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Abstract:Introduction to Western Thong Pha Phum Project: Aims, Operations,
Accomplishments and Future Directions (Sompoad Srikosamatara Mahidol University) The
Western Thong Pha Phum Project is categorized as an area-based biodiversity research with the
ultimate aims of conservation and sustainable use of biodiversity in the area. It is co-funded by
BRT and PTT. Focused area is at a small protected area of 30,000 Rai (about 50 sg.km.), Tambon
Huai Khayeng and adjacent areas. Two 3-year phases have been operated between 2002-2004 and
2005-2007. Research development comprised with pre-setting aims to improve multidisciplinary
research and friendly dialogues to develop research proposals. Enough rooms have been given so
that research problems can be flexible according to traditions of different research disciplines. The
aims at the second phase are 3 goals: economy, moral and environment. The first two goals are
achieved but the environment goal is the least achievement goal. For a research project, 6 years
duration can be considered longer than average. For community development, it may be
considered that it took too long to achieve the goals. By serendipity, the secondary products have
been accumulated as an area that may be good to train new-generation scientists to develop area-
based biodiversity research or the area can be considered as an incubation area to train future
biodiversity scientists. The questions still remain whether there will be any next phase and for
what and who will get involved. Analogy with many goal-seeking activities, three phases or
trilogy should be implemented. The first phase can be considered as friendship or fellowship
formation then warming up process and then climax. Thinking about third phase requires new
thinking about the aims, partnership and a new form of management.

Key words: Western Thong Pha Phum Project, area-based biodiversity research, co-funding,
trilogy, biodiversity research incubation area
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Thong Pha Phum; Synthesis of the Aquatic Projects
with a View to the Future

F.W.H. Beamish

Burapha University, Chonburi
billbeamish@hotmail.com

Abstract: A brief history of the Thong Pha Phum project is presented along with its stated
objectives. The potential consequences of anthropogenic activities, often by a well intentioned but
uninformed public, on the sustainability of goods and services provided by rivers are discussed
along with biological methods of evaluating water quality. A brief review is given of each of the
aquatic projects sponsored by BRT and conducted in Thong Pha Phum. This paper concludes with
a comment on the information in hand and other information that would be nice to have, along
with how this information might be applied to best facilitate the Thong Pha Phum objectives of
resource conservation and sustainability through mutual understanding between the community
and government on the wise use of natural resources.

Key words: Thong Pha Phum, anthropogenic activities, uninformed public

The West Thong Pha Phum areas
compose of three distinct ecoregions,
Tenasserim-South Thailand semi evergreen rain
forest, Kayah-Karen montane rain forest and
Chao Phraya lowland moist deciduous forest.
Annual rainfall varies among these three
regions from 100 to 400 cm and the overall
region supports a large and diverse collection of
plant and animal species, although many have
yet to be described. Some 30 years ago the local
peoples were relocated from their homeland in
preparation for the construction of Khao Laem
reservoir and an electrical generating plant by
the electrical authority of Thailand. The land
they now occupy in Thong Pha Phum was
donated by the electrical authority of Thailand
for their benefit. Recently, these peoples have
had to endure additional hardships caused by
the construction of a gas pipeline, a project
known as the Thai Myanmar Project. From this
background has arisen the Thong Pha Phum
Project sponsored jointly by the PTT Public
Company Limited and the joint Thai Research
Fund/BIOTEC Special Program for
Biodiversity Research and Training Project or
BRT. The Thong Pha Phum Project has as its
objectives; to provide an area for
interdisciplinary research, to encourage learning
through interaction among members of regional
communities and researchers with the view to
strengthen the community and to support an
area for resource conservation. Conservation of
endemic biodiversity is seen as important to
establish mutual understanding between the
community and government on the wise use of

natural resources. Importantly Thong Pha Phum
has also been designated a special area in
celebration of His Majesty the King’s rule of
Thailand.

The Thong Pha Phum Project has
embraced two major components, aquatic and
terrestrial studies. This report is directed only
toward aquatic studies, although it is realized
that the two are intimately interconnected and
that at some stage will need to be integrated for
management,  resource  conservation and
possibly ecotourism if deemed advisable. In
Thong Pha Phum as elsewhere, watercourses or
rivers have greatly influenced the development
of human society as they freely provide a
continuous supply of essential goods and
services or resources as they are commonly
called. The goods include freshwater for
potable, domestic, agricultural (e.g. irrigation)
and industrial needs, food in the form of fish,
turtles and waterfowl and large invertebrates
such as crabs and shrimp and, importantly,
power. Services provided include recreational
activities such as swimming, transportation, an
efficient disposal system for domestic,
agricultural and industrial  wastes and
ecotourism. However, only watercourses with
unimpaired water quality conditions produce
the goods and services expected by local
residents. With declining water quality, rivers
yield fewer and fewer resources.

Water quality impairment can result
from direct modification to a river or by
exceeding its ability to assimilate specific
wastes. Typically, however, water quality
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impairment is caused by landscape modification
within the watershed. Beyond a certain limit,
the replacement of native vegetation with
agricultural, silvicultural, industrial and urban
land uses affects the functional interactions
between a watercourse and adjacent lands.
Greater variation in river discharge is a
common response (Bishop, 1973). Native
vegetation along a river typically is the first to
be replaced with buildings, roads and
agriculture when rural development occurs
within a watershed. This activity may reduce
the productivity of watercourses since
allochthonous inputs decline which are an
important component of the diet of
invertebrates and fishes (Dudgeon, 2000).
Furthermore, the loss of trees may increase soil
erosion leading to increases in turbidity and
suspended solids and subsequently, reductions
in primary production. When flows slow these
materials settle to the bottom, filling interstitial
spaces and reducing secondary production of
benthic macroinvertebrates as well as some
species that are unable to live under these
conditions. However, rural development may
also promote higher productivity within
watercourses. Increased solar radiation from the
reduction of canopy  will  stimulate
autochthonous (periphyton) primary
production. Added nutrients from adjacent
lands may also promote primary production,
increasing the potential for increased
production of some benthic invertebrates but
decreasing that for others. Understanding the
relationships among rural, urban and industrial
development, water quality and the aquatic
inhabitants is essential for social planning and
environmental management.

One of the best means of measuring
water quality is through an assessment of the
structure and composition of the resident
organisms.  These plants and animals are
continuously exposed to the environmental
conditions in a river or reservoir and thus reflect
the environmental conditions over a period of
time. Algae, benthic macroinvertebrates and
fish are known to be sensitive to a wide variety
of abiotic and biotic variables (Hellawell, 1986;
Hynes, 1970) many of which are altered
through land use changes and are functionally
dependent on their associated riparian
vegetation (Vannote et al., 1980; Cummins,
2001). Consequently they can provide a direct
ecological measure of the quantity and quality
of goods and services afforded by the local
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ecosystem. A marked shift in the community
structure of organisms indicates the effect of a
specific stress on the ecosystem and signals a
reduction in resources and services provided by
the river or reservoir.

Armed with such information one
might visualize a consortium of local residents,
researchers and managers collaborating on a
plan which when implemented will allow
residents to exploit the appropriate goods and
services within the designated limits that will
guarantee their sustainability and hence
conservation. While desirable to have all the
biological pieces in place such is rarely, if ever
the case. More often, management plans
proceed in the absence of all desirable
information aided by any of a variety of
statistical procedures that have been employed
elsewhere with at least moderate success
However, some basic information is required
and this was the task undertaken by BRT.

Perhaps the most basic requisite for all
biological studies are taxonomic studies on the
organisms themselves for without this basic
information there can be no communication.
Thailand is blessed with a large and diverse
collection of plant and animal species. While
many species have had taxonomic designations
for some time, others are only now receiving
taxonomic recognition and still others must
wait for their turn to emerge from taxonomic
obscurity. Thong Pha Phum has until recently
received relatively little biological attention.
However, just knowing the plants and animals,
as important as this is, will not provide all of
the answers for sustainable management nor
conservation. This has been recognized in some
of the researches already in place in Thong Pha
Phum including some natural history studies,
seasonal  patterns in  abundance, taxa
distribution,  community  structures and
bioassessment. In the future, other studies will
need to be undertaken. These will include
studies such as population size and structure,
growth rates and food web dynamics. Because
of the obvious importance of diet, food webs
may directly exercise considerable influence on
resource sustainability. This is an area that has
already benefited from earlier researches in the
social sciences, particularly in the treatment of
data that will allow the understanding of food
web compartments and how they affect food
web stability.

The task ahead while formidable is not
insurmountable. Perhaps what is of most



importance and in shortest supply are ideas for
the efficient pursuit of important ecological and
management  questions to  assure the
sustainability of the natural resources of Thong
Pha Phum.

What do we now know of the aquatic
flora and fauna and their habitats in Thong Pha
Phum? Several studies have been undertaken
and are producing important, although in some
cases still  preliminary or incomplete
information. Two researchers from the
Department of Biology at Chiang Mai
University, Sutthawan Suphan and Yuwadee
Peerapornpisal, have undertaken to identify
benthic macro- and micro-algae through
quantitative samples collected throughout the
year from Huay Khayeng and its tributaries.
Their studies have identified a large number of
taxa of macroalgae from four divisions and an
even large number of microalgae, many to
species, from two orders of the Division
Bacillariophyta or diatoms. While some
measurements have been made of algal habitat
these have not yet been associated with the
occurrence of algal species nor have seasonal
fluctuations in abundance been reported. Macro
and micro algae provide both biomass and
nutrients to many of the herbivorous and
omnivorous aquatic organisms and hence are of
fundamental importance to the trophic ecology
and food webs in rivers.

Among the crustaceans, the minute
planktonic cladocerans serve as the aquatic food
basket for many organisms. This is particularly
the case in lakes and oceans but cladocerans
occur also in rivers, especially the slower
moving or lentic regions. Cladocera
biodiversity, abundance and habitat were
investigated between the headwaters and mouth
of Huay Khayeng in Thong Pha Phum by
Punnee Sa-ardrit and F.W.H. (William)
Beamish from BRT, Bangkok and Burapha
University, Bang Saen. Because of their weak
swimming ability, cladocera are confined
mostly to lentic areas providing for maximum
numbers during the rainy season when a
sizeable flood plain develops near the mouth of
Huay Khayeng. Cladocera were dominated
numerically by only three  species,
Ceriodaphnia cornuta, Diaphanosoma excisum
and Diaphanosoma sarsi although many other
species occurred in lesser abundance. This
study found water current, pH, conductivity and
temperature to be of particular importance to
cladocera distribution. The study also

recognized assemblages of cladocera and the
habitat factors important to their structure.
Typically cladocerans are considered major
contributors to the trophic ecology of
carnivorous organisms, particularly immature
individuals, however, the importance of these
organisms in the rivers of Thong Pha Phum,
while likely to be high, has not yet been
investigated.

Several investigations have focused on
that taxonomically and ecologically important
group of organisms collectively known as
benthic macroinvertebrates, consisting mostly
of crustaceans, insects and annelids. Many
species are represented in this macrocommunity
or assemblage of organisms and collectively
they are major energy contributors and
consumers in river biodynamics. Despite their
importance, comparatively little is known of
their taxonomy and ecology in many regions of
the world. Thailand is no exception. However,
the Thong Pha Phum Project is fortunate to
have several experts focus their taxonomic
expertise on several invertebrate groups.

Diversity and abundance of aquatic
insects were examined in Huay Khayeng on
several occasions over approximately one year
and related to a large number of habitat
characteristics by Sutthinee Jitmanee and
Chitchol Phalaraksh from the Department of
Biology, Chiang Mai University.
Approximately 197 insect taxa from 10 orders
were identified. The Order Trichoptera or
caddisflies contributed the greatest number of
taxa while Ephemeropta or mayflies contributed
the greatest number of individuals. Not
unexpectedly, high altitude sites that were
visually and chemically classified as
undisturbed were statistically distinct from sites
considered to be variously disturbed based on
their chemical properties. Ordination statistics
applied to the insect data recognized two
groups, one located in the forest and considered
undisturbed and a second in urban areas, again
supporting the potential usefulness  of
bioassessment in evaluating water quality. The
taxonomy of the aquatic and semi aquatic bugs
known as Heteroptera was given a huge boost
through the efort of three scientists form the
Department of Biology, Chulalongkorn
University, Chariya Lekprayoon, Marut
Fuangarworn and Ezra Mongkolchaichana.
They have collected Heteroptera from lotic and
wetland locations in Thong Pha Phum over a
period of approximately two years. From these
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collections they have so far identified a large
number of species that they propose may be
present in Thong Pha Phum and related their
presence and abundance to  specific
environmental features. This will be of great
benefit to the assignment of sensitivity values
so important to the development of a
bioassessment model based on  Thai
environmental criteria. These identifications
have also contributed new distribution records.
A lasting contribution has been the production
of practical and simple-to-use taxonomic keys
to the identity of adult water bugs to the level of
family in Thong Pha Phum region. These are
accompanied by useful descriptions of family
characteristics including habitat.

The identity of species of stone flies or
Order Plecoptera as well as black flies, Order
Diptera, Family Simulidae in Thong Pha Phum
has been unveiled through the contributions of
Jariya Chanpaisaeng, Jumnungjit Phasuk and
Korakot Damrak from the Department of
Entomology at Kasetsart University. They
collected from both undisturbed and disturbed
regions of rivers at monthly intervals over the
course of a year. These studies have resulted in
the identity of nine taxa of stoneflies, some
identified to species, and their assignment to
undisturbed and disturbed habitats. They have
also identified 17 species of blackflies along
with their habitat.

Seasonal feeding dynamics of the
common river shrimp in Thong Pha Phum.
Macrobrachium yui, was examined in Huay
Khayeng by Sumpun Tongnunui from the
Department of Biology, Burapha University.
His research examined diet, feeding schedule
and rates of gastric evacuation in relation to
shrimp size and season. The objective of this
unfinished research is to examine the trophic
dynamics of shrimp, in particular how much
energy they consume and how much they
contribute to river bioenergetics. Preliminary
estimates of their relative abundance and size
distribution have been made as their biomass
represents a sizeable portion of that contributed
by invertebrate animals in Huay Khayeng.

Several studies have undertaken
projects to provide information on and,
ultimately a model with which to evaluate the
wellness of water or bioassessment. In this
regard, Boonsatien Boonsoong, Siriporn
Saeheng, Prayut Udonphimai and Vongwiwat
Tanusilp of the Department of Biology, Khon
Kaen University collected benthic
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macroinvertebrates seasonally from two rivers,
Huay Khayeng and Huay Team and measured
water quality. Coincident with land use was a
reduction in number of sensitive taxa and a
change in community structure. In particular,
taxa in Ephemeroptera, Plecoptera and
Trichoptera declined while members of the
Chironomidae  family  increased  from
undisturbed forested habitat to habitats near
regions of the river subjected to residential and
agricultural use. Riparian land use exerted the
greatest influence on stream benthic community
composition and abundances. A companion
bioassessment study was undertaken by Punnee
Sa-ardrit, William Beamish and Chunte
Kongchaiya of PSU Natural History Museum,
Prince of Songkla University and Department
of Biology, Burapha University, again based
mostly on benthic macroinvertebrates and water
quality. Measurements were made at many sites
and on many rivers in Thong Pha Phum and
beyond over an extended time frame. The
number of taxa and individuals, while highly
variable among sites, tended to be higher in
reference than assessment sites within orders,
the numerically dominant families were similar
across reference and assessment sites, although
the total number of families within the Orders
Diptera, Ephemeroptera and Trichoptera was
the higher across the reference sites.
Assemblage structure was similar between
reference and assessment sites. Several
bioassessment methods were applied including
taxa richness, rarefaction curves, biotic (e.g.
Hilsenhoff, 1982, 1987), diversity (Wiener,
1948; Shannon, 1949), similarity indices (e.g.
Morisita-Horn in Wolda, 1981; Novak and
Bode, 1992) and multimetric methods (e.g.
Karr, 1990; Barbour et al., 1997; Griffiths,
1999; Davies, 2000) in searching for a
relatively simple bioassessment method to
evaluate ecosystem health of Thai rivers. Most
methods did not separate assessment and
reference sites. However, the metrics developed
for the Rapid Bioassessment Method (Barbour
et al., 1997) identified a degree of impairment
not recognized by the other methods.
Unfortunately sensitivity and tolerance values
critical for the application of the Rapid
Bioassessment method are mostly unavailable
for Thai fauna and had to be adopted from
North American fauna. Canonical
correspondence analysis was effective in
identifying factors affecting composition of
benthic macroinvertebrates, with the important



factors being alkalinity, discharge, conductivity,
phosphate, ammonia and water velocity.

The identity of fish fauna and their
abundance in the rivers of Thong Pha Phum
was the unintentional beneficiary of an
ecological study conducted by William
Beamish and Chunte Kongchaiya, Department
of Biology, Burapha University. A total of 70
taxa were identified, 61 to species as well as
several species of the Family Balitoridae that
may represent new species. The Family
Cyprinidae dominated in numerical abundance
and species richness followed distantly by the
families Balitoridae and Channidae. Silurids
tended to be slightly more abundant in the
larger rivers but for many fishes, river size did
not seem to be important. Species richness is
discussed briefly in relation to water quality,
the important factors including elevation,
ambient ionic concentrations and cover.

Fish ecology was the subject of a
multifaceted study in Thong Pha Phum and
elsewhere in central Thailand by William
Beamish, Chunte Kongchaiya, Belinda Ward-
Campbell and Ron Griffiths, Department of
Biology, Burapha University. Seasonal changes
in fish abundance and assemblage composition
was followed in Huay Khayeng. Relatively low
abundances in the rainy season when discharge
was high were related to feeding and
reproduction migrations away from the study
areas. Important environmental characteristics
were identified for fishes found in rivers
throughout Thong Pha Phum and elsewhere in
central  Thailand along  with  species
distributions and populations estimates, the
latter based on the depletion method of Carle
and Strub (1978). Species richness and
numerical abundance were dominated by
cyprinids followed by silurids and balitorids.
Habitat factors of importance to species
distribution and abundance are discussed.
Species coexistence was examined and related
to resource sharing, facilitated through
morphological adaptations and ontogeny.
Morphological adaptations associated mainly
with the mouth and digestive system direct
species to forage on different dietary items with
adaptations to body and fin morphology
enhancing maneuverability or swimming
performance, both variously associated with
prey capture and predator avoidance.

Obviously from this brief summary,
aquatic research in Thong Pha Phum is off to a
fine start but much remains to be done. It is

important to emphasize that much of the
information collected so far and summarized in
this report has not been published and some is
still incomplete. Publication is of critical
importance. Acceptance of a new species
requires publication in a refereed scientific
journal. While this may not be a prerequisite for
all information there is no question that the peer
review process forces good things to happen to
scientific information. In order for information,
and its interpretation to pass through the rigors
of peer review it often must undergone
modification from that presented in reports
where critical review seldom occurs. Without
being subjected to this process otherwise good
and useful information may fail to gain
credibility. Thus, completion of incomplete
studies and publication of completed studies
that remain as reports are important next steps.
With this in place it will be appropriate to
critically evaluate the information in hand
together with that already available in the
scientific literature and appropriate to this
project. This will save time and resources and,
likely contribute to the pool of ideas to meet the
challenges set forth for Thong Pha Phum. At
this stage more taxonomic information on Thai
fauna and flora would be welcome. Perhaps of
even greater importance is ecological
information which is in short supply. This
might include bioenergetic studies or models,
dynamic food webs, population and mortality
models and environmental interactions. It might
soon be profitable to employ the services of
someone skilled in Decision Analysis (Hilborn
et al., 1994) to prioritize future biological and
social science research. This would also
encourage the participation of members of the
community as well as social scientists and
economists.  Should  ecotourism be a
consideration, representation should soon be
solicited so that they may have early
involvement. At regular intervals project
objectives will need review as will the paths on
how best to achieve them. Members of the
community are also critical to the success of the
Project so as not to loose sight of the needs and
wishes of the people of Thong Pha Phum.
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Abstracts: Fishes captured in Thong Pha Phum between 2001 and 2004 during the course of
another investigation are herein collated by species, their numbers-100m™ of river surface area
and environmental conditions at the time of their capture. Some casual associations are offered

between the abundance of some species and
and ionic strength of the water.

their environment, in particular, elevation, river size

Introduction

The information in this report was
gathered in the course of an ecological research
project conducted between 2001 and 2004 and
is not intended as a comprehensive study of the
species present in Thong Pha Phum. It is
offered in the hope that it may be a useful
source of information, perhaps as a starting
point for another study. Fish were captured by
electrofishing at sites on rivers, small and, by
comparison, large as well as tributaries of the
larger rivers and population size estimated by
the depletion method. Included are some
measurements of the environmental conditions
at sites when fish were captured. Statistical
limits are available for all population estimates
but are not included in this report for the sake
of brevity.

Materials and Methods

A total of 83 sites were sampled on
eight small and three comparatively large
rivers. The eight smaller rivers were Lichia,
Kopak, Krengkavia, Thi Khrong, Satamid,
Kroeng Tako, Kratenjeng and one whose name
was not found. The larger rivers were Ban Rai,
Khayeng and Phacham Rai. The fishes and
limnological characteristics are described
separately for each of the smaller rivers and, for
the two larger rivers, Khayeng and Phacham
Mai, separately for the tributaries and main
channel. Names were not obtained for all
tributaries and one small rive (Fig. 1). The
tributaries for Phacham Mai included Pilok, E-
pu, Pak Kok and three for which names were
not found. On Khayeng River, 13 unnamed
tributaries were sampled Figs. 2 and 3). No
tributaries of Ban Rai River were sampled.
Some tributaries and main channels were
sampled at a number of sites and some

Figure 1. Waterfalls in the headwaters of
(A) Pilok and (B) Pak Kok rivers.

Figure 2. A sample site on a first order
tributary of Khayeng River.

Figure 3. A sample site on the main channel
of Khayeng River.
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seasonally. Latitude and longitude of each site
is available but not included in this report.

The decision on the length of stream to
electro-fish was based, in part, on the available
length of similar habitat as well as by physical
constraints imposed by water velocity in
concert with discharge (Fig. 4). Prior to electro-
fishing, conductivity was measured and used to
set the voltage and electrical wave
configuration to maximize fish capture
efficiency and minimize harm to fish. Then,
seine nets of about 3mm mesh were installed
across the upper and lower limits of the site and
their groundlines weighted with large rocks to
reduce the probability of emigration from or
immigration into the sampling reach (Figs. 5
and 6). A station was electro-fished by moving
systematically from one retaining net to the
other, beginning downstream or upstream based
on visibility, water depth, velocity and
turbidity. Electro-fishing involved two people,
one to operate the shocker and one to capture
and remove the temporarily stunned fish (Figs.
7 and 8). Usually four or five passes were made

Figure 4. Walking a river in search of a suitable
site.

Figure 5. Blocking one end of a site on a first
order tributary with a seine net.
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Figure 6. Blocking one end of a site on a third
order river with a seine net.

Figure 7. Sampling fish at a site with a backpack

Fiaure 8. A small fish catch.

at a site. After each pass, fish were
anaesthetized in a dilute solution of methaine
tricaine sulfonate (approximately 150 mg:I™),
then identified and enumerated. After fish
recovered from the anesthetic, they were
released upstream or downstream from the
retaining nets. When unable to assign species
status in the field a small sample of the
unidentified species was killed by an overdose
of anesthetic and preserved in 10% formalin for
subsequent identification in the laboratory.
Current systematics of Thai freshwater fishes is
equivocal. For this report the classification
system of Nelson (1994) was followed along



with most of the names given in the check list
of Vidthayanon et al. (1997). Names for a few
species were updated from recent taxonomic
revisions. Fish were identified from a number
of sources including: Smith (1945), Brittan
(1954), Banarescu (1971), Roberts (1982, 1989,
1994), Kottelat (1984, 1988, 1989, 1990, 1998,
2004), Lumlertdacha (1986), Karnasuta (1993),
Rainboth (1996), Fang and Kottelat (1999), Ng
and Kottelat (2000), Freyhof and Serov (2001),
Nalbant (2002), Tan and Ng (2005) and many
others. A voucher collection was prepared and
is maintained in the Institute of Marine
Sciences at Burapha University, Bangsaen,
Chonburi (Catalogue number -BIMS: FF.
0001- 002). Fish were preserved in 10%
formalin for 10 days and then transferred to
70% ethanol for permanent storage.
Physical and Chemical Variables

On each sampling occasion, width (£
0.1 m), depth (= 1 cm), and velocity (1 cm s
1) of the stream reach were measured, each at
least three times, and the means used to
estimate discharge (I's*). Depth was the
average of 3-5 measurements made at
approximately equal intervals across the river.
Velocity was measured at the surface and
adjusted to represent the vertical mean flow
rate (Gillner and Malmqvist, 1998) at each of
three equally spaced locations across a
station’s width. Regularly calibrated meters
were used to measure temperature (+0.1°C),
conductivity (5 pS-cm™), turbidity (NTU), pH
(+ 0.1) and dissolved oxygen (+ 0.1 mg-I™). In
addition, a water sample was collected for
measures of ammonia (mg:1™), total iron (mg- I
1, alkalinity (mg-I™, pH 4.5), silica (mg I™") and
true color (mg:-I™* platinum- cobalt color units,
CU), (APHA, 1992). Elevation was measured
by GPS.

Substrate at each station was collected
with a hand-held acrylic corer (5 cm inner
diameter) to a depth of 10£3 cm. Particles on
the surface larger than the diameter of the
corer were removed before a sample was taken
and included. Samples were air dried and
sieved to determine particle size distribution
by weight. Six size categories were adopted
from the Wentworth scale (Giller and
Malmaqvist, 1998), > 150 mm (boulder to large
cobble), 150-60.1 mm (large cobble to large
pebble), 60-5.1 mm (large pebble to coarse
gravel), 5- 3.1 mm (medium to fine gravel), 3-
0.51 mm (fine gravel to coarse sand), <0.5 mm
(medium sand to silt) and the mean particle

size calculated. The substrate for each station
was coded into six categories based on mean
particle size with 1 being the smallest and 6,
the largest. The substrate at a few stations was
solid or almost solid bedrock and coded as 7.
An average of three replicate substrate samples
(range of 2-6) was collected at 40 stations.
Variation was similar within each particle size
category with an overall mean (+SD) of 26+12
%. One sample was collected at all other
stations.

Total abundance of fish within a station
was calculated by the maximum likelihood
technique along with the capture efficiency for
each pass (Carle and Strub, 1978). Numbers for
many species were small and not amenable to
this technique. Hence a conversion factor
consisting of the total abundance estimate
divided by total number of fish caught was
applied to adjust the numbers of each species
captured. Fish abundance was arithmetically
adjusted to an area of 100 m2.

Results and Discussion

A total of 70 taxa were identified, 61 to
species, eight to genus and one to family.
Cyprinids dominated in numerical abundance
and species richness (Tables 1 and 2) followed
distantly by the Balitoridae (Tables 3 and 4)
and Channidae (Tables 7 and 8) (Figs. 9 and
10) Average abundance of cyprinids, all species
combined, in the small rivers was
approximately 108 fish-100m™, slightly above
that for the larger rivers at 84 fish-100m™.
Balitoridae contributed approximately 12 and
32 fish-100m™ in the smaller and larger rivers,
respectively (Tables 3 and 4). Average number
of channids was 7 fish-100m™? in both river
categories (Tables 7 and 8). Contributions from
all other families were substantially lower.
Species richness patterns mirrored those of
abundance with cyprinids contributing 26
species, balitorids, 12 species and cobitids and
bagrids each contributing five species (Tables 5
and 6). The number of species represented from
each family was quite similar in large and small
rivers, however, in the more species rich
families some species found in either the larger
or smaller rivers were absent in the other. For
example, five cyprinids present in small rivers,
Paralaubuca riveroi, Poropuntius deauratus,
Puntius brevis, Labeocheilus rhaboura and
Osteochilus waandersii were absent in the
larger river samples. In the larger river samples
eight cyprinids, Opsarius koratensis, Opsarius
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Figure 9. A selection of species from the family
Cyprinidae; 1, Osteocheilus hasselti; 2, Systomus
lateristriga; 3, Neolissocheilus stracheyi; 4,
Rasbora caudimaculata; 5, Mystacoleucus
marginata; 6, Lobocheilus quadrilineatus.

Figure 10. A selection of species from the family
Balitoridae; 1, Syncrossus beautforti;
2, Yasuhikotakia morleti; 3, Schistura mahnerti;
4, Acanthocobitis botia; 5, Pangio anguillaris;
6, Homaloptera smithi; 7, Balitora kwangsiensis

pulchellus, Rasbora borapetensis,
Neolissochilus  soroides, Cyclocheilichthys
armatus, Barbodes gonionotus, Systomus

orphoides and Systomus sp. were present that
were absent in the samples collected from the
smaller river sites. This pattern was similar for
other families although differences were not as
great (Fig. 11).

Habitat requirements are directly or
indirectly related to those for an individual’s
growth and survival or its niche. The
importance of habitat has long been recognized
through studies on environmental preferences
(Fry, 1971) and influences on individual species
and assemblages (Meffe and Sheldon, 1988). In
Thong Pha Phum, fishes display different levels
of apparent habitat preference. Thus some
prominent species in the larger rivers were
absent in the habitat provided by smaller rivers
such as Acanthocobitis zonalternans and
Schistura desmotes. In contrast other species
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apparently seek smaller habitats such as
Poropuntius deauratus and Puntius brevis.
Silurids tended to be more common in the
larger rivers although they seldom were
abundant in either habitat. For other species
river size seemed of little importance (Fig. 12)
Channa gachua was widespread and equally
abundant in large and small rivers. Similarly,
habitat size did not seem to influence
abundance of  Mastacembelus armatus,
although their numbers were never large. Other
important  habitat characteristics included
elevation, ambient ionic concentration and
cover.

Species richness varied inversely with
elevation at least above 400m. At the highest
elevation, 853m, richness was reduced to a
single species of Schistura, here termed species

Figure 11. A selection of species from the order
Siluriformes; 1, Leiocassis siamensis; 2, Mystus
singaringan; 3, Glyptothorax platypgonoides; 4,
Amblyceps macronatum; 5, Mystus havmolleri;
6, Pterocryptis cochinensis

Figure 12. A selection of  species;
1, Xenenthodon cancilla; 2, Mastacembelus
armatus; 3, Macrognathus circumcintus;
4, Oxyeleotris marmorata; 5, Channa gachua;
6, Channa micropeltes



Table. 1 Fishes of the Family Cyprinidae from the smaller rivers in Thong Pha Phum. Numbers are average
numbers of fish-100m™. N indicates the number of sites sampled.

Lichia Kapok Kratenjeng Unknown Kroeng Satamid Thi Krengkravia
Tako Khrong

N 5 5 2 1 3 1 1 1
Paralaubuca riveroi 0.1 0 0 0 0 0 0 0
Opsarius koratensis 0 0 0 0 0 0 0 0
Opsarius pulchellus 0 0 0 0 0 0 0 0
Brachydanio albolineatus 0 0 0 0 17.9 0 12.7 0
Danio acrostomus 37.6 13 24.9 22.4 2.6 117.2 3.2 15
Rasbora borapetensis 0 0 0 0 0 0 0 0
Rasbora caudimaculata 0.3 8.8 0.5 31 46.3 0 133.6 0
Neolissochilus stracheyi 24.4 0 2.8 1 0 40.5 0 0
Neolissochilus soroides 0 0 0 0 0 0 0 0
Cyclocheilichthys apogon 0 1 2.7 0 0 0 0 0
Cyclocheilichthys armatus 0 0 0 0 0 0 0 0
Mystacoleucus marginatus ~ 23.4 7.2 19.1 0 455 0 0 3
Barboides gonionotus 0 0 0 0 0 0 0 0
Poropuntius deauratus 0 0 0 3.1 0 0 0 0
Hampala macrolepidota 5.2 0.1 0.2 0 0 0 0 0.4
Puntius brevis 0 0.1 0 2.9 0 0 0
Systomus binotatus 0 35 0 05 33.1 0 23.9 0
Systomus lateristriga 0 0 0 0 0 0 0 0
Systomus orphoides 0 0 0 0 0 0 0 0
Systomus stolitezkae 0 0 0 0 0 0 9.5 0
Systomus sp. 0 0 0 0 0 0 0 0
Labeobarbus leptocheilus 0 0.1 0 0 145 0 0 0
Labocheilus rhaboura 0.1 0 0 0 0 0 0 0
Osteochilus hasselti 10.6 5.8 7.6 0 60.8 0 30.2 0
Osteochilus waandersii 7.7 0 0.5 0 0 0 0 0
Garra fuliginosa 10.8 0.6 7.4 0 0 2.1 0 0
Garra sp. 4.7 0 8 51 0 0 0 04

1 until its status can be decided.. As elevation
declined to 700+m, species numbers increased
to include two cyprinids, D. acrostomus and S.
binotatus, two unidentified species of Schistura,
C. gaucha and M. albus. Species richness
seemed not to be impaired by elevation under
approximately 400m. Some species were
commonly found in water of high ambient ionic
concentration including O.hasselti, S. binotatus,
M. marginatus and R. caudimaculata. Not
surprisingly a few other species seemed to
prefer water of low ionic strength, notably D.
acrostomus, C. gachua, P. fasciatus and M.
albus. In small streams, species numbers
correlated positively with cover.

In  summary, fishes and their
abundances are described for the smaller and
larger rivers in Thong Pha Phum and, in a

general way, related to habitat characteristics.
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Table 2. Fishes of the Family Cyprinidae from the larger rivers in Thong Pha Phum. Numbers are average
numbers of fish-100m™. N indicates the number of sites sampled.

Ban Rai Khayeng Pracham Mai
Tribs Main Tribs Main

N 6 26 13 18 1
Paralaubuca riveroi 0 0 0 0 0
Opsarius koratensis 0.2 0.4 0.1 <0.1 0
Opsarius pulchellus 0 0 0 0 5.1
Brachydanio albolineatus 0 1.4 0 9 0
Danio acrostomus 0.2 44 0 64.6 1.4
Rasbora borapetensis 0 0 0.1 0 0
Rasbora caudimaculata 6.5 2.8 25 14.1 0
Neolissochilus stracheyi 0 0.2 0 8.9 11
Neolissochilus soroides 0 0 0 34 0
Cyclocheilichthys apogon 1 5.9 2 0.1 0
Cyclocheilichthys armatus 0 0.1 15 0 0
Mystacoleucus marginatus 155 5.8 59 19.5 0.1
Barboides gonionotus 0 0.1 0.1 0 0
Poropuntius deauratus 0 0 0 0 0
Hampala macrolepidota 0 0.2 1.7 <0.1 0
Puntius brevis 0 0 0 0 0
Systomus binotatus 4.6 6.6 2.4 30.7 0
Systomus lateristriga 0 0 0 0 0
Systomus orphoides 0.4 0.4 0.2 8.9 0
Systomus stolitezkae 1.7 0 0.3 2.9 0
Systomus sp. 0 0 0 <0.1 0
Labeobarbus leptocheilus 0.1 0 0 0 0
Labocheilus rhaboura 0 0 0 0 0
Osteochilus hasselti 2.8 3.9 41.6 9.7 0
Osteochilus waandersii 0 0 0 0 0
Garra fuliginosa 0 15 2.8 1.2 2
Garra sp. 0 0 11 9.5 0

Table 3. Fishes of the families Balitoridae and Cobitidae from the smaller rivers in Thong Pha Phum. Numbers
are average numbers of fish-100m™. N indicates the number of sites sampled.

Lichia Kapok Kratenjeng Unknown Kroeng Satamid Thi Krengkravia

Tako Khrong
N 5 5 2 1 3 1 1 1
Balitoridae
Acanthocobitis botia 0 0.5 0 0 0 0 0 0
Acanthocobitis
zonalternans 0.4 2 0.5 0 0 0 0 15
Balitora kwangsiensis 10.4 0 0.2 0 0 0 0 0
Homaloptera smithi 0.7 0.4 0.8 0 0 0 9.5 0.4
Noemacheilus masyae 1.8 21 0.3 0 0 0 0 0
Schistura desmotes 0.1 0.1 0 0 0 7.8 0 0
Schistura mahnerti 18.7 0 0 2.6 0 0 0 0
Schistura sp. 1 1 0.2 0 0.5 0 29.1 0 0
Schistura sp. 2. 0 0 0 15 0 0 0 0.4
Tuberoschistura
baenizigeri 1.3 0.2 0 0 0 0 0 0
Cobitidae
Syncrossus beauforti 1.2 0 0.3 0 0 0 0 0
18 | BRT Research Reports 2007
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Table 3. continue.

Lichia Kapok Kratenjeng Unknown Kroeng Satamid Thi Krengkravia

Tako Khrong
N 5 5 2 1 3 1 1 1
Yasuhikotakia morleti 11 0 0.3 0 9.3 0 0 0
Lepidocephalichthys
birmanicus 0.4 0.4 0.7 0 0 0 0 0

Table 4. Fishes of the families Balitoridae and Cobitidae in the larger rivers of Thong Pha Phum. Numbers are
average numbers of fish-100m™. N indicates the number of sites sampled.

Ban Rai Khayeng Pracham Mai
Tribs Main Tribs Main
N 6 26 13 18 1
Balitoridae
Acanthocobitis botia 0.2 0 0 1.3 5.2
Acanthocobitis zonalternans 5.7 6.7 3.8 13.3 0.2
Balitora kwangsiensis 1.7 6.6 4.1 0 0
Homaloptera confuzona 0 0 0.1 0 0
Homaloptera smithi 2.9 6.2 6.8 4.7 0.7
Noemacheilus masyae 0.2 0.2 3.8 1.3 0
Schistura desmotes 0 20.6 7.2 1.4 9.9
Schistura mahnerti 0 0.9 0.3 0.2 0.4
Schistura sp. 1. 15 121 5.1 17.8 0.7
Schistura sp. 3. 0 0 0.2 3.8 0
Tuberoschistura baenzigeri 0 0.2 15 <0.1 0
Cobitidae
Yasuhikotakia eos 0 0 0.1 0 0
Yasuhikotakia morleti 0 0 0.1 0 0
Lepidocephalichthys birmanicus 2 34 1 13.6 2.8
Pangio anguillaris 0.1 0.8 0.4 0 0

Table 5. Fishes of the Order Siluriformes from the smaller rivers in Thong Pha Phum. Numbers are average
numbers of fish-100m™. N indicates the number of sites sampled.

Lichia Kapok Kratenjeng Unknown Kroeng Satamid Thi Krengkravia
Tako Khrong
N 5 5 2 1 3 1 1 1
Bagridae
Leiocassis siamensis 0 0.2 0 0 15 0 0 0
Mystus havmolleri 2.1 1.6 0 0 0 0 0 0.4
Mystus microcanthus 0.1 0 0.2 0 0 0 0 0
Hemibagrus nemurus 0 0.5 1.2 0 0 0 0 0
Siluridae
Ompok bimaculatus 0.4 0 0 0 0 0 0 0
Pterocryptis cochinchinensis 15 0.2 0 0.5 0 0 1.6 0
Amblycipitidae
Amblyceps maccronatum 0.9 0.1 0 0.5 0 7.1 0 0.4
Sisoridae
Glyptothorax laoensis 0 0.2 0 0 0 0 0 0
Glyptothorax sp. 0.2 0 0 0 0 44 0 0
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Table 6. Fishes of the Order Siluriformes from the larger rivers in Thong Pha Phum. Numbers are average
numbers of fish-100 m™. N indicates the number of sites sampled

Ban Rai Khayeng Pracham Mai
Tribs Main Tribs Main
N 6 26 13 18 1

Bagridae

Leiocassis siamensis 5.9 1.1 1.9 0.1 0.1

Mystus havmolleri 3.6 0.6 1.2 4 2.9

Mystus singaringan 0 0 0.1 0 0

Hemibagrus nemurus 1 0.7 0.3 0 0
Siluridae

Ompok bimaculatus 0.2 0.2 0.2 0 0

Pterocryptis cochinchinensis 0.5 0.1 <0.1 0 0
Sillaginidae

Sillago maculata 0 0 <0.1 0 0
Amblycipitidae

Amblyceps maccronatum 2 2 0.4 2.6 0.8
Sisoridae

Glyptothorax major 0 0.1 0 0 0

Glyptothorax sp. 0 0.2 0 0.2 0.4
Clariidae

Clarias batrachus 0.1 0 0 0 0

Table 7. Fishes of various families from the smaller rivers in Thong Pha Phum. Numbers are average
numbers of fish-100m™. N indicates the number of sites sampled

Lichia Kapok Kratenjeng Unknown Kroeng Satamid Thi Krengkravia

Tako Khrong
N 5 5 2 1 3 1 1 1

Notopteridae

Notopterus notopterus 0 0.1 0 0.5 0.8 0 0 0
Belonidae

Xenenthodon cancilla 1.3 0.2 0.3 0 0.5 0 0 0
Synbranchidae

Monopterus albus 0 0 0 0.5 7.2 0 0 0
Mastacembelidae

Macrognathus sp. 0 0 0 0 0.8 0 0

Mastacembelus armatus 2.8 0.7 0.8 0 0.7 0 3.2 1
Ambassidae

Parabassis siamensis 0 <0.1 0 0 0 0 0 0
Nandidae

Pristolepis fasciatus 0.3 0 0 0 10.3 0 0 0

Badis badis 0 0 0 0 2.1 0 0 0
Gobiidae 0 0.1 0.8 0 15 0 0 0
Belontiidae

Trichogaster trichopterus 0 0 0 0 0.8 0 0 0
Channidae

Channa gachua 3.6 0.8 3.3 15 194 9.2 15.9 0.5

Channa striata 0 0 0 0 0.3 0 0 0
Tetraodontidae

Tetraodon suvatti 0.1 0.1 0 0 0 0 0 0
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Table 8. Fishes of various families from the larger rivers in Thong Pha Phum. Numbers are average numbers of
fish-100m™. N indicates the number of sites sampled.

Ban Rai Khayeng Phracham Mai
Tribs Main Tribs Main
N 6 26 13 18 1
Belonidae
Xenenthodon cancilla 0.6 1 1 0.3 0.2
Synbranchidae
Monopterus albus 0 15 1.8 0.6 0
Mastacembelidae
Macrognathus circumcintus 0.4 0 0 0 0
Mastacembelus armatus 11 1.6 0.8 0.5 55
Ambassidae
Parambassis siamensis 0.6 0 0 0 0
Nandidae
Pristolepis fasciatus 0 3 0.3 0 0
Badis badis 1 0 0 0.1 0
Eleotrididae
Oxyeleotris marmoratus 0 0 2.2 0 0
Gobiidae 2 17.3 1.2 7.3 3.9
Belontiidae
Trichogaster trichopterus 0.5 0.3 0.8 0 0
Channidae
Channa gachua 3.8 8.6 2.2 13 8.4
Channa micropeltes 0 0 0.2 0 0
Channa striate 0 0.2 0.2 0 0

Table 9. Limnological characteristics of sampled sites on the smaller rivers in Thon Pha Phum. Substrate, marked
with an asterisk is coded as described in the text. The number of sites sampled is identified by N.

