS-1 and PGHS-2. These cell lines have been thoroughly
studied and were shown to express inherently higher levels of both PGHS-1 or PGHS-2 than levels
expressed in control (wild-type) cells. Therefore, the levels of PGE, can be measured easily without
the need of any treatment to induce PGHS-2 expression/activity. As reported previously, these cell
lines are also very responsive to agonists including interleukin-1f, tumor necrosis factor o, fibroblast
growth factor, and phorbol esters (PMA).

In order to verify the potential value of the PGHS-null cell lines as a test system for screening
PGHS-2 selective inhibitors, we used them to determine the I1Csos for three widely used NSAIDs and
two new PGHS-2 selective inhibitors, and then compared their ICsy ratios of PGHS-2/PGHS-1 with
previous reports. The PGHS-null cell system offers the advantage of being able to compare effects of
drugs on PGHS isozymes in intact cells of the same lineage rather than comparing data gathered from
among purified enzyme assays, cell-free extracts, cell fractions or different cell types. Of course,
variables such as length of incubation with NSAIDs, sources and concentrations of substrate, type of
drug vehicle used, and preincubation times with drugs, each contributes to discrepancies in PGHS-
2/PGHS-1 ICs ratios among individual reports. As an example, aspirin PGHS-2/PGHS-1 1Cs ratios
vary from 166 to 3.8 in different reports while those of indomethacin vary from 60 to 0.25 in others
(Chulada and Langenbach, 1997; Kawai et al., 1998; Vane and Botting, 1995; Warner et al., 1999).
Therefore, it seems that the validity of the comparison may only be as good as the PGHS 'system' in
which the drugs are compared. Clearly, the relative efficacy of a particular drug using the same
system can be compared directly and ranked accordingly to help predict the effects of drugs in patients

Tonumiaolulasinns BRT 2545 (_2/_5-@ BRT Research Reports 2002

Wl BRT



based on the assumption that the more selective the PGHS-2 inhibitor the less side effects it should
generate.

In our PGHS-null, whole cell system, with exogenous AA added, indomethacin is the most
potent PGHS-1 and PGHS-2 inhibitor among the three drugs and belonged to the group exhibiting
almost no preference between PGHS-1 and PGHS-2, with ICs, values in the range of 10°-10°* M
whereas aspirin is the least potent inhibitor with the ICs, values in the range of 10° M. For drugs in
this non-selective group, ibuprofen is the most selective for PGHS-2, while indomethacin is less
selective, and aspirin is the least selective in the presence of exogenous AA. This ranking of the 1Cs
ratio correlates well with the studies reported by Cryer and Feldman (1998) using ex vivo whole blood
assay and by Vane and Botting (1995) also using a whole cell system. The study by Chulada and
Langenbach (1997) also indicated that with exogenous AA, indomethacin is more selective to PGHS-2
than aspirin. In addition, Meade et al. (1993) reported that ibuprofen is more selective to PGHS-2 than
indomethacin. Thus, the findings obtained using our system yielded similar results to earlier studies
on PGHS-2 selectivity in various test systems: ibuprofen > indomethacin >aspirin.

Our results from the experiments with A23187-derived endogenous AA showed that
indomethacin is the most potent inhibitor for both PGHS-1 and PGHS-2 with the ICs, values in the
range of 10° M while aspirin is the least potent inhibitor with the ICs ratio of approximately 10° M.
PGHS-2/PGHS-1 ICs, ratios ranked ibuprofen as a better PGHS-2 selective inhibitor than
indomethacin, and again aspirin as the least selective. These results agree with the data obtained from
cells incubated with exogenous AA. This ranking is also in agreement with the studies of NSAID-
induced GI toxicity in humans showing that ibuprofen generated fewer side effects than either
indomethacin or aspirin (Blechman et al., 1975). Our data also indicate that in order to efficiently
predict the potential side effects of any NSAIDs in patients, we could employ either external or
internal source of AA in our test system. In addition, when we examined the results of MK-966 and
NS-398, we found that regardless of the AA sources, these two PGHS-2 selective inhibitors clearly
preferentially inhibited PGHS-2 activity. However, when we compared the PGHS-2 ICs, values of
these two inhibitors obtained using our PGHS null cell system with the values derived from the human
whole blood assay (WBA) and William Harvey human modified whole blood assay (WHMA), which
utilizes an internal arachidonic acid source (Warner et al., 1999), we found that in our system, MK-
966 was more potent than NS-398 in inhibiting PGHS-2 activity, while the opposite was observed in
the human systems.

Other limitations in using different types of cells as sources of PGHS-1 and PGHS-2 enzymes
could include differential abilities of potential inhibitors to enter the cells. Moreover, different types
of cells might utilize different pathways in eliminating or sequestering foreign compounds, and when
cells with transfected PGHS-1 or PGHS-2 are used, the possibility that alternate PGHS isozymes are
present cannot be completely ignored. Discrepancies such as these could easily account for the
variability in calculating ICs, values using different assay systems. Although results obtained from
pure enzyme screening is fast, it may not represent the real physiological conditions under which drug
molecules interact with the target enzyme in the cytosolic milieu.

Conclusions

In summary, we have presented a comparison of pharmacological profiles for three different
widely used NSAIDs and two new PGHS-2 selective inhibitors utilizing a PGHS-null, whole-cell
assay system. Regardless of the AA sources, the pharmacological profile obtained from our system
was similar to the previously reported data from other whole cell assay systems. While it is possible
that PGE, synthase levels may be altered in both PGHS-deficient cell types, the five NSAIDs that we
used in these experiments are known PGHS inhibitors. Therefore, results showing a correlation with
data from our system with other experimental assay systems would seem to indicate that the PGHS-
null cell system can be used to test efficacy of PGHS isozyme-specific inhibitors regardless of PGE,
synthase levels. In conclusion, our whole cell assay system offers the following advantages: 1) cells
used as sources of PGHS-1 and PGHS-2 are the same type of cell (lung fibroblasts) and each
completely lacks the alternate form of PGHS allowing for direct comparison of PGHS-1 and -2
activity in cells exhibiting similar physiological properties, 2) PGE, is by far the predominant
eicosanoid produced by these two cell lines so that only one type of eicosanoid measuring system is
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required, and 3) each respective PGHS isozyme is expressed at high levels eliminating the need to
stimulate cells in order to induce the expression of PGHS-2. Currently, this new assay system is
routinely used to screen anti-inflammatory compounds from natural resources at BIOTEC.
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