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ABSTRACT

This study is on a year-round investigation of toeenposition of ant
present in the canopies in the tropical rainfoeédhao Nan National Park (KNNP),
Nakhon Si thammarat Province, of Southern Thaikdming May 2006-March 2007.
Two habitat types were chosen which located at hleadquarters of KNNP
represented by the evergreen tree and the Hui Latiols stood for the briefly
deciduous tree. Each habitat contained three pemalots of 50 X 50 frthat were
established 500 m apart from each other. The a@nkinockdown by fogging
technique was applied to collect ant samples. @heplot a single tree was selective
sampling for fogging at bimonthly intervals. Sietethousand eight hundred and
eighty four (16,884) individual ants were identifiand belonged to 7 subfamilies 34
genera and 205 morphospecies. Ants in the subfavhyrmicinae and Formicinae
were the most dominant species followed by Doliehothe, Pseudomyrmecinae and
Ponerinae, Aenictinae, and Cerapachyinae respgctivia terms of abundance and
number of species, the top four genera wd&eematogaster, Camponotus,
Polyrhachis, and Pheidole whereas Dolichoderus thoracicus, Oecophylla
smaragdina, Dolichoderus sp.4 Dolichoderus sp.5 andCrematogaster (Paracrema)
sp.2 were dominant in the numbers of individuals.

With reference to the effect of study sites on argmgnificant
differences were not detectable between the twatdtalbased on number of species
of top four genera (one-way ANOVA, P>0.05). Valdes Shannon-Wiener index

and evenness also did not differ significantly kedwtwo habitat types



(one-way ANOVA, P>0.05) but number of individuadietween both sites was
statistical difference (one-way ANOVA, P<0.05).

The stepwise multiple regression analyses were tsdohd out the
significant association between physical factoremfierature, humidity, and
precipitation) and common ant species. The resftved that there was not physical
factor combined affecting the common ant speciékwever, only humidity was
positively and negatively associated witlecophylla smaragdina (R® = 0.236, P <
0.05 and Cataulacus granulatus (R* = 0.355, P < 0.05) respectively. Only
precipitation was negatively correlated with onecies ofTetraponera sp.1 (R =
0.398, P < 0.05).

When E. tapos species shed their leaves briefly around Febrt@ary
March, the species richness of canopy ants didsigstificantly change (one-way

ANOVA, P>0.05). However, all explanations for tbdgding are discussed.

Vi
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CHAPTER 1

INTRODUCTION

Tropical rainforests have the most remarkable bedity and
abundance of terrestrial habitats for plants, algraad micro-organisms in the world
(Whitmore, 1975; 1990). Forest canopies represemiportant interface between the
atmosphere and the biosphere and as a consequecelay a key role in many
ecosystems around the world. They control endayysf, biogeochemical cycles and
the dynamics of regional and global climates (Jacdi®88; Shuklaet al, 1990).
Besides, forest canopies have also been recograzed& habitat reservoir for
genetically diverse organisms, particularly thasehie ant assemblages (Erwin 1983;
Bassetet al, 2003). Ants are known to dominate the arthropochmunities in
tropical forest canopy/es both in terms of biomasd the diversity of individuals
(Fittkau and Klinge 1973; Erwin 1983; HolldoblerdakVilson, 1990; Tobin, 1995).
They are a major component of the rainforest aray gin important role in the
ecosystem by serving the food web and food chaipodlinators, and seed dispersers
(Holldobler and Wilson, 1990; Wagner, 2000). Awgtn protect their host plants
against herbivores reflecting some degree of cduéeo with their host plants
(Holldobler and Wilson, 1990). Canopy ants alsteroboth direct and indirect
benefits to human beings. The exploitation of ggnants as food, a biological
indicator for monitoring forest changes, and asldgical control agents against
herbivores in orchards, are all favorable tradgion Southern Asia and Australia
(Way and Khoo, 1992; van Mele and Cuc, 2000; Arter$997; Andersegt al, 2002).
On the basis of the aforementioned versatility dhpopy ants are an interesting insect
group which challenges a detailed investigation.

As mentioned by E.O. Wilsorttfe canopy is the last biological frontier
on the planétbecause it is difficult to reach and has beenrlooked. Nowadays,
however, investigation of canopy ants is a burgepand exciting field as evidenced by
the ever increasing numbers of publications comaéng on these habitats (Nadkarni

and Parker, 1994; Nadkaret al, 1996). Unfortunately, relatively little researat



canopy ants have been done in Thailand. Therefpegeies richness and species
compositions of canopy ants are ambiguous. Exjspinblications do not cover all
types of habitats and the information is lackinghose studies already undertaken.
Taking these points into consideration, it is welbwn that the tropical rainforest
contains both evergreen and deciduous trees (Whatni®90). However, most ant
studies on the canopy have concentrated on theyrexsr trees and the deciduous
plants have not been considered. The gap of krgel®pens up an avenue for the
comparative study of species richness and speciapasition of canopy ants in both
evergreen and deciduous trees in the southermmpahailand.

This present study was established to give someveassto the
problems described above. In particular it begpnedress the lack of information on
the ant fauna in Thailand with respect to the dddion between evergreen and
deciduous trees. An understanding of the variattiat determine species richness
and composition of canopy ants in tree crowns amy provides an important data
base but also has implicatiookconsiderable ecological value to forest managaets
conservation biologists with respect to local amgional diversity.



Review of literature

1. TROPICAL RAINFOREST

Tropical rainforests generally locate around theagor from the tropic
of Cancer (23.5° N latitude) in the north, to thapic of Capricorn (23.5° S latitude)
in the south. Tropical rainforests occupy in thmeggor geographical areas around the
world: Central America, West Africa and Madagascand Indo-Malayan. It is
divided into tropical, subtropical, and temperamforest. The forest is usually tall,
30m or more, and contains mature trees of manyereifit heights, and a large
numerous plant specié3acobs, 1988; Whitmore, 1990).

Rainforests now cover less than 6% of Earth's lsundlace. In this
region, sunlight strikes earth at roughly a 90-degangle resulting in intense solar
energy. Because of their greater access to solarge, tropical rainforests are
usually warm where temperatures are at least 32 tegrees Celsius all year round.
Rainforests lie in the inter-tropical convergenamea where intense solar energy
produces a convection zone of rising air that loggsmoisture through frequent
rainstorms. So, rainforests are characterized lgygantic amount of rainfall that
fluctuates at least 1,700 mm to over 10,000 mnawf each year. In an average year
the climate in a tropical rainforest is very hunt@;80% daytime and 95-100% night
time, because of all the rainfall. Hence, tropi@hforests could be defined by their
wet (>100 mm rainfall) and dry seasons (<100 mmfadl) (Jacobs, 1988; Whitmore,
1990).

An important of rainforests has been suggesteddueral values. To
begin with, it is the most remarkable of biodiversand abundance of habitats for
plants, animals and micro-organisms in the wod a consequence, rainforests are
home to two-thirds of all the living on the planet has been estimated that many
hundreds of millions of new species of plants, absend microorganisms are still
undiscovered. Secondly, it is a vital source oflitiees. Today, less than 1% of the
world's tropical forest plants have been testedptmsrmaceutical properties, yet at

least 25% of all modern drugs came originally fromnforests. Most were first



discovered and used by indigenous peoples. Thirdiyforests offer a veritable
bounty of foods. An estimated 75,000 edible pldatsxd in nature, which are only
150 enter world commerce, and many of domestic alsimmave been developed from
rainforest species. Finally, human beings depandamforests in numerous ways.
There are 300 million indigenous people worldwided approximately 50 million of
them live in tropical forests. They rely almostcksively on the forests for their

survival needs and non-material values (Jacobs3; M@&itmore, 1990).

Figure 1. The tropical rainforest in the world. &m1 Wikipedia, 2007

2. FOREST CANOPIES

The rainforests are vertical complexity and dfiction which are
better developed. The architecture of trees atndtive itself which depend on their
growth habit. As a result, the vertical stratifioa of the rainforest could be divided
into four very distinct layers. These layers hdee=n identified as the emergent,
canopy, understory, and forest floor. The emergewt canopy layers make up the
very top of rainforest and close to the sun. Belbg/canopy are the young trees and

shrubs that make up the understory while the foflestr is the ground layer of



rainforest. Each layer has its own unique plantamchal species interacting with the
ecosystem around them.

Emergent layer: The tallest trees are the emergent, poke out athave
green growth to reach the sun, towering around3t&ba few species rarely to 60 m
or 70 m tall. The trees are often evergreens,sbute are deciduous. Sunlight is
plentiful up here. Animals found are birds, buties and small monkeys live with
bats, snakes and bugs.

Canopy layer: The canopy is the combination of all leaves, twaysd
all small branches in a stand of vegetation, tyihic&0-45 m tall. The canopy is also
defined as the roof of forest. This is the primang highest layer of the forest. Most
canopy trees have smooth, oval leaves that coragtant. It is a maze of leaves and
branches and an important source for photosynth@$ie canopy, by some estimates,
is home to 40% of all plant species, suggesting peahaps half of all life on earth
could be found there. Many animals live in thisaasince food is abundant. The
canopy is the home to both vertebrate and inveatebn particular insect groups.

Understory layer: The third layers of rainforest, made up mostly of
young trees, juvenile individuals, and shrubs. tleitsunshine reaches this area
because it is blocked by canopy layer. So thetplhave to grow larger leaves to
reach the sunlight. It is determined largely bynpetition for light among plant
species. The plants in this area seldom grow tée&f2 This layer is the home to
birds, butterflies, frogs and snakes.

Forest floor: The ground layer of rainforest which is very darkhis
is due to the layers above stopping the sunligbinfrentering the forest. It is
estimated that only 2% of the sunlight actuallyctess the floor. The soil on the floor
is covered in a layer of leaves, twigs and deadtplanushroom, decaying matter,
which rot down quickly to provide nutrients for thints. The leaf litter is alive with
invertebrates and microorganisms, which quicklydmivn this surface layer. Mosses
and ferns grow on the forest floor where it is wadamp and shady. The forest floor
is home to some of the larger animals of the fdvesi invertebrate and vertebrate.

With respect to the forest canopies, it plays a k@g in ecosystem
processes, for instance, energy flows, and biogaoal cycles. Forest canopies
also both control regional climate and play an ingoat role in regulating global



climate (Jacobs, 1988; Shuldaal, 1990). The forest canopies are the princigal si
of energy assimilation in primary production whiateraction between a canopy and
the surrounding atmosphere create local changiseidistribution and movement of
abiotic factors such as air movement, gases, wapor, temperature, humidity,
precipitation, light and water cycle. It has besstimated that most photosynthetic
activities in the biosphere occur in the canopyoreBt canopies also account for
almost half of the carbon stored in terrestrialatagjon and fix more carbon per year
than any other habitat (Malhi and Grace, 2000)thWicanopy turbulence distributes
heat and water vapor, with the result that canofees to be buffered against the
more extreme temperature and humidity fluctuationghe air column above them
(Parker, 1995). Light quality and quantity areselly related to canopy structure,
more that 80% of the high energy shortwave radiasdypically absorbed by canopy
leaves; the remainder is transmitted downward tjinailne canopy or reflected back
up whereas long wave radiation, in contrast, isrlpeall transmitted or reflected
(Parker, 1995).

What is more, the canopy is the richest regiorhefdiverse rainforest.
They are an important reservoir of genetic divgriiat sustains countless species of
animals and plants in particular epiphyte. Theamj of them are undiscovered and
potentially unexploited resources. An estimated9@0% of organism in the
rainforest exists in the trees, above the shadestfdloor (Jacobs, 1988; Bassetal,
2003). Forest canopies support about 40% of extant sp@d@gotnyet al.,, 2002), of
which 10% are predicted to be canopy specialistanm(idond et al, 1997).
Abundance of leaves in the canopy provide energyacess of photosynthesis result
in higher yield of leaves, flowers, fruits, and deevhich attract and support a wide
diversity of animal life and ants as well (Whitmpd©90). Indeed, ants have long
been known to dominate the arthropod communitigeoical forest canopies both in
terms of biomass and the diversity of individudfgttkau and Klinge 1973; Erwin
1983; Holldobler and Wilson, 1990; Tobin, 1995; rfélo and Linsenmair, 1999).
They are a major component of tropical rainforestapy and play an important role
in functional ecosystem (Holldobler and Wilson, @99 obin, 1995) which will be

defined in the item below.



Emergent layer

Understory layer

Forest floo

Figure 2. The vertical stratification in rainforest

3. BRIEFLY ON CANOPY ANTS BIOLOGY AND THEIR EVOLUTIONARY
HISTORY

Ants are well-known eusocial insects belonging single family, the
Formicidae, within the order Hymenoptera, the sartle bees, and wasps$iowever,
Nno consensus yet exists on the age estimate dirsh&ormicidae or on the origin of
their eusociality. Fossil evidence in a piece of amber of truly prweitants, for
example Haidomyrmodes, Haidomyrmex, SphecomyamdSphecomyrmodeallow
the scientists to predict an origin of its. Theggested that ants have been evolved
from the aculeate wasp whiade based on morphological characters such as the
overlapping of body between primitive ant and stiggvasp, having short mandible
and metapleural gland, and the relative lengthnbdéranal segments (Grimaldt al,
1997). The metapleural gland is the only morphiglagtrait unique within the
Hymenoptera that distinguishes ants, and can be seenost ants embedded in
amber. This gland produces antibiotic-like substan necessary to maintain nests
underground or in humid pieces of wood, where Wactnd fungi would otherwise



invade immobile broods. Development of the gland ausociality were probably
correlated and are involved in the great ecologscaicess of the ants (Agosti al,
1997). Some molecular phylogenetic studies sugddsiat the first ants arose much
earlier in the Earliest Cretaceous or the Jurassith an estimated
minimum/maximum age of 140/168 Million years ago (Moreaat al, 2006). The
molecular evidence of eusocial insect lineages sgctermites, wasps and bees also
developed during the Early Cretaceous period (Qdnsand Engel, 2005; Poinar and
Danforth 2006). However, Grimaldi and Engel (2005) point out thaitridg the
Cenozoic, in the Mesozoic and Early Tertiary (Pedg®) ants are rare, and their
earliest evolution has been gradually increaseoiceBe and Oligocene with each new
fossil discovery. With regard to the arboreal dadyet al (2006) estimated an age
of =~115-140 Million years for the crown group ants, dsh®n a wide molecular
analysis and incorporation of the fossil record afts and other aculeate
Hymenoptera.

Nevertheless, the distribution of ants to be ardlitsesuggests that it is
related to the evolutionary history of ants. Thesil and molecular analysis assures
that Ponerinae, Dolylinae, Aenictinae, and Cerapaele belong to the older groups
whereas Myrmicinae, Formicinae, Dolichoderinae, aRdeudomyrmicinae are
evolutionary younger groups (Brugt al, 1998). The older subfamilies are mainly
found in the litter and soil which believe to bagoral habitat of ants while the
younger one appear to arboreal life style. Themahtion from ground to the tree
crown have been suggested that (1) finding a nelwtdta and food sources (2)
ecological niche expansion and (3) inter-specifiompetition are important
parameters in structuring ant communities (Wils@887; Kaspari, 2000). As a
consequence, advance ants species appear to nioglibharacteristic to occupy the
upper stratum. They exhibit numerous adaptatibasgromote an arboreal lifestyle,
such as the difference in larger average size wprkedify ‘sticky’ tarsi that allow
them to cling to surfaces (Yanoviak al, 2005). They also have evolved more
effective epicuticular lipid waterproofing and tkér waxy cuticles to prevent
desiccation stress on this habitat. Thus, theye hahility to withstand desiccation

stress than the terrestrial assemblage (Hood aodinkel, 1990) because the wide



temperature fluctuations, drought, and the loweniklity are characteristic of forest
canopy.

Canopy ants find appropriate nesting sites in tr@avn in different
ways. The nesting strategy of ants associated ot plant and their own unique
character. The arboreal species utilize broadlycire as nesting sites for instance,
hollow twigs or cavities in tree trucks (normallglled “domatia”), carton nests, dwell
in leaf litter and humus accumulated on brancheseath the leave, or joining leaves
together with silk pavilions using larval silk.