Lichia Kapok Unknown  Krengkravia Thi Satamid  Kroeng Kratenjeng

Khrong Tako

N 5 5 1 1 1 1 3 2
Elevation, m 190 188 311 290 192 361 168 193
Width, m 3.9 9.9 6.6 8 1.9 3 2.3 6.7
Depth, cm 29 47 24 40 14 22 12 26
Velocity, cm-s™ 39 29 48 67 17 37 17 32
Canopy,% 55 55 80 20 70 70 50 88
Substrate* 6.6 3.3 2 5 3 5 2.3 35
Temperature,C'1 22 245 23 23.3 23.3 18.4 25.7 23.3
Conductivity, pS-cm™ 192 60 324 186 275 17 411 240
Turbidity, NTU 9.1 2.9 7.6 3.6 17 2.3 48 6.9
Color, CU 6.1 1.3 1 0 11 0 137 22
pH 7.9 7.7 8.5 8.5 7.8 7 7.6 8.1
Oxygen, mg-1? 7.6 8.3 7.8 8.1 6.6 7.9 6.5 7.8

Ammonia, mg'l 0.02 <0.01 0 0 0.01 0 0.17 0
Nitrate, mg-l'l 0.4 2.01 0.2 0.1 0.4 0 12 0.9
Iron, mg-l'1 0.04 0.38 0.1 0.14 0.18 0.03 11 0.01
Silica, mg-l'1 19.6 21.6 9.8 12.6 12 20.2 11.3 25
Alkalinity, mg-I™ 144 25 180 99 306 15 576 139
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Table 10. Limnological characteristics of the sampled sites on larger rivers in Thon Pha Phum. Substrate, marked
with an asterisk is coded as described in the text. N identifies the number of sites sampled.

Ban Rai Khayeng Phacham Mai
Tribs Main Tribs Main
N 6 26 13 18 1
Elevation, m 202 245 177 424 388
Width, m 6.3 5.1 7 4.3 16
Depth, cm 23 23 34 24.4 19
Velocity, cm-s™ 49 32 30 31 16
Canopy,% 30 48 26 38 10
Substrate* 4.7 5.2 4.1 4.5 7
Temperature,C 26.2 24 25.3 24.6 23.7
Conductivity, pS-cm™ 92 147 300 77 53
Turbidity, NTU 10.3 11.9 7.2 49 2
Color, CU 34 41.8 14.1 47 18
pH 7.6 75 8 7.3 8
Oxygen, mg-1? 7.6 75 7.7 7.1 8.2
Ammonia, mg-l’l 0.07 0.02 0.01 0.22 0.01
Nitrate, mg-l’l 0.16 14 11 0.45 0.3
Iron, mg-l'1 0.7 0.29 0.26 0.53 0.08
Silica, mg-l'1 16.4 22.9 14.2 13.7 21.6
Alkalinity, mg-I™ 53 99 209 46 26
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Ecological Studies on River Fishes in Central Thailand
with a View to the Future

F.W. H. Beamish
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Abstract: This report presents in abbreviated format some of the results of our ecological studies
on river fishes in Thong Pha Phum and, in some cases, elsewhere in central Thailand. Important
habitat or environmental characteristics were identified for fishes found in Thong Pha Phum and
elsewhere in central Thailand along with species distribution and population estimates, the latter
by the depletion method. Species richness and numerical abundance were dominated by cyprinids
followed by silurids and balitorids. Important habitat factors for some other individual species of
distributional or numberical importance are also discussed. The results of these studies are
described more fully in Beamish et al., (2006; 2008), Beamish and Sa-ardrit (2006; 2007).

Key words: abundance, limnology, habitat, species richness, species associations, assemblage

structure

Introduction

It is a common view that freshwater
fish live not in random groupings but in
structured communities held together by
favorable abiotic and biotic mechanisms. In
some cases a small number of environmental
variables seem to exercise a strong influence on
community structure while in others it is related
to a wider range of factors (Robinson & Tonn,
1989; Edds, 1993).

The species rich and ecologically
diverse Cyprinidae, the largest family of all
freshwater fishes with more than 1500 species
have evolved partially through highly adapted
body forms and mouth structures so that they
occupy virtually all habitats throughout their
distribution  (Howes, 1991). Indeed, in
Thailand, they contribute the majority of the
species in a waterbody (Smith, 1945).
Catfishes, representing a number of families in
the order Siluriformes are also well represented
in Thailand (Vidthayanon et al., 1997). Fishes
of the family Balitoridae, commonly called
river, torrent or hillside loaches are native to
Eurasia with their greatest diversity in Asia
(Nelson, 1994). While there is almost no
information on the ecology of balitorids
(Dundgeon, 2000), they are commonly
associated with life in fast flowing water for
which they are well adapted. Additionally there
are other fishes from species- impoverished
families that contribute to community structures
in Thai rivers such as snakeheads or Channidae,
half beaks or Hemiramphidae and spiny eels or
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Mastacembelidae and about which relatively
little is known of their habitat preferences.

The objective of this study was to
provide quantitative measurements of fish
abundance in small rivers and to identify the
important habitat factors for species within
families or orders. This information is
important not only to understanding their
environmental ecology but, where populations
or species are declining, in assisting with
conservation measures.

Methodology

Small rivers were sampled in central
Thailand between latitudes of approximately 11°
and 15° N and longitudes of approximately 97°
30" and 102° 60’ E, representing an area of
approximately 23,000 km2. Fish were sampled
from up to 159 sites at 84 stations on small
rivers, <25 m in width (Figure 1; Table I).
Sample stations were selected from locations
ranging from heavily forested and sparsely
inhabited to lightly settled areas where some
subsistence to modest commercial agriculture
occurred to more heavily farmed or urban areas.
Stations were sampled throughout the year
except when high discharges restricted visibility
and personal safety. Prior to electro-fishing,
conductivity was measured and used to set the
voltage and electrical wave configuration to
maximize fish capture efficiency and minimize
harm to fish. Then, seine nets of about 3mm
mesh were installed across the upper and lower
limits of the site and their groundlines weighted



with large rocks to reduce the probability of
emigration from or immigration into the
sampling reach.

A station was electro-fished by moving
systematically from one retaining net to the
other, beginning downstream or upstream based
on visibility, water depth, velocity and
turbidity. Usually four or five passes were made
at a site. Relative capture efficiency between
electrofishing in either an upstream or
downstream direction was compared within
several larger stations and not found to differ
significantly (ANCOVA, p<0.05). Rates at
which the logarithm of captured fish declined
with number of passes did not change
significantly among sites at each station. This
implies also that the direction of electro-fishing
did not affect the rate of capture. After each
pass, fish were anaesthetized in a dilute solution
of methaine tricaine sulfonate, then identified
and enumerated. After fish recovered from the
anesthetic, they were released upstream or
downstream from the retaining nets. When
unable to assign species status in the field a
small sample of the unidentified species was
killed by an overdose of anesthetic and
preserved in 10% formalin for subsequent
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Figure 1. Rivers and provinces where samples
where collected.

identification in the laboratory.

On each sampling occasion, width (x
0.1 m), depth (£ 1 cm), and velocity (+ 1 cm s™)
of the stream reach were measured, each at least
three times, and the means used to estimate
discharge (I's™). Velocity was measured at the
surface and adjusted to represent the vertical
mean flow rate at each of three equally spaced
locations across a station’s width. Regularly
calibrated meters were used to measure
temperature (£0.1°C), conductivity (x5 puS-cm’
b, turbidity (NTU), pH (+ 0.1) and dissolved
oxygen (+ 0.1 mg- I'). In addition, a water
sample was collected for measures of ammonia,
total iron, alkalinity and silica (APHA, 1992).
Elevation was measured by GPS.

Substrate at each station was collected
with a hand-held acrylic corer (5 cm inner
diameter) to a depth of 10+3 cm. Particles on
the substrate surface larger than the diameter of
the corer were removed before a sample was
taken and included in the analysis. Samples
were air dried and sieved to determine particle
size distribution by weight. Six size categories
were adopted from the Wentworth scale, > 150
mm (boulder to large cobble), 150-60.1 mm
(large cobble to large pebble), 60-5.1 mm (large
pebble to coarse gravel), 5- 3.1 mm (medium to
fine gravel), 3- 0.51 mm (fine gravel to coarse
sand), <0.5 mm (medium sand to silt) and the
mean particle size calculated. The substrate for
each station was coded into six categories based
on mean particle size with 1 being the smallest
and 6, the largest. The substrate at a few
stations was solid or almost solid bedrock and
coded as 7. An average of three replicate
substrate samples (range of 2-6) was collected
at 40 stations. Variation was similar within
each particle size category with an overall mean
(xSD) of 26£12 %. One sample was collected
at all other stations.

Linear and multiple linear regression
analysis (MLR, SPSS11.5) were applied to
examine the relationships between species
numbers, abundance and each of the significant
habitat variables. Canonical correspondence
analysis (CCA, PC-ORD3.20) was employed to
identify the importance of environmental
characteristics to species within each of the
groups studied (i.e. Cyprinidae, Siluriformes,
Balitoridae, Others). In the canonical
correspondence analysis, statistical significance
of the relationship between a set of
environmental factors and fish species was
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Table 1. Names of rivers sampled and location by province along with names of rivers and reservoirs
downstream in the drainage. Water from all stations (n= 84) discharged directly or indirectly to the Gulf
of Thailand except for two, identified by asterisks, that discharged to the South China Sea. When
discharge was direct no other rivers are identified. When indirect, the final river downstream is identified.
Number of stations sampled is given in parentheses. Eastern watershed includes Trat and Chantaburi,
Chao Phraya includesChonburi, Prachinburi,Chachoengsao and Nakon Nayok; Peninsula includes
Prachuap Khirikhan and Petchaburi; Maeklong includes Kanchanaburi Province (Vidthayanon et al.

(1997)).

Province Primary River Rivers/Reservoirs Downstream
Trat Khao Mapring (1)
Trat Nam Tok Khlong Kaeo (1)
Trat/Chantaburi Khlong Sato (2)
Chantaburi Khlong Pong Nam Ron (1)* Mekong
Chantaburi Khlong Klang (1)* Mekong
Chonburi Kongshi (1)
Chonburi Ban Than Trang (1)
Chonburi Chan Ta Than (1)
Chonburi Phan Sadet (1) Rayong
Chonburi unknown (1) Rayong
Chonburi Surasak (3) Rayong
Chonburi unknown (1)
Chonburi Khao Ha Yot (1) Chantaburi
Chonburi Paknam (1) Chantaburi
Chonburi unknown (1) Bangpakong
Prachinburi Prachangakham (1) Bangpakong
Chachoengsao unknown (1) Bangpakong
Nakon Nayok Nangrong (1) Bangpakong

Prachuap Khirikhan
Prachuap Khirikhan
Prachuap Khirikhan
Prachuap Khirikhan
Prachuap Khirikhan
Prachuap Khirikhan
Prachuap Khirikhan

unknown (1)

Klong Yang Khwang (1)

Shikoo (1)
Ban Hin Pit (1)
Ban Chai Thale (1)
unknown (1)
Khlong Kariam (1)

Petchaburi Petchburi (1)

Petchaburi Pranburi (4)
Kanchanaburi Pat Kok (2) Khao Laem, Kwae Noi, Maeklong
Kanchanaburi Khayeng (16) Khao Laem, Kwae Noi, Maeklong
Kanchanaburi Pracham Mai (7) Khao Laem, Kwae Noi, Maeklong
Kanchanaburi Ban Rai (6) Khao Laem, Kwae Noi, Maeklong
Kanchanaburi Kapok (5) Khao Laem, Kwae Noi, Maeklong
Kanchanaburi Kratenjeng (2) Khao Laem, Kwae Noi, Maeklong
Kanchanaburi Lichia (3) Khao Laem, Kwae Noi, Maeklong
Kanchanaburi unknown (1) Khao Laem, Kwae Noi, Maeklong
Kanchanaburi Kreng Kavia (1) Kwae Noi, Maeklong
Kanchanaburi Thi Khrong (1) Khao Laem, Kwae Noi, Maeklong
Kanchanaburi Satamid (1) Khao Laem, Kwae Noi, Maeklong
Kanchanaburi Pilok (1) Khao Laem, Kwae Noi, Maeklong
Kanchanaburi E-pu (1) Khao Laem, Kwae Noi, Maeklong
Kanchanaburi Tawat (3) Khao Laem, Kwae Noi, Maeklong
Kanchanaburi Tuam (1) Khao Laem, Kwae Noi, Maeklong
Kanchanaburi Bang Ka Loo (1) Khao Laem, Kwae Noi, Maeklong
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taken using a Monte Carlo permutation test
with 1000 permutations. Statistical significance
of all tests was accepted at P<0.05.

Total abundance of fish within a station
was calculated by the maximum likelihood
technique (Carle & Strub, 1978). Numbers for
many species were small and not amenable to
this technique. Hence a conversion factor
consisting of the total abundance estimate
divided by total number of fish caught was
applied to adjust the numbers of each species
captured. Fish abundance was arithmetically
adjusted to an area of 100 m2.

Results
Water quality varied greatly among
sites within and among river systems. At sites
within Maeklong watershed, water was on
average a few degrees cooler and higher in pH
and alkalinity than in the other river systems
(Table 2). Water at the Chao Phraya watershed
sites was on average highest in ammonia,
nitrate, total iron, color and turbidity. Physical
habitat characteristics such as water depth and
velocity, substrate composition and canopy
while diverse within watersheds, were broadly
similar among watersheds (Table 2). Substrate
composition varied from sand to bedrock
among sites but gravel was the average particle
size within each watershed. Canopy ranged
from full cover to total exposure but was mostly
in the range of 15-30% cover. The two
exceptions in  similarity of  physical
characteristics among watersheds were river
width and discharge that were, on average, least
in the Chao Phraya watershed. Elevation was
mostly between 100 and 300 m, with an overall
mean of 180+2 m (n=119). Four sites had
elevations above 700 m.
Abundance and habitat characteristics
of Cyprinidae
Cyprinids  dominated the fish
populations at most of the sites, both in terms of
species numbers and numerical abundance.
Cyprinids were absent at only two of the 159
sites (84 stations) across all river systems with a
maximum of 10 and 11 species occurring at
each of seven and one site, respectively.
Cyprinid richness varied among river systems
from 11 to 32 species, with the largest number
being found in Maeklong where the number of
sample sites was also highest.
Species richness was influenced by
several habitat characteristics across all
watersheds and is described by the equation:

log (S+1) = -0.180 - 0.141 log (W+1) + 0.813

log (O+1) +0.139 log (A +1)
where S is number of cyprinid species-100m™,
W, site width, m, O, dissolved oxygen, mgel ?,
and A, alkalinity, mgel't. Species richness at
each site was adjusted to an area of 100 m?
from the overall geometric mean of 97 m?
(n=159) using a calculated slope of 0.168 and
log (x+1) transformation of both variables.
Habitat characteristics retained in the equation
had significant t-values at p<0.05. The
regression’s F-value is 11.91 (3, 155 df,
p<0.05) and correlation coefficient, 0.433
(p<0.05). The equation predicts species richness
to vary inversely with habitat width. Species
richness increased also with alkalinity and
dissolved oxygen. Elevation was not included
in the regression analysis, however, at the four
highest sites, with elevations of approximately
700 to 850 m, cyprinid richness ranged only
from 0 to 2 species.

Frequency of occurrence was high
only for a few cyprinids in each of the river
systems and only three species were captured
in all systems, Danio albolineatus, Rasbora
paviana, and Puntius binotatus (Table 3).
Indeed, across all sites as well as within river
systems, cyprinids accounted for almost 57%
of all fish captured with a geometric mean
(+SD) of 55+6 fishel00 m for all sites.
Numerical abundance of cyprinids was highest
with a geometric mean of 7143 fish 100 m 2 in
Chao Phraya and lowest in Peninsula and
Maeklong at 41+4 and 4948 fishe100 m?
respectively. Only a few species were
particularly abundant in each river system. In
Chao Phraya, the three species that had high
occurrences, D. albolineatus, R. paviana and P.
binotatus were also abundant along with
Mystacoleucus marginatus, which  was,
however, captured at fewer sites. Of the species
captured most frequently in Maeklong, Devario
acrostomus was most abundant. In Eastern
rivers system, Poropuntius deauratus, D.
albolineatus and Neolissochilus stracheyi were
abundant when present but only P. deauratus
was common to all sites. In Peninsular system,
the most abundant species when present were
Puntius orphoides, P. binotatus and N.
stracheyi with only P. binotatus being present
at most sites.

The only statistically significant
habitat characteristics to cyprinid abundance
were velocity and discharge, a relationship
described by the equation:
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Table 2. Chemical and physical characteristics as geometric means£SD and ranges for the sites in the river systems.

Substrate particle sizes (asterisk) are for the coded values described in the text.

Eastern Chao Phraya
mean SD range mean SD range
Elevation, m 133 1 112-156 90 2 92-112
Width, m 4.6 1.7 2.0-10.0 3.2 0.6 1-255
Depth, cm 29 2 17- 52 21 2 <5-83
Velocity, cm st 33 1 24- 60 20 2 0- 2777
Discharge, I s1 443 2 291-1264 95 5 0- 2777
Canopy, % 18 4 0- 70 28 2 0- 100
Substrate* 3.3 1.7 0-7 3.7 0.4 0-7
Temperature, C 28.1 11  26.6-32.6 27 0.1 22.3-31.4
Conductivity, pScm'* 52 1 39-74 122 1 34- 671
Turbidity, NTU 3 2 1-6 13 2 1- 439
Color, CU 16 4 0- 53 78 1 12- 550
pH 7.3 0.6 6.8- 8.5 6.8 0.1 5.8-7.9
Oxygen, mg It 7.5 1.1 7.1-85 6.4 0.2 2.3-115
Ammonia, mg I'? 0.01 <0.01 0-0.02 0.08 0.13 0- 0.67
Nitrate, mg I'? 1.6 0.6 0.2-3.8 3.1 11 0- 33
Total iron, mg I'? 0.4 0.2 0.04-0.87 0.8 0.4 0.18-5.70
Silica, mg I'? 26.9 0.3 16.2-36.2 21.0 1.0 <6- 40.0
Alkalinity, mg I'? 32 1.0 22- 58 40 1 12- 380
Peninsular Maeklong
Elevation, m 228 1 157-853
Width, m 55 0.8 1.7-25 5.0 0.7 0.7-18.7
Depth, cm 26 0.4 13- 38 23 1 <4-74
Velocity, cm st 36 1 15- 67 27 2 0-88
Discharge, I s * 500 2 81- 1165 260 3 <10- 5491
Canopy, % 16 3 0- 80 30 2 0- 95
Substrate* 3.9 0.8 0-7 4.1 0.5 0-7
Temperature, C 27.2 0.1 24.2-30.3 24.3 0.1 17.3-28.8
Conductivity, uScm? 159 4 32- 6500 117 2 10- 1467
Turbidity, NTU 7 1 0- 24 6 2 0- 800
Color, CU 52 1 27- 104 13 3 0- 550
pH 6.9 0.1 6.1- 7.4 75 0.1 4.2-8.7
Oxygen, mg I'* 6.2 0.2 5.4-8.2 7.3 0.2 45-95
Ammonia, mg I'? 0.03 0.05 0.01-0.19 0.02 0.05 0-1.00
Nitrate, mg I'? 1.8 0.3 1.1-47 1.1 0.9 0-17.0
Total iron, mg I'? 0.48 0.25 0.12-1.44 0.28 0.30 0-5.10
Silica, mg I'* 17.8 0.3 13.8-30.0 16.7 0.5 6.5- 41.6
Alkalinity, mg I'? 51 2 15-137 74 2 5- 576

log (N+1) = 2.168 + 0.510 log (V+1)
—0.469 log (D+1)

where N is abundance of cyprinidss100 m? V,
water velocity, cm s L and D, discharge, lss ™.
The regression’s F-value is 14.57 (3, 155 df,
p<0.05) and the correlation coefficient, 0.40,
significant at p<0.05. Thus, for a given
discharge, cyprinid abundance increased with
velocity and for a given velocity, abundance
varied inversely with discharge.

In preparation for ordination analysis
two sites were deleted due to the absence of
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cyprinids. All species were included in the
analysis. The potential for useful information
on habitat characteristics for rare or uncommon
species was felt to be of greater ecological
value than the negative impact of their limited
occurrence on the analysis. Species and their
abundance were significantly correlated with
five habitat characteristics (p=0.012, 0.001 and
0.001 for axes 1, 2 and 3, Monte Carlo test with
1000 permutations). The first and second axes
of the CCA were both significant explaining
55 and 48% of the variability, respectively, with



Table 3. Geometric mean abundance-100 m?+SD, calculated on the basis of values at sites where species
were present. Frequency of occurrence, %, is given in parentheses for each river system. Number of sites from
the Eastern, Chao Phraya, Peninsula and Maeklong systems was 7, 50, 11 and 91, respectively. The
identification number assigned each species is given in parentheses beside species hame.

Eastern Chao Peninsular Maeklong

Phraya
Amblyrhynchichthys truncatus (17) 1.1(1)
Barbodes gonionotus (22) 1.3+1.2 (4) 1.1+£1.3 (1)
Danio albolineatus (7) 100 (14) 16.4+7.2 (52) 3.514.0 (36) 23.943.9 (10)
Crossocheilus reticulates (36) 5.3+1.3 (29) 101 (1)
Cyclocheilichthys apogon (18) 2.6 (2) 5.3+2.4 (18) 2.3+4.5 (25)
Cyclocheilichthys armatus (19) 2+2.6 (6) 2.7+2.2 (8)
Cyclocheilichthys heteronema (20) 1.8(2)
Devario acrostomus (8) 4.3+8.1 (45) 20.3+6.5 (63)
Esomus metallicus (9) 8.5+3 (8) 1.4 (9)
Garra cambodgiensis (37) 7.9£1.4 (29) 0.2 (2)
Garra fuliginosa (38) 0.7 (14) 4.5+2.4 (22)
Garra sp.(39) 7.0+4.0 (21)
Poropuntius hampaloides (24) 1.3£2.4 (29) 1.7£5.2 (8) 2.1+2.4 (14)
Labiobarbus siamensis (31) 0.3(1)
Labiobarbus leptocheilus (32) 2.5+9.3 (3)
Lobocheilus quadrilineatus (33) 0.4 (1)
Lobocheilus rhabdoura (123) 0.4 (1)
Mystacoleucus marginatus (21) 0.7 (14) 19.8+6.8 (32) 10.9+6.3 (56)
Neolissochilus blanci (15) 5.2+6.2 (10)
Neolissochilus stracheyi (16) 16.3+10 (57) 15.5+1.4 (27) 4.624.6 (23)
Neolissochilus soroides (119) 15.7+2.6 (3)
Onychostoma gerlachi (114) 0.6 (9)
Opsarius koratensis (4) 4.6£9.2 (11)
Barilius pulchellus (5) 51(1)
Osteochilus hasselti (34) 4.0£1.0 (14)_ 7.9+£2.8 (27) 8.315.2 (51)
Osteochilus lini (35) 2.9£1.2 (14)
Osteochilus waandersii (122) 3.7£5.4 (3)
Parachela maculicauda (6) 0.4 (2)
Paralaubuca riveroi (3) 0.4 (1)
Poropuntius deauratus (23) 24.4+3.1(100) 10.9+6.2 (6) 8.8+2.0 (4)
Puntius brevis (25) 2.3+3.2 (7)
Puntius masyai (26) 1.6+2.2 (2)
Rasbora borapetensis (10) 42 (14) 1.245.9 (10) 3.2+2.3(2)
Rasbora caudimaculata (11) 7.2+4.3 (57)
Rasbora myersi (12) 0.6 (2)
Rashora paviana (13) 9.1+4.6 (43) 16.6+4.1 (74)  12.4+5.4 (82) 4.3+1.5 (3)
Rasbora trilineata (14) 5.2 (2) 1.6 (9)
Puntiuss binotatus (27) 7.316.6 (57) 16.1+3.5(84)  16.5t4.8 (72) 8.0+4.0 (63)
Puntius lateristriga (28) 1(9)
Puntius orphoides (29) 4.2+2.8 (26) 22 (9) 6.1+4.9 (14)
Puntius partipentozona (30) 1.6+1.7 (14)
Danio stolitezkae (117) 3.6+£3.8 (12)
Systomus sp.(121) 0.6 (1)

the third axis explaining 38%. Undoubtedly the axis explains a statistically significant

variability explained by each axis would have

proportion

of the

species-environment

been higher had it not been for the large number
of species absent from many of the sites. Each

relationship. The first axis illustrates a positive
gradient of habitat width (r* = 0.26), discharge
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(r’= 0.34), dissolved oxygen (r’= 0.23) and
alkalinity (r>= 0.23). Temperature (r’= 0.57)
loaded positively on the second axis. Habitat
correlations were 0.88, 0.84 and 0.74 for axis 1,
2 and 3, respectively. The other habitat
variables did not correlate significantly with
cyprinid species and their abundance and were
not included in the CCA analysis. Each of the
five significant habitat characteristics increases
along a vector in Figure 2 away from the origin
with its length being a measure of the rate of
change.

Cyprinids reacted to a wide range of the
significant habitat characteristics. Most of the
common species favored only modestly higher
than the overall averages for habitat width
(4.2+2.0 m), discharge (19945 lss'1), alkalinity
(57£3 mgel't) and dissolved oxygen (6.9+1.2
mgel 1).  While there were differences in the
position of the common species with respect to
the significant habitat characteristics, they
tended to be comparatively small. Only a few of
the common species were found at the
comparative extremes of one or more habitat
characteristics. Thus, D. albolineatus was found
at sites of narrow width, low discharge,
alkalinity and oxygen but moderate
temperature. In contrast, D. acrostomus were
captured in water of low temperature while

temperature was high. Among the species
captured at fewer than 10 sites, extremes in low
and high temperature were demonstrated by
Esomus metallicus and Neolissochilus blanci
and Lobocheilus rhaboura, Paralaubuca riveroi
and Systomus lateristriga, repectively, although
the latter three were captured at only a single
site. Wider rivers and high discharge, alkalinity
and dissolved oxygen characterized the sites
where Amblyrhynchichthys truncatus,
Labiobarbus leptocheilus, Labiobarbus
siamensis and Puntius brevis were found,
although, again site number was low.

Abundance and habitat characteristics
of Siluriformes

Silurids represented 10.3+9.4 % of the
fish species across all sites and were present in
67% of the 159 sites in all four river systems
with a maximum of five species occurring at
four sites. Silurid species richness varied among
systems from 4 to 13 species with the largest
number being found in Maeklong (Thong Pha
Phum). The fewest species, four, were captured
in Eastern and Peninsula systems.

Species richness was influenced by
several habitat characteristics across all river
systems and is described by the equation:
log (S+1) =-1.195-0.233 log (T +1)+0.841 log

(O+1) +0.778 log (I +1) + 0.115P
where S is richness of silurid species-lOOm'z, T,
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Table 4. Abundance of silurids by species and river system based on all sampled sites. Means (SD) were

calculated on log (x+1) transformed values. Numbers in parentheses identify species in Figure 3.

Eastern
Pseudomystus siamensis (64) 1.442.2
Mystus gulio (65)
Mystus havmolleri (66)
Mystus microcanthus (67)
Mystus mysticetus (68)
Mystus singaringan (118)
Hemibagrus nemurus (69)
Ompok bimaculatus (70)
Pterocryptis cochinchinensis (71)
Amblyceps maccronatum (72)
Amblyceps foratum (73)
Glyptothorax laoensis (75)
Glyptothorax platypgonoides (76)
Glyptothorax species (120)
Clarias batrachus (77)
Sillago maculate (124)

0.5£1.8

2.2+2.3
0.4+2.5
6.4+4.0

Axis 2

Conductivity

Axis 1

/ o
Oxygen
Temperature

Chao Phraya Peninsular Maeklong
2.6x1.7 0.2+£2.2
<0.1+1.1
0.8+£2.3
0.1+1.2 <0.1+1.1
0.1+1.8
<0.1+1.1
0.2+1.6 0.2+1.6
0.3+x1.8 0.1£1.3
<0.1+1.1 0.1+1.4
0.1£1.6 0.7£1.4
0.4+1.8 0.3£1.7
<0.1+1.1
<0.1+1.1
0.1+1.3
0.1+£1.4 0.1£1.3 <0.1£1.0
0.1£1.3
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Figure 3. Distribution of siluridid species with respect to significant habitat variables Numbers represent

species identified fully in Table 4.

turbidity, NTU, O, dissolved oxygen, mg:1™, 1,
total iron, mgl®, and P, pH.  Habitat
characteristics retained in the equation had
significant t-values at p<0.05. The regression’s
F-value is 10.94 (4, 154 df, p<0.05) and
correlation coefficient, 0.47 (p<0.05). The
equation predicts species richness to increase

directly with ambient oxygen, iron and pH and
inversely with turbidity. The highest elevation
at which silurids were captured was 450 m with
Amblyceps mucronatum and Glyptothorax sp.
being present at the single site.

Numerical abundance of silurids was
not high relative to the total numbers of fish
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captured. The GM for all species was 2.5£3.1
fish-100 m2 across all 159 sites, representing
only approximately 2 % of the total mean
abundance for all fish (127£2.7 fish-100m™2),
Abundance was highest in Eastern at 10.9
fish-100 m2 with means in the other river
systems ranging from 0.6 to 3.8 fish-100m=. G.
platypgonoides at 6.4 + 4.0 fish/100m2 was the
most abundant species in the Eastern rivers
system. In Peninsula and Maeklong all species
except P. siamensis at 2.6+1.7 fish-100m™ were
represented by less than a single fish-100m=2. In
Chao Phraya, only P. siamensis exceded one
fish-100m™.

The statistically significant habitat
characteristics to silurid abundance were
velocity, turbidity, oxygen, total iron and pH.
This relationship is described by the equation:
log (N+1) = -2.260 + 0.329log (V+1)

—-0.410 log (T+1) + 1.328 log

(O+1) + 1.547 log (I +1) + 0.176 P
where N is abundance of siluridids, 100.m?, V,
water velocity, cm-s%, T, turbidity, NTU, O,
dissolved oxygen, mg:I™, 1, total iron, mg:I"* and
P, pH. The regression’s F-value is 8.69 (5, 153
df, p<0.05) and the correlation coefficient, 0.47,
significant at p<0.05.

In preparation for ordination analysis
52 sites were deleted due to the absence of
silurids. All species were included in the
analysis. In addition to the importance of
velocity, turbidity, oxygen, iron and pH to
species richness and abundance, individual
species’ abundance was significantly correlated
with three habitat characteristics, temperature,
conductivity and dissolved oxygen (p=0.004,
0.001 and 0.001 for axes 1, 2 and 3, Monte
Carlo test with 1000 permutations). The first
and second axes of the CCA were both highly
significant explaining 80 and 67% of the
variability, respectively, with the third axis
explaining 38% (Figure 3). The first axis
illustrates a positive gradient of dissolved
oxygen (r* =0.81) and a negative gradient of
temperature  (r?=0.19), and conductivity
(r2=0.09). Temperature (r’= 0.1) and oxygen
(r2=0.17) loaded negatively on the second axis
and conductivity, positively (r2=0.29). Habitat
correlations were 0.91, 0.89 and 0.80 for axis 1,
2 and 3, respectively.

Silurids reacted to a broad range of
the  significant  habitat  characteristics.
Generally, the more abundant and commonly
occurring  species  were  comparatively
conservative in their habitat preferences. Of the
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17 species, 7 were captured at 20 or more sites
across all systems. Most of the common
species were clustered near the overall
averages for habitat where silurids were
captured, temperature (24.6£1.4 0),
conductivity (121#2 pS-cm™) and dissolved
oxygen (7.3+1.2 mg-1™). This was particularly
the case for P. siamensis, Hemibagrus
nemurus, O. bimaculatus and A. foratum.
While there were differences in the position of
the common species with respect to the
significant habitat characteristics, they tended
to be comparatively small. The habitat of both
O. bimaculatus and A. foratum was
characterized by slightly higher than average
temperatures and lower oxygen. The remaining
relatively common species, Pterocryptis
cochinchinensis, A. mucronatum and M.
havmolleri are predicted to prefer slightly
higher than average oxygen and conductivity
concentrations and  lower  temperatures.
Glyptothorax sp. is positioned at lower than
average temperature and above average
oxygen. Two species, Mystus mysticetus and
Mystus gulio occurred in water of low oxygen
and high conductivity and temperature.
Abundance and habitat characteristics

of Balitoridae

Balitorids were present in 74% of the
stations with species numbers ranging to a
maximum of seven at a single station and
tending to be highest in the mountainous
western region of Thong Pha Phum. Species
number was related to several habitat
characteristics and is described by the equation:
log (S+1)=-1.161 +0.446 log (E + 1) + 0.401

log (S, +1) + 0.262 log (S; +1)

where S is number of species 100- m?, E,
elevation, m, S, substrate coded value and S;
silica concentration, mg-l'l. Habitat
characteristics retained in the equation had
significant t-values at P<0.05. The regression’s
F-value is 19.01 (3, 80 df, P<0.05) and
correlation coefficient, 0.65 (P<0.05). The
equation predicts species numbers to increase
directly with elevation, substrate particle size
and ambient silica concentration.

Species number was also positively
related to total balitorid abundance:
log (S+1) =0.109 + 0.326 log (A + 1)

(n=84, r=0.82, P < 0.05)

where A represents total abundance of
balatorids, adjusted to an area of 100 m?.

Balitorid frequencies of occurrence
and numerical abundances were high for only a



few species. Highest frequencies were for
Homaloptera smithi, Acanthocobitis.
zonalternans and Schistura sp.1. Numerical
abundance of all species of balitorids combined
was not high with a GM (SD) of 4.9+ 3.6
fish-100 m™ representing 3.8 % of the total
numbers of fish captured across all stations.

The significant habitat characteristics
related to balitorid abundance were, again,
elevation, substrate and silica. This relationship
is described by the equation:

log (N + 1) =-2.832-1.067 log(E+1)+0.792 log

(Sy+1) +0.708 log (Si+ 1)
where N is relative abundance of balitorids-100
m?2. Habitat characteristics retained in the
equation had significant t-values at P<0.05. The
regression’s F-value is 15.14 (3, 80 df, P<0.05)
and the correlation coefficient, 0.60, significant
at P<0.05. Thus, the equation predicts balitorid
abundance to increase directly with elevation,
substrate particle size and ambient silica
concentration.

Table 5. Geometric mean abundance+SD and range for the 84 stations along with the numbers (ID) used in
Figure 4 to identify species. Abundance was multiplied in the table by 10 for convenience.

Species ID Abundance, 10( N-100m®)
Mean SD Range
Acanthocobitis botia 40 11 15.3 0-10
Acanthocobitis zonalternans 41 8.7 294 0-178
Balitora sp. 42 2.7 21.6 0-243
Homaloptera bilineata 37 0.1 11.1 0-15
Homaloptera confuzona 43 0.1 18 0-577
Homaloptera smithi 44 12.4 315 0-803
Homaloptera sp. 39 0.5 15.7 0-625
Nemacheilus binotatus 45 0.1 10.8 0-10
Nemacheilus masyae 46 1.7 16.2 0-23
Nemacheilus platiceps 47 0.3 12.4 0-62
Schistura desmotes 48 6.3 28 0-575
Schistura kohchangensis 49 0.9 16.5 0-462
Schistura vinciguerrae 50 2.6 20.3 0-490
Schistura sp.1 51 0.9 3.1 0-46.6
Schistura sp.2 0.02 1.1 0-1.5
Schistura sp.3 53 0.09 15 0-16.3
Schistura sp.4 0.06 1.42 0-10.7
Tuberoschistura baenzigeri 54 0.1 15 0-10.7
o |v
47 | Z <
@38 silica °Xyge"lurb‘d“y
" .- temperature Conduct\vlt)f
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Figure 4. Distribution of Balitoridae species with respect to significant habitat variables identified by canonical
correspondence analysis for axis 1 and 2. Numbers represent species identified in Table 5
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Species with a high frequency of
occurrence, indicating a wide distribution, were
also numerically abundant (Table 5). This is
expressed as a logarithmic linear regression;
log Ng =-0.910 + 1.128 log O;

(n=18, r=0.91, P <0.05)
where N; is relative abundance of a species,
number of individuals-100 m*and O is the
corresponding frequency of occurrence, %,
across all stations

In preparation for ordination analysis
22 stations were deleted from the analysis due
to the absence of balitorids along with three
species whose frequencies of occurrence were
<3%. In addition to the importance of elevation
(geometric  meantSD,139+2m)  substrate
(3.7+1.7) and silica (16.5+#1.6 mgl™") to
balitorid species numbers and total abundance,
individual species were significantly correlated
with six habitat characteristics, temperature
(26.4+1.1 C), oxygen (7.5%0.8 mgI?),
conductivity (123+3pS-cm™), turbidity (7+2
NTU), silica and, again, elevation (P=0.035
and 0.006 for axes 1 and 2, Monte Carlo test
with 1000 permutations). The first and second
axes of the CCA were significant, explaining 49
and 42% of the variability, respectively (Figure
4). Habitat correlations were 0.88 and 0.88 for
axis 1 and 2, respectively.

The analysis identified a broad range
of responses to the significant habitat
characteristics. Generally abundant species such
as Acanthocobitis zonalternans and Schistura
sp.1 tended to be associated with average levels
of the significant environmental factors. A few
species, particularly  Schistura sp. 4,
Homaloptera confuzona, Schistura

vinciguerrae and Homaloptera. smithi were
associated with relatively high temperatures.
The analysis indicated an association with
cooler temperatures for other species, including
Schistura sp. 2 and Schistura desmotes
Nemacheilus platiceps is predicted to occur
where dissolved oxygen and silica are relatively
high in contrast to the low ambient oxygen and
silica and high elevation that characterize the
habitats of Schistura sp. 1 and 3. High oxygen,
conductivity, and turbidity characterized
important habitat features for S. vinciguerrae
and S. desmotes.
Abundance and habitat characteristics
of other species
Frequencies of occurrence varied
among the other species captured in appreciable
numbers, exclusive of those in the family
Cobitidae, and river systems with only three
species being present in all watersheds,
Monopterus albus, Macrognathus
circumcinctus and Channa gachua (Table 6).
Numerical abundance was not high relative to
the total numbers of fish captured. Over all sites
the geometric mean (GM) for C. gachua was
highest at 3.6+ 3.7 fish-100m™ followed by
species of Gobiidae and D. pusillus.at 1.4+ 3.8
and 0.8+ 0.3 fish-100 m-% respectively.
Gobiidae consisted mostly of Glossogobius
biocellatus, Glossogobius aureus, Butis butis,
Pseudogobius  sp. and  Eugnathogobius
oligactis, howver, often identification was
uncertain so species were grouped under family
Gobiidae. Abundance in Eastern rivers system
was highest for M. armatus and M.
circumcinctus while in Chao Phraya it was for
C. gachua and D. pusillus. In Peninsula and

Table 6. Mean frequencies of occurrence, %, for the other species captured in appreciable numbers at the
various sites in the four watersheds, exclusive of the Cobitidae

River System

Eastern Chao Phraya Peninsula Maeklong
Dermogenys pusillus 0 64 45 1
Xenenthodon cancilla 57 12 0 41
Monopterus albus 14 44 14 21
Macrognathus circumcinctus 86 18 18 2
Mastacembelus armatus 86 14 0 53
Parambassis siamensis 0 28 0 4
Pristolepis fasciatus 0 4 0 29
Badis badis 0 0 0 10
Oxyeleotris marmorata 0 4 9 7
Channa gaucha 71 80 64 69
Channa striata 0 22 36 11
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Maeklong the most abundant species were C.
gachua and D. pusillus and C. gachua and X.
cancilla, respectively.

Numerical abundance related
significantly to specific habitat characteristics
in MLR analyses for those eight species with
comparatively high frequencies of occurrence.
A significant relationship was not found for the
more  scarcely  occurring  Parambassis
siamensis, Badis badis, Oxyeleotris marmorata
and Channa striata. Among those species for
which a significant relationship was found, the
number of significant habitat variables varied
from two for M. albus to five for D. pusillus.
No variable was common to all species, the
most frequent variable, stream width, being
significant for five species. Of the variables
measured only temperature was not found to be
significant for any species. For C. gachua the
equation predicts abundance to increase with
ambient oygen concentration and decrease with
width and depth. Gobiidae are expected to be
most abundant in water of shallow depth, low
cover and high dissolved oxygen. The MLR for
P. fasciatus predicts abundance to be high at
wide river sites in water of low silica and high
alkalinity. M. armatus also is predicted to be
most abundant at wide sites in clear water of
high alkalinity and silica but low conductivity.
The equation for M. circumcintus indicated
abundance to be directly associated with sites of
low cover with a substrate consisting of small
particles and in clear well oxygenated water
relatively high in nitrate and iron. M.albus is
predicted to occur in greatest abundance at
narrow sites in water of low pH with X. cancilla
expected in greatest numbers where discharge is
high but wvelocity low in water of low
conductivity and high alkalinity. The MLR
equation for D. pusillus predicts abundance to
vary inversely with width and directly with
clarity, color, ammonia and nitrate.

Discussion and Conclusions

In the present study, dissolved oxygen
and alkalinity were important to cyprinid
species richness, the former almost certainly
reflecting the imposition of physiological
constraints on metabolism and, the latter, its
positive influence on plant productivity and,
regulation of acid-base homeostasis in animals.
Temperature has long been recognized to limit
the range of species directly and indirectly. In
central Thai rivers, water temperatures fluctuate
little compared to changes in temperate regions.

Nevertheless, it was a significant factor to
species distribution in this study, although not
to diversity or abundance.The majority of
cyprinid species were clustered not far from the
overall mean of 25.5+1°C.

Some silurids are regarded as habitat
generalists and exhibit great plasticity
sometimes occurring in turbid standing water
while at other times they appear to do equally
well in the riffles of clear to heavily turbid
streams and rivers. Other species have been
associated with  more specific  habitat
characteristics. Generally the catfishes in this
study exhibited greatest species richness and
abundance in clear, flowing water, high in
dissolved oxygen, iron and pH. Additional
characteristics such as a hard substrate of
cobble or boulders not found to be significant in
the present study have been identified as
important in other studies (Tan and Ng, 2000).
However, substrate composition is clearly
correlated with water velocity and that was
found to be significant in the present study.

Many, if not most silurids are
nocturnally active and thought to rely more on
the sensory function of cells located in their
barbels than eyesight in locating food.
However, silurid occurrence in water low in
turbidity and high in both dissolved oxygen and
total iron may not relate directly to their
environmental preferences but to those of
organisms high in their dietary agenda, algae
and benthic invertebrates.

The diet of many silurids including
species of Mystus, Glyptothorax and
Amblyceps, includes a high proportion of plant
material and insects (Rainboth, 1996) so that
their occurrence at sites with average to above
average dissolved oxygen and conductivity,
with temperatures slightly below average may
relate as much to the environmental preferences
of their hosts as there own.

Habitat and abundance of Balitorids

The river loaches in this study exhibited
greatest species diversity and abundance at high
elevations where the substrate consisted mostly
of large pebbles and the water was high in silica
identifying these as important  niche
characteristics. No species was found at low
flow locations. Curiously, in the present study,
water velocity was not specifically identified as
a significant variable on either of the first two
CCA axes. On the third axis, velocity had the
highest r? (0.28) of all variables, although the
axis itself was not quite significant.
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Individual species have been shown to
vary in their substrate particle size associations
or with logs and living and dead plants (Alfred,
1969). In the present study, plants did not occur
at any of the stations where balitorids were
captured and logs were uncommon, presumably
a function of water speed. The general body
shape of balitorids is consistent with their
general habitat.

River loaches in this study differed
among species in their responses to the
significant environmental  factors. Widely
distributed and generally abundant species such
as A. zonalternans and Schistura sp.1 tended to
occur where the measured environmental
factors approximated regional mean levels. In
contrast, uncommon species tended to occur at
relative extremes of one or more of these
factors. Attribution of environmental preference
without the benefit of physiological and
behavioral support is difficult and is further
complicated by limnological autocorrelations.
Thus, high elevation streams tend to be close to
their source where both ambient oxygen and
temperature are likely to be low.

Ecological co-existance of balitorids
within assemblages is undoubtedly complex.
Studies on resource use in fishes have
concluded that it is along the food resource axis
that the greatest species segregation occurs.
Partitioning of the food resource base by co-
existing Thai river fishes, including S.
desmotes, has been related partially to
morphological features that enable a species to
utilize resources less available to others thereby
accommodating species diversity (Ward-
Campbell et al., 2005).

