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ABSTRACT

This study was carried out to examine the effects of planted framework trees
and bird community on natural-seedling recruitment in forest restoration area using the
framework species method established by Forest Restoration Research Unit (FORRU),
Biology Department, Faculty of Science, Chiang Mai University, in the upper Mae Sa
Valley, Mae Rim District, Chiang Mai, in Doi Suthep-Pui Nationa Park. Natura tree
seedlings were surveyed beneath 5 species of framework trees: Erythrina subumbrans,
Hovenia dulcis, Melia toosendan, Prunus cerasoides and Spondias axillaris. Five
individual trees of each species were selected (25 trees) in 3 replicated plots of the
same age (9-years since planting). Bird observations, using binoculars were carried out
on each framework tree to determine species richness, diversity and numbers of
visiting birds, which were assumed to affect natural-seedling recruitment. A total of 36
tree seedling species were found beneath the selected trees, of which 11 species were
wind-dispersed and 25 species animal-dispersed. The population density of animal-
dispersed tree seedlings was higher than the wind-dispersed seedlings beneath all
selected framework trees. The sample plots beneath Prunus cerasoides supported the
highest population density of tree seedlings. Mean survival rate of the seedlings was
96.1% indicating that the selected framework trees supported the recruitment of
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seedlings very well during one year of seedling monitoring. A total of 48 bird species
was recorded between July 2006 and June 2007. Two hundred and twenty eight
individuals of birds were recorded using the sel ected framework tree species. The non-
frugivorous birds were recorded using the selected framework tree species more than
the frugivorous birds. The frugivorous birds were recorded more than the non-
frugivorous birds only in the crowns of Erythrina subumbrans. The effects of bird
communities on seedling recruitment were different between each selected framework
tree. Bigger trees, which attract high number of birds by providing food resources,
roosting and nesting sites may increase the seed deposition in the sampling plots more
than smaller trees with less attractiveness. Erythrina subumbrans produces bright red
color flower when they are leafless, which provide high quantities of nectar as a food
sources for many birds species. Melia toosendan produces numerous, white flowers
attracting many insects, and insectivorous birds to the trees. Prunus cerasoides
attracted the most abundant of birds. High amount of branchlets, flowers and fruits of
the trees provide lots of perching sites and food resources for the birds. The highest
species richness of birds was observed in Spondias axillaris, which had multiple
crowns as nesting sites. The lowest species richness, diversity and abundance of the
birds were observed in Hovenia dulcis. Their crowns were not large enough to attract
high number of birds. Moreover, the trees have not flowered yet since planting. Some
possible physical and biotic factors in the sampling tree plots, which seemed to affect
natural -seedling recruitment, were light intensity, litter accumulation, physical damage
of the seedling due to tree falls. These factors were depended on the characteristics of

each selected framework tree species.
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CHAPTER 1
INTRODUCTION

Rationale

Deforestation is undoubtedly, one of the most important environmental
problems in Thailand. It has occurred throughout history in manptges of the
tropics region (Tucker and Richards, 1983; Richards, 1984; Hecht and Cockburn,
1989; Williams, 1989, 1990). It is the main cause of biodiversity loss, flopdaib
erosion and climate change. According to the Royal Forest Degrari{RFD, 2004),
Thailand’s forest cover had been reduced from 53% in 1961 to 32 % in 2004. The
annual lost of forest cover was an estimate 112,000 hectares 28A%), But, in fact,
remaining natural forest cover might be lower than 15 % of the gowrga
(Maxwell, 2001). Deforestation occurred in many ways. lllegal laggsone main
cause. Despite the logging ban in 1989, it had the positive effectunbt &3 expected
and did little to limit environmental degradation (Pragtong, 2000). fotests were
easy to accessible and illegal tree cutting remained widesp(BFD, 2002).
Intensive agriculture system, such as slash-and-burn farminghwlill practice in
many tropical countries (Lambert, 1996) can clear large ardare$t cover and
quickly degrade the land (Delang, 2002). Forest fire occurred idgwend inhibited
secondary succession and created fire-disclimax vegetation ¢exgr Grassland
dominated bylmperata cylindrica), which suppressed the regeneration of forest

ecosystem (Kusipalet al., 1995).

Many forest planting campaigns have been set up to restoralnfrests
through out the tropics (ITTO, 2005). Exotic and native fast-growingspeeies were
planted by various type of planting design (Lamb and Gilmour, 2003; Otsamo, 2002).
In Thailand, reforestation project using fast — growing monowilplantation were
done by the Royal Forestry Department (RFD) since 1994. Theaptantspecies
were acacia, eucalyptus, pine, teak and other broadleaves spéce2(¥01). Kamo
(2002) reported that number of understorey plant species in the pfanést was
larger than that in adjacent grassland. However, many evidemoeed that

monoculture plantations support low biodiversity and did not created sugglbrting



ecosystem (Ruiz-Jaen and Aide, 2005; SER, 2004; Urbahska 1997). Ecological
restoration success could be based on vegetation structure, specrsgydawed
ecosystem processes (McCoy and Mushinsky, 2002; Montagnini and CR88adk,
Rhodeset al., 1998; Wilkinset al., 2003). Thus, planting tree should promote
biodiversity along with ecosystem structure and function. The forofiextological
restoration called “forest restoration” defined as “re-esthbient of the original
forest ecosystem that was present before deforestation occurted aims of this
method is planting tree species that played a vital role ifiotlest recovery created
forest structure with multi-layered canopy, increasing gsediversity, improved soil
conditions. Therefore, forest restoration is a specialized forrafofestation (Elliott,
2000).

It is assumed that recovery of wildlife and ecological prazesa forest
ecosystem will follow the establishment of vegetation (Tetlal., 1995; Young,
2000). For example, there is a strong correlation between vegesatucture and the
recovery of forest birds in restoration sites (George and Zack, Zdghman, 1987;
Twedtet al., 2002). Seed dispersal is an important ecological process that ensourage
natural forest regeneration, poor seed dispersal is a majomtnfdactor for forest
recovery(Holl et al., 2000; Donatlet al., 2003; Whiteet al., 2004) Bird, especially,
frugivorous birds play an important role in the re-establishmentopical forests
ecosystem because they act as “seed dispersal agents” ithdisparse the seed
throughout the landsca®/underle, 1997)Therefore, forest restoration should focus
on planting the selected trees that accelerate natural fegesteration by attracting

seed-dispersing animals such as birds to encourage seed dispersal moresitea.

The Forest Restoration Research Unit (FORRU) at Chiang Miaetsity has
been carrying out research of forest restoration. The unit hasodedehe framework
species method of forest restoration. First developed in Quednsfarstralia
(Goosem and Tucker, 1995; Lambal., 1997; Tucker and Murphy, 1997; Tucker,
2000), one important characteristic of framework tree speciebeigiovision of
resources that attract seed-dispersing wildlife (e.g. fruitdanenesting sites, etc.) at

an early age (Goosem and Tucker, 1995). Birds attracted by thedgframework



trees can disperse the seeds of many trees in the natusdlifdoethe planted areas.
Moreover, planted trees provide suitable conditions and microclimateatoral
regeneration of forest ecosystem. Establishment of forest ¢eeexome from the
seeds produced by planted framework trees or seeds from othemtithesnatural

forest, so-called “natural seedling recruitment”.

This research examined the attractiveness of different framketnee species
to seed-dispersing birds and how this consequently affects recrubfineatural tree
seedlings. Knowledge about natural seedlings under different spafcfeamework
trees will help to improve tree species selection for suitpldetationdesign, to
maximize the attractiveness of planted areas to seed-dispéisiisgto accelerate

natural tree-seedling recruitment.

Hypotheses

1) Different characteristics of each selected framework tree spstiast
different bird species, depending on the resources provided to the birds.

2) Natural seedling recruitment beneath the framework trees depends on the
species of the framework tree.

3) High bird density, species richness and species diversity will indreasatural

tree seedling recruitment rate beneath framework tree species.

Resear ch Objectives

1) To determine the effects of planted framework trees and bird communities on
tree seedling recruitmeintforest restoration areas, using the framework
species method.

2) To determine the suitable conditions beneath different species of framesesk t

which enhance natural seedling recruitment.



Usefulness of the Resear ch

This study should provide some ecological knowledge about the different
abilities of each framework tree species, to attract birdgprtimote seedling
recruitment by dispersing the seed under the tree crowns. Theasatse applied to

select the tree species that are suitable for accelerating natresdlriegeneration.



CHAPTER 2
LITERATURE REVIEW

Seed dispersal and Forest Restoration

Seed Dispersal has the potential to speed up the successioati@siorocess
of natural forest (Corlett and Hua, 2000). Most of the tree spetig®e tropics are
dispersed by animals rather than by wind, water or other forms of dis(Whrsaderle,
1997). In the forests of northern Thailand, dispersal of tree seealsitgls is more
common by wind. Of the 475 tree species recorded for Doi Suthep-RanalaPark,
only 29% are wind-dispersed. In deciduous dipterocarp-oak forest, 44% spéees
rely on the wind for seed dispersal. In contrast, in evergreest$omnly 21 % of tree
species are wind-dispersed (FORRU, 2005). Many kind of animalsydingl
numerous invertebrates, fish and reptiles, act as seed dispersasedatispersal by
vertebrates, especially by mammals and birds, is a key pratdelks dynamics of
natural vegetation and in forest succession on degraded tropical lfor@iCorlett,
1998). In the present day, large mammals-including elephants, rtospeard wild
cattle have been eliminated due to deforestation. Studies givdry and seed
dispersal in deforested Asian landscapes have concentrated onfroitdsats and

non-flying mammals.

Fruits bats are important seed dispersers. In tropical AstealEsser Short-
nosed Fruit Bat Qynopterus brachyotis) is probably the commonest and most
widespread fruit bat (Lim, 1966; Lekagul and McNeely, 1977; Medway, 18&)n
and Corlett (1989) investigated the influence of seed and fruiaclesistics on the
potential for seed dispersal b@ynopterus brachyotis in Singapore, in young
secondary forest on the campus of the National University of gongaand at the
Singapore Botanic Gardens. Information on the feeding habi& bfachyotis was
obtained in four ways: by direct observation of wild bats; by cidlecof seeds and

fruit remnants dropped under feeding roosts; by netting wild bats and colleciisg fe



samples; and by offering a variety of fruits to captive kmid observing their
behaviour. During the period of the study, the v@ldorachyotis ate a wide variety of
fruits: both soft- and hard-fleshed, protected (with inedible rind) and wegbeot, and
with a wide range of seed and fruit sizes and seed numbers. Thty qlisseed
dispersal provided depends on seed and fruit characteristics. &seuoples and
discarded fruit remnants under temporary feeding roosts showedAdhzndra
dumosa was the most important species in the diet at the University digteof the
bats at the Botanic Gardens was more varied,Hogenia grandis and Figswas
clearly the preferred food when available. The fruit remnantder feeding roosts
often included partly-eaten, seedless ‘gall figs’ of the dioediodsstulosa. The red,
sweet and juicy seed figs Bf grossularioides were rejected by captive bats. The bat’s
habit of defecating in flight provides high quality dispersal for|sseeded. Larger
seeds are mostly dropped under favored feeding roosts. Many of the donahants
older secondary forests in Singapore (eGglophyllum spp., Elaeocarpus spp.,
Eugenia spp.) may be largely dispersed By brachyotis. However, since bats are
nocturnal and cannot identified using binoculars, more research on bats bbould

consider to understand the role of them in forest restoration.

Non-flying mammal species that remain common and are likely Sjpedie
seed between forest and degraded areas include common Wild Pigo@danking
Deer, Hog Badger and various civet species, which are potgmtgdbrtant dispersal
agents for large seeds (Dudgeon and Corlett, 1994), Some seedsyt@kessums and
rats may be dispersed to microsites suitable for germinatioswamiyal of seedlings.
Possums excrete undamaged, germinable seeds of various sizes, aodl ratsall
germinable seeds (Williane al., 2000; Dungaret al., 2002). But, like bats that have
nocturnal habits, very little information is available of these atgnon the seed

dispersing capabilities.



In large man-made deforested area, many factors limit foegsheration. One
of the most important factors is lack of natural seed sourcesaddisspersers, which
limit seed dispersal and natural seedling recruitment in daéatesites. The
attractiveness of a site to tree seed dispersers detertheegiantity and quality of
seed dispersed into it. Many studies have shown that the seeberaath bird
perches is significantly higher than nearby sites without perdebusche and
Isenmann, 1994; Gakt al., 2003; Gueverat al., 1992; Kolb, 1993; McClanahan and
Wolfe, 1993; Nepstaet al., 1991; Wilson and Crome, 1998). A study of abandoned
pastures in the Amazon showed that the presence of fleshy ifrugtssite tend to
attract more avian seed dispersers, which increase other geeéispersed in the site
(Nepstad, 1989). Structurally complex vegetation has been shovibedattractive to
avian seed dispersers in study of old field succession (Wunderle, 18%jbtation
structure can influence the perching behavior of frugivorous birds anchas
influence deposition patterns of bird-dispersed seeds. Providing peituioesht
partial reforestation of grassland should increase the density sesityi of seed
input there by attracting birds and the seeds they ingest (McDamueStiles, 1983;
Debussche and Isenmann, 1994). Therefore, Forest restoration by plaesrghtvald
increase the seed input by providing perch sites, fleshy frattscamplexity of the

vegetation structure to attract seed dispersers.

The Framework Tree Species Method, Originally conceived in northern
Queensland, Australia to repair damaged tropical rain forest éGoasd Tucker,
1995; Lambet al.,, 1997; Tucker and Murphy, 1997; Tucker, 2000) has been
successfully modified by The Forest Restoration Research RDRRU) of Northern
Thailand’s Chiang Mai University, in collaboration with Doi Suthep-Pui NatiBaak
Headquarters authority to restore seasonally dry forests andlddgnatershed sites
in the mountains of Northern Thailand. The framework species method iavolve
planting 20-30 carefully selected native forest tree species.plEmted trees are
rapidly re-established basic structure and functioning of foressystems and
improve condition for seed germination and seedling recruitment. Subsegquently
biodiversity is restored when the planted framework trees tatteed-dispersing

animals by produce resources (e.g. fruits, nectar-rich floametsrd nest sites etc.).



Seed-dispersing animals transport seeds of many additionapeees from nearby
natural forest into planted sites, which restores the foresistoriginal condition
(FORRU, 2005)

Characteristics of Framework tree speciesto attract seed dispersers

The essential ecological characteristics of framework s@ecies are; high
survival when planted out in deforested sites; rapid growth; densadspg crowns
that shade out herbaceous weeds and flowering and fruiting, whichtiagr#o
wildlife. Trees that provide food or nesting sites can attraet-slispersing animals
for longer periods. Comparing 7-year-old and 5-year-old plantatidhscentrol sites,
showed that plantations with a mixture of 20-30 fleshy-fruited treses 72 plant
species recruited in a site after 7 years. Older plantatichshigher diversity than
younger plots. The control site was dominated by grasses and sdpmaigtel 9 plant
species (Tucker and Murphy, 1997). Different framework treeiespd@ve different
abilities to attract seed-dispersing birds, Table 2.1 shows theaathristics of 8
framework tree species (e.g. tree density in all forestioration plots, mean girth at
breast height (GBH), mean height and width crowned) at age 4 gkhimnd the
numbers of bird species observed in each tree.



Table 2.1 Characteristics of 8 framework tree species at age 4 years the and

numbers of bird species that used them (Toktang, 2005).

No.of bird Mean Mean Mean

Frame work tree species sp_.observed Density GBH Height Width

in each (trees/ha) crown

. (cm) (cm)

species (cm)
1. Melia toosandan 32 106 375 970.3 423.3
2. Erythrina subumbrans 21 75 38.1 684.0 602.0
3. Prunus cerasoides 15 94 16.3 595.3 389.6
4. Spondias axillaris 14 175 27.8 734.9 439.1
5. Ficus subulata 3 44 370 2484 1917

(2 year olds)

6. Hovenia dulcis 2 238 6.6 254.0 161.4
7. Markhamia stipulata 1 44 15.0 111.1 77.5
8. Gmdlina arborea 0 50 22.2 367.3 252.

Many studies found that the fleshiness of fruit is an importartbrfabat
attracts seed-dispersing birds (Singhakan, 1986; Portigo, 1994; Chanthorar2D02

Sanitijan, 2001). Fruits of many framework tree species planteBQiyRU were

found eaten by birds such agphanamixis polystachya, Aglaia lawii, Bischofia

javanica BI., Callicarpa arborea Roxb, Cinnamonum iners, Duabanga grandiflora

(Roxb. ex. DC.) Walp., Eurya accuminata DC. var. wallichiana Dyer. Michelia

baillonii, Phoebe cathia, P. lanceolata and Prunus cerasoides D. Don, Ficus

glaberrima Bl., F. hispida L. f., F. racemosa L., F. fistulosa Rcinw. ex Bl. var.

fistulosa, F. subincisa Bl. var. subincisa, F. altissima, F. benjamina, F. subcordata.

These trees provide small to medium-sized fruits to attractads within 3 years after

planting. Some trees provide flowers producing high quantities of nect&rglyina

subumbrans (Hassk.) Merr. (FORRU, 2005).
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Tree species used by birds as nesting sites, within 5 yigarglanting include
Alseodaphne andersonii, Balakata baccata (Roxb.) Ess,Bischofia javanica Bl.,
Cinnamonum iners, Duabanga grandiflora (Roxb. ex. DC.) Walp., Erythrina
subumbrans (Hassk.) Merr. Eugenia albiflora, Ficus glaberrima Bl., F. semicordata
B.-H. ex J.E. Sm.JF. subincisa Bl. var. subincisa, Helicia nilagirica, Hovenia dulcis
Thunb.,Phoebe lanceolata, Prunus cerasoides D. Don, Pterospermum grandiflorum,

Quercus semiserrata, Rhus rhetsoides Craib andSpondias axillaris Roxb.