With reference to foraging activity, the terredtramts are mostly
scavengers and predatory foraging behavior whéeathoreal ants appear to exploit a
wider range of food. Carbohydrate nutrients seerbet a main food source on the
tree crown (Tobin, 1995). Arboreal ants are a gedent to utilize floral and
extrafloral nectar, fruit sap, food bodies, sead] @ particular arthropod exudates.
Hence, they seem to be a great farmer by feedinge stomopterans or lepidopteran
larvae to honeydew sources (Tobin, 1995; Wagnerkand 2002; Heil and Mckey,
2003). However, some arboreal ants could hunt fdveth invertebrate and
invertebrate (Holldobler and Wilson, 1990)

The canopies of tropical rainforest and of treepcpantation are
occupied by a large group of ants which could beniified into: dominant,
subdominant, and non-dominant ant species. Tabhein, the dominant species are
characterized by extremely population color{@sveral hundred thousand to several
million individuals, the ability to build large opolydomous nest and a highly
developed intra-as well as interspecific territbiya Secondly, the subdominant
species is species that have less population edofup to a few thousand
individuals) and generally depend on pre-existirggabical structure for nesting
(hollow branches, rough bark, and epiphyte). Ywedre are able to defend territories
in the same way as do dominant. Lastly, non-dontiaat species is species which
have very less population and occur within or benwéhe territories of dominant
ants. Observation of scientists show that two orervspecies of ants were typically
much more abundant than any other species andhbatreas of activity of these
‘dominant’ ant species in the trees did not overldjme patchwork distribution these

ants formed was termed ‘ant mosaic’ (Leston, 1973)e ant mosaic is defined to ant



10

species that is establishment and defense of niyt@clusive territories by
aggressive and highly abundant dominant ant spdogether with positively and
negatively associated subordinate ants and othbropods (Room, 1971; Majer,
1972, 1976; Leston, 1973; Floren and Linsenmaif020 It is favorable found in
agroecosystems and orchard plantation for insta@mxophylla, Crematogaster,
TetramoriumandDolichoderus As a result, the competition among ants is gipjc
for food resources and habitats. Consequenthroperly is the evolution of eusocial
behaviour which Grimaldi and Agosti (2000) pointt dhat 1). Eusociality vastly
increases the efficiency of foraging and resousss as well as defense (2), and it has
been commonly invoked as the reason for the eamdbdgiominance of ants, termites,
and eusocial bees.

However, ant mosaic has been denied in lowlandarest trees by
Floren and Linsenmair (2000). The former authergestigated a highly diverse
canopy fauna in a mature rainforest in Sabah, Bornelhey made extensive
collections of arboreal ants from 19 individugborusaor Xantophyllumtrees in the
lower canopy using knockdown insecticide foggintheir statistical analysis of the
resulting data failed to significantly demonstraftects of mutual exclusion between
ant species (Floren and Linsenmair, 1997, 2000reRlet al, 2001). Aside from
these analytical results, extensive observationghese relatively small crowns
indicated that resource monopolization by domiramis was uncommon on these
trees (Floren and Linsenmair, 2000). Then, theychmed that the diverse and
complex ant communities in rainforest canopies arere likely structured by
stochastic processes rather than by competitiexisfthat are the heart of ant mosaic
theory. Moreover, Ribas and Schoereder (2002) asadifferent statistical approach
based on a ‘checkerboardedness’ index to reanakyveral previous studies on ant
mosaics from plantations and secondary forestsfaited! to significantly confirm a
structured distribution in most of these studiesThey suggested that spatial
distribution patterns may not be different from egfations based on null models and
may not necessarily imply competition between thgsecies (Bllithgen and Stork,
2007).
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4. DIVERSITY OF ANTSIN TROPICAL FOREST CANOPY

Ants are ubiquitous and dominant feature of kethestrial and tree
crown. Since the 1970s, quantitative field studies haveudwented that ants
constitute about 20 to 40% of the arthropod biomassopical rainforest canopies
(Tobin, 1995). It also represents 15-20% of taalmal biomass and plays an
important role in many ecosystems (Holldobler anids@v, 1990). It is well known
by the fact that there are 16 subfamily 296 gerag about 15,000 species in the
world (Bolton, 1995), current day 12,264 speciesewdentified (Agosti and Keller,
2008) However, the number of species is incredibly hidhol is still remaining to
be discovered and described. Ants are a major coerg of tropical forests
particularly the tree top. The canopies of tropreanforest are recognized as habitats
of arboreal ant enormous species richness in thddwpbittkau and Klinge 1973;
Erwin 1983; Stork, 1991). It is best known thetfimat, for example Wilson (1987)
found 135 species on the canopy of Peruvian Amaaorforest, Harada and Adis
(1997) recorded 100 species in Brazil, Bréhlal, (1998) exhibited 133 in the tree
crown of Sabah, Borneo. Florehal, (2001) detected 273 species of arboreal ant in
primary lowland canopy of Borneo, Schulz and Wad@602) showed 161 species of
canopy ant in Budongo Forest, Uganda, Wital, (2002) disclosed 97 species of
canopy ant in Southern Cameroon, Tongjerm (200&)aled 118 species in canopy
of Ton-nga Chang Wildlife Sanctuary, Southern Tdrail, Stuntzet al, (2003)
collected 91 species on epiphytes in Panama, Widbdb, (2004) found 169 species
in lowland evergreen rainforest, Sabah, Malaysia et

With regard to the diversity of canopy ants toragka tree, inventories
and surveys in lowland neotropical forests show itindividual tree crowns frequently
harbor more than 30 species of ants (Yanoeikl, 2007). It is illustrated by the
fact that Wilson (1987) found 43 species from algiriree in Peru, Harada and Adis
(1997) recorded 82 species from a single tree aziBrFloren and Linsenmair (2000)
showed 61 species on a single tree and Schulz ayh&Y (2002) detected 37 species
on a single tree whereas on birch tree in Germahytao species of ants were found
foraging in summer (T. Schmidt, cited by Brigtlal, 1998). One large tree in Peru
yielded 43 species of ants, equivalent to the eriritish fauna (Wilson, 1987).
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Consequently, it is obviously guarantee that tlheital forest canopies are the most
richness of ant species in the world.

Nevertheless, Davidsaat al, (2003) explain the abundance of ants in
lowland rainforest canopies by reviewing and prapgsit least four untested and not
mutually exclusive hypotheses. These hypothesss ba the idea that greatest
animal biomass in rainforest must be the herbivatabe second level of the trophic
pyramid. Firstly, certain insect herbivores (s@shimmobile Coccoidea, which are
often tended by ants) might be far more abundamt durrently estimated, because of
under-sampling by canopy fogging and the failurdeaf-area removal measures to
guantify their impact. Secondly, high turnoveraothropod herbivores might sustain
a high standing biomass of ants and produce invgpygamids of numbers and
biomass. Thirdly, large populations of long-livedorkers might be supported
principally by abundant dietary carbohydrates amdnand little protein. Lastly,
ecologically dominant ant taxa might themselvesd fas herbivores, deriving both
carbohydrates and N from plant and insect exudabedeed, ants as herbivores are
major players in the ecological dynamics of tropieanforest trees and, thereby, in
the balance of earth. “Little things” really do reat

5. CANOPY ANT VALUE

Ants are a major component on canopies and plagnpartant role in
functional ecosystem. They are associated withrgel group of animal, plant, and
fungal species, ants have a significant impactl atapic level. They serve as a prey
for many native predatory enemies, such as reptitesmphibians, bats, birds, and
occasionally, people capture and kill or eat tlyin§ males, females and eggk
contrast, worldwide, ants are one of the most itgmir predators on small
invertebrates, including other insects, and eveeraants. They also diet a variety of
vertebrate, reptiles or amphibians, and bird winnely hunt by workersAnts also act
as a scavenger. They are the garbage collectdng ohinforest ecologically useful.

However, being predatory behaviors on canopy, argften used as
biological control agents of insect pests and fumgdhogens. A recent studies in

agroecosystems found that generalist predatorsglésirand multiple-species
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assemblages), controlled herbivore abundance (7B%udies) and reduced plant
damage and increased plant yields (65% of stud&sypondsoret al, 2002). Ants,
in both natural and agricultural systems exhilggttiown effects by limiting herbivore
communities and by increasing plant growth andagpction (Schmitzt al, 2000).
Ants are biological control agents in agroecosystamd reduce undesirable pests by
directly preying upon pests, by chemically detgrrthem and by causing pests to
drop from the host plants that they are attackifvgy and Khoo, 1992). In addition,
ants may indirectly reduce herbivore populationsd aalso reduce fungal
phytopathogens by removing spores (de la Fuente Madjuis, 1999) or by
restricting interactions between plants and dise&stors (Leston, 1973; Khoo and
Ho, 1992). Taking these point into utilizationjngsant as a biological control agent
against herbivores and fungi in agroecosystemsoactthrds plantation are favorable
traditions in application (Way and Khoo, 1992; vdele and Cuc, 2000; Andersen,
1997; Andersert al, 2002).

As a consequence, ants are also valuable bioloigidilator agents for
monitoring forest changes. Owing to the fact @atls are commonly and extremely
abundant and relatively high species richnesso,Alere are many specialist species,
occupy higher trophic levels, easily sampled angalig easily identified. Needless
to say, they are rapidly responsive to changingirenmnental conditions (Majer,
1983; Carroll and Risch, 1990; Andersen, 2000)e @i$e of ants as bio-indicators has
now become worldwide in particular Australia (Ansiemet al, 2002). Indeed, ants
are good bio-indicators which have been widely andcessfully used to evaluate
degree of disturbance, differences in environmeatures, biotic responses and help
indicate ecosystem health (Majer, 1983; Andeetesd., 2000).

On the other hand, ants commonly touch with baei@nd fungi which
are generally found in rainforest where humidityalsvays high. Fortunately, an
immune system by secreting antibiotics from the apletural gland is efficiency.
Hence, the idea that ant may control antimicrobiale of interest to the
pharmaceutical industry is part of a small but gigant shift towards ecologically
driven bio-prospecting, which has been adopted khgva laboratories across the
world (Beattie and Ehrlich, 2001; Coleyal, 2003). Needless to say, ants as sources

of pharmaceuticalare well worth further exploration.
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Apart form being ecological interaction, biologicebntrol against
herbivores, bio-indicator, and pharmaceutical medidastly, the canopy ants is also
full of protein nutrient. The exploitation of cgmpants as edible foods is favorable in
South-East Asia. For example the egg, pupa, ana laf waver ant¥ecophyla
smaragdinaeven reproductive caste can and are eaten by humafact, practically
any insect can be eaten, and they provide an impiogource of protein, calories,
vitamins such as vitamin B1 and B2, as well as mailse Many native peoples
indulge in this practice, scientifically called emtophagy. As humans are
omniverous, ants are certainly something whichoputar food items in the world.

Nowadays, however, canopy ants are becoming inagasd well-
documented research. An investigation of canofs/iara burgeoning and exciting field
as evidenced by the ever increasing number of gatilns concentrating on these
habitats (Nadkarni and Parker, 1994; Nadkatral, 1996). They are a key insect in
canopy not only richness and abundance but a Velwedvsatility of canopy ants is

also widely accepted to understanding a detaileésitigation.

6. HOST PLANT INHABITANCY

Interactions between organisms at adjacent tropdwels, such as
dweller and hosts, occupy major roles in tropiaaie$t ecosystems. Mutualistic
interactions between plants and ants have beenrkf@wa long time particularly in
tropical forest. Symbioses between ants and plaaise contributed greatly to
understanding of mutualism as a trade-off betwden dosts and benefits of an
association between two organisms (Bronstein, 1998)e relationship between ant
and host plant have been called “Myrmecophytes’iciwvldescribe plants regularly
inhabited by ants (Davidson and McKey, 1993). Ampsmally participate in three
kinds of mutualisms that are of key importance @tednining their impact on the
structure of ecological communities.

To begin with, ants are the principal predatorartfiropods in tropical
forest (Novotnyet al, 1999; Floreret al, 2002). As a consequence, they can protect
their host plants and increase plant fitness buered) damage caused by herbivores,
pathogenic fungi, removal of vines, and providingrients (Benson, 1985; Davidson
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and McKey 1993; Fonseca, 1994; Fedetieal., 1998). Likewise, plants offer their

structure for nesting ant, that is called “domatm”shelter in leaf, and also offer
energy and nutrients available to foraging antrag. Host plants typically produce
these rewards in both direct and indirect for cgnapts. Myrmecophilic plants

directly produce food rewards such as extrafloesdtar (EFN), sugar sap, and food
bodies and also can attracted indirectly the hosrapt species, which is called
trophobiosis (i.e. aphids, coccide pseusococcidganlbmnacid, etc.).

Secondly, as a consequence, ants often utilizeyldemefrom phloem-
feeding hemipterans (formerly known as ‘Homoptegith as aphids, membracids,
scale insects and mealybugs. The carbohydrate-egbretions of these
‘trophobionts’ provide ants with an energy-rich dosource. Feeding by homopterans
represents a drain on the plant’s resources, amd cepresent a cost to the host plant
(Nava-Camberost al, 2001; Smith and Schowalter, 2001).

Finally, however, associations between ants and titegphobionts can
have widely varied effects on plants (Cushman addi#ott, 1991). In some cases,
ant-tended trophobionts are probably the plantiscgral herbivores or pests and the
effect on the plant is negative. In a few cadesants may actually castrate their host
plant, greatly reducing that plant’'s sexual repcithe capability (Yu and Pierce
1998; Stantoret al, 1999). Furthermore, interaction between ants laost plants
become to symbiosis that involved with communitpsequence and co-evolutionary
history, for instancePseudomymexspecies withAcacia trees or Crematogaster
species witiMagarangatrees etc. (Holldobler and Wilson 1990; Whitmdr@90).

The abundance and diversity of ant—plant interastis particularly
notable in tropical habitats. Approximately on&dhof tropical woody dicots and
herbaceous vines produce extrafloral nectar (ERNyaa lipid-rich pearl bodies as
“biotic defenses” to attract ants that defend vatied and reproductive structures
against herbivores (Davidsoet al, 2003). For instance, associations with ants are
now extremely widespread across plants, and EFNacaned in at least 332 genera
belonging to at least 93 angiosperm families (mtran a quarter of all plant
families), as well as in 11 genera of ferns (Kopfi#92). Rico-Gray (1993) recorded
a total of 312 ant—plant associations in one Meximaastal site, whereas Fonseca and
Ganade (1996) reported that myrmecophytic plantsiroat a density of 377 plants/ha
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in the Amazonian rainforest.Thus, ant-plant interactions and the structure and
functioning of tropical are a major necessary food webs. The most important
predators of arthropods in tropical forest canopses largely sustained by an
interlocking set of mutualisms. Without these nalisms, food webs in tropical

forest communities would probably be very differesom those we know.

7. CANOPY ANTSAND ABIOTIC ENVIRONMENTAL CONDITION

According to my objective, here | only focus on thkiotic factor
namely temperature, humidity and precipitation.

The environment of the canopy is very differentvirthe environment
of the other parts of the forest. InteractionsMeein a canopy and the surrounding
atmosphere create local changes in the distribaimehmovement of physical factors,
notably air movement, gases, humidity, temperapnegipitation, and light. It has its
own habitat characteristic which is called micnoate. Environmental factors in the
canopy are unpredictable. As a result, within ggnat commonly fluctuates in
temperature, humidity, wind speeds and turbulemeértbow (Parker, 1995).

Temperature and humidity: In the rainforest, temperature and
humidity is reverse variation (Parker, 1995). dnde clarified that if temperature
increases, the humidity decreases. The canopy efetype was significantly
correlated with the light intensity and air tempara (Parker, 1995). Consequently,
more than 80% of solar radiation is typically almeal by canopy leaves; the
remainder is transmitted downward through the cgrmpreflected back up (Parker,
1995). So, during the day time, the canopy isrcaied hotter than other parts of the
forest. Canopy tends to be buffered against theenmextreme temperature and
humidity fluctuations in the air column above themhe inner canopy is particular
stable, while the outer canopy is a site of achigat exchanges. Also, the radiation
absorption in the canopy is dependent on the digian of leave. During day time
the highest temperature is observed at the candypshws different from the bottom

to the top around 5 degree Celsius (Kreijtal, 2004). However, during midday,
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turbulence is effective in promoting transport ihetcanopy. Consequently,
temperature and humidity gradients tend to be wBakker, 1995).