Habitat and abundance of other species

The phylogenetically diverse species in
this study displayed a wide range in abundance
and habitat associations. For example, M
circumcinctus was captured in all river systems
although seldom abundant and was closely
associated with soft substrates in keeping with
Roberts’” observation that at least some of the
species of Mastacembelus are burrowers. The
other mastacembelid in this study, M. armatus
was more widely distributed than M.
circumcinctus and was not associated with a
soft substrate in accord with the observation
that species in this genus are not burrowers
(Roberts, 1986). The apparent preference of
both species for water of low turbidity likely
relates to prey capture efficiency assuming
them to be visual predators. M. albus is a
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widely distributed species generally found
burrowed in the mud of standing water bodies
such as rice paddies. The habitat favored by M.
albus in the small rivers of central Thailand
included low pH and dissolved oxygen. The
species’ propensity for burrowing suggests that
high ambient oxygen concentrations may not be
a requirement and that cutaneous respiration
across the scaleless body may be important.
Habitat conditions associated with Gobiidae,
high oxygen and discharge and shallow depth
may relate equally or differentially with high
metabolic rate and a dependency on drift
organisms for their diet.
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Abstracts: Water bugs belong to the order Hemiptera, suborder Heteroptera which contains two
kinds of members; semiaquatic (Gerromorpha), and true water bugs (Nepomorpha). They play a
major role as biological control agents, and ecologically as food for higher trophic levels (birds
and fish). This study is aimed at ascertaining the basic biodiversity and distribution, as well as
biological and ecological based data, of water bugs in Thailand and to this aim this part the
research was conducted at 4 locations of lotic habitats during May 2002 to April 2003 and at 4
wetland locations during May 2005 to June 2006, in the western Thong Pha Phum research project
area. Data on the physical factors of each location were recorded at the time of collection of water
bugs. Fifty-six species, from 49 genera and 14 families, were identified but this is an
underestimate of the true biodiversity with and more than 16 different morphospecies likely to
represent but true different species still in the process of identification. Timasius chesadai Chen,
Nieser and Lekprayoon, 2006 (Hebridae) was found and described as a new species and the first
record from Thailand. To aid future researchers, a key to families of Heteroptera within the Thong
Pha Phum area of Thailand was prepared and is presented along with summary biological and
ecological information at the family level. This report on species diversity of water bugs suggests
that at least 72 species are expected to have been found from the west Thong Pha Phum area, a
small part of Thailand. As well as representing the first species diversity study of these insects in
this region including their distribution, biological and ecological information, it serves to illustrate

the potential high species diversity within Thailand and the need for further evaluation.

Key words: Heteroptera, Thong Pha Phum, lotic habitat, wetland

Introduction

Water bugs are insects in the order
Hemiptera, suborder Heteroptera, and are
classified into two infraorders: (1) Nepomorpha
(the true water bugs) which stay alive beneath
the water surface and, (2) Gerromorpha (the
semiaquatic bugs) which spend most of their
lives on the surface of water and not in the
water. Most of these water bugs are predators
which feed on captured prey by piercing and
sucking body fluid from them. Their
mouthparts are correspondingly beak or rostrum
in form and they display various forms of
raptorial forelegs for grasping prey. The
forewings  which are  hemelytra and
membranous, reveal different forms across the
infraorders; entire wing (Helotrephidae and
Pleidae), macroptera, brachyptera and aptera.
The scutellum (a small triangular plate behind
the posterior end of pronotum and at the
junction of forewings) is found in most of these
bugs. The life cycle development is an
incomplete metamorphosis or hemimetabolous
consisting of egg, larvae or nymph and adult
stages. In gross appearance, adult water bugs
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vary in morphology and can superficially
resemble very small beetles, stick insects,
cockroaches, scorpions and dipterans. Likewise
considerable adult size polymorphism exists
between water bug species, ranging from 0.2 to
60 millimeters. In total there are about 4,000
species of water bugs across both infraorders.
Andersen et al. (2002), Nieser (1996, 1997,
1998), Polhemus (1990), Dudgeon (1999),
Papacek and Zettel (2000), Sites and Polhemus
(2000, 2001), Zettel (1996, 1998), Zettel and
Chen (1996) reported and revised the taxonomy
in many groups of aquatic and semiaquatic bugs
including the data from Thailand.

Water bugs serve both an important
ecological role as biological control agents and
also as food for higher trophic levels (birds and
fish) in water resources. Additionally, they may
be used as indicators of the biological quality of
aquatic habitats. Indeed, Chen (1996) has
reported the use of water bug species diversity
and abundance as biogeographic indicators.
Because of their diverse lifestyles and habitats,
they are excellent model organisms in
evolutionary biology, ecology, and



conservation biology (Andersen and Weir,
2004). However, little is known about aquatic
and semiaquatic bugs in Thailand despite its
potential as a biodiversity hotspot. Although
some preliminary surveys have reported on the
water bugs from some provinces in Northern,
Northeast and Southern parts of Thailand, data
for the Central and Western parts of Thailand,
especially in Thong Pha Phum area is lacking.
This area is near relatively undisturbed
ecosystems (natural forests with small people
communities) and the western part is bordered
to Myanmar country. Therefore the species
diversity of the water bugs from this area, along
with taxonomy and ecology were studied to
expand the database for water bugs in Thailand.

Methodology

The taxonomy and ecology of water
bugs were conducted at lotic and at wetland
locations during May 2002 to April 2003 and
May 2005 to June 2006, respectively. The
geographical data for the study sites comprised
of 4 lotic and 4 wetland locations (Table 1 and
Figure 1) with typical habitat illustrated for
each site in Figure 2.

The specimens were collected from the
different microhabitats (on the surface and in
the water; stream pool; at the benthic; at the rim
of water; intertidal area and littoral area), for
one hour at each site to standardise sampling
effort per site. All collected samples were
preserved in 70% (v/v) ethanol. In lotic
habitats, 4 sampling sites were selected and
sampling was repeated 6 times: May, July and
October 2002 (wet season), and December
2002, February, and April 2003 (dry season)
except for TPP0O4 site where was inaccessible
during wet season. Therefore, a total of 21
samples were collected: 4 sampling sites x 3
times (wet season) plus 3 sampling sites x 3
times (dry season). The important physical
factors for each sample site were recorded at the

time of insect collection, as well as the
coordinates and altitudes of the collecting sites
(GPS). Specimens collected during the
sampling visits and identified as far as species
level form the basis of this report, with the
Diversity index of the water bugs analysed by
Shannon Weinner index (Krebs, 1999). Those
samples identified only to morphospecies level
and some samples collected during May 2005-
October 2005 and December 2005 - June 2006
are awaiting completion of species level
identification, but of course will be included in
the final analysis and data set.

The specimens from other lentic
locations in Thong Pha Phum area were
collected and identified for more information of
species diversity from this area.

Results

1) From both sampling periods, 56
species from 48 genera and 14 families of water
bugs were found with additional specimens,
currently identified only as far as family and
morphospecies, likely to represent at least a
further 16 different species from the indicated
habitats and microhabitats (Table 2). It also
remains plausible, if not likely, that extra
species will be detected when the taxonomic
analysis of the specimens from the second
sampling period is completed.

2. From the first period of study, 47
species from 41 genera and 11 families were
found from the 4 lotic study sites, with
Ptilomera trigrina showing the highest relative
abundance at 16.5% and 17.3 % in the wet and
dry seasons, respectively, while Rhagovelia
femorata and Rhagovelia sp. were the next
most abundant in the wet and dry seasons at
12.9 % and 8.54 %, respectively. Gerridae,
Veliidae and Naucoridae were the dominant
family groups in lotic habitats. The average
number of water bugs recorded in each two
month period at lotic habitats decreased in the

Table 1. Coordinates (UTM) and altitudes (Alt.) of collecting sites at Thong Pha Phum

Site No. Locations Habitat Types UTM Alt. (m.)
TPP01  Huai Kayeng Lotic N 1614660/ E 47 454880 222
TPP 02  Lam Pilok Lotic N 1617466/ E 47 453874 193
TPP 03  Huai Pak Khok Lotic N 1618918/ E 47 448938 180
TPP 04  Patsaduklang Lotic N 1608972/ E 47 454048 317
TPP 05  Pong Phu Ron Wetland N 1619279/ E 47 449008 178
TPP06  Tha Maduea Wetland N 1618102/ E 47 455733 185
TPP 07  The Forest Industry Organization ~ Wetland N 1621480/ E 47 456721 184
TPP 08  Phu Nong Pling Wetland N 1616634/ E 47 457793 218
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galasimnasnpiinziuen |



— TN =
." s 4
/ ¢ sy
i Tak { ,5
i 5 )] At TN
o I ) \ L My
S X/ Uthai Thani  § |
- \J )
[ jowimom ] [ =
Y B wonin g
! ] /
,\ ‘ \\’3_1 —/’M
\ . Thang Pha Phir "1 Suphan Buri '3 4
. 1 z
) \ A Y
L% % /
Y \
: ' /) '
G, 7/ .
", F { { I-.
MYANMAR - KANCHANABLIRI < | o f "e,_,_.’\"
‘.‘_‘ * “., Makhon Pathom i P |
\K i
N |
i | '
Ratchaburi
NS
Khao Laem Dam N
p‘* P OT
w”qﬁ
Hot Spring ([} P
TPP 03
eam,
um?.wsu
pak Phu Tha Maduea
Swamp Forest
PP 02 TPP 08
Phu Nong Pli
Swamp om':u
g
3 N E greeot
§ %, H
’3'%_ s Ban Huai Khayeng
£y = Phu Pu Rachines
=% H Swamp Forost
% z
H
TPP 04
1] 1 km
—
A450000E

Figure 1. Collecting sites (TPP01-TPP08) at Thong Pha Phum area (see detail in Table 1)

wet season (May 2002 - October 2002) and
increased in the dry season (December 2002 -
April 2003) as summarised in Figure 3. The
mean abundance of water bugs in the dry
season (82.9 + 37.9) was significantly higher
than in the wet season (53.2+31.0) (Table 3).
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3. Diversity index (H’) of water bugs in
both dry and wet seasons at lotic habitats were

not significantly different (Table 3). A
summary of the diversity index data in each two
month period for one year is shown in Figure 4.



Figure 2. Study sites (TPP01-TPP08) at Thong Pha Phum area:
2. TPP 02 Lam Pilok

4. TPP 04 Patsaduklang

6. TPP 06 Tha Maduea

8. TPP 08 Phu Nona Plina

1. TPP 01 Huai Kayeng
3. TPP 03 Huai Pak Khok
5. TPP 05 Pong Phu Ron

7. TPP 07 The Forest Industry Oraanization

Table 2. The species list with habitats and microhabitats of water bugs from Thong Pha Phum area during May

2002 - April 2003 and May 2005 - February 2006.
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No. Infraorder/family/subfamily Habitats Microhabitats
Scientific name Lotic | Lentic | Wetland | surface| inwater |margin | benthic
GERROMORPHA
Gerridae
Cylindrostethinae
1 Cylindrostethus costalis Schmidt, 1915 X X X
2 Cylindrostethus scrutator (Kirkaldy, 1899) X X X
Eotrechinae
3 Amemboa cristata Polhemus & Andersen, 1984 X X X
4 Amemboa riparia Polhemus & Andersen, 1984 X X X X
5 Onychotrechus esakii Andersen, 1980 X X
Gerrinae
6 Limnogonus fossarum (Fabricius,1775) X X X X
7 Limnogonus nitidus (Mayr, 1865) X X X X
8 Limnometra ciliata (Mayr, 1865) X X
9 Limnometra femorata Mayr, 1865 X X X
10 | Limnometra matsudai (Miyamoto, 1967) X X X
11 | Neogerris parvulus (Stal, 1860) X X
Halobatinae
12 | Metrocoris acutus Chen & Nieser, 1993 X X
13 gllgzt;ocorls nigrofascicoides Chen & Nieser, X X
14 | Metrocoris tenuicornis Esaki, 1926 X X
15 | Ventidius hungerfordi Cheng, 1965 X X
16 Ventidius malayensis Hungerford & Matsuda, X X X
1960
17 | Ventidius modulatus Lundblad, 1933 X X
18 | Ventidius pulai Cheng, 1965 X X
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Table 2. (continued)

No. Infraorder/family/subfamily Habitats Microhabitats
Scientific name Lotic | Lentic | Wetland | surface | inwater | margin | benthic
Ptilomerinae
19 | Pleciobates sp. X X
20 Pleciogonus_ \A_/ongsirii Chen, Nieser and X X
Wattanachaiyingcharoen, 2002
21 | Ptilomera tigrina Uhler, 1860 X X
22 | Rheumatogonus intermedius Hungerford, 1933 X X
Rhagadotarsinae
23 | Rhagadotarsus kraepelini Breddin, 1905 X X
Trepobatinae
24 | Cryptobates johorensis J. & D. Polhemus, 1995 X
25 Gnomobates kuiteri (Hungerford & Matsuda,
1958)
26 | Naboandelus signatus Distant, 1910
Hebridae
Hebrinae
27 | Hebrus sp.
28 Timasius chesadai Chen, Nieser and X
Lekprayoon, 2006
Hydrometridae
Hydrometrinae
29 | Hydrometra greeni Kirkaldy, 1898 X X X X
30 | Hydrometra longicapitis Torre-Bueno, 1927 X X X X
31 | Hydrometra orientalis Lundblad, 1933 X X X
Mesoveliidae
32 | Mesovelia sp. X X X X X
Veliidae
Haloveliinae
33 | Strongylovelia sp. X X
Microveliinae
34 | Lathriovelia sp. X X
35 | Microvelia sp. X X X X X
36 | Pseudovelia sp. X X X X
37 | Xiphovelia sp. X X X
Perittopinae
38 | Perittopus asiaticus Fieber, 1861 X X
Rhagoveliinae
39 | Rhagovelia femorata Dover, 1928 X X
40 | Rhagovelia rudischuhi Zettel, 1993 X X
M ?ggagovella singaporensis Yang & Polhemus, X X
2 Rhagovelia sondaica Polhemus & Polhemus, X
1988
43 | Rhagovelia sumatrensis Lundblad, 1922
Veliinae
44 | Angilia sp. X X X X
NEPOMORPHA
Aphelocheiridae
45 lehhe;%cﬁsefl {1;;3 ifgemoratus Polhemus & X X
42 | BRT Research Reports 2007
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Table 2. (continued)

No. Infraorder/family/subfamily Habitats Microhabitats
Scientific name Lotic | Lentic |Wetland | surface | inwater | margin | benthic
6 Aphelocheirus grik Polhemus & Polhemus, X X
1988
Belostomatidae
Belostomatinae
47 Diplonychus rusticus (Lepeletier & Serville, X
1825)
48 | Lethocerus indicus (Fabricius, 1781) X X
Helotrephidae
Helotrephinae
49 | Distotrephes shepardi Zettel & Polhemus, 1998 X X
50 | Fischerotrephes sp. X X
51 | Helotrephes australis Zettel & Polhemus, 1998 X X
52 | Hydrotrephes septentrionalis Zettel, 1998 X X
53 | Idiotrephes asiaticus Zettel & Polhemus, 1998 X X
54 | Idiotrephes polhemusi Papacek & Zettel, 2000 X X
55 | Tiphotrephes indicus Distant, 1910 X X X
Micronectidae
56 | Micronecta sp. X X X
Naucoridae
Cheirochelinae
57 | Ctenipocoris asiaticus Montandon, 1897 X X X
58 | Gestroiella limnocoroides Montandon, 1897 X X
Laccocorinae
59 | Heleocoris sp. X X X
Naucorinae
60 | Naucoris scutellaris Stal, 1858 X X X X
Nepidae
Ranatrinae
61 | Cercotmetus asiaticus Amyot & Serville, 1843 X X
62 | Cercotmetus brevipes Montandon, 1909 X X
63 | Cercotmetus compositus Montandon, 1909 X X
64 | Cercotmetus sp. X
65 | Ranatra parmata Mayr, 1865 X X
66 | Ranatra gracilis Dallas, 1850 X X
67 | Ranatra longipes Lansbury, 1972 X X
Nepinae
68 | Laccotrephes sp. X X
Notonectidae
Notonectinae
69 | Anisops nigrolineatus Lundblad, 1933 X X
70 | Enithares sp. X X X X
Ochteridae
71 | Ochterus marginatus (Latreille, 1804) X X X
Pleidae
72 | Paraplea sp. X X X
TNenumIdelulasins BRT 2550 | 43
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Table 3. Mean abundance (number of individuals per sample) and diversity index (H") of water bugs at lotic

habitats in dry and wet seasons, N = number samples.

Mean (S.D)*
Seasons Abundance H’
Dry (N=12) 82.9 (37.9) 2.997 (0.557) ¢
Wet (N=9) 53.2 (31.0)'D 2.770 (0.478) ¢

* Means with the same letter are not different significantly (Mann-Whitney U Test; P<0.05)
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Figure 3. Mean abundance of water bugs at lotic
habitats during May 2002 — April 2003
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Figure 4. The diversity index (H") of water bugs at
lotic habitats during May 2002 - April 2003

4. The description of water bugs in
family level was modified from Andersen and
Weir (2004) and Chen et al. (2005). Some
general biological information and known
distribution ranges are provided below.

Aphelocheiridae
Benthic Water Bugs

Diagnosis: Small to medium-sized
(3.5-11.5 mm), oval, strong flattened; head
produced anteriorly, and posteriorly embraced
by anterolateral angles of pronotum; antennae
elongate, slender, filiform; rostrum very long,
reaching onto the metasternum; metathoracic
scent glands lacking; first abdominal segment
strongly reduced, the second segment is the first
segment; fore femur only slightly thickened,
tarsal formula 3-3-3.

Biology: Tropical Asian Aphelocheirus
are mostly found in well aerated streams,
although they may occur in slow flowing
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streams and occasionally in stagnant waters.
They may be useful in controlling Simuliidae
(Diptera, black flies) larvae which share the
same habitat (Chen et al., 2005). During
daytime, they hide under pebbles or sand of the
stream bed; at night they are active and crawl
over the substrate. Biological studies have been
performed only on Aphelocheirus aestivalis
(Fabricius).

Aphelocheirus femoratus Polhemus &
Polhemus, 1988 and Aphelocheirus grik
Polhemus & Polhemus, 1988 were found in the
lotic habitats.

Distribution: This family is distributed
worldwide.

Family Belostomatidae
Giant Water Bugs

Diagnosis: Flattened and oval in shape;
fore legs are robust and raptorial; two short
appendages at the end of the abdomen which
each consists a spiracle opening at the base; <
25-70 mm in body length.

Biology: They are found in both
standing water and slow flowing water and
stick to the plants at the bank of water. They
spend much time hanging from the water
surface by the air straps and frequently fly to
light. They are voracious predators and can
inflict a painful bite. The male parental
investment of the type seen in this family (the
female plays no part in parental care) is an
extremely rare trait among animals (Dudgeon,
1999). They are economically important insects
for local people.

Lethocerus indicus (Fabricius, 1781)
was found as a single specimen from the bank
of slow flowing small stream at KP. 13.5. This
genus is large, elongate oval water bug,
reaching 115 mm in body length.

Diplonychus rusticus (Lepeletier &
Serville, 1825) was found. This water bug is
small, looks like small cockroach, at less than
25 mm in body length. After mating, the female
lays her eggs on the back of male and the eggs
are carried around until hatching.

Distribution: Found in tropical Asia to



New Guinea and Australia, and common in
Thailand.

Family Corixidae
Water Boatmen

Diagnosis: Small to medium-sized (3-
15 mm), dorsoventrally flattened, usually
elongate and parallel- sided flat; mostly
dorsally medium brown with yellowish
markings; short antennae 4 segmented; short
beak with wide at base and truncate at tip; fore
tarsi with fringe hairs and scoop-like at the end
of tarsi.

Biology: Found at standing and slow
flowing waters, some colonized in big groups.
They swim by using their legs with fringe hairs.
Their feeding habits are predators and some are
herbivores. Most of them feed as collector
gathers by using scoop-like tibia. This group
can make a noise. No specimens were found in
this study.

Distribution: This
worldwide.

family is

Family Micronectidae
Small Water Boatmen

Diagnosis: Flattened body, with 0.8- 5
mm in body length, lateral side of body parallel;
dorsally brownish, usually with darker,
sometimes indistinct  longitudinal  stripe;
antennae 3 segmented; short beak; front tarsi
scoop like with fringed hairs.

Biology: They are found in shallow still
water covered with dense water plants. In this
study Micronecta sp. was found as the sole
representative. Although the genus Micronecta
was originally classified in  subfamily
Micronectinae, family Corixidae, the subfamily
was reclassified to Micronectidae subsequently
(Andersen and Weir, 2004).

Distribution: This genus is common
but little known in Thailand.

Family Naucoridae
Creeping Water Bugs

Diagnosis:  Dorso-ventral ~ flattened
body with 15-25 mm in body length; extended
fore femora with curved slender distal end; mid
and hind legs with swimming hairs; small
cockroach like.

Biology: They are found in slow
flowing streams and ponds of good quality
water. They creep into sand or gravel of benthic
habitat, and indeed are as good and fast at

creeping as they are at swimming (Dudgeon,
1999).

Ctenipocoris  asiaticus  Montandon,
1897, Gestroiella limnocoroides Montandon,
1987, Heliocoris sp. (Figure 5-7) were mostly
found in lotic habitats.

Naucoris scutellaris Stal, 1858 was
found in lotic, lentic and wetland locations.
This species is the smallest creeping water bug,
from 6.5 to 7.5 mm in body length, with various
speckles on the under side of body, especially
on fore femora. They are common and found in
ponds or at the bank of streams which are
covered with water plants.

Distribution: This family is found in
Java, India and Thailand (Sites et al., 1997).

Family Nepidae
Water Scorpions

Diagnosis: Fore legs raptorial, femora
widened with ventral groove to receive tibia
and tarsus; two respiratory siphon non-
retractile, usually long and filiform, sometime
relatively short, either dorso-ventrally flattened,
suboval or subcylindrical water bugs; medium
size to very large, body length from 12 to 60
mm excluding the respiratory siphon; brownish
colour body.

Biology: Nepids are predacious bugs
and hide in the mud or perch in the submerged
vegetation, waiting for prey to come within
reach of their raptorial fore legs. Nepids may
‘play dead’, when they are handled roughly.

Cercotmetus asiaticus Amyot &
Serville,  1843;  Cercotmetus  brevipes
Montandon, 1909; Cercotmetus compositus
Montandon, 1909; Ranatra parmata Mayr,
1865; Ranatra gracilis Dalas, 1850; and
Ranatra longipes Lansbury, 1972 were found.
The Cercotmetus and Ranatra have distinctly
different morphological characters; fore femora
shorter than pronotum in Cercotmetus, but
longer than that in Ranatra. Laccotrephes sp.
was found. This genus is comprised of large,
broad and rather flattened water bugs, with
respiratory siphon usually as long as or longer
than body length.

Distribution: Nepids are worldwide,
these 6 species have been reported from
Thailand before (Nieser and Polhemus, 1998).

Family Ochteridae

Velvety Shore Bugs
Diagnosis: Small (4.5-9 mm), broadly
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oval, moderately dorso-ventrally flattened body
with soft velvety hemelytra. Predominantly
blackish with yellowish to light brown
markings; in addition, notably scutellum and
hemelytra variably marked with bluish-grey
spots; antennae four-segmented, not concealed
beneath head; ocelli present; rostrum very long;
membrane of hemelytra with either 7 or over
20 cells.

Biology: They usually live at the edge
of running water, found at sandy or stony places
with little vegetation in shaded places. Adults
fly away immediately when movement is
observed.

Ochterus marginatus (Latreille, 1804)
(Figure 5-8) was found as both nymphs and
adults in wetland locations but only as nymphs
in lotic habitats at the stream banks.

Distribution: Ochterus marginatus
were reported from Thailand; Chiengmai,
Cholburi, and Trang (Kormilev, 1971).

Family Notonectidae
Back Swimmers

Diagnosis: Elongate, wedge-shaped
species, usually > 4 mm in body length; eyes
large, vertex narrow; fore and mid legs
modified for grasping; oar-like hind legs long,
with fringes of long hairs on their tibia and
tarsi; rostrum short and stout.

Biology: They are excellent swimmers,
typically swimming on their backs, and occur in
quiet waters of pools, ponds and lakes. They are
predacious water bugs, feeding on small aquatic
arthropods and also on small fish and other
aquatic vertebrates.

Anisops nigrolineatus Lundblad, 1933
and Enithares sp. were found. The Anisops and
Enithares are classified by the morphological
characters. The claval commissure of
hemelytra with a prominent hair-lined pit
anteriorly, close to apex of the scutellum and
rostrum of male with prong on the third labial
segment are present in the genus Anisops. In
the genus Enithares, mid femora with a
pointed protuberance on ventral margin before
apex and eyes dorsally widely separated are
present.

Distribution: The genus Anisops is
distributed throughout the subtropical part and
tropical part of the old world. The genus
Enithares is widely distributed in tropical Asia,
New Guinea, Australia and Thailand. The
notonectids are found world-wide (Andersen
and Weir, 2004).

46 | BRT Research Reports 2007
| Western Thong Pha Phum

Family Helotrephidae
Humpback Bugs

Diagnosis: Minute bugs, < 4 mm in
body length; head and pronotum fused; entered
wing; anterior end and dorsal convex; two
segmented antennae; hind legs with fringed
hairs for swimming.

Biology: They are found in standing
water and flowing streams along algae, water
plants and detritus in the water. Habitats
probably vary among genera. Their biology is
obscure and nothing has been published on their
life history and habits but from consideration of
the mouthpart morphology they are suggested
to be predatory (Dudgeon, 1999).

Distrotrephes shepardi Zettel and
Polhemus, 1998 (Figure 5-4), Fischerotrephes
sp., Helotrephes australis Zettel and Polhemus,
1998, Hydrotrephes septentrionalis Zettel,
1998, Tiphotrephes indicus Distant, 1910 were
found in lotic habitats. Fischerotrephes sp.,
found in lotic habitat is characterized by being a
very tiny (1.2-1.6 mm in length) species
without the typical extreme convexity of
helotrephids.

Idiotrephes  asiaticus  Zettel &
Polhemus, 1998, and Idiotrephes polhemusi
Papacek & Zettel, 2000, were found in
wetlands, especially at Pong Phu Ron.

A few specimens of Tiphotrephes
indicus (Distant, 1910) were found in some
lotic habitats. They inhabit various types of
standing or still waters. They are reported
widely distributed and abundant in Thailand.
There is only one species in the genus (Zettel,
1998).

Distribution: This family is found in
India, Malaysia, Burma, Thailand (Bangkok,
Khon Kaen, mountain of Petchaboon and
Phupan (Sites and Polhemus, 2001) and Nan.

Family Pleidae
Pygmy Back Swimmers

Diagnosis: Dorsum of head not fused
with prothorax, head-pronotum suture distinct
and straight; 3 segmented antennae, short and
hidden in groove beneath the eyes; small size
from 1.5 to 3.3 mm in body length.

Biology: They are good swimmers and
look like smaller notonectids. They are
generalized predators, taking small invertebrate
prey.

Paraplea (Figure 5-5) was found in
lotic and wetland locations. The species of the
genus Paraplea Esaki & China, 1928 live in



stagnant waters within vegetation (Nieser,
1996).

Distribution: This genus is the single
Oriental genus.

Family Mesoveliidae
Minute Water Striders

Diagnosis: Tarsus three segmented
with apical claws; distinctly spine at hind legs;
wing and wingless forms; with <1.2-4.4 mm in
body length; light green, pale yellow or brown
colour.

Biology: They are found along the
water margin or on the surface of standing
water and on the floating plants. They feed on
detritus.

Mesovelia sp. was found in lotic, lentic
and wetland locations.

Distribution: This family and the
genus Mesovelia are worldwide.

Family Hebridae
Velvet Water Bugs

Diagnosis: Small (1.3-3.7 mm), stout
body with dull coloured, densely covered with a
velvety hydrofuge hair pile; head elongate with
bucculae plate-like expanded; rostrum long and
slender, resting in a groove or under side of
head and thorax notum; a transverse plate
meso-scutellum exposed behind pronotum, with
the elevation of metanotum (subtriangular lobe)
behind; fore wing venation apically reduced;
legs of moderately length, not modified for
rowing, tarsi two segmented with claws inserted
apically.

Biology: This family is primary
terrestrial, inhabiting banks of waters, and
represent the ancestral type of Gerromorph
(Chen et al., 2005). Especially, Timasius and
Hebrus live on land. The genus Timasius
typically inhabits steep surface of shaded rocks
along stream and rivers, especially under
overhanging rocks and under the stones along
streams. All species are agile runners and
quickly fly away when disturbed. Locomotion
on ground is done by walking and running not
rolling and jumping. Biology is poorly known.

Timasius chesadai Chen, Nieser &
Lekprayoon, 2006 (Figure 5-9), is the first
record and new species from Thailand.

Hebrus sp. was found.

Distribution: This family is distributed
in all zoogeographical regions and from
temperate to tropical zones. Because of their
small size and generally cryptic habits in the

land —water zone, tropical Hebridae are still
very poorly known.

Family Hydrometridae
Water Measurers, Marsh Treaders

Diagnosis: Head prolonged anteriorly
with eyes set half-way along and antennae near
the tip; legs bearing apical claws; no tube at
the end of abdomen; winged and wingless
forms.

Biology: They subsist on dead prey
which are approached carefully and inspected
with antennae for signs of life. They resemble
tiny twigs and hide among emergent vegetation
at the edge of streams and marshes. They are
often seen to raise and lower their body
rhythmically (Dudgeon, 1999).

Hydrometra greeni Kirkaldy, 1898 and
Hydrometra longicapitis Torre-Bueno, 1927
were found in lotic and lentic habitats.
Hydrometra orientalis Lundblad, 1933 was
found in wetland location.

Distribution: This genus is common in
Thailand, Malaysia, Phillipines and Japan
(Zettel, 1996) and worldwide.

Family Veliidae
Small Water Striders or Small Water
Skaters

Diagnosis: Head with the distinct
longitudinal median impressed line on dorsal
surface; fore tibia of male usually with a distal
grasping comb of short spines along inner
margin; hind femora usually stouter than
middle femora; coxal cavity of metathorax with
scent evaporatorium; small water bugs with
short thorax and robust legs.

Biology: The veliids are common
inhabitants of freshwater bodies, both stagnant
and flowing waters. A few groups have
extended their  habitats into  marine
environments. They are predators or
scavengers, feeding on emerging aquatic
insects, and terrestrial insects accidentally
caught on the surface film.

Strongylovalia sp., Xiphovelia sp.,
Rhagovelia femorata Dover, 1928, Rhagovelia
singaporensis Yang & Polhemus, 1990,
Rhagovelia sondaica Polhemus & Polhemus
1988, and Rhagovelia sumatrensis Lundblad,
1922 (Figure 5-6) were found in lotic habitats.

Microvelia sp. was found in lotic,
lentic, and wetland habitats.

Pseudovelia sp. and Angilia sp. were
found in lotic and lentic habitats.
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Perittopus asiaticus Fieber, 1861 and
Rhagovelia rudischuhi Zettel, 1993 were found
in lentic habitats.

Lathriovelia sp. was found in wetland
habitats.

Distribution: The veliids are found
worldwide.

Family Gerridae

Water Striders, Pond Skaters

Diagnosis: Short fore legs and
raptorial, mid and hind legs very long and
close together, claws of tarsi inserted before
the apex and retractability; mesothorax more
elongate than others; body covered with waxy
fine hairs.

Biology: They make ripple
communication for mating signals and can also
detect other surface water vibrations to capture
their prey or avoid their predators. They are
biological control agents of mosquito larvae or
other pests which accidentally fall to the surface
of water.

Cylindrostethus costalis Schmidt, 1915,

Figure 5. Some adult water bugs (1-9) found in this study:

1. Ventidius malayensis
4. Distotrephes shepardi
7. Heleocoris sp.
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2. Onychotrechus esakii
5. Paraplea sp.
8. Ochterus marginatus

Amemboa cristata Polhemus & Andersen,
1984, Limnometra femorata (Mayr, 1865),
Limnometra matsudai (Miyamoto, 1967) and
Ventidius malayensis Hungerford & Matsuda,
1960 (Figure 5-1) were all found in lotic and
wetland habitats.

Amemboa  riparia  Polhemus &
Andersen, 1984, Limnogonus fossarum
(Fabricius, 1775) and Limnogonus nitidus
(Mayr, 1865) were found in lotic, lentic and
wetland habitats.

Ptilomera tigrina Uhler, 1860 (Figure
5-3) and Limnometra ciliata (Mayr, 1865) were
found in lotic habitats.

Neogerris parvulus (Stél, 1860), which
is the species in the stagnant water, was found
in lentic habitat.

Cylindrostethus scrutator (Kirkaldy,
1899), Metrocoris acutus Chen & Nieser 1993,
Metrocoris nigrofascicoides Chen & Nieser,
1993, and Metrocoris tenuicornis Esaki, 1926
were found in lotic and lentic habitats.

Ventidius modulatus Lundblad, 1933,
Ventidius pulai Cheng, 1965, Ventidius

3. Ptilomera tigrina
6. Rhagovelia sumatrensis
9. Timasius chesadai



hungerfordi  Cheng, 1965, Pleciogonus
wongsirii Chen, Nieser &
Wattanachaiyingcharoen, 2002, Ptilomera
tigrina Uhler, 1860, Rheumatogonus
intermedius Hungerford, 1933, Cryptobates
johorensis J. & D. Polhemus, 1995, and
Gnomobates kuiteri (Hungerford & Matsuda,
1958) were found in lotic habitats.

Onychotrechus esakii Andersen, 1980
(Figure 5-2) was found at a single location, on
the hygropetric area on the vertical side of the
rock near Jedmitre waterfall.

Rhagadotarsus kraepelini Breddin, 1905
was found in lentic habitats. This species has

been reported to be found in standing freshwater
and brackish water (Cheng et al., 2001).

Naboandelus signatus Distant, 1910
was found. This water strider is found at the
bank of still water, ponds and large natural
water reservoirs (Chen and Zettel, 1998).

Distribution: This family is
worldwide., All 26 species have been reported
from Thailand (Chen and Zettel, 1998; Chen et
al., 2002).

5. From this study, a simple key for
identification of adult water bugs to families in
Thong Pha Phum area is presented.

Key to Families of Heteroptera

1. - Short antennae, arised under compound eyes, unseen from dorsal side ...................... Nepomorpha............... 2
- Long antennae, protruding infront of the eyes, seen from dorsal side..................... Gerromorpha............ 11

2. - Beak short and wide at base, triangular shape or truncate at tip, not divided into segments........................ 3
- Rostrum elongate and divided iNt0 SEGMENTS; ... ... .. it et et et e e e e e e e e 4

3. - Scutellum covered by pronotum, 5-10 mm body length ... Corixidae
- Scutellum visible ;<5 mmbody [ength ...... oo, Micronectidae

4, - Abdomen with two tubes, > 4 mm length, each tube with groove..............ccoooiiiiiiii i, Nepidae
- Abdomen without tube, if present <4 mm IeNgth..... ... 5

5. - Body flat dorso —ventrally; fore legs raptorial... ... ..o e 6
- Body not flat, long or global or oval shaped; fore leg not raptorial................cooooiiiii i 7

6. - With two short tube appendages at the end of abdomen.............c.ccoviiiiii i, Belostomatidae
- Without tube appendages at the end of abdomeN........ ..o 8

7. - Body oval or global SHAPEA. .. ... .. ee e e 9
- Body elongate and deep at lateral Side. ..o, Notonectidae

8. - Beak long to the base of first COXAB........uvit it it e e e e e Naucoridae
- Beak longer to the base of Mid Or RINA COXAE........uuee it e e e 10

9. - Antennae with three segments; cephalothorax with straight light line divided ...................ocennn. Pleidae
- Antennae with two segments; cephalothorax without straight line divided............................ Helotrephidae

10. - Head produced anteriorly, and posteriorly embraced by anterolateral angles of pronotum........ Aphelocheiridae
- Head moderately transverse, frontal plate not produced above rostrum..............coovvviiinineennnen Ochteridae

1. - Head conspicuously prolong; compound eyes at the mid length of head and thorax together; elongate and stick
BIKE —D0AY .. e e e Hydrometridae

- Head not prolong; compound eyes nearly at the anterior margin of prothorax; not elongate and stick like body2

.................................................................................................................................. 1

12. - Tarsi With preapiCal CIAWS. .. ... oo e e e e 13
- Tarsi With @PICAI CLAWS ... ... e e et e e e e e et e e e e e e e 14

13. - Hind femora not as long as abdomen; thoracic segments nearly the same length...................c....... Veliidae
- Hind femora longer than abdomen; mesothorax more elongate than others.................ocooveiiiien. Gerridae

14. - Two segmented tarsi, hind 1egs WithOUt SPINE.........couiuiiii i e e Hebridae
- Three segmented tarsi, hind legs With SPINES........ ..ot e, Mesoveliidae

NonumIsslulasinns BRT 2550 | 49

galasimnasnpiinziuen |



Discussion and Conclusion

This report is the overview of the
ongoing study on biodiversity of water bugs in
the western Thong Pha Phum research project
area, which is still being conducted.

Water bugs from the two infraorders
were represented in the samples. The infraorder
Nepomorpha which are truly aquatic and
usually submerged, are represented by the
following nine families: Aphelocheiridae,
Belostomatidae, Micronectidae, Naucoridae,
Nepidae, Ochteridae, Notonectidae,
Helotrephidae, and Pleidae.The specimens
which belong to the infraorder Gerromorpha,
found on the hygropetric area, are represented
by the 5 families: Mesoveliidae, Hebridae,
Hydrometridae, Veliidae, and Gerridae. In
terms of abundance and species diversity from
lotic habitats, Gerridae is the commonest and
most abundant members in the collection being
represented by 16 genera and 26 species.
Veliidae is represented by 8 genera comprised
of 6 species and 6 morphospecies.
Helotrephidae is represented by 6 genera and 6
species plus 1 morphospecies. Six genera
(Trephotomas, Fischerotrephes, Helotrephes,
Hydrotrephes, Idiotrephes and Tiphotrephes) of
Helotrephidae have been reported in Thailand
before (Sites and Polhemus, 2001), but 6 genera
(Distotrephes, Fischerotrephes, Helotrephes,
Hydrotrephes, Idiotrephes and Tiphotrephes) of
them were found in Thong Pha Phum area.

Although poorly characterized, the
biology of water bugs differs within and
between groups. From those that have been
studied and reported, they are clearly very
interesting and diverse but many groups still
awaiting classification and characterisation
robbing the chance for a real and full appraisal
of the biological importance and significance as
well as biological diversity of these insects. The
major role of water bugs in aquatic ecosystem
is biological control agents in natural habitats
and as part of the food chain, as food supplies
to higher trophic levels (birds, fish). One
example is the members of Aphelocheirus
(Aphelocheiridae) which are mostly found in
well aerated streams. They may occur in slow
flowing streams and occasionally in stagnant
waters, and so can be used as an indicator of
water quality and may also be useful in
controlling Simuliidae (black flies) larvae,
human pests as well as human and farm animal
disease vectors, which share the same habitat
(Chen et al., 2005).
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The sites of this study form a small area
to the west Thong Pha Phum area, in
Kanchanaburi Province. At least 72 different
species of water bugs are likely to have been
recorded from this small region in the first
analysis, although further species may still (and
probably will) be recorded when all samples
have been fully analysed. Indeed, as more
surveys are carried out, many more taxa will be
added to the list. Indeed it is likely that many
species, including new species and their
associated biological and ecological data
remain to be discovered from the west Thong
Pha Phum area.

Because of their diverse lifestyles,
microhabitats, habitats, locomotion, and
especially in body form which are adapted to
inhabit in various kind of habitats, waterbugs
can be found in a diverse array of aquatic
habitats. Taking advantage of the observation
that many are good predators, some may be
applicable as biological control agents for
human or livestock disease vectors and aquatic
pests in the ecosystem.

The study to determine water bug
distribution, abundance, and biology in each
family and indeed species level should be
conducted in detail to acquire the baseline
knowledge of water bug status and ecology in
Thailand. The knowledge of their biodiversity
and ecology can then be applied to aid the
agricultural, medical, public health, and
environmental management.
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Abstract: The Diversity of Stoneflies (Order Plecoptera) and Black Flies (Order
Diptera: Family Simuliidae) in Thong Pha Phum Forest (Jariya Chanpaisaeng,
Jumnongjit Phasuk and Korakot Damrak Kasetsart University) The study of the diversity of
stoneflies and black flies from lotic habitats at Thong Pha Phoom forest was divided into 3
disturbed areas, Pong Pu Ron, Ban Lam Pilok and Ban Prajammai, and 2 undisturbed areas, Ban
Patsaduklang and Mae Nam Noi. Specimens were collected once a month in Year 1 from March
2002 to February 2003. Stonefly nymphs of 9 species were identified as follows: Etrocorema
sp.”!, Neoperla fallax™, N. gordonae™, Phanoperla sp.”, Kamimuria sp.™, Subfamily Perlinae™,
Cryptoperla sp.”’, Amphinemura sp.”® and Indonemoura sp.™ In disturbed areas 7 species were
found namely as species P1, P2, P3, P5, P6, P7 and P8, while in undisturbed areas 8 species were
found namely as species P1, P2, P3, P4, P5, P6, P7 and P9. For 17 species of black flies, larvae
and pupae reared to adults were identified as Simulium (Gomphostilbia) decuplum %%, S. (G.)
dentistylum 2, S. (G.) duolongum 3, S. (G.) parahiyangum**, S. (G.) siamense *°, S. (G.) asakoae
€S, (G.) sheilae®’, S. (G.) burtoni *8, S. (G.) chumpornense *°, S. (G.) novemarticulatum *°, S.
(Nevermannia) aureohirtum ***, S. (Simulium) nodosum S*2, S. (S.) nakhonense %%, S. (S.)
quinquestriatum 5*, S. (S.) tani **°, Simulium sp. 13 and Simulium sp. 25" In disturbed areas 13
species of black flies were identified as species S3, S4, S5, S8, S9, S10, S11, S12, S13, S14, S15,
S16 and S17, while in undisturbed areas 15 species were identified as species S1, S2, S4, S5, S6,
S7, S8, S9, S10, S12, S13, S14, S15, S16 and S17.