Birds as seed-disperser and natural forest regeneration

Birds are one of the most diverse groups of ecosystem service pgomidimy
ecological functions (e.g. seed dispersal, pollinator, pest controhssaand waste
disposal, nutrients depositor and ecosystem engineering). Bird seedalispght be
the ecological function that affects the greatest number ofiespeespecially
considering its importance for late successional tropical imgedarge seeds (Cagan,
2006). In tropical forests that have lost their large mammals, dispdrsal by birds
might be the only option. Birds not only outperform primates in long+ulista
dispersal (Holbroolet al., 2002), but also generally disperse seeds to different areas
(Clark et al., 2001; Howe and Smallwood, 1982). Consequently, seed dispersal could
be the most influential avian ecological function, particularlytha tropics (Stile,
1985; Howe and Smallwood, 1982; Cordeiro and Howe, 2003). Seed dispersal by
frugivorous birds plays an important roie forest succession and restoration by
dispersing many seeds into forest gaps and increasing seedtidapasisites of
potential future treefall gaps (Hoppes, 1988; Corlett, 1998). Frugivoraisthat can
tolerate degraded landscape are more important at the stageé of natural forest
regeneration (Corlett, 1998). Common bird species, which contribute tedberan
of deforested sites, are included passerine birds belonging to thield&o(magpies,
jay, orioles etc.), Muscicapidae (thrushes, robin and chats), Sturisidakngs and
mynas), Pycnonotidae (Bulbuls), Zosteropidae (white-eyes), SylviidagH@cinae
(laughingthrushes) and frugivorous non-passerines Megalainidezei{®)aand some

Columbidae (fruit - pigeons). Many of these are not strict Wargius and are
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insectivores, which also take fruit as part of their diet @obrand Hua, 2000;
FORRU, 2005). Some birds in the family Pycnonontidae play an impauknin
seed dispersal, such as Black-crested BulByinonotus malanicterus) which occurs
in a wide range of habitats and can eat many kinds of fr@itar{thorn, 2002,
Pattanakaew, 2002). Sooty-headed BulBytx ionotus aurigaster), Flavescent Bulbul
(Pycnonotus flavescens), and Red-whiskered BulbulPycnonotus jocosus) were
recorded as important seed dispersing agents in FORRU’s plan@dtlzeg are
common in the forest and are frequent visitors to deforested s#esral kilometers
from natural forest (Scot al., 2000)

Scottet al., (2000) studied the role of birds in forest regeneration by placed
artificial bird perches, made of simple and inexpensive bamboo pole, in two deforeste
sites in the highlands of northern Thailand to compare the effegisrofies on seed
deposition at (1) site that were being planted with framewesk $pecies and (2) site
undergoing by natural regeneration. They observed which bird specidsthese
perches, counted seeds dropped by the birds beneath the perchemratwed
seedlings that subsequently established. The study showed that eadg ke the
perches often enough to significantly increased seed depositiontonates sites,
both seed rain and seed germination significantly increased belovpeitohes
compared with control plots with no perches. Seedling survival belopeitobes was
also higher than in control plots. Several climax forest bird epesuch as White-
rumped Shama_pnchura striata) and Hill Blue FlycatcherQyornis banyumas) were
found in forest restoration plots, which have closed canopy tree ce8eye&rs after
planting framework tree species. The majority of bird-dispertsed seeds were
Antidesma acidum Retz. (Euphorbiaceae) Although bird perches are very inexpensive
and require minimal labor, tree planting does appear to be nfectiwd for restoring
biodiversity in deforested sites compared with using perches alcateiraN tree
recruitment beneath perches was higher at site with mod#saitebed and had some
tree cover. Therefore, artificial perches should be place witbragi®n tree planting
for more complex vegetation structure and food plants resourcesraot ateed-

dispersing birds.
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Graham (2002) compared bird visitation patterns to two tree species
(Dendropanax arboreus, Araliaceae;Bursera simaruba, Burseraceae) in continuous
forest and remnants of riparian vegetation in a region dominated diyrg@an Los
Tuxtlas, Veracruz, Mexico. Frequency of visitation, fruit consumptionsistency of
visitation (percentage of total tree observation periods during whigivem bird
species was recorded), and species composition of birds at indivafulaégh tree
species in continuous forest and riparian remnants were observedstiteshowed
that bird visitation rate, species richness, and fruit consumpties ve¢re similar
within both tree species in the two habitats. Bird species andcagumption in
Dendropanax was different between continuous forest and remnants, suggesting that
forest disturbance may affect the seed removal aspect of sgwstsdil for this tree
species. Bird visitation patterns Bursera appeared unaffected by forest disturbance.
Species that foraged Bursera were for the most part habitat generalists and were
common in both continuous and disturbed habitats. She concluded that habitat
disturbance may influence avian visitation patterns, which may in &ffect
subsequent recruitment patterns in some tree sp&tiesra trees placed in a small
remnant or open pasture would likely attract fruit-eating birdkotentially provide
a focal point for regeneration. ThereforBursera can be an ideal species for

reforestation initiatives.
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Puttanakaew (2002) used artificial bird perches to study the latoore
between bird-dispersed seed rain into regenerating sites anthti@yestructure on
eight plots in two study sites in northern Thailand. The densityspades richness of
birds and seeds was highest at the site with a greater aama shorter distances to
remaining forest patches. Areas with a high percentage of sumguizdest and with
shorter distances to forest supported a higher density and speltiesss of birds and
had higher seed input. Numbers of frugivorous birds observed on the plas we
positively correlated with the density of trees and fruiting trédthough artificial
perches eventually lost their usefulness as canopy cover intredss with a higher
percentage of canopy cover also had a higher percentage ofisesulgrol traps
suggesting that overall bird-dispersed seed input increased duringgémeeration

process.

Ingle (2003) investigated seed dispersal by wind, birds, and bats hetwee
Philippine montane rainforest and successional vegetation. More \gpedies in the
forest produced vertebrate-dispersed seeds than wind-disperded Iapet of forest
seeds into the successional area, both seed density and numbecie$ spere
significantly affected by distance from forest, dispersaht@®ind, birds, bats), and
the interaction between distance and dispersal agent. Input obratetelispersed
successional seeds into forest was significantly affectedlistance from source
habitat, and the interaction between distance and dispersal ageit, (bats).
Frugivorous birds dispersed more forest seeds and species intactiesssonal area
than bats, and more successional seeds and species into the fos). Fh@cies of
vertebrate-dispersed successional seeds, probability of dispemsdbriest declined
significantly with seed size. From the result, recommended thatimpd) forest trees
that themselves produce seeds into degraded areas will be ngdessacelerate
regeneration. Woody plants producing relatively small, wind- and bipkdied seeds

should be suggest for early colonization of cleared areas.
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Shiels and Lawrence (2003) added bird perches to six Puerto |Rictides
with three types of surfaces (bare, climbing fern, grass) trrdaete the ecological
role of birds in plant succession and to test the practicalityrohps to increase forest
seed inputs and accelerate forest recovery on landslides. Sikdasdgere randomly
chosen comprised of two landslides from each of the following tteeenant ground
cover types: climbing fern, grass, and bare. Four circular plots e&ablished on
each landslide. Two of the four plots on each landslide were randassigned
introduced perches and two plots served as controls. Subplots wdomig put in
each perch and each control plot to either trap seeds or redahlisted forest
seedlings. Bird observations were conducted on the six landslides tleatises for
perch additions. Numbers of bird-dispersed forest seeds were sigtiifitigher in
plots beneath introduced perches than in control plots. Perches did meatsend¢ree
seedling densities compared with control plots. Seven different pedies were
observed on introduced perches, because 99% of the seed inputs to controlstand per
plots in the six landslides were wind dispersed seeds. Pemchgisass and fern-
covered landslides tended to have a higher bird visitation ratep#rahes in bare
landslides. Therefore, perches may be most successful on landsétiésve enough
vegetative ground cover. They concluded that bird perches provide rsthitztre
that can be used to accelerate forest seed inputs to landdlitesupplemental
restoration techniques in addition to bird perches appear to be necssatyuld be
explored in future studies to increase forest seedling estabhslameé forest recovery

on landslides.
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Seedling Recruitment

Research on seedling recruitment or seedling establishmecomaantrated in
various factors such as mortality and competition for light, watsd, nutrients. One
of the main causes of mortality in seedlings is competition fotimer seedlings or
from surrounding vegetation (Gross, 1980). Herb patches have a major influence in the
density and distribution of tree seedlings (Maguire and Forman, 1983)r trde
seedlings in forests, the presence of an understorey can redusalsates (Lorimer
et al., 1994). Recruitment may be limited because seeds fail to arrivbe
recruitment sites because of lacking in seed dispersers, ipred#t seeds and
seedlings, and seasonal drought (Nepstadil., 1990). Another factor limiting
recruitment is the physical damage of the seedling, due tatbritis and other
disturbance (Clark and Clark, 1989, 1991).

Dos Santos and/alio (2002) studied the effects of litter accumulation on
seedling recruitment in a Southeast Brazilian tropical Foreste onthly
accumulation of litter and its relation to climatic factadh as rainfall, photoperiod
and temperature), also the litter effect on the recruitmesegexdlings were observed in
40 sampling sites under the selected trees canopy in the M8enteeGenebra forest.
The correlation between litter accumulation and climatic way weeak. Litter
accumulation and seedling recruitment had large spatial and tenvaoiations in
different sites. High seedling mortality was observed aitds, mainly during the dry
season. Biotic factors such as predators and disease magudsoseedling mortality.
Under the canopy, the removal of the litter layer increasedlisg emergence.

Seedling recruitment also increased in response to rain.
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Lambers and Clark (2003) determined the effects of dispersal, shrubs
(Rhododendron maximum), and density-dependent mortality on seed and seedling
distributions of Southern Appalachian trees. They quantified the sgegiabution of
seed rain, seed bank densities, first-year seedlings, and lndatefirst-year seedlings
in five vegetation plots. The result showed that recruitment ofredl species is
limited by seed dispersal at early life history stageedSeand seedlings of most
species are clumped near adult trees. Seed size is ggmegeitively correlated with
seed dispersal distances but positively correlated with seedimniya. Seedling
densities of five species are decreased beriRathaximum. Increased of seedling
mortality under this shrub is likely a result of more than simgtiuced light. Density-
dependent mortality affected four species, decreasing seeééinsgies close to parent
trees. Finally, they concluded that dispersal, density-dependentlityoréamd R.
maximum all these multiple factors are likely to interact to affeeed and seedling

distributions.

Wilson et al., (2003) studied the effects of possums and rats on seedling
establishment at two forest sites in New Zealand. The seeelitadplishment was
investigated in exclosures with mesh of two different sizexttude (1) possums and
(2) possums and rats, at two mainland forest sites. One sta fenced remnant of
second-growth broadleaved-podocarp. The second site was protectegbeectrp-
broadleaved. Numbers of seedlings with true leaves differatfisantly between
treatments after 1.5 years at both sites and after 2 yeadseech-podocarp-
broadleaved forest. Both exclosure treatments increased seadimiers in the
second-growth broadleaved-podocarp, possums were present throughout g site
rats were rare. Thus, excluding rats did not further increasdlisg establishment
compared with excluding only possums. In contrast, in the beech-podocarp-
broadleaved forest rats were present periodically throughout ullg, diut possums
may have been scarce during the final 7 months as a res@stofgntrol. Therefore,
excluding possums did not significantly elevate seedling numbersxtludmg rats
increased the number of seedlings with true leaves. They conclindé¢dthe

consequences of these pest impacts on seedling recruitment for forest remgenerati
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must be confirmed in longer-term studies. exclosures can betieflg used to

experimentally separate the impacts of different herbivores on seestiaiishment.

Lorenaet al., (2005) studied canopy and soil effects in the facilitation ef tre
seedlings by pioneer shrubs, in two successional montane shrublatigs Sierra
Nevada Protected Area, Spain. The canopy effect involves the tm@bc
amelioration and the possession of canopy structures that pdotssteling from
herbivores (e.g. thorns, spines). The soil effect involves the mddificahat
vegetations produce on chemical, physical and biological soil prope3gesllings of
Quercus and Pinus species were planted in four experimental treatments: (1) under
shrubs; (2) in open interspaces without vegetation; (3) under shrubs thieere
canopies were removed; (4) in open interspaces but covering ssedglithgranches,
mimicking a shrub canopy. Seedling survival, heights, herbivory daraadethe
accumulated Relative Growth Rate (RGR) were calculated gldhi@ whole study
period. Pioneer shrubs facilitated early recruitment of treadlisgs in the
Mediterranean mountains. Seedling survival was higher with shmabgar any other
treatment without shrub in the study sites. Both canopy and sodtefienefited
seedling performance. The canopy effect due to canopy shadingtheamain
mechanism enhancing seedling survival and growth. Modification opkgdical and
chemical properties by shrubs (soil effects) exerted a |ldweeefit over seedling

survival and growth than the canopy effect.
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Related resear ch at study site

Chantorn (1999) studied the effects of forest restoration acsiwotiethe bird
community of a degraded upland watershed at at Ban Mae Sa Majuilep-Pui
National Park. He conducted bird surveys in tree planting plots, whidhbban
planted with 29 "framework" tree species in June 1998 compared with naeepla
control plots that were abandoned agricultural areas, undergoing mageaération.
Furthermore, survey of birds feeding in fruiting trees in clireagrgreen forest was
carried out to help determine which bird species might be involvedperdiag seeds
from forest to deforested areas. Sixteen bird speciesabserved in planted areas.
The most common species was the Grey-breasted PHn@Eg hodgesonii). In the
non-planted plots 33 species were observed. The most common specieslatiedi
the Grey-breasted PrinidPrinia hodgesonii) as well as the Red-whiskered Bulbul
(Pycnonotus jacosus). In evergreen forest, he observed birds feeding in four fruiting
trees specied)ex umbelulata (Wall.) Loesn. (Aquifoliaceae)intidesma montamum
Bl. (Euphorbiaceae),Nyssa javanica (Bl.) Wang. (Nyssaceae) an#icus sp.
(Moraceae) the most common species was the Black-crested B&Nauonotus
melanicterus). He concluded that low bird species richness in the planted pasts w
probably the result of weeding activities, necessary to allowltmed trees to grow.

It was expected that bird species richness would increase gdatited trees reach
maturity and provide a greater variety of resources and nicksss,reported by
Anusarnsunthorn and Elliott (2004) and Sebtil., (2000).
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Navakitbumrung (2003) studied effects of mature trees on seedling
establishment on deforested sites at Ban Mae Sa Mai, to detethe effects of
mature isolated trees on tree seedling recruitment in defddraséas and to find out
which tree species should be planted to attract seed-dispersisg®aven species of
remnant tree in deforested sites incluéddéalzia chinensis (Obs.) Merr. (Luguminosae,
Mimosaceae) Callicarpa arborea Roxn. var.arborea (Verbenaceae)Castanopsis
diversitifolia (Kurz) King ex Hk. F. (Fagaceae)Erythrina stricta Roxb.
(Leguminosae, Papilonoideadjucalyptus camaldulensis Dehnh. (Mytaceae)Rinus
kesiya Roy. Ex Gord. (Pinaceae) asdhima wallichii (DC.) Korth. (Theaceae) were
chosen. All naturally established tree seedling were survieyeiicular plot beneath
fifty-one remnant trees , along with control plots (containing re) tnearby each tree.
Bird observations were done on the remnant trees studied and on fruiting treed in intac
forest. He found that most remnant trees did not increase sesdimigment beneath
their crowns, except fogchima wallichii (DC.) Korth. (Theaceae), which was most
attractive to birds. The density and species richness of adispErsed seedling
beneath mature remnant trees did not depend on their species, no fafatietseen
tree size and seedling density established beneath their crovairsy-seven planted
species in intact forest were dispersal by birds. He found $watiged Bulbul
(Pycnonotus aurigaster), Flavescent Bulbul Rycnonotus flavescens), and Red-
whiskered Bulbul Pycnonotus jocosus) were importance dispersal agents in the
FORRU’s planted areas.
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Toktang (2005) studied the species diversity and composition of bird
community in forest restoration area using framework tree spew¢hod at Ban Mae
Sa Mai, Mae Rim District, Chiang Mai, in Doi Suthep-Pui Natidpatk. Bird surveys
were carried out to determine the species richness, diversity,aimednd density of
birds in non-planted control plots planted plots of different ages edtatlin 1998,
2000 and 2002. Observations of bird behavior in the planted trees were matje. Thi
six bird species were observed in the non planted control plots and a total of 68 species
in planted plots; 43, 45 and 47 species in 2002, 2000 and 1998 planted plots
respectively. Bulbul species e.g. Red-whiskered Bulbul, Sooty-tieBdéul and
Flavescent BulbulRycnonotus flavescens) were the dominant species in the planted
plots. Chestnut-capped Babbl@irtalia pileata), Red-whiskered BulbulRycnonotus
jocosus) and Grey-breasted Prini®r{nia hodgesonii) were the dominant species in
the non-planted control plots. The study showed that framework tree speciesgulantat
increased bird species richness and attracted several birdsspdtieh could disperse
seeds into planted areas and help accelerating forest regamehatiaddition, tree
planting attracted more forest birds as the plots matured-tRiftg percent of bird
species recorded in planted plots were the same as bird sgeceted in the nearest

remnant patch of natural forest located 2-3 km away from the study plots.



CHAPTER 3
STUDY SITE

Planted plots description

Planted framework tree species plots established by FORR&Jphanted near
Ban Mae Sa Mai (BMSM) in Doi Suthep-Pui National Park, Chiang Rtavince of
northern Thailand (Figure 3.1 and 3.2). The planted plots had been covered with
evergreen forest, cleared approximately 20 years previously, to preande for
cultivation of cash crops. Along the road and near the planted plotsfeds were
still cultivated for cabbage (Figure 3.3). The abandoned fields weréndt@md by
herbaceous weeds suchRieridium aquilinum (L.) Kuhn (Dennstaedtiaceaddidens
pilosa L. var. minor (Bl.) Sherf, Ageratum conyzoides L., Eupatorium odoratum L.
and E. adenophorum Spreng. (all Compositae)Commelina diffusa Burm. F.
(Commelinaceae) and grasses, eRfpragmites vallatoria (Pluk. ex L.) Veldk.,
Imperata cylindrical (L.) P. Beauv. varmajor (Nees) C.E. Hubb. ex Hubb. and
Vaugh. andrhysanolaena latifolia (Roxb. Ex Horn.) Honda (all Gramineae) (Elliett
al., 2000 and Khopai, 2000).