Microclimate, particularly humidity and temperaturdas been
identified as the main abiotic governing ant atyiyKaspari, 1993; Andersen, 2000;
Kaspari and Weiser, 2000; Hahn and Wheeler, 200®)th regard to insect, their
body temperature tends to be the same as ambiapetature but this does not mean
that an insect’'s body temperature is always theesam that of the environment
(Romoser and Stoffolano, 1994). So, the rangelefdable temperatures varies from
species to species, within a species, and wittpliysiological state of an individual.
The optimal temperature range for the most speisie®2 to 38 degree Celsius
(Romoser and Stoffolano, 1994). For ant, Kasgdrial, (2000) found that the
foraging activity of an average species peaks & %2 and ceases at 406 while
Bestelmeyer (2000) show most active from 32 to°G5 The responses of ants to
temperature variation are mediated by at leastvielb-documented mechanisms: 1)
the direct effect of temperature on ant physiol@nd 2) the indirect effects of
changes in competitive hierarchies among ant spé¢Biestelmeyer, 2000).

All the moisture factors are variation both temfigrand spatially.
For example, relative humidity varies with locatidime of day or year, topography,
vegetation, and so on, and commonly tends to beaaatively high during the night
and lower during the day (Romoser and Stoffolar®®4). So, tropical rainforest is
very humid, around 60-80% daytime and 95-100% niighe. However, it may also
be different at different heights above the groyRomoser and Stoffolano, 1994).
Consequently, it can be said that the humidityhiem ¢anopy is obviously lower than
the other part of forest. Extremes of environmiemtamidity content directly
influence many of activity of insects, including eténg, reproduction, and
development (Romoser and Stoffolano, 1994). Ameasing in humidity often is
associated with increased insect abundance andtya¢tievings and Windsor 1996).
For ant, it is widely accepted that humidity is ifige significantly correlated with the
foraging activity of the ants (Kaspari, 1993; Kaspnd Weiser, 2000; Hahn and
Wheeler, 2002). In particular the terrestrial aate mainly predatory behavior so
moist litter may be more likely to release nutregenand bolster populations of
microbes and microfauna prey that form the badbefitter food web (Coleman and
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Crossley, 1996; Levings and Windsor, 1996). Howgirethe canopy ecosystems,
where high temperatures and low humidity creatirapignts of desiccation risk are
characterized, can shape activity in ants (Kasaadi Weiser2000). For example,
some ants desiccate more quickly and are lesseadtiking the drier afternoon in one
tropical forest (Kaspari, 1993, Kaspari and Wei2&00). Taking these points into
consideration, humidity may be an important par@mgi govern ant species in the
canopy. But arboreal ants could increase theiviaicin tree crowns even when the
desiccation risk is high (high temperature and lownidity) (Hahn and Wheeler,
2002). This may be the result of several physiclgmechanisms utilized by
arboreal ants to resist desiccation stress moextefély than terrestrial ants (Hood
and Tschinkel, 1990).

Precipitation: In rainforest, there is no truly season. It is
characterized by a gigantic amount of rainfall fhattuates at least 1,700 mm to over
10,000 mm of rain each year. Of course, the cardimctly and hardly receives
rainfall and acts as a buffer against rainstormhe Precipitation is intercepted,
retained, and redistributed by the canopy whicuggested that between 10 and 30%
of incident precipitation is intercepted and evaped from the canopy (Parker,
1995). Water evaporates from the canopy or dhpsugh or run down the stems to
the forest floor (Parker, 1995). Accordingly, faih affects the abundance of many
populations (Kaspari and Valone, 2002; SandersGaordon, 2004). For ant, rainfall
plays a key role in regulating and reducing anivagt(Basu, 1997; Wirth and Leal,
2001). Heavy rainfall must surely be destructiseant and probably led to high
levels of mortality for many newly established coks of some ant species (Sanders
and Gordon, 2004). The effect of rainfall may lomsidered a type of disturbance
that reduces ant activity (Wirth and Leal, 200Ant abundance is certainly linked to
seasonal variations in rainfall, with some spetiegig more abundance in the dry
season, whereas others proliferate only duringréwes (Holldobler and Wilson,
1978). Nevertheless, it has been shown that almeedand foraging efficiency of

ants in tropical habitats is limited by the duratand timing of rainfall (Basu, 1997).
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QUESTIONS

The research questions are:

1. What is the species composition of canopy amtgadpical lowland rainforest at
Khao Nan National Park (KNNP), Nakhon Si Thamm&uatvince?

2. Is there any difference in species compositietwben canopy ants at the evergreen
vegetation and the deciduous vegetation?

3. Do some physical factors affect species comiposénd abundance of canopy

ants?

HYPOTHESES

It is hypothesized that:

1. The compositions of canopy ant species in twatats (evergreen and deciduous
trees) are different.

2. Physical factors: temperaturéCj, humidity (%), precipitation (mm), affects
species richness and abundance of canopy ant secrgosition.

3. In dry season, the deciduous trees will exereféect on the dispersal of canopy

ants.

OBJECTIVES

The objectives of this work are the followings:

1. To assess the species composition of canopyirattspical rainforest at KNNP,
Nakhon Si Thammarat Province.

2. To compare the species composition of canopy between evergreen tree and
deciduous tree at the KNNP.

3. To examine the effects of some physical factordhe species composition and
abundance of canopy ants.



CHAPTER 2

MATERIALSAND METHODS

1) Study area

This study was carried out in the tropical lowlaaghforest of Khao-
Nan National Park (KNNP), Nakhon Si Thammarat Progj Southern Thailand. Its
approximately location is betweefi 81 and 8 58 N latitude and 9930 and 99 99
E longitude. The KNNP is a part of the Nakhon ®iammarat mountain range
(Fig.3). The Park covers 436 krtaround 272,50@ai) and the elevation ranges from
80-1,438 meters above sea level (Wittaya, 2000)is Park is composed of the sub-
districts of Krung Ching, Noppitam, Talingchun, Kimei, Theparat, Plian and the
district of Thasalar and Sichol. The regional @tmis relatively constant and can be
divided into 2 distinct seasons: wet and dry. Tdiay season could be divided into
the main rainy season from November-January aresset one from May-October,
whereas the dry season is around February-Aprihe Tevel of rainfall fluctuates
between 2000-3500 mm per year (the Meteorology akhen Si Thammarat
Province, unpublished data). Most of the area hah humidity and heavy
continuous rain so that the weather in this areeoisstant in temperature all year
round. Most of the area is also the main sourcéhefrivers in this area. It is a
complex mountain ridge with a high diversity of rib and faunal species. About
90% of the area is a productive rainforest which hmany valuable plants including
both evergreen and deciduous trees. The domirdant gpecies includEicus spp.,
Caryota spp., as well as members of the families Annor&cddyrtaceae,
Sterculiaceae, Sapindaceae and Euphobiaceae (8i2@90). However, there is a
special deciduous plant, call&tateriospermum tapoBlume, which has a deciduous
life-cycle in the short period of the dry seasoMlature trees shed leaves annually
around February to March (Whitmore 1972; Osatlal, 2002). E. taposis rarely
found growing in clusters, so its clusters in thi®a are unique for a rainforest
(Wittaya, 2000). Also, the KNNP consists of 8 ista$ (Fig.3).

20
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Figure 3. Study areas at Khao Nan National ParkNRN Nakhon Si Thammarat,
Source: the BRT program, 2007 (personal informataod Pheerat al, 2008
Number 1 = Headquarters of this Park.

Number 2 = Hui Lek station.
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2) Study site

Two habitat types were chosen for this investigatidhe first site was
located at the headquarters of this park (Fig. dnber 0) and the second site was at
the Hui Lek station (Fig. 3, Number 5). Both studites stayed apart for
approximately 40 km. Three permanent plots of SDX% were set up at each site
and they were at least 500 m apart from each other.

Brief descriptions of each study site (Figs. 4, 5)

2.1 The first site is located in the tropical lomdarainforest at the
headquarters of KNNP (Fig. 4). This site is chamarzed by a low density forest of
evergreen trees and a somewhat high continuitaobpy. In the past, this area was
used for logging but now the forest is recoverinfhe dominant trees are in the
families Dipterocarpaceae, Annonaceae, Euphorbéaaed Lauraceae. At the three
permanent plots, the elevations range from 142réters above sea level (msl).

2.2 The second site is located at the Hui Lek@tagéind is commonly
called the Pra forest (Fig. 5). This area is dat@d by the deciduous treEstapos
Blume. As mentioned abo\e taposis rarely found in clusters around 4,000-5,000
rai and is only found at Hui Lek statiork. taposis however a common deciduous
tree in South-East Asian tropical rainforests (Winte 1972, Yong and Salimon,
2006)and is widely distributed in Peninsular Thailand @&mroughout Malaysia. It is
a member of the Euphorbiaceace and can be claksifte the subfamily of the
Crotonoideaeand the Elateriosperme&dbe. E. taposis a monoecious canopy tree
that responds to a deciduous life-cycle in the tsperiod of time. Mature trees
emerge for 45 meter and shed leaves annually aréebduary-March (Whitmore
1972; Osadeaet al, 2002). The Pra forest is characteristically s#genwith a high
continuity of canopy, and constant temperature awodhidity. For the three

permanent plots, the elevations range from 251r@8&rs above sea level (msl).
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Figure 4. (1) The first habitat is located at tleadiquarters of KNNP (Source: the
BRT program, 2007) andd( ) three permanent @ots(2) the characteristic of

forest at the first site.
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2.1.1 The first plot is located at latitud€48°N 0.756156N and
longitude 9948°E 11.699793E and elevation range for 153 msl.

2.1.2 The second plot is located at latitudd638N 2.212468N and
longitude 9948°E 15.925553E and elevation range for 160 msl.

2.1.3 The third plot is located at latitud€4&N 1.039396N and
longitude 9948°E 16.315832E and elevation range for 142 msl.
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Figure 5. (1) The second habitat is located atHbeLek station (Source: the BRT
program, 2007) and& ) three permanent plots. Oriefly deciduous tree. tapos
(Blume) (2) when this plant is closed with leavasd (3) when it shed its leaves and

grows new leaves later around February to March.
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2.2.1 The first plot is located at latitud®%® N 57.039322N and
longitude 9937°E 30.479633E and elevation range for 267 msl.

2.2.2 The second plot is located at the latitUBd 8N 57.241049N
and longitude 9B7°E 26.681729E and elevation range for 289 msl.

2.2.3 The third plot is located at the latit@1&1° N57.569304N and
logigtude 9937°E 25.110595E and elevation range for 251 msl.
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3) Duration of field work

Field work was conducted in the tropical lowlanthfarest of KNNP,
through one seasonal cycle from May 2006 to Mar6BG72 Field research was
performed at bimonthly intervals. Totally, 6 expegnts were carried out: 11-16
May 2006, 09-14 July 2006, 10-15 September 2006l 7LRlovember 2006, 14-19
January 2006 and 08-13 March 2007.

4) Sampling vegetation

From each of six permanent plots a single matwe of 20-40 m.
height was selective sampling for collecting aniBhe tree was identified and the
height measured. The average height of evergrees tvas 27.72 m whereas of the
E. taposit was 32.77 m. A flowering and fruiting tree waitted from the study in
order to avoid any contamination. The tree that selected was not sampled again
for the next study. As a result, 6 trees were éoggach time, 3 evergreen tree and 3
E. tapostrees. Totally, 36 trees were selected to assasspy ants throughout the
experiment: 18 evergreen trees and 18 deciduous. ofide list of all trees are
presented in the Table 1 (a full species list idppendix 1).

Table 1. List of all selected trees from both heiiiypes.

Tree Family character  quantity
Syzygium cumir(L.) Skeels. Myrtaceae Evergreen 3
Bouea microphyllaGriff. Anacardiaceae Evergreen 3
Castanopsis piriformiglickel and A.Camus Fagaceae Evergreen 3
Pseuduvaria monticold. Sinclair. Annonanceae Evergreen 2
Ryparosa javanic®l. Flacourticeae Evergreen 2
Castanopsis javanicBlume. Fagaceae Evergreen 1
Chisochetorspp. Meliaceae Evergreen 1
Parashorea stellat&urz. Dipterocarpaceae Evergreen 1
Baccaurea kunstleing ex Gage. Euphorbiaceae Evergreen 1
Nephelium melliferumGagnep. Sapindaceae Evergreen 1
Elateriospermum tapoBlume. Euphorbiaceae Deciduous 18

Total 36
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5) Sampling procedure

Ants were collected using the canopy fogging teghaibecause of its
expediency, accuracy, and general nondestructiverangAdis et al, 1998). A
synthetic pyrethroid insecticide diluted with dikeé (ratio 1:49) was used to spray
into the tree crown. The fogging technique uses filgging equipment iIGEBA
model TF 35. After the host tree in each plot wselected, ten quadrate-shaped areas
(1x1 m each) with a cylinder containing 70% ethamete set up and were suspended
underneath the tree canopy as close as possilsigpfmort ants and other organisms
(Fig. 6). The fogging machine was suspended imocanopy as closely as possible
and was fogged (Fig. 6). It was carried out atiadb0600 in the morning in order to
avoid the effect of wind and sunlight on insectecattivity (Cheyet al, 1998; Floren
et al, 2001; Tovar-Sanchet al, 2003). Fogging took 20 minutes for each treg an
samples were collected within 2 hours afterwartts this study, one day was done
only one tree fogged. Ants were removed from thadgate using a hand-held
modified vacuum technique. All of the samples wietenediately preserved in 70%
ethanol, labeled, and kept for sorting at the Depant of Biology, Faculty of
Science, Prince of Songkla University, Hat Yai.

Furthermore, some physical factors were recordedingluthe
experiments. Temperatur€C) and relative humidity (%) were simultaneously
measured using thermometer and hydrometer durirlectiog period. Also,
precipitation (mm/month) was recorded from the \weastation at both sites in order

to assess a seasonal changes (dry and wet seasapP.

6) ldentification

In the laboratory, all samples were stored in bettland vials
containing 70% alcohol until they could be sortend aprocessed. Processed
specimens were separated into similar taxa (i.derprfamily, or morphologically
similar groups). Collected ants were cleaned add/idually pinned, placed in vials
or on mounting points with an identification labélhey were dried and identified to
the genus level using the key of Bolton (1994) &fwdldobler and Wilson (1990)
based on the external morphological characteristiahie worker stage. They also
identify and confirm to species level by Prof. DBeiki Yamane (persernal
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communication). Once identified, a label with threler, family, and species names
was included with each specimen. For each speatideast 8 individuals were

mounted. Voucher specimens will be deposited @micBss Maha Chakri Sirindthorn

Natural History Museunt:aculty of Science, Prince of Songkla Universitat Mai.

Figure 6. Ten quadrates were set up and movecetoahopy (1, 2) and (3) fogging
technique by spraying the synthetic pyrethroid atis&le (4) the author with fogging
equipment.
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7) Statistical Analyses

Canopy ants were assessed using several differagurements.

7.1 Alphadiversity

Species richness was estimated using the Estinst#®are version
7.51, (see Colwell and Coddington, 1994 and Colwa€lD5). Species accumulation
curves were computed to analyze whether the sag@fforts were adequate to
represent the local ant communities by the firsdeorjackknife non-parametric
estimator. Jackknifel was calculated as a shottrwgxtrapolate from the species
number observed to the true number present. Ehiim&tor was the most precise and
least biased and also provides a powerful appré@cassessing alpha diversity. All
calculations were randomized 100 times. Jackknife dalculated asS.s=SopstR(N-
1/n) where Sgtis the estimated total number of specigssiS the observed number of
speciesR is the number of species that occur in only omepa (singletons), where
nis the number of samples.