Key words: Thong Pha Phum, diversity, stoneflies, black fly
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wwaailudiiFiendszauanudnsalums
13937 @ LLa:ﬁﬁhmumﬁ@mnﬁq@luIan 131
sursanuuadlansununuazluii Fefiana
warnnansuandsiwlUduiuunuInuazwein Al
SrULRATITHIeY AnsuunaIindasainiu
seuvfineafigdnszusinanimaslan lidnazdu
uatifie (standing  water) wiounasinlna
(running water) @haﬁﬁmwéﬁé’ty@ia%?'aﬁ%%ﬁmﬁ'ﬂ
ag’lmmﬁidfuﬂ TouFafiFiaunrfiafianuitmie
AOFNINYDIUNEIUNTILT WAREFE 1T stoneflies
%dLﬂuLLuaaﬁﬁ'ﬂagluﬁué’u Plecoptera a0y
Wigtduladouudaszusrsunnliauysol
(Hemimetabola) fafinstasanszesla Wnaanan
udsan sanasunatsassantdudtduss
(Borror et al., 1989) A18auvay stoneflies nnIzys

mﬁ'ﬂag{jluﬁﬂmﬁﬁqmwgﬁﬁauﬁnLﬁmmzqmmw
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ineiaudned (Hynes, 1976; Dudgeon, 1999) 3ii
M3 stoneflies Lﬂuﬁmaﬁyﬂmmwﬁﬂmmm&ﬂ
(Ward, 1992) LEWALINUNLLUAIDN 2 NaY Ad
aUAL Ephemeroptera (‘?jllzﬂn?) ez Trichoptera

uuaInnandaaniii) L3uNTINNKIN EPT
Plecoptera  Trichoptera) L6l

(Ephemeroptera

\fla 4911 stoneflies sanlngaziinanulde
gnnwIaRaNuINNINTUzIILAzLNRIRwaRLaBN
1 Govin stoneflies  Salludatisdnaanlumsta
qmmwﬁﬂmmﬂﬁmmﬁﬁ (Williams and
Feltmate, 1992) “ananiieasaw stoneflies aee
ayj’[uﬁwﬂ"aﬁmwﬁﬂé’rylumnﬂmmdamms‘naa
Fafindn9g ﬁmﬁﬂagjilul,msiatfwmuﬁsswmaﬁn
& ludszndlnedsfinsdnsisasy stoneflies
agiasunn Lﬁadmﬂﬁ'zd%ﬁmﬁmamuuazmﬁ'ﬂag
LU ENINEFTNT AT A 8T 1992811 Wz1912 29 v lw

ﬂ?ﬂLLﬁﬂ?iﬁﬂH’]Lﬁﬂ’Jﬁ'ﬂ LLNax‘lﬂﬁiNﬁ ﬁdﬁﬂll'liﬂﬁqf@]vl,ﬁ



91 stoneflies  1Duiuasnanlanazgnduwyasng
qm'ﬂsﬂmﬁ AalAtAianunaINna1uNI9TININW
28932 VU I ANUTITNTNG LA ae9@

Stoneflies LﬂuLLuaaﬁﬁﬁaT@a%iluﬁuﬁu
Plecoptera  aiflunguuuaslumaiiiasniniaiinig
AUNLTINANGIUIITHAIoWaRTAVDI stoneflies
asudilugn Permian (280 dwuiuuda) Tasdny
MIEINOBUDI stoneflies  UNungUitauas
wuaITHaRNTa UMz NAauRLLAL I FASILNUN
ﬁuﬁﬁmmzﬁ'ﬂag JereI8aUUDY stoneflies LNay
nnriaardoagluunaiilnanfgmngidoutns
WwlaiiAn 25 asaoaidos Lwinndaudnsazena

a a A Y a4 o &
LWRTINITIRALI O UVBIBBNTLIULINUIG A9
stoneflies '?TiaLﬂuLLuaaﬁﬁmmvhgwiawaﬁLﬁ@ﬁnn

tﬂ‘v a ' :’ o a a =S U
myduitonvasvansluunasin wnineing39ls
stoneflies Lﬂuﬁ“ﬁﬁﬂd%@mnﬁwﬁﬂ (Harper, 1994)
A9l Jeffries and Mills (1993) lav¥inmsAnmnie
NNIUNINTZANLV8Y stoneflies  wazTizw1n (BuaU
Ephemeroptera) 31NNN5&137309 10 A39 Ihunadin
Aa P [ a o v .
mmiﬂmﬂawnaam@;mﬂzﬂmmuma 9 N% WU
& Ada A& (% a o Ao
luwuwmmsﬂumaumaamqmn:ﬂmmuwma:
9AINL stoneflies  wazTitlzangnuann (14-17
1ha) NNNIRNQ 19-57  Tha SMIUNwRNANIY
Uwilauvaimaains&Izaul unany wu stoneflies
w1 I A UNINNABRZHINUINTI1WInT B8N D
WgununwnngnsUudanluszaudn wanan
. a o @ Y & e oA, &
stoneflies  azanudanludwnaduaniited
qmmwﬁwé’aﬁvlﬁﬂdnmuﬁ's stoneflies 91U
wInameysnsusahinandoluunasindndae
(Williams and Feltmate, 1992)
luflduldinmdufinsfiavesunssduay
Plecoptera 1Au1nnin 2,000 Tha INNNIRNG 16
296 (Zwick, 2000) laslwiwaaugu (Temperate
o . A o Ada
zone) CNUAIDAU stoneflies man@lmmmmm
noufwdulagiuriasin (Hynes, 1976) Aa8auvad
stoneflies a:@‘hsa%’imi@ﬂﬁmmﬁhmﬁ:m:wagjﬁ’u
'S'a@ﬁuﬁmﬁ’]ﬁﬁumﬁ'ﬂag U19TRaTLNBINUAY
ANBUINDWABNIBNINUNTIL § VoInauAK

UATNNIFLANTDIALNAHATS 9 LU Thaa8audz

=S

“14@1aﬂaoiﬂlﬁi’aqﬁuﬁaaﬁﬂLLa:@‘i'm%%agnim ole

Aura9inNanasld wananil stoneflies AR
dain1so1nIsuandrInwidluudazsiagg

stoneflies  &aulnginwuluiaiGoiwasandnazidn

' 2 &

&
waﬂmju@?'wﬁﬁéw AU I U WLRZLTINTS FIATU
Aa A o a

stoneflies  NABATANILAS1AIADUT I NI BILAE
yurendnnn luumsd stoneflies n@uﬁy@ﬁuﬁaaﬁw
mvl,ﬂl,ﬁamﬁ'ﬁagluﬁuazﬁﬁwﬁmauiwm’suazﬁm
dLauTBad stoneflies  aziliziniadsafnudn
dauNn ynaznuaduinldanndeuAnnaiey
anlulfluusnasudediss nieusuduion
%uagjimu’%uﬁwms é’aﬁui’mwa@a:ﬁmuﬁmww
Nawalialae3s Drumming behavior Aan3tanein
ﬂmUmuﬁaaﬁ'ui'aqﬁﬁmm:ﬁ'ﬂagj \#osfiAinann
mIazazuanaanuluusassiia (Maketon  and
Stewart, 1984) dmiudayaad stoneflies luia
foulaom lUgslifnsdnsnfisaiuansmenis
feinenagn993999 udS3es1953a (ife cycle) Vo9
stoneflies HLAe9 Brittain  (1990) 'latiusinian 1341
stoneflies ﬁmé’maglmwauQua:ﬁao%%ﬁizmm
1 T udverfiafifiowadalngerafidiaswu
ntin wazanauuile 3 wie 4 1 (Hynes, 1976)

n37 stoneflies ﬁaaawﬁﬂagluﬁumﬁm
lum'aaaqmﬁQﬁLLa:‘LugﬂLLuum‘sﬁwaf’?mﬁ
@NNzlNzIkazuanaInw ldawaiia vinlwiinng
uwinszanelusnumesiiuanednanu (Kerst  and
Anderson, 1975) luunsssinidinlnaliasaansd
A stoneflies In1swnadluszoslaveniden
Faillu stoneflies afiafinuiansluundoinfidsag
LRILIIUI aai'mvl,sﬁ@numwj’tulﬁ'aamsﬁ’ﬂﬁ's
U4 stoneflies ﬁaﬁag’ﬁaﬂmn (Mackereth, 1957)
stoneflies UNITRANLLNINTZAN USRIl LAGITA
iaudaudinlng Tasfuondodndudaoduunds
ﬁﬁﬁﬁqmwgﬁLLazi'a@ﬁuﬁaaﬁﬂuamwﬁmmmu
FRSUNMIF39T30 (Knight and Gaufin, 1967) @9
I@aﬁugmmaammwimzmwaaé”sdau stoneflies
sl,ul,mdm{ﬁm%uag’ﬁ'uﬂa%'ﬁmomﬂmwmaumm
inlwauazanumsAnendoues stoneflies  (Hynes,
1976)
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ludruananannaienisaunsninuzas
stoneflies  luiu@ Palaearctic  niUiaLdy ‘ﬁvlé'ffl
nsAnIAe msé’mwu&iﬁwLLﬁwﬁa’Luﬂi:mmjﬂqu
Fafluutsirffanusnis 8o Alalwas Wy
stoneflies 87 THa (Uchida, 1990) 1ag stoneflies
'N?T"?iﬁmm%mnﬁmmmzuwim:amag’mnﬁq@
éi”'al,wimauajmaum%y (G’fmwuﬂszmm 9 149) a9
WNETsaTon (WA 4 19dntaonateuninin
70194 Perlidae  (Zwick, 1986) 3wlUf9296
Nemouridae, Peltoperlidae & Leuctridae ‘ﬁ‘W‘.U
LLwiﬂi:msagluu’%mmﬁﬁaﬂLﬁuﬁu Tasua9d
Perlidae Hywuuninizaelnalufisnyinzuaiiiien
Tuwme w9 Nemouridae  uwinszans'lnalufs
1mzund Uszinaduladiie (Baumann, 1975) ud
fiRe919¢ Perlidae  WiniuAinuuwsnszarwean’ly
vl,ﬂamﬂﬁq@maé"lmzi'uaaﬂ wid1asldUsrau
anugTlumsunsnznslunidessasiiofiany
(lies, 1965) uazlunuluunssiidgrssuninig
fnndidwny (Dudgeon, 1999)

Sueh 1 #io At fiZeanainydn black  fly
%30 buffalo gnat tIuuuadsluduay Diptera 9F
Simuliidae '%wu@iwLﬂmmmﬁﬁmm@LSmeu"ﬂi:mmag’
mlan snulunddueuanindniuasnzianie wu
LNz US I s nasin AT e JUszunm 1,720
79 NS WuNTAAUa? (Crosskey and  Howard,
1997) uazluszduana (genus) & 24 ana udifiog
4 aqal,vi'wfuﬁg@ﬁmﬁa@ﬂu laun 8&na Simulium,
Prosimulium, Austrasimulium W& Cnephia (Service,
1996) ﬁ’m%“]J“iTﬂ;&ﬂLﬁlﬂ?ﬁﬂ%‘l«hﬁ’]ﬂ’]dﬁ’]%iZUUﬁL’m
waedInenludszinalng falaindinmnoanuias
s’f%amsmmmam]’agama’wﬁmaﬁwammmaﬂtyvn
nIduTIMgILazFaLnndluauiaald 90
mss’sm’mLaﬂmﬁagaﬁLﬁmiaaﬁu’%u@iwmzf:
wudl 43 wite ldSunsasie 41 vie wazdolale
é'?o%a 2 %ie (Takaoka and Saito, 1996; Takaoka
and Adler, 1997; Takaoka and Kuvangkadilok,
1999; Kuvangkadilok and Takaoka, 2000; Takaoka,
2001; Takaoka and Choochote, 2002)

FduTovesiudizdaanudrdynie

NIILAN iTLLﬂzE%’@]’JLLW‘HiT I@’I HLANWIZLINALL B RINNTD
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ganwdaauazusrdaiduninzirlininganuas
Fafiaps nawUsznalusouawimlduazowwdm
nas SfgwiAgaiuusasunssiialuaedi de 1
WnzpaInendWa3e shha Onchocerca  volvulus
Lﬂumm@lﬁalﬁlﬁﬂiiﬂ Onchocerciasis 138 river
blindness FevrliiAaan1suRwsauINa
nfuitadng g wazenarinldeveald dszindlng
ﬂ'avlsjﬁswmwm"]Lmamaﬁﬁﬁﬂiﬂmgﬂu WAWLIN
AalwiRannusmnuinresiisuazdafiaodu
Urdhuinisniainievsesdszinalng
(Kuvangkadilok et al., 1999)
"“;m‘hﬁmiw%ryLauimmuawgirﬁ
(Holometabola %38 Complete  metamorphosis)
Usznaudiy seosly nuau anLe WATALANAY
ﬂé’amnmuﬁuﬁmmﬁm]z'navl,ﬂ@rmwéu{wvlm
1 §1573 Wan wazwaiti twende 1 @2 a1800
Nelagdondsldszana 200-500 Wos via 800 Was
Iﬂm'm"hiuuﬁ'n{wmzﬁﬁua%i PIDRINNWUUIAY
Auirfdon 1w foufin luadu lundhiiaesana
3w wieeauasluneldin Tldnain 37 Su
WIaUINNIN %uag’ﬁuwﬁmm:qmﬁgﬁmadﬁw U9
shannalungnun ﬁuauguﬁﬁiﬂ%auaﬂﬁﬂaglu
s AT nszuasin lnadannAwly nsinems
WUUNTad (filter-feeding) UNTRARINITONUNIBUAL
maumﬁﬂaglmmdaﬁwﬁﬁmﬁmaamﬁuw‘%ﬁi’mq
douq wingauanysal udlaonaldas linuFudnlu
susinfiandsnang %uauawmﬁ'mm:ﬁnagﬁ
LANRAINNAN ﬁm’%nmfuﬁmmmﬁmwauazi’wq
LNERNRZB1ANBFUAIT UBHATINDINTAw
RUILBBARIINUAIADANT1ILNAT Lwil,ﬁagniumu
wiounastmesnliimanzan nuananaadondsly
wunasimewn lnaintesaslaunszussin lagld
RsuLazt oty ULazleunTIRRLOUIINTA
A uNAUTwIN Taunasnzwnianle wuenaan
amU 6-9 a39 daulnal 7 a3 nuauldiam 6-12 Ju
UTRARAOFUAS Ba1eLfan LaTRINITANNG?
REL AR %uagjiﬁ'umﬁ@ QMNAN W8TDINNT
wiwawIztzgaynaanluaia ialasrueasnme
Wal L duwanue mawué’nuﬁﬁmm:agjiu'%nmﬁ'ﬁa

EPGHEE RIONUANLATIUIBNINUTLIUN



et lnasn v Lm:muﬁmﬁ']waaﬁauﬁuag’
Hudungy wislnanulauvasiai lold Agld 7
T9nankIfaa v TenfAu nidfsunladvad
ATLFUNNNAADNITAITITIAVIANLE BIN1T LA
PpInsehaiianatatainlianwaans’ld 1ihasann
FIMTIBUATERNIAGII G ITNNIEABNTOL gil
A o I
filaments @9lUTawN900 IR0l STz RLEL
LRZANLAUIITRATALNNIERANULNAIRIORAITHA
A ' o A a A o
ou9 15U Mdaudzrn Y Bunwgdnssuuuuiiin
pheretic  ANWAMHLIAN 2-6 1 38 3-4 FUAWA
J 1 @ a a :’ el =3 s
Juagnurauazgmnnivadin aaduizeanain
o o EAPNE .
ANULANS T-shape LLawugmmluwadmmﬂama
339157 mﬂﬁfuwauﬁuﬁf BI0I1NT W09 1w
MIFUARIIIITINDNATI é’al,ﬁwi'mﬁmﬂqﬁamﬁaé'u
Usennoe 2-3  ®§UO% wargIu150DUKRI8I%m159N
Lmﬁuwwzﬁuqfﬂmwzma 12-18 Alalwas v9Tia
weLladasnsifaadsniumaasyvaly sruwe
o A eal o o A '
Hindanuusddidan g lududu Nematocera fa i
Aution wafwiEIRIIMINLNEIABN 1Y SUE1EIH
lmg'@@ﬁmﬁamamﬂmﬁu TAULANIZTINT RS
1 2933TFIAaIua b nnIaaNIelEiian 8-15
fUa#k w3aw1nnin (Harwood and James, 1979;
Williams and Feltmate, 1992; Peterson, 1996;
Service, 1996; Bass, 1998)
ANNNTANEILALIND zoogeographical
wu'jﬁmﬁﬁmsm:mUﬁaag’ﬁmﬂqﬁmﬂmaﬂaﬂ
o a & a ' ' Aa
g wNIYhana1snann LLa:wulum&Lm:mm 73
A1lnatNoanenactiulwardonrvoISudan
wWIinAulald luAunIzay latitude  §9 9zwuAIN
wansiiavesiudinganuiiondy (Wiliams — and
Feltmate, 1992) msmzmyﬁwaﬁm‘hwugamﬂ’[u
Palaearctic Region w@aadwwaelimsdnsna
aunIninuvasTud luvinatiniga lweade
MIANEWALINUANNABINRANLVDITAATUAED ba)
¢ a A A & X .
JUUITH sRaAwLLINaUazNInNa bk Oriental Region
agiuaqa Simulium (Dudgeon, 1999) Insunu
4 A N P -
NuBesRavaITua luuS il ui1uin 246 wiia
(Takaoka and Davies, 1995) LAzAIAI1TWUTHA
R
a9 Wvandnluawaa

123NN NTNYBILREINN AN TN

ﬂ’J’]&J%ﬂ']ﬂ’ﬁﬁ@]LLﬂ:ﬂ']iﬂi:ﬁ]']Elélﬁ‘llax’i‘%/%@fi'l LT
%uﬂﬂ’ﬂﬂdu%ﬁi\‘iﬁﬁ ﬂ’J’]lJﬁﬂ‘ll?N‘Li’] qm‘ﬁﬁﬁ‘ﬂﬂdﬁ’]
é’@mmi‘lmmaoﬂi:uaﬁﬂ anww%uﬁawaamﬁa
LL‘IMQ\TIi”] a’]’il.ﬂﬁ LL&&ﬂ’]'ﬁﬂZﬂ’]El“llENE]E]ﬂ‘TjL‘ﬂulu‘li’]
(Grillet and Barrera, 1997;
McCreadie, 1999; Hamada, et al., 2002)

Hamada and

Tandszasa
LafnEnflaanunannasuas stoneflies
LLa:’%u@'iﬂmwﬂmaamgﬁ waziSouifisuainy
AANTRATLHIN Lmddﬁﬂuﬁyuﬁﬁgmumuua:

& A4
wu‘n‘n"l,ugmumu

aa
35013
1. WAUAIBENY stoneflies LarTuANlLHRES
ﬁwvl,mﬁaguilumﬁuﬁﬁgmumu 3 WARI AD Iﬂ\wg

Jau tutndtaen waziinudsedn s wazluiun

ﬁ"l,&ig]ﬂ‘mmu 2 WHRY AB ﬁwuﬁaqﬂma wazhaN

NI IN1623000

anan

Lt} . |
i Hhurinzfo
(o 1y

wmada

Masviund

: D - -4
+ WM 12 50,000

T T 1 T T T T T T 1 T NiboT008

DooErEd
LR |

AW 1. BEAIFILAIV AR AN A LT AL A2 B8N ILNR YN

14 5 unas luRunfignauniuusziuif lignauniu

NonumsIsslulasinns BRT 2550 | 55

galasmnasengiinziuen |



Wap (Wi 1) 1fUGe819uNAY stoneflies  wae
Tudluunasinlagldnauuasaisdwiuiunmas
i udednadeuszess Tapfiszozanlumaiiy
12 wendatfosnmiuwom 1 T fiusheuwsd
unldluiesuas 70 %

2. IUUNTRAVDILNRITZALIIA (family)
JZAUANA (genera) wmniduandnivanadwunle
feszaurfia (species) waziLswInLIaIf baluwud
NTTHA

2.1 mMIunneia stoneflies  ¥in'le
Tasfiansanansmenisuwanlasnilyvasdrden
noldnaas Stereomicroscope  bwlamIuan 70%
laslfianasUsenaun1siiiaay stoneflies U89
Sivec et al., 1988; Stewart and Stark, 1988; Stark,
1983; Sivec and Zwick, 1989 W8z Stark, 1989 LLa
l#5udUSn®9n Dr. Ignac Sivec HiBmndm
stoneflies 37N Slovenian Museum of Natural
History 1vzin# Slovenia

22 n1ssunnsdasudl lagnis
IUUNINFUTWANH UL N IUDNVBITTUZAINUD Y
ANLA WaTALANTE Neldniad Stereomicroscope
Tutasman 70% vlagmsIoufisununuilas
NNTANHTHNLS He ludizinadnsg vaniy
lo1de Sasit A Uszinalng (Takaoka and Suzuki,
1984; Kuvangkadilok and Takaoka, 2000) RIBIGH]
(Takaoka and Davies, 1995) 8ulafiiGe (Takaoka
and Davies, 1996) uazléwiu (Takaoka, 1979)

9
7 o

N9 ldTUANNTIBREDINN TRIMIATIANTY Q3.

1A Nsezdan wazdTtnias MAITTIINe
AUEINUIAITAT URVINVIRBUAAR LUA1T
AIIIROUTHA WAz Prof. Hiroyuki Takaoka 37n
Department Infectious Disease, Oita Medical
University ﬂi:mﬂtﬁﬂu
lun133uunshauesaInuan 818130
AT I NANBUSVRITHIZAIURL A JiUnas
LRSUUIAVBY postgenal cleft Fawanaudndl gil
histoblast %38 gill spot ¥ilaansHILaLA4 gill
0anwy LieRLEIwIn filament LAEQNNTIALTLIN
284 gill filament a¥rzdniiazinunmanuuRLE
AUIZNINIAIBOUUAZANUS L6 USRI InTe L
3 dorsal protuberance LAY spine LILIMAEIBDNUAL
V29831 NANBULUDLTIING UANLALD KrananY
wan Sednwamanitanunsaiiangaslunssumn
giiald SRTuMIIuunsiaveInnud azRanTan
Lﬁaﬁfm‘hmuuazgmsﬁ'@L’%méhmaa gill  filament
LLazgﬂmoLLaS:Lf:aﬁ'sﬂuaa%'aé'ﬂLL@T LazNIITILBNTAA
22961038 NIvanngUnsauazavasudunan
3. fiusnEnaiseunazedu b sunsf]
03 w'ld 17 nadofigine amsinwas

VRINRLLNBATF ﬁ@]§

WaN13398
PINMIGURUIIBIILNUG180% stoneflies
YaRuA 3 29F 1 29dition 8 ana 9 vha ldur 296
Perlidae: Etrocorema sp., Neoperla fallax, Neoperla
gordonae,

Phanoperla sp., Kamimuria sp.,

= a = o a . = Coe & dd & ddy .
A13197 1. LgeINTLUIBUINEUIIWINTEATAS stoneflies "nwu‘lul.maamluwuwwgnsumuua:wuwﬂugmumu sL‘l«LL”].I@]“]J’]

)
&<

NI RaudLdauiiunay w.e. 2545 DaNUNWUE W.A. 2546

v

A Ad
NWNNANITUNIN

v

A Aa
wwnnlagnsunin

Etrocorema sp.
Neoperla fallax
Neoperla gordonae?
Kamimuria sp.
Subfamily Perlinae
Cryptoperla sp.

Amphinemura sp.

Etrocorema sp.
Neoperla fallax
Neoperla gordonae?
Phanoperla sp.
Kamimuria sp.
Subfamily Perlinae
Cryptoperia sp.

Indonemoura sp.
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d' = a o a 2 . A s & Ad & ddy \ a
139N 2. wreINIIBuNEUIIwInTRAVRIIUN °nwuluLLMaamluwuw'nnrmJmuuazwuww"twgnsumu‘luwmmwaamgu

AIudLRaUTUIAY WA, 2545 DINUAWUT W.¢1. 2546

U

& dd
NRNNONIUNIN

A v
wwnnlagnsunin

Simulium (Gomphostilbia) burtoni
Simulium (Gomphostilbia) chumpornense
Simulium (Gomphostilbia) duolongum
Simulium (Gomphostilbia) novemarticulatum
Simulium (Gomphostilbia) parahiyangum
Simulium (Gomphostilbia) siamense
Simulium (Nevermannia) aureohirtum
Simulium (Simulium) nakhonense
Simulium (Simulium) nodosum

Simulium (Simulium) quinquestriatum
Simulium (Simulium) tani

Simulium sp. 1

Simulium sp. 2

Simulium (Gomphostilbia) asakoae
Simulium (Gomphostilbia) burtoni
Simulium (Gomphostilbia) chumpornense
Simulium (Gomphostilbia) decuplum
Simulium (Gomphostilbia) dentistylum
Simulium (Gomphostilbia) novemarticulatum
Simulium (Gomphostilbia) parahiyangum
Simulium (Gomphostilbia) sheilae
Simulium (Gomphostilbia) siamense
Simulium (Simulium) nakhonense
Simulium (Simulium) nodosum

Simulium (Simulium) quinquestriatum
Simulium (Simulium) tani

Simulium sp. 1

Simulium sp. 2

Subfamily Perlinae, 196 Cryptoperlidae:
Cryptoperla sp., 2361 Nemouridae: Amphinemura
sp. WA Indonemoura sp. (ANANWIN) Lfia‘li’mﬂ
Wisufsuanunanaiinserinsunassinluiuin
Qmumuﬁ'uLmﬁiaﬁﬂuﬁuﬁﬁ%jgmumu (7197
1) wuilanuuanadsiuantias lag stoneflies 7
wﬂuv{uﬁﬁgmumuﬁ 7 fia lummzﬁﬁuﬁﬁvlajgn
JUNIWANL 8 THa wﬁﬂﬁwumm:ﬁuﬁﬁgmumu
fa Amphinemura sp. LLﬂ:“ﬁﬁﬂﬁWUL%Wﬂﬂuﬁ%ﬁﬁ
Vl&igmumuﬁa Phanoperla sp. Wwaz Indonemoura
sp. #3U'ld31 Amphinemura sp. usfiafifanunn
ﬁauann:’luﬁ?uﬁﬁgﬂiumu"lﬁ Tuamed
Phanoperla  sp. Wde Indonemoura  sp. e
a'auvl,me'iauamazuazﬁ‘hﬁ'ﬂLmdamﬁﬂagmwwﬂu
ﬁuﬁﬁvlaigmumumwﬁ?u
FANGI8ULA AN LA WA EI N1 5AENN
weslmiueaduds smunsnsuunaiiald 17 wie
1 8&na3 aqaﬂaﬂ fa Simulium (Gomphostilbia)
decuplum, Simulium (Gomphostilbia) dentistylum,
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Effect of Local Land use on Benthic Macroinvertebrates in Headwater
Streams, Western Thailand

Boonsatien Boonsoong™*, Siriporn Saeheng', Prayut Udonphimai' and Vongwiwat Tanusilp?
1Khon Kaen University, Khon Kaen, 2Environmental Offices Region 10, Khon Kaen
*bboonsoong@yahoo.com

Abstracts: Benthic macroinvertebrates were investigated at fifteen sites in each season within the
headwater streams at Thong Pha Phum District, from December 2001 to May 2002.
Macroinvertebrates were collected using a Surber sampler and selected physico-chemical
variables were measured in situ. Water quality analysis showed that sampling sites were clustered
into two groups: (i) the forested areas and sites far away from agriculture (ii) the agricultural and
residential areas. The latter group had high EC and TDS. The benthic community corresponded
to water quality and land use and sampling sites could be discriminated into three groups: (i) the
forested site (ii) the agricultural sites, and (iii) the residential sites. The agricultural sites had lower
taxa richness of sensitive groups (EPT), but the percentage of tolerant chironomids was higher.
Multivariate analysis showed more clearly illuminated the change of assemblage along the
environmental change gradient than did species richness and biotic indices.

Key words: headwater streams, benthic macroinvertebrates, land use

Introduction

The consequences of drainage-basin
degradation and deforestation are evident
throughout the tropical Asian region and
include increased runoff, sedimentation, and
flash floods. Pollution from agricultural areas
and non-point sources is largely uncontrolled,
and domestic wastewater treatment is limited
(Dudgeon, 2000). In Thailand, agricultural land
use is currently the leading problem, being a
contributing factor for 57 % of soil erosion
(Office of Environmental Policy and Planning,
1997).

Sediment, nutrients and pesticides are
the most common pollutants from agriculture.
Sedimentation represents the largest volume of
aquatic contaminant.  Many studies have
documented that sediment deposition adversely
affects aquatic habitats and biota (Cooper,
1993; Wood and Armitage, 1997; Nerbonne
and Vondracek, 2001). Several studies have
indicated that land use is an important factor
controlling the structure of the aquatic
communities (Lenat and Crawford, 1994;
Delong and Brusven, 1998; Lammert and
Allan, 1999; Paul and Meyer, 2001).

Benthic macroinvertebrates have an
important influence on nutrient cycles, primary
productivity, decomposition and translocation
of material (Wallace and Webster, 1996). They

are the most commonly used group of
organisms in biological monitoring (Rosenberg
and Resh, 1993). Many studies indicated that
benthic macroinvertebrates have potential use
for water quality assessment in Thailand
(Mustow, 1997; Sangpradub et al., 1998). In
the future, studies on the macroinvertebrate
fauna seems to be necessary for biological
monitoring and assessment of freshwater
ecosystems in Thailand.

The aim of this study was to investigate
the correlation between land use and the benthic
macroinvertebrate assemblage in headwater
streams, Western Thailand.

Methodology
1. Study area

The study area lies within the
Maeklong River Basin, located in Western
Thailand. Sampling sites were chosen at the
upstream part of Khoa Lam reservoir at Huai
Khayeng Settlement, Thong Pha Phum District,
Kanchanaburi Province. Fifteen sampling sites
were selected, eleven sites from Huai Khayeng
(K01-K11) and four sites from Huai Team
(TO1-TO4) streams (Fig. 1). All sampling sites
were surrounded by different land uses
(forested, agricultural and residential). Physical
characteristics of each site are summarized in
Tablel.
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Figure 1. Location of sampling sites in Huai Khayeng and Huai Team streams, Kanchanaburi Province, Thailand.

2. Sampling and Data Analysis

Benthic  macroinvertebrates  were
collected using a Surber sampler and selected
physio-chemical variables (velocity, water and
air temperature, Electrical Conductivity (EC),
Total Dissolved Solids (TDS), pH and
dissolved oxygen) were measured in situ. Six
replicates of benthos and water samples were
taken at each of fifteen sites along two streams
during three seasons (cold - December 2001,
hot - February 2002, and rainy - May 2002).
All macroinvertebrates were preserved in 70%
ethyl alcohol. Macroinvertebrates were sorted
and identified to the lowest practical taxonomic
level in the laboratory.

Habitat structure was assessed on the
sampling reach using methods based on the
United State Environmental Protection Agency
(U.S. EPA) Rapid Bioassessment Protocols
(RBPs) (Barbour et al., 1999).

Data analyses used both univariate
and multivariate techniques. Multivariate
analyses used the software PATN (Bellin,
1995) consisting of agglomerative hierarchical
clustering (UPGMA, Unweighted Pair Group
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Mean Average) and ordination (SSH, Semi-
Strong Hybrid Multidimensional Scaling).

Results and Discussion
1. Water Quality

All ninety water samples from 15 sites
over three seasons were classified using the
UPGMA and SSH. The results of SSH is shown
in Fig. 2. Four groups were clearly recognized.
Group | consists of all of the samples from sites
K01-K02. Group Il comprises all of the samples
from sites K03-K04. Group Il consists of all
samples from sites K05, K08 and T01-T04.
Group 1V cover all of the samples from sites
K06, K07, K09, K10 and K11. EC and TDS
parameters were significantly correlated with
both axes and Group |Ill, for which the
concentration was relatively high. The results
revealed that water quality of both streams were
acceptable for aquatic organisms (Pollution
Control Department, 1997). Measured dissolved
oxygen concentrations were never less than 4
mg/l at any site. However, conductivity and
total dissolved solids were greatest in the



Table 1. Physical characteristics of fifteen sampling sites.

Site Latitude Longitude  Elevation Stream Location Substrate Composition Land use
Code (m) Order
K01  14°33'01.1"N  98°34'08.9"E 300 3 Ban Pudsadu  boulder 15% cobble 45% forest
Klang pebble 10% gravel 10%
sand 10%
K02  14°35'06.0'N  98°35'07.1"E 210 3 Ban Pra cobble 60% pebble 15% agriculture/residential
Chum Mai gravel 15% sand 10%
KO3  14°33'17.8"N  98°35'48.8"E 270 Ban Rai Pa  silt 90% litter 10% agriculture
K04  14°33'18.0'N  98°35'51.8"E 270 Ban Rai Pa pebble 10% gravel 50% agriculture
sand 40%
KOS5  14°34'39.8"N  98°35'52.9"E 240 3 Ban Rai Pa  silt 80% gravel 10% litter agriculture
10%
K06  14°36'00.1"N  98°34'41.6"E 210 4 Ban Huai boulder 80% cobble 10% agriculture/residential
Khayeng sand 10%
K07 14°37'54.3"N  98°34'17.4"E 180 4 Ban Pak Lum  boulder 50% cobble 10% residential
Pilock gravel 20% sand 20%
K08  14°37'50.3"N  98°33'41.7"E 210 1 Ban Pak Lum  cobble 20% gravel 40% agriculture
Pilock sand 40%
K09  14°38'54.6"N  98°34'42.0"E 150 4 Ban Tao Tan  cobble 30% pebble 50% residential
gravel 15% sand 5%cobble
40% pebble 10% gravel
30% sand 20%
K10  14°38'52.2"N  98°35'07.3"E 150 4 Ban Tao Tan  cobble 30% pebble 50% residential
gravel 15% sand 5%
K11 = 14°39'00.6"N  98°35'14.6"E 150 4 Ban Tao Tan  cobble 80% pebble 10% residential
gravel 5% sand 5%
TO1  14°37'32.9"N  98°35'54.4"E 210 1 Ban Ta Ma silt 90% litter 10% agriculture
Duea
TO2  14°37'47.4"N  98°35'47.2"E 180 1 Ban Ta Ma silt 90% litter 10% agriculture/residential
Duea
TO3  14°37'55.4"N  98°36'01.0"E 180 1 Ban TaMa  silt 90% litter 10% agriculture
Duea
TO4  14°38'31.0'N  98°35'26.0"E 150 2 Ban Ta Ma boulder 70% cobble 10% agriculture
Duea gravel 10% litter 10%
agricultural stream. This may reflect the Fifteen orders, 96 families, 218

influence of the agricultural activity (Lenat and
Crawford, 1994).
2. Habitat assessment

Habitat assessment based on visual
observation can separate the forest site (K01)
from the other sites, while agricultural and
residential sites did not show a large between
site difference in habitat structure. For this
study, visual estimates of physical habitat
indicated that the forest site had good riparian
zones and vegetative protection, whereas
riparian buffers and bank stability of the
agricultural and residential site test sites were
scarce. The ability to accurately assess the
quality of the physical habitat structure using a
visual-based approach depends on several
factors. Thus, the parameters selected to
represent the various features of habitat
structure need to be relevant and clearly
defined, and the investigators need to be
experienced in or adequately trained for stream
assessments (Barbour et al., 1999).

3. Benthic Macroinvertebrates
i) Fauna

genera and approximately 223 species of
benthic macroinvertebrates were found from the
fifteen sites during the survey. The fauna was
dominated by the immature aquatic insects, the
taxa collected also included members of
Collembola,  Decapoda,  Mollusca  and
Oligochaeta. Ephemeroptera was the most
abundant (24%), followed by Coleoptera
(20%), Trichoptera (16%) and Diptera (15%),
respectively. The most common families were:
Elmidae (Coleoptera), Chironomidae (Diptera),
Leptophlebiidae  (Ephemeroptera), Gerridae
(Hemiptera), Gomphidae (Odonata), Perlidae
(Plecoptera) and Hydropsychidae (Trichoptera).

Genera such as  Cryptoperla
(Plecoptera: Peltoperlidae), Epeorus
(Ephemeroptera:  Heptageniidae), Ephoron
(Ephemeroptera: Polymitarcyidae),

Limnocentropus (Trichoptera:
Limnocentropodidae) and  Oestropsyche
(Trichoptera: Hydropsychidae) characterized
streams with riparian forests, whereas genera

such as Choroterpides (Ephemeroptera:
Leptophlebiidae), Cheumatopsyche
unuwmiiselulazins BRT 2550 | 65

galasinanassnpiiaziuan |



Figure 2. Results of multivariate ordination on
water quality data (stress = 0.102). a) SSH
ordination of sampling sites based on the physico-
chemical data showing four groups. b) Water
parameters strongly correlate to ordination space.

(Trichoptera: Hydropsychidae), and Baetis
(Ephemeroptera: Baetidae)  characterized
streams with agricultural and residential areas.
Ephemeroptera were very abundant in this
study area. They were often found in mid
stream, which provided substratum, food and
oxygen (Brittain, 1982). Coleopterans and
trichopterans had the greatest taxon richness;
they are diverse in tropical Asian streams
(Dudgeon, 1999).

ii) Multivariate analyses

All benthos data sets were classified
using clustering and ordination methods. SSH
ordination is shown in Fig. 3. Cluster analysis
revealed that all samples from the forested sites
(KO1) were more clearly separated from the
other sites than did the ordination method. All
sampling sites were clustered into three groups:
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Group | (the forested site), Group Il (residential
sites) and Group Il (agricultural sites). These
three groups corresponded to water quality
groups and land use patterns. K01 separated into

a single cluster; this indicated that
macroinvertebrate  assemblage  composition
remained relatively constant from the

headwater. The water quality data from KO1
was similar to those of K02 but the benthos data
showed that the benthic assemblage of KO1 was
more unique and diverse than that of KO2. This
clearly indicates that KO1 could act as the
reference site. Fig. 3b shows the benthic species
that strongly correlated with ordination space.
Most benthic species occupied fast-flowing
areas. They correlate with Group | and Il. The
common impacts of agriculture on drainage
basins  include  sedimentation,  nutrient
enrichment and the presence of pesticides

Figure 3. Results of multivariate ordination on
benthic macroinvertebrate data (stress = 0.180).
a) SSH ordination of sampling sites based on
benthic data showing three groups. b) Benthic
species strongly correlate with ordination space.



Table 2. Pearson correlation coefficients for relations between macroinvertebrate metrics and water quality
(n=263).

Water Quality

Macroinvertebrates

- Velocit EC TDS H DO
metrics (m/secgl (us/cm) (ppm) P (mg/1)

No. Total taxa -0.052 -0.148* -0.148* -0.030 0.299**
No. Ephemeroptera taxa ~ 0.375** -0.315** -0.315** 0.016 0.173**
No. Plecoptera taxa 0.376** -0.418** -0.418** -0.252** 0.165**
No. Trichoptera taxa 0.238** -0.422** -0.422** -0.0.32 0.434**
No. EPT taxa 0.038 -0.399** -0.400** 0.107 0.506**
% Ephemeroptera 0.001 -0.009 -0.011 0.128* 0.327**
% Plecoptera 0.420** -0.326** -0.326** -0.265** 0.173**
% Trichoptera 0.098 -0.155** -0.155** 0.009 0.027
% EPT 0.041 -0.311** -0.312** -0.61 0.416**
Pong Biotic Index 0.249** -0.410** -0.410** 0.032 0.392**
% Diptera 0.166** 0.112 0.112 0.074 -0.192**
% Chironomidae -0.254** 0.309** 0.311** 0.017 -0.372**

*P<0.05, ** P<0.01

(Cooper, 1993). All of these factors can result in
a  decrease in the diversity  of
macroinvertebrates. In this study, the benthic
macroinvertebrate assemblage response was to
reduce overall and sensitive taxa. In this study,
the use of multivariate approach more clearly
illuminated the change of community structure
along the environmental change gradient than
species richness and biotic indices (Cao et al.,
1996).

iii) Benthic Metrics

The macroinvertebrate metric
response to increasing perturbation as shown by
correlation analysis is summarized in Table 2.
Taxa richness and composition of overall and
sensitive groups (EPT) were significantly
negatively correlated with EC and TDS while
tolerant taxa (Chironomidae) were significantly
positively correlated. Velocity and dissolved
oxygen are positive correlated with sensitive
taxa. Number of EPT taxa had the highest
correlation to dissolved oxygen (r=0.506).

The agricultural sites (K03, K04, K05,
K08, T01-T04) had a lower overall taxa
richness than either the residential site or the
forest site. They had low taxa richness for the
sensitive group (EPT) but high for the tolerant
group (Chironomidae) (Fig. 4). This decline in
taxa richness is the most common pattern
reported by other investigators (Lenat and
Crawford, 1994; Delong and Brusven, 1998;
Lammert and Allan, 1999). Of all the metrics
calculated, the most effective measures, from
this study, were taxa richness, EPT taxa

richness and percent Chironomidae. These
metric  responses to  perturbation are
summarized in Barbour et al. (1999).

Results of this study indicate riparian
land use exerted the greatest influence on
stream communities. Habitat structure may
regulate species diversity at local scales, with
complex habitats being normally associated
with greater species richness than simple ones
(Downes et al, 1998). Patterns of
macroinvertebrate distribution could be related
to the ability of macroinvertebrate taxa to
tolerate environmental conditions associated
with agricultural land use. Tree cover in
riparian zone appeared to increase EPT, total
richness and diversity (Rios and Bailey, 2006).
Degraded stream channels had poorly
developed riparian habitat. As a result of
agricultural impacts, lower allochthonous leaf
input, greater periphyton growth, and increased
sediment input and water temperature are
primarily responsible for changes in high
gradient streams (Kedzierski and Smock, 2001).

To successfully protect drainage basin
resource including their biota, watershed
management should be encouraged. Riparian
buffers act as Best Management Practices
(BMPs) that reduce sediment and nutrient load
from agricultural runoff (Nerbonne and
Vondracek, 2001). For this study, it is
suggested that, to reduce sedimentation,
pesticides and nutrient enrichment in
agricultural areas, riparian buffers should be
used at the local scale.
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Figure 4. EPT taxa and percentage of Chironomidae metrics that illustrates the classification of the forested site
(K01), the residential sites (K02, K06, K07, K09, K10 and K11) and the agricultural sites (K03, K04, K05, K08

and TO1-T04).
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Biodiversity of benthic macroinvertebrates ranged from 35 to 44 families per reference site
in each of four rivers. Numerically dominant families were similar across reference sites. At the
level of Order, Ephemeroptera contributed the greatest number of individuals and Annelida, the
least. Benthic macroinvertebrates varied greatly from 18 to 40 families among the nine assessment
sites. Overall, number of individuals, taxa and families within Diptera, Ephemeroptera, and
Trichoptera was the higher at reference sites. Assemblage structures were similar between

reference and assessment sites.

Water was not found to be significantly impaired at any site. Some bioassessment indices
suggested water at reference sites to be less impaired than that at assessment sites. In the next time
period identification of all taxa from a larger geographic area will be completed and applied to
existing bioassessment models and, if desirable, a new model developed for Thailand.

Key words: Western Thailand, benthic macroinvertebrates, bioassessment, water quality

Introduction

Water quality is a valued public
resource providing a myriad of services, often
with conflicting consequences. Thus, the
immeasurable value of water for drinking may
be compromised by the discharge of noxious
substances into the same  watershed.
Historically, water quality monitoring has relied
on chemical testing with limitations that include
cost, time and detection. Impacts on water
quality resulting from non chemical activities
will not be detected. Physical alterations such
as habitat destruction through sedimentation,
flow and temperature alterations and drainage
activities are typically undetected by chemical
monitoring programs. Biological observations
are more dependable than chemical tests
because they show the accumulation of effects
over time whereas chemical tests apply only to
the moment of sampling.

Water and habitat quality can also be
measured by quantifying the occurrence or
abundance of aquatic organisms living in the
waterway. The occurrence of specific species in
a river or stream signals unimpaired conditions
while the presence of others signals
impairment. Biological methods to measure
water quality began almost 100 years ago
(Forbes and Richardson, 1913). When studying
the effect of organic wastes discharged from the
city of Chicago, they recognized that individual
benthic species were associated with specific

water quality conditions. Unpolluted sites were
associated with a variety of gill-breathing
insects such as stoneflies, mayflies and
caddisflies that require relatively high
concentrations of dissolved oxygen.
Organically polluted sites were characterized by
tubificid worms, leeches and some chironomid
taxa that could tolerate low levels of oxygen.
Biotic indices have been developed more
recently to summarize the information provided
by the indicator species concept into a single
number that indicated the degree of organic
pollution (Beck, 1955; Beak, 1964; Chandler,
1970; Hilsenhoff, 1982; and others).

Assessment of water quality to assure
the continuation of the expected goods and
services solely by chemical analyses is the
traditional method but is fraught with
difficulties and is unreliable. A reliable and
efficient approach to habitat quality assessment
is based on the resident animals themselves and
their habitat preferences. Thus, the occurrence
of individual species or communities of benthic
macroinvertebrates and zooplankton in a river
or stream may signal unimpaired water while
the presence of others may signal impairment.
A number of diverse bioassessment protocols
have been developed based on species richness,
indicator species, diversity and similarity
indices, and multimetric procedures but
virtually all have been developed for temperate
waterways.