Figure 3.1 Ban Mae Sa-Mai, Mae Rim District, in Doi Suthep-Pui National Park,

Chiang Mai, Thailand. The main Forest restoration sites by FORRU
(Photo taken by Peter Whitbread-Abrurat)
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Figure 3.2 Map of Doi Suthep-Pui National Park, Chiang Mai.
The green color shows Doi Suthep-Pui National Park area

and location of Ban Mae Sa Mai Village.
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The remnant trees scattered around the restoration area inoMidieth
chinensis (Osb.) Merr. (Leguminosae, Mimosoidea€gllicarpa arborea Roxb. var.
arborea (Verbenaceae)Erythrina stricta Roxb. (Leguminosae, Papilionoideae),
Gmelina arborea Roxb. (Verbenaceae)Hedliciopsis terminalis (Kurz) Sleum.
(Proteaceae)Xerculia villosa Roxb. (Sterculiaceae) an8chima wallichii (DC.)
Korth. (Theaceae) (Hitchcock and Kuaruk, unpublished). The other remnestirire
the areas wer€astanopsis diversifolis (Kurz) king ex Hk. f. (FagaceaeBauhinia
variegata L. (Leguminosae, Caesalpinioideag&jema orientalis (L.) Bl. (Ulmaceae),
Ficus hispida L. f. var. hispida (Moraceae) (Navakitbumrung, 2003). These trees
species provided a potential seed source for natural forest ragene® natural
sacred forest, located 2-3 km. away from the planted plots was eserfprest with
natural pine trees near the summit (Figure 3.4). Fruit bats es&l bBspecially bulbuls
were the seed-dispersing agents, deposited small to medium-sexsl feom forest
into the planted plots, although remnant populations of small to mediurd size
vertebrates (e.g. Common Barking Deer, Common Wild Pig, Holg@&aand civets)
may play a role in long-distance seed dispersal. Dispersers of the kagds by large

animal (e.g. Asian Elephant, wild cattle, rhinos) have been extirpated fraanethe
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Figure 3.3 Cabbage cultivation near the planted plot is very common
agricultural landscape in Ban Mae Sa Mai

Figure 3.4 Natural sacred forest located 1-3 km. near the planted plots
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1998 - Framework species plots

Plots planted in 1998 were positioned in a degraded watershed area, 3-5 km
from the village (18° 52’'N, 98° 51'E), altitude at 1,207-1,310 m above sea level
(1,000 m elevation at BMSM village) (Ellio#t al., 2000), 5-10 % of slope and 350°
aspect (Khopai, 2000). Three replicated plots; 1998-1, 1998-2 and 1998-3 were
positioned along or immediately below the ridges of a degradeershed area, 2—-3
km from the village, at 1207-1310 m above sea level, respectivelyr¢F3gs). These
plots were located adjacent to non-planted control plots The 1998-1 wéasdldca
altitude at 1,250 m approximately above sea level. This plot is otiee ahost well-
known plots for FORRU visitors (Figure 3.6 and 3.7). The 1998-2 was tboate
altitude at 1,275 m approximately above sea level. In front of tiaspthe cultivation
land, used to grow cabbage or other cash crop every year (Figured3389. This
plot is the shadiest plot with lowest ground vegetation cover. The 1998-Beated
in altitude at 1,300 m approximately above sea level. The remnast fwover near
this plot was burnt out by fire in the dry season 2006 (Figure 3.10 and Bdiigver,
FORRU planted trees in June 2006 to restore this area (2006 plot).

These plots were located adjacent to non-planted control plots. Tweety-ni
framework tree species were planted in 1998. Legumes (Fanglynhieosae), Oaks
and chestnuts (Fagaceae) aRttus spp. (Moraceae) were considered potential
framework tree species groups. Trees were planted randomlydahsaty of 500
saplings per rai (3125 per hectairelach plot (40 x 40 m.). Averaging mean distance
between planted trees was 1.8 m. The planted plots were 8-9 ydadsrilg the
study period, with dense canopy cover and had the tallest lmeesst ground flora
cover and more shade compared with all other plots, planted after 1lig§d8arHount
of tree fall debris were found on the re-forest floor in theyra@ason. The tallest
planted trees werdlelia toosendan, Erytrina subumbran, and Spondias axillaris.
These tree species were selected in this study. They prodoweesisf and fruits to

attract seed-dispersing animal such as bird and small mammal (FORRU, 2005)
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Figure 3.5 Map of study plots in FORRU's planted area at Ban Mae Sa Mai in
Doi Suthep-Pui National Park. The red circles indicate the 3 replicated
plots; 1998-1, 1998-2 and 1998-3 (Navakitbumrung, 2003).
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Figure 3.7 A look inside plot 1998-1
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Figure 3.8 Plot 1998-2 shows many tall planted trees with cabbage cultivation

in front of the plot

Figure 3.9 Inside plot 1998-2.
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Figure 3.11 Inside plot 1998-3 show high density of planted tree



CHAPTER 4
METHODOLOGY

1. Materials and equipmentg(Figure 4.1)

1.
2.
3.

10.
11.
12.

© © N o o b

Measuring tape (1.5 and 50 m)

Plastic string

Knife and scissors

Bamboo poles

Hammer

Metal labels

Vernier caliper

Lux / Fc light meter, TENMARS, Model: DL -204
Binocular (8 x 32 mm)

Bird guide (Lekagul and Round, 1991)

Data sheet (seedling survey and bird survey)

Digital photo camera

Figure 4.1 Materials and equipment
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2. Method
2.1) Tree seedling recruitment study
2.1.1) Framework tree selection
Five species of framework trees, which have different aliditsggact
seed-dispersing birds according to the studied of Toktang (2005), eleotesl for

this study (see Appendix A for details of each species)5Tin@mework tree species
are:

1. Erythrina subumbrans (Hassk.) Merr. (Figure 4.2)
2. Hovenia dulcis Thunb. (Figure 4.3)

3. Mdlia toosendan Sieb. & Zucc. (Figure 4.4)

4. Prunus cerasoides D.Don (Figure 4.5)

5. Spondias axillaris Roxb. (Figure 4.6)

Figure 4.2 Erythrina subumbrans (Hassk.) Merr. (Leguminosae, Papilionoidea)
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Figure 4.4 Meliatoosendan Sieb. & Zucc. (Meliaceae)
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Figure 4.6 Spondias axillaris Roxb. (Anacardiaceae)
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Five individual trees of each species were selected (25) thems the 3
replicated planted plots in 1998 (Five trees in 1998-1, 10 trees in 1998-2 ard<lO t
in 1998-3). Each plot was located in different areas.

2.1.2) Sampling plots

A total of 25 circular plots were laid out beneath each of thetsgle
trees for seedlings sampling (Figure 4.Bjze and shape of the tree crowns
determined the size of each sampling plots. The tree size (@BHplots areas are

listed in Appendix B.

Figure 4.7 Sampling plot beneath the framework tree species
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2.1.3) Seedling survey

All natural tree seedlings presented in each plot were surveyed.

Seedlings were labeled, identified, and classified accordingeio $eed-dispersal
mechanism. All seedlings were identified by J.F. MaxwellnPtaxonomist of
CMU Herbarium. The root collar diameter and height of everylses were
recorded to determine average relative growth rates (%eae). The first seedling
survey was done during the dry season between March - April 2006, and exbnitor
after the rainy season in November 2006. The final seedling survejomasn July
2007.

2.1.4) Survey of ground vegetation and light intensity measurement

Percent estimation was used to quantify abundance of the ground
vegetation (Goldsmitkt al., 1986) as follow:

x = less than 1%, sparsely or very sparsely present, cover very small
1-5 % = small cover value
6-25 % = very numerous
26-50 % = covering ¥ to %2 of the area.
51-75 % = covering %2 to ¥ of the area

75-100 % = covering more than % of the area

Light intensity measurements using Lux / Fc light metee vdeme

beneath each selected tree for in July 2007.



36

2.2) Bird Survey
2.2.1) Bird observation time for each tree

Bird observations using binoculars were carried out on each fraknewor
tree crowns once a month for twelve months during July 2006 - June 200&.0fTim
the observation in each planted plot depended on the number of the steeiedl tr
total bird visitation period for each tree were 20 minutes/tRadomly walks after
every 5 minutes of observation from tree to tree were used to anwmdbtas. The
observation period for all selected tree in 1998-1 (5 trees) wade m the mornings
during 6:30 — 8:30 and in the late afternoons during 16:00-18:00, whilst observation
period for the selected trees in 1998-2 and 1998-3 (10 trees for eachgr®thade
in the mornings during 6:30 — 10:30 and in the late afternoons during 14.30-18:00.

2.2.2) Bird data collection

Bird species, number of birds, duration of visit, behavioral acte:idy
perching, feeding on fruiting tree / insect / nectars, dafecainder tree crowns)
were recorded. The observed birds were classified accordingitodibeand the

parts of the tree used by théeng. crown user, understorey user and ground user).
2.3) Data Analyses

The Microsoft ExceP spread sheets were used to analyze both seedling and
bird quantitative data (e.g. mean density, number of speciesumuerarea).
Ecological indices of the tree seedling and bird community wedilated for each
of the studied plot by MVSP 31 a multivariate statistical package programs
(Kovach computing services, 2000).
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Ecological indices
Species Richness
NO = total number of seedling/bird species

Species diversity indices

Species diversity (Hill's number) of seedlings and bird communitie
in each studied plot were calculated by the following indices (N1, N2)

N1=¢&"
N2 =24/
Where: N1 =

number of abundant species in the studied plot

N2 = number of very abundant species in the studied plot

L
I

Shannon’s index

>
1

Simpson’s index

Shannon’s Index (H’)

H = X plnp
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Simpson’s Index {)

Where: p = proportion of individuals of the"i species
P = ni/N
Where: n = number of individual of the"l species

N = total number of individual
S = total number of species

Evenness (Modified Hill's Index)

E5 =(1A) - 1
g -1

Similarity coefficients

The degree of similarity in seedlings and bird species composition
among each of the studied trees were calculated on Microsoft*Esreladsheet

using Sorensen’s index.

Sorensen’s index = 2C
A+B
where: C = number of species found in both sampling units (SUs)
A = total number of species in the first sampling units

B = total number of species in the second sampling units



39

Relative growth rate

Root collar diameter and height of natural tree seedlings were
recorded for the calculation of relative growth rate of root collar dianllRRGR)
and relative growth rate of height (RHGR) by formulas as follows:

Relative growth rate of root collar diameter (RRGR)

RRGR (% increase per year) = [In(RCD2)-In(RCR1POx365

T2-T1
where: RCD2 = root collar diameter of seedling in the last survey
RCD1 = root collar diameter of seedling in the first survey
T2-T1 = number of days between T1 and T2
In =

natural log

Relative growth rate of height (RHGR)

RHGR (% increase per year) = [In(H2)-In(EK))0x365

T2-T1

where: H2 = height of seedling in the last survey

H1 = height of seedling in the first survey
T2-T1 = number of days between T1 and T2

In = natural log
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Seedling health

Health scores of the natural tree seedlings were recorded and

calculated as follows:

Ha = (H1+ H2 +H3)
3

where: Ha = health average

H1 = health score of seedling species in first survey
H2 = health score of seedling species in second survey
H3 = health score of seedling species in third survey

The health sore was divided into 4 levels (Khopai, 2000):
0 = dead
1 = not healthy, no leaves but still alive
2 = normal, but may have some yellow leaves, brown spot,

insect damage, etc.
3 = healthy

Seedling survival percentage

Percentage of seedling survival were calculated as follows:

Survival (percentage) = (SN/TN) x 100

where: SN = Number survived

TN = Total number of seedlings
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Statistical Analysis

The data on natural tree seedling and bird communities were tested
for differences among plots beneath each of the studied frakevem species
using ANOVA andt-test in the Microsoft Excef’ spreadsheet program. The linear
comparison analysis using correlation in the Microsoft EXcareadsheet program

was used to test for relationship between seedlings and bird communities.



CHAPTER 5
RESULTS

1. TREE SEEDLING SURVEYS

1.1) Tree seedling recruitment in each selected framework tree p#ot

The total numbers of seedlings and seedling species of eacmgegmiup
shown in Table 5.1 was found beneath the selected framework treesebeipril
2006 and July 2007, of which 11 species were wind-dispersed (55 individua®) and
species were animal-dispersed (381 individuals). Seedling communiies
composed of the group of seedlings, which were the same species pkrited
framework trees in the 1998 plots, considered as “planted speoi@sha group of
seedlings, which were the non-planted species in the 1998 plots, comhsadere
“recruited species” (Table 5.2). Number of seedlings and numbeeoies found in
all sample tree plots are shown in Figure 3e most abundant seedlings in all the
sample plots beneath all selected framework tree Wisea monopetala (Roxb.)
Pers. (Lauraceae) (148 seedlingSpstanopsis cerebrina (Hickel & A. Camus)
Barnett. (Fagaceae) (84 seedlingsiphoebe lanceolata (Wall ex Nees) Nees
(Lauraceae) (61 seedlingsgugenia albiflora Duth.ex Kurz. (Myrtaceae) (21
seedlings)Aporusa octandra (Buch.-Ham. ex D. Don) (Euphorbaceae) (17 seedlings)
(Table 5.3). Natural tree seedlings in each selected frarketnees were listed in
Appendix C (Table C1).

Table 5.1 Total numbers of seedlings and numbers of seedling species found beneath

the selected framework tree plots between April 2006 and July 2007

Seedling groups No. of seedling species No. of seedling
Wind-dispersed seedling 11 55
Animal-dispersed seedling 25 381

Total 36 436
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Table 5.2 Number of seedling of planted and recruited (non-planted) species beneath

each planted tree species crowns

No. of animal-dispersed

No. of wind-dispersed

seedling

Planted Recruited Tota Planted Recruite Tota

seedling

Tree plots

ies
122

d spec

I species

20

species

species

78
10
45

44

18

2

Erythrina subumbrans

Hovenia dulcis

15
88

43

11
16

Melia toosendan

36 117

81

Prunus cerasoides

39

29

10

ias axillaris

Soond

55 183 198 381

35

20

Total

142

:
i
e,
i

99

PP TR

133

EE

(o))

u1|paas Jo ‘ou / sBuljpass Jo ‘0N

HO

SP

ME

PR

ER

Selected Framework Trees

& No. of seedlings

ing species

B No. of seed|

Il sample plots

ies found in a

ing species

Figure 5.1 Numbers of seedlings and seedl

beneath each selected framework tree species
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Population density (no./fhand species richness (no. of speciéksiof total
seedlings (Table 5.4) were highest in ®rainus cerasoides-plots, whilstHovenia
dulcis-plots supported the lowedRopulation density and species richness of wind-
dispersed seedling were highesPiunus cerasoides-plots (Table 5.5), whilst species
richness of animal-dispersed seedling were highedrythrina subumbrans and
Prunus cerasoides-plots (Table 5.6) Population density of seedlings was correlated
with the species richness of seedlind<®91)(Figure 5.2). Population density and

species richness of seedlings in all tree plots were list in Appendix G6T@gtC4).

Table 5.4 Population density (nonand species richness (no. of speciésth
total seedlings in each sample tree plots (+ standard deviation)

All seedling ER HO ME PR SP

Population density 1.3320.72 0.30+0.14 1.20+1.58° 1.52+1.14° 0.25+0.17
Species richness  0.35+0.18 0.21+0.16° 0.30+0.26° 0.38+0.23° 0.11+0.07

Remark: different superscript alphabets = significant difference® @B)

Table 5.5 Population density (no?nof seedlings divided by dispersal mode

beneath each sample tree plots (= standard deviation)

Population density

Dispersal

mode ER HO ME PR SP
wind 0.19+0.0%  0.04+0.10 0.08+0.08° 0.23+0.24° 0.02+0.03
Animal 1.15+0.68 0.26+0.17 1.11+1.58° 1.29+1.08° 0.23+0.14°

Remark: different superscript alphabets = significant difference& (B)
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Table 5.6 Species richness (no. of specisainseedlings divided by dispersal mode
beneath each sample tree plots (x standard deviation)

Species richness

Dispersal
mode ER HO ME PR SP
wind 0.11+0.08 0.03+0.058° 0.05+0.04° 0.13+0.12° 0.02+0.03

Animal 0.26+0.13 0.18+0.1f° 0.25+0.17° 0.25+0.1% 0.09+0.08

Remark: different superscript alphabets = significant difference® @B)

g
o
inN
o

|

0.35-
0.30-
0.25-
0.20-
0.15-
0.10-
& 0.05-
0.00 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
000 020 040 060 080 1.00 120 140 1.60

*

y=0.1731x + 0.1129
R? = 0.9059

ecies richness of seedlin

Mean Population density of seedlin

Figure 5.2 Population density of seedling was positive correlated with the
species richness of seedling=’R90)
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1.2) Ecological indices

Ecological indices were used to quantify seedling diversity isaatiple plots
beneath each selected framework tree species (Table 5.7). Highe®s richness of
seedlings (NO = 12) was found in tReythrina subumbrans-plot 1 (ER1) andVelia
toosendan-plot 1 (ME1). Lowest species richness (NO = 1) was found iitvenia
dulcis-plot 2 (HO2). Species richness for each species of seleasukvirork tree
was highest beneatirythrina subumbrans-plots (NO = 24) and lowest iHovenia
dulcis-plots (NO = 8).

Seedling diversity was highest in tBeythrina subumbrans-plots (Shannon’s
index, N1 = 8.39) an@pondias axillaris-plots (Simpson’s index, N2 = 1.50), whilst
the lowest diversity was found in tlidovenia dulcis-plots. (N1 = 6.07, N2 = 1.20).
Highest evenness was found in tB@ndias axillaris-plots (E5 = 0.12), whilst the

lowest evenness was found in fPreinus cerasoides-plots (E5 = 0.03).
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Table 5.7 Ecological indices of natural tree seedlings in all sample plo@theaeh

selected framework tree species

Tree plots No. of Richness Species diversity Evenness
seedling NO N1 N2 E5

Erythrina subumbrans ER1 42 12 3.85 1.90 0.32

ER2 36 6 2.97 1.86 0.44

ER3 13 7 6.59 1.10 0.02

ER4 31 9 6.40 1.22 0.04

ER5 20 6 3.52 1.71 0.28

Total 142 24 8.39 1.28 0.04

Hovenia dulcis HO1 7 6 5.74 1.05 0.01
H O 2 2 1 *kkk *kkk *kk*k

HO3 2 2 2.00 1.00 0.00

HO4 6 3 2.75 1.36 0.21

HO5 3 2 1.89 1.50 0.56

Total 20 8 6.07 1.19 0.04

Melia toosendan ME1 21 10 6.58 1.21 0.04

ME2 4 4 4.00 1.00 0.00

ME3 3 3 3.00 1.00 0.00

ME4 57 7 2.98 1.72 0.36

MES 14 6 4.65 1.26 0.07

Total 99 17 5.98 1.35 0.07

Prunus cerasoides PR1 15 8 7.32 1.09 0.01

PR2 11 6 5.33 1.15 0.03

PR3 62 7 2.02 3.39 2.35

PR4 26 7 5.67 1.21 0.04

PR5 19 5 3.97 1.32 0.11

Total 133 18 8.08 1.25 0.03

Soondias axillaris SP1 8 2 1.75 2.33 1.76

SP2 4 3 2.83 1.20 0.11

SP3 3 2 1.89 1.50 0.56

SP4 11 5 3.19 1.62 0.28

SP5 16 7 3.79 1.60 0.21

Total 42 11 5.01 1.50 0.12

Remark: **** Two seedlings per one species, therefore can't calculate tiversi

and evenness.
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1.3) Similarity indices

Sorensen’s index was used to compare the seedling communitidéls in a
sample plots beneath each selected framework tree species.siflarity
coefficient equals to 1, when two seedling communities in the sagnplots have

identical species composition and 0 when there is no shared species.

