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How to Plant a Forest

S. Elliott, V. Anusarnsunthorn, J. F. Maxwell, G. Gale, T. Toktang, C. Kuarak,

P. Navakitbumrung, G. Pakkad. P. Tunjai, J. Thaiying and D. Blakesley
Forest Restoration Research Unit, Biology Department, Science Faculty, Chiang Mai University, Thailand 50200

This paper reports on the recovery of biodiversity in experimental plots designed to test the
framework species method of forest restoration in Doi Suthep-Pui National Park, Northern
Thailand. The framework species method involves planting up to 30 indigenous forest tree species,
carefully selected for their ability to accelerate natural forest regeneration. The hypothesis is that
planted trees should restore forest structure and ecological functioning, whilst wildlife attracted by
the planted trees accelerate biodiversity recovery through seed dispersal, resulting in recruitment
of non-planted tree species.

Bimonthly inspections of framework species plots, ranging in age from 6 years to recently
planted, revealed that 41 of the planted tree species produced wildlife resources such as flowers or
fruits within 7 years after planting, with 14 doing so in less than 3 years. Birds’ nests were
recorded in 17 tree species within five years after planting. A total of 53 bird species were
observed using the planted trees as perching sites and for feeding on fruits, nectar and insects.
Erythrina subumbrans and Melia toosendan attracted the greatest diversity of bird species (both 28
species).

Planting 20-30 framework tree species in 10-rai plots each year, created a mosaic of
different aged habitats which dramatically increased bird species richness at the landscape level,
from about 30 species before planting began to 87 species at present. Of these, 45 species were
also recorded in the nearest patch of surviving forest, representing about a 63% recovery in the
total expected bird community within 6 years. Bird species most likely to disperse seeds of nearby
forest trees into planted plots included Blue-throated Barbet, Black-crested Bulbul, Black-headed
Bulbul, Flavescent Bulbul, Oriental White-eye and Japanese White-eye.

Medium-sized mammals, which rapidly recolonized the plots, included Hog Badger,
Pangolin, Large Indian Civet, Barking Deer and Common Wild Pig. Live-trapping of rodents
revealed the presence of Mus pahari, Rattus bukit, R. exulans, R. koratensis, R. rattus and R.
surifer. All rodent species were also present in the non-planted control plots, except R. exulans and
R. koratensis, which were recorded only in 2-3-year-old planted plots,. Highest density of rodents
was maintained in the non-planted control plots. Since these species are mostly seed-predators, a
reduction in their population densities, following canopy closure in the planted plots, probably
favours natural tree establishment.

During a survey of naturally establishing trees, a total of 61 naturally establishing tree
species (not including second generation seedlings of planted trees) were recorded in 6 year-old
plots planted plots, compared with only 37 in control plots. Therefore, tree planting, and the seed-
dispersing animals attracted by it nearly doubled the natural rate of tree species recruitment.

Key words: restore forest, Doi Suthep-Pui

Introduction

Since deforestation is a major cause of biodiversity loss in Thailand, acceleration of natural
forest regeneration is one way to restore biodiversity on degraded sites and is a particularly suitable
technique within conservation areas. This paper examines the effectiveness of the framework species
method of forest restoration in enhancing the recovery of biodiversity.

The “framework species” method of forest restoration, first conceived in Australia (Goosem
and Tucker, 1995; Tucker and Murphy, 1997), involves planting mixtures of 20-30 both pioneer and
climax tree species in a single step. Planted trees “re-capture” the site (by shading out herbaceous
weeds), re-establish a multi-layered forest canopy and restore forest productivity and nutrient cycles.
In addition, the framework tree species planted should accelerate biodiversity recovery. By producing
flowers and fruits early in life, and by providing other wildlife resources, the planted trees should
attract wild animals that disperse the seeds of a diversity of other non-planted trees into planted sites,
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whilst the cooler, more humid and weed-free conditions, beneath the regenerated forest canopy should
favour seed germination and establishment of forest tree seedlings. Thus tree species richness should
increase and the tree species composition of the forest should gradually return to its natural state
(Figure.1).

Techniques to grow
framework species in nurseries

Framework species selection

(Kuarak et al., 2000; Blakesley *
et al, 2002; Elliott et al., 2002), Planting 20-30 framework species:
field performance of framework weeding & fertiliser application for 2 years
tree species (Elliott et al., 2003) \
and genetic aspects of the
technique (Pakkad et al., 2004; Weeds shaded out, \
Blakesley et al., 2004) have Site recaptured [ e re.
been  published elsewhere. established (multi- \
Biodiversity aspects of the layered canopy) )
techr)iqqe have requ!red Reco‘;j;{g;ﬁﬁg?g'cal
monitoring over a longer period. Positive « Litter accumulation
Consequently, in this paper, we feedback « Nutrient cycling
report on the youngest ages at * Fruits and other foods
which  planted  candidate \ *
framework  trees produce Conditions for seed / - -
resources which attract seed- germination & seedling S?szli_%d'sﬁers't”g
dispersing wildlife into planted survival improved ,/ wiidte atracte
plots; recovery of bird and / / Positive ¢
mammal  communities and ,
natural recruitment of non- Recruitment: natural re- / Increased seed ralnl
planted tree species. establishment of non-

planted tree species

\ l Biodiversity recovery

\ Original forest restored

Figure 1. The framework species method of forest restoration relies on
planted trees to re-establish forest structure and function. Wildlife,
attracted by them, subsequently restores biodiversity, through seed
dispersal.

Study Site Description

Experimental plots were
established in the north of Doi
Suthep-Pui National Park. After
discussion  with the park
authorities and villagers of Ban
Mae Sa Mai (an Hmong hill
tribe community in the north of
the park), trial plots were
positioned along or immediately below the ridges of a degraded watershed area, 2-3 km from the
village (18° 52’N, 98° 51’E), at 1,207-1,310 m above sea level. The villagers collaborated closely in
all aspects of the experiments, including growing saplings in their own community nursery, as well as
planting, maintaining and monitoring the plots.