Nnonumiolulasinis BRT 2550 | 69

galasinanassnpiiaziuan |



Thailand has a large number of creeks,
streams and rivers which for the most part are
heavily exploited for the goods and services
they can provide. These same waterways
provide habitat for a hugely diverse taxa of
vertebrate and invertebrate animals whose full
taxonomy is not yet described. The habitats are
known but for a few and even for these much
remains to be learned. While this information
awaits learning, the water quality of many
waterways will continue to deteriorate with no
perceptible effort being made to reverse this
dangerous downward trend. The status of other
aquatic vertebrates and the much greater
diversity of invertebrates are even more critical.
Conservation efforts must be made if Thailand’s
rich fauna is to be maintained into the future.

The objectives of this study thus were
1) to measure the structure of communities of
benthic macroinvertebrates and zooplankton
(cladocera) representative of a variety of
habitats ranging from pristine to polluted
(domestic and agriculture, wastes,
sedimentation) from streams in Thong Pha
Phum District and surrounding area, 2) to
describe each habitat on the basis of a number
of physicochemical characteristics, 3) to test
correlations between biological indicators and
physicochemical characteristics using species
richness, biotic (e.g. Hilsenhoff, 1982, 1987),
diversity (Wiener, 1948; Shannon, 1949),
similarity indices (e.g. Morisita-Horn in Wolda,
1981; Novak and Bode, 1992), and multimetric
methods (e.g. Karr, 1990, 1991; Wright, 1995;
Barbour et al., 1997; Griffiths, 1999; Davies,
2000), and 4) to develop a relatively simple
bioassessment method to evaluate ecosystem
health of Thailand streams and rivers.

Study Sites

Thong Pha Phum District, western
Thailand, has a large number of creeks, streams
and rivers. These watersheds discharge into
Khao Leam reservoir and eventually into the
Kwai Noi River which for the most part is
heavily exploited for the goods and services it
provides. Samples were collected from 25 sites
in 11 streams ranging from 1% to 4" order and
flowing through regions that are lightly to
moderately exploited for agriculture, road
construction and human habitation. (Fig. 1)
Sites judged on the basis of visual appearance
of the water and landscape to be only lightly
exploited were considered reference sites (n =
8). The remaining 17 sites were considered
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assessment sites and varied from unimpaired to
moderately impaired as a consequence of the
type and level of exploitation.

Reference sites (8 sites from 8 streams)
in first to fourth (1 to 4™) order streams and
rivers were located in relatively pristine forests,
often in a National Forest, with little to no
evidence of human habitation. First and second
order stream sites were selected in Nhong
Pring, Pak Khok 1 and Yot Ong Thi,
respectively with three third order sites in
Phasadukrang, Choung Khao, and Lin Thin 1
rivers. U Long, and Wang Kiang provided 4"
order sites. Sites in Phasadukrang, Choung
Khao, Lin Thinl, U Long, and Wang Kiang
were downstream from comparatively pristine
forest regions, not subjected to more than light
exploitation and were without road access.

Water in reference sites was clear, free
from noxious odors and appeared visually to be
of good quality. This was supported by the
chemical composition of water (Table 1). There
was a general pattern of increase in dissolved
oxygen, nitrate, and phosphate between 1% and
4™ order stream sites but otherwise obvious
differences were not found among the physico-
chemical measurements (Table 1). BOD, a
measure of the oxygen consumed by organic
matter, was low at all reference sites confirming
their choice. In contrast, where streams receive
runoff from agricultural land and domestic and
industrial areas high in organic content, BOD
values can be expected to be quite high.

At reference sites, riparian cover varied
from 5-85%. Highest riparian cover was found
at third order stream sites, 25-85%, followed by
first, second, and fourth order sites which
ranged form 40-80, 10-40, and 5-10%,
respectively. Velocity and discharge varied
directly with stream order from 18-107 cm/s
and 17-2601 |/s, respectively (Table 1).
Macrophyte cover varied from 30-50% in first
order, 0-50% in second and third order, and O-
5% in fourth order stream. Dominant particle
sizes were largest in fourth and third order
stream sites where velocity was high. In fourth
order streams, dominant particle size ranged
from 5.1-150 mm while in third order streams it
varied from 3.1-150 mm. Dominant particle
sizes were smaller in first and second order
streams and ranged from 5-3.1 mm and 3.1-60
mm, respectively.

Assessment sites (17 sites from 11 streams) in 1%
to 4" order streams and rivers were selected on the
basis of their location with respect to potential



sources of impairment including agriculture (plants
or/and animals), human habitation, and road
construction (Table 2). Potential sources of
impairment were not considered to be significantly

impaired and moderately impaired) were used to
classify each assessment site. Reference sites were
all evaluated as unimpaired. It is important to note
that for this report the categories of impairment for

different among stream order. Three relative levels Thong Pha Phum streams should not be
of visual impairment (unimpaired, slightly
@ ®
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Figure 1. Map of sampling sites in Thong Pha Phum District, Western Thailand. Circles represent reference

site (1-8). Squares represent assessment site (9-25).
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Table 2. Source of impairment in each assessment site.

Stream

Source of impairment

Agriculture Human Habitation Road construction

1°* order stream

Phoo moderate slight slight
Ban Rail slight high slight
Din Sol slight high slight
Rama V slight moderate slight
2" order stream

Rai Pha high high slight
Pak Khok?2 slight high slight
3" order stream

Num Khun moderate high slight
Ban Rai2 moderate high slight
Lin Thin2 moderate moderate slight
Kui Mung moderate moderate slight
Ong Thi high high slight
Din So2 high moderate slight
4" order stream

Huai Khayeng moderate moderate slight
BRT station high high slight
Ton Phuengl high high slight
Ton Phueng2 slight Slight absent
Pracham Mai moderate moderate slight

directly equated to those elsewhere in Thailand
especially in more industrial regions.

The quantity and quality of the
allothonous contributions at the assessment
sites can be expected to be reflected in the
physico-chemical composition of the water and
substrate (Table 3). Turbidity tended to be
higher in assessment than reference sites.
Assessment sites were often in close proximity
to unfinished or gravel roads or near
agricultural and urban areas and the recipient of
runoff heavily laden with silt. Ambient oxygen
concentrations were quite variable among the
assessment sites, some being lower than
reference sites and others being about the same
or even higher. Sites with very high oxygen
were also rich in aquatic plants, and plant
nutrients including phosphate and nitrate (Table
3). The abundant plant biomass at these sites
clearly contributed to the ambient oxygen
concentration during the daylight hours when
measurements were made.

Riparian and macrophyte cover,
dominant particle size, velocity, and discharge
among 1% to 4™ order streams was similar in
assessment and reference sites. Conductivity,
pH, dissolved oxygen, ammonia, nitrate, nitrite,
total iron, alkalinity, phosphate, and BOD

varied considerably among the assessment sites.
They did not relate to stream order but were
often higher than the equivalent chemical at
reference sites (Table 3).

Methodology
Bioassessment of water quality in Thong Pha Phum
District was investigated on the basis of benthic
macroinvertebrates and zooplankton (cladocerans)
and a large number of physicochemical factors.
Benthic macroinvertebrates were sampled from riffle
habitats, using two Surber samplers and a D- frame
dip net, both fitted with 500 um mesh netting, along
a 50 m length of stream at each site. The substratum
was disturbed by hand (Surber) and by foot (D-net)
to dislodge macroinvertebrates while holding the
collecting net downstream. Qualitative samples were
taken with sieves from the rocks and stones also to
examine for macroinvertebrates. After sampling, the
contents of the net were emptied into a bucket and
rinsed with water. After elutriation to remove the
majority of inorganic material, the entire sample was
placed onto a 500 um sieve before pouring it into a
sample container and preserving in 95% alcohol.
Cladocera were collected wusing a Schindler-
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Patalas trap (10 L) fitted with a 30 um site and
a qualitative sample was taken by plankton net
also of 30 um mesh. Benthic cladocerans were
collected with two Surber samplers also fitted
with 30 um mesh net. Samples were
immediately preserved in 5% formalin.

Benthic macroinvertebrates (n=36) and
cladocerans (n=72) were collected three times
from six stream sites, Phasadukrang in Aug-04,
Nov-04, April-05, Num Khun, Huai Khayeng,
BRT station, Nhong Pring, and Choung Khao in
Aug-04, Nov-04, Feb-05. Four sites were
collected two times, Pak Khokl, Pak Khok2,
and Ton Phuengl in Aug-04, Nov-04, and Ban
Rai2 in Nov-04 and Feb-05. The remaining
fifteen sites were collected once.

Data was analyzed for community
structure using PC-ORD program version 3.2.
Canonical Correspondence analysis (CCA) was
applied to examine correlation between biotic
and physicochemical parameters. The same data
was processed according to  biological
measurements such as species richness, biotic
indices, BioMap Index and metrics for assessing
water quality in Thong Pha Phum District.

Results

Currently, approximately one half of all
benthic macroinvertebrate samples have been
identified. Samples have been identified to the
lowest practical taxonomic level, often to
genus. However, for this report taxa are given
only at the level of Family as this is the
taxonomic level used most often in modern
bioassessment studies. A full taxonomic
account will be provided in the final report.
Cladoceran samples will be identified after the
benthic  macroinvertebrates samples are
completed. A total of 55 families of benthic
macroinvertebrates have been identified from
the reference sites (Table 4). The number of
taxa from individual sites ranged from 35 to 44
among the reference sites and were only
slightly higher for the sites on the 3 and 4"
order streams than those at 1% and 2™ order
stream sites (Table 4). The total number of
families within each of the major orders showed
no obvious pattern of change between the 1%
and 4™ order stream sites. Indeed, the major
families were similar across all reference sites.
The total numbers of individuals by Order were
highest in Ephemeroptera, especially family
Baetidae and Leptophlebiidae. Second highest
numbers were in Tricoptera, especially family
Hydropsychidae, followed by Diptera. In

contrast, total taxa and number of individuals
was lowest in Annelida.

A general comparison of benthic
macroinvertebrates in Thong Pha Phum streams
suggest a similar structure across reference sites
with those from unimpaired streams elsewhere
in Asia, particularly south east Asia, with
Ephemeroptera  and  Trichoptera  being
particularly well represented in terms of number
of families and individuals. The taxa from
temperate streams is also similar in many
respects but differs in having a richer fauna of
Plecoptera than occurs in tropical streams,
undoubtedly related to their affinity for cold
water (Dudgeon, 1999). Thus, in the Ravella
River in Northern Italy, most abundant
macroinvertebrates belonged to the orders:
Ephemeroptera, Plecoptera, Tricoptera, and
Diptera while the least abundant were in the
Order Coleoptera (Ravera, 2001). In Argentina,
the dominant taxa in streams, contaminated by
urban and industrial effluents were chironomids
(Order Diptera), followed by the coleopterans
in the families Hydrophilidae, Elmidae and
Dytiscidae (Capitulo et al., 2001). In the present
study the macroinvertebrate fauna from the sites
evaluated as impaired was similar both in
composition and abundance to that found in
Argentinian streams.

Benthic macroinvertebrates across the
nine assessment sites were represented by a
total of 53 families (Table 5) and varied greatly
among sites from 18 to 40 families with an
average of 30. Overall the number of taxa was
higher in the reference than assessment sites
with the average for the former being 39. The
number of individuals was also highly variable
but tended to be higher at the reference sites.
Within orders, the numerically dominant
families were similar across reference and
assessment sites, although the total number of
families  within  the  orders  Diptera,
Ephemeroptera and Trichoptera was the higher
across the reference sites. Assemblage
structures were similar between reference and
assessment sites with the greatest relative
abundance in the order Ephemeroptera,
especially the families Baetidae and
Leptophlebiidae. Relative abundance was high
also in Trichoptera, especially the family
Hydropsychidae, followed by Diptera and
lowest in Annelida. These results suggest that
none of the sites was severely impaired.

Biological methods to assess water
quality are many. Perhaps the simplest methods
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Table 4. Relative abundance of benthic macroinvertebrates (number/ 0.09 m?) in 1% to 4™ order stream from
reference sites in Thong Pha Phum District, Western Thailand.

Taxa 1% order 2" order 3"9- 4™ order stream
Nhong Pring Pak khok 1 Phasadukrang  Choung Khao
Order Coleoptera (Beetles):
Family Elmidae 21 20 21 102
Family Helodidae 48 1 9
Family Hydrophilidae 2 7 7
Family Psephenidae 32 27 68 46

Order Diptera (Flies):

Family Athericidae 1 11 63
Family Ceratopogonidae 1 2 1 2
Family Chironomidae (Midges)

Subfamily Chironominae 37 45 6 40

Subfamily Diamesinae 4

Subfamily Tanypodinae 2 5 1 15
Family Culicidae (Mosquitoes) 8 15 1 18
Family Muscidae-Anthomyiidae 13 9 1 10
Family Simulidae (Black flies) 203 10 5 63
Family Tipulidae 10 4 2 17

Order Ephemeroptera (Mayflies):

Family Baetidae 220 51 37 538
Family Caenidae 16 37 3 13
Family Ephemerellidae 21 48 50 78
Family Ephemeridae 1 1 5
Family Heptageniidae 181 21 26 253
Family Leptophlebiidae 256 56 65 176
Family Polymitarcyidae 3 1

Family Prosopistomatidae

Order Hemiptera (Bugs):

Family Belostomatidae 2

Family Gerridae 5 4 6

Family Naucoridae 1 5 14

Family Veliidae 1

Order Lepidoptera (Butterfies):

Family Pyralidae 3 14 22

Order Megaloptera:

Family Corlydalidae 6 6 4 15

Order Odonata:

Suborder Anisoptera (Dragonflies):

Family Calopterygidae 15 2

Family Corduliidae 2 6 1

Family Gomphidae 6 20 41 94

Suborder Zygoptera (Damselflies):

Family Chlorocyphidae 1 3

Family Euphaeidae 131 86 10 92
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Table 4. (continued)

Taxa 1% order 2" order 3"- 4" order stream
Nhong Pring Pak khok 1 Phasadukrang  Choung Khao

Order Plecoptera (Stoneflies):
Family Nemouridae 30
Family Peltoperlidae 8 7
Family Perlidae 1 7 26 64
Order Tricoptera (Caddisflies):
Family Calamoceratidae 1
Family Glossosomatidae 1
Family Goeridae 1
Family Helicopsychidae 20 6
Family Hydropsychidae 6 149 39 405
Family Hydroptilidae 9 5 2
Family Leptoceridae
Family Philopotamidae 36 5
Family Polycentropodidae 9 2 1 6
Family Psychomyiidae 7 8 104
Family Rhyacophilidae 1
Family Stenopsychidae 22
Crustaceans:
Crab 9 4 6 3
Shrimp 118 2 9 9
Mollusca:
Family Bithyniidae 2
Family Corbiculidae 1
Family Planorbidae 1
Family Thiaridae 46 6 10
Annelids:
Leeches 11
Worms 29 2
Total Taxa 37 35 40 44
Total Number 1,527 683 527 2,352
Total (all reference sites) < 55 >

compare number of taxa between a reference
and assessment site, the assumption being a
direct association with water quality. On the
basis of the number of taxa, the reference sites
contained about 40 taxa whereas the number at
the assessment sites varied from 18 to 40,
suggesting a degree of impairment among sites
(Table 5). Another relatively simple method
plots cumulative abundance of individuals
against taxa rank or order among sites, an
example of the latter being the k-dominance
curves. Here a difference in the slope of the
curves indicates a difference in community

structure, thought also to reflect a difference in
water quality. Comparisons of the relationships
between taxa rank and % cumulative abundance
among the reference and assessment sites in this
study did not indicate differences in benthic
macroinvertebrate communities (Fig. 2) in
contrast to other bioassessment methods and
appears not to be a sensitive bioassessment
method for Thai streams.

Biotic indices have long been used to
convert biological data into a measure of water
quality. Biotic indices take many forms. One of
the simplest biotic indices is the EPT Index
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Table 5. Relative abundance of benthic macroinvertebrates (number/ 0.09 m?) in 1% to 4™ order stream from
assessment sites in Thong Pha Phum District, Western Thailand.

1% order 3 4™ order stream
Taxa 2" order  order
Rama Ban Pak Nam Huai BRT Ton Ban Pracham
Vv Rai 1 Khok 2 Khun  Khayeng station Phuengl Rai?2 Mai

Order Coleoptera (Beetles):
Family Elmidae 1 4 3 62 28 10 86 116 41
Family Gyrinidae 2
Family Helodidae 49 4 4 14 11 3 11 12 2
Family Hydrophilidae 6 1 2 2 2 3 3
Family Psephenidae 1 19 38 163 15 57 15
Order Diptera (Flies):
Family Athericidae 1 25 6 3 3 1
Family Ceratopogonidae 1 3 2 4 3 4 2 1
Family Chironomidae (Midges)
Subfamily Chironominae 40 2 49 19 97 93 31 8

Subfamily Diamesinae

Subfamily Tanypodinae 24 11 2 11 13 12 7
Family Culicidae (Mosquitoes) 1 1 5 5 16 3 15 10 6
Family Muscidae-
Anthomyiidae 8 6 2 7 1
Family Simulidae (Black flies) 66 14 185 21 8 364 14 2
Family Tipulidae 6 5 9 15 11 13 7
Order Ephemeroptera
(Mayflies):
Family Baetidae 26 15 126 148 204 85 268 44 127
Family Caenidae 107 50 67 57 44 10 101 179 7
Family Ephemerellidae 10 2 35 15 7 1 6
Family Ephemeridae 7 17
Family Heptageniidae 2 35 17 65 15 380 9 38
Family Leptophlebiidae 10 1 18 1 57 20 94 51 50
Family Polymitarcyidae 1
Order Hemiptera (Bugs):
Family Belostomatidae 1
Family Gerridae 5 3 3 1 5
Family Naucoridae 10 26 30 16
Family Veliidae 2
Order Lepidoptera (Butterfies):
Family Pyralidae 5 15 3 7 3 1 1 1
Order Megaloptera:
Family Corlydalidae 2 1 1 3 7 2
Order Odonata:
Suborder Anisoptera (Dragonflies):
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Table 5. (continued)

1%t order 3" 4™ order stream
Taxa 2" order  order
Rama Ban Pak Nam Huai BRT Ton Ban  Pracham
\ Rai 1 Khok 2 Khun  Khayeng station  Phuengl Rai 2 Mai
Family Calopterygidae 11 5 33
Family Corduliidae 16 5 1 1
Family Gomphidae 1 1 14 17 16 6 3 2 2
Family Macromiidae 1
Suborder Zygoptera
(Damselflies):
Family Amphipterygidae 7 1
Family Chlorocyphidae 5 5
Family Euphaeidae 2 14 23 8 5 89 10 4
Order Plecoptera (Stoneflies):
Family Perlidae 1 3 1 51 6 9 35
Order Tricoptera (Caddisflies):
Family Brachycentridae 1
Family Helicopsychidae 7
Family Hydropsychidae 18 89 107 160 101 34
Family Hydroptilidae 3 9 5 4 1 1
Family Leptoceridae 3 2 12
Family Odontoceridae 1
Family Philopotamidae 1 1 18 9 12
Family Polycentropodidae 2 2 2 1
Family Psychomyiidae 2 2 5 1
Family Xiphocentronidae 4
Crustaceans:
Crab 2 6 2 3 8 16 1
Shrimp 2 2 2 16
Ostracod 1 1 1 2 3
Mollusca:
Family Ancylidae 5 2 2
Family Corbiculidae 9 1
Family Sphaeriidae 6
Family Thiaridae 54 3 41 35 11 1 99
Annelids:
Leeches 2 1 1 3 9 2
Worms 1 1 2 2 21 6 10
Total Taxa 18 22 38 40 34 28 36 30 25
Total Number 331 191 601 844 1114 288 1789 660 491
Total Taxa (all study sites) < 53 >
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Table 6. Comparative results of several biotic indices where UN indicated unimpaired, IM (impaired), SI
(slightly impaired).

Station Visual Taxa Number of BioMap Index EPT Index RBP I
evaluation  Richness Individuals WaQl (d) WQl (g)

1 st order stream
Nhong Pring* UN 37 1,527 IM UN UN UN
Rama V Sl 18 331 IM UN UN IM
Ban Rail IM 22 191 IM UN UN IM
2 nd order stream
Pak khok 1* UN 35 683 UN-IM UN UN UN
Pak khok 2 IM 38 601 UN-IM UN UN UN
3 rd order stream
Phasadukrang® UN 40 527 UN UN UN UN
Choung Khao* UN 44 2,352 UN UN UN UN
Nam Khun Sl 40 844 UN UN UN UN
Ban Rai2 IM 30 660 IM UN IM IM
4 th order stream
Huai Khayeng Sl 34 1,114 UN UN UN UN
BRT station Sl 28 288 UN UN IM IM
Ton Phuengl Si 36 1,789 UN UN Sl UN
Pracham Mai Si 23 491 UN UN UN UN-IM

which is the sum of all taxa of Ephemeroptera,
Plecoptera and Trichoptera in an assessment
site expressed as a percentage of those in one or
more reference sites. In this study, assessment
sites scoring <70% were considered moderately
impaired, 70-90 %, slightly impaired and
>90%, unimpaired (Plafkin et al., 1990). With
this scoring criteria and relative to fauna from
reference sites of the same stream order, five
assessment sites were evaluated as unimpaired,
Rama V, Ban Rail, Pak Khok2, Nam Khun,
Huai Khayeng, and Pracham Mai. Ton Phuengl
was scored as slightly impaired. The remaining
two, Ban Rai2 and BRT Station, were scored as
moderately impaired (Table 6).

BioMap Index (Griffiths, 1999;
Biological ~Monitoring and  Assessment
Program) evaluates the impact of point-source
and diffuse-source pollution on water quality. It
incorporates information about the ecological
requirements of individual macroinvertebrates
with a measure of their density using either
guantitative [WQI (d)] or qualitative [WQI ()]
samples to assess water quality (Table 7).
Application of the qualitative BioMap Index to
the assessment sites examined so far in Thong
Pha Phum District indicates all to be unimpaired.
In contrast, the quantitative BioMap Index
suggests some impairment among the reference
and assessment sites, although less frequent
among the former (Table 7). The sometimes

divergent assessments among the qualitative
and quantitative methods of BioMap is of some
concern and will be closely monitored as the
number of completed sites increases. It does
appear that water quality assessments using
BioMap, are independent of season based on
the sites examined to the present.

Recently, metrics were developed for
bioassessment purposes. The Rapid
Bioassessment Protocol Il (RBP II; Plafkin et
al., 1990) is the example chosen for this study.
The eight metrics each focus on some level of
biological impairment of the benthic
community such as the absence of pollution-
sensitive macroinvertebrate taxa. The data
analysis scheme used in RBP Il integrates
several community, population, and functional
parameters into a single evaluation of biotic
integrity. Each metric measures a different
component of community structure and has a
different range of sensitivity to pollution stress.
Further, each metric is based on the less
rigorous taxonomic level of family. Application
of the RBP Il metrics to the assessment sites
relative to the reference site(s) from the same
order stream indicates four sites to be
unimpaired, Pak Khok 2, Nam Khun, Huai
Khayeng, and Ton Phueng 1. Four sites scored
as moderately impaired, Rama V, Ban Rai 1,
BRT station and Ban Rai 2 and one, Pracham
Mai, was equivocal (Table 8).
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Table 7. BioMap index (Griffiths 2001). Quantitative samples collected by surber sampler are given by WQI
(d) and qualitative samples collected by D-frame dip net are given by WQI (q). For 1 and 2™ order streams
(bankfull width of 4 to 16 m), values <10 indicate impaired (IM) for WQI (d), <2.6 for WQI (q), >12 indicate
unimpaired (UN) for WQI (d), and >3 for WQI (q). For 3 and 4™ order streams (bankfull width of 16 to 64 m),
values <7 indicate impaired for WQI (d), <2 for WQI (q), >9 indicate unimpaired for WQI (d), and >2.4 for
WQI (g). UN-IM value of WQI indicated between unimpaired and impaired value. * indicated reference sites.

Station Month WQI (d) WQI (q)
1 st order stream
Nhong Pring* Aug, 04 7.9 (IM) 5.0 (UN)
Nov, 04 8.9 (IM) 7.1 (UN)
Feb, 05 6.5 (IM) 7.3 (UN)
Rama V Feb, 05 6.7 (IM) 3.8 (UN)
Ban Rail Aug, 04 7.6 (IM) 6.0 (UN)
2 nd order stream
Pak khok 1* Aug, 04 10.2 (UN-IM) 7.7 (UN)
Nov, 04 10.0 (UN-1M) 7.5 (UN)
Pak khok 2 Aug, 04 11.4 (UN-1M) 6.7 (UN)
Nov, 04 9.2 (IM) 7.1 (UN)
3 rd order stream
Phasadukrang* Aug, 04 12.7 (UN) 8.2 (UN)
Nov, 04 13.1 (UN) 7.5 (UN)
Ban Choung Khao* Aug, 04 11.8 (UN) 9.0 (UN)
Nov, 04 12.1 (UN) 8.0 (UN)
Feb, 05 10.8 (UN) 7.8 (UN)
Nam Kun Aug, 04 9.7 (UN) 7.0 (UN)
Nov, 04 10.4 (UN) 7.5 (UN)
4 th order stream
Huai Khayeng Aug, 04 10.0 (UN) 5.8 (UN)
Nov, 04 10.2 (UN) 7.7 (UN)
BRT station Nov, 04 11.0 (UN) 7.2 (UN)
Ton Phuengl Aug, 04 11.3 (UN) 7.5 (UN)
Nov, 04 9.7 (UN) 7.2 (UN)
Feb, 05 7.9 (UN-IM) 6.7 (UN)
Ban Rai2 Nov, 04 6.8 (IM) 6.2 (UN)
Feb, 05 6.6 (IM) 6.4 (UN)
Pracham Mai Feb, 05 9.4 (UN) 8.2 (UN)

Canonical Correspondance Analysis
(CCA) is another method with the potential for
application in water quality evaluation. In this
study, CCA of all sites, both reference and
assessment, recognized three assemblages of
benthic macroinvertebrates (Fig. 3).
Assemblage 1 contained 4 sites, assemblage 2,
4 sites, and assemblage 3, 5 sites. Stream order
was not important to assemblage composition.
CCA allowed for an examination of the

correlations among  species, sites, and
environmental factors (Fig. 3A). The main
factors affecting composition of benthic

macroinvertebrates were alkalinity, discharge,
conductivity, phosphate, ammonia, and
velocity, respectively. Taxa within assemblage
1 were positively related with alkalinity and
conductivity, and negatively with velocity.
Assemblage 2 represented sites where
phosphate and ammonia occurred in high
concentration, often associated with high
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ambient organic content and impaired water
quality. Of the 4 sites in assemblage 2, Rama V
and Ban Rai 2 were considered impaired by at
least some of the other tests applied. However,
the other 2 sites in assemblage 2, Pak Khok 2
and Pracham Mai were not considered impaired
by the other tests. Further, Ban Rai 1 and BRT
station, considered impaired by some of the
other tests were not included in assemblage 2.
Taxa in assemblage 3 were positively related
with velocity, and negatively related with
alkalinity and conductivity.
CCA was also useful in identifying the
environmental factors important to the presence of
the benthic macroinvertebrates found in this study
(Fig. 3B). Thus, for example, trichopterans in the
family Polycentropodidae and ephemeropterans in
the families Baetidae and Heptagenidae were
abundant where discharge was high and ammonia
and phosphate low. In contrast, when conductivity
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Figure 3. CCA showing correlation between sites (A), species (B) and environmental gradients (arrow lines-A
& B) (Monte Carlo test; p = 0.002, eigenvalue axisl = 0.24, eigenvalue axis 2 = 0.18, Pearson correlation: r* =
1.00). Solid circles represent sites (A), solid circles represent species (B), and arrows lines, environmental
gradients (A&B). Length of lines reflect strength of their effect. Sites and lines (A) and Species and line (B) in
same quadrate show positive correlations whereas a negative correlation is indicated where in an opposite

quadrate.
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and alkalinity were high and velocity, low,
blackfly larvae (Simulidae), water striders
(Gerridae) and tubificids (Chironomidae), all in
the order Diptera, were abundant along with
trichopterans in the family Xiphocentronidae.
Information produced by CCA is potentially
extremely useful in assigning sensitivity and
tolerance values to the Thai fauna of
macroinvertebrates. Tolerance and sensitivity
values are necessary for many bioassessment
models. In the present study, sensitivity and
tolerance values had to be adopted from North
American fauna as they are not currently
available for Thai fauna.

Discussion and Conclusion

In  summary, our study on
bioassessment of water quality in Thong Pha
Phum District on benthic macroinvertebrate
showed similarity of biodiversity and
composition of benthic macroinvertebrate in
reference and study sites. For biotic indices and
the multivariate method study sites could not be
obviously separated from reference sites. For
metrics, study site were unimpaired and
modestly impaired. In the next time period we
will complete the identification all taxa of
benthic macroinvertebrates and cladocerans
from Thong Pha Phum District, western
Thailand.

Moreover, we expect to sample a few
more sites, particularly in severely disturbed
areas outside Thong Pha Phum District. We
will continue to apply existing assessment
models to evaluate ecosystem health including
one developed in Australia and recently applied
in Indonesia (Sudaryanti et al,. 2001). It is quite
possible that no existing model will exactly fit
the situation in Thailand, requiring us to either
modify existing models or to develop a new
model specifically for Thailand.
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Diversity of Aquatic Insects in Some Stream of Thong Pha Phum National
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Sutthinee Jitmanee* and Chitchol Phalaraksh

Chiang Mai University, Chiang Mai
*sjitmanee@hotmail.com

Abstract: A study was conducted on the diversity of aquatic insects in the area of Thong Pha
Phum National Park at Thong Pha Phum District, Kanchanaburi Province, Thailand. Sampling
was done 4 times from November 2001 to January 2003. Biological and physico-chemical
properties of water were collected and measured from 10 sites. The aquatic insects were collected
by using a Surber sampler and pond net. 11 orders, 91 families and 197 species (morphospecies)
were identified. The greatest number of aquatic insects (8 orders, 58 families and 100 species)
were found from Huai Khayeng 111 in the summer. The dominant family that was found in almost
every study site was Baetidae, order Ephemeroptera. Diversity indices were significantly different
among seasons (p<0.01). A statistics program, the ordination method of multivariate analysis
(MVSP), was used to assess the water quality of each study site by using physico-chemical and
biological data. The dendrogram, from cluster analysis showed two groups of study sites. The first
group indicated the study sites that were undisturbed from residential areas, which was related to
altitude. The second group indicated study sites that were disturbed from residential areas, which

was related to alkalinity, conductivity, temperature, and pH.

Key words: Thong Pha Phum, aquatic insects, diversity, water quality

Introduction

Although world development is the
origin of many things such as the development
of technology, which has resulted in inventions
of high technology equipment. These include
both the aspect of economics that involves
communication with foreigners in commerce
and the aspect of communication that involves
the development of modern equipment. In
another way, technology and development of
resources can be damaging to the environment.
These may cause the degradation of nature,
especially by effects on the environment.
Although Nature has mechanisms to restore
itself, this takes a long time. This doesn’t mean
that Nature will return to its original state.

Man has been found to be the main
cause of many problems in the environment
including in land and water ecosystems. At
present, man is using resources from forest
areas, which may be watershed areas, especially
the sources of class 1A streams which are
sensitive areas. Human activities are influential
to organisms that are in these areas. There is
also an increase in the effects on species
diversity, genetic diversity and ecological
diversity. Forest areas provide us with so many
resources, so we should realize the values of
natural diversity before it will be lost as a result
of human activities.
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Natural protection can be started by
surveying where the organisms exist. So,
diversity studies of aquatic insects in streams
are part of this prevention. The important role
of aquatic insects in the ecosystem is energy
transmission through the food chain. A
potential of elimination in natural waste is “self
purification”. If this potential is increased by an
increase in the number of families, the potential
is higher. The importance of aquatic insects is
that their properties can be used as indicators of
environmental quality, especially in stream
ecological systems. So this research has the
objective to study some physico-chemical and
biological water quality parameters which focus
on the diversity of aquatic insects and
investigate the relationships between water
quality and the diversity of aquatic insects.
Finally, the results will be used for management
of streams and for protection from human
activities that can be harmful to organisms in
the stream and disturb water quality.

Methodology
This study was concerned with the
diversity of aquatic insects and their

relationships to physico-chemical factors and
nutrients in the study streams. Sampling was
done at 7 sites, from November 2001 to January
2003. The study was divided into 3 parts which



involved the study of biological and physico-
chemical factors in some streams of Thong Pha
Phum National Park, Kanchanaburi Province, in
the western part of Thailand. This area covers
1,200 square kilometers. Seven sites were
selected which cover this area (Fig. 1).

In this research, the sites were studied
over one. The details of each site are given in

diversity index was calculated using data on
collected aquatic insects. Total coliform
bacteria were analyzed in the laboratory by the
method of Harrigan and Cance (1976).

Table 1. The details of each site in the area of the
Golden Jubilee Thong Pha Phum Project, Thong Pha
Phum District, Kanchanaburi Province.

Table 1. Site name Code Altitude (m)
1. Biological Parameters 1. Huai Jok Kra Din St1 685
Aquatic insects were sampled with a 2. Huai Ae Tong St2 689
Surber sampler (Surber, 1937) and pond net and :
preserved on-site using 4% formalin. The 3 Hua_' Jok Tong St3 887
aquatic insects were collected and sorted under 4. Huai KhaYeng 1 St4 302
a stereomicroscope (x10 to x40 magnification) 5. Huai KhaYeng 2 St5 273
for their identification up to family-level using .
6. Huai KhaYeng 3 St6 193
McCafferty (1981) and Morse (1997) as keys - g
for the majority of specimens. A species 7. Huai KhaYeng 4 St/ 160
8 Ji Kanchanaburi j B 4
PO
} '("\‘A =
12 v 12
éa
p 1 o
¢ | =, .Qﬁ ¢ 1:50,000
L = - —
Figure 1. Map of sampling sites in Thong Pha Phum District, Western Thailand
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2. Physico-Chemical Parameters

Water samples were in-field analyzed
for velocity, Dissolved Oxygen (DO),
conductivity, pH, and water temperature using
portable instruments during each sampling
time. In the laboratory analysis, turbidity,
alkalinity, BODs, ammonium nitrogen, nitrate
nitrogen, and soluble reactive phosphorus
(SRP) were also analyzed.

Velocity was measured by using a
velocity meter. The Azide Modification Method
was used for the determination of DO and
BOD:s. Alkalinity was determined by using the
Phenolpthalein-methyl orange indicator
method. The pH and water temperature were
measured using a pH meter and conductivity
was measured by using a conductivity meter.
Turbidity was determined by an absorptometric
method. Nitrate nitrogen and ammonium
nitrogen were determined by using the
Cadmium Reduction Method. SRP was
analyzed by using ascorbic acid method.
Amounts of nutrients, i.e. nitrate nitrogen, SRP,
and ammonium nitrogen were measured
according to the methods described by APHA,
AWWA, WPCF (1992).

3. Data Analysis

Biological and Physico-chemical data
were analyzed by using Multi-Variate Statistic
Package (MVSP). Principal components
analysis (PCA) was calculated by using
ordination methods. Mathematically, PCA
consists of Eigen-analysis of a covariance or
correlation matrix calculated on the original
measurement data. Graphically, it can be
described as a rotation of a swarm of data
points in multidimensional space.

Results
To study the biological and physico-
chemical parameters, samples at each particular
site should be taken for each season. However,
there was difficulty in taking the samples for
some sites
and season because of flooding in the rainy
season. There was a risk to take samples from
sites st3, st5, st6, and st7. Physico-chemical and
some biological parameters of the study sites
are given in Table 2.
1. Biological Parameters
Agquatic insects were found in 11
orders, 91 families and 197 taxa (morphotaxa).
The highest amount of aquatic insects was
found to be 10 orders, 65 families and 132 taxa
from stb. The highest number of taxa were in
the order Trichoptera, while the order of
Ephemeroptera had the highest number. The
dominant family that was found in most study
sites was Baetidae, order Ephemeroptera. For
water quality monitoring using aquatic insects,
the diversity index was significantly different in
each season relative to some physico-chemical
parameters: water temperature, water velocity,
turbidity, pH, DO, BODs, ammonium nitrogen,
and SRP. In the summer, the highest diversity
index was found due to the seasonal influence.
It was agreed with Dudgeon (1992) who
reported that a higher number of caddisfies
appeared before the rainy season due to lower
mortality before flooding. Total coliform
bacteria values were significantly different in
each season ranging from 110-24,000 MPN/100
ml, which was directly similar to the trend in
each season. Total coliform bacteria were found
in low amounts in study sites stl, st2, and st3

Table 2. Physico-chemical and Biological parameters of the study sites.

Site stl st2 st3 st4 st5 st6 st7
Altitude (m.) 685 689 887 302 273 193 160
Velocity (m.s™) 0.69 0.74 0.57 0.83 0.80 1.10 0.76
Temperature (C°) 21.7 23.0 21.2 23.5 25.9 23.9 25.3
Conductivity (£S.cm™) 13.6 17.2 15.4 43.7 156.0 207.8 241.8
Turbidity (FTU) 9 6 18 35 36 68 63
pH 6.86 6.51 5.47 6.64 7.17 7.69 7.56
DO (mg.L™ 8.19 8.13 6.99 8.19 7.61 7.44 7.98
BOD (mg.L™ 1.65 1.60 1.63 1.93 2.90 2.73 1.73
Alk (mg.L?h 7 7 7 24 72 107 125
NOs-N (mg.L ™) 0.80 1.20 1.00 0.83 0.75 1.00 0.83
NH5-N (mg.L™?) 0.31 0.24 0.33 0.27 0.28 0.38 0.34
PO,-P (mg.L™) 0.04 0.29 0.10 0.13 0.17 0.12 0.21
Total Coli Bacteria
(MPN/100 ml) 895 995 1,124 1,283 1,513 3,033 2,000

stl= Huai Jok Kra Din st2= Huai Ae Tong st3= Huai Jok Tong st4= Huai KhaYeng 1 st5= Huai KhaYeng 2

st6= Huai KhaYeng 3 st7= Huai KhaYeng 4
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which were undisturbed from residential areas,
while high amounts of Total colifrom bacteria
in the study sites (st4, st5, st6, and st7) that
were disturbed from residential areas. In
addition, the dry season was found to have the
highest total colifrom bacteria.
2. Physical Parameters

Sites st1, st2, and st3 were located in
higher altitudes, while st4, st5, st6, and st7 were
located in lower altitudes. The study sites (st1,
st2, and st3) were located in forest areas, which
were densely covered with trees which resulted
in the reception of fairly low intensity solar
radiation. The rest of the sites (st4, st5, st6, and
st7) were located in residential areas. Due to the
higher exposure to sunlight, these sites showed
higher water temperatures than the ones that
were located in the forest areas. The substrates
of most sites were mainly sand-pebble but were
bedrock in some parts of st4. The width of the
stream and water velocity increased in the rainy
season. These caused the turbidity to be
different in each season. Therefore, peripheral
soil erosion and surface runoff increased in the
rainy season in every site.

3. Chemical Parameters

There were significantly different pH
values in all study sites and seasons. They
ranged from 5.47 to 7.82 in sites stl to st8. In
the rainy season, pH values were decreased at
almost all the study sites, due to organic matter
which washed into the stream with the rain. St3
had the lowest values in every season, because it
was covered with an overhanging bamboo
canopy and therefore leaves fell directly into the
stream. Conductivity was found to be
significantly different in each study site. Sites
stl, st2, and st3 exhibited lower values while
sites st4, st5, st6, and st7 showed relatively
higher values. Higher values in sites st4 - st7
were caused from these sites being located in
urbanized areas which received loads of
domestic sewage and agricultural effects. There
was a significant difference in value of DO
between seasons. According to the standard
surface water quality in 2-category, the values of
most of the study sites were not below 6 mg.L™.
Due to lower water volume and velocity there
was a reduction in the DO level in water. BOD
values were significantly different in each
season. They were lowest in the rainy season,
while winter 11 showed the highest values.
Therefore in winter |l, water volume was
reduced while organic depositions from
autumnal leaf-fall into stream increased. Also
organic decomposition rates were increased as
well in the rainy season. Due to organic matter

concentration being diluted from increased
water volume, BODs values were low in this
season. The alkalinity value refers to the amount
of ions in solution which is related to
conductivity values. The sites found to have
high conductivity values were st5 - st7, which
showed high levels of alkalinity as well. Sites 5
to 7 were found to be highly alkaline in every
season resulting from the spillage of polluted
waste-water form villages. For nutrient content,
there was no significant difference of nitrate-
nitrogen values between sites and seasons and
nutrient content ranged from 0.4-1.7 mg.L™
Although nitrate nitrogen compounds are major
elements in the soil and are easily diluted and
drained into the water, they were very low when
compared with the surface fresh water quality
standaedsof Thailand set by the National
Environmental Board of Thailand (1994); the
values were not more than 5.0 mg.L™. On the
other hand, the ammonium nitrogen value was
significantly different in each season, ranging
from 0.06- 0.7 mg.L™ SRP values were
significantly different between seasons and were
highest in the dry season, resulting from a high
organic decomposition rate.
4. Data Analysis

A MVSP statistics Program was used
for data analysis. PCA ordination was used for
analyzing physico-chemical data. The study
sites were divided into 4 groups (Fig. 2). The
first group stl, st2, and st3 were mostly located
in forest areas and were undisturbed from
human activities. Therefore, different altitudes
resulted in different water quality (Goldman
and Horn, 1983). These sites were associated
with higher altitudes than the rest of the sites.
The second group was found to be associated
with high conductivity, alkalinity pH and water
temperature. These sites were located in urban
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Figure 2. PCA Ordination of water quality based on
study site
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areas where the stream was polluted from
human activities, such as wastewater discharge
and agricultural runoff. The third group was
found to be associated with high turbidity,
velocity and ammonium nitrogen which occur
mostly in the rainy season. These are the main
parameters which were easily diluted and
drained into the water in these seasons that were
located in urbanized areas. The last group was
found to be associated with DO value. On the
other hand, the study sites were divided into 2
subgroups by UPGMA clustering method of
physico-chemical data (Fig. 3). One group was
located in the forest area while another was
located in an urban area which was disturbed
from a village.

PCA ordination method for aquatic
insects’ data can be separated into two groups
(Fig. 4). The first group was located in the
forest area and the second group was located in
the urban area and disturbed from a village.

On the other hand, the study sites
were divided into 3 groups by the UPGMA
clustering method of aquatic insects’ data
(Fig. 5). According to the results, there are
similarities but these statistics can be further

UPGMA
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Figure 3. UPGMA Cluster analysis of study sites
based on water quality
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Figure 5. UPGMA Cluster analysis of study sites
based on aquatic insect

divided. The first 2 groups were disturbed by an
urban area and the third one was undisturbed by
an urban area.

There were no statistical differences
derived from the physico-chemical and
biological data analysis. The study sites can be
divided into 2 groups, the first group indicated
the study sites that were undisturbed from
residential areas and the second group indicated
the study sites that were disturbed from
residential areas.
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Diversity of Macroalgae and Benthic Diatoms in the Area of the Golden
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Abstract: A study on the diversity of macroalgae and benthic diatoms in the area of Thong Pha
Phum Project, Kanchanaburi Province was carried out from November 2001 — January 2003.
Samples were collected from 7 sites. Sixty-one species of macroalgae were found and classified
into 4 divisions. The majority of them were Spirogyra spp. and Stigeoclonium spp. in Division
Chlorophyta; Batrachospermum spp. and Audouinella spp. in Division Rhodophyta; and
Nostochopsis sp. and Phormidium spp. in Division Cyanophyta. One hundred and sixty two
species of benthic diatoms were found and classified in Division Bacillariophyta. Most of them
were Achnanthes spp., Navicula spp. and Gomphonema spp. Fifty-six species were new records
for Thailand. For the water quality, it was found that the water quality based on trophic level in
the undisturbed area could be classified into oligotrophic-mesotrophic status. In the disturbed area,
the water quality was in mesotrophic - eutrophic status.