Shannon-Wiener diversity indek’() using Species Diversity and
Richness software version 2.3 (Handerson and Sd&98) was calculated to take
into account richness and the proportion of eadtisg within a local community.
This index assumes that the area sampled containdiaite number of individuals.
The equation foH’ is defined asH’ = -sum (Pi natural log [Pi]) wherePi is the
proportion of individuals in species and divided by the total number of ants from
that site. Values can range from zero to the amotispecies in the sample with
higher numbers representing higher levels of ditsers

Species equitability or evennes3) (was computed for each site.
Equitability () is calculated a3 = H/log(S)where S is the number of species in the
sample. This method was used to assess the diginbof individuals of each
species in the area sampled. Community structiags also examined further by
Rank-abundance curves. The rank-abundance islwsethey provide a means for
visually representing species richness and spesiesness using Species Diversity
and Richness software.

In addition to these measures, analysis of vaegone-way ANOVA)
using mean difference between 2 populations wad tse€ompare the habitat sites
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for significant differences in top four genera, @pe composition and abundance.
Also, one-way ANOVA was used to test statisticaffedence between Shannon
diversity index and Evenness each time compare dviferent habitats. Calculations
were performed using SPSS for Windows version A6 outcomes were plotted on a

graphs and charts using Microsoft Office Excel 2007

7.2 Influence of some physical factors

The effect of environmental parameters, such aspeeature,
humidity, and precipitation, on levels of individuabundance of ant species was
investigated. The relationship of community conipos to these potential co-
variables was assessed by SPSS for window vergton The stepwise multiple
regression analyses were computed to find out igp@fisant association between
physical factors and common ant species. Data laggransformed to meet the
assumptions of normality. The level of significantad been determined to be at
0.05. Ecological factor were treated as the inddpst variables, and ant species

were used as the dependent variable.

7.3 Effect of leave shedding in deciduoustree

In addition, it was important to detéme whether there were
differences in species richness at different tich@$ng the period whek. taposshed
its leaves, compared with the period when leavesigied. Analysis of variance
(one-way ANOVA) was applied to compare between maanbers of species in the
top four genera together with overall species ané.t Calculations were made using
SPSS for Windows version 16.



CHAPTER 3

RESULTS

1) COMMUNITY COMPOSITION OF CANOPY ANTS

A year round investigation on ant species were ectdld both
evergreen and briefly deciduous tree canopies. difemical knockdown using
fogging technique was carried out in tropical ranekt at KNNP. The result showed
that ants belonged to 7 subfamilies 34 genera @ddn2orphospecies which 16,884
individuals were identified (Table 2) (a full spesilist is in Appendix 1). The
proportion of species in each subfamily was showitable 2. The majority of ant
species was Myrmicinae (42%, 87 species) and Faraec(42%, 86 species). The
rest were Dolichoderinae (10%, 19 species), Pseydoatinae (3%, 6 species),
Ponerinae (1%, 3 species), Aenictinae (1%, 2 spp@ad Cerapachyinae (1%, 2
species) respectively.

The proportion of the top four genera weteematogaster(39 species)
Camponotus(39 species)and Polyrhachis (37 species) all of which were 18%,
followed by Pheidole 6% (13 species) whereas the rest genera comprised8of 1
species represented 35% of species sampled (Table 2

With regard to the number of individuals and thepartion of the species, the
top five species that were the most dominant in memof individuals were
Dolichoderus thoracicusl8% (3,123 individuals) Oecophylla smaragdind 1%
(1,806 individuals) Dolichoderussp. 4 7% (1,098 individualsPolichoderussp. 5
6% (1,065individuals)andCrematogaster (Paracremap. 2 6% (1,019 individuals).

32
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Table 2. Total of subfamily, genera, species, andlver of individuals of the canopy
ants at KNNP.

Subfamily Genera Number of gendion  Number of
species in% individuals
Aenictinae
Aenictus 2 0.97 6

Cerapachyinae
Cerapachys 2 0.97 2
Dolichoderinae

Dolichoderus 8 3.90 5,361
Tapinoma 6 2.92 91
Technomyrmex 5 2.43 762
Formicinae
Camponotus 39 19.02 2,242
Echinopla 3 1.46 24
Myrmoteras 1 0.48 3
Oecophylla 1 0.48 1086
Paratrechina 2 0.97 80
Philidris 1 0.48 230
Plagiolepis 1 0.48 7
Polyrhachis 37 18.04 737
Prenolepis 1 0.48 43
Myrmicinae
Cardiocondyla 1 0.48 28
Cataulacus 1 0.48 68
Crematogaster 39 19.02 4,007
Dilobocondyla 4 1.95 28
Lordomyrma 1 0.48 1
Meranoplus 1 0.48 112
Monomorium 8 3.90 315
Oligomyrmex 4 1.95 59
Paratopula 1 0.48 7
Pheidole 13 6.34 57
Pheidologeton 1 0.48 1
Rhopalomastix 1 0.48 121
Solenopsis 1 0.48 1
Strumigynys 2 0.97 4
Tetramorium 4 1.95 178
Vollenhovia 4 1.95 24
Vombisidris 1 0.48 7
Pseudomymecinae
Tetraponera 6 2.92 468
Ponerinae
Pachycondyla 2 0.97 2
Platythyrea 1 0.48 2

Total 34 205 100 16,884
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2) EVERGREEN VS DECIDUOUS

2.1 Species composition

The ant community is slightly different in spec@smposition in each
habitat type. In evergreen canopies at the heatkyaaof KNNP, 7 subfamilies, 29
genera, and 144 morphospecies with 13,645 indilgdueere found. Likewise in
briefly deciduous canopies at Hui Lek station 5 faoblies 31 genera, 119
morphospecies with 3,285 individuals were idendifie

The subfamily Formicinae (67 species) was the mpostiominant at
headquarters followed by Myrmicinae (54 speciesylidboderinae (12 species),
Pseudomyrmecinae (6 species), Ponerinae (1 speéies)ctinae (2 species) and
Cerapachyinae (2 species) respectively (Fig. @wever, the subfamily Myrmicinae
(61 species) was the most frequently found at Hiki &tation followed by Formicinae
(40 species), Dolichoderinae (12 species), Pseudoegnae (3 species) and
Ponerinae (3 species) (Fig. 7) (Appendix 1).

The top four genera of both habitats are alike. thi headquarters
Polyrhachis(30 species) was commonly found followed®gmponotug29 species)
Crematogaster(24 species) andPheidole (5 species) while the Hui Lek station
contained 26 species @rematogaster19 species ofCamponotus 13 species of
Polyrhachis and 10 species éfheidole(Fig. 8) (Appendix 1).

The most abundant species at headquarters wvi@eeophylla
smaragdina(1,806 individuals)Dolichoderussp.4 (1,098 individualsolichoderus
sp.5 (1,065 individuals) andrematogaster (Paracremap.2 (1,019 individuals). At
Hui Lek station,Camponotus (Karavaieviagp.2 (728 individuals)Technomyrmex
vitieusis (283 individuals), Oecophylla smaragdina(273 individuals), and
Crematogaster (Crematogastesp.7 (197 individuals) were most frequently found
(Appendix 1).

However, out of the 205 morphospecies collectedy &8 species
(28%) overlapped between 2 sites. While 86 spgdi2%) were found individually
at headquarters only 61 species (30%) were disedvatr Hui Lek station (Fig. 9) (a

full species list is in Appendix 1).
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What is more, the common ant species in both habiteere
determined by frequency calculations. The reslitsved that most of species were
found in fewer than 5 trees. At each habitateast>50% of the recorded species
could be classified as common. The species theg erecountered between 16-49%
defined as intermediate species and species that fwend less than <15% were
determined as rare (Table 3). By this definititthg 12 common species on evergreen
tree of the headquarters wdtelyrhachis(Myrmatopla3p.1,0ecophylla smaragdina,
Cataulacus granulate Tetraponera attenuateCamponotus (Colobosis) vitrius
Camponotus (Tanaemyrmexpp.l, Dolichoderus thoracicys Crematogaster
(Crematogaster¥p.2,Polyrhachis (Myrmhopla3p.1,Polyrhachis (Myrmhopla3p.9,
Cardiocondylasp.1,Tetraponerasp.l. Interestingly, only 2 species Tédtraponera
attenuateand Tetraponerasp.l were encountered as common species on the tree

crown of briefly deciduous trees at Hui Lek stat{dable 3).

2.2 Community structure

Out of the 36 trees fogged, the proportions of taikhin both habitats
differed slightly The mean number of the top four ant genera, dedCamponotus
Polyrhachis CrematogasterPheidole and the mean number of ant species at both
habitats are shown in Table 4. An analysis ofararé (one-way ANOVA) indicated
that there were not significant differences betwsteny sites of the number of the top
four species (P>0.05). The calculation of the dedi of species diversity was
performed using the values which depended uponldevk species richness and
evenness. The Shannon-Weiner diversity index eelviiat the species richness of
both habitats were similar (Table 4). For the hpadters site, the Shannon-Wiener
index came out to 3.10 and the Hui Lek station ®&%l. So, the Hui Lek station
appeared to have higher richness than the headgaaithe different values of H’ for
the two communities reflects the differences incgggevenness. The equitability or
evenness index are relatively similar in value @ltgh the Hui Lek station seems to
be a bit higher than the headquarters (evennes6l=ahd 0.58 respectively) (Table
4). Values for Shannon-Wiener index and evennéssyever, did not differ

significantly between the two habitat types (ongr@&OVA, P> 0.05).
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Species richness and equitability are important fgsessing
biodiversity. Therefore, the rank abundance cuas achieved using the relative
abundances of different species in a sample (K. The abundance of individuals
at each habitat was obviously different. An averafjindividuals for each evergreen
tree was 758.06£133.31. The maximum individual bemper tree was 1,883
individuals while the minimum per tree was 201. Awerage individual for the
briefly deciduous tree was a 179.94+43.20 indivisuger tree. The maximum
individual per tree was 782 and the minimum wagy ddl individuals per tree. As a
result, the headquarters had clearly higher abwedéman the Hui Lek station and
there was a statistical difference in number ofivitdials between both habitats
(P<0.05) (Table 4). Rank abundance curves alswethdhat the common species
were displayed on the left and the rare specieg werthe right. The curves of both
habitats were similar. All curves appear to hawtegp gradient indicating relatively
low evenness as the high ranking species have imgbler abundances than the low
ranking species. The slopes of the rank abundahots for the two habitats
demonstrated similar levels of dominance, and ktspshow a long tail of rare
species (Fig. 10).

A species accumulation curve of the canopy antsasagpleted using
the first order Jackknife estimator (Fig. 11). Awgtotes were not reached in the
species accumulative curve for any of the totafigcses at KNNP and of the two
habitats. For overall species at KNNP ( Fig. 11a@, observed curve and the curve
for the jackknife estimate continues to rise withreasing sample size and indicated
slightly asymptotic graphs (lack of convergencenaenn the observed and estimated
species richness curve). The species accumuletiore showed that the numbers of
species recorded was likely to be a considerabtenaistimate of the real numbers.
The sample efficiency of the number of speciesanfiged ants (g9 as a proportion
of the estimated number of species was calculatedas estimated that there was an
extrapolated maximum of 310 species but the nunobespecies of sampled ants
(Sobg Was only 205 species. The estimator expectedni@@ ant species than those
recorded from the fogging sample. As a result,adbgerved ant species represented

66% of the total species pool. As a consequenaelafge number of species being
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found only once (46 singletons) and twice (30 detdsis), the calculated estimate of
undetected species is a rather high figure.

Likewise, an accumulation curve for the headquarded the Hui Lek
station are slightly asymptotic graphs as well. th¢ headquarters of KNNP (144
species) an extrapolated maximum of 217 speciescoagputed while at Hui Lek
station (119 species) it was 186 species. Thisasir prophesied 73 and 67 more
ant species than those recorded from the obsemedes respectively. Hence, the
observed ant species represented mostly 66% and d@4&te total species pool
respectively. Considering the number of singletansg doubletons, the observed
number of species was high. Singletons contaidedp@&cies at headquarters and 30
species at Hui Lek station and doubletons were fE®ies at headquarters and 18

species at Hui Lek station (Figs. 11b. and 11c.)



80
70
60
50
40
30
20
10

number of species

B Headquarters

M Hui Lek station

Subfamily

Figure 7. Proportion of the number of subfamilgaps in each habitat type

60

50

number of species

W Headquarters

B Hui Lek station

Genera

38

Figure 8. Proportion of the number of top four gienspecies in each habitat type
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Table 3. Common abundance species of canopy atite deadquarters and Hui Lek

station from 18 sampled.

Habitat Species frequen individual
Headquarters Polyrhachis(Myrmatoplagp.1 13 160
Headquarters Oecophylla smaragdina 12 1,533
Headquarters Cataulacus granulatus 12 67
Headquarters Tetraponera attenuate 12 211
Headquarters Camponotus (Colobosis) vitrius 11 69
Headquarters Camponotus (Tanaemyrmep)1 11 94
Headquarters Dolichoderus thoracicus 11 3,122
Headquarters Crematogaster (Crematogastsp.2 10 732
Headquarters Polyrhachis (Myrmhoplagp.1 10 58
Headquarters Polyrhachis (Myrmhoplayp.9 10 64
Headquarters Cardiocondylap.1 19
Headquarters Tetraponerap.l 9 39
Hui Lek station Tetraponera attenuate 11 121
Hui Lek station Tetraponerasp.1 10 38

Headquarters 36 58 61

Species | Species Species

Hui Lek station

Figure 9. Species overlap among Headquarters and éfustation from 36 trees of

fogging sampling at KNNP.
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Figure 10. Species rank abundance distributiothetwo habitat types.

Table 4. Analysis of variance (one-way ANOVA) shatlve mean number of the top
and other genera, number of species, number ofithdils (+SE) as well as F and P
value of two habitats at KNNP based on 36 tree édgg

Habitat Value

Parameter Headquarter Hui Lek station F-value IReva
Camponotus 3.06+0.49 2.78%£0.38 0.20 0.66
Polyrhachis 3.50+0.62 2.44+0.55 1.62 0.21
Crematogaster 3.22+0.43 2.78+0.32 0.69 0.41
Pheidole 0.61+0.14 0.39+0.22 0.62 0.44
Other genera 8.89+1.20 8.11+0.80 0.29 0.59
No. of species 19.83+2.09 17.06£1.61 1.11 0.30
No. of individual 758.06+£133.31 1948+43.20 17.02 0.00*
Shannon-Wiener index 3.10+0.15 3.24+0.29 0.11 0.74
Evenness 0.58+0.03 0.61+0.07 0.10 0.76

Note: * Significant at the 0.05 level
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Figure 11. Species accumulation curves of obsemed estimated ant species
richness as well as singletons and doubletons )atofal species at KNNP (b)
headquarters and (c) Hui Lek station.
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3) EFFECT OF SOME PHYSICAL FACTORS

The effect of all physical factors, temperaturemidity, precipitation, on
common ant species was considered using stepwikplauegression analyses. The
results revealed that physical factors measuretiagé¢o have less impact on ants and
some were significant difference on a few specfeommon ant.

The stepwise multiple regression analyses indicttatthere was no physical
factor combined affecting the common ant specidereover, none of the common
ant species were significantly associated withténeperature. It could be interpreted
that temperature is less important parameter ircémopy. However, only humidity
was significantly correlated with 2 species of doenmon ants and one species was
significantly correlated with only precipitationgible 5). It could be explained as the
following:

Oecophylla smaragdinawas positively associated with only humidity
predicting 23.6% of the variable in this ant spsamhich had low explanatory power
(R? = 0.236, P < 0.05). It could be expected that ibitynaffecting this ant species
for 23.6% whereas 76.4% was influenced by otheairpaters that did not exist in this
model. The relation equation was form ag ¥naragdina= -5.612 + 0.07gkmidity-
Therefore the number of individuals of these speeudl increase if the humidity
increases (Table 5).

Cataulacus granulatus/as negatively correlated with humidity. The stegav
multiple regression explained 35.5% of humidityeaffng this ant species which also
had low explanatory poweRt = 0.355, P < 0.05). Likewise, 64.5% was affectgd b
unmeasured environmental parameters. The relatjaation was form ascYganuiatus
= 4.798 - 0.4Amidy. Based on these data it could be interpretedtiigahumber of
individuals of this species will be higher if huntidis lower (Table 5).