The Méelia toosendan and Prunus cerasoides-plots were the most similar
(Sorensen’s index = 0.62), whilst the most different seedling comiesinitas
found between th&rythrina subumbrans and Spondias axillaris-plots (Sorensen’s
index = 0.42) (Table 5.8). Wind-dispersed seedling communities betd@enia
dulcis and Prunus cerasoides-plots were the most similar (Sorensen’s index =
0.89), whilst most different was found betwelerunus cerasoides and Spondias
axillaris-plots (Sorensen’s index = 0.44) (Table 5.9). Animal-dispersed seedling
communities betweeRrunus cerasoides and Spondias axillaris-plots (Sorensen’s
index = 0.70), whilst most different was found betw&eythrina subumbrans and

Hovenia dulcis-plots (Sorensen’s index = 0.42) (Table 5.10).
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Table 5.8 Similarity coefficients (Sorensen’s index) of natural treeiaged|

communities between framework tree species

Plot pairs ER HO ME PR SP
ER - 0.44 0.49 0.57 0.42
HO 0.44 - 0.56 0.62 0.45
ME 0.49 0.56 - 0.57 0.52
PR 0.57 0.62 0.57 - 0.56
SP 0.42 0.45 0.52 0.56 -

Table 5.9 Similarity coefficients (Sorensen’s index) of wind-dispersedisged|

communities between framework tree species.

Plot pairs ER HO ME PR SP
ER - 0.50 0.62 0.53 0.50
HO 0.50 - 0.86 0.89 0.67
ME 0.62 0.86 - 0.60 0.57
PR 0.53 0.89 0.60 - 0.44
SP 0.50 0.67 0.57 0.44 -

Table 5.10 Similarity coefficients (Sorensen’s index) of animal-disperseltirsg

communities between framework tree species.

Plot pairs ER HO ME PR SP
ER - 0.42 0.50 0.59 0.43
HO 0.42 - 0.47 0.50 0.50
ME 0.50 0.47 - 0.56 0.67
PR 0.59 0.50 0.56 - 0.70

SP 0.43 0.50 0.67 0.70 -
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1.4) Relative growth rate (RGR) of seedlings

Relative growth rate of root collar diameter (RRGR) and radagrowth
rate of height (RHGR) were calculated for natural tresdigags in all tree plots.
Seedlings in each framework tree species plots (Table 5.11)dweded into 2
groups according to their dispersal mechanism (Table 5.12). RR8R of
seedling species (Table 5.13) was highest lkora cibdela (Rubiaceae), 51.3
(%lyear) followed byWendlandia scabra var. scabra (Rubiaceae), 48.7 (%l/year)
andHorsfieldia amygdalina var. amygdalina (Myrsinaceae) 42.5 (%/year). RHGR
(cm.) of seedling species was highestHaiciopsis terminalis (Proteaceae) 146.0
(%lyear) followed byEngelhardia spicata. var. spicata (Juglandaceae) 51.9
(%/year) andBauhinia variegata (Leguminosae, Caesalpinioideae) 45.0 (%/year).

Table 5.11 Mean RRGR and RHGR of all seedlings in each framework tree plots
(x standard deviation)

Tree plots n RRGR (%/yedl) RHGR(%l/yeary
Erythrina subumbrans 142 26.0+45.2 20.3+26.6
Hovenia dulcis 20 41.1+56.6 16.8+21.9
Melia toosendan 99 16.2+35.3 16.3+12.5
Prunus cerasoides 133 44.1+46.2 14.0£11.1
Soondias axillaris 42 22.2+37.9 19.3+40.0
Total 436 35.2+50.0 18.4+21.3

Remark: ns = no significant difference between each framework tree ptotO%p

Table 5.12 Mean RRGR and RHGR of each seedling groups according to their

dispersal mechanism (+ standard deviation)

Seedling groups n RRGR (%/yedr) RHGR(%/yeary®
Wind-dispersed seedling 55 25.6£19.5 18.2+23.1
Animal-dispersed seedling 381 34.7+23.9 15.3+17.4

Total 436 35.2+50.0 18.4+21.3

Remark: ns = no significant difference between seedling grox@s0®)
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1.5) Health average and percent survival rate

The health average score and % survival rate of all nateelstedlings
were calculated (Table 5.14). Twenty-eight species from 36 spedigsee
seedlings had 100 % survival rate from 20 April 2006 - 21 July 2007 (458. days
Serculia villosa had the lowest average health score and % survival rate. Seven
species were recorded as dead\bizia chinensis (1 individual), Castanopsis
cerebrina (1 individual), Erythrina subumbrans (1 individual), Litsea monopetala
(5 individuals), Phoebe lanceolata (3 individuals), Prunus cerasoides (2
individuals), Schima wallichii (1 individual) andSerculia villosa (1 individual).
Melia toosendan-plots had the highest % survival rate of tree seedlings (97.9%),
whilst Hovenia dulcis-plots had lowest % survival rate of tree seedling (95.0%).
Average health score of seedlings under each selected framee®mkere slightly
different with lowest average health score recordediondias axillaris-plots
(Table 5.15).



56

o€ 00T T T ‘ziny sleuwelsisdonipH T2
0€ 00T T T ‘ppag eouibejuenipH 02
8¢ 00T € € BSIDUIgNSIeA "WS “J resnuignssnil4 6T
¢'¢ 00T T T Jepidsiysnol4 81
G¢ 00T TT T BUIYJeA "JUeA BLIIYSNOI4 /T
LZ 00T T¢ T2 "ZINy| Xa'yingeJojjigeeiuebng 9t
€c Gg'/8 A 8 "IN ("MsseH) suelquingns eulypAig G
9¢ 00T T T eleoIdsen *|q X8 "uayoaT eeoids eipreypbuy T
G'¢ 00T Z Z ‘awn|g erelkeselpreypbug €1
¢'¢ 00T T T |9 X8 "Mulay Skulwnwowreuul) 2T
L 00T T T "'S99N Wnjepned wnwowreuut) TT
o€ 00T T T '0a 'V (Ws) soplojngiisisdouesed 0T
9¢ 8'86 €8 v8 ‘ZINY euligeeo sisdouese) 6
62 00T Z Z BSOJUBLLIOT JeA awn|g esojuawol elppllg 8
€¢ 00T T T sdeoue.en allald sdaoue xequiog  /
G¢ 00T T T JerbolreAeluyneg 9
elreadA o
9'¢C 00T A 2T “renelreadAidss uas|aIN 'O | (9er) elseadAjo uopuspIyoly G
G'¢ 00T T T "9]WO0297 X3 alldld eusseln ele|inby
q'¢ 00T LT LT (uo@ "@ x@ "weH-"yong) elpuepo esniody €
0¢€ 00T Z Z ‘yuag (‘47)ewssieiopoeziqy g
o€ €'€es8 S 9 "IN (‘'gsQ) ssusulyo eziqy T
yljeay abeiany [eAININS O, bulureway sbulpaas sa10ads "ON
JO "OU [e101

asDagmgeinieu e Jo a1kl [eAIAINS 05 pue 8109S abelane yieay ayl #T°S ajgel



57

9¢ 196 6TV oty el
8¢ 00T S g rIqess Jen ziny| eigedss eipuepusp\  9€
o€ 00T T T anses % ‘Buanill (‘J)O0H) lydljemesplouuse] Ge
9T 009 T c ‘gX0Yy eso||IABINDRE V€
L' €26 T €T "yuoy (F0Q) ydliemewIyS €€
(A4 999 14 9 uoq ‘gseplosesrsosnunld Z€
9¢C 0'S6 85 T9 ‘'S99 (S98N X8 ‘|[e/\\) elejosoue|ageoyd  TE
8¢ 00T T T alland luoj|req elpydiN - 0¢
o€ 00T T T '00N7Z % "(9IS UepussoOl BIPIN 62
Gg'¢ 00T 14 14 (‘wre) ssueddijiydsniojein 82
9¢ 00T 9 9 "JX0Y X2 S9N eljoJoIfes ess)| /2
74 996 vl 8¥T ‘s19d (‘qxo0y) eepdouow ss)7T 92
L¢C 00T T T 'Slad egegnoessll  Ge
L¢C 00T T T ‘greld eppqReiox| {2
9'¢C 00T € € eulepbAwre ren "grem ('[repn) eulfepbAe elpplsioH €2
T¢ 00T S S 'SWIS xa'qxoy ebnliyesufeH 2z
yleay abeiany [eAIAINS O, Bulureway Bulpaas sol0ads "ON

JO "0u [e10]

(panunuoo) ¥T°G a|qeL



58

Table 5.15 The average health score and % survival rate of all naturakuléegse

under each selected framework tree plots from 20 April 2006 - 21 July

2007.
No. of Average
Tree plots seedlings  Remaining %Survival Health
Erythrina subumbrans 142 135 95.0 2.6
Hovenia dulcis 20 19 95.0 2.6
Melia toosendan 99 97 97.9 2.6
Prunus cerasoides 133 127 95.4 2.6
Soondias axillaris 42 41 97.6 2.5
Total 436 419 96.1 2.6

1.6) Ground vegetation and some physical parameters surveyed in each

selected framework tree plot

Percent ground vegetation cover, % open area, dominant ground wegetati
(any species which were not tree seedlings, cover more than 196 pfot area)
and light intensity measurement were done in each tree ploe(bald). Ground
vegetation in all tree plots composed of ferns, grasses, herbs, shdiwgady
climbers. All species of ground vegetation and light intensity ih &&e plot were
listed in Appendix D (Table D1) and Appendix E (Tables E1-E10), respectively.
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Figures 5.3-5.10 show correlations between the natural tree seedling
communities and the conditions below tree canopies. Light intensggch tree
plots showed a strong positive correlation with population densify %R
0.92)(Figure 5.3) and species richnes$ £F0.97) of recruit tree seedlings (Figure
5.4), whilst both light intensity and % ground cover show negative coorehaith
mean relative growth rate of root collar of seedling €R0.53)(Figure 5. 5),(R=
0.22)(Figure 5.9).

1400 -
1200 -
’>-3<\ //
< < y = 510.85x + 870.24
@ 800 1 R = 0.9253
]
2 600 -
5, 400 -
— 200 -
0 T T T T 1
0.00 0.20 0.40 0.60 0.80 1.00
Population density of recruit seedlings

Figure 5.3 Correlation between Population density of recruit seedling and light
intensity (R= 0.92)

1400 -
1200 -
5
= 10007 y = 24.403x + 735.15
=3 800
@ 1 R° = 0.9764
]
£ 600
5, 400 -
= 200 -
O T T T T T 1
0 5 10 15 20 25 30
Species richness of recruit seedlings

Figure 5.4 Correlation between species richness of recruit seedlings and light
intensity (R= 0.97)
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Figure 5.5 Correlation between mean relative growth rate (%/year) afalbent
diameter (RRGR) of recruit seedling and light intensfty: (R07)
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Figure 5.6 Correlation between mean relative growth rate (%/year)ghft{BHGR)
of recruit seedling and light intensity €R0.007)
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Figure 5.7 Correlation between Population density of recruit seedlings and
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Figure 5.9 Correlation between mean relative growth rate (%/year) afalbent
diameter (RRGR) of recruit seedling and % ground vegetation
cover (R=0.36)
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2. BIRD SURVEYS

2.1) Bird visitation observed in selected framework tree species

A total of 49 bird species (228 individuals) using the selected framnke
trees were recorded between July 2006 and June 2007. Observed birdvidect di
into two groups according to their diets, which were frugivorous lfindg feeding
mainly on fruits) and non-frugivorous bird (bird that not feeding nyaaml fruits,
including carnivores, insectivores, nectarivores). Non-frugivorous bivdse
recorded using the selected framework tree species mordrtigavorous birds
(Table 5.17). Frugivorous birds were observed more than non-frugivorous hird onl
in Erythrina subumbrans, whilst non-frugivorous bird were observed more than
frugivorous bird inHovenia dulcis, Melia toosendan, Prunus cerasoides and
Soonias axillaris (Figure 5.11). The highest number of birds recorded were White-
rumped ShamaQppsychus malabaricus) (20 individuals), Red whiskered Bulbul
(Pycnonotus jocosus) (16 individuals) and Japanese White-ey£os(erops
japonicus) (13 individuals) (Table 5.18). All bird species observed in all planted
plots and numbers of birds observed in each selected tree weterligtependix F
(Table F1 and Table F2).



66

Table 5.17 A total number of birds and number of bird species found in the selected

framework tree plots between April 2006 and July 2007

Bird groups No. of birds species No. of bird
Frugivores 17 94
Non- frugivores 29 131
Unidentified species 3 3

Total 49 228
45 39
40
35 | 33
o 30 27
2 25+
> 201
3 14
15 -
9
10
5 -
0
PR SP ME ER HD
Selected framework trees
B Frugivores B Non- Frugivores

Figure 5.11 Number of individual of each bird groups recorded using the selected
framework tree species
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Population density (no./fand species richness (no. of speciés/of bird
(Table 5.19) were highest in tReunus cerasoides-plots, whilstHovenia dulcis-plots
supported the lowest bird density and richness. Population density of fiugsvor
bird was higher than the non-frugivorous bird onlyEnythrina subumbrans (Table
5.20). Species richness of non-frugivorous bird was higher than frugivbnalg
all selected tree plots (Table 5.21). Population density of birccaraslated with the
species richness of bird {80.99) (Figure 5.12). Population density and species
richness of birds in all tree plots were listed in Appendix F (Tables F3-F5).

Table 5.19 Population density (no?nand species richness (no. of speciéstn

total birds in each sample tree plots

All seedling ER HO ME PR SP

Population densit})® 0.33+0.06 0.15+0.18 0.44+0.20 0.82+0.52 0.35+0.09
Species richness 0.23+0%08.09+0.10 0.27+0.12 0.50+0.32 0.23+0.08

Remark: different superscript alphabets = significant difference& (B)

ns = no significant difference between tree speci@sO®)

Table 5.20 Population density (no?nof each bird groups beneath each sample

tree plots

Population density
Bird groups ER HO ME PR SP

Frugivores  0.17+0.08 0.02+0.08 0.10+0.16° 0.34+0.3%" 0.15+0.16"

Non -
frugivoresnS 0.16+0.07 0.12+0.18 0.32+0.17 0.47+0.25 0.20+0.03

Remark: different superscript alphabets = significant difference& (B)
ns = no significant difference between tree speci€s0®)
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Table 5.21 Species richness (no. of specigsfireach bird groups beneath each sample

tree plots

Species richness
Bird groups ER HO ME PR SP

Frugivores  0.1020.06 0.02+0.08 0.07+0.06° 0.17+0.16° 0.07+0.0%"

Non -
frugivores  0.13+0.08° 0.07+0.07 0.20+0.1#* 0.33+0.18 0.16+0.03

Remark: different superscript alphabets = significant difference& (B)

0.60
S 0.50-
ks
@ 0.40+
()
£
g 0307 y = 0.5962x + 0.0142

2 _

§ 0.20 - R*=0.9921
(]
& 0.10- ¥

0.00 T T T T 1

0.00 0.20 0.40 0.60 0.80 1.0¢
Mean Population density of bird

Figure 5.12 Population density of bird was positively correlated with the species
richness of bird*®.99)
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2.2) Ecological indices

Ecological indices were used to quantify bird diversity in aleced
framework tree species (Table 5.22). Highest species richness of birdl(NOvas
found inPrunus cerasoides-plots (PR2) andpondias axillaris-plots (SP2). No bird
species was found iRlovenia dulcis-plots (HO2 and HO5). Species richness for
each species of selected framework tree was high&sbnuias axillaris-plots (NO
= 28) and lowest ifHovenia dulcis-plots (NO = 8).

Bird diversity was highest fdgondias axillaris-plots (Shannon’s index, N1
= 21.41), whilst lowest species diversity was foundHovenia dulcis-plots (N1 =
7.24). Highest evenness was found inHwosenia dulcis-plots (E5 = 0.01), whilst
lowest evenness was foundRnunus cerasoides-plots andSpondias axillaris-plots
(E5 = 0.002).
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Table 5.22 Ecological indices of birds in each selected framework tree species

Tree plots No. of Richness Species diversity  Evenness
bird NO N1 N2 ES

Erythrinasubumbrans  ERL1 7 5 4.371 1.167 0.049
ER2 7 5 4711 1.105 0.028
ER3 12 5 4.242 1.245 0.076
ER4 6 5 4.764 1.072 0.019
ERS 7 6 5.743 1.050 0.011
Total 39 19 15.753 1.054 0.004
Hovenia dulcis HO1 3 3 3.001 1.000 0.000
HO2 3 2 1.891 1.499 0.560

H 03 O O *kkk *kk*k *kk*k
HO4 6 3 2.748 1.364 0.208

H 05 O O *kkk *kk*k *kk*k
Total 12 8 7.236 1.082 0.013
Melia toosendan ME1 20 8 6.228 1.188 0.036
ME2 6 5 4.764 1.072 0.019
MES3 8 6 5.658 1.076 0.016
ME4 7 5 5.743 1.050 0.011
MES 8 5 4.455 1.167 0.048
Total 49 23 18.412 1.050 0.003
Prunus cerasoides PR1 12 8 7.236 1.082 0.013
PR2 15 11 10.004 1.050 0.006
PR3 10 6 4.998 1.185 0.046
PR4 16 9 8.174 1.081 0.011
PR5 13 8 6.290 1.164 0.031
Total 66 25 20.573 1.045 0.002
Soondias axillaris SP1 13 8 6.855 1.115 0.020
SP2 16 11 9.718 1.062 0.007
SP3 15 10 8.619 1.082 0.011
SP4 6 5 4,764 1.072 0.019
SP5 12 7 6.449 1.100 0.018
Total 62 28 21.413 1.046 0.002

Remark: **** No bird observed using the trees, therefore can't calculate ithvers

and evenness.
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2.3) Similarity indices

Sorensen’s index was used to compare the bird communities ineakiese
framework tree species. The similarity coefficient equalsl, when two bird
communities in the sampling plots have identical species composittbd avhen

there is no shared species.