Key words: macroalgae, benthic diatoms, water quality, bioindicator, biomonitoring

Introduction

In this research, macroalgae and benthic
diatoms could be used to monitor water quality.
These organisms are sensitive to changes of
water quality. The study areas are located in the
Golden Jubilee Thong Pha Phum Project, Thong
Pha Phum District, Kanchanaburi Province,
Thailand. This research was conducted during a
1 year period from November 2001 — January
2003. The samples were collected from 7 sites.
Water quality, such as physical, chemical and
biological factors, including the collecting of
samples of macroalgae and benthic diatoms
should be investigated twice in each season. The
results of this research could be applied to
monitoring changing water quality in the future.

Methodology
Study Area
The study areas are located in the
area of the Golden Jubilee Thong Pha Phum
Project, Thong Pha Phum  District,
Kanchanaburi Province, in the western part of
Thailand. This area covers 1,200 square
kilometers. Seven sites were selected which
cover this area.
In this research, the sites were studied
over one year. The details and map of each site
are given in Table 1 and Fig. 1.

Physical and Chemical Properties of
Water at the Sampling Sites
Some  physical and  chemical
properties were determined at the sampling
sites. Temperature and conductivity were
measured with a conductivity meter. pH levels
were taken with a pH-meter and dissolved
oxygen (DO) was measured by the azide
modification method (APHA, AWWA and
WEF, 1998).
Laboratory
Samples
Alkalinity was measured by the
methyl orange indicator method (APHA,
AWWA and WEF, 1998). BOD was measured
using the azide modification method. Coliform
bacteria were analyzed by the method of
Harrigan and Cance (1976). The turbidity and

Investigation of Water

amounts of nutrients, i.e. nitrate-nitrogen,
ammonium-nitrogen and soluble reactive
phosphorus, were determined by

spectrophotometer DR2010 (Hach Company).
Sampling of Macroalgae and Benthic
Diatoms Samples and Identification
Macroalgae were collected by
scraping from their substrates such as cobbles,
sand, plant roots and tree branches etc. The
amount of macroalgae in each genus was
estimated and recorded in the field data sheet.
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Table 1. The details of each site in the area of the Golden Jubilee Thong Pha Phum Project, Thong Pha Phum
District, Kanchanaburi Province, November 2001 — January 2003.

Site name Altitude (m) Description

1. Huay Jok Kra Din 630 undisturbed area
2. Huay Ae Tong 645 undisturbed area
3. Jok Tong 425 undisturbed area
4. Huay Kha Yang 1 270 disturbed area
5. Huay Kha Yang 2 215 disturbed area
6. Huay Kha Yang 3 235 disturbed area

7. Huay Kha Yang 4 195 disturbed area

Wachiralongkorn Dam

Figure 1. Map showing study sites in the area of the Golden Jubilee Thong Pha Phum Project, Thong Pha
Phum District, Kanchanaburi Province, November 2001-January 2003

Fresh samples were preserved in 2%
glutaladehyde solution and put into an ice box
at low temperature (5-10 °C). The details of
substrates, colony patterns and clump forming
characteristics were recorded for ecological
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study and identification. Identification and
classification were done under a compound
microscope and stereo microscope by relevant
books such as Desikachary (1959), Whitford
and Schumacher (1969), Necchietal. (1997),



Komarek and Anagnostidis (1999), John et al.
(2002) and Kumano (2002) etc.

Epilithic diatoms samples were
scraped from 3-5 stones at each site. A plastic
sheet with a square hole of area 4x4 = 16 cm?
was placed on the upper surface of the selected
stone, and benthic diatoms were brushed from
the square hole. In the laboratory, the samples
were cleaned by boiling for 15-30 minutes in
concentrated HCI and HNO; and H,0,.
Naphrax was used for mounting (Pfister, 1992;
Rott et al.,, 1997). Light micrographs were
made with an Olympus BX-40 microscope.
Species that were unable to be identified by
light microscope were reexamined by SEM.
The taxonomic classification systems of the
SlRwasserflora Mitteleuropas by Krammer and
Lange-Bertalot (1986, 1988, 1991a, 1991b),
Krammer (1992, 1997a, 1997b), Mettzeltin and
Lange-Bertalot (1998), Rumrich et al. (2000),
Lange-Bertalot (2001) were followed. The
counting process was conducted using relative
counts that concentrate on the relative portions
of the species, until a total count of 300
specimens was reached. (modified from Rott et
al., 1997).

Results
Macroalgae Investigation
Sixty-one species of macroalgae
were found. They belonged to 4 Divisions:
43% in Division Chlorophyta (green algae),
39% in Division Cyanophyta (blue-green
algae), 15% in Division Rhodophyta (red
algae) and 3% in Division Charophyta
(stoneworts). The most abundant genera were
Spirogyra spp. and Stigeoclonium spp. in
Division Chlorophyta; Nostochopsis lobatus
Wood and Phormidium spp. of the blue green
algae; and Batrachospermum spp. and
Audouinella spp. in the Division Rhodophyta,
etc. (Table 2 and Fig. 2).
Benthic Diatoms Investigation
In this research, one hundred and
sixty-two species of benthic diatoms were
found and classified in Division
Bacillariophyta; 98% in Order Pennales and 2%
in Order Centrales. Most of them were pennate
diatoms e.g. Achnanthes spp., Frustulia spp.,
Navicula spp. and Gomphonema spp. (Table 2
and Fig. 3).
New records for Thailand
Fifty six species of the algae were

Table 2. Species list of macroalgae and benthic diatoms in the area of Thong Pha Phum Project, Thong Pha
Phum District, Kanchanaburi Province from a survey carried out from November 2001-January 2003.

Taxa

Taxa

Division Cyanophyta
Order Chamaesiphonales

Family Chamaesiphonaceae
Chamaesiphon incrustan Grunow
Chamaesiphon sp. 1
Chamaesiphon sp. 2

Order Nostocales

Family Nostocaceae
Nostoc sp.
Nostochopsis lobatus Wood

Family Oscillatoriaceae
Oscillatoria splendida (Greville) Gomont
Oscillatoria sp. 1
Oscillatoria sp. 2
Lyngbya sp.
Microculeus sp.
Phormidium retzii Gomont
Phormidium uninatum (Agardh) Gomont
Phormidium sp.
Phormidium sp.
Phormidium sp.
Phormidium sp.
Phormidium sp.
Phormidium sp.
Phormidium sp.
Phormidium sp.
Phormidium sp.

Family Scytonemataceae
Scytonema cincinnatum Thuret
Scytonema sp.

©CoOo~~NOUhWNE

Family Rivulariaceae
Calotrix sp. 1

Division Chlorophyta
Order Siphonocladales
Family Chladophoraceae
Cladophora glomerata Kiietzing
Family Zygnemataceae
Mougeotia sp.
Spirogyra communis (Hassall) Kutzing
Spirogyra reflexa Transeau
Spirogyra sp. 1
Spirogyra sp. 2
Mougeotia sp
Zygnema sp. 1
Zygnema sp. 2
Zygnema sp. 3
Order Oedogoniales
Family Oedogoniaceae
Bulbochaete sp. 1
Bulbochaete sp. 2
Oedogonium sp. 1
Oedogonium sp. 2
Oedogonium sp. 3
Oedogonium sp. 4
Oedogonium sp. 5
Oedogonium sp. 6
Order Chaetophorles
Family Chaetophoraceae
Chaetophora elegans (Roth) C. Agardh
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Table 2. continued)

Taxa

Taxa

Family Chaetophoraceae
Stigeoclonium lubricum (Dillwyn) Kutzing
Stigeoclonium flagelliforum Kutzing
Stigeoclonium nanum Kiitzing
Ulothrix sp. 1
Ulothrix sp. 2
Ulothrix sp. 3

Order Ulotrichales

Family Microsporaceae

Microspora pachyderma (Wille) Lagerheim

Division Charophyta
Order Charales
Family Characeae
Chara sp.
Nitella sp.

Division Rhodophyta
Order Nemalionales
Family Erythotrichaceae
Compsopogon coeruleus (Balbis) Montagne
Family Batrachospermaceae
Batrachoapermum boryanum Sirodot
Batrachoapermum gelatinosum (Linnaeus) de
Candolle
Batrachoapermum macrosporum Montagne
Batrachoapermum vugum Agardh
Family Chantransiaceae
Audouinella cylindrica Agardh
Audouinella hermannii (Roth) Duby
Audouinella pygmaea (Kitzing) Weber-van Bosse
Audouinella sp.

Division Bacillariophyta
Order Centrales

Family Melosiraceae
Aulocoseira granulata Ehrenberg
Meloseira varians Agardh

Family Thalassiosiraceae
Cyclotella sp.

Order Pennales

Family Fragilariaceae
Fragilaria capucina Desmaziéres
Fragilaria cf. capucina var. vaucheriae (Kutzing)
Lange-Bertalot
Fragilaria tenera (W. Smith) Lange-Bertalot
Synedra cf. inaequalis Kobayasi
Synedra cf. inaequalis var. Jumlensis Jittener & Cox
Synedra lanceolata Kitzing
Synedra ulna (Nitzsch) Ehrenberg
Synedra ulna var. aequalis (Kiitzing) Hustedt

Family Eunotiaceae
Eunotia monodon var. tropica Hust
Eunotia zygodon Ehrenberg
Eunotia cf. soleirolii (Kiitzing) Rabenhorst
Eunotia sp. 1
Eunotia sp. 2
Eunotia sp. 3
Eunotia sp. 4
Eunotia sp. 5
Eunotia sp. 6
Eunotia sp. 7
Eunotia sp. 8
Eunotia sp. 9
Eunotia sp. 10

Family Eunotiaceae
Eunotia sp. 11
Eunotia sp. 12
Achnanthes biasolettiana Grunow
Achnanthes crenulata Grunow
Achnanthes exigua var. constricta (Torka) Hustedt
Achnanthes exigua Grunow var. exigua
Achnanthes inflata (Kitzing) Grunow
Achnanthes minutissima Kutzing
Achnanthes minutissima Kitzing var. minutissima
Achnanthes oblongella @strup
Achnanthes undata Meister
Achnanthes sp.
Cocconeis placentula var. euglypta (Ehrenberg)
Grunow
Cocconeis placentula var. lineata (Ehrenberg) Van
Heurk
Planothidium frequentissimum (Lange-Bertalot)
Lange- Bertalot
Planothidium lanceolatum (Brébisson) Lange-
Bertalot
Planothidium minutissimum (Krasske) Lange-
Bertalot
Planothidium rostratum (@strup) Round &
Bukhtiyarova

Family Naviculaceae
Amphora sp.
Brachysira cf. brebissonii Ross in Hartley
Brachysira cf. neoexilis Lange-Bertalot
Brachysira cf. spec. cf. neoacutas Lange-Bertalot
Caloneis silicula (Ehrenberg) Cleve
Caloneis sp.
Craticula cf. buderi (Husledt) Lange-Bertalot
Craticula cf. riparia (Husledt) Lange-Bertalot var.
riparia
Diploneis oblonglla (Naegeli) Cleve-Euler
Diploneis cf. subovalis Cleve
Diploneis sp.
Frustulia cf. amphipleuroides (Grunow) Cleve-
Euler
Frustulia crassinervia (Brébisson in W. Smith)
Lange-Bertalot & Krammer
Frustulia saxonica Rabenhorst
Frustulia disjuncta Lange-Bertalot
Frustulia undosa Lange-Bertalot
Geissleria decussis (Jstrup) Lange-Bertalot &
Metzeltin
Gomphonema affine Kitzing var. affine
Gomphonema affine var. rhombicum Reichardt
Gomphonema entolejum @strup
Gomphonema gracile Ehrenberg
Gomphonema lagenula Kutzing
Gomphonema parvulum var. exilissimum Grunow
Gomphonema parvulum var. parvulius Lange-
Bertalot & Reichardt
Gomphonema pumilum (Grunow) Reichardt
Gomphonema vibrio Ehrenberg
Gomphonema cf. stonei Reichardt
Gomphonema sp. 1
Gomphonema sp. 2
Gyrosigma scalproides (Rabenhorst) Cleve
Gyrosigma spencerii (Quekett) Griffith & Herfrey
Luticola cf. argutula (Hustedt) D.G. Mann
Luticola goeppertiana (Bleisch) D.G. Mann
Luticola cf. monita (Hustedt) D.G. Mann
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Table 2. continued)

Taxa

Taxa

Family Naviculaceae
Luticola cf. mutica (Kutzing) D.G. Mann
Luticola sp.
Navicula capitatoradiata Germain
Navicula cf. lepostrita Jargensen
Navicula radiosa Kiitzing
Navicula rostellata Kitzing
Navicula viridula Kitzing
Navicula symmetrica Patrick
Navicula sp. 1
Navicula sp. 2
Navicula sp. 3
Navicula sp. 4
Navicula sp. 5
Navicula sp. 6
Navicula sp. 7
Navicula sp. 8

Navicula sp. 9

Navicula sp. 10

Navicula sp. 11

Navicula sp. 12

Navicula sp. 13

Navicula sp. 14

Navicula sp. 15

Navicula sp. 16

Navicula sp. 17

Navicula sp. 18

Navicula sp. 19

Navicula sp. 20

Neidium iridis (Ehrenberg) Cleve

Neidium cf. affine var. humerus Reimer

Neidium sp.

Pinnularia brauniana (Grunow) Mills

Pinnularia divergens var. linearis @strup

Pinnularia graciloides Hustedt

Pinnularia mesolepta (Ehrenberg) W. Smith

Pinnularia cf. microstauron (Ehrenberg) Cleve

Pinnularia cf. pseudogibba Krammer

Pinnularia supcapitata Gregory

Pinnularia supcapitata var. elongata Krammer

Pinnularia supinterrupta Krammer & Schroeter

Pinnularia sp. 1

Pinnularia sp. 2

Reimeria sinuata (Gregory) Kociolek & Stcermer

Rhopalodia sp.

Sellaphora amoena Lange-Bertalot

Sellaphora cf. gibbula Lange-Bertalot

Family Naviculaceae
Sellaphora pupula (Kiitzing) Mereschkowsky
Sellaphora sp.
Stauroneis phoenicenteron (Nitzsch) Ehrenberg
Stauroneis anceps Ehrenberg
Stauroneis smithii Grunow
Stauroneis sp.

Family Bacillariaaceae
Hantzschia amphioxys (Ehrenberg) Grunow
Nitzschia dissipata (Kltzing) Grunow var.
dissipata
Nitzschia palea (Kiitzing) W. Smith

Family Cymbellaceae
Cymbella japonica Reichelt
Cymbella perjaponica Krammer & Lange-Bertalot
Cymbella tumida (Brébisson) Van Heurck
Cymbella turgidula Grunow
Cymbella sp.
Cymbella sp.
Cymbella sp.
Cymbella sp.
Cymbella sp.
Cymbella sp.
Cymbella sp.
Cymbella sp.
Cymbella sp.
Encyonema cf. neomesianum Krammer
Encyonema sp. 1
Encyonema sp. 2
Encyonema sp. 3
Encyonema sp. 4
Encyonema sp. 5
Encyonema sp. 6
Encyonema sp. 7
Encyoopsis leei var. leei Lange-Bertalot
Encyoopsis cf. leei var. sinensis Metzeltin &
Krammer

Family Surirellaceae
Surirella angusta Kiitzing
Surirella biseriata Brébisson
Surirella elegans Ehrenberg
Surirella roba Leclercq
Surirella linearis W. Smith
Surirella splendida Krammer
Surirella cf. subsalsa W. Smith
Surirella sp.

O©oo~NOoO U WNE

new records for Thailand; eleven of them were
macroalgae: 3 species in Division Cyanophyta,
3 species in Division Chlorophyta and 5 species
in Division Rhodophyta. Forty five species
were  benthic  diatoms in  Division
Bacillariophyta (Lewmanomont et al., 1995 and
Peerapornpisal et al., 2000).
Water Quality

The water quality was classified by
trophic level by using the methods of Wetzel
(1983) and Lorraine and Vollenweider (1981).
The methods have been modified for use in
Thailand by Applied Algal Research

Laboratory, Chiang Mai University by altering
the amounts of DO, BOD, conductivity, nitrate
nitrogen, ammonium nitrogen and soluble
reactive phosphorus. It was classified into
oligotrophic-mesotrophic status to
mesotrophic-eutrophic status depending on the
sampling site and seasonal changes (Fig. 4). It
was clear that the water quality in undisturbed
areas was more clean than in disturbed areas.

Discussion and Conclusion

In this investigation, sixty-one species
of macroalgae were found and classified into 4
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Figure 2. Light micrographs of macroalgae collected in the area of Thong Pha Phum Project, Thong Pha
Phum District, Kanchanaburi Province from November 2001 - January 2003. (Scale bar = 20 um)

Division Cyanophyta:1- Nostochopsis lobatus Wood, 2- Phormidium retzii Gomont, Division Chlorophyta:
3- Spirogyra sp., 4- Zygnema sp., 5 - Stigeoclonium lubricum (Dillwyn) Kitzing, Division Rhodophyta: 6 -
Comsopogon coeruleus (Balbis) Montagne, 7 - Batrachospermum gelatinosum (Linnaeus) de Candolle, 8 -
Batrachospermum vagum (Roth) C.Agardh

Divisions as follows: Chlorophyta, diatoms were found and classified in Division

Cyanophyta, Rhodophyta and Charophyta. One Bacillariophyta. Fifty-six species of the algae

hundred and sixty-two species of benthic were new records for Thailand, eleven of them
96 | BRT Research Reports 2007
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Figure 3. Light micrographs of benthic diatoms collected in the area of Thong Pha Phum Project, Thong Pha
Phum District, Kanchanaburi Province from November 2001 — January 2003. (Scale bar = 10 um)

Division Bacillariophyta: (1-2) Achnanthes spp., (3) Achnanthes exigua var. constricta (Torka) Hustedt, (4)
Planothidium frequentissimum (Lange-Bertalot) Lange-Bertalot, (5) Cocconeis placentula Ehrenberg, (6)
Encyoopsis leei var. leei Lange-Bertalot, (7) Aulacoseira granulata Ehrenberg, (8) Melosira varians Agardh,
(9) Geissleria decussis (Dstrup) Lange-Bertalot & Metzeltin, (10) Gomphonema lagenula Kiitzing, (11)
Synedra ulna (Nitzsch) Ehrenberg, (12) Gyrosigma spencerii (Quekett) Griffith & Herfrey, (13) Navicula
viridula Kiitzing, (14) Pinnularia mesolepta (Ehrenberg) W. Smith, (15) Nitzschia palea (Kiitzing) W. smith,
(16) Cymbella tumida (Brébisson) Van Heurck, (17) Luticula sp., (18) Achnanthes crenulata Grunow.

0-0.8 ultraoligotrophic site 1 Huay Jok Kra Din
0.8-1.6 oligotrophic site 2 Huay Ae Tong
1.6-2.4 oligo-mesotrophic site 3 Jok Tong

2.4-3.2 mesotrophic site 4 Huay Kha Yang 1
3.2-40 meso-eutrophic site 5 Huay Kha Yang 2
4.0-4.8 eutrophic site 6 Huay Kha Yang 3
4.8-5.6 hypereutrophic site 7 Huay Kha Yang 4

Figure 4. Area plots of water quality in the area of the Golden Jubilee Thong Pha Phum Project, Thong Pha
Phum District, Kanchanaburi Province from November 2001-January 2003
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were macroalgae and forty-five species were
benthic diatoms.

The results showed that the water
quality in this area could be classified into
oligotrophic -  mesotrophic  status to
mesotrophic - eutrophic status depending on the
sampling site and seasonal changes. Most of
them showed oligotrophic-mesotrophic status
because these areas were upstream where the
water quality would be expected to be clean
(Wetzel, 1983).
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Abstract: Plant Research in Western Thong Pha Phum Project (Thaweesakdi
Boonkerd Chulalongkorn University) Thong Pha Phum forest is a part of the South-Western
Floristic region of Thailand. This area has attracted many students and researchers to do research
on plants. During the last five years, there have been more than 15 research projects. They can be
classified into 3 groups: 1) Plant Diversity, 2) Plant Ecology, and 3) Plant Utilization. Of the three
groups, Plant Diversity was the most attractive group and covered Bryophytes, Pteridophytes, and
Flowering plants. However, there are still many flowering plant families on waiting lists. So far,
Plant Ecology and Plant Utilization are becoming less attractive for research, probably due to the
lack of plant data in the past. It is expected that plant-data obtained from the previous five-years
projects will serve as a base for further studies in the area.

Key words: plant diversity, plant ecology, plant utilization
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spicata (L.f) Mirbel ex Copel., Loxogramme
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% soil water content WLAITHAMVANMNFUNUT
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ANUFUNBTagsdnp AN I9EDAzrInge soil
pH 1LazA1 Shannon diversity index (831374, 2547)
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Auitndoansfrs Andlndwiesfssnsanin
FYINTNE WAz AUATNTITTNTE TIuT9an 36 uilad
Ansanuranraisvanedla Wdlasiudnuiu
shauazdruinvesudazriafinulunlaimasss
31ATiAn Species richness index @1 Species
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AN 1. BULAINBIKN 7 4 (Polyalthia kanchanaburiana)
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mnd 2. Jeanus (Miliusa longiflora)
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NaINInd wiounaTufinaw Fnmmen I
AngIuazIaIng ﬁrmmia%ﬁ’mluﬁuﬁnmzuu
tnahldidunm 18 1hou wuRirdwan 12 ana
33 afia ldud ananzd1lug (Afzelia)  anazila
(Bauhinia) ~ 8nanny (Caesalpinia) ﬁqaﬁ"lj‘wnﬂﬁ
(Cassia) aqammmﬁﬂ (Chaemaecrista) aqaﬁdﬂ:
(Cynometra)  &NAaLAIAIIN (Gymnocladus) &N\
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fa ﬁdﬂzﬂa\‘imgﬁ (Cynometra beddomei Prain)
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Wall.) SR (Ixora lobbii King et Gamble) mﬂ”l?‘ﬂ
W (Mitracarpus hirtum (L.) DC.) 1Qv|,ﬂ (Mussaenda
macrophylla Wall) RTEGI (Pavetta naucleiflora R.
Br. ex G. Don) ﬂ’lw;il (Uncaria cordata (Lour.) Merr.
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nanluldeLas?
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36 Tiia viansaduionwden (endemic species)
fla nyzTIaELNY (Boesenbergia siamensis
(Gagnep.) P. Sirirugsa) wazafiafidunswunss
usnluiiud (new locality record) fia °1J"11my' (Alpinia
galanga var. pyramidata (Blume) K. Schumann),
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(Curcuma oligantha Trimen), T1&INalA (Globba
macrocarpa Gagnep.), flJl@]mlm (G. schomburgkii
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29A808 LW LHNERY WATTRA UTTONEANHIALNN
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aoLduLazn walTznay lunisinsnasafiny
wismiainudnasiusnvasdszinalng (new
record) 3 1w 1 THa Aa Paspalum canarae
(Steud.) Veldkamp var. fimbriatum (Bor) Veldkamp
(FAUSANG uazriasniuan, 2547)

wWedTenid laseias (AFa) uae NA.as.
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gfia saudundre ldAuoin fe nar8ua (Epipogium
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Pteridophyte Flora of Thong Pha Phum National Park,
Kanchanaburi Province

Thaweesakdi Boonkerd* and Rossarin Pollawatn
Chulalongkorn University, Bangkok
*Thaweesakdi.B@Chula.ac.th

Abstract: A total of 26 families, 69 genera, and 171 species were recorded from Thong Pha Phum
National Park, Kanchanaburi Province. Among these, 23 families, 65 genera, and 155 species
were ferns, while 3 families, 4 genera and 16 species were fern allies. Among the fern allies,
Selaginellaceae had the highest number of species, i.e. 12. Three families of ferns, namely
Polypodiaceae, Thelypteridaceae, and Dryopteridaceae were among the common families.
Polypodiaceae included 37 species, while Thelypteridaceae and Dryopteridaceae included 25 and
16 species, respectively. It was found that 5 species and 1 variety are new records for Thailand,
i.e. Adiantum philippense L. var. subjunonicum H. Christ, Arachniodes coniifolia (Moore) Ching,
Belvisia spicata (L.f.) Mirbel ex Copel., Loxogramme centicola M.G. Price, Polystichum
pseudotsus-simense Ching and Polystichum scariosum (Roxb.) C. Morton. It is important to note
that three new records, namely Arachniodes coniifolia, Polysticum pseudotsus-simense, and
Polysticum scariosum are found only once and in rather small numbers. These species may be
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extirpated from the country soon if their present habitats continue to be disturbed.

Key words: Thong Pha Phum National Park, Kanchanaburi Province, ferns and fern allies

Introduction

Thong Pha Phum National Park is
located in Kanchanaburi Province, which is a
mountainous area in the South-western Thai
floristic region. Due to past human activity of
mining and logging, resulting in massive
deforestation throughout Thong Pha Phum
District, it seems likely that this area is not
suitable for botanical exploration. So there have
been few plant explorations. However, there
were some pteridophyte collections in other
protected areas of Kanchanaburi Province
which recorded 127 species. These species
comprised about 20% of the previous records in
the Flora of Thailand (Tagawa and lwatsuki,
1979, 1985, 1988, 1989). It therefore seems
likely that this mountainous province is rich in
pteridophyte diversity despite a lack of previous
information from Thong Pha Phum District.
Botanical enumeration of ferns and fern allies at
Thong Pha Phum District is scarce and it is
necessary to augment biodiversity knowledge,
especially pteridophyte diversity of South-
western Thailand. The purpose of this present
work was to conduct a botanical inventory of
ferns and fern allies at Thong Pha Phum
National Park, Kanchanaburi Province. The
data of pteridophytes obtained from this study
may be useful in biodiversity conservation in
the near future.

Tagawa and Iwatsuki (1979, 1985,
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1988, 1989), Japanese botanists from Kyoto
University, studied the existing herbarium
specimens of pteridophytes from Thailand and
their collection from their own field trips. They
enumerated 34 families, 121 genera and 630
species.  Their  contributions to  Thai
pteridophytes were published in the Flora of
Thailand, Vol. Ill, Parts 1-4. Next, Boonkerd
and Pollawatn (2000) compiled data from
various sources as well as from their own field
trips to produce a checklist of ferns and fern
allies in Thailand. A total of 671 species, 4
subspecies, and 28 varieties belonging to 139
genera and 35 families were enumerated. This
checklist included 27 new records for Thailand.

Study site

Thong Pha Phum District covers an
area of about 3,655 square kilometers. It is
located in Tanao Sri mountain range. It is
bounded on the north by Sangkhla Buri District
of Kanchanaburi Province, Umphang District of
Tak Province, and Ban Rai District of
Uthaithanee Province, on the south by Sai Yok
District, on the east by Si Sawat District. The
park is also a natural border between Thailand
and Myanmar in the west. Fig. 1 shows the
location of this study site. It is demarcated
approximately by the geographical coordinates
of 14° 15’ to 15° 00’ north latitude and 98° 15’
to 99° 00’ east longitude (Royal Institute,



2002). Recently, Thong Pha Phum National
Park was established covering some parts of the
Thong Pha Phum District and covers an area of
1,120 km? (Royal Forest Department, n.d.).

In the last six decade, the biodiversity
in this area was disturbed by forestry
concessions to grant dam construction, a natural
gas pipeline and mining. More than 20 mines
were allowed to work after issuing mining
concessions resulting in massive deforestation
throughout the district (N.S. Consultant, 1989).
Nowadays, Thong Pha Phum District has more
than 20 mines left, covering an area of more
than 60 km? (Tuleewan, 2000).

The climate of the area is tropical, with
high average annual rainfall. Three seasons are
observed, i.e. the summer season from
February-April, the rainy season from May-
October, and the winter season from
November-January (Meteorological
Department, 2003). The Thong Pha Phum
Climatic Station in Kanchanaburi Province is
the nearest station.

Climatological data during the period
1973-2003 shows that the average annual
relative humidity was about 79%, while the
average maximum relative humidity was 93%
and the average minimum relative humidity
was 56%. The average annual temperature was
26.8°C. The average maximum temperature
was 33.4 °C in April and the average minimum
temperature was 20.4 °C in December. The
average annual rainfall was 1,775 mm. The
highest average  monthly  rainfall  of
approximately 349 mm, was observed in
August. The lowest average monthly rainfall of
about 8.4 mm occurred in December, which is
usually the driest month (Meteorological
Department, 2003).

The vegetation of Thong Pha Phum
National Park, is comprised mainly of moist
mixed deciduous forest, and hill evergreen
forest (Royal Forest Department, n.d.).

Methodology

Field collections of ferns and fern allies
were conducted monthly from January 2002 to
December 2003 at Thong Pha Phum National
Park. Three duplicates of specimens were
collected and photographs were taken of each
species. Specimens were gathered along
existing forest trails, extending about 5 m from
both sides. Some specific moist areas were
selected for repeat visits, such as Sattamitr
Waterfall, Pha Suk pass and nearby sites. Field

20N

15N

10N

THAIL \\|s"'°9
FLORISHIC REGIONS

BN

© Thong Pha
Phum District

Figure 1. Locations of Thong Pha Phum District and
Thong Pha Phum National Park.

notes viz. ecological data, habit, habitat and
some diagnostic characters of each species were
recorded.

Laboratory study was conducted at the
Plants of Thailand Research Unit, Department
of Botany, Faculty of Science, Chulalongkorn
University. Dry herbarium specimens were
prepared as described in Boonkerd et al. (1987)
and deposited at BCU. Internal and external
morphological characters of each specimen
were studied. Pteridophyte specimens were
identified using keys and descriptions from
taxonomic literatures, such as Floras, manuals,
monographs, as well as research papers, etc.
Botanical names of each specimen were
verified by comparison with voucher herbarium
specimens deposited at BCU, BKF, BM, L and
K. Authors of scientific names and
abbreviations used in this paper are in
accordance with the standard procedure for
quoting authors of plant names (Brummitt and
Powell, 1992). The classification system of
pteridophytes in this paper follows that of
Boonkerd and Pollawatn (2000).

NonumIsslulasinns BRT 2550 | 111

galasimnasnpiinziuen |



Results and Discussion

A taxonomic survey of ferns and fern
allies at Thong Pha Phum National Park was
conducted from January 2002 to December
2003. In all, 515 specimens were collected. A
total of 26 families, 69 genera, and 171 species
were recorded. Among these, 3 families, 4
genera and 16 species were fern allies (Fig. 2),
while 23 families, 65 genera and 155 species
were ferns (Fig. 3). Among fern allies
Selaginellaceae had the highest number of
species, i.e. 12. Three families of ferns, namely
Polypodiaceae, Thelypteridaceae, and
Dryopteridaceae were among the common
families. Polypodiaceae included 37 species,
while Thelypteridaceae and Dryopteridaceae
included 25 and 16 species, respectively.

(Appendix 1).
1. Habitat and Diversity of Ferns and

Fern Allies

Specimen collections were mainly
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Figure 2. Number of species in each family of fern allies.
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Figure 3. Number of species in each family of ferns.
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focused in abandoned mines, existing forest in
abandoned mine sites, hill evergreen forest near
Thong Pha Phum National Park Headquarters,
Pha Suk pass and nearby sites. The altitudes of
these areas ranged from 200 to 1,050 m. The
study area is rather a disturbed forest when
compared with other protected areas in
Kanchanaburi Province. In hill evergreen forest,
tree trunks and branches are usually covered
with bryophytes and epiphytic pteridophytes.
This forest type has rather deep, humus-rich and
highly humid soils. Pteridophytes include
common families of ferns, such as
Polypodiaceae, Thelypteridaceae,
Dryopteridaceae and Aspleniaceae. It was
found that ferns and fern allies thrive in various
habitats, such as terrestrial, on rock
(lithophytes), on tree-branches or tree-trunks
(epiphytes) and in water (hydrophytes).
Moreover, some species occur in more than one
habitat.

A rather high pteridophyte diversity
at Thong Pha Phum National Park is probably
due to the high annual rainfall of about 5,000
mm in the mountainous area of Tavoy in
Myanmar and the park area (Bender, 1983;
Meteoroligical Department, 2003) which
results in high air humidity within the park.

2. Terrestrial plants

It was found that 96 species of
pteridophytes ~ were  terrestrial  plants.
Terrestrial habitat includes mountain slopes,
shady areas, stream banks and open ground.

Common families of ferns and fern allies, such
as Selaginellaceae, Dennstaedtiaceae,
Dryopteridaceae, Thelypteridaceae, Pteridaceae
and Woodsiaceae were found. Most ferns were
observed on mountain slopes. The common

species included Adiantum  philippense,
Cheilanthes tenuifolia, Lygodium
polystachyum, Pteris biaurita, Tectaria

polymorpha. These ferns usually occupy
humus-rich mountain slopes in shady places.
While Blechnum orientale, Pityrogramma
calomelanos, Sphaenomeris chinensis, can be
found on rather dry slopes in semi-shaded
areas. Along stream banks, where air humidity
is rather high, large terrestrial ferns or tree
ferns, such as Angiopteris evecta, Cibotium
barometz and Cyathea gigantea typically grow,
while Cyclosorus interruptus, Pronephrium
nudatum, and Diplazium esculentum were
found on wet ground, especially along stream
banks where sunlight can penetrate to the forest
floor. On exposed ground, for example in mine



areas, the two most common terrestrial sun-
ferns  were  Pteridium  aquilinum  var.
wightianum and Dicranopteris linearis var.
linearis. They form dense long persistent
thickets in open places and have become weedy
species. Though these two species are sun-
loving ferns, they do not normally occur
together, because they have different soil
preferences. It was found that Pteridium
aquilinum prefers well-drained soil, whilst
Dicranopteris linearis grows on clayey soil
(Holttum, 1969).
3. Lithophytes

It was found that 23 species of ferns
and fern allies were lithophytes. These species
grew on bare rocks, humus-rich rocks, muddy
rock, in rock crevices or cliffs. Lithophytes
were confined to high humidity areas, such as
along stream banks. They usually had long
creeping rhizomes with numerous clinging
roots adhering to the rock surface. Some
lithophytes such as Asplenium apogamum,
Bolbitis  spp., Leptochilus  minor and
Trigonospora ciliata had become established in
muddy rock crevices in partial shade. Some
filmy ferns such as Crepidomanes christii,
Crepidomanes latealatum and Hymenophyllum
exsertum inhabit muddy rocks or moist cliffs by
streams. On some exposed bare rocks or cliffs,
some ferns, for example Oleandra undulata,
adapt themselves through individual changes of
habit  coinciding  with  the  changing
environment, especially in the dry season. This
fern can survive over the dry summer by
shedding their fronds in order to reduce
transpiration. Some lithophytes, for example,
Pyrrosia lingua, Oleandra undulata have long
slender creeping rhizomes; these species are
usually found on bare rocks in full sunlight.
They can protect the whole plant from water
loss by having dense overlapping scales.

4. Epiphytes

It was found that 57 species of ferns
and fern allies were epiphytes. In general, these
pteridophytes grow on tree trunks, on mossy
tree-trunks or on branches of trees. They
include common families of ferns, such as
Polypodiaceae, Hymenophyllaceae,
Aspleniaceae, and Davalliaceae. Examples of
common epiphytes are Huperzia hamiltonii,
Hymenophyllum  polyanthos,  Aglaomorpha
coronans, Asplenium yoshinagae, Humata

repens, Oleandra musifolia, Araiostegia
imbricata, Davallia trichomanoides,
Leucostegia  immersa, and  Crypsinus

rhynchophyllus. In the dry season some
epiphytes adapt to withstand the dry summer
months by reducing the total transpirational
frond surface by shriveling. Species such as
Asplenium perakense, Pyrrosia lingua, and
filmy ferns use this strategy to avoid death of
the whole plant by desiccation.
5. Aguatic plants
It was found that at least 2 species of
ferns and fern allies were restricted to aquatic
habitat. Examples included Equisetum debile
and Ceratopteris thalictroides. In addition,
Trigonospora ciliata, Microsorum pteropus
and Leptochilus minor usually grow on muddy
rocks in streamlets or along stream banks.
These ferns often experienced and can
withstand floods for a considerable period of
times, especially during the rainy season. So
they tend to be rheophytes.
6. New records
It was found that 5 species and 1
variety are new records for Thailand, i.e.
Adiantum philippense L. var. subjunonicum H.
Christ, Arachniodes coniifolia (Moore) Ching,
Belvisia spicata (L.f.) Mirbel ex Copel.,
Loxogramme centicola M.G. Price, Polystichum
pseudotsus-simense Ching and Polystichum
scariosum (Roxb.) C. Morton. It is important to
note that three newly recorded species, namely
Arachniodes coniifolia, Polystichum
pseudotsus-simense and Polystichum scariosum
were found only once and in rather small
numbers. These species may be extirpated from
the country soon if their present habitats
continue to be disturbed.
7. Unidentified species
Among the 175 taxa, 9 species could
not be determined to species due to the lack of
fertile structures as well as keys. It seems likely
that 3 out of the 9 unknown species are
probably newly recorded taxa for Thailand or
new to science, viz. 1 species of Cyathea and 2
species of Pteris, and are worth further
investigating.
Cyathea sp.
Trunks about 1.6 m or more tall.
Stipes green, 40-50 cm long, slightly spiny near
base; densely covered with scales; scales dark
brown, stiff; pneumathodes distinct, elongate,
arranged in a single row; main rachis green,
scaly throughout; lower pinnae reduced to 10
cm long, upper pinnae up to 70 cm or more
long, 25 cm wide, acuminate at apex; pinnae-
rachis scaly; larger pinnules about 2.5 cm apart,
25 in pairs, oblong-lanceolate, to 7 ¢cm long, 1.7
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cm  wide, gradually narrowing towards
acuminate apex, base truncate sessile, lobed
nearly to costa; lobes oblique, slightly falcate,
round at apex, slightly serrate at margin, to 1
cm long, 3 mm broad; costae scaly throughout;
texture papyraceous, deep green, veins simple
to forked. Sori dorsal on veinlets, close to
costules; naked.

Ecology - In semi-shade, along stream
in moist mixed deciduous forests at about 750
m altitude.

Pteris sp. |

This unknown species is similar to
Pteris scabripes, but differs in having undulate
margins instead of dentate margins.

Ecology - Terrestrial on damp soil,
nearby spring, in mixed deciduous forest, about
650 m altitude.

Pteris sp. Il

Rhizome short, erect, bearing a few
fronds; scales narrow, concolorous brown, apex
long acuminate, up to 3.5 cm long. Stipe up to
40 cm long, densely scaly on lower part, light
brown. Lamina imparipinnate, elliptic to
oblong, widest at middle; pinnae simple, lower
ones slightly reduced, no auricles, middle
pinnae oblong, sessile or subsessile, about 8.5
cm by 1.1 cm, base oblique to rounded or
truncate, apex acuminate, margin serrate,
terminal pinnae slightly longer, up to 12 cm
long; rachis grooved on upper surface, covered
with uniseriate multicellular hairs; veins all free
or forked. Sori marginal, not continuous along
margin of pinnae; indusia thin.

Ecology - Terrestrial in fresh water
spring at about 250 m altitude.

Note This unknown species is similar
to Pteris vittata, but differs in having uniseriate
multicellular hairs along the rachis and costa;
base of pinnae oblique or rounded whereas
Pteris vittata has cordate base. Sori in Pteris

vittata usually continuous along margin, but
this species has some broken marginal sori.
8. Comparisons with  Pteridophytes
from other areas
Table 1 shows the numbers of
pteridophyte species in 5 protected areas of
northern Thailand. It can be seen that species
numbers are nearly the same for Doi Inthanon,
Doi Suthep-Pui and Thong Pha Phum National
Parks. However, the areas of the national parks
should be considered. In this case Thong Pha
Phum National Park is very much larger than
the two important national parks of northern
Thailand. It might be expected that if further
botanical exploration could be carried out along
the Thailand-Myanmar border, there might be
some more species found. Anyhow, if we
consider the fertility of the areas, it should be
noted that Thong Pha Phum National Park has
less fertile land since forest disturbance still
exists in the area.

Conclusion

In summary, the results from this study
indicate that Thong Pha Phum National Park is
one of the areas in the country that is rich in
pteridophyte diversity despite its previous forest
disturbance as compared with the important
protected areas of northern Thailand.

Six new records for Thailand and three
potential new species were found which are the
highest numbers in comparison with other
pteridophyte explorations, such as Yuyen and
Boonkerd, 2002; Boonkerd and Rachata, 2002;
Rattanathirakul and Boonkerd, 2003. So, if
there are further botanical explorations in this
area, especially in bryophytes and flowering
plant, it is expected that the total number of
plants species in Thailand will be increased.
New records and new species tend to be found
in this national park.

Table 1. Pteridophyte diversity in 5 protected areas of northern Thailand and Thong Pha Phum National Park.

WS= wildlife sanctuary, NP= national park

Protected area Altitude (m) Total a;rea Families | Genera | Species
(km°)
Doi Chiang Dao WS'** 300-2,225 521 18 46 98
Doi Inthanon NP* 300-2,565 272 24 67 171
Doi Suthep-Pui NP>° 350-1,685 261 27 65 174
Doi Luang NP’ 400-1,710 1,170 21 48 87
Khun Korn Waterfall Forest Park® 625-1,635 18 24 66 154
Thong Pha Phum National Park 200-1,050 1,120 26 69 171

Notes: *Nanakorn (1998); 2Maxwell (1992); *Maxwell (1998); “Koyama (1986); STagawa and Iwatsuki (1979, 1985, 1988,
1989); "Maxwell and Elliott (2001); 'Anusarnsunthorn et al. (1999); ®Boonkerd and Rachata (2002).

114 | BRT Research Reports 2007
| Western Thong Pha Phum




Acknowledgements

Our thanks to the staff of PTT
(Petroleaum Thailand) and Thong Pha Phum
National Park for their assistance and
cooperation during specimen collection. Our
sincere thanks go to the curator and staff of
BKF, BM, L and K for their kind permission to
study pteridophyte specimens. In addition, we
would like to thank the Meteorological
Department for providing climatological data of
Thong Pha Phum Station.

This work was supported by The
TRF/BIOTEC  Special  Program  for
Biodiversity Research and Training grant
BRT R_144021.

References

Anusarnsunthorn, V., P. Rakariyatham, J.F. Maxwell, S.
Elliott, R. Kunarak, S. Gardner, P. Sidisunthorn,
G. Pakkad and P. Palee. 1999. Survey of the
species diversity and geographical distribution of
vascular plants in Doi Luang National Park,
Chiang Rai. Final report, The Biodiversity
Research and Training Program (BRT 139029).

Bender, F. 1983. Geology of Burma. Gebider
Borntraeger, Berlin.

Boonkerd, T. and P. Rachata. 2002. Pteridophytes flora of
Khun Korn Waterfall Forest Park, Chiang Rai
Province. Nat. Hist. Bull. Siam Soc. 50(2): 195-
210.

Boonkerd, T. and R. Pollawatn. 2000. Pteridophytes in
Thailand. Office of Environmental Policy and
Planning, Bangkok.

Boonkerd, T., M. Vajrabhaya, S. Treratn, Y. Maneerat, O.
Thaithong and N. Laichuthai. 1987. Collection and
Preparation of Herbarium Specimens.
Chulalongkorn  University  Press, Bangkok,
Thailand.

Brummitt, P.K. and C.E. Powell. 1992. Authors of Plant
Names. Whistable Litho Printers, Great Britain.

Holttum, R.E. 1969. Plant Life in Malaya. Percetakan
Vinlin Sdn. Bhd, Kuala Lumpur.