Pecipitation was negatively correlated only wlibtraponerasp.1l suggesting
39.8% of rainfall in this ant species which had lewplanatory power as well R
0.398, P < 0.05) because 60.2% was influenced byeasured environmental
parameters. The relation equation was form ag,Y= 0.95 - 0.00gecipitation It @lSO
indicated that the number of individuals of thieses will be higher if rainfall is
lower (Table 5).



Table 5. Results of stepwise multiple regressiuadyses.
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Dependent Independent Coefficient S.E. Beta t P R F P

variable variable (b) (b)
Polyrhachis(Myrmatoplayp.1 - ns ns ns ns ns ns ns ns
Oecophylla smaragdina Humidity 0.071 0.30 0.486 2.358 0.030* 0.236 5.561 0.030*
Cataulacus granulatus Humidity -0.45 0.018 -0.596 -2.459 0.032* 0.355 6.045 0.032*
Tetraponera attenuate - ns ns ns ns ns ns ns ns
Camponotus(Colobosis) vitrius - ns ns ns ns ns ns ns ns
Camponotus(Tanaemyrmesf).1 - ns ns ns ns ns ns ns ns
Dolichoderus thoracicus - ns ns ns ns ns ns ns ns
Crematogaster(Crematogastesp) 2 - ns ns ns ns ns ns ns ns
Polyrhachis(Myrmhopla¥p.1 - ns ns ns ns ns ns ns ns
Polyrhachis(Myrmhopla¥p.9 - ns ns ns ns ns ns ns ns
Cardiocondylasp.1 - ns ns ns ns ns ns ns ns
Tetraponerasp.1 Precipitatio -0.002 0.001 -0.631-3.355 0.004*  0.398 11.257 0.004*

Note: ns = non significant, * significant aetB.05 level.
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4) EFFECT OF LEAVE SHEDDING OF CANOPY ON ANT

E. taposalways dropped its leaves February to March. @ler
however, the species collected were very similailatollecting times, even when the
plants changed their leaves. So, leaf fall seetodthve no significant influence on
the majority of the canopy ant species. There vadse no significant differences
between the times that plants shed their leavestf@dime that they were clothed
with leaves (F=1.17, P>0.05) (Table 6). Regardmghe top four dominant genera
(Polyrhachis CamponotusCrematogasterand Pheidolg, the analysis of variance
(one-way ANOVA) also showed no significant diffecenn the mean species number
of these genera (P>0.05) (Table 6).

Table 6. Mean (+SE) species number of ants indpddur genera and the analysis of
variance (one-way ANOVA) showing the F-value anel significant difference level
(P>0.05) of the mean number of species at KNNPhduviay 2006 to March 2007.

Month/ Polyrhachis Camponotus Crematogaster eififle  Overall

Genera species
May 2.66+0.41 2.00+£0.00 2.66+0.48 2.00+0.47 20.33+9.02
July 0.66+0.36 1.66+0.36 3.00+0.47 0.66+£0.25 14.00+3.61

September  1.00+0.43 2.66+0.41 3.00+0.33 0.33+0.25 12.33%+6.35
November  1.33+0.25 2.00+0.33 2.33+0.41 1.00+0.44 11.33+3.21

January 1.00+0.33 2.00+0.00 3.00+0.44 0.33+0.25 13.00+2.65
March 0 3.00+0.00 33:0.41 0.33+0.25 16.33+2.89
F-value 1.77 0.97 0.13 0.93 1.17

P-value 0.19 0.47 0.98 0.49 0.37




CHAPTER 4

DISSCUSSION

1) COMMUNITY COMPOSITION AND DIVERSITY OF CANOPY ANTS

1.1 Community composition.

In this study, 7 subfamilies, 34 genera, 205 rhogpecies, and 16,884
individuals of ants were identified from the canopges at the KNNP. The
subfamilies Myrmicinae, Formicinae, Dolichoderinaed Pseudomyrmecinae were
the most abundant in the KNNP accounting for 97%198 species whereas the
remaining subfamilies Ponerinae, Aenictinae andafarhyinae comprised of only
3% (7 species). It is not surprising that thedefasmilies are dominant because they
have a worldwide distribution in both terrestriahda especially, arboreal ant
assemblages (Hoélldobler and Wilson, 1990; Bolto@95t Shattuck, 1999). The
evolutionary history which Brihét al. (1998) described using fossil and molecular
analysis to establish that the Ponerinae, Dolylirkenictinae, and Cerapachyinae
belong to the older groups whereas Myrmicinae, k@nmae, Dolichoderinae, and
Pseudomyrmicinae are evolutionarily younger graggsorne out in this study. The
older subfamilies are mainly found in the terregtnabitat which is believed to be the
original habitat of ants while the younger onesegpdo have the arboreal lifestyle.
As a consequence, many species of these subfamiéesommonly found in the tree
crown and canopy (Floreet al, 2001; Schulz and Wagner, 2002; Witttal, 2002;
Tongjerm, 2003; Widodet al, 2004). A few species of the rest of the subliasi
Ponerinae, Anictinae, and Cerapachyinae were alsodfin this study because they
are mainly terrestrial ant assemblages. They ast fegarded as largely predators
known for their aggressiveness and ability to sebguey (Majeret al, 2001).
Workers are generally foraging on the ground, amdesspecialize on a very limited

range of prey but occasionally upon the trees. aJew species of these subfamilies
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have the ability to search their food in the tremapy or accidently travel in the
canopy (Shattuck, 1999).

The top four genera at both sites in the tre@parareCrematogaster,
Camponotus, Polyrhachend Pheidole Owing to the fact that all genera belong to
the evolutionarily younger groups well known to opg the tree top. In particular
Crematogaster, Camponotwmnd Polyrhachisare a truly arboreal groups with an
established colony on the tree crown and somelwse a great foraging activity in
the canopy but their nests are on the terreseiall(Shattuck, 1999; Florest al,
2001; Schulz and Wagner, 2002; Wattal, 2002; Tongjerm, 2003). Conversely,
Pheidoleis a genus that has been detected in hyperdivebiats including both
arboreal and terrestrial and is frequently prefeadip sampled by fogging. Because
the canopy is able to sustain leaf litter and humsesi by some speciesRifieidoleas
an important source to support their nests thainaimly on the ground ants of this
taxa frequently enter the tree crown and sometimekrge numbers (Hahn and
Wheeler, 2002; Schulz and Wagner, 2002; Rétad., 2003; Schonberet al, 2004).
Therefore, they are also commonly found in the togs and are frequently sampled
by fogging as well (Florert al, 2001; Schulz and Wagner, 2002; Watt abdl,
2002; Tongjerm, 2003; Widodet al, 2004). Moreover, some tree species sampled
may not be a truly canopy because its height is tkan 30 m. So, it may be an
important reason th&heidolecould be able to travel or has an activity on the.

The results showed thddolichoderus thoracicys Oecophylla
smaragdina Dolichoderussp.4,Dolichoderussp.5, andCrematogaster (Paracrema)
sp.2 have the highest number of individuals in gtigly. It could be interpreted by
the fact that the canopies of tropical rainforest af tree crop plantation are occupied
by a large group of ants which could be identifieth: dominant, subdominant, and
non-dominant ant species (Davidsebhal, 2007; Sanderst al, 2007). Firstly, the
dominant species are characterized by extremelylptgg colonies, the ability to
build large or polydomous nests and a highly dgyatbintra-as well as interspecific
territoriality. Secondly, the subdominant specdsea species that have less populated
colonies and generally depend on pre-existing hodhstructure for nesting (hollow
branches, rough bark, and epiphytes). Yet, theyahie to defend territories in the
same way as the dominant species do. Lastly, nomréhnt ant species are much less
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populated and occur within or between the terg®of dominant ants. Accordingly,
the abundance in number of individuals of thoseiggemay be the dominant species
in this Park. Tobin (1997) and Davidsenhal (2003) argue that tropical arboreal ants
which are numerically or behaviorally dominant naty forage for carbohydrate-rich
homopteran honeydew and plant exudates but alssreequbstantial amounts of
nitrogen-rich protein sources to promote colony wdglo and development.
Particularly,Dolichoderusspp is commonly found in the canopies and a latgeber

of individuals because these species tend to ¢dilemipteran honeydew and plant
exudates as well.A species with a well known omnivore and arboréaistyle is
Oecophylla smaragdin@Fabricius). It forms very large colonies withmyasatellites.
This species has widely available nesting sitdhenopenings of the canopy and has a
great ability to produce many colonies in the samee (Hoélldobler and Wilson,
1978). In the meanwhil&rematogastespp. is also well known as a major species
found on trees in the rainforest and is known a®minant species in the tree tops
(Holldobler and Wilson, 1990; Shattuck, 1999; Fioret al, 2001; Schulz and
Wagner, 2002; Watt aret al, 2002; Tongjerm, 2003; Widodai al, 2004).

1.2 Why wer e so many ant species collected?

In the study, 205 morphospecies was the total nurabant species
identified. An estimated 800-1,000 species of exists in Thailand (Jaitrong and
Nabhitabhata, 2005) and around 500 species have fmrted from Southern
Thailand (Watanasit, unpublished dafBerefore, this study sustains about 20% of
the ants in Thailand. Compared to other tropieaiforests, this shows that species
numbers are similar or more abundant. For exanipteenet al, (2001) detected
273 species of arboreal ants in Borneo, Malaysshug and Wagner (2002) showed
161 species of canopy ant in Budongo Forest, Ugsvald and et al, (2002)
disclosed 97 species of canopy ants in Southerre@am; Tongjerm (2003) reported
118 species in the canopy of Ton-nga Chang Wil@iéactuary, Southern Thailand;
Stuntzet al, (2003) collected 91 species from epiphytes inadf@; and Widodet
al., (2004) found 169 species in lowland evergreanfoeest, Sabah, Malaysia.
However, comparisons of data collected throughedifiit regions may be misleading
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because of collecting in different ways, times,iagldifferent questions, and using
different sampling methods.

The number of ant species in this study is highemtfrom the
previous studies of Stuntzt al, (2003), Wattet al, (2002), Schulz and Wagner
(2002) and Widodcet al, (2004) which were conducted only in evergreesesr
fogged only one plant species, and had fewer &pkcations. For example Schulz
and Wagner (2002) fogged 15 trees from 4 plantiepp@attet al, (2002) collected
ants from 15 trees of one speciesTofSuperba Stuntzet al. (2003) examined the
influence of a the epiphyte assemblage of the ¢reevn on its ant fauna from 25
crowns of one speciednnona glabrajrees and Widodet al, (2004) sampled nine
trees ofShorea parvifolia. This study fogged 36 trees from 11 distinct plgrgcses
(Table 1). So, many different plant species atat@er number of replications yield a
greater variety of that attract a greater diversitynts than a few species of fogged
trees. Tongjerm (2003) conducted his study in Bemat Thailand as well, but he
collected a lower number of species than this stubhterestingly, even though his
study consisted of 14 plant species and 42 trelcatipns the number of species is
still less than this study. The reason may invdhe different types of habitat and
tree species. This study was conducted using begingreen and deciduous trees.
Only deciduous tree canopies could support 119ieped ant which indicates it is a
hotspot area for sustaining ant species. Tongj@®093) did not access deciduous
trees. As a consequence, collecting over a large sampling both evergreen and
deciduous trees revealed more ant species thaectod on only in the evergreen
trees.

Notwithstanding, the number of ant species in #tigly is lower than
the study of Florert al. (2001) which was carried out in a large areaathlprimary
lowland forest and three disturbed forests 5,rdb40 years of age. Overall, 50 trees
from 5 plant species were fogged. The number efigs from the primary forest was
195 species and from the disturbed forest 78 spedigonsidering only the primary
forest, it is a bit lower than this study becaus@eumber of trees fogged (19 trees)
from 3 species of plants. Thus, a combination ahyndifferent tree species, different
habitat structure, and using larger samples areortapt to increase the vyield of
species richness.
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Moreover, as Ribagt al. (2003) pointed out, different tree species
provide various foods and nesting resources taiig It is known that carbohydrate
is a main food source in the tree crown for antsb{ii, 1995). As a result, ants to a
great extent utilize floral and extrafloral nectaujt sap, food bodies, and seeds from
their host plants. They also obtain nutrients frarthropod exudates. Hence, they
appear to be great farmers by feeding on some htamans or lepidopteran larvae as
honeydew sources (Tobin, 1995; Wagner and Kay, 26@2 and Mckey, 2003).
Some canopy ants are also able to hunt prey, bettelwate and invertebrates,
whereas nesting sites are located in dead andglitiees (Palmeet al, 2000).
Furthermore, canopy ants find appropriate nestites Sn tree crown in different
ways. The nesting strategy of ants associates haigh plants in unique ways. The
arboreal species utilize broadly structures asimgsites, for instance, hollow twigs
or cavities in tree trunks (normally called “donad}j or dwell in leaf litter and humus
accumulated on branches, or underneath leaves n;Tal®95). Community
heterogeneity, then, as estimated by tree speiglsess, may surely influence ant
species richness. According to this study havimgemesource variety shelters more
species which specialize using different resousres sites. More tree species offer
more opportunities for such specialist species. iarease of tree species also
represents higher resource availability to antb#Ret al, 2003). Also, the more
available resource, the less intra-interspecifimgetition the results may allow the
coexistence of more ant species.

Why are there some unarboreal ant species in thepg& For
example, Pachycondyla Platythyrea, Cerapachysand Solenopsisare not truly
arboreal and are mostly found on the ground (Stiatti999). Andersen and Yen
(1992) observed that out of 44 ant species saniplége canopies in north-western
Victoria, Australia, only two were truly arboreallhe reason is that the canopy has
been utilized by ground-nesting ant species whicfraquency of occurrence in the
tree crown, allowing this study to identify moreathtwo hundred species from two
habitats.
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2) EVERGREEN VS DECIDUOUS

2.1 Why isthereno significant difference between thetop four genera?

The effect of study site between evergreen andlypgeciduous trees
was investigated comparing the top four generaCaimponotus Polyrhachis
CrematogasteandPheidole An analysis of variance (one-way ANOVA) foundth
there were no differences between habitats withe@sto the top four genera. As a
result, there may be three possible hypothesegpiaia this event.

Firstly, food resource hypothesis, it is known thats are ubiquitous
and species richness has been increased from thmgertate zone to the tropics
(Holldobler and Wilson, 1990). Since tropical @oviments are more productive,
they are able to support more ant species (Kasp@fiQ). In particular, arboreal
nesting allows ants to be closer to the majorityadbrest’s productivity (Kaspari,
2000). As discussed above, all top four generaaarevolutionarily younger group
by virtue of having a truly arboreal life style am@rldwide distribution in tree tops
(Holldobler and Wilson, 1990; Brulet al, 1998; Shattuck, 1999). The truly arboreal
ants have been known to feed on carbohydrate foorte either directly form plant
organs or indirectly from honeydew producing ins€bbbin, 1995). Therefore,
resource availability is a major factor for these genera. Ribagt al (2003)
reported that food resources for ants are providedeveral different tree species.
Ten different plant species were sampled at theduearters. One species of briefly
deciduous treegs. tapos,is also able to provide food supply for ants & Hui Lek
station which is complex in terms of forest strueteven thouglt. taposdominates
this area. The mature trees bf taposare about 30-45 m in height and also they
support a large number of epiphyte species. Thayan important food resources as
well as nesting sites to support many ants (Sten#&d, 2003). The mature leaves of
E. taposalso provide extrafloral nectar by secretions frdat glands that support
visiting ant species (Fiala and Maschwitz, 1992).is a crucial energy source to
attract ant to be diverse in this area. Moreote, variability of foliage resulting
from the annual shedding of leaves attracts mahgraoarthropod visitors to utilize

this habitat in their various niches. The canoptsacavenge and hunt prey on a
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variety of food items especially insect corpsetieyialso feed on some homopteran
or lepidopteran larvae for honeydew sources (Toldif95; Vasconcelos and
Davidson, 2000; Wagner and Kay, 2002; Heil and M¢ck9003). As a result, this
tree can provide a highly heterogeneous resouraewiil encourage the top four
genera to explore the tree crown. Both habitag¢$yare able to offer food resources
for ants. Thus, in the vicinity of food supplylwdth habitats may support and nourish
the top four genera in the same way leading toifstgnt difference did not find.