Similarity coefficients calculation (Table 5.23) showed that bird
communities that usetelia toosendan and Prunus cerasoides were the most
similar (Sorensen’s index = 0.54), whilst the most different birdngonities was
found betweerHovenia dulcis and Melia toosendan (Sorensen’s index = 0.26).
Frugivorous bird communities betwe@nunus cerasoides and Spondias axillaris
were the most similar (Sorensen’s index = 0.55) (Table 5.24), whistmost
different was found irerythrina subumbrans andHovenia dulcis (Sorensen’s index
= 0.18). Non-frugivorous bird communities betwerythrina subumbrans and
Melia toosendan (Sorensen’s index = 0.61), whilst the most different was found in

Hovenia dulcis andMelia toosendan-plots (Sorensen’s index = 0.32) (Table 5.25).
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Table 5.23 Similarity coefficients (Sorensen’s index) of bird communitiesclestw

framework tree species.

Plot pairs ER HO ME PR SP
ER - 0.37 0.52 0.45 0.47
HO 0.37 - 0.26 0.30 0.39
ME 0.52 0.26 - 0.54 0.51
PR 0.45 0.30 0.54 - 0.52
SP 0.47 0.39 0.51 0.52 -

Table 5.24 Similarity coefficients (Sorensen’s index) of frugivorous bird

communities between framework tree species.

Plot pairs ER HO ME PR SP
ER - 0.20 0.40 0.35 0.38
HO 0.20 - 0.22 0.18 0.20
ME 0.40 0.22 - 0.63 0.53
PR 0.35 0.18 0.63 - 0.59
SP 0.38 0.20 0.53 0.59 -

Table 5.25 Similarity coefficients (Sorensen’s index) of non-frugivorous bird

communities between framework tree species.

Plot pairs ER HO ME PR SP
ER - 0.47 0.64 0.52 0.53
HO 0.47 - 0.30 0.36 0.40
ME 0.64 0.30 - 0.53 0.55
PR 0.52 0.36 0.53 - 0.46

SP 0.53 0.40 0.55 0.46 -
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2.4) Minutes observed of birds using the selected framework trees

Over 1200 minutes were used for bird observation in all selectee\irark
tree. A total minute record for each bird groups using eachtsdlzzee species was
done. Highest minute observations of bird were recofumus cerasoides and
lowest in Hovenia dulcis. Total minutes observed of non-frugivorous bird were
higher than frugivorous bird (Table 5.26). A total minutes and averagateni
observed for each bird species using each selected tree sperzeseword (Table
5.27). Minutes observed of bird in each tree plots of each selecteeMicakntree

were listed in Appendix F (Table F6).

Table 5.26 Total minute record for each bird groups using each selected tree species

Bird Groups ER HO ME PR SP Total(Min)
Non - Frugivores 4.16 2.46 10.57 2152 12.33 52.24
Frugivores 3.37 4.00 2.45 11.03 6.33 27.58
Unidentified - 0.12 - 0.03 0.15

Total 7.53 6.46 1342 3255 19.06 80.22
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2.5) Bird behavior and their usage sites on the selected framework

tree species

Activities of birds were observed in all selected framewa&.tBird behavior
was divide into 3 types; (1) perching, (2) feeding on insect, fruitreadar and (3)
defecation (dropped feces) in the tree plots (Table 5.28). Most birtggeon the
tree and then flew away. Feeding on insect was observed hardeteding on fruit
and nectar. Defecation was observedMelia toosendan, Prunus cerasoides and
Soondias axillaris. Bird behavior in each selected framework tree is listed in
Appendix F (Table F7).

Table 5.28 Activities of birds observed in all selected framework tree

Tree plots No. of birds Activities
Erythrina subumbrans 39 P,FI,FN
Hovenia dulcis 12 P,FI
Melia toosendan 49 P,FI,DE
Prunus cerasoides 66 P,FI,FF,FN,DE
Soondias axillaris 62 P,FI,DE

Remark: FF=feeding on fruit; FN=feeding on nectar; FI=feeding on insects
DE=defecation.

There are 3 main parts on the studied trees as the bird-usagyg1giehe
tree crowns, (2) the tree trunk and branches under the tree aod{8) the ground
under the tree crowns. Bird observed using tree crown were “Crown user”, butalst
observed using the part under the tree crowns were “Understoréyanmskembird
observed using or feeding on the ground under the tree crowns wexentuser”
Many bird species observed using only one part of the tree, whilst some bird observed
using many parts of the tree. The tree trunk and branches uedee¢hcrowns were
the most frequently used by birds followed by the tree crownshendround under
the tree crowns (Table 5.29Mighest number of crown user bird species was
observed irPrunus cerasoides, whilst highest number of understorey user and ground

user bird were observed Bpondias axillaris (Table 5.30)Number of bird species,
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number of bird observed and their using sites in each selectednoaknigee were
listed in Appendix F (Table F8).

Table 5.29 Number of bird in each using sites of each selected framework trees

No. of bird in each using sites

Tree plots No. of birds CuU uu GU
Erythrina subumbrans 39 29 8 2
Hovenia dulcis 12 2 8 2
Melia toosendan 49 18 30 1
Prunus cerasoides 66 25 33 8
Soondias axillaris 62 30 30 3

Total 228 104 109 16

Remark: US= Crown user; UU= Understorey user; UG= Ground user.

Table 5.30 Number of bird species in each using sites of each selected frammeasork t

No. of bird No. of bird species in each using sites

Tree plots species CU uu GU
Erythrina subumbrans 19 12 7 2
Hovenia dulcis 8 2 5 2
Melia toosendan 23 11 14 1
Prunus cerasoides 25 7 20 3
Soondias axillaris 28 13 14 3

Total 49 18 30 5

2.6) Correlations between seedling communities and bird communities

Correlations were used to show the relationship of natural trekirggeand
the bird communities observed in all framework tree plots. The pogulatf
seedlings, which were the same species of planted trees in H@98vple subtracted
from this analysis, to focus only in the recruit seedling specien-planted species)
and birds which were assumed to affect natural tree seedlingitment such as the
population density of recruit seedlings and birds (Figure 5.13), tligeespechness of
recruit seedlings and birds (Figure 5.14). Correlation betweeruitreanimal-

dispersed seedlings and seed-dispersing birds (frugivorous bird)deeeeto show
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the relation between the population density of recruit animal-dispsesslings and
the seed-dispersing birds (Figure 5.15) and the relation betwespédbies richness

of recruit animal-dispersed seedlings and the seed-dispersing birds @-ibire
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Figure5.13Correlation between the population density of recruit seedling and the

population density of bird in all framework tree plots5(B.13)
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Figure5.14Correlation between the species richness of recruit seedling and the
species richness of bird in all framework tree pléts (RL6)
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Figure5.16Correlation between the species richness of recruit animal-dispersed
seedling and the species richness of seed-dispersing bird in all
framework tree plots(R 0.0016)
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2.7) Effects of tree size on natural seedling recruitment and bird

communities

Linear-regression analyses were used to determine theonslalietween
selected framework tree size with density and species sshoienatural seedling
recruitment. Population density and species richness of seedlingttb&ngidrina
subumbrans and Melia toosendan had significant relationship with GBHPrunus
cerasoides had significant relationship between population density of seedling and
GBH. Sondias axillaris had significant relationship between population density of

seedling and crown width (Table 5.31).

Table 5.31 Linear-regression analysis between selected frameworizég®gh
population density (no?nand species richness (no. of specied/ m

of natural seedling recruitment in each tree plots

Tree plots Population density Species richness
GBH Crown width GBH Crown width
Erythrina subumbrans P=0.02 ns P=0.03 ns
Hovenia dulcis ns ns ns ns
Melia toosendan P=0.001 ns P=.007 ns
Prunus cerasoides P=0.03 ns ns ns
Soondias axillaris ns P=0.03 ns ns

Remark: ns = no significant differences-(R05)

For wind-dispersed seedlings (Table 5.32), significant relationsi@pgeen
tree size with population density and species richness of seedling wetefogagach
tree species except fblovenia dulcis. For animal-dispersed seedlings (Table 5.33), a
significant relationships between tree size with population derssity species
richness of seedling were shown for all tree species exmeptdwn width ofPrunus
cerasoides and population density of seedling.
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Table 5.32 Linear-regression analysis between selected frameworizé®®gh
population density (no%nand species richness (no. of speci€d/ah

wind-dispersed seedling in each tree plots

Tree plots

Population density
GBH Crown width

Species richness
GBH Crown width

Erythrina subumbrans ns ns P=0.01 ns
Hovenia dulcis ns ns ns ns
Melia toosendan P=0.001 ns P=0.001 ns
Prunus cerasoides P=0.002 P=0.01 P=0.004 P=0.01
Soondias axillaris ns P=0.001 ns P=0.001

Remark: ns = no significant differences-(R05)

Table 5.33 Linear-regression analysis between selected frameworizés®gh
population density (no%nand species richness (no. of specied/of

animal-dispersed seedling in each tree plots

Species richness

Tree plots Population density
GBH Crown width GBH Crown width
Erythrina subumbrans P=0.03 P=0.006 P=0.03 P=0.01
Hovenia dulcis P=0.03 P=0.01 P=0.03 P=0.0008
Melia toosendan P=0.004 P=0.01 P=0.01 P=0.004
Prunus cerasoides P=0.005 ns P=0.02 P=0.03
Soondias axillaris P=0.0002 P=0.01 P=0.004 P=0.02

Remark: ns = no significant differences-(R05)
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Relationshipsbetween bird communities and tree size were also analyzed
(Table 5.34). Significant relationships between population density andespec
richness of bird with tree size were shown for all tree spesxeept forSpondias

axillaris.

Table 5.34 Linear-regression analysis between selected frameworkzé®egh
population density (no%nand species richness (no. of speci€d/af

bird communities in each tree plots

Tree plots Population density Species richness
GBH Crown width GBH Crown width
Erythrina subumbrans ns ns ns P=0.0004
Hovenia dulcis P=0.027 ns P=0.033 ns
Melia toosendan P=0.011 P=0.036 P=0.028 P=0.002
Prunus cerasoides P=0.057 P=0.01 P=0.075 P=0.009
Soondias axillaris ns ns ns ns

Remark: ns = no significant differences-(R05)

For non-frugivorous birds (Table 5.35), significant relationships hetviree
size with population density and species richness of bird weredvéor each tree
species except fdondias axillaris, Melia toosendan and Prunus cerasoides have
significant relationship between population density and species recbhndsrd with
tree size (both GBH and crown width). For frugivorous birds (Table ,5.36)
significant relationship between tree size with population deasitiyspecies richness
of seedling were shown for all tree species except for siee of Erythrina

subumbrans and population density of bird.
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Table 5.35 Linear-regression analysis between selected frameworizég®gh
population density (no%nand species richness (no. of speci€d/ah

non-frugivorous bird

Tree plots Population density Species richness
GBH Crown width GBH Crown width
Erythrina subumbrans ns P=0.012 ns P=0.023
Hovenia dulcis P=0.02 ns P=0.025 ns
Melia toosendan P=0.008 P=0.019 P=0.015 P=0.006
Prunus cerasoides P=0.004 P=0.002 P=0.007 P=0.002
Soondias axillaris ns ns ns ns

Remark: ns = no significant differences-(R05)

Table 5.36 Linear-regression analysis between selected frameworizés®gh
population density (no%nand species richness (no. of specied/of

frugivorous bird

Tree plots Population density Species richness
GBH Crown width GBH Crown width
Erythrina subumbrans ns ns P=0.047 P=0.02
Hovenia dulcis P=0.023 P=0.018 P=0.043 P=0.007
Melia toosendan P=0.004 ns P=0.006 ns
Prunus cerasoides P=0.003 P=0.026 P=0.004 P=0.026
Soondias axillaris P=0.023 P=0.016 P=0.028 P=0.016

Remark: ns = no significant differences-(R05)



CHAPTER 6
DISCUSSION

1. Tree seedling communities beneath each selected framework tree species

Seedling communities in all sample plots beneath each seleateeMiork tree
species were divided into 2 seedling groups according to their modespsrshl,
wind-dispersed seedling and animal-dispersed seedling. According utodenNe
(1997), most of the tree species in the tropics are dispersed by animathratheind.
In this study mean population density (ndYmnd species richness (no. of speciés/m
of animal-dispersed seedling were found beneath the selecteewfoak trees more
than wind-dispersed seedlings (Tables 5.4 and 5.5). This restily briggested that
animal seed dispersers such as birds and small mammals piapamant role in
natural forest regeneration (Corlett, 1998). However, it is possiatertany seedling
species in this studied were not dispersed from the non-plantedoeasse they
were the same species with the planted framework species in 1898e&dlings of

the non-planted tree species were considered as naturally recruited §paicies.1).

From all 25 tree plots beneath each selected framework tes#ingespecies
composition and abundance were different among tree species and arffemmtdi
trees of the same species. However, animal-dispersed seedbnigund higher than
wind-dispersed seedling beneath all the studied tif&eghrina subumbrans-plots
were the most abundant in seedling richness and diversity, Woishia dulcis-plots
supported the lowest (Table 5.6). Many factors affect seedlingnomities beneath
each tree species. Different tree species charaatesistih as tree height, canopy

width and their denseness are important factors to consider.
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Erythrina subumbrans (ER) had large mean crown width, which reflected the
size and shape of the seedling sample plots beneath them. Crowndetieitmines
shade and influences soil moisture content under the trees (Verdu and-Gayos,
1996). Such factors may then influence the density and distribution ofeeglings
(Maguire and Forman, 1983). From the first seedling survey durindryhgeason in
2006, the trees shaded out their leaves, made the trees leafledsregulted in an
open gap under their crowns. This seemed to create suitable @omddr seedling
recruitment, which agreed with the previous study of andthghrina tree species by
Navakitbumrung (2003). He concluded that the low shade and long leadiesd of
Erythrina stricta might provide germination and recruitment of wind-dispersed
speciesjn contrast withMelia toosendan (ME) and Spondias axillaris (SP). ME has
slightly lower mean crowns width compared to ER, whilst SP had largest meary canop
width and providing the largest sample plots. However, ME and SP haverdens
multiple crowns than ER. This characteristic is suitable for shading out weeds in the
first 2 years of forest regeneration. But, the dense multig@ens seemed to create
unfavorable conditions for the naturally established trees, becauseshihdg out
seedlings too. SP have more height and dense multiple crowns withbmaauayes of
pinnately-compound leaf and create more shady condition compared witfiHJE..
the number and species diversity of seedlings in SP plotsloweez than ME plots
suggested that different characteristic in crowns shape gakMéegent resulted for

seedling communities beneath them.

Hovenia dulcis (HO) had the smallest tree size (GBH) and provided the
smallest seedling sample plots in this study. In all planted pint® 1998, the trees
have been under the shade of other framework trees. Therefore, ISOwat very

small amount of seedling.
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Prunus cerasoides (PR) supported the highest population density (rf).&md
species richness (no. of specied/of seedlings for both wind-dispersed and animal-
dispersed seedling communities. One dominant tree seedling sppethes PR-plots
wasCastanopsis cerebrina (Fagaceae). There were 62 seedlings (from 133 individuals
of all seedlings in PR-plots) growing densely beneath one PRRIRR)((Table 5.6).

It was observed that one-plant€astanopsis cerebrina tree was standing near this
tree plot. ManyCastanopsis cerebrina trees produce high amount of seeds after the
rainy season. The seeds came from the planted trees in 1998foildhetbe
Castanopsis cerebrina seeds were dispersed directly from the nearby mothemtieee
the planted plots. Dropped seead<hislarge-seeded speciegre clumped around the
mothertrees. Lambers and Clark (2008und that seed size is generally negatively
correlated with seed dispersal distances but positively cadelatth seedling
survival. Moles and Westoby (2004uggested that large-seeded species have higher
seedling emergence rate through early seedling establishmeantsthall-seeded
species. In some tree plots clumped seedlingsCadtanopsis cerebrina were
colonized the ground and shaded out many smaller seedlings (small-seets).spec

In contrary withCastanopsis cerebrina, one seedling of the animal-dispersed
speciesAquilaria crassna Pierre ex Lecomte. (Thymeleaceae) was found beneath one
ME plot. Several saplings were found in other planted plots too. The niogkerof
Aquilaria crassna were found far away form the FORRU planted site for some
distance in Doi Suthep-Pui National Park (Maxwell, personal comntionigaLarge
animals, probably civets or barking deer might play a role anuitenent of this
species into the tree plot rather than birds due to its large seed size.
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2. Relative growth rate, health and survival of natural tree seedlings

Relative growth rates of root collar diameter (RRGR) andivelgrowth rate
of height (RHGR) of animal-dispersed seedlings were higher thad-aspersed
seedlings (Table 5.10). Growth rates of seedlings depend on diffevediticns
created by each framework tree. Many seedling species fouthds istudied were ”
Pioneer tree species - trees that produce small fruits esd dispersed by wind or
small birds. Seedlings of pioneer trees can grow only in full gomlivhereas some
species were ” Climax tree species ”, which grow in shate their seedlings are
shade-tolerant (Whitmore, 1989). From the survey some wind-disperseésspech
asArchidendron clypearia ssp.clypearia var. clypearia (Leguminosae, Mimosaceae),
Schima wallichii (Theaceae) andVendlandia scabra var. scabra (Rubiaceae) and
many animal-dispersed species such Egenia albiflora (Myrtaceae), Litsea
monopetala andPhoebe lanceolata (Lauraceae) grew very well under the sunlight gap
conditions created by each framework tree. Different sunlightcgaditions depend
on the shape of tree crowns. Loreshal., (2005) concluded that canopy shading was
the main mechanism, enhancing seedling survival and affectingrdfeéhgrate of

natural tree seedlings.

Survival rate and average health score of all seedlings showedetkated
framework tree can support the recruitment of natural treeisgedlery well with
96.10% of survival rate and mean average health score of eacingapdicies was
ranked from 1.67-3.00 after 15 months (Table 5.13). Physical damagediihgse
was found in many tree plots such as ER and ME. Most seedlinggdaand death
was caused by branches of the trees that fell into the plater &ccumulation in the
tree plots might affect seedling communities. This agreesmatty studies in natural
forests, which showed that the presence of litter layer dfranfjuenced seedling
recruitment (Erikkson, 1995; Benitez-Malvido, 1999; Kotorava and Leps, 1999).
Wardle (1992) also reported that the decay of leaf litter céeage phytotoxic
substances, which can inhibit seed germination and the early grovabedfings.
Dalling et al., (2002) reported that small-seeded pioneer tree species digeithtuy
leaf litter on the soil, whilst large-seeded pioneer treeiepecan germinate and
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regenerate under a litter surface. Based on the seedling sueafisss or damaged
seedlings were found beneath or surrounded by litter layer présensome tree
plots, However many seedlings re-sprouted their shoots and flusHedneds again

after the second monitoring in November 2006.