Koyama, H. (ed.) 1986. A Preliminary Checklist of the
Pteridophytes and Dicotyledons of Doi Inthanon.
Dept. of Bot., Fact. of Sci., Japan: Kyoto Univ.
146 p.

Maxwell, J.F. 1992. Lowland vegetation of Doi Chiang
Dao Wildlife Sancturary, Chiang Mai Province,
Thailand. Tiger Paper 19(3): 21-25.

Maxwell, J.F. 1998. Upland vegetation of Doi Chiang Dao
Wildlife Sancturary, Chiang Mai Province,
Thailand. Tiger Paper 25(3): 5-11.

Maxwell, J.F. and S. Elliott. 2001. Vegetation and
vascular flora of Doi Suthep-Pui National Park,
Northern Thailand. Thai Studies in Biodiversity 5:
1-205.

Meteorological Department. 2003. Climatological data
from Thong Pha Phum Climatic Station,
Kanchanaburi ~ Province, = 1973-2003.  Data
Processing Subdivision, Climatology Division,
Meteorological Department, Bangkok.

N.S. Consultant Ltd. 1989. Environmental impact
assessment (EIA) report: patent permit no.
18/2532. Gearvanich, Pilok Subdistrict, Thong Pha
Phum District, Kanchanaburi Province.

Nanakorn, W. 1998. Queen Sirikit Botanic Garden. Vol. 5.
O. S. Printing House, Bangkok. 206 p.

Rattanathirakul, W. and T. Boonkerd. 2003. Taxonomy of
ferns and fern allies at Phu Hin Rong Kla National
Park, Phitsanulok Province. In BRT Research
Report 2003, V. Baimai and R. Tantalakha (eds.),
pp- 1-11. BRT Program. Chuan Printing Press Ltd.
Part., Bangkok.

Royal Forest Department. (n.d.). National Park: Sai Yok,
Khao Laem, Thong Pha Phum. Brochure.

Royal Institute. 2002. Thai Gazetteer 1. Aroon Publisher
Ltd., Bangkok.

Tagawa, M. and K. Iwatsuki. 1979. Pteridophytes. In
Smitinand, T. and K. Larsen (eds.), Flora of
Thailand, Vol. 3 part 1. The Tistr Press, Bangkok.

Tagawa, M. and K. lwatsuki. 1985. Pteridophytes. In
Smitinand, T. and K. Larsen (eds.), Flora of
Thailand, Vol. 3 part 2. Phonphan Printing
Company, Ltd., Bangkok.

Tagawa, M. and K. Iwatsuki. 1988. Pteridophytes. In
Smitinand, T. and K. Larsen (eds.), Flora of
Thailand, Vol. 3 part 3. Chutima Press, Bangkok.

Tagawa, M. and K. Iwatsuki. 1989. Pteridophytes. In
Smitinand, T. and K. Larsen (eds.), Flora of
Thailand, Vol. 3 part 4. Phonphan Printing
Company, LOtd., Bangkok.

Tuleewan, A. 2000. Edge of Thailand at Pilok mine. In
Thipanan, S. (ed.), Advance Thailand Geographic,
pp. 128-147. Rungrueng Printing Ltd., Bangkok.

Yuyen, Y. and T. Boonkerd. 2002. Pteridophyte flora of
Huai Yang Waterfall National Park, Prachuap
Khirikhan Province, Thailand. Nat. Hist. J.
Chulalongkorn Univ. 2(1): 1-3.

NonumIsslulasinns BRT 2550 | 115

galasimnasnpiinziuen |



Appendix 1. The Pteridophytes of Thong Pha Phum National Park.

Habit: A = aquatic herb, E = epiphytic herb, L = lithophytic herb, T = terrestrial herb

Habitat: 1 = moist mixed deciduous forest, 2 = disturbed mixed deciduous forest, 3 = hill
evergreen forest, 4 = disturbed hill evergreen forest
Abundance: A = abundant, C = common, L = locally abundant, R = rarely found, UC =

uncommon
No. Family Botanical Name Habit | Habitat |Abundance
1. |Lycopodiaceae Huperzia hamiltonii (Spreng.) Trevis. E 4 C
2. Huperzia squarosa (G. Forst.) Trevis. E 2 uc
3. Lycopodiella cernua (L.) Pic.-Serm. T 2 A
4. |Selaginellaceae Selaginella biformis A. Braun ex Kuhn T 2 uc
5. Selaginella bisulcata Spring T 2 uc
6. Selaginella chrysorrhizos Spring T 2 uc
7. Selaginella delicatula (Desv. ex Poir.) Alston L 2 L
8. Selaginella helferi Warb. T 2 uc
9. Selaginella inaequalifolia (Hook. & Grev.) Spring T 2 L
10. Selaginella lindhardii Hieron. T 2 ucC
11. Selaginella leptophylla Baker L 2 L
12. Selaginella monospora Spring T 2 R
13. Selaginella ornata (Hook. & Grev.) Spring T 2 uc
14. Selaginella willdenowii (Desv.) Baker T 2 L
15. Selaginella sp. | T 2 L
16. |Equisetaceae Equisetum debile Roxb. ex Vauch. AT 2 L
17. |Adiantaceae Adiantum philippense L. T 2 C
18. Adiantum philippense L. var. subjunonicum H. Christ T 2 ucC
19. Cheilanthes tenuifolia (Burm. f.) Sw. T 2 C
20. Pityrogramma calomelanos (L.) Link. T 2 A
21. Taenitis blechnoides (Willd.) Sw. T 2 uc
22. |Aspleniaceae Asplenium apogamum N. Murakami et Hatanaka T 3 uc
23. Asplenium confusum Tardieu & Ching E 1 R
24. Asplenium crinicaule Hance E 1 ucC
25. Asplenium grevillei Wall. ex Hook. & Grev. L 1 L
26. Asplenium perakense B. Mathew & H. Christ E 4 uc
217. Asplenium phyllitidis D. Don L 1 ucC
28. Asplenium nidus L. L 1 uc
29. Asplenium yoshinagae Makino E 4 uc
30. Asplenium sp. | L 1 R
31. Asplenium sp. I L 1 R
32. [Blechnaceae Blechnum orientale L. T 2,4 A
33. Brainea insignis (Hook.) J. Sm. T 4 ucC
34. |Cyatheaceae Cyathea borneensis Copel. T 2 R
35. Cyathea contaminans (Wall. ex Hook.) Copel. T 1 uc
36. Cyathea gigantea (Wall. ex Hook.) Holttum T 1 uc
37. Cyathea latebrosa (C. Presl.) Copel. T 1 uc
38. Cyathea sp. | T 1 uc
39. |Davalliaceae Araiostegia imbricata Ching E 3 uc
40. Davallia denticulata (Burm. f.) Mett. ex Kuhn E 1 uc
41. Davallia solida (G. Forst.) Sw. E 1 uc
42. Davallia trichomanoides Blume var. lorrainii (Hance) E 3 C
Holttum
43. Humata repens (L. f.) J. Small ex Diels E, L 3 ucC
44, Leucostegia immersa C. Presl E, L 3 uc
45. |Dennstaedtiaceae  |Histiopteris incisca (Thunb.) J. Sm. T 2 ucC
46. Hypolepis punctata (Thunb.) Mett. ex Kuhn T 2 L
47. Microlepia hookeriana (Wall. ex Hook.) C. Presl T 2 R
48. Microlepia speluncae (L.) T. Moore T 1,2 A
49. Pteridium aquilinum (L.) Kuhn var. wightianum T 2,4 L
(J. Agardh) R.M. Tryon
50. |Dicksoniaaceae Cibotium barometz J. Sm. T 2 uc
51. |Dryopteridaceae Arachniodes coniifolia (Moore) Ching T 4 R
52. Arachniodes henryi (H. Christ) Ching T 4 R
53. Dryopteris polita Rosenst. T 4 R
54, Heterogonium gurupahense (C.Chr.) Holtt. T 1 R
55. Heterogonium sagenioides (Mett.) Holttum T 1 R
56. Pleocnemia irregularis (C. Presl) Holttum T 1 ucC
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Appendix 1. (continued)

No. Family Botanical Name Habit Habitat | Abundance
57. Polystichum scariosum (Roxb.) C. Morton T 4 R
58. Polystichum pseudotsus-simense Ching T 4 R
59. Pteridrys australis Ching T 1 L
60. Pteridrys syrmatica (Willd.) C.Chr. & Ching T 1 L
61. Tectaria angulata (Willd.) C. Chr. T 1 uc
62. Tectaria fuscipes (Wall. ex Bedd.) C. Chr. T 1 R
63. Tectaria impressa (Fée) Holttum T 1 A
64. Tectaria polymorpha (Wall. ex Hook.) Copel. T 1 C
65. Tectaria rockii C. Chr. T 1 R
66. Tectaria sp. | T 1 R
67. |Gleicheniaceae Dicranopteris splendida (Hand.-Mazz.) Tagawa T 4 L
68. Dicranopteris linearis (Burm. f.) Undrew. T 2,4 A
69. |Hymenophyllaceae |Crepidomanes birmanicum (Bedd.) K. Iwats. E 1 L
70. Crepidomanes christii (Copel.) Copel. E, L 1 uc
71. Crepidomanes latealatum (Bosch) Copel. E, L 1 uc
72. Hymenophyllum exsertum Wall. ex Hook. E, L 1 L
73. Hymenophyllum polyanthos (Sw.) Sw. E 3 L
74. |Lindsaeaceae Lindsaea ensifolia Sw. T 1 A
75. Sphaenomeris chinensis (L.) Maxon var. divaricata T 1 uc
(Christ) Kramer
76. Sphaenomeris chinensis (L.) Maxon var. rheophila T 2 C
Kramer
77. |Lomariopsidaceae |Bolbitis appendiculata (Willd.) K. lwats. subsp. L 1 uc
appendiculata
78. Bolbitis appendiculata (Wild.) K. lwats. subsp. vivipara L 2,34 C
var. vivipara (Hamilt. ex Hook.) Hennipman
79. Bolbitis deltigera (Bedd.) C. Chr. L 1 uc
80. Bolbitis heteroclita (C. Presl) Ching L 1 C
81. Bolbitis sinensis (Baker) K. Iwats. var. costulata (Hook.) L, T 4 uc
Tagawa & K. Iwats.
82. Bolbitis virens (Wall. ex Hook. & Grev.) Schott var. L 3 uc
compacta
83. Elaphoglossum marginatum (Fée) Moore E 3 uc
84. |Marattiaceae Angiopteris evecta (G. Forst.) Hoffm. T 1,2,3 C
85. |Oleandraceae Nephrolepis biserrata (Sw.) Schott T 4 L
86. Nephrolepis cordifolia (L.) C. Presl T 4 R
87. Nephrolepis delicatula (Decne.) Pic.-Serm. T 4 R
88. Nephrolepis hirsutula (G. Forst) C. Presl T 4 L
89. Oleandra undulata (Willd.) Ching E 3 L
90. Oleandra musifolia (Blume) C. Presl E 3 C
91. Oleandra wallichii (Hook.) C. Presl E 3 L
92. |Ophioglossaceae Ophioglossum pendulum L. E 1 R
93. Ophioglossum petiolatum Hook. T 2,4 uc
94. |Osmundaceae Osmunda vachellii Hook. T 2 R
95. |Parkeriaceae Ceratopteris thalictroides (L.) Brongn. A 2 uc
96. |Polypodiaceae Aglaomorpha coronans (Wall. ex Mett.) Copel. E 1,2,3,4 A
97. Belvisia henryi (Hieron. ex C. Chr.) Raymond E 3,4 uc
98. Belvisia mucronata (Fée) Copel. E 3,4 uc
99. Belvisia spicata (L.f.) Mirbel ex Copel. E 3,4 uc
100. Colysis hemionitidea (C. Presl) C. Presl L 2 uc
101. Colysis pedunculata (Hook. & Grev.) Ching E 1 uc
102. Crypsinus cruciformis (Ching) Tagawa E 3 uc
103. Crypsinus oxylobus (Wall. ex Kunze) Sledge E 3 L
104. Crypsinus rhynchophyllus (Hook.) Copel. E 3,4 C
105. Drynaria quercifolia (L.) J. Sm. E 1 C
106. Drynaria rigidula (Sw.) Bedd. E 1 C
107. Drynaria sparsisora (Desv.) T. Moore E 1 uc
108. Goniophlebium subauriculatum (Blume) C. Presl. E 3,4 uc
109. Lemmaphyllum carnosum (J. Sm. ex Hook.) C. Presl. E 4 ucC
110. Lepisorus bicolor (Takeda) Ching E 4 R
111. Lepisorus nudus (Hook.) Ching E 4 uc
112. Lepisorus scolopendrium (Buch.-Ham. ex D. Don) E 4 uc
Mehra & Bir
113. Leptochilus minor Fée L 1 L
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Appendix 1. (continued)

No. Family Botanical Name Habit Habitat |Abundance
114. Loxogramme centicola M.G. Price E 3 uc
115. Loxogramme cuspidata (Zenker) M.G. Price E 3 uc
116. Microsorum nigrescens (Blume) Pic.-Serm. E 1 uc
117. Microsorum punctatum (L.) Copel. E 1 uc
118. Microsorum pteropus (Blume) Copel. L 1 uc
119. Microsorum zippelii (Blume) Ching E 1 uc
120. Platycerium coronarium (J.G. Koen. ex C. Muell) Desv. E 2 R
121. Platycerium wallichii Hook. E 1,2 uc
122. Pyrrosia adnascens (Sw.) Ching E 2 ucC
123. Pyrrosia albicans (Blume) Ching E 2 uc
124. Pyrrosia costata (Presl ex Bedd.) Tagawa & K. Iwats. E 2 uc
125. Pyrrosia lingua (Thunb.) Farw. var. lingua E 3,4 L
126. Pyrrosia lingua var. heteractis (Mett. ex Khun) E 3,4 C
Hovenkamp
127. Pyrrosia nuda (Gies.) Ching E 3,4 uc
128. Pyrrosia nummulariifolia (Swartz) Ching E 3 uc
129. Pyrrosia piloselloides (L.) M.G. Price E 3 uc
130. Pyrrosia stigmosa (Sw.) Ching E 2,4 uc
131. Pyrrosia varia (Kaulf.) Farw. E 1 uc
132. Pyrrosia sp. | E 4 R
133. |Pteridaceae Pteris biaurita L. T 1,2,3,4 A
134. Pteris longipes D. Don T 3 R
135. Pteris mertensioides Willd. T 1 uc
136. Pteris venusta Kunze T 2 uc
137. Pteris vittata L. T 2 A
138. Pteris sp. | T 1 R
139. Pteris sp. 1l T 1 R
140. |Schizaeaceae Lygodium flexuosum (L.) Sw. T 2 A
141. Lygodium microphyllum (Cav.) R. Br. T 2,4 uc
142. Lygodium polystachyum Wall. ex T. Moore T 1,2 C
143. Lygodium salicifolium C. Presl T 1,2 C
144. |Thelypteridaceae  |Amphineuron opulentum (Kaulf.) Holttum T 2 uc
145. Amphineuron immersum (Blume) Holttum T 2 uc
146. Amphineuron terminans (J. Sm.) Holttum T 2 uc
147. Christella appendiculata (Presl) Holttum T 2 uc
148. Christella arida (D. Don) Holttum T 2 uc
149. Christella dentata (Forssk.) Brownsey & Jermy T 2 uc
150. Christella papilio (C. Hope) Holttum T 2 uc
151. Christella parasitica (L.) H. Lev. T 2 ucC
152. Christella siamensis Tagawa & K. Iwats. T 2 uc
153. Christella subelata (Baker) Holttum T 2 uc
154. Christella subpubescens (Blume) Holttum T 2 L
155. Cyclosorus hirtisorus (C. Chr.) Ching T 2 uc
156. Cyclosorus interruptus (Willd.) H. Ito T 2 L
157. Macrothelypteris ornata (Wall. ex Bedd.) Ching T 4 uc
158. Macrothelypteris torresiana (Gaudich.) Ching T 4 L
159. Metathelypteris dayi (Bedd.) Holttum T 4 R
160. Metathelypteris singalanensis (Baker) Ching T 4 ucC
161. Pneumatopteris truncata (Poir.) Holttum T 2 uc
162. Pronephrium articulatum (Houlston & T. Moore) Holttum T 2 uc
163. Pronephrium lakhimpurense (Rosenst.) Holttum T 2 uc
164. Pronephrium nudatum (Roxb.) Holttum T 2 A
165. Sphaerostephanos hirtisorus (C. Chr.) Holtt. T 2 L
166. Sphaerostephanos polycarpus (Blume) Copel. T 2 L
167. Sphaerostephanos sp. | T 1 R
168. Trigonospora ciliata (Wall. ex Benth.) Holttum L 1 L
169. |Vittariaceae Antrophyum callifolium Blume L 1 uc
170. Vittaria taeniophylla Copel. E 1 R
171. |Woodsiaceae Anisocampium cumingianum C. Presl| E 1 R
172. Diplazium esculentum (Retz.) Sw. T 1,2 C
173. Diplazium donianum (Mett.) Tardieu T 3 uc
174. Diplazium simplicivenium Holttum T 2,4 uc
175. Diplazium tomentosum Blume T 1,3 R
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Abstract: Bryophyte Diversity at Thong Pha Phum National Park, Kanchanaburi
Province (Thaweesakdi Boonkerd®, Rossarin Pollawatn!, Sahut Chantanaorapint “and
Ming-Jou Lai® ‘Chulalongkorn University, 2Prince of Songkla University, *Tunghai University) Surveys
and collections of bryophyte specimens in Thong Pha Phum National Park were carried out from
July 2004 to October 2005 from 4 sites: 1) hill evergreen forest 2) disturbed areas from mining
around E-Tong village, 3) hot springs and the surrounding areas, 4) freshwater springs. A total of
400 specimens was collected. They were determined into 117 species within 80 genera and 40
families. There were 69 species of mosses, 45 species of liverworts (4 species of thalloid
liverworts and 41 species of leafy liverworts) and 3 species of hornworts. It was found that hill
evergreen forest had the highest number of species, freshwater springs was second, and hot
springs and the surrounding areas had the lowest number of species. Nine species of bryophytes
namely Aneura pinguis (L.) Dumort., Asterella khasyana (Griff.) Pandé et al., Cyathodium
cavernarum Kunze, Dicranolejeunea javanica Steph., Fissidens flaccidus Mitt., Folioceros udarii
AK. Asthana & S.C.Srivast., Notothylas javanicus (Sande Lac.) Gottsche, Schiffneriolejeunea
tumida (Nees) Gradst. var. tumida, and Weissia controversa Harv. are new records. Furthermore,
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Dicranolejeunea (Spruce) Schiffn. is a newly recorded genus for Thailand.

Key words: mosses, thalloid liverworts, leafy liverworts, hornworts, diversity
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Taxa

LMF

DA

MDF

SF

Habitat

Anthocerotopsida

Anthocerotaceae

1. Folioceros udarii A.K.Asthana & S.C.Srivast.*

2. Phaeoceros laevis (L.) Prosk.
Notothyladaceae

3. Notothylas javanica (Sande Lac.) Gottsche*

Bryopsida

Bartramiaceae

4. Philonotis bartramioides (Griff.) Griffin & Buck
Bryaceae

5. Brachymenium nepalense Hook.

6. Bryum billardieri Schwaegr.

7. Bryum coronatum Schwaegr.

8. Bryum neelgheriense Mont.
Calymperaceae

9. Calymperes afzelii Schwaegr.

10. Calymperes lonchphyllum Schwaegr.

11. Calymperes sp.

12. Syrrhopodon gardneri (Hook.) Schwaegr.

13. Syrrhopodon semiliber (Mitt.) Besch.
Dicranaceae

14. Campylopus ericoides (Grief.) A.Jaeger

15. Campylopus zollingerianus (Mill.Hal.) Bosch & Sande Lac.

16. Leucoloma cf. mittenii M.Fleisch.

17. Microdus brasiliensis (Dudy) Thér.
Ditrichaceae

18. Garckea flexuosa (Griff.) Margad. & Nork.
Entodontaceae

19. Trachyphyllum inflexum (Harv.) A.Gepp.
Fissidentaceae

20. Fissidens ceylonensis Dozy & Molk.

21. Fissidens crenulatus var. elmeri (Broth.) Z.lwats. & Tad. Suzuki

22. Fissidens flaccidus Mitt.*

23. Fissidens zippelianus Dozy & Molk.

24. Fissidens zollingeri Mont.

25. Fissidens sp.
Hookeriaceae

26. Actiodontium ascendens Schwaegr.

27. Chaetomitrium cucullatum Dixon
Hypnaceae

28. Ecthopothecium ohsimense Card & Thér.

29. Isopterygium cf. albescens (Hook.) A.Jaeger
Hypopterygiaceae

30. Cyathophorum adiantum (Griff.) Mitt.
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AANKIN (6id)

Taxa LMF DA MDF SF Habitat

Leucobryaceae
31. Leucobryum aduncum Dozy & Molk.
32. Leucobryum chrolophyllosum Mll.Hal.

NNRNIN

33. Octoblepharum albidum Hedw.
Meteoriaceae

34. Acrobryopsis cochlearifolia Dixon v

35. Barbella flagellifera (Cord.) Nog. v

36. Barbella stevensii (Reniw. et Cord.) M.Fleisch.

37. Cryptopapillaria feae (Mill.Hal.) M.Menzel

RSRNRN
m m m m m

38. Meteoriopsis squarrosa (Hook.) M.Fleisch. ex Broth.
Mniaceae

39. Plagiomnium succulentum (Mitt.) T.J.Kop. 4 E
Neckeraceae

40. Neckera crenulata Harv.

41. Neckeropsis fimbriata (Harv.) M.Fleisch. 4 4

42. Homaliodendron exiguum (Bosch & Sande Lac.) M. Fleisch. E,T

NI NI NN

43. Pinnatella alopecuroides (Hook.) M. Fleisch.

44. Pinnatella kuehliana (Bosch & Sande Lac.) M.Fleisch. v E
Orthotrichaceae

45. Groutiella tomentosa (Hornsch.) Wijk & Marg.

46. Macromitium microstomum (Hook. & Grev.) Schwaegr.

NNRNIN

47. Macromitrium nepalense (Hook. & Grev.) Schwaegr.
Phyllodrepaniaceae

48. Mniomalia semilimbata (Mitt.) Mull.Hal. v E
Polytrichaceae

49. Pogonatum aloides (Hedw.) P.Beauv.

50. Pogonatum inflexum (Lindb.) Sande Lac.

RN

51. Pogonatum neesii (Mill.Hal.) Dozy
Pottiaceae

52. Barbula arcuata Giriff. v

53. Hyophila involuta (Hook.) A.Jeager v v v v

54. Weissia controversa Harv.* v
Pterobryaceae

55. Pterobryopsis divergens (Mitt.) Nog. 4 E

Racopilaceae

<\
m

56. Racopilum cuspidigerum (Schwagr.) Angstr.
Sematophyllaceae

57. Acroporium lamprophyllum Mitt.

58. Chionostomum rostratum (Mitt.) Mull.Hal.

59. Gammiella pterogonioides (Griff.) Tixier

60. Meiothecium jagorii (Mill.Hal.) Broth.

NSRNENENEN

61. Meiothecium microcarpum (Hook.) Mitt.
62. Rhaphidostichum bunodiocarpum (Mull.Hal.) M.Fleisch. v
63. Sematophyllum subhumile (Mill.Hal.) M.Fleisch. v

m m m m m m m
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AANWIN (5i)

Taxa LMF DA MDF SF Habitat
64. Sematophyllum cf. subpinnatum (Brid.) Britt. 4 E
65. Taxithelium nepalense (Schwaegr.) Broth. v v ET
66. Trichosteleum psuedomamosum M.Fleisch. 4 E

Sphachnaceae
67. Tayloria indica Mitt. 4 T
Thuidiaceae
68. Pelekium bifarium (Bosch & Sande Lac.) M.Fleisch. v ET
69. Thuidium pseudoglacinum Touw 4 E
Trachypodaceae
70. Trachypodopsis serrulata var. crispatula (Hook.f.) Zanten 4
71. Trachypus humilis Lindb. 4
Hepaticopsida
Anuraceae
72. Aneura pinguis (L.) Dumort.* v v
73. Riccardia sp. v v
Aytoniaceae
74. Asterella khasyana (Griff.) Pandé et al.* v v T
Frullaniaceae
75. Frullania apiculata (Reinw. et al.) Dumort. v v E
76. Frullania berthoumieui Steph. v E
77. Frullania gaudichaudii Nees & Mont. v E
78. Frullania meyeniana Lindenb. v E
79. Frullania nodulosa (Reinw. et al.) Dumort. v E
80. Frullania riojaneirensis (Raddi) Angstr. 4 4 E
Geocalyaceae
81. Heteroscyphus splendens (Lehm. & Lindenb.) Grolle v E
82. Heteroscyphus coalitus (Hook.) Schiffn. v v
Herbertaceae
83. Herbertus dicranus (Taylor) Trevis. v E
Jungermanniaceae
84. Chandoanthus birmensis Steph. 4
85. Jungermannia truncata Nees v v T
Lejeuneaceae
86. Caudalejeunea reniloba (Gottsche) Steph. 4 E
87. Cheilolejeunea intertexta (Lindenb.) Steph. 4 E
88. Cheilolejeunea trifaria (Reinw. et al.) Mizut. v E
89. Cololejeunea gottschei (Steph.) Mizut. v E
90. Cololejeunea lanciloba Steph. v E
91. Cololejeunea ornata A. Evans. v E
92. Dicranolejeunea javanica Steph.* 4 E
93. Lejeunea anisophylla Mont. v E
94. Lejeunea punctiformis Taylor v E
95. Lejeunea sordida (Nees) Nees 4 E
96. Lejeunea cf. tuberculosa Steph. 4 v E
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AANWIN (6iD)

Taxa LMF DA MDF SF Habitat
97. Leptolejeunea balansae Steph. 4 E
98. Leptolejeunea elliptica (Lehm. & Lindenb.) Schiffn. 4 E
99. Lopholejeunea nigricans (Lindenb.) Schiffn. v E
100. Lopholejeunea subfusca (Nees) Schiffn. v 4 E
101. Mastigolejeunea indica Steph. v E
102. Mastigolejeunea repleta (Taylor) A.Evans v E
103. Ptychanthus striatus (Lehm. & Lindenb.) Nees v v 4 E
104. Schiffneriolejeunea tumida (Nees) Gradst. var. tumida*® v E
105. Spruceanthus polymorphus (Sande. Lac.) Verd. v 4 E
106. Spruceanthus semirepandus (Nees) Verd. v v E
107. Thysananthus spathulistipus (Reinw. et al.) Lindenb. v 4 E
Lepidoziaceae

108. Bazzania appendiculata (Mitt.) S.Hatt. v E

109. Bazzania tridens (Reinw. et al.) Trev. v
Metzgeriaceae

110. Metzgeria furcata (L.) Dumort. v E
Pallaviciniaceae

111. Pallavicinia lyellii (Hook.) Carruth. v v T
Plagiochilaceae

112. Plagiochila parvifolia Lindenb. v v

113. Plagiochila sp. v
Radulaceae

114. Radula sumatrana Steph. 4 E
Ricciaceae

115. Riccia billardieri Mont. & Nees v T
Targioniaceae

116. Cyathodium cavernarum Kunze* v T

RANBLAG: LMF = Lower Montane Forest, DA = Disturbed Area, MDF = Mixed Deciduous Forest, SF = Swam Forest,

E = Epiphyte, growing on plant parts, T = Terrestrial, growing on soil or humus rich rocks, * = new record.
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Phum District, Kanchanaburi Province, Thailand

Parinyanoot Darumas*, Chumpol Khunwasi and Tosak Seelanan
Chulalongkorn University, Bangkok
*Parinyanoot.K@chula.ac.th

Abstract: A Taxonomic survey of vascular plants was carried out in three spring water swamp
areas in Thong Pha Phum District namely Pong Phu Ron, Phu Poo Rachinee, and Phu Chumchon
Ban Tha Maduea from December 2001 to November 2003. A total of 493 specimens were
collected. They were identified into 273 species, 205 genera and 87 families. These can be
categorized into pteridophytes and flowering plants. Among these, 24 species in 17 genera and 12
families are pteridophytes, of which Polypodiaceae is the richest family of 8 species. The
remaining species were angiosperms which comprised 170 species of the dicots, and 79 species of
the monocots. Among the flowering plants, Orchidaceae was the richest family with 56 species.
The second was Labiatae with 11 species in 6 genera while the third was Leguminosae-
Caesalpinioideae with 10 species in 5 genera. In addition, six endemic species to Thailand were
recorded, i.e., Ardisia ficifolia K.Larsen & C.M.Hu, Ardisia confusa K.Larsen & C.M.Hu,
Morinda scabrida Craib, Boesenbergia siamensis (Gagnep.) P.Sirirugsa, Aristolochia kerrii Craib
and Magnolia siamensis, Dandy var. siamensis; the latter two species are very rare. The other 4
species, viz. Clematis smilacifolia Wall., Malleola penangiana (Hook.f.) J.J.Sm. & Schltr.,
Phalaenopsis parishii Rchb.f., and Renanthera coccinea Lour. were also rarely found in this
natural habitat. Moreover, there are a number of species which are said to be threatened in
Thailand. They are Acer oblongum Wall. ex DC., Mitrephora keithii Ridl., Aristolochia kerrii
Craib, Thottea sumatrana (Merr.) Ding Hou, Epithema carnosum Benth., Chiloschista lunifera
(Rchb.f.) J.J.Sm., Cleisostoma aspersum (Rchb.f.) Garay, Phalaenopsis parishii Rchb.f.,

YALASINITNBIU YRR TUAN

Diversity of Vascular Plants in Spring Water Swamp Areas of Thong Pha

Renanthera coccinea Lour., Calamus arborescens Griff. and Tacca chantrieri Andre.

Key words: diversity, endemic, rare species, threatened plant, vascular plant

Introduction
‘Phu’ and ‘Phru’ forest

The words ‘Phu’ and ‘Phru’ in Thai
carry distinctly different meanings. According
to the Royal Institute Thai dictionary (2003),
the word ‘Phu’ has 2 definitions. As a verb,
‘Phu” means ‘to appear by emerging out of
something’. It is commonly used with the nouns
‘water’ and ‘gas’ to express their action of
coming out of the ground. When used as a
noun, however, ‘Phu’ refers to the water
emerging out of the earth’s surface or the water
spring. As for the word ‘Phru’, it is a noun and
signifies “a low-lying wetland with the
accumulation of decayed vegetation matter.”

Accordingly, it can be said that the
word ‘Phu’ in ‘Pong Phu Ron’, “Phu Poo
Rachinee” and “Phu Chumchon” refers to an
area inundated by water from natural springs
that keeps the soils wet throughout the year or
seasonally. Thus, the forests in these spring
water areas can be called ‘Phu forest’, in the
same way as ‘beach forest’.
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The Ramsar Convention, an
international treaty for the conservation and
sustainable utilization of wetlands, defined
‘wetlands’ as areas, whether natural or human-
made, where water is the primary factor
controlling the environment and the associated
plant and animal life. They occur where the
water table is at or near the surface of the land,
or where the land is covered by shallow water.
The water may flood the land throughout or
only during some parts of the year. From this
definition, it can be seen that wetlands can
occur in a wide variety of places such as, lakes,
swamps, marshes, fens, coastal lagoons,
mangroves, and even coral reefs can all be
classified as ‘wetlands’.

The afore-mentioned three spring
water areas share a major characteristic of
having  subterranean  water  emerging.
Additionally, these areas can become flooded
by rainfall, the streams flowing into the area
from outside, and the water overflowing from
the surrounding area. This main physical



feature makes these three areas fit the definition
of ‘wetlands.’

Apart from being unique in their
physical features, the 3 spring water forests are
also home to a rich diversity of plant species,
including rare ones. It is, therefore, necessary
that these three areas and their resources be
preserved and protected by the authorities and
villagers alike in order to retain the benefits that
accrue from these wetlands for as long as
possible.

Study Site

The first study site, Pong Phu Ron (N
14° 38 '51.9 "E 98° 31 '39.5"), is located in the
village of Ban Huai Pak Khok, Huai Khayeng
Subdistrict, Thong Pha Phum District (Fig. 1).
It is a small swampy area, with at least two hot
springs flowing with subterranean water. As it
emerges from the springs, the water has an
approximate temperature of 55 °C and emitsa
strong smell of sulphur into the air. No rivers or
streams flow into or out of the area either
during the wet or dry season. A large part of the
area is inundated in the rainy season, with a
water depth of 50 cm on average. Almost all of
the water, however, runs dry in the dry season.
The streams of the remaining waters from the 2
springs merge together and form a small stream
of hot water that flows into the adjacent areas.
Although Pong Phu Ron is flooded only during
the rainy season, the heavy clay soils here
remain muddy for most of the year. Plentiful in
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Figure 1. Map of studied sites in Thong Pha Phum
District, Western Thailand.

this area are aquatic and herbaceous plants,
while in the outer regions of the swamp, trees
and shrubs are common, with bamboo clearly
comprising 60 percent of those plants present
(Fig. 2A-B).

Phu Poo Rachinee (N 14° 33 '14 "E
98° 37 '27"), the second study site, is situated
in the village of Ban Rai Pa, Huai Khayeng
Subdistrict, Thong Pha Phum District. This
spring water area is covered by water
throughout the year, with a high amount of
water during the rainy season and lower in the
dry season. Where within the area the
subterranean water emerges, however, is yet to
be located. Moreover, a stream approximately
1 metre in width runs through this area. In the
rainy season, a large portion of Phu Poo
Rachinee is inundated. Over the dry season
when the area is no longer flooded, the soils
here still retain a relatively high amount of
moisture. Densely populated by trees, this
spring water area also contains a variety of
epiphytes, climbers, shrubs and herbaceous
species. Phu Poo Rachinee is divided into 3
sections by a 10-metre wide pipeline and 4-
metre wide road. Despite the disturbance, Phu
Poo Rachinee has not lost its characteristics of
a spring water area due to the stream of water
that keeps flowing through and fertilizing this
piece of land throughout the year. As bamboo
forest is dominant along the periphery of this
area, it is rather easy to determine the extent of
the Phu Poo Rachinee area in the dry season
(Fig. 2C-D).

Like Phu Poo Rachinee, Phu
Chumchon (N 14° 38 '14.2 "E 98° 35 '20"), the
third study site situated in the village of Ban
Tha Maduea, Huai Khayeng Subdistrict, Thong
Pha Phum District, is inundated all year long,
with the volume of water increasing over the
rainy season and decreasing during the dry one.
Field observations suggest that there are at least
2 water springs in this area. Phu Chumchon,
thickly populated by trees, is evidently lower in
elevation than the surrounding area. Down one
side of this spring water area runs a 50-
centimetre wide stream flowing with water all
year round. On the other side, however, the
stream runs dry in the dry season. Furthermore,
a 4-metre wide road cut through the area
diverted the previously existing flow of water,
resulting in a decline of fertility in the part of
the area through which the stream of water
cannot flow. Presence of Toei yai (Pandanus
unicornutus) (Fig. 3A-B) suggests that this
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infertile portion was once part of the bigger area divided into a large and small part, with the area
of Phu Chumchon. The spring water area on the in the middle made into an agricultural ground
other side of the road, on the other hand, is by villagers. Nevertheless, in the wet season,

Figure 2. Views of studies sites: A-B: Pong Phu Ron; C-D: Phu Poo Rachinee; E-F: Phu Chumchon; G: Prop
root; H: pneumatophores
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Figure 3. A-B: Pandanus unicornutus St.John; C: Crepidomanes christii (Copel.) Copel.; D: Elaeocarpus
grandiflorus Sm.; E: Glochidion lanceolarium (Roxb.) Voigt, male flower; F: Glochidion lanceolarium (Roxb.)
Voigt, fruit; G: Syzygium diospyrifolium (Wall. Ex Duthie) S.N. Mitra.; H: Miliusa velutina (Dunal) Hook.f. &

Thomson.
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this area is heavily flooded and cannot be
cultivated. As its name may suggest, the spring
water area of Phu Chumchon is allocated to
villagers displaced by the construction of
Wachiralongkorn reservoir and there have been
attempts to preserve this area by establishing it
as a community forest (Fig. 2E-F).

In terms of size, Phu Poo Rachinee
area is the largest, while Phu Chumchon and
Pong Phu Ron cover almost the same amount of
land. However, in other aspects, the areas of Phu
Poo Rachinee and Phu Chumchon share many
similarities in their physical and biological
features: the vegetation, dominant species, and
the surface water. These characteristics differ
greatly from those of Pong Phu Ron.

Methodology

Area expeditions and vascular plant
collections were conducted using a plot-less
method. Plant specimens were gathered along
the existing forest trails, extending about 10 m
on both sides. A monthly collection schedule
was implemented for the field trips during
December 2001 through November 2003.
Fertile specimens were collected and notes on
ecological data and some diagnostic characters
of each species were taken for aiding plant
identification in the laboratory.

Voucher specimens were prepared as
described in Boonkerd et al. (1987) and
deposited at the Kasin Suvatabhandhu
Herbarium, Department of Botany, Faculty of
Science, Chulalongkorn University (BCU),
Bangkok. External morphological characters
were studied. Then, identification to species
was made for all specimens using the Flora of
Thailand, Floras from neighboring countries
and other taxonomic literature. Specimens were
compared to voucher herbarium specimens
deposited at BCU, BKF, and BK.

Results
Our field expedition surveying vascular
plants in spring water areas of Pong Phu Ron,
Phu Poo Rajinee and Phu Chumchon, Thong

Table 1. Number of vascular plants in each habitat.

Pha Phum District, Kanchanaburi Province
from December 2001 through November 2003
yielded 493 specimens. They were determined
and classified into 273 species, 205 genera and
87 families (Appendix). The collection included
pteridophytes and flowering plants. There were
24 species, 17 genera and 12 families that
belonged to the former group, of which the
family Polypodiaceae is the richest in terms of
species number, 8 species in 5 genera. The
latter, group, the flowering plants comprised
170 species in 132 genera and 60 families of the
dicots, and 79 species in 55 genera and 15
families of the monocots. Among the flowering
plants, the family Orchidaceae was the richest
with 56 species in 33 genera. The second was
Labiatae with 11 species in 6 genera while the
third is Leguminosae-Caesalpinioideae with 10
species in 5 genera. It should be noted that there
were many rare and endemic species of
Thailand in this spring water areas. In addition,
11 species that occurred in this area were
threatened plants of Thailand.
Vascular Plants Habitat

The vascular plants in the study areas
included terrestrial, epiphytic, saprophytic,
parasitic and aquatic plants (Table 1). Among
the species collected, terrestrial plants were the
richest in number (203 species), whilst
saprophytes were represented by two species; i)
Cotylanthera caerulea Lace (Gentianaceae)
(Figure 4D), a small saprophytic herb growing
on leaf litter, humus-rich rocks or rotten logs;
ii) Epirixanthes elongata Blume (Polygalaceae)
(Figure 4E), a small slender erect herb growing
in leaf litter under bamboo shade. Parasitic
plant were represented only by Aeginetia indica
Roxb. (Orobanchaceae), a parasitic herb
growing in mixed deciduous or bamboo forest.

Common Species among the three study

sites

It was observed that both spring water
areas, Phu Poo Rajinee and Phu Chumchon,
have rather similar physical and biological
environment characteristics, that is, they are
both ‘wetlands’ and flooded throughout the

Mode of Nutrition
Autotrophic (270) .
Group of vascular plants Habitat Heterotrophic (3)
Terrestrial Epiphytic Aguatic Saprophytic Parasitic
Pteridophytes (24) 10 13 1 - -
Flowering Plants (249) 194 50 2 2 1
Total (273) 204 63 3 2 1
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year with trees growing very densely in the area
and there are some epiphytes, climbers, shrubs
and herbaceous plants scattering all over the
area. These make the spring water areas always
shaded and cooled with consistently high
humidity. That one species of filmy fern,
Crepidomanes christii (Copel.) Copel. (Figure
3C), was found growing very densely on tree
trunks in these areas indicates the high air
humidity and fertility of the areas since this
epiphytic fern is a hygrophilous species and
restricted to such habitat (Piggott, 1988).

The diversity of plants found in these
two spring water areas were quite similar. The
common species of trees were Khrai yoi
[Elaeocarpus grandiflorus Sm.] (Fig. 3D),
Daeng nam [Glochidion lanceolarium (Roxb.)
Voigt] (Fig. 3E-F), Tang hon bai vyai
[Calophyllum soulattri Burm.f.], Khoi nam
[Streblus ilicifolius (Vidal) Corner], Bong
khwan [Syzygium diospyrifolium (Wall. ex
Duthie) S.N.Mitra] (Fig. 3G), Wa nam
[Syzygium  oblatum  (Roxb.) Wall. ex
A.M.Cowan & Cowan var. oblatum], and Toei
yai [Pandanus unicornutus St.John]. We also
found many species of palms and rattans, such
as, Ra kam [Salacca wallichiana C.Mart], Tao
rang daeng [Caryota mitis Lour.], Wai ton
[Calamus arborescens Griff.], and Plectocomia
cf. muelleri Blume. Khuang luk daeng [Smilax
megacarpa A.DC.] was the most common
climber in the area. The common herbaceous
plants scattering on the forest ground were Phak
nam [Lasia spinosa (L.) Thw.] which were
present in flooded areas, Khon ma khao
[Dracaena  angustifolia  Roxb.], Khla
[Schumannianthus dichotomus (Roxb.)
Gagnep.], Ne-ra-phu-si-thai [Tacca chantrieri
Andre.].

In contrast, Pong Phu Ron possessed
physical and biological characteristics factors
that were very different from Phu Poo Rachinee
and Phu Chumchon. This area has been divided
into 2 parts: a small pond with muddy soil with
two hot water springs and an area with mixed
deciduous forest around Pong Phu Ron. In the
former, most of the plants found in the pond
and at the edge of the pond were aquatic and
hydrophilous plants such as Phak bung
[l[pomoea aquatica Forssk.], Phaya rak dam
[Ludwigia octovalvis (Jacg.) P.H.Raven], Phak
plap chang [Floscopa scandens Lour.], and
Sanun [Salix tetrasperma Roxb.]. The second
part, the area around Pong Phu Ron was a kind
of mixed deciduous forest. There were trees,

shrubs and bamboos scattered all over the area.
The common trees were Khang hua mu
[Miliusa velutina (Dunal) Hook.f. & Thomson]
(Fig. 3H), Chum saeng daeng [Homalium
grandiflorum Benth.], Ta khro [Schleichera
oleosa (Lour.) Oken]. The common climbers in
the forest around Pong Phu Ron were Yan khon
[Lepistemon binectariferum (Wall.) O.K.] (Fig.
4A), Ching cho khao [Merremia umbellata (L.)
Hallier.f.], Buri phra ram [Neoalsomitra
sarcophylla (Wall.) Hutch.]. In the rainy
season, particularly in September and October,
Tien thai [Impatiens siamensis T.Shimizu] (Fig.
4B), a member of Balsaminaceae was blooming
everywhere on the forest ground. It is
interesting that we found many species of
orchids, 26 species, in the Pong Phu Ron area;
especially, Khem daeng [Ascocentrum
curvifolium (Lindl.) Schltr.] (Fig. 4C) was the
outstanding orchid of this area. In March we
saw the beautiful reddish flowers blooming on
every fork of the trees. In addition, Ueang
phuang malai [Aerides multiflora Roxb.] and
Ueang nguang chang [Dendrobium aphyllum
(Roxb.) C.E.C.Fisch.] were also found in great
numbers in the area.