Secondly, related to the first, is the adjacentitabhypothesis.
Because both habitats are closely located (40 kyssipart) ants may easily disperse
to the nearby habitat. Caoat al (1976) stated that the distribution of animals is
related to their food and habitat niches. HoweWaspari (2000) can divide ant
niches into 3 categories: food niche, nest nicle tamporal niche. Due to the fact
that ant species produce winged reproductive ctste participates in large scale
nuptial flights followed by wide-ranging dispers@iélidobler and Wilson, 1990;
Bourke and Franks, 1995; Shattuck, 1999) the ndaabitat niche can provide a food
niche for those ants. As a consequence, the tapgenera can distribute themselves
to any habitat they need.

Thirdly, related to the second, is the microclimatale hypothesis.
Coxet al (1976) point out that most species have spedifitributions depending on
their environment. There are certain characterspecies of ants found in different
habitats but their habitats are more or less sinmilamicroclimate (Hoélldobler and
Wilson, 1990; Han and Wheeler, 2002). Ribas anbo&eder (2006) studied
arboreal ants in Brazil and found that if the eommental conditions around the tree
sampled were similar, ant species were the saméhid study the physical conditions
of temperature, humidity and precipitation at bsthdy sites are similar. (Appendix
1). As a consequence, there are no climatic efi@atdiversity of top four genera of

ants.
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2.2 Speciesdiversity and species composition

Species diversity is defined on the basis of twaidies: (1) the number
of species in the community, which is usually chlepecies richness, and (2) the
relative abundance of individuals among speciespecies evenness (Molles, 2002).
Therefore, species diversity of both habitat tymeascertained form the Shannon-
Weiner index K') and Equitability J). The results reveal that the Hui Lek station
appears to be more diverse than the headquartdrsespect to both species richness
and community evenness but statistical analysis dag support this impression
(Table 4).

The number of species between the two habitatsmdas. The
Headquarters has slightly more than the Hiu Lekimsta(146/123 species) but,
interestingly, the alpha diversity of the Hui ldiatson appears to have both a greater
richness and evenness than the Headquarters (#ablé can be explained based on
information theory because this index is a meastiencertainty (Smith and Smith,
2001). The higher value &f’, the greater is the uncertainty, or the probabthiat
the next individual chosen at random from collattod species will not belong to the
same species as the previous one. On the othdy tlenlower the value dfi’, the
greater the probability that the next individuateantered will be the same species as
the previous one (Smith and Smith, 2001). Theecsffit values oH’ for the two
communities then reflect the difference in spe@®enness(Molles, 2002). A
community with many equally distributed speciesl wKhibit high species diversity,
whereas a community dominated by one or a few spewill have low species
diversity. As a result, the species rank abundatse confirms the distribution of
individuals at the Hui Lek station is more equivdléhan at Headquarters (Fig 10).
Taking this point into account, the number of induals at Headquarters is obviously
more than at Hui Lek (Table 4) but the number cdcegs is similar. It means that
number of individuals of ants at Headquarters isegually distributed because many
individuals belong to the same species. On therdtand, the Hui Lek station has a
more equal distribution of individuals than Headteis because the distribution of

individuals among the species is more even. Asrseguence, the Hui Lek station
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community appears to have a greater alpha diverfipn the Headquarters
community.

This study shows that study site affects the nuroberdividuals (one-
way ANOVA, F = 17.02, P<0.05). Headquarters is endiverse in number of
individuals than Hui Lek (Table 4). It may be thia¢ difference in host plant species
which provide different amounts of carbohydrate rses for canopy ants (Tobin,
1995; Ribast al, 2003). Moreover, several trees also providegher amount and
variety of resources, food and nest sites (Fonardasanade 1996; Yu and Davidson
1997; Oliveira and Pie 1998; Fonseca, 1999; Bluthgeal, 2000; Ribaset al,
2003). As a consequence, the ten plant specieleatquarters may provide more
food resources than one species at Hui Lek station.

With reference to the species accumulation cutve,résults showed
that it did not reach an asymptotic curve (Fig.. 1Ihe incompleteness of the species
collected is indicated by the first order Jackkmite-parametric. Overall, estimate of
310 species suggests that a hundred species wemltexted. By extrapolation it
appears that 73 and 67 more ant species shoulétbeteld at Headquarters and Hui
Lek respectively (Fig. 11). The reason for thepdigty is due to the presence of a
high number of singletons (overall 46 species, Bheadquarters and 30 at Hui lek
stations). Lowtoret al (1998) point out that the arboreal and terrdsards can
travel from the ground to the tree tops or from t@opy to the terrestrial habitat.
Majer et al. (2001) and Schulz and Wagner (2002) have repdhi@dlarge numbers
of singletons is not typical for arboreal ants. efhmay be ground dwelling ant
species and temporarily forage on the tree crov@ingletons species behave as
tourists which travel along the canopy (Mag¢ral, 2001; Stuntzt al, 2003). Thus,
richness estimates are highly influenced by raeeigg (Longineet al, 2002). So the
large number of unique species is one importargoredor the species accumulative
curve not to be asymptotic.

Species accumulation curves are used to analyztheriie sampling
efforts were adequate to represent the local antuanities by extrapolating from the
species number observed to the true number préSkemenet al, 2001). From the
results, it means that replications of this studayrbe insufficient in numbers of trees
sampled because the graph shows that it woulddyedse higher in species number
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with a further sampling effort. Majeaat al, (2001) also stated that there are cases in
which species are abundant at the study site beituadersampled due to the
inadequacy of the sampling methods. Therefongsabably does not cover all types
of KNNP since both communities resulting in theges accumulative curve did not
reach an asymptotic graph.

Finally, the results for individual collection methreveal that a single
method is not sufficient to confirm insect invemést Most show high proportions of
rare species and therefore species accumulatioresuhat do not show signs of
approaching a plateau. The “uniques” and “dupdisaturves are either rising or flat,
and richness estimates rise steeply and remain amlve the observed species
richness. Although insecticide fogging has beeovknto be the best way to collect
canopy insects, it is limited for capturing crypaats in the hollows or the trunk-
dwelling ants (Stork and Hammond, 1997). Thereevgdence from insecticide
knockdown yields that there are many unknown numsbésingletons species (Stork,
1987; Majeret al, 2001; Longincet al, 2002; Schulz and Wagner., 2002; Stugitz
al.,, 2003). Hence, a combination of methods may lile & capture the unique
species in sufficient numbers in order to accorhplise important final goal of

confirming the true species richness (Longatal, 2002; Watanasit, 2003).

3. EFFECT OF SOME PHYSICAL FACTORS

The association between physical factors (tentpera humidity and
precipitation) and individual numbers of ant spea detected using the stepwise
multiple regression analyses. The results showat dll combination of physical
factors measured appeared to have no significguachon canopy ants. None of the
common ant species were significantly associateéll thie temperature. The reason
for this may be that the environmental surroundofgthe tree canopy always
fluctuates and is unpredictable (Romoser and Stoftg 1994). They are oviously
different in environmental factors when time isoped. Temeprature in the canopy
is high in the day time and drop at the night. té&®perature is unpredictable, then it
may not affect canopy ant due to the fact that pgramts are able to withstand the
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desiccation stress because of their physiologicathanisms (Hahn and Wheeler,
2002; Hood and Tschinkel, 1990). As a consequeroaperature seems to have no
significantly impact on ant.

With regard to other factor (humidity and preapibn) affecting the ant
species, the results showed that humidity and jpitation were associated with ants.
Only humidity was correlated both positively andgatgvely with 2 species of
Oecophylla smaragdinand Cataulacus granulatusepectively while only precipitation
was positively associated with one species Teftraponerasp.l. Although the
significant differentces were found but it had l@xplanatory power when the R
squar (coefficient of determination) was considerd® is the value showing the
influence of independent variables (physical fagjtan the dependent variable (ant
species). As a result, the explanatory powy ¢f physical factors on ant is very low
(23.6% in Oecophylla smaragdina35.5% in Cataulacus granulatusand 39.8% in
Tetraponerasp.1). Hence, it could be explained that in 76.8%5% and 60.2% of
those ant species respectively were influencedtbgrgarameters that did not exist
in this model. As a consequence, it could indi¢h#t the physical factors measured
in this study are not strong influence the canoptg #ut the other factors should be
taken into account. Wargg al. 2001 and Thompson and McLachlan, 2007 point out
that canopy cover, light intensity, microclimateggetation structure, and forest
community composition have been shown to be assaciwith changes in ant
diversity and community composition. So, thoseiremmental parameters may play
an essential role in governing canopy ant. Otlsgeet that should mention in this
study is that all of physical factors measured his tstudy are not too many
fluctuations (appendix 1). So, it may be an imaottreason to be not significant
difference with common ant species.

As a consequence, this study indicated that theipalyfactors, for instance
temperature, humidity and precipitation, were regtogiated with canopy ant species.
Though some significant differences are found Bfitvalue has low explanatory
power. Hence, other environment factors shouldadken into consideration and

would be benefit to the futher study.
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4) EFFECT OF LEAVE SHEDDING OF CANOPY ON ANT

The E. taposis a briefly deciduous plant that shed leave alyua
around February to March (Whitmore 1972; Osatlal, 2002). The diversity of
canopy ant species found in this tree is simildhweaves. An explanation is that
tapos produces flowers simultaneously after they drogirtteaves (field survey).
Thus the flowering events provide some food resssifor the canopy ants. Many
studies show that ant abundance and diversity ssecated with the reproductive
structures and flowers of the plants (Rico-Grayg3 Rico-Grayet al, 1998; Wagner
and Kay, 2002; Heil and Mckey, 2003). Fiala andskenmair (1995) also indicated
that the young leaves of matute tapostrees have glands that produce sugar in the
secreted fluids. Consequently, canopy ants appeaxploit the carbohydrates,
produced by the plant, as their main food sourabifi, 1995). Host plants directly
produce food rewards. For example floral or eldraf nectar, sugar sap, are both
food bodies for attracting ants to protect the fgddrom herbivores (Wagner and Kay,
2002; Heil and Mckey, 2003). So, the plentiful glypof food made available during
flowering and the secretion of sugar fluids by ygpleaves, allows much ant activity
on the canopy even though plants have dropped I#®ies. Furthermore, Hahn and
Wheeler (2002) found that arboreal ants could eeetheir activity in tree crowns
even when the desiccation risk is high. Desicoastress is in this case therefore
probably of minor importance in regulating the wityi of arboreal ants. This may be
the result of several physiological mechanismsizetil by arboreal ants to resist
desiccation stress more effectively than terrdsémas (Hood and Tschinkel, 1990).
In this case, they have evolved more effective wmalar lipid waterproofing and
thicker waxy cuticles to prevent desiccation (Ha@odl Tschinkel, 1990; Yanoviai
al., 2005).

However the canopy ants adapt themselves to désiccaeciduous
situations are obviously distinct from those foumih evergreens that are clothed
with leaves all the year round and protect ants\fh@at indirectly. In deciduous trees
when plants shed foliage this provides conditions &llowing direct drought,
temperature fluctuations, and for lower humiditytlie canopies.Thus, ants become
more vulnerable and those activities may have ecgeé effect on ant composition
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(Kaspari, 1993; Andersen, 2000). However, thiaas the case oE tapos because
they produce flowers and new leaves simultaneaafsty dropping their leaves. As a
consequence the briefly deciduous life-cycldeotaposappears to have little impact

on the composition of the canopy ants.



CHAPTER 5

CONCLUSIONS

The tropical canopy at KNNP supports various habitbor ant
assemblage. There are 16,884 individuals and @6&ies have been identified both
evergreen and deciduous trees, while Jackknifenagir expect more ant species
have yet to be found. The majority of ant speers Myrmicinae and Formicinae
whereas the rest are Dolichoderinae, PseudomyramecPonerinae, Aenictinae and
Cerapachyinae. The top four genera @rematogaster, Camponotus, Polyrhachis,
and Pheidole The most dominant in number of individuals delichoderus
thoracicus, Oecophylla smaragdina, Dolichodersg.4 Dolichoderussp.5 and
Crematogaster (Paracrema).

Effect of study sites (the Headquarters and thelléki station) on the
top four genera offamponotusPolyrhachis Crematogasterand Pheidoleis not
detected (one-way ANOVA, P>0.05). The reasons beayhat (1) the both habitats
are able to provide food resource in the same \({@yhabitats are closely by each
other, and (3) microclimate scale of both habitatssimilar. The species richness at
the evergreen and the deciduous tree are likelypeosimilar in supporting ant
assemblage. Although there are different in comitywsiructure of habitat but ant
composition are quit similar. The Shannon-Weimelex shows a bit different of the
ant fauna but statistical difference are not detkotone-way ANOVA, P>0.05).
Owing to the Hui Lek station is more equally individual distrimn than the
Headquarters. In terms of number of individualestied from both study sites, the
Headquarters is more diverse in number of indiMidioan the Hui Lek station (one-
way ANOVA, P<0.05). It may be difference in hosimt species providing different
in variety of resources, food, and nest sites.

Consequently, it could indicate that the decidumre@munity is a very
crucial habitat both in terms of species richness$ species evenness because more
than 123 species of ants are found onEhéaposcanopies. This is implications in
that the briefly deciduous community is able toyile hotspot areas with completely
suitable structural feature for ants that are diifié from those already known. So,
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these results from the briefly deciduous tree sihdodl applied to develop strategies
for conservation of biological diversity and managat practices.

The stepwise multiple regression aredysf the physical factors
(temperature, humidity and precipitation) were rassociated with canopy ant
species. Though some significant differences aend butR? value has low
explanatory power. Hence, other environment factshould be taken into
consideration and would be benefit to the futhedgt

Shedding leaves shortly d&. taposappears to have no significant
impact on the composition of the canopy ants (oag-ANOVA, P<0.05)



60

PERSPECTIVES AND RECOMMENDATIONS

1. The presence of the high number of ant specekl robably have
involved in community consequences and co-evolatipidynamics resulting in some
degree of ant-plant specialization interactionsut B this case | have not detected
any such specific relationship between ant speara$ this plant.So, this is an

interesting question that is still needed and wdnddefit for the further study.

2. Other canopy habitats for example mangrove fote=ach forest,
deciduous forest or even riparian tree etc. nedzetexamined in a similar manner to

provide a wider picture of canopy ant assemblage.

3. A year-round investigation at bimonthly intevaimay be
insufficient. If field sampling is done at monthiyterval, it will more understand a

changing of canopy ant assemblage.

4. Terrestrial ants should be considered simatiasly to understand
the distribution between the canopy and the grass&émblage. Thus, understanding
the distribution between ground dwelling ant andoggy ants is interesting topic for
further study

5. Apart from temperure, humidity and precipitatio other
environmetal parameters should be taken into ceraidn for example canopy
cover, light intensity, microclimate, vegetatiorrusture, and forest community
composition. It probably explains the wide pictafecanopy ant that is affected by

those physical factors.