Other conditions in the tree plots which affected seedling reanitrwere
light intensity and ground vegetation. Seedling density and richness positively
correlated with light intensity (Figure 5.3 and 5.4). Studies in ty@ds also showed
strong positive relationships with light availability (Oberbauer &tchin, 1985;
Ashton, 1995; Agyemad al., 1999), with pioneer trees having a much higher growth
response to light intensity than shade-tolerant species (Veehesidah, 1996).
However, weak positive correlations between RHGR and light intensity wera show
this study. This may be the influence from competition interackon.example, ER
plots had highest light intensity due to the crown shape that allowgkdldnrels of
light and created favorable conditions for both tree seedling temmi and
herbaceous ground vegetation. This allowed the herbaceous ground vegetation to
compete with tree seedlings and then affected tree seedtinghg This result agreed
with the previous study of Maguire and Forman (1983), who concluded that

competition from herb cover affect seedling growth and distribution.
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3. Bird communities observed for each selected framework tree species

and their effectson seedling recruitment

More than 250 individuals of birds were observed in planted plots. Two
hundred twenty-eight birds were recorded using the selectedviaiéree species.
Various groups of bird were observed in each tree. Non-frugivorous Wwieds
observed more frequently than frugivorous birds. It can be explainechdhaall
selected trees in this study produced high amounts of fruit or feodnaes to attract

high number of frugivorous birds.

Tree size and crown shape can influence the birds that use tivelsi.c8uld
be divided into 3 groups according to the part of tree they use. tBatlsvere found
only in the tops of trees or spent their time mostly in the crake “crown users” e.g.
Ashy Drongo Dicrurus leucophaeus), Barbet Megalaima spp.), many species of
Bulbul (Pycnonotus spp.) and nectarivores such as sunbiithppyga spp.) and
spiderhuntersArachnothera spp.). Birds that perch under the tree crowns, resting or
clinging on the tree trunks in search for food are “understoreg’usetuding many
species of WarblerPhylloscopus spp.), FlycatcherQulicicapa spp.,Cyornis spp. and
Fecidula spp.), other insectivores and nectativores. Birds that searched fayrfabd
ground are “ground users” including Puff-throated BabbRall¢rneum ruficeps),
Olive-backed Pipit Anthus hodgsoni), Dusky Warbler Phylloscopus fuscatus) and
White-rumped ShamaCppsychus malabaricus).

Tall tree species in this study- ER, ME, and SP were usgdédntly by crown
users as perching sites. Tree crowns of those 3 species praléded points for birds
to sit and look out for food, since they were taller than the otherespecthe planted
plots. It was observed that ER produce flowers in December 2006200an The
trees produced bright red color flower, when they were leafldsshvprovided high
guantities of nectar as a food sources for many birds speabsasuAshy Drongo,
Black-throated sunbird Agthopyga saturata), Slender-billed Oriole (Oriolus
tenuirostris). Many birds search for insects in the ER flowers. Frugivorous bird such
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as Red-Whiskered BulbuPycnonotus jocosus) and Sooty-headed BulbuPycnonotus
aurigaster) were observed frequently on the tree tops. ME was very atgdot the
birds according to the study of Toktang (2005). The numerous, whiterficatieact
many insects attracting many insectivorous birds. Twenty Il species were
recorded as regular visitors, including 5 Bulbul species, whichnapertant seed
dispersing agents. They are common in the forest and are frequentsvis
deforested sites (Scadt al., 2000). Bulbuls occur in a wide range of habitats and can
eat many kinds of fruits (Chanthorn, 1999, 2002; Pattanakaew, 2002; Sanitjun, 2002).
SP supported the highest species richness of birds, which used thigilencubwns in
search for food or perching at roosting sites. Observations gugai2006 found one
bird nest, put within the “basket-shape” formed by multiple-secorstarg of SP tree

in 1998-1 plot. The multiple crowns of SP trees supported nesting bimistfie &'
year after planted (FORRU, 2005). A previous study by Voysey (1998)eported
that animal-dispersed seeds might be deposited more frequentlytingregsroosting
sites.

PR supported the highest abundance of birds, even though the trees were

smaller than ER, ME and SP. High amount of branchlets of thengegrovided lots

of perching sites for birds. PR produced flowers and fruits in Ja20&F. Birds such

as Sunbirds, Spiderhunters and White-eyes feed on the nectar, whilst [aithtihe

fruits. Black-throated sunbird, Japanese White-&Z@st€rops japonicus), Oriental
White-eye Zosterops palpebrosus) and Streaked Spiderhuntéwréchnothera magna)

used the trees frequently. Flavescent Bulbuls fed on PR fruitsat Qiit Parus

major), three species of WarblePtylloscopus spp.), White-rumped Shama and other
insectivores spent most time under the tree crown, gleaningsnisent the leaves

and on the ground under the trees.
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HO supported the lowest richness, diversity and abundance of birds.riBymila
coefficients of HO-bird communities compared with other species Yosv.  This
tree was the smallest selected framework species isttidy. Their crowns were not
large enough to support high number of birds. One important thing tadeomsithat
HO has not yet flowered and provided fruit since planting. Thergi@sources to

attract birds were not present.

The duration of bird visitations to the trees depended on each bird group or
bird species with their specific feeding behavior. Speckled éic(®icumnus
innominatus) spent most of the time pecking noisily on the framework lireaeches,
searching for insect larvae. WarbleBhylloscopus spp.) and Flycatcher€qlicicapa
spp.,Cyornis spp. andricedula spp. ) searched for insects by flying in the tree crowns
moving down to the sub-canopy or fed on the ground beneath each tree. Non-
frugivorous birds, nectarivores and insectivores, spent more time finding their food in
the trees more than frugivorous birds. However, due to seed-dispabsigy, non-

frugivorous bird seemed to have very little effect on natural seedlingtraenii

Fruit availability is the crucial factor influencing frugivacemmunities (Howe
& Estabrook 1977, Thompson & Willson 1979). During bird observations in this
study, fruit production of framework tree in the planted plots, edped@ the
understorey tree species was low. Many frugivorous birds #eay immediately
after perching on the non-fruit source trees, resulted in weaklaoons between
recruit-seedling communities and seed-dispersing bird commurdties to low
probability of seed deposition under the non-fruit trees (Figures 5.13-alft&)ugh
the treefall gaps that provide an open area for the birds to segridni food and
seedling recruitment were presented in many tree plots. BladteHoppes (1986)
suggested that high amounts of fruit-eating birds in gaps magy digect result of
higher amounts of fruiting plants in gaps. High frequency of bird atisit and
number of seeds dispersed per visit are due to more fruit aligjlalbitrees is one of

the main factors that affect the quantity of the seeds digpbsséhe seed-dispersing
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birds in the planted plots. Bird species that visited frequently andumus large
numbers of fruits were likely to carry many seeds away fiteenparent tree (Schupp
1993, Grahanet al., 1995). Differences in fruit size were also important for seed
dispersal. Smaller fruit with smaller seed might attragtarbird species, which carry

the seeds from non-planted sites. The small-seeded tree speeesa haigher
probability of being dispersed because they can be swallowed byvitirdsmaller

gape widths (Jordano, 1987; Levey, 1987; Wheelwright, 1993). However, the presence
of both small seeded-species and large-seed species sfgtilasia crassna in ME

plot, suggest that some seed-dispersing animals, probably thetriakreertebrate can
disperse both small and large seedling tree species, enhancature recovery of

tree diversity in the forest restoration sites.



CHAPTER 7
CONCLUSIONS AND RECOMMENDATIONS

1. The effects of planted trees and bird communities on natural-seedling
recruitment were different between each selected framework tree. Different tree
species characteristic such as tree height, crown width and their denseness were
important factors affecting seedling communities by creating suitable condition for
natural -seedling recruitment.

2. Differences fruits and other resources availability between each tree species
affected bird communities that play an import role on natural forest regeneration by
dispersing seeds into the forest restoration plots. Bigger trees, which attract high
number of seed-dispersing birds by providing food resources, perching and nesting
sites may increase duration of bird visit and their behaviors, which enhance the seed
deposition and natural-seedling recruitment in the plots more than smaller trees with

| ess attractiveness characteristic.

3. Seedling emergence, survival and growth rates depended on various
conditions beneath each study trees. Some possible parameters which seemed to affect
natural-seedling recruitment are light intensity, litter accumulation, physical damage
of the seedling due to tree falls. These parameters were different depend on each tree

Species.
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Recommendations

This study concentrated on the relationship between the planted trees and birds,
which perform seed dispersa as an important ecological function of the forest
ecosystem, to understand the plant and animal interactions affect natural forest
regeneration, from the recruitment of vegetation by animal-seed dispersal in the
restoration area. However, more study in the future should be considered to understand

these interactions. Some recommendations are;

1. Study of seed dispersal and seedling recruitment in the planted plot with
seed sampling in the plot or beneath some selected planted tree species. For this study,
the 5 selected tree species showed the relation between the tree and bird from the
result of seedling recruitment. The next step is to investigate the abundance and
richness of seeds that really come from the seed-dispersing animal. Seed traps should
be the good choice to study the seed deposition in the plot (Cottrell, 2004). Comparing
the collected seed from trap and the seedling communities in plot to estimate the

vegetation recovery is interesting.

2. Fied work on the different groups of framework trees that produce
resources to attract wildlife at the same period of time to determine the maximum
attractiveness to the seed-dispersing animal and seed input as a source of regeneration.
The results can be used to predict the occurrence of maximum seed input from
maximum population of seed-dispersing animal in each framework tree groups.
Example of some recommended tree species are the keystone species group such as
Fig trees (Ficus spp.).
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3. Combination of molecular tools and ecological field data from the field
work by compared the natural recruit tree species collected from the planted plot with
the tree species from the natural forest around the plantation sites can be used to find
genetic relationship between the natural regenerate population in the planted sites and
natural population exist in the forest. Analyses using the multilocus genotype at simple
sequence repeats (SSRs) or microsatellites (Tautz, 1989) for identification of the
maternal source trees of animal-dispersed seeds are recommended. Godoy and Jordano
(2001) reported that endocarp microsatellites DNA from Prunus mahaleb seeds,
dispersed by frugivores can be used to identify the maternal source tree when
genotypes of the seed endocarp were compared with maternal genotypes obtained
from leaf tissue of adult trees population. DNA extraction from seeds and
microsatellite genotyping can be combined with regular sampling of seed rain using
seed traps (Kollman and Goetze 1997; Harms et al., 2000).
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Appendix A

Details of selected framework trees (FORRU, 2005)

1. Erythrina subumbrans (Hassk.) Merr.

Common name (Thai): Tawng L ahng Bah / nesnasih

Family: Leguminosae, Papilionoideae

General information and Distribution

Medium-sized, pioneer, deciduous tree, growing up to 25 m tall (DBH to 86
cm). Distribute in India, Myanmar and Indochina to Malaysia, &fjd Samoa. In
Northern Thailand, it grows sparsely in Evergreen (EGF) and Miiddeus forests
(MXF) at elevations of 500 to 1680 m.

Characteristic

Bark: soft, grey, with spine-tipped black tuberclegaves. spirally arranged,
trifoliate; leaflet blades ovate, margin entire, terminadfled 10-14 x 8-12 mm.
Flowers: bisexual, 4-5 cm long; petals bright red; December to March, @ftem
leafless Fruits: pods, brown, 15.5 x 1 cm; seeds smooth, dark brown, kidney shaped,

1 x 0.9 cm; March to April; pods dispersed by wind.

Potential attractivenessto wildlife

ER saplings achieve excellent survival and growth rates plféeiting out
(>80% survival; >2.5 m tall, crowns 2.6-2.8 m across, by end of 2nd raasprse
They flower, fruit and attract nesting birds from the 4th yd@r planting. The vivid

scarlet flowers produce nectar, which attracts many bird and squircgéspe
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Appendix A (continued)

2. Hovenia dulcis Thunb.

Common name (Thai): Mawn Hin / naueuiu

Family: Rhamnaceae

General information and Distribution

Large, briefly deciduous tree, growing up to 30 m tall (DBH to 5Q.cm
Distribute from the Himalayas, to Northern Thailand, China, Japan amdaKIn
Northern Thailand, it is a recently discovered, rare specieswi®lgx1994) in EGF
often along streams, at elevations of 1025 m to 1325 m.

Characteristic

Bark: thick, with broad, longitudinal, grey or brown ridges, separated by
narrow brickred fissured.eaves. spirally arranged, simple; blades, thin, ovate to
elliptic, 11-14 x 5-9 cm; margin serrulatélowers: in cymes, numerous, light green
and cream, small (2.5 mm); March to M&yuits: fruit stalks (pedicels) very thin
and curving for 2-3 mm above each fruit, but further along, swollen ashyfl green
when fruits are unripe, turning red-brown or black as fruits ripapswes septicidal,
brown or black and drying out when ripe, 7-8.5 x 6-7.5 mm, usually 3-lobed with 1
smooth, glossy, black seed (5-6 x 5-6 mm) per locule; August houey; bird-
dsipersed, particularly by pigeons (Hitchcock and Elliott, 1999).

Potential attractivenessto wildlife

HO saplings survive well (>80% by end of 2nd rag®ason) and grow rapidly
(>1.5 m tall) aftemplanting out. They develop broad crowns, wheffectively shade
out weeds and attract nestibgds by the 4th yeaHO fruits and the infructescence
are very attractive to birds, but flowering does not commence <8 yearplafténg.
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Appendix A (continued)

3. Meliatoosendan Sieb. & Zucc.

Common name (Thai): Lien / e

Family: Meliaceae

General information and Distribution

Medium-sized, briefly deciduous, pioneer tree, growing up to 25 ntOBIH
to 47 cm). Distribute from Myanmar, through Northern Thailand, Indog¢l8oathern
China and Japan. In Northern Thailand, it is characteristic of secondarthgnokaGF
and MXF, at elevations of 700 to 1450 m.

Characteristic

Bark: thin, grey-brown, with shallow fissures.eaves. spirally arranged,
doubly pinnate or tripinnate; leaflet blades ovate, 3-7 x 1-2 cm, wiimimate tip,
margin often toothedFlowers. inflorescences axillary and paniculate; flowers
numerous, corllas white (c.10 mm); January to Mafatuits. drupe, yellow when
ripe, 25 x 22 mm; ridged, woody pyrene contains up to 5 seeds; seekistba 3
mm; October to March; animal-dispersed.

Potential attractivenessto wildlife

ME is one of the fastest growing tree species testedF®RRU. Planted
saplings achieve survivahtes of >90% and grow 5-7 m tall by endayfd rainy
season. They develop very broamwns (>2.5 m), which contribute substantidthy
forest canopy cover and suppressed growth. Flowering occufsom the 4th year.
after planting and fruiting from the 5th. Barking deer eat the fruits. Th@espis very
attractive to birds, which are important seed-dispersers. dtgdint flowers attract

many insects.
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Appendix A (continued)

4. Prunus cerasoides D. Don

Common name: Nang Paya Sua Krong / manguaelnass

Family: Rosaceae

General information and Distribution

Medium-sized, pioneer, deciduous tree, growing up to 16 m tall (DBH to 38
cm). Distribute From the Himalayas and Southern China to Myanmar anithe¥n
Indochina. It is rare in EGF, MXF and EGF-PINE, of Northern Hmall often in
disturbed areas, at elevations of 1040 to 2400 m.

Characteristic

Bark: shiny, red-brown, with large, raised, brown lenticels; outgrlaeeling
horizontally. L eaves: spirally arranged, simple; blades 9-12 x 3-5 cm; marginyfinel
serrate; 1-2 dark red, stalked, glands where petiole meets Bladex s. in axillary
clusters, 1-2.5 cm across, petals, 5, pink; on leafless trees Becdém January.
Fruits: drupes (small cherries), ovoid, red when ripe, 1-1.5 cm, each miogta
single-seeded pyrene; March to May; dispersed by birds,relgugnd other small

mammals.

Potential attractivenessto wildlife

PRis an excellent framework species. Planted saplings survivewadrand
grow rapidly when planted out (>80% survival and >3 m tall by eh@nd rainy
season). They develop broad crowns (>2.4 m across), which effecthasdle ©ut
weeds and they flower, fruit and provide bird nest sites by the ardajer planting.
Birds such as, Sunbirds, Spiderhunters and White-eyes feed on thg ndukst
bulbuls eat the fruits.
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Appendix A (continued)

5. Spondias axillaris Roxb.

Common name: Ma Kak / uzin

Family: (Anacardiaceae)

General information and Distribution

Medium-sized, deciduous tree, growing up to 25 m tall (DBH to 50 Erojn
Northeast. India and China through Indochina to Southern Japan. it is common in
EGF, EGF-PINE and MXF of Northern Thailand, at elevations of 700 to 1600 m.

Characteristic

Bark: grey-brown, thin, vertically crackedLeaves. spirally arranged,
compound, once pinnate, 25-40 cm long; leaflet blades opposite or sub-gppadite
to ovate-lanceolate, 4- 12 x 2-4.5 cm; apex acumirkdtevers. male inflorescences
4-10 cm long; male corollas dark reddish purple, 0.4-0.5 cm; femalesrgatitupper
leaf axils; January to Marchiruits: drupes, oval-shaped, with yellow leathery
exocarp when ripe, 2.5-3 x 2 cm across, each containing a singtaepwith 5

locules; June to August; animal-dispersed.