Originally, the study site had been covered with evergreen forest, cleared approximately 20
years previously, to provide land for cultivation of cabbages, corn, potatoes and other cash crops. The
abandoned fields were dominated by herbaceous weeds such as Pteridium aquilinum (L.) Kuhn
(Dennstaedtiaceae), Bidens pilosa L., Ageratum conyzoides L., Eupatorium odoratum L. and E.
adenophorum Spreng. (all Compositae), Commelina diffusa Burm. f. (Commelinaceae) and grasses
e.g. Phragmites vallatoria (Pluk. ex L.) Veldk., Imperata cylindrica (L.) P. Beauv. var. major (Nees)
C.E. Hubb. ex Hubb. & Vaugh. and Thysanolaena latifolia (Roxb. ex Horn.) Honda (both Gramineae).
Most of the slopes below the plots were still cultivated (corn, cabbages, carrots etc.), with litchi
orchards lower down, providing the villagers with their main source of income.

A few remnant forest trees, sparsely scattered across the plots, provided a potential seed
source for natural forest regeneration. The nearest extensive patch of forest lay some 2-3 km from the
plots. Fruit bats and birds, especially bulbuls, were the most likely vectors of small to medium-sized
seeds from forest into the plots. Dispersers of the largest seeds (e.g. Asian Elephant, wild cattle,
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rhinos) have been extirpated from the national park. Wind is also capable of dispersing seeds of
indigenous trees species over considerable distances.

Compared with soil in undisturbed evergreen forest at a similar elevation, soil in the study site
before planting was significantly more acidic and contained significantly less organic matter and
nitrogen, more sand and less silt and clay, which is the result of forest degradation and fire.

The area has two main seasons: the wet season (May - October) and the dry season (mean
monthly rainfall below 100 mm, November - April). The dry season is subdivided into the cool-dry
season (November to January) and the hot- dry season (February to April). Average annual rainfall,
recorded at the nearest weather station to the study site at similar elevation (Kog-Ma Watershed
Research Station), was 2,094.9 mm. Extreme temperatures ranged from a minimum of 4.5°C in
December to a maximum of 35.5°C in March.

Methodology

Establishing the plots

The study was carried out in a system of framework species demonstration plots which
varied in age from recently planted to 7 years old. Every June, from 1998 to 2004, at least 10 rai (=1.6
ha) of new experimental plots were added to the system by planting 20-30 candidate framework tree
species. The trees were raised in plastic bags (9 x 2% inches) in small nurseries at Doi Suthep-Pui
National Park and at Ban Mae Sa Mai from locally collected seeds. The weedy vegetation on the
planting sites was slashed down to ground level about 6 weeks before planting. Three weeks later,
resprouting plants were sprayed with the non-residual herbicide, glyphosate to prevent regrowth of the
weeds.

In mid-June, trees were labelled and planted, spaced 1.8 m apart, in a random pattern, in
holes twice as large the size of the plastic bags. About 50-100 g of chemical fertiliser was mixed into
the planting hole and in latter years, a circular cardboard mulch mat was laid around the planted trees.
Subsequently the plots were weeded and additional doses of fertilizer applied at 4-6 week intervals
during the rainy season for at least the first two years after planting. Fire prevention measures,
including cutting firebreaks around the plots and employment of a team of villagers to act as fire-
watchers, were initiated at the beginning of January each year and continued until April or May,
depending on the arrival of the first rains.

Monitoring provision of wildlife resources by the planted trees
Published data on the youngest ages at which tree species flower and fruit or produce other
resources (e.g. nesting sites) which attract seed-dispersing wildlife are exceedingly scarce. Therefore,
the plots were walked twice monthly to record observations on flowering, fruiting and wildlife usage.
The label numbers of any trees observed bearing flowers or fruits were recorded on a simple tick list,
along with notes on any signs of wildlife usage.

Monitoring of birds
Birds provide a convenient group of indicator organisms for monitoring biodiversity. They
occupy a wide range of niches, represent several trophic levels and are easy to observe and identify.
Furthermore, they are highly mobile and therefore, bird communities are able to change rapidly in
response to changes in habitat.

Pre-planting bird survey in the 1998 plots — baseline data

Surveys were carried out in April-June 1998, shortly after all plots had been burnt. The
ground was nearly clear of green vegetation, with only a few burnt shrubs and trees remaining. Birds
were observed across all three plots using 7 x 35 binoculars. The time each bird was observed and its
activities were recorded. Observations were made during ten three-hour morning periods (6:30 AM
until 9:30 AM) and 10 two-hour evening periods (4:30 PM until 6:30 PM), beginning on April 11
1998 and concluding on June 16 1998 for a total of 50 hours. The total time was divided evenly
among the three plots.
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Surveys under this project - Planted plots and controls

Bird surveys were conducted in both planted plots and non-planted control plots, once per
month between June 2002 and June 2003 using both 20 minute point counts and the MacKinnon list
technique. Data were collected every month except for August 2002 when frequent rains prevented the
completion of the surveys. During each survey, birds were observed with binoculars for three hours
after sunrise. Birds were counted for one hour (20 minutes of point counts and 40 minutes of
MacKinnon lists) per period per plot. Each month, a total of 12 plots were observed: three replicate
plots of each of the four “treatments” (1998, 2000, 2002, and unplanted controls). During this part of
the study, each plot was surveyed for a total of 24 hours. Data recorded included bird species
observed, number of individuals, vertical position (e.g. ground, ground flora, tree trunk, lower canopy,
upper canopy, or flying overhead), activity and, when possible, the label numbers of any tree species
and the species name of any other plants used by the birds.

Surveys in the nearest forest

Monitoring of birds in the final year shifted to the nearest area of protected natural forest
about 3-5 km away from the planted plots. The objective was to identify bird species, which are
potential dispersers of seed between nearby forest patches and the planted plots, as well as to
determine the extent to which the bird community in the planted plots had recovered to the “natural”
species composition. This patch of degraded evergreen forest merged with evergreen and pine forest
towards an upper ridge. Many large trees were still present, protected from felling for many years by
community forest regulations.