6. Insecticide knockdown should be aware for cotidgc Since
environmental factors for instance wind velocitffeet of sunlight and rain etc. are
important parameters to affect on insecticide foggi Early morning around 6.00-
7.00 am is suitable time for performing because time wind is slightly and solar
impact.
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Table 1. Canopy ant list at KNNP

Habitat/number of individuals
Species Headquarters Lklai station
plotl plot2 plot3 plot4 plot5 poot Total

Polyrhachis(Campomyrmap.1 0 0 1 0 0 0 1
Polyrhachis(Campomyrmap.2 0 1 0 0 0 0 1
Polyrhachis(Campomyrmap.3 0 1 0 0 0 0 1
Polyrhachis(Cyrtomyrmagp.1 2 0 0 0 0 0 2
Polyrhachis(Myrmhoplajp.1 29 11 18 0 0 3 61
Polyrhachis(Myrmhopla}p.2 9 0 1 0 0 0 10
Polyrhachis(Myrmhopla¥p.3 31 18 4 0 0 0 53
Polyrhachis(Myrmhoplap.4 4 0 0 0 0 0 4
Polyrhachis(Myrmhoplap.5 0 0 0 4 0 0 4
Polyrhachis(Myrmhopla¥p.6 0 0 0 1 1 3 5
Polyrhachis(Myrmhoplasp.7 0 0 1 0 0 1 2
Polyrhachis(Myrmhopla}p.8 2 0 7 0 0 0 9
Polyrhachis(Myrmhopla¥p.9 23 32 9 0 0 0 64
Polyrhachis(Myrmhopla$p.10 1 0 0 0 0 0 1
Polyrhachis(Myrmhoplagp.11 5 0 0 0 0 0 5
Polyrhachis(Myrmhoplayp.12 10 0 0 0 0 0 10
Polyrhachis(Myrmhopla¥p.13 0 0 0 1 0 0 1
Polyrhachis(Myrmhoplap.14 1 0 0 0 0 0 1
Polyrhachis(Myrmhopla¥p.15 0 0 10 0 0 0 10
Polyrhachis(Myrmhopla¥p.16 0 0 4 0 0 0 4
Polyrhachis(Myrmatopla3p.1 59 57 44 0 1 1 162
Polyrhachis(Myrmatopla}p.2 41 41 0 0 0 0 82
Polyrhachis(Myrmatopla$p.3 29 0 0 0 0 0 29
Polyrhachis(Myrmatoplayp.4 2 0 0 0 0 0 2
Polyrhachis(Myrmatopa3p.5 0 0 0 2 0 0 2
Polyrhachis(Myrmatopa3p.6 0 0 0 0 1 0 1
Polyrhachis(Myrmatopla¥p.7 0 5 0 0 0 9 14
Polyrhachis(Myrmatopla}p.8 0 0 0 0 5 0 5
Polyrhachis(Myrmatopla¥p.9 1 1 12 0 0 0 14
Polyrhachis(Myrmothrinax}p.1 44 27 46 1 1 0 119
Polyrhachis(Myrmothrinax}p.2 5 3 19 0 0 0 27
Polyrhachis(Myrmothrinax¥p.3 1 0 0 0 0 0 1
Polyrhachis(Myrmakp.1 2 1 1 0 0 0 4
Polyrhachis(Myrmakp.2 0 0 0 0 0 2 2
Polyrhachis(Myrmakp.3 0 6 0 0 0 0 6
Polyrhachis(Polyrhachis3p.1 0 0 8 0 0 3 11
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Table 1. Canopy ant list at KNNP (continued)

Species Headquarters Hui Lek station
plotl plot2 plot3 plot4 plot5 pdot Total

Polyrhachis(Polyrhachis$p.2 0 7 0 0 0 0 7
Camponotusp.l 78 1 1 0 1 5 86
Camponotusp.2 2 0 0 0 0 0 2
Camponotusp.3 151 O 0 0 0 5 156
Camponotusp.4 1 0 0 0 0 0 1
Camponotusp.5 0 0 0 1 0 0 1
Camponotus(Colobobsis)leonardi 0 16 0 3 1 46 66
Camponotus(Colobosis) saundersi- 0 0 0 13 0 3 16
group

Camponotus(Colobosis) vitrius 21 38 10 0 8 2 79
Camponotus(Colobosisp.1 0 2 0 0 0 0 2
Camponotus(Colobosisp.2 46 4 0 0 0 0 50
Camponotus(Colobosisp.3 1 0 0 0 0 0 1
Camponotus(Colobosisp.4 0 3 0 0 0 0 3
Camponotus(Colobosisp.5 0 0 0 2 0 0 2
Camponotus(Colobosisp.6 5 0 0 0 0 0 5
Camponotus(Colobosisp.7 4 0 0 0 0 0 4
Camponotus(Colobosisp.8 0 0 0 0 1 0 1
Camponotus(Colobosisp.9 0 2 0 0 0 0 2
Camponotus(Karavaievia) cf. 0 0 11 0 179 O 190
dolichoderoides

Camponotus(Karavaieviagp.1 0 0 0 0 0 3 3
Camponotus(Karavaieviagp.2 0 0 0 0 0 728 728
Camponotus(Myrmamblysp.1 60 0 0 0 0 0 60
Camponotus(Myrmamblysp.2 0 0 0 1 0 0 1
Camponotus(Myrmamblysp.3 1 0 0 0 0 0 1
Camponotus(Myrmamblysp.4 1 0 0 0 0 0 1
Camponotus(Myrmamblysp.5 0 0 0 0 1 0 1
Camponotus(Myrmotarsus) rufifemur 10 0 0 5 0 0 15
Camponotus(Myrmotarsusp.1 10 7 2 0 0 0 19
Camponotus(Tanaemyrmex) 0 4 0 0 0 0 4
cf.arrogans

Camponotus(Tanaemyrmesy).1 12 37 45 25 48 5 172
Camponotus(Tanaemyrmesy).2 14 17 16 15 5 0 67
Camponotus(Tanaemyrmesy).3 0 15 0 0 0 0 15
Camponotus(Tanaemyrmes).4 0 1 0 0 0 0 1
Camponotus(Tanaemyrmes{).5 0 21 0 0 0 0 21
Camponotus(Tanaemyrmesy).6 2 0 0 0 0 0 2



Table 1. Canopy ant list at KNNP (continued)
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Species

Headquarters

Hui Lek station

plotl plot2 plot3 plot4 plot5 poot Total

Camponotus(Tanaemyrmesy).7
Camponotus(Tanaemyrmesy).8
Camponotus(Tanaemyrmesy).9
Camponotus(Tanaemyrmesf).10
Camponotus(Tanaemyrmesg).11
Echinopla striata

Echinoplasp.1

Echinoplasp.2

Myrmoterassp.1

Oecophylla smaragdina
Paratrechinasp.1
Paratrechinasp.2

Prenolepissp.1

Philidris sp.1

Plagiolepissp.1
Crematogaster(Crematogastep.1
Crematogaster(Crematogastesp.2
Crematogaster(Crematogastesp.3
Crematogaster(Crematogastesp4
Crematogaster(Crematogastep.5
Crematogaster(Crematogastesp.6
Crematogaster(Crematogastesp.7
Crematogaster(Crematogastesp.8
Crematogaster(Crematogastesp.9

Crematogaster(Crematogastesp.10
Crematogaster(Crematogastesp.11
Crematogaster(Crematogastesp.12
Crematogaster(Crematogastesp.13
Crematogaster(Crematogastesp.14
Crematogaster(Crematogastep.15
Crematogaster(Crematogastep.16
Crematogaster(Crematogastesp.17
Crematogaster(Crematogastesp.18
Crematogaster(Crematogastesp.19

Crematogaster(Decacremap.1
Crematogaster(Decacremap.2
Crematogaster(Decacremap.3
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Table 1. Canopy ant list at KNNP (continued)

Species Headquarters Hui Lek station
plotl plot2 plot3 plot4 plot5 poot Total

Crematogaster(Decacremap.4 0 0 15 0 0 0 15
Crematogaster(Orthrocremap.1 2 0 4 0 0 0 6
Crematogaster(Orthrocremap.2 0 0 0 0 3 1 4
Crematogaster(Orthrocremap.3 0 0 0 0 2 0 2
Crematogaster(Orthrocremap.4 0 8 0 0 0 0 8
Crematogaster(Orthrocremap.5 0 0 3 2 46 1 52
Crematogaster(Orthrocrema)p.6 0 0 0 3 2 1 6
Crematogaster(Orthrocremap.7 26 4 0 0 0 0 30
Crematogaster(Orthrocremap.8 1 0 0 0 0 0 1
Crematogaster(Orthrocrema)p.9 0 0 0 1 0 0 1
Crematogaster(Orthrocremasp.10 0 1 0 0 0 0 1
Crematogaster(Orthrocremasp.11 1 0 0 0 0 0 1
Crematogaster(Parecremap.l 70 270 396 32 57 5 830
Crematogaster(Paracremap.2 915 6 89 0 0 9 1019
Crematogaster(Paracremap.3 0 0 0 23 0 0 23
Crematogaster(Parecremap.4 0 0 0 0 3 0 3
Crematogaster(Physocremsp.1 5 0 7 0 0 0 12
Cardiocondylasp.1 9 7 3 9 0 0 28
Cataulacus granulatus 7 52 8 1 0 0 68
Dilobocondylasp.1 7 5 0 0 0 0 12
Dilobocondylasp.2 0 1 1 0 0 0 2
Dolobocondylasp.3 5 1 1 1 0 0 8
Dilobocondylasp.4 6 0 0 0 0 0 6
Lordomyrmasp.1 0 0 0 0 1 0 1
Meranoplus castaneus 95 9 0 2 6 0 112
Monomorium floricola 1 9 0 3 0 0 13
Monomoriumsp.1 9 12 22 15 7 6 71
Monomoriumsp.2 27 6 34 3 2 0 72
Monomoriumsp.3 23 0 0 1 1 0 25
Monomoriumsp.4 33 0 17 13 32 29 124
Monomoriumsp.5 0 0 0 1 0 1 2
Monomoriumsp.6 1 0 0 1 0 3 5
Monomoriumsp.7 0 0 0 0 3 0 3
Oligomyrmexsp.1 0 0 14 0 0 0 14
Oligomyrmexsp.2 0 0 0 22 19 0 41
Oligomyrmexsp.3 0 0 0 0 3 0 3
Oligomyrmexsp.4 1 0 0 0 0 0 1
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Table 1. Canopy ant list at KNNP (continued)

Species Headquarters Hui Lek station
plotl plot2 plot3 plot4 plot5 poot Total

Paratopulasp.1 0 1 5 1 0 0 7
Pheidole aristotelis 0 0 0 1 0 1 2
Phiedole longipegroup 0 0 0 0 1 0 1
Pheidolesp.1 0 0 0 2 0 0 2
Pheidolesp.2 0 1 0 17 0 12 30
Pheidolesp.3 0 0 0 4 0 4 8
Pheidolesp.4 0 0 0 0 1 0 1
Pheidolesp.5 1 0 0 0 1 0 2
Pheidolesp.6 0 0 0 0 0 1 1
Pheidolesp.7 0 0 0 0 2 0 2
Pheidolesp.8 1 0 0 0 0 0 1
Pheidolesp.9 0 1 0 0 0 0 1
Pheidolesp.10 0 0 1 0 0 0 1
Pheidolesp.11 0 0 0 1 4 0 5
Pheidologetorsp.1 0 0 0 0 1 0 1
Rhopalomastixsp.1 3 0 0 0 61 57 121
Solenopsisp.1 1 0 0 0 0 0 1
Strumigynysp.1 1 0 0 0 0 0 1
Strumigenysp.2 0 0 1 0 2 0 3
Tetramoriumsp.1 2 17 3 2 0 22 46
Tetramoriumsp.2 10 116 3 0 0 0 129
Tetramoriumsp.3 0 0 0 2 0 0 2
Tetramoriumsp.4 1 0 0 0 0 0 1
Vombisidrissp.1 3 1 2 1 0 0 7
Vollenhoviasp.1 0 3 0 5 2 7 17
Volenhoviasp.2 0 0 0 2 1 1 4
Volenhoviasp.3 0 0 0 1 0 1 2
Vollenhoviasp.4 1 0 0 0 0 0 1
Dolichoderus thoracicus 1485 1062 575 1 0 0 3123
Dolichoderussp.1 0 0 0 0 1 0 1
Dolichoderussp.2 1 1 0 0 0 0 2
Dolichoderussp.3 11 0 0 0 0 0 11
Dolichoderussp.4 831 182 85 0 0 0 1098
Dolichoderussp.5 0 479 586 O 0 0 1065
Dolichoderussp.6 0 0 0 0 0 3 3
Dilichoderussp.7 0 0 58 0 0 0 58
Technomyrmex elatior 0 194 0 0 0 0 215
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Table 1. Canopy ant list at KNNP (continued)

Species Headquarters Hui Lek station
plotl plot2 plot3 plot4 plot5 poot Total

Technomyrmex vitieusis 89 2 29 244 5 34 424
Technomyrmex albipes 33 0 0 0 0 12 67
Technomyrmex difficilis 0 0 0 8 0 0 30
Technomyrmex textor 0 0 0 0 4 0 26
Tapinomasp.1 2 2 6 6 8 1 25
Tapinomasp.2 0 0 0 2 0 0 2
Tapinomasp.3 3 2 7 16 0 17 45
Tapinomasp.4 0 0 0 0 1 0 1
Tapinomasp.5 0 0 2 0 0 0 2
Tapinomasp.6 0 0 12 4 0 0 16
Tetraponera attenuate 78 44 99 45 49 27 342
Tertaponera pilosa 7 15 0 1 0 0 23
Tetraponerasp.1 18 18 3 8 11 19 77
Tetraponerasp.2 0 2 0 0 0 0 2
Tertaponerasp.3 10 10 2 0 0 0 22
Tertaponerasp.4 0 0 2 0 0 0 2
Platythyrea paralella 0 1 0 0 0 1 2
Pachycondylap.1 0 0 0 0 0 1 1
Pachycondylasp.2 0 0 0 0 1 0 1
Aenictus laeviceps 3 0 0 0 0 0 3
Aenictussp.1 0 3 0 0 0 0 3
Cerapachysp.1 1 0 0 0 0 0 1
Cerapachysp.2 1 0 0 0 0 0 1

Total 461 4,513 2,681 950 899 1,390 16,884
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Table 2. Ant species list on briefly deciduous ttaaopies of Pra forest at KNNP.

Subfamily species abundan

Formicinae Camponotusp.1 6
Camponotusp.3 5
Camponotusp.5 1
Camponotus (Tanaemyrmesp.1 78
Camponotus (Tanaemyrmesp.2 20
Camponotus (Tanaemyrmesp.7 61
Camponotus (Tanaemyrmesp.8 62
Camponotus (Tanaemyrmesp.9 2
Camponotus (Colobosis) saundegsbup 16
Camponotus (Colobobsis) leonardi 50
Camponotus (Colobosis) vitrius 10
Camponotus (Colobosisp.5 2
Camponotus (Colobosisp.8 1
Camponotus (Myrmotarsus) rufifemur 5
Camponotus (Myrmamblysp.2 1
Camponotus (Myrmamblysp.5 1
Camponotus (Karavaievia).dolichoderoides 179
Camponotus (Karavaieviap.1 3
Camponotus (Karavaieviap.2 728
Echinopla striata 1
Myrmoterassp.1 3
Oecophylla smaragdina 273
Paratrechinasp.1 3
Paratrechinasp.2 14
Philidris sp.1 15
Plagiolepissp.1 7
Polyrhachis (Myrmhopla3p.1 3
Polyrhachis (Myrmhopla3p.5 4
Polyrhachis (Myrmhopla3p.6 5
Polyrhachis (Myrmhopla3p.7 1
Polyrhachis (Myrmhopla$p.13 1
Polyrhachis (Myrmatoplagp.1 2
Polyrhachis (Myrmatopa$p.5 2
Polyrhachis (Myrmatopa3p.6 2
Polyrhachis (Myrmatopla3p.7 9
Polyrhachis (Myrmatopla3p.8 5
Polyrhachis (Myrmothrinax3p.1 2
Polyrhachis (Polyrhachisyp.1 3
Polyrhachis (Myrmakp.2 2
Prenolepissp.1 1

Myrmicinae Crematogaster (Crematogastap.1 37
Crematogaster (Crematogastesp.2 34
Crematogaster (Crematogastep.3 8
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Table 2. Ant species list on briefly deciduous traaopies of Pra forest at KNNP

(continued)

Subfamily species abundant

Myrmicinae Crematogaster (Crematogastap.5 8
Crematogaster (Crematogastes)).6 86
Crematogaster (Crematogastesp.7 197
Crematogaster (Crematogastes)).8 5
Crematogaster (Crematogastesp.9 5
Crematogaster (Crematogastes).10 2
Crematogaster (Crematogastesp.11 20
Crematogaster (Crematogastes).12 1
Crematogaster (Crematogastesp.13 11