Potential attractivenessto wildlife

SP is an excellent framework species. Planted saplings achieye high
survival and growth rates (>70% survival; averaging >2.&ll by end of 2nd rainy
season). The trunks tend to fork low down, resulting in multiple crowhgh shade
out weeds very effectively. Flowering and fruiting occur frome #4th year after
planting. The trees support nesting birds from the 5th year after planting uftkefe

eaten by deer, wild pigs and bears.
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Appendix B

Table B1 Selected framework tree sizes

Plot Tree Speci GBH Crown width/ Plot
1998-1 label pecies (cm) diameter (m)

1 18/42 Hoveniadulcis (HO1) 15 5.5

2 005/50 Méiatoosendan (ME1) 56 6.6

3 71/28 Prunus cerasoides (PR1) 53 7.2

4  66/276 Spondiasaxillaris (SP1) 103 7.4

5 317/30 Erythrina subumbrans (ER1) 61 6.2
Plot Tree Speci GBH Crown width/ Plot
1998-2  label pecies (cm) diameter (m)

1 005/65 Meliatoosendan (ME2) 69 7.2

2 66/55 Spondias axillaris (SP2) 120 7.4

3 71/74 Prunus cerasoides (PR2) 67 5.2

4  005/64 Meliatoosendan (ME3) 93 5.8

5 18/008 Hoveniadulcis (HO2) 35 5.6

6 66/93 Spondias axillaris (SP3) 134 6.2

7 71/69 Prunus cerasoides (PR3) 69 5.6

8 317/46 Erythrina subumbrans (ER2) 136 5.0

9 317/50 Erythrina subumbrans (ER3) 153 6.8

10 18/94 Hovenia dulcis (HO3) 16 2.9
Plot Tree Speci GBH Crown width/ Plot
1998-3 label pecies (cm) diameter (m)

1 66/84 Spondias axillaris (SP4) 84 5.8

2 317/66 Erythrina subumbrans (ER4) 86 4.4

3 317/125 Erythrina subumbrans (ER5) 138 5.4

4  005/50 Meliatoosendan (ME4) 73 4.3

5 005/143 Méiatoosendan (MES) 66 3.8

6 66/211 Spondiasaxillaris (SP5) 64 6.8

7  18/134 Hoveniadulcis (HO4) 14 4.0

8 71/111 Prunus cerasoides (PR4) 72 3.4

9 71/117 Prunus cerasoides (PR5) 82 4.3

10 18/125 Hoveniadulcis (HO5) 22 3.4
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Table C2 Population density and species richness of all seedlings

No. of
Tree plot No. of seedling Population Density Species richness
seedling  species (no./nf) (no. sp/ )
Erythrina subumbrans
ER1 42 12 1.37 0.39
ER2 36 6 1.99 0.33
ERS3 13 7 0.36 0.19
ER4 31 9 2.04 0.59
ER5 20 6 0.87 0.26
Mean 1.33 0.35
Hovenia dulcis
HO1 7 6 0.30 0.26
HO2 2 1 0.08 0.04
HO3 2 2 0.30 0.30
HO4 6 3 0.48 0.24
HO5 3 2 0.33 0.22
Mean 0.30 0.21
Melia toosendan
ME1 21 10 0.61 0.29
ME2 4 4 0.10 0.10
ME3 3 3 0.11 0.11
ME4 57 7 3.93 0.48
MES5 14 6 1.23 0.53
Mean 1.20 0.30
Prunus cerasoides
PR1 15 8 0.37 0.20
PR2 11 6 0.52 0.28
PR3 62 7 2.52 0.28
PR4 26 7 2.86 0.77
PR5 19 5 1.33 0.35
Mean 152 0.38
Soondias axillaris
SP1 8 2 0.19 0.05
SP2 4 3 0.09 0.07
SP3 3 2 0.10 0.07
SP4 11 5 0.42 0.19
SP5 16 7 0.44 0.19
Mean 0.25 0.11
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Table C3 Population density and species richness of wind-dispersed seedling

No. of
Tree plot No. of seedling Population Density Species richness
seedling  species (no./nf) (no. sp/ )
Erythrina subumbrans
ER1 6 5 0.20 0.16
ER2 5 1 0.28 0.06
ERS3 3 2 0.08 0.06
ER4 2 2 0.13 0.13
ER5 4 3 0.17 0.13
Mean 0.17 0.11
Hovenia dulcis
HO1 5 4 0.21 0.17
HO2 0 0 0.00 0.00
HO3 0 0 0.00 0.00
HO4 0 0 0.00 0.00
HO5 0 0 0.00 0.00
Mean 0.04 0.03
Melia toosendan
ME1 8 3 0.23 0.09
ME2 1 1 0.02 0.02
ME3 0 0 0.00 0.00
ME4 1 1 0.07 0.07
MES5 1 1 0.09 0.09
Mean 0.08 0.05
Prunus cerasoides
PR1 2 2 0.05 0.05
PR2 2 2 0.09 0.09
PR3 1 1 0.04 0.04
PR4 5 3 0.55 0.33
PR5 6 2 0.42 0.14
Mean 0.23 0.13
Soondias axillaris
SP1 0 0 0.00 0.00
SP2 0 0 0.00 0.00
SP3 0 0 0.00 0.00
SP4 2 2 0.08 0.08
SP5 1 1 0.03 0.03

Mean 0.02 0.02
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Table C4 Population density and species richness of animal-dispersed seedling

No. of
Tree plot No. of seedling Population Density Species richness
seedling  species (no./nf) (no. sp/ )
Erythrina subumbrans
ER1 36 7 1.18 0.23
ER2 31 5 1.71 0.28
ERS3 10 5 0.28 0.14
ER4 29 7 1.91 0.46
ER5 16 4 0.70 0.17
Mean 1.15 0.26
Hovenia dulcis
HO1 2 2 0.09 0.09
HO2 2 1 0.08 0.04
HO3 2 2 0.30 0.30
HO4 6 3 0.48 0.24
HO5 3 2 0.33 0.22
Mean 0.26 0.18
Melia toosendan
ME1 13 7 0.38 0.20
ME2 3 3 0.07 0.07
ME3 3 3 0.11 0.11
ME4 56 6 3.86 0.41
MES 13 5 1.15 0.44
Mean 1.11 0.25
Prunus cerasoides
PR1 13 6 0.32 0.15
PR2 9 4 0.42 0.19
PR3 61 6 2.48 0.24
PR4 21 4 2.31 0.44
PR5 13 3 0.91 0.21
Mean 1.29 0.25
Soondias axillaris
SP1 8 2 0.19 0.05
SP2 4 3 0.09 0.07
SP3 3 2 0.10 0.07
SP4 9 3 0.34 0.11
SP5 15 6 0.41 0.17
Mean 0.23 0.09
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Appendix D

Percentages of ground vegetation cover and open area in each tree plot

Table D1 Percentages of ground vegetation cover and open area in each tree plot

Plot Treeplots ground species Family Habit Cover Open
98.1 Erythrina subumbrans-1

1 Alipinia malaccensis (Burm.f.) Rosc. Zingiberaceae H X

2 Dianedlaensifolia (L.) DC. Liliaceae H X

3 Dioscorea bulbifera L. Dioscoreaceae H X

4 Eupatorium adenophorum Spreng. Compositae H 10%

5 Flamingia sootepensis Craib Leguminosae, S X

Papilionoidea

6 Md astoma malabathricum L. ssp. Melastomaceae s X
malabathricum
7 Murdanniajaponica Comlinaceae H 1%
8 Paspalum conjugatum Berg. Gramineae G X
9 lerialevis Retz. Cyperaceae H X
10 Smilax ovalifolia Roxb. Smilacaceae C X
Total 10%  90%

Remark: C = Climber, F= Fern, G = Grass, H =Herb, S = Shrub, WC = Woody
Climber
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Table D1 (continued)

Plot Treeplots ground species Family Habit Cover Open
98-1 Hoveniadulcis-1
1 DioscoreaalatalL. Dioscoreaceae H X
2 Dioscorea prazeri Prain & Burk. Dioscoreaceae H X
3 Embelia subcoriacea (Cl.) Myrsinaceae S X
4 Eupatorium adenophorum Spreng. Compositae H 1%
5 Imperatacylindrica(L.) P. Baeuv. var. Gramineae G 1%
major (Nees) C.E. Hybb. Ex Hubb. &
Vaughn
6 Mussaenda parva Wall. ex G. Don Rubiaceae S X
7 Paspalum conjugatum Berg. Gramineae G 15%
8 <lerialevisRetz. Cyperaceae H X
9 Sreptocaulon juventas (Lour.) Merr. Asclepiadaceae H X
10 Thysanolaena latifolia (Roxb.ex Horn.) Gramineae G 10%
Total 40%  60%
98-1 Meliatoosendan-1
1 Alipinia malaccensis (Burm.f.) Rosc. Zingiberaceae H X
2 Argyreia aggregata (Roxb.) choisy Convulvulaceae C X
3 Clerodendrum serratum(L.) Moon var. Verbenaceae S X
wallichii CI.
4 Dioscorea glabra Roxb. varglabra Dioscoreaceae H X
5 Dioscorea prazeri Prain & Burk. Dioscoreaceae H X
6 EmbeliasessilifioraKurz. Myrsinaceae wC X
7 Eupatorium adenophorum Spreng. Compositae H 15%
8 Imperata cylindrica (L.) P. Baeuv. var. Gramineae G 15%
major (Nees) C.E. Hybb. Ex Hubb. &
Vaughn
9 Melastoma malabathricumL. ssp. Melastomaceae S X
mal abathricum
10 Mussaenda parva Wall. ex G. Don Rubiaceae S X
11 Paspalum conjugatum Berg. Gramineae G 25%
12 Pterisbiaurita L. Pteridaceae F X
13 Thysanolaena latifolia (Roxb.ex Horn.) Gramineae G 5%
Total 40% 60%




126

Table D1 (continued)

Plot Tree plots ground species Family Habit Cover Open
98-1 Prunuscerasoides-1
1 Alipinia malaccensis (Burm.f.) Rosc. Zingiberaceae H X
2 Cissusdiscolor Bl. var.discolor Vitaceae wC X
3 Clerodendrum glandulosum Colebr. ex Verbenaceae S X
Lindl.
4 Crepidium calophyllum (Rchb.f.) Szlach. Orchidaceae H
5 Cyrtococcum accrescens (Trin.) Stapf Gramineae G X
6 Dianellaensfolia(L.) DC. Liliaceae H X
7 Dioscorea glabra Roxb. varglabra Dioscoreaceae H X
8 EupatoriumodoratumL. Compositae H X
9 Leeaindica(Burm. F.) Merr. Leeaceae S X
10 Murdanniajaponica Commelinaceae H X
11 Mussaenda parva Wall. ex G. Don Rubiaceae S 1%
12 Paspalum conjugatum Berg. Gramineae G 10%
13 Ravolfiaverticillata (Lour.) Baill. Apocynaceae S X
14 Thysanolaena latifolia (Roxb.ex Horn.) Gramineae G 1%
Total 15% 85%

98-1 Spondias axillaris-1

1 Alipinia malaccensis (Burm.f.) Rosc. Zingiberaceae H X
2 Camchaya eberhardtii (Gagnep.) kit. Compositae H 5%
3 Centellaasiatica(L.) Urb. Umbelliferae H X
4 Clausena lenis Drake. Rutaceae S X
5 Cyrtococcum accrescens (Trin.) Stapf Gramineae G
6 Dianellaensifolia (L.) DC. Liliaceae H X
7 Dioscorea bulbiferaL. Dioscoreaceae H X
8 Dioscorea glabra Roxb. var glabra Dioscoreaceae H X
9 Dioscorea hispida Denn. varhispida Dioscoreaceae H X
10 Eupatorium adenophorum Spreng. Compositae H 5%
11 Globba kerrii Craib Zingiberaceae H X
12 Melastoma malabathricumL. ssp. Melastomaceae S X
malabathricum
13 Murdanniajaponica Commelinaceae H 1%
14 Paspalum conjugatum Berg. Gramineae G 5%

15 Polygonumchinese L. Polygonaceae S X
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Plot Tree plots ground species Family Habit Cover Open
98-1 Spondias axillaris-1 (continued)
16 Ravolfiaverticillata (Lour.) Baill. Apocynaceae S X
17 Setaria palmifolia (Koen.) Stapf var. Gramineae G X
palmifolia
18 Thysanolaena latifolia (Roxb.ex Horn.) Gramineae G 1%
19 Urenalobata L. spp.lobata var.lobata Malvaceae H X
Total 40%  60%
98-2 Erythrina subumbrans-2
1 Alipiniagalanga (L.) Willd. Zingiberaceae H X
2 Alipinia malaccensis (Burm.f.) Rosc. Zingiberaceae H X
3 Canthium parvifolium Roxb. Rubiaceae S X
4 Dioscorea prazeri Prain & Burk. Dioscoreaceae H 10%
5 Eupatorium adenophorum Spreng. Compositae H 10%
6 Eupatorium odoratum L. Compositae H X
7 Paspalum conjugatum Berg. Gramineae G X
8 lerialevisRetz. Cyperaceae H X
9 Setaria palmifolia (Koen.) Stapf var. Gramineae G X
palmifolia
10 Smilax corbularia Kunth sspcorbularia Smilacaceae C X
11 Thysanolaena latifolia (Roxb.ex Horn.) Gramineae G X
Total 35% 65%
98-2 Erythrina subumbrans-3
1 Alipinia malaccensis (Burm.f.) Rosc. Zingiberaceae H X
2 Canthium parvifolium Roxb. Rubiaceae S X
3 Commelina diffusa Burm.f. Commelinaceae H 10%
4 Cyperuslaxus Lmk. var.laxus Cyperaceae H 1%
5 Cyrtococcum accrescens (Trin.) Stapf Gramineae G X
6 Dioscorea bulbifera L. Dioscoreaceae H X
7 Dioscorea prazeri Prain & Burk. Dioscoreaceae H 10%
8 Eupatorium adenophorum Spreng. Compositae H 1%
9 Eupatorium odoratum L. Compositae H X
10 Phaulopsisdorsiflora (Retz.) Sant. Acanthaceae H X
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Table D1 (continued)

Plot Tree plots ground species Family Habit Cover Open
98-2 Erythrina subumbrans-3 (continued)
11 Setaria palmifolia (Koen.) Stapf var. Gramineae G X
palmifolia
12 Thysanolaena latifolia (Roxb.ex Horn.) Gramineae G X
Total 25%  75%
98-2 Hoveniadulcis-2
1 Curculigolatifolia Pry.ex W.T. Ait.var. Amaryllidaceae H X
latifolia
2 Dioscorea prazeri Prain & Burk. Dioscoreaceae H X
3 Eupatorium adenophorum Spreng. Compositae H X
4 Phaulopsisdorsiflora (Retz.) Sant. Acanthaceae H X
5 Ravolfia verticillata (Lour.) Baill. Apocynaceae S X
Total X 99%
98-2 Hoveniadulcis-3
1 Alipinia malaccensis (Burm.f.) Rosc. Zingiberaceae H X
2 Curculigo latifolia Pry.ex W.T. Ait.var.  Amaryllidaceae H X
latifolia
3 Cyrtococcum accrescens (Trin.) Stapf Gramineae G 5%
4 Dioscorea prazeri Prain & Burk. Dioscoreaceae H 15%
5 Eupatorium adenophorum Spreng. Compositae H 10%
6 Eupatorium odoratum L. Compositae H X
7 Paspalum conjugatum Berg. Gramineae G 1%
Total 35% 65%
98.2 Meliatoosendan-2 Family Habit Cover Open
1 Alipinia malaccensis (Burm.f.) Rosc. Zingiberaceae H X
2 Cyrtococcum accrescens (Trin.) Stapf Gramineae G 5%
3 Dioscorea prazeri Prain & Burk. Dioscoreaceae H 5%
4 Eupatorium adenophorum Spreng. Compositae H X
5 Musasp. Musaceae H X
6 Mussaenda parva Wall. ex G. DOn Rubiaceae S X
7 Phaulopsis dorsiflora (Retz.) Sant. Acanthaceae H 5%

Total

15% 85%
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Table D1 (continued)

Plot Treeplots ground species Family Habit Cover Open
98-2 Meliatoosendan-3
1 Alipinia malaccensis (Burm.f.) Rosc. Zingiberaceae H X
2 Clerodendrum glandulosum Colebr. ex Verbenaceae S X
Lindl.
3 Commelina diffusa Burm.f. Commelinaceae H 20%
4 Cyrtococcum accrescens (Trin.) Stapf Gramineae G X
5 Dioscorea bulbifera L. Dioscoreaceae H X
6 Dioscorea prazeri Prain & Burk. Dioscoreaceae H X
7 Dioscorea pentaphylla L. var.slamensis Dioscoreaceae H 15%
Prain & Burk.
8 Eupatorium adenophorum Spreng. Compositae H 20%
9 Mussaenda parva Wall. ex G. DOn Rubiaceae S X
10 Paspalum conjugatum Berg. Gramineae G 10%
11 Phragmitesvallatoria (Pluk. ex. L.) Gramineae G 1%
Veldk.
12 <lerialevis Retz. Cyperaceae H X
13 Thysanolaena latifolia (Roxb.ex Horn.) Gramineae G X
Total 60% 40%
98-2 Prunus cerasoides-2
1 Amorphophallus yunnanensis Engl. Araceae H X
2 Boehmeria thailandica Yaha. Urticaceaa S X
3 Curculigo latifolia Pry.ex W.T. Ait.var.  Amaryllidaceae H 1%
latifolia
4 Dioscorea bulbifera L. Dioscoreaceae H X
5 Eupatorium adenophorum Spreng. Compositae H 15%
6 Eupatorium odoratum L. Compositae H X
7 Melastoma malabathricumL. ssp. Melastomaceae S X
malabathricum
8 Paspalum conjugatum Berg. Gramineae G 10%
9 Phragmitesvallatoria (Pluk. ex. L.) Gramineae G X
Veldk.
10 Pteridiumaquilinum L. Kuhn ssp. Dennstaedtiaceae F X
aquilinum var.wightianum (Ag.) Try.
11 Setaria palmifolia (Koen.) Stapf var. Gramineae G X
palmifolia
12 Thysanolaena latifolia (Roxb.ex Horn.) Gramineae G 1%
Total 25% 75%
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Table D1 (continued)

Plot Tree plots ground species Family Habit Cover Open
98-2 Prunus cerasoides-3
1 Alipinia malaccensis (Burm.f.) Rosc. Zingiberaceae H X
2 Clerodendrum glandulosum Colebr. ex Verbenaceae C X
Lindl.
3 Dioscorea bulbifera L. Dioscoreaceae H X
4 Dioscorea prazeri Prain & Burk. Dioscoreaceae H 1%
5 Eupatorium adenophorum Spreng. Compositae H 10%
6 EupatoriumodoratumL. Compositae H 5%
7 Imperata cylindrica (L.) P. Baeuv. var. Gramineae G X
major (Nees) C.E. Hybb. Ex Hubb. &
Vaughn
8 Phragmitesvallatoria (Pluk. ex. L.) Gramineae G X
Veldk.
9 Pteridiumaquilinum L. Kuhn ssp. Dennstaedtiaceae F X
aquilinum var.wightianum (Ag.) Try.
10 <lerialevis Retz. Cyperaceae H X
11 Setariaverticillata (L.) P. Beauv. Gramineae G X
12 Semonatuberosa Lour. var.tuberosa Stemonaceae C X
13 Thysanolaena latifolia (Roxb.ex Horn.) Gramineae G X
14 Vigna umbellata (Wild.) Ohwi & Oha. Leguminosae,
S C X
var.umbellata Papilionoidea
Total 30% 70%
98-2 Spondiasaxillaris-2
1 Alipinia malaccensis (Burm.f.) Rosc. Zingiberaceae H X
2 Amorphophallus yunnanensis Engl. Araceae H X
3 Boehmeriathailandica Yaha. Urticaceaa S X
4 Cyrtococcum accrescens (Trin.) Stapf Gramineae G X
5 Dioscorea bulbifera L. Dioscoreaceae H X
6 Dioscorea pentaphylla L. var.slamensis Dioscoreaceae H X
Prain & Burk.
7 Eupatorium adenophorum Spreng. Compositae H 1%
8 EupatoriumodoratumL. Compositae H X
9 Mikaniacordata (Burm.f.) B.L. Rob. Compositae C 1%
formaundulata Kast.
10 Mussaenda parva Wall. ex G. DOn Rubiaceae S X
11 Paspalum conjugatum Berg. Gramineae G X
12 Polygonumchinese L. Polygonaceae S X