Along 2 trails through the forest point counts were carried out 2 days a month for a total of
six survey periods between October 31, 2003 and 1 August 2004. Twenty point counts were made
along a central line through the forest at 50-m intervals. Ten circular plots on each side of the central
line were also surveyed, alternately 50 m away from the central line on either side. Most of the
observations were focused within a 25 m radius. The observer stood in the centre of each circular plot
for 20 minutes per plot per time. The surveys were done in the morning from 6.30 to 10.30. Data
collected included time and location of the observations, species and number of observed birds, their
distance from the plot centre, location in the vegetation (1 ground, 2 grass/herb layer, 3 woody plants
< 1m, 4 trees >1m. The vertical position of birds on trees was also recorded (e.g. trunk, lower canopy
and upper canopy).

Mammal Surveys

The presence of small to medium sized mammals in the planted plots was determined by
direct observation; records of tracks and other signs during bi-monthly phenology observation and
reports by local people. For rodents a live cage-trapping program was carried out using triplicated
grids of 16 traps, spaced 10 m apart, in plots planted in 1998 and 2000 and in the non-planted control
plots. Bait used was sticky rice mixed with peanuts and bananas. Five trapping sessions, each lasting 7
nights, were carried out in April, May and October 2002 and in March and May 2003, totalling 4,320
trap nights in all.

Assessing tree species recruitment

With the planted trees attracting seed-dispersing wildlife and creating shaded, weed-free
conditions to enhance seed germination, the ultimate test of the framework species method is the
species richness of naturally establishing tree species, not including those of the planted tree species.
These are termed “recruit species”. The 1998 planted and control plots (the oldest) were thoroughly
surveyed in July-August 2004 (just over 6 years after planting) and every tree seedling/sapling found,
less than 2 m tall (therefore likely to have established subsequent to planting) was measured by
FORRU staff and identified by J. F. Maxwell.

Results

Provision of wildlife resources by the planted trees
Bi-monthly inspections of the plots generated nearly 8,000 observations of trees, of known
species and age, providing wildlife resources such as foods (particularly flowers and fruits), bird
nesting sites etc. The most important result was the determination of earliest age of provision of such
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resources by each of the planted tree species (summarised in Table 1). Forty-one of the planted
framework tree species produced flowers or fruits within 7 years are planting, with 14 doing so in less
than 3 years. Birds’ nests were recorded in 17 tree species within five years after planting.

Attracting birds Which tree
species were attractive to birds?

Complementing phenological
observations of planted trees,
observations of direct use of trees
by birds (both planted and
natural) were made during the
bird survey. A total of 27 of the
planted tree species provided
various resources for a total of 53
species of birds (Table 2).
Erythrina subumbrans and Melia
toosendan attracted the greatest
diversity of bird species, both 28.
Most of the birds visiting E.
subumbrans came to feed on the
copious quantities of nectar
produced by the flowers, but
some also used the tree as a
perching site and a source of
insect food. M. toosendan was
mostly used as a perching site,
since it grew so much takleler
than most of the other planted
trees. Other tree species, highly
attractive to birds included
Callicarpa arborea var. arborea
(13 bird species), Spondias
axillaris (13), Erythrina stricta
(13), Prunus cerasoides (12) and
Debregeasia longifolia (7). It was
notable that many of the bird
species observed were insectivorous
and were attracted to insects
using the trees as breeding or
feeding habitats.

Effects of tree planting on
bird species richness

At the landscape level,
planting framework tree species
dramatically  increased  bird
species richness from a total of
about 30 species recorded during
the pre-planting survey to 87
species recorded during the
project in either the planted plots,

the control plots or both (not including the community forest area). Even taking into consideration
differences in the methods used to survey birds pre- and post-planting, the magnitude of increase is

convincing.

Table 1 Earliest time after planting at which planted framework tree
species begin to provide resources likely to attract seed-dispersing

wildlife

Year after Planted tree species Planted tree species
planting flowering or fruiting with bird nests
st Ficus subincisa
Ficus ischnopoda Rhus rhetsoides
2nd Macaranga denticulata Balakata baccatum
Rhus rhetsoides Quercus semiserata
Brassiopsis ficifolia Prunus cerasoides
Callicarpa arborea Ficus semicordata
Castanopsis tribuloides Ficus glaberima
Eugenia grata Ficus subincisa
Ficus semicordata
3rd Ficus hispida
Glochidion kerrii
Heynea trijuga
Machilus bombycina
Prunus cerasoides
Archidendron clypearia Erythrina subumbrans
Cinnamomum iners Hovenia dulcis
Erythrina subumbrans Helicia nilagirica
Eugenia albiflora
4th Eurya acuminata
Helicia nilagirica
Melia toosendan
Phoebe lanceolata
Spondias axillaris
Bridelia glauca Alseodaphne
Duabanga grandiflora andersonii
Eugenia grata Bischofia javanica
Ficus racemosa Duabanga grandiflora
Ficus superba Cinnamomum iners
5th Gmelina arborea Phoebe lanceolata
Litsea salicifolia Spondias axillaris
Machilus bombycina Pterospermum
Micromelum hirsutum grandiflorum
Sarcosperma arboreum
Bischofia javanica
Eriobotrya bengalensis
Ficus benjamina
6th Ficus fistulosa
Ficus microcarpa
Kidia calycina
7th Styrax benzoides
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Of these 87 species, 45 were also recorded in the community forest area, suggesting that the
two areas now share approximately 63% of the same species within 7 years after initiating restoration

plantings.

Tree planting created a mosaic of different aged plots, with large differences in habitat
structure among them, intermingled with more open, non-planted control plots. Creation of landscape
diversity may have been primarily responsible for the increase in bird species richness.