Crematogaster (Crematogastep.14
Crematogaster (Crematogastesp.18
Crematogaster (Crematogastes).19
Crematogaster (Paracremap.1
Crematogaster (Parecremap.2
Crematogaster (Paracrema)p.3
Crematogaster (Parecremap.4
Crematogaster (Orthrocremap.2
Crematogaster (Orthrocremap.3
Crematogaster (Orthrocrema&p.5
Crematogaster (Orthrocrema).6
Crematogaster (Orthrocrema&p.9
Crematogaster (Decacremap.1
Crematogaster (Decacremap.3
Cardiocondylasp.1

Cataulacus granulatus
Dolobocondylasp.3
Lordomyrmasp.1

Monomorium floricola
Monomoriumsp.1
Monomoriumsp.2
Monomoriumsp.3
Monomoriumsp.4
Monomoriumsp.5
Monomoriumsp.6
Monomoriumsp.7

Meranoplus castaneus
Oligomyrmexsp.2
Oligomyrmexsp.3
Paratopulasp.1

Pheidole aristotelis

Phiedole longipes group
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Table 2. Ant species list on briefly deciduous traaopies of Pra forest at KNNP

(continued)

Subfamily species abundant
Myrmicinae Pheidolesp.1 2
Pheidolesp.2 29
Pheidolesp.3 8
Pheidolesp.4 1
Pheidolesp.5 1
Pheidolesp.6 1
Pheidolesp.7 2
Pheidolesp.11 5
Pheidolegetorsp.1 1
Rhopalomastisp.1 118
Strumigenys sp.2 2
Tetramoriumsp.1 24
Tetramoriumsp.3 2
Vollenhoviasp.1 14
Volenhoviasp.2 4
Volenhoviasp.3 2
Vombisidrissp.1 1
Dolichoderinae Dolichoderus thoracicus 1
Dolichoderussp.1 1
Dolichoderussp.6 3
Tapinomasp.1 15
Tapinomasp.2 2
Tapinomasp.3 33
Tapinomasp.4 1
Tapinomasp.6 4
Technomyrmex vitieusis 283
Technomyrmex albipes 39
Technomyrmex difficilis 30
Technomyrmex textor 26
Pseudomyrmicinae Tetraponera attenuate 121
Tertaponera pilosa 1
Tetraponerasp.1l 38
Ponerinae Pachycondylap.2 1
Pachycondylap.1 1

Platythyrea paralella 1




Table 3. Ant species list on evergreen canopidegeatiquarters at KNNP.
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Subfamily species uradbant

Formicinae Camponotusp.1 80
Camponotusp.2 2
Camponotusp.3 151
Camponotusp.4 1
Camponotus (Tanaemyrmex) cf. arrogans 4
Camponotus (Tanaemyrmesp.1 102
Camponotus (Tanaemyrmesp.2 47
Camponotus (Tanaemyrmesp.3 15
Camponotus (Tanaemyrmesp.4 1
Camponotus (Tanaemyrmesp.5 21
Camponotus (Tanaemyrmesp.6 2
Camponotus (Tanaemyrmesp.7 7
Camponotus (Tanaemyrmesp.10 163
Camponotus (Tanaemyrmesp.11 169
Camponotus (Colobosis) vitrius 69
Camponotus (Colobobsis) leonardi 16
Camponotus (Colobosisp.1 2
Camponotus (Colobosisp.2 50
Camponotus (Colobosisp.3 1
Camponotus (Colobosisp.4 3
Camponotus (Colobosisp.6 5
Camponotus (Colobosisp.7 4
Camponotus (Colobosisp.9 2
Camponotus (Myrmamblysp.1 60
Camponotus (Myrmamblysp.3 1
Camponotus (Myrmamblysp.4 1
Camponotus (Myrmotarsus) rufifemur 10
Camponotus (Myrmotarsusp.1 19
Camponotus (Karavaievia) dolichoderoides 1
Echinopla striata 18
Echinoplasp.1 2
Echinoplasp.2 3
Oecophylla smaragdina 1533
Philidris sp.1 215
Paratrechinasp.1 43
Paratrechinasp.2 20
Polyrhachis (Myrmhopla3p.1 58
Polyrhachis (Myrmhopla3p.2 10
Polyrhachis (Myrmhopla3p.3 53
Polyrhachis (Myrmhopla3p.4 4
Polyrhachis (Myrmhopla3p.7 1
Polyrhachis (Myrmhopla3p.8 9
Polyrhachis (Myrmhoplagp.9 64
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Table 3. Ant species list on evergreen canopidgeatiquarters at KNNP (continued).

Subfamily species abundant

Formicinae Polyrhachis (Myrmhopla$p.10 1
Polyrhachis (Myrmhopla3p.11 5
Polyrhachis (Myrmhoplagp.12 10
Polyrhachis (Myrmhopla3p.14 1
Polyrhachis (Myrmhoplayp.15 10
Polyrhachis (Myrmhopla3p.16 4
Polyrhachis (Myrmatopla3p.1 160
Polyrhachis (Myrmatopla3p.2 82
Polyrhachis (Myrmatopla3p.3 29
Polyrhachis (Myrmatopla3p.4 2
Polyrhachis (Myrmatopla3p.7 5
Polyrhachis (Myrmatopla3p.9 14
Polyrhachis (Myrmothrinax3p.1 117
Polyrhachis (Myrmothrinax¥p.2 27
Polyrhachis (Myrmothrinaxgp.3 1
Polyrhachis (Myrmakp.1 4
Polyrhachis (Myrma}p.3 6
Polyrhachis (Campomyrmap.1 1
Polyrhachis (Campomyrma)p.2 1
Polyrhachis (Campomyrmap.3 1
Polyrhachis (Cyrtoyrmagp.1 2
Polyrhachis (Polyrhachis3p.1 8
Polyrhachis (Polyrhachisyp.2 7
Prenolepissp.1 42

Myrmicinae Crematogaster (Orthrocremap.1 6
Crematogaster (Orthrocrema)p.4 8
Crematogaster (Orthrocrema&p.5 5
Crematogaster (Orthrocremap.7 3
Crematogaster (Orthrocremap.8 1
Crematogaster (Orthrocremap.1 1
Crematogaster (Orthrocrema)p.1 1

Crematogaster (Parecremap.1 369
Crematogaster (Paracremap.2 977
Crematogaster (Decacremap.1 31
Crematogaster (Decacremap.2 225
Crematogaster (Decacremap.3 10
Crematogaster (Decacremap.4 15
Crematogaster (Crematogaste.1 3
Crematogaster (Crematogastes.2 732
Crematogaster (Crematogastep.4 1
Crematogaster (Crematogastesp.5 49
Crematogaster (Crematogastes)).6 54

Crematogaster (Crematogastesp.11 16
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Table 3. Ant species list on evergreen canopidgeatiquarters at KNNP (continued).

Subfamily species radbant

Myrmicinae Crematogaster (Crematogastep).15 23
Crematogaster (Crematogaste).16 2
Crematogaster (Crematogastesp.17 452
Crematogaster (Physocremsy).1 12
Crematogaster (Paracremap.2 33
Cardiocondylasp.1 19
Cataulacus granulatus 69
Dilobocondylasp.1 12
Dilobocondylasp.2 2
Dilobocondylasp.3 7
Dilobocondylasp.4 6
Meranoplus castaneus 104
Monomorium floricola 10
Monomoriumsp.1 43
Monomoriumsp.2 90
Monomoriumsp.4 50
Monomoriumsp.6 1
Oligomyrmexsp.1 14
Oligomyrmexsp.4 1
Pheidolesp.2 1
Pheidolesp.5 1
Pheidolesp.8 1
Pheidolesp.9 1
Pheidolesp.10 1
Paratopulasp.1 6
Rhopalomastisp.1 3
Solenopsisp.1 1
Strumigynysp.1 1
Strumigenysp.2 1
Tetramoriumsp.1 22
Tetramoriumsp.2 129
Tetramoriumsp.4 1
Vombisidrissp.1 6
Vollenhoviasp.1 3
Vollenhoviasp.4 1

Dolichoderinae Dolichoderus thoracicus 3122
Dolichoderussp.2 2
Dolichoderussp.3 11
Dolichoderussp.4 1098
Dolichoderussp.5 1065
Dilichoderussp.7 58
Technomyrmex elatior 215

Technomyrmex vitieusis 120
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Table 3. Ant species list on evergreen canopideatiquarters at KNNP (continued).

Subfamily species abundant
Dolichoderinae Terchnomyrmex albipes 40
Tapinomasp.1 10
Tapinomasp.3 12
Tapinomasp.5 2
Tapinomasp.6 12
Pseudomyrmicinae Tetraponera attenuate 342
Tertaponera pilosa 221
Tetraponerasp.1l 22
Tetraponerasp.2 39
Tertaponerasp.3 2
Tertaponerasp.4 22
Ponerinae Platythyrea paralella 2
Aenictinae Aenictus laeviceps 3
Aenictussp.1 3
Cerapachyinae Cerapachysp.1 1
Cerapachysp.2 1




Table 4. Tree species list from both habitat types.
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35
40
35
25

25
35
40
30
33

40
30
35
30
35

33
35
40
40
30
27
28
35
40
35
28

Time Habitat Tree spsci Tree family Height(m)
11/05/06 Headquarters Syzygium cumigiL.) Skeels. Myrtaceae 23
12/05/06 Headquarters Syzygium cumigiL.) Skeels. Myrtaceae 25
13/05/06 Headquarters Bouea microphyll&riff. Anacardiaceae 22
14/05/06 Hui Lek Elateriospermum top&ume. Euphorbiaceae
15/05/06 Hui Lek Elateriospermum top&ume. Euphorbiaceae
16/05/06 Hui Lek Elateriospermum top&8ume. Euphorbiaceae
09/07/06 Headquarters Pseuduvaria monticolh Sinclair. Annonaceae
10/07/06 Headquarters Bouea microphyli&riff. Anacardiaceae 22
11/07/06 Headquarters Baccaurea kunstleKing ex Gage. Euphorbiaceae
12/07/06 Hui Lek Elateriospermum top8&8ume. Euphorbiaceae
13/07/06 Hui Lek Elateriospermum top&8ume. Euphorbiaceae
14/07/06 Hui Lek Elateriospermum top&8ume. Euphorbiaceae
10/09/06 Headquarters Ryparosa javanicBlume. Flacourticeae
11/09/06 Headquarters Bouea microphyll&riff. Anacardiaceae 20
12/09/06 Headquarters Ryparosa javanicBlume. Flacourticeae 28
13/09/06 Hui Lek Elateriospermum top&ume. Euphorbiaceae
14/09/06 Hui Lek Elateriospermum top&ume. Euphorbiaceae
15/09/06 Hui Lek Elateriospermum top&ume. Euphorbiaceae
13/11/06 Headquarters Pseuduvaria monticolh Sinclair. Annonaceae
14/11/06 Headquarters Castanopsis piriformislickel&Camus.  Fagaceae
15/11/06 Headquarters Nephelium melliferuniagnep. Sapindaceae
16/11/06 Hui Lek Elateriospermum top&ume. Euphorbiaceae
17/11/06 Hui Lek Elateriospermum topd&ume. Euphorbiaceae
18/11/06 Hui Lek Elateriospermum topoBlume. Euphorbiaceae
14/01/07 Headquarters Castanopsis piriformislickel & Camus. Fagaceae
15/01/07 Headquarters Castanopsis javaniddlume. Fagaceae
16/01/07 Headquarters Castanopsis piriformidickel & Camus. Fagaceae
17/01/07 Hui Lek Elateriospermum topdlume. Euphorbiaceae
18/01/07 Hui Lek Elateriospermum top&8ume. Euphorbiaceae
19/01/07 Hui Lek Elateriospermum top&ume. Euphorbiaceae
08/03/07 Headquarters Syzygium cumifliL.) Skeels. Myrtaceae
09/03/07 Headquarters Parashorea stellatgurz. Dipterocarpaced®
10/03/07 Headquarters Chisochetospp. Meliaceae

30
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Table 4. Tree species list from both habitat tyestinued).

Time Habitat Tree spsci Tree family Height(m)
11/03/07 Hui Lek Elateriospermum topoBlume. Euphorbiaceae 35
12/03/07 Hui Lek Elateriospermum topoBlume. Euphorbiaceae 40

13/03/07 Hui Lek Elateriospermum topoBlume. Euphorbiaceae 40
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Figure 1. A year-round physical factor measuretiestdquarter (pink line) and Hui
Lek station (black line) since May 2006-March 20@j temperature (b) relative
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Figure 2. Aenictussp.1

Figure 3.Camponotus(Colobositgonardigroup sp.1
Figure 4.Camponotus(Karavaieviaolicoderiodes
Figure 5.Camponotus(Tanaemyrmexyogans
Figure 6.Camponotusp.21

Figure 7.Camponotusp.25
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Figure 8.Camponotusp.30

Figure 9.Camponotusp.5

Figure 10.Camponotusp.19
Figure 11 Cerapachysp.1
Figure 12 Cardiocondylasp.1
Figure 13 Cataulacus granulatus
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Figure 14 Crematogaster (Crematogastsp) 2

Figure 15 Crematogaster (Crematogastesp.7
Figure 16 Crematogaster(Crematogastesp.13
Figure 17 Crematogaster(Decacremap.1
Figure 18 Crematogaster(Othrocremap.3
Figure 19 Crematogaster(Paracremap.2
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Figure 20 Crematogaster(Paracrema)p.3

Figure 21 Crematogaster(Physocremsy.1
Figure 22 Dolichoderus thoracicus

Figure 23 Dolichoderussp.4

Figure 24 Dolichoderussp.5

Figure 25 Dilobocondylasp.1
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Figure 26 Echinopla striata

Figure 27 Echinoplasp.1

Figure 28 Lodomyrmasp.1

Figure 29 Meranoplus castaneus
Figure 30 Monomoriumsp.2
Figure 31.0ecophylla smaragdina
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Figure 32.0ligomyrmexsp.2

Figure 33.Pachycondyllasp.1
Figure 34 Paratechinasp.1
Figure 35 Paratopulasp.1

Figure 36 Pheidole longipegroup
Figure 37 Pheidolesp.10
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Figure 38 Pheidologeton silenus
Figure 39 Philidris sp.1
Figure 40 Plagiolepissp.1

Figure 41 Platythyrea paralella
Figure 42 Polyrhachis (Campomyrma)p.1
Figure 43 Polyrhachis (Campomyrma)p.3
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Figure 44 Polyrhachis (Cyrtomyrmagp.1

Figure 45Polyrhachis (Myrmhoplajp.1
Figure 46 Polyrhachis (Myrmhopla$p.3
Figure 47 Polyrhachis (Myrmhopla$p.4
Figure 48 Polyrhachis (Myrmhopla3p.6
Figure 49 Polyrhachis (Myrmhopla3p.9
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Figure 50Polyrhachis (Myrmhopla3p.11
Figure 51 Polyrhachis (Myrmhopla3p.13
Figure 52 Polyrhachis (Myrmatopagp.1

Figure 53 Polyrhachis (Myrmatopa3p.3
Figure 54 Polyrhachis (Myrmatopa3p.5
Figure 55 Polyrhachis (Myrmatopa3p.6



Figure 56 Polyrhachis (Myrmatopa3p.7

Figure 57 Polyrhachis (Myrmatopa3p.8
Figure 58 Polyrhachis (Myrmothrinax$p.1
Figure 59 Polyrhachis (Polyrhachis3p.1
Figure 60 Prenolepissp.1

Figure 61 Rhopalomastixsp.1
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Figure 62.Solenopsisp.1

Figure 63.Strumigenysp.2

Figure 64 Volenhoviasp.1

Figure 65Vombisidrissp.1
Figure 66.Tapinomasp.1

Figure 67.Technomyrmex elatior
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Figure 68.Technomyrmex vitieusis

Figure 69.Tetramoriumsp.1
Figure 70.Tetramoriumsp.2
Figure 71.Tetraponera attanuata
Figure 72 Tetraponera pilosa
Figure 73.Tetraponerasp.1
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