Total

5% 95%
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Table D1 (continued)

Plot Tree plots ground species Family Habit Cover Open
98-3 Spondias axillaris-3
1 Alipinia malaccensis (Burm.f.) Rosc. Zingiberaceae H
2 Cyrtococcum accrescens (Trin.) Stapf Gramineae G X
3 Dianellaensfolia(L.) DC. Liliaceae H X
4 Dioscorea bulbifera L. Dioscoreaceae H X
5 Dioscorea prazeri Prain & Burk. Dioscoreaceae H 1%
6 Eupatorium adenophorum Spreng. Compositae H 10%
7 Eupatorium odoratum L. Compositae H 5%
8 Millettia pachycarpa Bth. Leguminosae, C X
Papilionoidea
9 Smilax lanceifolia Roxb. Smilacaceae C X
10 Smilax ovalifolia Roxb. Smilacaceae C X
Total 15% 85%
98-3 Erythrina subumbrans-4
1 Alipinia malaccensis (Burm.f.) Rosc. Zingiberaceae H X
2 Cayratiajaponica (Thunb.) Gagnep. Vitaceae C X
3 Dienia ophrydis (Koen.) Orm. & Seid. Orchidaceae H X
4 Dioscoreaalata L. Dioscoreaceae H X
5 Dioscorea prazeri Prain & Burk. Dioscoreaceae H X
6 Eupatorium adenophorum Spreng. Compositae H 25%
7 Mussaenda parva Wall. ex G. DOn Rubiaceae S X
8 Paspalum conjugatum Berg. Gramineae G X
9 Phaulopsisdorsiflora (Retz.) Sant. Acanthaceae H X
10 Phrynium capitatum wild. Maranthaceae H X
11 Pterisbiaurita L. Pteridaceae F X
12 Thelypteris subelata (Bak.) K. Iw. Thelypteridaceae F X
13 Thysanolaena latifolia (Roxb.ex Horn.) Gramineae G X
Total 30% 70%




132

Table D1 (continued)

Plot Tree plots ground species Family Habit Cover Open
98-3 Erythrina subumbrans-5
1 Alipiniagalanga (L.) Willd. Zingiberaceae H X
2 Cyrtococcum accrescens (Trin.) Stapf Gramineae G 5%
3 Dioscorea prazeri Prain & Burk. Dioscoreaceae H X
4 Eupatorium adenophorum Spreng. Compositae H 20%
5 Eupatorium odoratum L. Compositae H
6 Paspalum conjugatum Berg. Gramineae G X
7 Slerialevis Retz. Cyperaceae H X
8 Setaria palmifolia (Koen.) Stapf var. Gramineae G X
palmifolia
9 Thysanolaena latifolia (Roxb.ex Horn.) Gramineae G X
Total 25%  75%
98-3 Hoveniadulcis-4
1 Alipinia malaccensis (Burm.f.) Rosc. Zingiberaceae H X
2 Cayratiajaponica (Thunb.) Gagnep. Vitaceae C X
3 Clerodendrum disparifolium Bl. Verbenaceae S X
4 Dioscorea bulbifera L. Dioscoreaceae H X
5 Dioscorea prazeri Prain & Burk. Dioscoreaceae H X
6 Eupatorium adenophorum Spreng. Compositae H 5%
7 Eupatorium odoratum L. Compositae H X
8 Globba kerri Zingiberaceae H X
9 Imperata cylindrica(L.) P. Baeuv. var. Gramineae G X
major (Nees) C.E. Hybb. Ex Hubb. &
Vaughn
10 Mussaenda parva Wall. ex G. DOn Rubiaceae S X
11 Oplismenus compositus (L.) P. Beauv. Gramineae G X
12 Pterisbiaurita L. Pteridaceae F X
13 Sgtliil% I;iagl mifolia (Koen.) Stapf var. Gramineae G 56
Total 15% 85%
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Table D1 (continued)

Plot Tree plots ground species Family Habit Cover Open
98-3 Hoveniadulcis-5
1 Amorphophallus yunnanensis Engl. Araceae H X
2 Canthium parvifolium Roxb. Rubiaceae S X
3 Cayratiajaponica (Thunb.) Gagnep. Vitaceae C X
4 Cochlianthus gracilis Bth. Leguminosae, H X
Papilionoidea
5 Embelia sessiliflora Kurz. Myrsinaceae C X
6 Eupatorium adenophorum Spreng. Compositae H X
7 Eupatorium odoratum L. Compositae H X
8 Mussaenda parva Wall. ex G. DOn Rubiaceae S X
9 Paspalum conjugatum Berg. Gramineae G X
10 Thysanolaena latifolia (Roxb.ex Horn.) Gramineae G X
11 Urenalobata L. spp.lobata var.lobata Malvaceae H X
Total 1%  99%
98-3 Meliatoosendan-4
1 Alipinia malaccensis (Burm.f.) Rosc. Zingiberaceae H X
2 Cayratiajaponica (Thunb.) Gagnep. Vitaceae C X
3 Cochlianthus gracilis Bth. Leguminosae, H 1%
Papilionoidea
4 Digitaria violascens Link Gramineae G X
5 Dioscoreaalata L. Dioscoreaceae H X
6 Eupatorium odoratum L. Compositae H 15%
7 Polygonum chinense L. Polygonaceae S 15%
8 Pterisbiaurita L. Pteridaceae F X
Total 30% 70%
98-3 Meéliatoosendan-5
1 Cayratiajaponica (Thunb.) Gagnep. Vitaceae C X
2 Cyrtococcum accrescens (Trin.) Stapf Gramineae G 15%
3 Dioscorea alata L. Dioscoreaceae H X
4 Panicum notatum Retz. Gramineae G 1%
5 Polygonum chinese L. Polygonaceae S X
6 Pterisbiaurita L. Pteridaceae F X
7 Slerialevis Retz. Cyperaceae H X
Total 15% 85%
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Table D1 (continued)

Plot Tree plots ground species Family Habit Cover Open
98-3 Prunus cerasoides-4
1 Alipiniagalanga (L.) Willd. Zingiberaceae H X
2 Alipinia malaccensis (Burm.f.) Rosc. Zingiberaceae H X
3 Cayratiajaponica (Thunb.) Gagnap Vitaceae C 1%
4 Clerodendrumdisparifolium Bl. Verbenaceae S X
5 Caoclianthus gracilis Bth. Leguminosae, H 1%
Papilionoidea
6 Cyrtococcum accrescens (Trin.) Stapf Gramineae G X
7 Dienia ophrydis (Koen.) Orm. & Seid. Orchidaceae H X
8 Dioscorea bulbifera L. Dioscoreaceae H X
9 Dioscorea prazeri Prain & Burk. Dioscoreaceae H X
10 Eupatorium adenophorum Spreng. Compositae H 10%
11 Eupatorium odoratumL. Compositae H X
12 Maclurafruticosa (Roxb.) Corn. Moraceae C X
13 Paspalum conjugatum Berg. Gramineae G X
14 <lerialevis Retz. Cyperaceae H X
15 Setaria palmifolia (Koen.) Stapf var. Gramineae G 1%
palmifolia
16 Thysanolaena latifolia (Roxb.ex Horn.) Gramineae G X
Total 20%  80%
98-3 Prunus cerasoides-5
1 Alipinia malaccensis (Burm.f.) Rosc. Zingiberaceae H X
2 Cayratiajaponica (Thunb.) Gagnep. Vitaceae C X
3 Clerodendrum disparifolium Bl. Verbenaceae S X
4 Coclianthus gracilis Bth. Leguminosae, H X
Papilionoidea
5 Dieniaophrydis (Koen.) Orm. & Seid. Orchidaceae H X
6 Dioscorea prazeri Prain & Burk. Dioscoreaceae H X
7 Eupatorium odoratum L. Compositae H 1%
8 lerialevisRetz. Cyperaceae H X
9 Thysanolaena latifolia (Roxb.ex Horn.) Gramineae G X
Total 5%  95%
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Table D1 (continued)

Plot Tree plots ground species Family Habit Cover Open
98-3 Spondias axillaris-4
1 Amorphophallus yunnanensis Engl. Araceae H X
2 Cyrtococcum accrescens (Trin.) Stapf Gramineae G 5%
3 Dioscorea glabra Roxb. var glabra Dioscoreaceae H X
4 Dioscorea prazeri Prain & Burk. Dioscoreaceae H X
5 Eupatorium adenophorum Spreng. Compositae H X
6 Fluggeavirosa (Roxb. ex Willd.) Baill. Euphorbiaceae H X
7 Mussaenda parva Wall. ex G. DOn Rubiaceae S X
8 Paspalum conjugatum Berg. Gramineae G X
9 Polygonumchinese L. Polygonaceae S X
10 Setaria palmifolia (Koen.) Stapf var. Gramineae G X
palmifolia
11 Vernoniadivergens (DC.) Edgew. Compositae H X
Total 15% 85%
98-3 Spondias axillaris-5
1 Alipinia malaccensis (Burm.f.) Rosc. Zingiberaceae H X
2 Cayratiajaponica (Thunb.) Gagnep. Vitaceae C X
3 Clausena lenis Drake. Rutaceae S X
4 Dieniaophrydis (Koen.) Orm. & Seid. Orchidaceae H X
5 Dioscoreaalata L. Dioscoreaceae H X
6 Dioscorea prazeri Prain & Burk. Dioscoreaceae H X
7 Eupatorium adenophorum Spreng. Compositae H X
8 EupatoriumodoratumL. Compositae H X
9 Maclurafruticosa (Roxb.) Corn. Moraceae C X
10 Mussaenda parva Wall. ex G. DOn Rubiaceae S X
11 Panicum notatum Retz. Gramineae G X
12 Paspalum conjugatum Berg. Gramineae G 20%
13 <lerialevis Retz. Cyperaceae H X
14 Setaria palmifolia (Koen.) Stapf var. Gramineae G X
palmifolia
Total 20%  80%

Remark: C = Climber, F= Fern, G = Grass, H =Herb, S = Shrub, WC = Woody

Climber
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Table F2 Number of birds observed in each selected tree

No.

Species of bird

ER1

Erythrina subumbrans

ER2

ER3 ER4

ERS

wWN PP

PREPRERPRRRR
O~NOUDRWNROWOODNO®O U A

19

Arctic Warbler

Barbet sp.

Bar-winged Flycatcher-
shrike

Black-crested Bulbul
Black-throated Sunbird
Blue-throated Barbet
Common lora

Golden Spectacle Warbler
Hill Blue Flycatcher
Japanese White-eye
Puff-throated Babbler
Red-whiskered Bulbul
Scarlet Minivet
Sooty-headed Bulbul
Speckled Piculet
Streak Spiderhunter
Sunbird sp. (female)
White-crested
Laughingthrush
White-rumped Shama

Total

No.

Species of bird

HO?2

Hovenia dulcis
HO3 HO4

WN P

0 ~NO 01 b~

Arctic Warbler

Barbet sp.

Bar-winged Flycatcher-
shrike

Black-crested Bulbul
Black-throated Sunbird
Blue-throated Barbet
Common lora

Golden Spectacle Warbler

1 ] !
el

Total




Table F2 (continued)
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No. Species of bird

ME1

Melia toosendan
ME2 ME3 ME4 ME5 Total

Arctic Warbler
Ashy Drongo
Bar-winged Flycatcher-
shrike
4 Buff-bellied Flowerpecker
5 Bulbul sp.
6 Common lora
7 Great Tit
8 Grey-headed Flycatcher
9 Hill Blue Flycatcher
10 Japanese White-eye
11 Little Pied Flycatcher
12 Little Spiderhunter
13 Oriental White-eye
14
15
16
17
18
19
20

WN PP

Red-whiskered Bulbul
Scarlet Minivet
Sooty-headed Bulbul
Speckled Piculet
Streaked Spiderhunter
Two-barred Warbler
Unknown sp. 1

21 Unknown sp. 3

22 White-rumped Shama

23 White-throated Fantalil

- - 2 - 2

H
1
FoYoNR e

1
1
1
H
RN

Total




Table F2 (continued)
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No.

Species of bird

Prunus cerasoides
PR1 PR2 PR3 PR4

OCoO~NOOUIDEWNPE

Arctic Warbler
Black-crested Bulbul
Black-throated Sunbird
Blyth's Leaf-Warbler
Buff-bellied Flowerpecker
Common lora
Dark-necked Tailorbird
Flavescent Bulbul

Great Tit

Grey-headed Flycatcher
Hill Blue Flycatcher
Hoopoe

Japanese White-eye
Olive-backed Pipit
Oriental White-eye

Plain Flowerpecker
Plaintive Cuckoo
Red-throated Flycatcher
Red-whiskered Bulbul
Speckled Piculet
Streaked Spiderhunter
Two-barred Warbler
White-browed Piculet
White-browned Scimitar-
Babbler

White-rumped Shama

1 1 -

2
- 2 1
1

Total




Table F2 (continued)
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No.

Species of bird

Soondias axillaris
SP2 SP3 SP4 SP5 Total

WN PP

Arctic Warbler

Ashy Drongo
Bar-winged Flycatcher-
shrike

Black-crested Bulbul
Black-throated Sunbird
Blyth's Leaf-Warbler
Burmese Shrike

Dusky Warbler
Flavescent Bulbul
Great Tit

Green-billed Malkoha
Hill Blue Flycatcher
Hoopoe

Oriental White-eye
Puff-throated Babbler
Red-throated Flycatcher
Red Whiskered Bulbul
Scarlet Minivet
Sooty-headed Bulbul
Streaked Spiderhunter
Sunbird sp. (female)
Two-barred Warbler
Unknown sp. 2
Velvet-fronted Nuthatch
Warbler sp.
White-browned Shrike-
Babbler

White-rumped Shama
White-throated Fantail

[ —

1 1 - 2 4

Total

13
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Table F3 Population density and species richness of all birds

No. of
Tree plot No. of seedling  Population Density Species richness
seedling  species (no./nf) (no. sp/ )
Erythrina subumbrans
ER1 42 12 1.37 0.39
ER2 36 6 1.99 0.33
ER3 13 7 0.36 0.19
ER4 31 9 2.04 0.59
ER5 20 6 0.87 0.26
Mean 1.33 0.35
Hovenia dulcis
HO1 7 6 0.30 0.26
HO2 2 1 0.08 0.04
HO3 2 2 0.30 0.30
HO4 6 3 0.48 0.24
HO5 3 2 0.33 0.22
Mean 0.30 0.21
Melia toosendan
ME1 21 10 0.61 0.29
ME2 4 4 0.10 0.10
MES3 3 3 0.11 0.11
ME4 57 7 3.93 0.48
MES5 14 6 1.23 0.53
Mean 1.20 0.30
Prunus cerasoides
PR1 15 8 0.37 0.20
PR2 11 6 0.52 0.28
PR3 62 7 2.52 0.28
PR4 26 7 2.86 0.77
PR5 19 5 1.33 0.35
Mean 152 0.38
Soondias axillaris
SP1 8 2 0.19 0.05
SP2 4 3 0.09 0.07
SP3 3 2 0.10 0.07
SP4 11 5 0.42 0.19
SP5 16 7 0.44 0.19

Mean 0.25 011
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Table F4 Population density and species richness of non-frugivorous birds

No. of
Tree plot No. of seedling  Population Density Species richness
seedling  species (no./nf) (no. sp/ )
Erythrina subumbrans
ER1 42 12 1.37 0.39
ER2 36 6 1.99 0.33
ER3 13 7 0.36 0.19
ER4 31 9 2.04 0.59
ER5 20 6 0.87 0.26
Mean 1.33 0.35
Hovenia dulcis
HO1 7 6 0.30 0.26
HO2 2 1 0.08 0.04
HO3 2 2 0.30 0.30
HO4 6 3 0.48 0.24
HO5 3 2 0.33 0.22
Mean 0.30 0.21
Melia toosendan
ME1 21 10 0.61 0.29
ME2 4 4 0.10 0.10
MES3 3 3 0.11 0.11
ME4 57 7 3.93 0.48
MES5 14 6 1.23 0.53
Mean 1.20 0.30
Prunus cerasoides
PR1 15 8 0.37 0.20
PR2 11 6 0.52 0.28
PR3 62 7 2.52 0.28
PR4 26 7 2.86 0.77
PR5 19 5 1.33 0.35
Mean 152 0.38
Soondias axillaris
SP1 8 2 0.19 0.05
SP2 4 3 0.09 0.07
SP3 3 2 0.10 0.07
SP4 11 5 0.42 0.19
SP5 16 7 0.44 0.19

Mean 0.25 011




156

Table F5 Population density and species richness of frugivorous birds

No. of
Tree plot No. of seedling  Population Density Species richness
seedling  species (no./nf) (no. sp/ )
Erythrina subumbrans
ER1 42 12 1.37 0.39
ER2 36 6 1.99 0.33
ER3 13 7 0.36 0.19
ER4 31 9 2.04 0.59
ER5 20 6 0.87 0.26
Mean 1.33 0.35
Hovenia dulcis
HO1 7 6 0.30 0.26
HO2 2 1 0.08 0.04
HO3 2 2 0.30 0.30
HO4 6 3 0.48 0.24
HO5 3 2 0.33 0.22
Mean 0.30 0.21
Melia toosendan
ME1 21 10 0.61 0.29
ME2 4 4 0.10 0.10
MES3 3 3 0.11 0.11
ME4 57 7 3.93 0.48
MES5 14 6 1.23 0.53
Mean 1.20 0.30
Prunus cerasoides
PR1 15 8 0.37 0.20
PR2 11 6 0.52 0.28
PR3 62 7 2.52 0.28
PR4 26 7 2.86 0.77
PR5 19 5 1.33 0.35
Mean 152 0.38
Soondias axillaris
SP1 8 2 0.19 0.05
SP2 4 3 0.09 0.07
SP3 3 2 0.10 0.07
SP4 11 5 0.42 0.19
SP5 16 7 0.44 0.19

Mean 0.25 011
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