Close examination of the data for individual plots, however, reveals that non-planted control

actually  supported a
greater species richness of

birds than any of the .
lanted plots. However . No. of bird ol
P L L . ' Tree species species observed Activity
only six bird species were using the tree
restricted in their At | \at 1 i
distribution to the non- rtocarpus fanceofata
planted controls. All 57 Balakata baccata 3 P
other bird species observed Bischofia javanica 1 P
in the control plots were Callicarpa arborea var. arborea. 13 P FI FFFN
also recorded in the planted X . -
. A Castanopsis calathiformis 2 P
plots (with 2 species in the S
community forest). Castanopsis diversifolia 1 P
The MacKinnon Debregeasia longifolia 7 P FF FI
lists suggested that the Erythrina subumbrans 28 P FI FN
species richness of planted Erythrina stricta 13 P FI FN
and control plots was - —
similar. The number of E%era ac.unTlnata var. wallichiana 1 FF
species per planted plot Ficus altissima 1 P
ranged from 31 to 43, with Ficus hispida var. hispida 1 Fl
:Ee C(;?trﬁl ?IOtS avgragln% Ficus semicordata var. semicordata 2 PFI
e highest number o - —
species and the recently Ficus subl_r_mlsa 3 P FI FF
planted 2002 plots the Heynea trijuga 1 P
least. The point counts Hovenia dulcis 1 FI
gave quite different results Macaranga denticulata 3 PFI
(21-34 species), with the Machilus bombycina 1 P
1998 plots averaging the — —
most species, while the Manglietia garrettii 2 P
2002 plots and controls had Markhamia stipulata 1 FN
the  least. Closer Melia toosendan 28 PFI
exgm;r&%t;onl (?[f the 1?[93 Nyssa javanica 1 Fl
an plots suggeste -
some potential species as Prunus ceras.0|des 12 PFIFFFN
indicators of change in the Quercus semiserrata 1 FI
landscape. Of 18 species Spondias axillaris 13 P FI

plots but not in the 2002
plots, seven can be

Table 2 Numbers of bird species observed using each framework tree

species and activities.

p=perching; FF=feeding on fruit; FN=feeding on nectar; Fl=feeding on insects

considered as indicative of forest habitats. These included Black-naped Monarch, Black-throated
Sunbird, Grey-headed Flycatcher, Leafbird sp., Long-tailed Minivet, Purple Sunbird, and Speckled

Piculet.

Which bird species are most likely to disperse seeds from forest to planted plots?
One of the main objectives of the framework species approach to forest restoration is to

attract birds that are most likely to disperse the seeds of forest tree species from forest in planted areas.
Bird species most likely to disperse seeds of nearby forest trees into planted plots included barbets,
bulbuls, and white-eyes, particularly the Blue-throated Barbet, Black-crested Bulbul, Black-headed
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Bulbul, Flavescent Bulbul, Oriental White-eye and Japanese White-eye. These include fruit in their
diets and were recorded in both natural forest and planted plots. In addition, some of the frugivorous
species found in the more open habitats may also be important seeds dispersers e.g. Red-whiskered
Bulbul and Sooty-headed Bulbuls.

Table 3  Bird species observed in the different study areas and plots.

' Pre-planting Semi- Plots Plots Plots Non-planted
Bird common names natural | Planted | Planted | Planted
SUVeY | forest | 1098 | 2000 | 2002 | controlplots
Ashy Bulbul X
Ashy Drongo X X X X X
Ashy Wood-swallow X X X
Asian Brown Flycatcher X X X
Babbler sp X
Bar-winged Flycatcher-shrike X
Black-crested Bulbul X X X X X
Black-headed Bulbul X X
Black-headed Sibia X
Black-naped Monarch X X X X
Black-naped Oriol X X
Black-throated Sunbird X X X X
Black-winged Cuckoo-shrike X X X X
Blue Magpie X
Blue Rockthrush X
Blue-throated Barbet X X
Blyth’s Leaf-warbler X
Bronzed Drongo X
Brown Shrike X
Brown-cheeked Fulvetta X
Buff-bellied Flowerpecker X
Buff-breasted Babbler X
Bulbul sp. X X X X
Burmese Shrike X X X X
Chestnut Bunting X X
Chestnut-capped Babbler X X X X X
Chestnut-winged Cuckoo X
Common lora X X X X X
Common Rosefinch X X X
Common Tailorbird X X X X X
Common Woodshrike X X
Crested Bunting X
Dark-necked Tailorbird X X X
Dark-sided Flycatcher X
Dove sp. X
Eyebrowed Thrush X
Flavescent Bulbul X X X X X
Flowerpecker sp X X X
Flycatcher sp X X X X X
Golden-fronted Leafbird X
Golden-spectacled Warbler X X X X
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Table 3. continued)

Semi-

Plots

Plots

Plots

Bird common names Pre-planting natural | Planted | Planted | Planted Non-planted
survey forest 1998 2000 2002 control plots

Great Barbet X
Great Tit X X X X
Greater Coucal X X X X
Greater Racket-tailed Drongo X X
Green-billed Malkoha X X X X X
Greenish Warbler X X X X X
Grey Bushchat X X X X X
Grey-breasted Prinia X X X X X X
Grey-capped Woodpecker X X
Grey-cheeked Fulvetta X
Grey-eyed Bulbul X
Grey-headed Flycatcher X X X
Grey-headed Parakeet X
Grey-throated Babbler X
Hair-crested Drongo X
Hill Blue Flycatcher X X X X X
Hill Prinia X X X X X
Hoopoe X
Inornate Warbler X X X X X
Japanese White-eye X X
Large Woodshrike X
Laughingthrush sp. X
Leaf bird sp X
Little Bunting X
Little Pied Flycatcher X
Little Spiderhunter X X X X X
Long-tailed Broadbill X
Long-tailed Minivet X X X
Long-tailed Shrike X X X X X
Maroon Oriole X
Minivet sp X X X
Mountain Bamboo-partridge X X X X
Munia sp X X
Olive-backed Pipit X X X X
Olive-backed Sunbird X X
Orange-bellied Leafbird X
Oriental White-eye X X X X X
Pale-footed Bush-warbler X X X X
Pale-legged Leaf-warbler X X
Partridge sp X
Pied Bushchat X X X
Plain Flowerpecker X X X X X
Plaintive Cuckoo X X
Puff-throated Babbler X X X X X X
Puff-throated Bulbul X
Purple Sunbird X X
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Table 3. continued)