Interestingly, however, only 12
species were found in all three spring water
areas, for example, Kha luang lang lai
(Asplenium nidus L.), Klet nakarat (Pyrrosia
piloselloides (L.) M.G.Price), Nom pichit
(Hoya parasitica (Roxb.) Wall. ex Traill),
Chum het thet (Senna alata (L.) Roxb.), Ueang
mai na (Costus speciosus (Koen.) Sm.), Dok
din daeng (Aeginetia indica Roxb.), and
Karekaron (Cymbidium aloifolium (L.) Sw.).
The reason for this observation could be that
most of these species are able to grow in all
type of habitats or vegetation types and are
widely distributed. An other reason could be
that plants found in Pong Phu Ron were not the
same as those in other Phu’s except for only a
few species as mentioned earlier.

Orchid diversity

These phu areas harbored quite high
numbers of orchids; 56 species in 34 genera. Of
these, 6 were terrestrial and 50 were epiphytic.
The genus Dendrobium was represented by 13
species whilst only 1 to 2 species were found of
the rest. Among 56 species identified, some
inhabited all phu whereas and few were only in
one locality. For example, Cymbidium
aloifolium (L.) Sw., Dendrobium aphyllum
(Roxb.) C.E.C. Fisch., Eria lasiopetala (Willd.)
Ormerod and others were found in all three
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phu’s. In contrast, Ascocentrum curvifolium in terms of number of individuals, e.g.

(Lindl.) Schltr. was only found at Pong Phu Pholidota imbricata W. J. Hook, Pomatocalpa
Ron, and occupied nearly every tree around the andamanica (Hk.f.) J. J. Sm., Rhynchostylis
pond. In addition, many species were abundant retusa (L.) Blume. Only a few orchids were

Figure 4. A: Lepistemon binectariferum (Wall.) O.K.; B: Impatiens siamensis T. Shimizu; C: Ascocentrum
curvifolium (Lindl.); D: Cotylanthera caerulea Lace; E: Epirixanthes elongate Blume; F: Ardisia ficifolia K.
Larsen & C.M.Hu; G: Boesenbergia siamensis (Gagnep.) P. Sirirugsa; H: Renanthera coccinea Lour.
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considered of rare occurrence in these phu’s,
namely Acanthephipium sylhetense Lindl. (Fig.
5B), Dendrobium ciliatilabellum Seidenf., and
Palaenopsis parishii Rchb. f. (Fig. 5A), of
which only a few pseudobulbs or only one plant
was found.

According to Thaithong (1999),
knowledge of the geographic distribution in
Thailand of a few orchid species has been
expanded by our research. However, more
fieldwork is needed to verify if these species
occur elsewhere in southwest Thailand. At
present, one such work is underway
(Sittisatjathum and Sookchaloem, 2002).

Although this area is in its distribution
range (Seidenfaden, 1988), only one plant of
Phalaenopsis parishii was found at Phu Poo
Rachinee. This emphasizes the rarity of this
species, thus preserving this area is
recommended.

It is noteworthy to mention that many
orchid species found are not restricted to just
one Thai floristic region. Rather, these species
were distributed in two or more Thai floristic
regions, or widely distributed throughout
Thailand. More work is needed to determine the
ecological factors that may contribute to such a
high number of species/genera inhabiting these
habitats.

Endemic Species

Of the 273 species of vascular plants
found in the spring water areas, 4 species are
endemic to Thailand: Ardisia confusa K.Larsen
& C.M.Hu, and Ardisia ficifolia K.Larsen &
C.M.Hu (Myrsinaceae) (Fig. 4F), which are
shrubs found in moist and shaded area beside
the stream in Phu Poo Rachinee, known only
from the type locality of Sangkhlaburi and Sai
Yok, Kanchanaburi province (Larsen and Hu,
1996), Morinda scabrida Craib (Rubiaceae),
which is a small shrub commonly scattered in
open places of bamboo forest at the edge of Phu
Poo Rachinee, also known only from 2 pieces
of type specimens collected from Kanchanaburi
province and deposited at BK, and
Boesenbergia siamensis (Gagnep.) P.Sirirugsa
(Fig. 4G), a small herbaceous plant found in
moist and shaded areas at Pong Phu Ron and
Phu Chumchon, with a restricted distribution
range in the Southwestern floristic region of
Thailand.

Rare Species

Most colleted vascular plants in the
spring water areas were found commonly or
abundantly throughout the area, except for 6

species, namely, Dendrobium trinervium Ridl.,
Acanthephippium sylhetense Lindl., Malleola
penangiana (Hook.f.) J.J.Sm. & Schiltr,,
Phalaenopsis parishii Rchb.f.,, Renanthera
coccinea Lour. (Fig. 4H), and Clematis
smilacifolia Wall (Fig. 5C-D). They were found
only once, each with the number of 1 or 2.

Two species, i.e. Aristolochia kerrii
Craib and Magnolia siamensis Dandy var.
siamensis were reported as rare endemic species
of Thailand (The National Identity Board,
2000).

In addition, from the literature and the
results from this study, 11 species of vascular
plants found in the study area were listed as
threatened plants in Thailand (Pooma, 2005).
These include:

1. Acer oblongum Wall. ex DC.
(Aceraceae) (Fig. 5E-F), a large
tree found at the edge of Phu Poo
Rajinee.

2. Mitrephora keithii Ridl.
(Annonaceae), a small tree found in
Phu Chumchon at Ban Thamadua.

3. Aristolochia kerrii Craib
(Aristolochiaceae), a climber found
in open places at Pong Phu Ron.

4. Thottea sumatrana (Merr.) Ding
Hou (Aristolochiaceae) (Fig. 5G), a
small shrub that occurredas a very
few plants at the edge of Phu Poo
Rachinee.

5. Epithema carnosum Benth.
(Gesneriaceae), a herbaceous plant
growing on the rock in Pong Phu
Ron.

6. Chiloschista lunifera  (Rchb.f)
J.J.Sm. (Orchidaceae), an aphyllous
epiphytic orchid found in Pong Phu
Ron.

7. Cleisostoma aspersum (Rchb.f)
Garay (Orchidaceae), an epiphytic
orchid found in Phu Poo Rachinee
and Phu Chumchon.

8. Phalaenopsis  parishii  Rchb.f.
(Orchidaceae), an epiphytic orchid
on tree trunks of which only 2
plants were found in Phu Poo
Rachinee.

9. Renanthera coccinea Lour.
(Orchidaceae), an epiphytic orchid
found only once in open places of
Phu Chumchon.

10. Calamus arborescens Griff.
(Palmae), a rattan with a trunk
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found in moist and shaded places in and shaded places in Phu Poo

Phu Chumchon. Rachinee and Phu Chumchon.

11. Tacca chantrieri Andre Wetlands Comparison
(Taccaceae), a locally abundant The vascular plant diversity found in
herbaceous plant found in moist the spring water areas of Thong Pha Phum,

Figure 5. A: Phalaenopsis parishii Rchb.f.; B: Acanthephippium sylhetense Lindl; C-D: Clematis
smilacifolia Wall.; E-F: Acer oblongum Wall. Ex DC; G: Thottea sumatrana (Merr.) Ding Hou; H:
Dendrobium ciliatilabellum Seidenf.
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Table 2. Summary of vascular plant diversity in spring water areas, Kanchanaburi and Toh Daeng peat swamp
forest, Narathiwat, including the number of the overlapping species, genera and families.

Area average | raining relative Pteridophytes Flowering Plants
rainfall days humidity | sp. | gen. | fam. | sp. | gen. | fam.
(mm)

Peat Swamp Forest* 2,560.2" 171

(Narathiwat)

33 24 15 437 | 302 | 109

Spring Water Areas 1,845.0° 1337

(Kanchanaburi)

24 17 12 249 | 187 75

Species in common 7 10 10 22 54 56

Note: ‘Phengklai, C. and Niyomdham, C. (1991), “Srapratet, S. (2002)

Kanchanaburi can be compared with that
recorded in Toh Daeng peat swamp forest of
Narathiwat Province (Table 2).

Table 2 suggests that there were few
common species of vascular plants found in the
peat swamp forest and in these three spring
water areas. Twenty-nine species found in both
areas, for example, Combretum acuminatum
Roxb., Syzygium oblatum (Roxb.) Wall. ex
A.M. Cowan & Cowan, Ludwigia octovalvis
(Jacg.) Raven, Lasia spinosa (L.) Thw.,
Flagellaria indica L., Schumannianthus
dichotomus (Roxb.) Gagnep., Caryota mitis
Lour., Ceratopteris thalictroides (L.) Brongn.,
Asplenium nidus L., were widely distributed
species that often grow in wetlands. The unique
species of the peat swamp forest and spring
water area were not the same, even though they
were in the same genera. For instance, Toei yai
(Pandanus unicornutus St.John), a large
Pandanus with a tall trunk, and a dominant
species of spring water areas, is not encountered
in the peat swamp forest where Toei nu
(Pandanus humilis Lour.), Toei nam (Pandanus
immersus Ridl.), and Toei pru (Pandanus
militaris Balf.f.) which were shrubs with short
trunk, are present.

These differences may result from the
physical and biological features and the
restricted distributional ranges of the plants.
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Appendix. Diversity of vascular plants in spring water swamp areas of Thong Pha Phum District, Kanchanaburi Province. 1:
Pong Phu Ron; 2: Phu Poo Rachinee; 3: Phu Chumchon (E: epiphyte, EF: epiphytic fern, EO: epiphytic orchid, TerF:
terrestrial fern; TerO: terrestrial orchid; T: tree, ST: small tree, S: shrub, US: undershrub, H: herb, C: climber, Sc: scandent,
PaH: parasitic herb, PaS: parasitic shrub, SaH: saprophytic herb, P: palm; Abundance: % = very rare, %> =rare, )% =

quite common, > > > % = abundant)

Botanical Name Vernacular Name Habit Areas Abundance
Ferns and Fern Allies
Aspleniaceae

Asplenium nidus L. Kha luang lang lai EF 1,2,3 %k 5k %k
Dryopteridaceae

Tectaria impressa (Fee) Holttum Kud kwang TerF 3 % 5k
Hymenophyllaceae

Crepidomanes christii (Copel.) Copel. - EF 2,3 sk 5k %k %k
Lindsaeaceae

Lindsaea ensifolia Sw. Hang nok kaling TerF 3 sk 5k %k
Lycopodiaceae

Lycopodium squarrosum J.R. Forst. Yom doei EF 2 *
Oleandraceae

Nephrolepis biserrata (Sw.) Schott Kud soi TerF 3 % 5k %k
Parkeriaceae

Ceratopteris thalictroides (L.) Brongn. Phak kud nam TerF 1,3 %k 5k

Cheilanthes tenuifolia (Burm.f.) Sw. Chon Phi TerF 3 % %k
Polypodiaceae

Colysis pedunculata (Hook. & Grev.) Ching Ka prok nom maew EF 3 % 5k

Drynaria quercifolia (L.) J.Sm. Kra tae tai mai EF 3 % 5k %k

Drynaria sparsisora (Desv.) S. Moore Kud hog EF 3 %k 5k

Microsorum punctatum (L.) Copel. Kra prok sing EF 3 %k %k 5k

Platycerium holttumii de Jonch. & Hennipman Chai pha sida EF 1 % 5k %k

Pyrrosia adnascens (G.Forst.) Ching Phak pik kai EF 1 5k %k k

Pyrrosia piloselloides (L.) M.G. Price Klet nakkarat EF 1,2,3 %k %k %k

Pyrrosia stigmosa (Sw.) Ching Kha kai EF 1 % 5k %

Pyrrosia varia (Kaulf.) Farw. - EF 3 %k
Pteridaceae

Pteris biaurita L. Kud hang khang TerF 2 %k k

Pteris vittata L. Kud mak TerF 2,3 kK %k
Schizaeaceae

Lygodium salicifolium C. Presl. Ya yai pao EF 2,3 5k %k %k
Thelypteridaceae

Thelypteris mbrica (Blume) Ching Kud mer TerF 5k %k

Thelypteris papilio (Hope.) K. Iwats. - TerF %k 5k

Thelypteris mbricat (Poir.) K. Iwats Kud kan daeng TerF % 5k
Vittariaceae

Antrophyum callifolium Blume Wan hang nokyung EF 2,3 % 5k
Angiosperms
Acanthaceae

Andrographis laxiflora (Blume) Lindau Ya bang phrai H 3 kK %k

Lepidagathis fasiculata Nees Sang korani dong H 3 % 5k %

Phlogacanthus curviflorus Nees Hom chang S 2 5k %k 5k %k

Thunbergia fragrans Roxb. Var. fragrans Hu pak ka C 3 % 5k
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Botanical Name Vernacular Name Habit Areas Abundance
Thunbergia laurifolia Lindl. Rang chuet C 2,3 5k %k >
Aceraceae
Acer oblongum Wall. ex DC. Kuam T 2 *
Annonaceae
Anaxagorea luzonensis A. Gray Kamlang wua talerng S 3 %k 5k
Anomianthus dulcis (Dunal) J. Sinclair Nom wua Sc 1 %k 5k
Artabotrys burmanicus A. DC. Nom chanee Sc 1,2 %k 5k

Cananga latifolia (J.D. Hooker & Thomson) Finet. & Gagnep. Sa kae saeng T 1 %k %k
Desmos cochinchinensis Lour. Sa lao S 3 %k 5k
Enicosanthum sp. - T 3 *
Miliusa velutina (Dunal) Hook.f. & Thomson Khang hualinu, Hang T 1 sk ok kK
Mitrephora keithii Ridley Mahr:prom T 3 *
Apocynaceae
Aganosma marginata (Roxb.) G. Don Mok khrua o 1,3 %k %k
Holarrhena pubescens Wall. ex G.Don Mok yai ST 1 % 5k
Ichnocarpus frutescens (L.) W.T. Aiton. Khrua pla song daeng o 1,3 % 5k %
Rauvolfia mbricate (L.) Benth. Ex Kurz Ra yom S 1,2 % %k
Rauvolfia verticillata (Lour.) Baillon Kha yom yai S 2 %k 5k
Tabernaemontana pauciflora Blume Prik pa S 2,3 >k
Willughbeia edulis Roxb. Khui C 3 % %
Araceae
Lasia spinosa (L.) Thw. Phak nam H 2,3 >k %k 5k %k
Aristolochiaceae
Aristolochia kerrii Craib Kra chao pak pet C 1 *k
Thottea sumatrana (Merr.) Ding Hou - S >k
Asclepiadaceae
Asclepias curassavica L. Fai duan ha H %k %
Dischidia hirsute (Blume) Decne. Thao | pae E % 5k %k
Dischidia mbricate (Blume) Steud. Klet nakkharat E % 5k %k
Dischidia major (Vahl) Merr. Chuk rohinee E 2,3 5k %k
Hoya erythrostemma Kerr - E 2,3 *
Hoya micrantha Hook.f. Nom mia E 3 % %
Hoya parasitica (Roxb.) Wall. ex Traill Nom pichit E 1,23 % 5k %
Hoya parviflora Wight - E 3 *
Raphistemma pulchellum (Roxb.) Wall. Khao san dok yai C 2 *
Balsaminaceae
Impatiens siamensis T. Shimizu Tien thai H 1 % %k % %k
Begoniaceae
Begonia sp. - H 1 *
Boraginaceae
Ehretia timorensis Decne. Kai kom T 1 *
Heliotropium indicum L. Ya nguang chang H 1 %k 5k
Tournefortia sarmentosa Lam. - H 2 %k %k
Bignoniaceae
Pajanelia longifolia (Willd.) K. Schum. I pong T 3 *
Stereospermum fimbriatum (Wall. ex G.Don) DC. Kae yod dam, Kae foi T 2 *
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Botanical Name Vernacular Name Habit Areas Abundance
Bombacaceae

Bombax ceiba L. Ngio, Ngio daeng T 1 *
Caprifoliaceae

Viburnum punctatum Buch.-Ham. Chaon ST 2,3 %k %k
Cardiopteridaceae

Cardiopteris quinqueloba (Hassk.) Hassk. Khao san khang C 2 % 5k %k
Cecropiaceae

Poikilospermum suaveolens Merr. Kha man C 2,3 %k 5k
Celastraceae

Euonymus glaber Roxb. - ST % %k

Loeseneriella pauciflora (DC.) A.C. Smith Rat nun hin C *
Combretaceae

Anogeissus mbricate (Roxbh. Ex DC.) Guill. & Ta khian nuu T 1 %%

Perr. Var. lanceolata Clarke

Combretum acuminatum Roxb. Khamin khruea C %k %

Combretum latifolium Blume Uat chueak C 5k %k 5k

Getonia floribunda (Roxb.) Lam. Ting tang C 1,3 % 5k
Commelinaceae

Commelina diffusa N.L. Burman Phak plap H 5k %k >k

Floscopa scandens Lour. Phak plap chang H >k %k 5k %k
Compositae

Mikania micrantha H.B.K. Khi lek yan C 1 5k %k 5k %k
Convallariaceae

Peliosanthes teta Andr. subsp. humilis (Andr.) Jessop. Not din C 3 %k
Convolvulaceae

Argyreia capitiformis (Poir.) Ooststr. Ching cho luang C 2,3 % 5k %

Hewittia scandens (Milne) Mabberley Ching cho lek C 1 %k %k

Ipomoea aquatica Forssk. Phak bung C 1 5k %k 5k %k

Ipomoea hederifolia L. Ching cho daeng C 2 *

Ipomoea mbric Kerr Thao phan en C 1 % %

Lepistemon binectariferum (Wall.) O.K. Yaan khon C 1,2 >k %k 5k %k

Merremia mbricate (L.) Hallier.f. Ching cho khao C 1,2,3 % 5k %

Merremia vitifolia (Burm.f.) Hallier.f. Ching cho luang C 1,3 %k 5k %k
Costaceae

Costus speciosus (Koen.) Sm. Ueang mai na H 1,2,3 % 5k %k
Cucurbitaceae

Neoalsomitra sarcophylla (Wall.) Hutch. Buri phra ram C 1 % 5k %
Dilleniaceae

Dillenia obovata (Blume) Hoogland San yai T % 5k

Dillenia parviflora Griff. San hing T % 5k
Dioscoreaceae

Dioscorea bulbifera L. Wan phra chim C 2,3 % 5k %k
Dracaenaceae

Dracaena angustifolia Roxb. Khon ma khao H 2,3 >k %k >k %

Dracaena gracilis Wall. - H 3 % %
Ebenaceae

Diospyros ehretioides Wall. ex G.Don Taptap ton T % 5k

Diospyros mbrica Roxb. Tan dam T %k 5k
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Botanical Name

Vernacular Name Habit Areas Abundance

Diospyros rubra Lec.
Elaeocarpaceae
Elaeocarpus grandiflorus Sm.
Sloanea sigun (Blume) K.Schum.
Euphorbiaceae
Baliospermum solanifolium (Burm.) Suresh
Bischofia javensis Blume
Chaetocarpus castanocarpus (Roxb.) Thw.
Croton roxburghii N.P. Balakr.
Flueggea virosa (Roxb. Ex Willd.) Voigt
Glochidion lanceolarium (Roxb.) Voigt
Mallotus peltatus (Geisel.) Muell. Arg.
Phyllanthus emblica L.
Flacourtiaceae
Homalium grandiflorum Benth.
Flagellariaceae
Flagellaria indica L.
Gentianaceae
Cotylanthera caerulea Lace
Gesneriaceae
Epithema carnosum Benth.
Guittiferae
Calophyllum soulattri Burm.f.
Garcinia merguensis Wight
Hydrophyllaceae
Hydrolea zeylanica (L.) Vahl.
Hypoxidaceae
Molineria latifolia Herb. ex Kurz
Labiatae
Clerodendrum colebrookianum Walp.
Clerodendrum viscosum Vent.

Clerodendrum wallichii Merr.
Gmelina arborea Roxb.

Gmelina elliptica Sm.

Hyptis capitata Jacq.

Hyptis suaveolens (L.) Poit.

Pogostemon auricularis (L.) Hassk.

Premna collinsiae Craib

Premna latifolia Roxb. var. cuneata Clarke

Vitex scabra Wall. ex Schauer
Lauraceae

Litsea glutinosa (Lour.) C.B.Rob.
Lecythidaceae

Careya sphaerica Roxb.
Leeaceae

Leea aequata L.

Leea indica (Burm.f.) Merr.

Phaya rak dam T 1 *
Khrai yoi T 2,3 %k %k %k k
Sati ton T 2,3 %k %k
Tong taek S 1 % 5k
Toem T 2,3 % %k
Khi non ST 3 *
Plao yai, Plao luang ST 1 > %k 5k
Kang pla khao SIST 1 % 5k
Daeng nam ST 2,3 %k %k %k k
Salad SIST 3 5 %k
Makham pom T 1,23 > %k 5k
Chum saeng daeng T 1,3 > %k 5k
Wai ling C 2,3 > 5k %k
- SaH 2,3 *
Hu mi H 1 % %k
Tang hon bai yai T 2,3 % %k %k %
Nuan ST 3 % %k %k
Po phi H 1,2 %k 5k 5k
Wan sak lek H 2,3 %k %k %k
Ping khao S 1 > %k >k
Nang yaem pa S 2,3 5k %k %
Raya kaew S 3 * %k
So T 2,3 % %k
Thong maew Sc 1 * %
- H 1,2 % 5k %k
Maeng lak kha H 3 >k %k >k
Sap raeng sap ka H 1 %k 5k %
Kha pia C 3 %k %
- T 1 * X
| pae T 1 % 5k
Mi men T 3 % %
Kra don T 1 k
- S 2,3 %k k
Ka tang bai S 1 % sk 5k
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Botanical Name Vernacular Name Habit Areas Abundance
Leguminosae-Caesalpinioideae

Afzelia xylocarpa (Kurz) Craib Ma kha mong T 1 *

Bauhinia malabarica Roxb. Siao yai T 1 %k 5k

Bauhinia mbric Kurz var. burmanica K. & S.S. Larsen Po kien Sc 2 * %

Bauhinia viridescens Desv. Var. viridescens Siao fom, Som siao noi S 2 %k 5k

Caesalpinia digyna Rottler Kamchai C 2 %k

Caesalpinia hymenocarpa (Prain)Hattink - C 1 %k %k k

Chamaecrista pumila (Lam.) K.Larsen Ma kham bia us 1 % 5k %

Senna alata (L.) Roxb. Chum het thet S 1,2,3 5k %k k

Senna timoriensis (DC.)Irwin & Barneby Khi lek lueat T 2,3 %k

Senna tora (L.) Roxb. Chum het thai H 2,3 kK %k
Leguminosae-Mimosoideae

Adenanthera pavonina L. Ma klam ton T *

Xylia xylocarpa (Roxb.) Taub. Daeng T 3 *
Leguminosae-Papilionoideae

Abrus pulchellus Wall. ex Thwaites subsp. Pulchellus Ma klam phueak C 3 %k 5k

Butea superba Roxb. Thong khrua C 1 %k 5k %k

Flemingia sootepensis Craib Ka sam pik S 3 kK %k

Millettia brandisiana Kurz Krapi chan T 3 %k 5k

Pueraria phaseoloides (Roxb.) Benth. Var. phaseoloides Thua sian pa C 3 % 5k %

Uraria crinita (L.) Desv. Ex DC. Hang ma chok H 3 5k %k %k
Liliaceae

Disporum calcaratum D.Don H 2,UC

Loganiaceae

Gardneria ovata Wall. - C 2 *
Lythraceae

Lagerstroemia speciosa (L.) Pers. Inthanin nam T %k %k

Lagerstroemia tomentosa C.Presl Salao khao T %k kok
Magnoliaceae

Magnolia siamensis Dandy var. siamensis Yihup pri T 3 *
Malvaceae

Abelmoschus moschatus Medik. Subsp. Moschatus Chamod ton S 1,3 5k %k >

Thespesia lampas (Cav.) Dalzell & A.Gibson Po lom pom S 1 %k 5k
Marantaceae

Schumannianthus dichotomus (Roxb.) Gagnep. Khla H 2,3 kK %k k
Melastomataceae

Melastoma malabathricum L. subsp. Malabathricum Khlong khleng S %k %k k

Melastoma orientale Guillaumin Khlong khleng tua phu S % 5k
Moraceae

Ficus pyriformis Hook. & Arn. Luk khlai S >k %k 5k %

Ficus sagittata VVahl - S 3 %k %k 5

Streblus ilicifolius (Vidal) Corner Khoi nam SIST 2,3 sk 5k %k k
Myrsinaceae

Ardisia mbrica K.Larsen & C.M.Hu Ta kai sangkhla S 5k %k >k

Ardisia ficifolia K.Larsen & C.M.Hu - S %k %k

Ardisia fulva King & Gamble var. fulva Hua khwan S * %
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Botanical Name Vernacular Name Habit Areas Abundance

Myrtaceae
Cleistocalyx nervosum (DC.) Kosterm. Var. nervosum Wa som, Wa khao T 3 % 5k %
Syzygium cumini (L.) Skeels Wa, Ha khi pae T 1 % 5k
Syzygium diospyrifolium (Wall. ex Duthie) S.N. Mitra Bong khwan T 2,3 sk 5k %k %k
Syzygium oblatum (Roxb.) Wall. ex A.M. Cowan mbric, Maha T 2,3 sk ok kK

& Cowan var. oblatum

Oleaceae
Jasminum decussatum Wall. ex G.Don Khiao ngu C 2 %k 5k
Jasminum nervosum Lour. Mali sai kai C 2,3 kK %k
Ligustrum confusum Decne Khi khom T 2 %k %

Onagraceae
Ludwigia octovalvis (Jacg.) Raven Yarak na, Tien nam H 1 % 5k 5k k

Orchidaceae
Acanthephippium sylhetense Lindl. - TerO 3 *
Aerides multiflora Roxb. Ueang phuang malai EO 1 sk 5k %k %k
Aerides odorata Lour. Ueang kulap dueai kai EO 3 5k %k 5k
Appendicula cornuta Blume Hang maeng ngao EO 3 % 5k %k
Ascocentrum curvifolium (Lindl.) Schitr. Khem daeng EO 1 >k %k 5k %k
Bulbophyllum auricomum Lindl. - EO 1 % %k
Chiloschista lunifera (Rchb.f.) J.J.Sm. Ueang phaya rai bai EO 1 * %
Cleisomeria lanatum (Lindl.) Lindl. Kho khwang EO 2 %k %
Cleisostoma aspersum (Rchb.f.) Garay - EO 2,3 * %
Cleisostoma fuerstenbergianum F.Kranzl Kang pla EO 1 % 5k
Cymbidium aloifolium (L.) Sw. Kare karon EO 1,23 %k %k
Dendrobium anceps Sw. - EO 3 *
Dendrobium aphyllum (Roxb.) C.E.C.Fisch. Ueang nguang chang EO 1,2,3 sk 5k %k %k
Dendrobium calicopsis Ridl. - EO 3 %k 5k
Dendrobium ciliatilabellum Seidenf.. - EO 2,3 *
Dendrobium chrysotoxum Lindl. Ueang kham EO 1 5k %k 5k
Dendrobium crepidatum Lindl. & Paxton Ueang sai nam khieo EO 1 % 5k %k
Dendrobium dixanthum Rchb.f. Ueang bai phai EO 1 %k 5k
Dendrobium fimbriatum Hook. Ueang kham noi EO 3 5k %k
Dendrobium lindleyi Steud. Ueang phueng EO 2,3 %k %k 5k
Dendrobium mannii Ridl. - EO 1,3 %k %
Dendrobium pulchellum Roxb. ex Lindl. Ueang chang nao EO 1,2 % 5k %k
Dendrobium tortile Lindl. Ueang mai teung EO 2 * %
Dendrobium trinervium Ridl. Tien ling EO 3 5k
Eria lasiopetala (Willd.) Omerod Ueang bai si EO 1,2,3 % 5k %k
Eria tomentosa (J.Konig) Hook.f. Ueang tan mon EO 1 *
Flickingeria fimbriata (Blume) A.D.Hawkes Kut hin EO 3 % 5k %
Gastrochilus obliquus (Lindl.) Kuntze Suea lueang EO 3 % 5k
Geodorum citrinum Jacks Wan chung nang TerO 1 5k %k 5
Geodorum pulchellum Ridl. Wan chung nang TerO 1,2 %k 5k %k
Grosourdya appendiculata (Blume) Rchb.f. Ueang len lom EO 3 %k %k 5k
Hetaeria oblongifolia (Blume) Blume - TerO 3 %k 5k
Kingidium deliciosum (Rchb.f.) Sw. Ka ta cho EO 3 % 5k %
Malleola dentifera J.J.Sm. - EO 2 * %
Malleola penangiana (Hook.f.) J.J.Sm. & Schiltr. - EO 2,3 %
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Botanical Name Vernacular Name Habit Areas Abundance
Micropera pallida (Roxb.) Lindl. Ueangthalaeng po EO 2 %K
Micropera thailandica (Seidenf. & Smitin.) Garay czng EO %k 5k
Panisea uniflora (Lindl.) Lindl. Ueang rong rong EO 5k 5k %k
Papilionanthe teres (Roxb.) Schiltr. Ueang mok EO 1,2 % 5k
Peristylus goodyeroides (D.Don) Lindl. Wan khao pae EO 1 % 5k
Phalaenopsis cornucervi (Breda) Blume & Rchb.f. Khao khwang on EO 1,2 % sk 5k
Phalaenopsis parishii Rchb.f. Phi suea noi EO 2 *
Pholidota articulata Lindl. Ueang lam to EO 1,2 sk 5k %k
Pholidota imbricata W.J. Hook. Ueang kap dok EO 2,3 sk sk 5k %k
Pomatocalpa andamanica (Hook.f.) J.J.Sm. - EO 1,2,3 %k %k 5k
Pomatocalpa latifolia (Lindl.) J.J. Sm. - EO 2,3 sk 5k %k
Porpax ustulata (Parish & Rchb.f.) Rolfe Ueang rang nok EO 1 % %k
Renanthera coccinea Lour. Wai daeng EO 3 %
Rhynchostylis retusa (L.) Blume Ueang aiyaret EO 1,23 sk 5k %k
Robiquetia spathulata (Blume) J.J. Sm. Ueang luk suea EO 3 %k %k
Smitinandia micrantha (Lindl.) Holttum Khem nu EO 1 %k
Stereochilus erinaceus (Rchb.f.) Garay Kulap hin EO 1 * %k
Thelasis pygmaea (Griff.) Blume Krasun phra in EO 1 % 5k %k
Tropidia angulosa (Lindl.) Blume - TerO 3 * %k
Tropidia pedunculata Blume - TerO 2 %k %k
Vrydagzynea albida (Blume) Blume - EO 3 %k %k

Orobanchaceae
Aeginetia indica Roxb. Dok din daeng PaH 1,2,3 5k 3k %k

Palmae
Calamus arborescens Griff. Lam pang, Wai ton P * %k
Caryota mitis Lour. Tao rang daeng P %k % %
Plectocomia cf. muelleri Blume - P *
Salacca wallichiana C.Mart Ra kam P 2,3 >k 3k %k

Pandanaceae
Pandanus unicornutus St. John Toei yai, Toei ho T 2,3 %k kok

Polygalaceae
Epirixanthes elongata Blume - SaH 2 %

Ranunculaceae
Clematis smilacifolia Wall. Phuang kaeo kudan C 2,3 b3

Rubiaceae
Canthium glabrum Blume Khang ten ST 2 %k
Ixora kerrii Craib Khem son kan S 2,3 %k 3k 5k
Morinda scabrida Craib - us 2 %k k%
Mussaenda sanderiana Ridl. Kam khao ScS 2,3 %k 3k 5k
Nauclea orientalis (L.) L. Kan lueang, T 2

Krathum nam koxok
Ophiorrhiza sp. - H 3 >k %k %k
Paederia calycina Kurz Ka rang tang khwang C %k
Paederia thorelii Pitard var. hirsuta (Craib) Thao tod mu C 2,3
N.Fukuoka ork
Wendlandia tinctoria (Roxb.) DC. Khaeng khwang S/ST 3 %k k%
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Botanical Name Vernacular Name Habit Areas Abundance
Rutaceae

Clausena excavata Burm.f. Mo noi %k kok

Euodia viticina Wall. Ma pin dam %k %k

Glycosmis pentaphylla (Retz.) DC. Khoei tai 1 %k
Salicaceae

Salix tetrasperma Roxb. Sanun ST 1,2,3 %k %k k
Sapindaceae

Lepisanthes tetraphylla (Vahl) Radlk. Ma fueang chang T 1 %k

Schleichera oleosa (Lour.) Oken Ta khro T 1 %k %k %k
Scrophulariaceae

Lindenbergia philippensis (Cham.) Benth. Ya nam dap fai H %k 3k k

Torenia fournieri Lind. ex E.Fourn. Waeo mayura H %k %k
Smilacaceae

Smilax megacarpa A.DC. Khueang luk daeng C 2,3 5k %k k
Sonneratiaceae

Duabanga grandiflora (Roxb. ex DC.) Walp. Lampu pa T 2 %k
Sterculiaceae

Helicteres elongata Wall. ex Boj. Khi on S 1 %k k

Helicteres viscida Blume Po khi on S 2 %k %k

Sterculia lanceolata Cav. Po pha sam S 3 %k k

Sterculia villosa Roxb. Po daeng T 1 %k %k
Taccaceae

Tacca chantrieri Andre. Nera phusi thai H 2,3 %k k %k
Tiliaceae

Corchorus aestuans L. Krachao na us 1 %k 3k k

Grewia hirsuta Vahl Khao tak S 3 % %k

Grewia laevigata Vahl. Yap khi kai SIST 1 %k %k

Microcos paniculata L. Lai, Pla T 1 Xk Xk

Triumfetta bartramia L. Seng us 1 %k k %k
Verbenaceae

Congea tomentosa Roxb. Khruea on C 2,3 %k %k

Sphenodesme involucrata (C.Presl) B.L.Rob. Thao wan pun C 1 *
Viscaceae

Viscum ovalifolium Wall. ex DC. Kafak mai tatum PaS 1 %k
Vitaceae

Cissus hastata Mig. Som san dan C 1,3 >k k %k
Zingiberaceae

Alpinia galanga (L.) Willd. Kha H 2 * %

Boesenbergia siamensis (Gagnep.) P.Sirirugsa Krachai siam H 1,3 * %

Gagnepainia godefroyi (Baill.) K.Schum - H 1 * %

Hemiorchis rhodorrhachis K.Schum - H 1 *

Kaempferia parviflora Wall. ex Baker Krachai dam H 1,2 * %
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Pteridophyte Diversity along a Gradient of Disturbance within Mines
in Thong Pha Phum District, Kanchanaburi Province

Apirada Sathapattayanon* and Thaweesakdi Boonkerd
Chulalongkorn Uinversity, Bangkok
*dao22nd@yahoo.com

Abstract: The diversity of pteridophyte in Thong Pha Phum District, Kanchanaburi Province was
conducted along a gradient of disturbance within mines, from July 2002 to March 2003. Twelve
plots of 5 x 20 meters have been established in each three study sites, i.e. abandoned mines,
remnants of the forest in mine area and natural forests. Species richness, species diversity and
species evenness indices were estimated using Menhinick’s, Shannon-Weiner’s and evenness
indices, respectively. Species similarity was investigated using Jaccard’s coefficient. Other
physical environments related to pteridophyte diversity were examined, including light intensity
and leaf temperature. It was found that species richness and species diversity of abandoned mines
were lower than those of remnants of the forest in mine area and natural forests, while species
evenness was the highest of all. Low Jaccard’s coefficient was observed, indicating the difference
of species composition between each sites. Light intensity and leaf temperature showed negative
significant correlation with Menhinick’s index, but was positively significantly correlated with
evenness index. However, significant correlation between those physical factors and Shannon-
Weiner’s index was not found. One hundred and eighty-four specimens of pteridophytes were
collected from the 36 sampling plots and were identified to 65 species, 1 subspecies, 5 varieties, in
40 genera, within 20 families. Among these 8 species, 2 genera, 2 families are fern allies. It was
found that Cheilanthes tenuifolia (Burm. f.) Sw., Sphenomeris chinensis (L.) Maxon var.
divaricata (H. Christ) K.U. Kramer and Lycopodiella cernua (L.) Pic. Serm. were found only in
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abandoned mines and tend to be indicator species for disturbed areas.

Key words: Kanchanaburi Province, pteridophyte, diversity, gradient, disturbance, mines

Introduction

Thong Pha Phum District in
Kanchanaburi Province is located in south-
western Thailand which is a part of the Thai
western forest. Over the last six decades, this
district was famous for its richness in mineral
resources, such as tin and wolfram as well as a
large stretch of fertile forest. There are many
forest types in this area, i.e. tropical rain
forest, dry evergreen forest, dry mixed
deciduous forest and hill evergreen forest
(Royal Forest Department, n.d.). By that time,
there were some human activities, for example
active logging and mining in the area, resulting
in massive deforestation throughout. After the
Second World War, there was a low demand
for tin and wolfram, followed by a series of
reductions in prices of these metals in the
world market. Nowadays, Thong Pha Phum
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District has more than 20 abandoned mines
left. From the aforementioned information, it
is very interesting to investigate the impact of
deforestation on plant diversity along a
gradient of forest disturbance. This study
aimed to investigate pteridophyte diversity
along a gradient of forest disturbance, using
pteridophytes as the representative plant
group.

Thong Pha Phum District covers an
area of 3,655.71 km.? It is located on the north-
west of Kanchanaburi Province and lies
between latitudes 14° 15 - 15° 00" North and
longitudes 98° 15’ - 99° 00" East (Fig. 1). It is
one of the important mineral resources of
Thailand, especially of tin and wolfram.
Nowadays, Thong Pha Phum District has more
than 20 abandoned mines left, covering an area
of more than 60 km?.



The abandoned mines were originally
formed by excavating to remove the land
surface above the mineral layer. The physical
structure of the soil became mixed, up slopes
fell down, and humus and soil sludge were
washed out by rainfall. The areas have only
medium to large sized rocks, and almost no soil
(N.S. Consultant, 1989). However, there were
steep slopes or valleys or streams. These were
not suitable for mining. At present some parts
of the district have been declared as Thong Pha
Phum National Park to encourage forest
conservation and development. The national
park covers an area of 1,120 km? (Royal Forest
Department, n.d.), and includes all of the
abandoned tin and wolfram mines of Thong Pha
Phum District.

In general, the western part of Thong
Pha Phum District comprises the mountainous
areas of Ta Nao Sri Range. The park ranges in
elevation from 100-1,249 m at the summit of
Chang Puak Mountain. Several mountains of Ta
Nao Sri Range are important water sources for
the park. Streams originating from this
mountain flow into waterfalls and downward
streams  which  flow  together  into
Vajiralongkorn Dam and Kwae Noi River
(Royal Forest Department, n.d.).

The climate of Thong Pha Phum
District is a tropical climate, with average high
annual rainfall. Three distinct seasons are
observed in this area, i.e., the summer season
during February-April, the rainy season during
May-October, and the winter season during
November-January. The south-western
Monsoon blows on to Ta Nao Sri Range and
brings continuous heavy rain for 6 months.
Temperature data of 2003, from Pilok mine
Station (Fig. 2) show the average temperature of

about 22.7°C. The highest temperature is 33°C
in April and the lowest temperature is 14°C in
December. Mean monthly rainfall from 1998-
2003 at Pilok mine Station (Fig. 3) shows the

average annual rainfall of 417 mm. The highest
average monthly rainfall of approximately
1,251 mm is observed in August. The lowest
monthly rainfall of about 12.68 mm is observed
in December. The total annual rainfall is 5005
mm (Meteorological Department, 2003).

Methodology
Field collection of pteridophytes was
conducted every two months from July 2002 to
July 2003 at Thong Pha Phum District,

® Thong Pha
Phum District

Figure 1. Locations of Thong Pha Phum District and
Thong Pha Phum National Park.
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Figure 2. Temperature of 2003, from Pilok mine
Station (Data from the Meteorological
Department, Bangkok, Thailand).

Kanchanaburi Province. A simple random
sampling method (Krebs, 1998) was employed,;
twelve plots of 5 x 20 meters were established
at each of three main study sites, i.e.,
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Figure 3. Mean monthly rainfall during the period,
1998-2003, from Pilok mine Station (Data from the
Meteorological Department, Bangkok, Thailand).

abandoned mines, remnants of the forest in
mine area and natural forests.

The number of species and individuals
in each plot was counted and the physical
environment factors related to pteridophyte
diversity were measured including light
intensity and leaf temperature. Measurements
were made during 10.00-14.00 hours. Four
measurements of photosynthetically active
radiation (PAR) and air temperature in full sun
1 m above the plots were measured using a
guantum  photometer and thermocouple,
respectively. Likewise, four measurements of
PAR and leaf temperature at canopy of a
dominant species within each plot were also
measured. The mean values of these four data
points were calculated, then an estimate of the
percentage of full sunlight penetrating to the
pteridophyte’s canopy and the ratios of leaf
temperature and air temperature at 1 m above
each plot were obtained.

Species richness, species diversity and
species evenness indices were estimated using
Menhinick’s, Shannon-Weiner’s and evenness
indices, respectively. Species similarity was
investigated using Jaccard’s  coefficient
(Ludwig and Reynolds, 1988).

One-way  analysis of  variance
(ANOVA) was used to test for differences
between study sites for species richness index,
species diversity index, species evenness index,
percentage of full sunlight penetrating to
pteridophyte’s canopy and the ratio of leaf
temperature and air temperature. The Duncan

148 | BRT Research Reports 2007
| Western Thong Pha Phum

Multiple Range Test (DMRT) was used to
compare means where the F-test was significant.

Relationships between physical
environmental  factors and  pteridophyte
diversity were analysed using Pearson’s
Correlation available in SPSS for Windows
Program, version 9.0.

Results
1. Physical factors

1.1 Light intensity

Light intensity at the canopy of
pteridophytes among study sites was
statistically significant different. The highest
mean light intensity was observed in abandoned
mines, while the lowest mean light intensity
was found in the remnants of the forest in the
mine area (Fig. 4A).

1.2 Leaf temperature

The mean values of the ratios of leaf
temperature and air temperature among study
sites were statistically significant different. The
highest mean ratio of leaf temperature and air
temperature was observed in abandoned mines,
while the lowest mean ratio of leaf temperature
and air temperature was found in the remnants
of the forest in the mine area (Fig. 4B).

2. Pteridophyte diversity

2.1 Species richness
There was a statistically significant
difference of species richness among study
sites. The lowest mean value of species richness
was observed in abandoned mines while the
highest mean value of species richness was
observed in remnants of the forest in the mine
area. However, no statistically significant
difference of species richness was found
between remnants of the forest in the mine area

and the natural forest (Fig. 4C).

2.2 Species diversity
There was no statistically significant
difference of species diversity among study
sites. The highest value was observed in
remnants of the forest in the mine area (Fig. 4D).

2.3 Species evenness
There was no statistically significant
difference of species evenness between
abandoned mines and remnants of the forest in
the mine area. However, species evenness of
these two sites were not statistically different
from the natural forest (Fig. 4E).
3. Similarity coefficient
A list of ferns and fern allies that
occurred at each study site is shown in Table 1.
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It was found that the similarity coefficient
between abandoned mines and remnants of the
forest in the mine area was 0.21. The similarity
coefficient between abandoned mines and
natural forest was 0.05, while the similarity
coefficient between remnants of the forest in
the mine area and natural forest was 0.13.
4. Relationship between pteridophyte
diversity and physical factors
Pearson’s correlation was used to
explore the relationship between pteridophyte
diversity and physical factors. It was found that
species richness (Menhinick’s index) was
negatively and significantly correlated with
light intensity (%PAR) and ratio of leaf
temperature and air temperature (Table 2, Fig.
5A and 5C). No statistically significant
correlation was observed between species
diversity  (Shannon-Weiner’s index) and
physical factors (Table 2). However, species
evenness (Evenness index) was positively

Figure 4. A Means of light intensity

B. Mean ratios of leaf temperature and
air temperature

C. Means of species richness

D. Means of species diversity

E. Means of species evenness

Significant differences among study sites are

indicated by different 