. Pre-planting Semi- Plots Plots Plots Non.-planted
Bird common names natural Planted Planted Planted
survey forest 1998 2000 2002 control plots

Radde’s Warbler X X
Red-throated Flycatcher X X X X X
Red-whiskered Bulbul X X X X X X
Rufescent Prinia X X X X X
Rufous-backed Sibia X
Rufous-fronted Babbler X
Rusty-naped Pitta X
Scaley-breasted Munia X X
Scarlet Minivet X X X X X
Shikra X X
Short-billed Minivet X
Shrike sp. X
Siberian Rubythroat X X X X
Silver-breasted Broadbill X
Slaty-backed Flycatcher X
Slender-billed Oriole X
Sooty-headed Bulbul X X X X X X
Speckled Piculet X X
Spotted Bushwarbler X
Stonechat X
Streaked Spiderhunter X X X X X
Striped Tit-babbler X X X X X
Sunbird sp X X X
Unkown:i X
Unkown2 X
Velvet-fronted nuthatch X X
Verditer Flycatcher X
Warbler sp X X X X X
White-bellied Yuhinia X
White-browed Piculet X X X X X
White-browed Scimitar-babbler X X X X X X
White-browed Shrike-babbler X X X
White-eye sp X X X
White-hooded Babbler X
White-rumped Munia X X X
White-rumped Sharma X X X X
White-tailed Robin X
White-throated Fantail X X X
Woodpecker sp X
Yellow-eyed Babbler X X X X

TOTAL 30 72 55 61 54 64

Attracting Mammals
Medium sized or larger mammals appeared to colonize the planted plots fairly rapidly
following canopy closure (Table 4. Most of them appeared to originate from the protected community
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forest, near the village, about 3-4 km away from the planted plots. Before tree planting was initiated,
there were no medium sized mammals in the area due to total habitat destruction by fire. The species
reported in Table 4 are therefore those that have recolonized the area since forest restoration has been

implemented.

A female and two young Hog Badgers were observed directly in a plot planted in 1998 in the
third year after planting and were probably resident there. Villagers have also reported the return of
Common Barking Deer, Common Wild Pigs and various species of civets and squirrels to the area,
since tree planting began. Siamese Hares moved in rapidly to the younger plots 1-2 years after
planting. They have often been seen lying up beneath the small tree crowns. Local people reported a
sudden increase in the frequency of pangolin observations in the area and the signs of pangolin activity
continue to be reported frequently during monthly phenology observations.

Table 4 Mammals reported by local villagers and FORRU staff as being present in the planted plots.

Spp.

English/scientific name Thai name Location Time to find Evidence
Common Barking Deer 5139 Wy Community forest, Day and night | Heard and
(Muntiacus muntjak) ’ planted plots (1998.3, seen

2001); easy to see in
Dec.-Jan.
Common Wild Pig wuih Community forest and Foot prints
(Sus scrofa) N planted plots and direct
(easy to see in rainy observation.
season).
Leopard Cat LA Community forest and | Night Seen
(Felis bengalensis) planted plots.
Malayan Pangolin fiu Planted plots Day and night | Burrows and
(Manis javanica) seen
Hog Badger mm?lﬂ Planted plots (easy to | Day and night | Seen,
(Arctonyx collaris) N find in rainy season). burrows,
feeding
remains and
faeces
Large Indian Civet FEUAUNIT 98.3 & 99.1 planted Faeces —
(Viverra zibetha) y plots from 3 years large latrines
SIGH after planting
Burmese Ferret-Badger w1y Planted plots and Observed
(Melogale personata) surrounding cultivated burrows
land
Siamese Hare aseeneth All planted plots in 1 | Dusk or at Seen
(Lepus peguensis) and 2" years after night
planting
Hoary Bamboo Rat Eunand 98.1 plot within 2 Seen
(Rhizomys prunosus) years after planting
Javan Mongoose sanousssua | All planted plots from Seen
(Herpestes javanicus) 1% year and in
surrounding cultivated
fields
Fruit Bats (probably Cynopteris Plots planted in 2000 Seen

Another notable observation has been the use of the older plots by the Large Indian Civet as
latrine sites, which represent a massive input of seeds dispersed into the planted plots. These large
piles of faeces contain seeds of domestic Iynchee trees from plantations, the nearest of which are at
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least 5 km away, as well as seeds from forest trees, also several kilometers distant. This provides the
most direct proof that mammals attracted by planted framework trees can disperse forest tree seed over
distances of at least 5 km.

Forest restoration appeared to reduce the abundance of mice and rat species, although in the
early stages it may slightly increase species richness of these mammals. The greatest abundance of
rodents was recorded in the non-planted control plots and the lowest in the oldest forest restoration
plots (Table 5). The rodents captured were common rat or mouse species with a wide tolerance of
different habitat types. However, six tree shrews, observed in the 1998 plots, indicated that some small
mammal species, more characteristic of forest habitats, may be attracted by the planted trees.

A habitat requirement of

most rat or mouse species is dense Table 5 Rodent recorded by live trapping (no. of captures)

cover of ground vegetation to PLOTS
provide a sense of security from Planted Planted Non-planted
predators. Canopy closure in the 4-5 years old | 2-3 years old Control
forest restoration plots effectively | Mus pahari 5 5 15
shaded out the dense ground flora, Mus shortridgei 0 0 1
which dominated the control Rattus bukit 0 7 18
plots. The isolated nature of the Rattus exulans 0 1 0
plots probably accounted for their Rattus koratensis 0 3 0
lack of colonization by more Rattus rattus 9 4 )
species characteristic of forest Rattus surifer 0 2 1
habitats. _ _ TOTALS 9 17 28
Tree species recruitment % Capture rate 0.63 1.18 1.94
During  the survey of No. species caught 2 6 5

naturally establishing trees, 70
species were recorded in 6 year-
old planted plots. The most common ones included Albizia chinensis, Antidesma acidum, Aporusa
villosa, Eugenia fruticosa, Ficus hirta var. hirta, Glochidion acuminatum, Heynea trijuga, Litsea
monopetala, Phoebe lanceolata and Schima wallichii. Of the 70 species, 9 were second- generation
trees, growing from seeds of the planted species. Therefore, planting 29 framework tree species
encouraged recruitment of more than double that number (61) of additional tree species within 6 years.
The size distribution of the seedlings followed a typical J curve, indicating healthy regeneration. Total
density of natural seedlings recorded in the planted plots was 256/rai.

In the control plots, in contrast, only 37 species of naturally establishing trees could be
found. Of these, 4 species were probably derived from seeds dispersed out from the planted trees,
leaving 33 natural recruit species. Litsea cubeba was super-abundant, accounting for 62% of the trees
recorded. Other fairly common species included Antidesma acidum, Litsea monopetala and Schima
wallichii. Although the density of naturally established trees in the non-planted controls was higher
than in the planted plots (323/rai), most of that density was due to a single species.

Therefore, tree planting nearly doubled the rate of natural recruitment of tree species.

Discussion and Conclusions

Biodiversity recovery during the framework species method of forest restoration came from
three sources. The planted trees immediately increased tree species richness within the landscape.
Then birds, mammals and insects, attracted by resources produced by the planted trees, further
enhanced biodiversity. Finally, non-planted tree species, establishing naturally from seeds brought in
by the attracted birds and mammals, dramatically accelerated forest regeneration by nearly doubling
the natural recovery rate of tree species richness.

For upland areas of northern Thailand (above 1,000 m elevation), where evergreen forest was
the original vegetation type, the framework species method of forest restoration, using tree species
listed in this paper and in Elliott et al. (2003) is recommended to accelerate recovery of forest
ecosystems and their associated biodiversity. This technique is suitable for degraded sites within
protected areas, where biodiversity conservation is the primary objective.
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The success of the technique depends on distance from the nearest tree seed sources.
Biodiversity recovery in plots close to natural forest remnants will occur more rapidly than in plots far
away from forest. Scattered, mature trees in the landscape can also provide significant seed input to
framework species plots. The plots in this study were about 3 km away from a small remnant of forest
and some isolated seed trees remained in the landscape. Discovery of the faeces of Large Indian Civet,
containing seeds of trees that grew at least 5 km away, indicated that the framework species method
will be successful in most areas within 3-5 km from natural forest, provided seed dispersing animals
remain common. At greater distances from existing forest, biodiversity recovery may be slower than
that reported here.

The apparent greater species richness of birds in the unplanted control plots was probably due
to the close proximity of the control plots to the planted plots as well as the landscape effects cited
above. Due to the small size of the planted plots, relative to their large home ranges (usually >1
hectare and commonly >20 hectares, Round et al. unpubl. data), the “forest” birds which favor the
restoration areas are forced to move among the forest patches. Thus, nearly all of the “forest” species
currently found on the planted plots, must be tolerant of open habitat and forest edges, and be capable
of at least traveling through deforested areas, such as the control plots, regularly. In addition, grassland
specialists and other open area generalists although they do not regularly use forested areas, have been
observed on the open edges of the forested plots. Therefore, due to the small sizes of habitat patches
and their close proximity, there are few species that are currently restricted to either the controls or
reforested plots. Unless forest restoration plots are significantly larger than these areas, the birds most
likely to permanently colonize them will be ecologically tolerant “secondary forest” species that are
capable of surviving in a mosaic of forest and open habitats.

One of the key questions that arise from this project is: is it possible to make planted plots
more attractive to forest birds or is it simply dependent on time, extent of the area planted and
proximity to intact forest? If recovery of forest bird communities is the goal, then experiments testing
different sizes of plantations would be particularly useful in determining a minimum area required to
bring back a community that is somewhat similar to natural forest. In addition, more information about
the quality of these planted plots in relation to biodiversity would also be particularly valuable. For
example, although White-rumped Shamas are now present in the landscape around the plots in this
study, how does their reproduction and survival compare with those in natural forest? Finally, a key
set of questions remains as to how to measure success in terms of the return of bird species that are
found in intact forests? Which species and how many could be used as rough indicators of success or
failure? Which species could be used to indicate that the restoration is probably heading in the
direction that we wish it to proceed? Such questions will require large areas for restoration and more
sophisticated techniques (such as radio-telemetry, mark-recapture data from a variety of plot types,
long-term monitoring data, etc.) to answer, but are likely to be essential for finding optimal methods of
meeting specific biodiversity objectives.

For small mammals, especially rodents, the most likely barriers to the colonization of the
planted plots by species that are characteristic of primary forest include: i) the isolated location of the
plots, ii) the fact that they are surrounded by expansive areas of degraded open hillsides and iii)
relatively small plot sizes. Trap success rates in the non-planted control plots were generally higher
than in the planted plots. This was probably due to the dense cover provided by the weeds, acting as
security from predation and providing food resources close to ground level. The low population
density of rats and mice in the planted plots was probably the result of canopy shading reducing
ground cover. Small rodents represent a very small component of overall forest biodiversity, but can
have significant negative effects on forest recovery, since, along with ants; they are major predators of
tree seeds. The data on rodents presented in this paper suggest that planted framework tree species not
only encourage seed dispersal, but may also increase the chances of seed germination, by reducing
populations of seed predators.
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Abstract: The Study of Macrobenthic Fauna in Songkhla Lake
Saowapa Angsupanich
Department of Aquatic Science, Faculty of Natural Resources, Prince of Songkla
University, Hat Yai, Songkla 90110

Macrobenthic fauna in Songkhla Lake are composed primarily of three major groups:
polychaetes, crustaceans and molluscs. In the Outer and Middle Songkhla Lake, there are more
polychaetes and crustaceans than molluscs. The species ratio between polychaetes and crustaceans
in both areas is about 1:1, although the Middle Songkhla Lake has more species of each group. In
the Upper Songkhla Lake, crustaceans are the most dominant both in number of species and
abundance, with the highest numbers being found of the amphipod Kamaka cf. taditadi. Although
the total abundance of macrobenthic fauna in the upper area was highest, the overall species
richness was low compared to the outer and middle areas. The middle area had the second highest
abundance, and the outer area the lowest. Besides their importance in terms of ecological diversity,
macrobenthic fauna also play an important role in secondary production for other aquatic fishes in
Songkhla Lake, especially amphipods and tanaidaceans which have been found as major food
items in the stomach contents of the catfish Osteogeneiosus militaris Linnaeus, 1758 and Arius
maculatus Thunberg, 1792 collected from the Outer and Middle Songkhla Lake.

In addition, the new species of macrobenthic fauna had been recorded in Songkhla Lake in
1926; however, the ecosystem has not been well studied over the years, and new species are still
being discovered there, for instance the tanaidacean Longiflagrum koyonense was recently
recorded for the first time near Ko Yo, an island in the Outer Songkhla Lake.

Key words: Macrobenthic fauna, Songkhla Lake
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AWA 1. Ocation of study areas and macrozoobenthos found in

Songkhla Lake C, crustacean; M, mollusc; P, polychaete;
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et al. (in press-b, in Thai); CAngsupanich et al. (present study))

Tanaidacea: Apseudes sapensis Amphipoda: Photis longicaudata

Polychaeta: Nephtys cf.

Polychaeta: Heteromastus Similis
polybranchia

mwﬁ 2. The widely distributed macrozoobenthos in Songkhla Lake
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mi’ldﬁ 2. Stomach contents of O. militaris (O) and A. maculatus (A) in the Outer and Inner Songkhla Lake in 2002

Outer Songkhla Lake Inner Songkhla Lake
Numerical composition
Food item Fish ) (x +sd) Numerical composition (%) (x +sd)
species Mar Sep Nov Apr Jul Sep Nov
Tanaidacea
Apseudes sapensis (@) 77.2 62.7 23.5 545+278 902 73.0 46.4 36.0 61.4 +24.7
A - 246 1.9 13.3 + 16.1 9.2 47.5 38.7 0 19.4 +27.4
Pagurapseudopsis (0] 1.7 1.2 541 19.0 + 30.4 0 0 0 0 0
thailandica A - 0.1 33.3 16.7 + 23.5 0 0 0 0 0
Amphipoda
Unidentified spp. (0] 14.6 20.7 8.6 14.6 + 6.1 5.4 6.4 19.7 23.9 13.9+93
A - 60.2 7.0 336 +37.6 27.6 44.8 8.7 19.9 143+79
Isopoda
Anthuridae o} 0 0 0.1 0 0.2 17.4 0.2 0 45+86
A - 0 0 0 0.1 1.3 0 0 0
Cirolanidae o 0 0 0 0 1.1 0.3 0 0 04+0.5
A - 0.1 0.3 0.2+0.1 0.8 0.2 0.7 0.1 04 +04
Copepoda
Harpacticoida o} 0.4 0 0 0.1+0.2 0 0 1.2 0 0.3+0.6
A - 0.3 3.0 1.7+19 0.4 0.1 0.2 0 0.1 +0.1
Calanoida o 0 0 0 0 0 0 0 0 0
A - 0 0 0 0.4 0.2 0 0 0
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319N 2. (da)

Numerical composition

Outer Songkhla Lake

Inner Songkhla Lake

Food item Fish ) (x +sd) Numerical composition (%) (x +sd)
o
species Mar Sep Nov Apr Jul Sep Nov
Mysidacea
Mesopodopsis sp. (0] 0 0.1 0 0 0.2 0 12.6 0 32+6.3
A - 7.9 0 40+56 2.7 4.8 14.9 0.6 7.75 +10.1
Alpheidea
Unidentified spp. o 0.4 1.1 0 0.5+0.6 0 0.3 8.8 0.9 25+42
A - 0.7 0 04 +05 0 0.1 19.8 4.9 12.4 +10.5
Caridea
Unidentified spp. o 0 0 0.3 0.1+0.2 0 0 0.2 0 0.1 +0.1
A - 0 0.1 0.1 +0.1 0.2 0 0.7 0.2 0.5+04
Brachyura
Unidentified spp. o 0.2 0 0 0.1+0.1 0 0.3 0 0 0.1+0.2
A - 0 0 0 0 0 0 0 0
Mollusca
Gastropoda o} 0 0.9 0.9 0.6 +0.5 0 0.3 0 0 0.1+0.2
A - 0 32.6 16.3 + 23.1 0.03 0 0 0 0
Bivalvia (0] 0 9.4 5.6 50+47 0 0 8.6 3.8 3.1+41
A - 3.5 19.3 114+112 576 0 111 727 419 +43.6
Polychaeta
Unidentified spp. o} 3.7 1.7 6.4 39+24 1.6 1.7 0.4 4.7 21+18
A - 1.0 2.0 1.5+0.7 0.8 0.7 3.1 1.2 22+13
Nematoda
Unidentified spp. o} 0.7 2.0 0.4 1.0+0.9 1.3 0.6 1.8 28.6 8.1 +13.7
A - 0 0 0 0.03 0 1.5 0 0.8+ 1.1
Pisces
Eel larvae o 0.7 0 0 02+04 0 0 0 0 0
A - 0.7 0 04+05 0 0 0 0 0
Small fishes o} 0.4 0 0 0.1+0.2 0 0 0.2 1.2 04 +0.6
A - 0.6 0.3 0.5+0.2 0.1 0.1 0.4 0.3 0.4 +0.1

Sediment and detritus

uncountable

uncountable

-, no data ; Angsupanich et al., in press-a (in Thai)
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A7197 3. Feeding modes and biomass (mg wt weight per individual) of polychaetes obtained from Thale Sap, the Inner

Songkhla Lake D, detritus feeder; C, carnivorous feeder ; S, suspension feeder

Taxa Mode mg'we:wt Taxa Mode mg.we: wt
ind ind

Capitellidae Ceratonereis burmensis Kinberg, 1866 C 3.83
Capitamastus sp. Eisig, 1887 D 0.90 Leonnates sp. Kinberg, 1866 C 1.36
Capitella capitata Fabricius, 1780 D 0.19  Namalycastis fauveli Takahashi, 1933 C 6.68
Capitellides sp. Mesnil, 1897 D 0.11 Namalycastis indica Takahashi, 1933 C 2.41
Heteromastus similis Eisig, 1887 D 21.59 Neanthes mossambica Kinberg, 1866 C 5.14
Heteromastus sp. Eisig, 1887 D 21.59 Neanthes talehsapensis Kinberg, 1866 C 5.71
Mediomastus sp. Hartman, 1944 D 2.26  Neanthes sp. Kinberg, 1866 (o4 2.94
Notomastus sp. Sars, 1850 D 14.70  Paraleonnates sp.1 Khlebovich et al., 1962 C 9.97
Parheteromastus sp. Monro, 1937 D 16.64 Paraleonnates sp.2 Khlebovich et al., 1962 C 3.24
Capitellidae larvae D 0.59  Platynereis sp. Kinberg, 1866 C 2.22
Cirratulidae Nereidid larvae Cc 0.20
Cirratulus sp. Lamarck, 1818 D 0.05 Opheliidae
Aphelochaetidae Opheliidae (unidentified sp.) D 0.35
Aphelochaeta sp. D 0.1 Pectinariidae
Dorvilleidae Lagis sp. Malmgren, 1866 D 2.40
Dorvilleidae (unidentified sp.) D 0.05 Pectinariidae larvae D 2.22
Eunicidae Terebellidae
Marphysa sp. Quatrefages, 1865 C 246.50 Lysilla panbanensis Malmgren, 1866 D 15.93
Eunicidae larvae C 214.00 Terebellidae (unidentified sp.) D 21.29
Goniadidae Phyllodocidae
Glycinde sp. Muller, 1858 C 0.88  Eteone sp. Savigny, 1818 C 0.50
Goniada sp. Augener, 1914 C 0.48  Phyllodoce sp. Savigny, 1881 C 3.16
Goniadidae larvae C 0.20 Phyllodocidae larvae C 0.18
Hesionidae Pilargiidae
Bonuania sp. Pillai, 1965 C 0.58 Sigambra phuketensis Muller, 1858 C 1.23
Gyptis sp. Marion & Bbretzky, 1875 C 0.59  Synelmis sp. Chamberlin, 1919 C 1.24
Ophiodromus sp. Sars, 1865 C 1.46 Talehsapia annandalei C 5.68
Parahesione sp. Pettibone, 1956 C 1.10  Pilargiidae larvae C 0.28
Hesionidae larvae C 0.20  Poecilochaetidae
Nephtyidae Poecilochaetus sp. Claparede, 1875 D 0.98
Aglaophamus sp. Kinberg, 1866 C 213  Polynoidae Malmgren, 1867
Nephtys sp. Southern, 1921 C 10.12 Polynoidae (unidentified sp.) C 1.94
Nephtyidae larvae C 0.78  Sabellidae
Nereididae Laonome sp. Malmgren, 1866 S 7.21
Ceratonereis sp. Kinberg, 1866 C 3.07 Sabellastarte sp. Savigny, 1818 S 0.50
Dendronereis pinnaticirris Peters, 1854 C 90.99 Serpulidae
Leonnates decipiens Fauvel, 1929 C 16.11  Ficopomatus sp. Southern, 1921 S 0.61
Leonnates persiaca Kinberg, 1866 [ 3.54 Pholoidae
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319N 3 (da)

Taxa Mode mg'we:wt Taxa Mode mg.wej wt

ind ind
Imajimapholoe sp. C 0.09  Pseudopolydora sp.2 D 10.33
Spionidae Prionospio cirrifera Wire'n, 1883 D 0.72
Minuspio sp.1 Foster, 1971 D 0.21 Prionospio sp. Malmgren, 1867 D 0.21
Minuspio sp.2 Foster, 1971 D 0.25  Pseudopolydora kempi Czerniavsky, 1881 D 0.60
Minuspio sp.3 Foster, 1971 D 1.17  Spionidae larvae D 0.16
Pseudopolydora sp.1 D 2.66

Modified Charoenpornthip, 2001 (in Thai)
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Apseudes sapensis Pagurapseudopsis thailandica
Chilton, 1926 Angsupanich, 2001

Nesotanais rugura Bamber, Longiflagrum koyonense
Bird and Angsupanich, 2001 Angsupanich, 2004

MWN 3. Tanaidaceans described as the new species from

Songkhla Lake
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3.1 Pagurapseudopsis thailandica Angsupanich, 2001 (mwﬁ 37)

Order Tanaidacea

Suborder Apseudomorpha Sieg, 1980

Family Pagurapseudidae Lang, 1970

Subfamily Hodometricinae Gutu, 1981

Genus Pagurapseudopsis Shiino, 1963

Proceedings of the Sth BRT Annual Conference

walBRT | 14-17 October 2004, Surat Thani



a 6w

AR A BT RARNUATILINIWNLLATURIVANA D UHEN mauq@gagwﬁaﬁﬂﬂauau 9 NHBUNITIAY

q
=

Uszanm 1.5% anulauvadindszanm 25 ﬂLaag pH agiuﬁaa 7-9 aunndinyszanm 29 °C anwanvad
1 1.0-1.5 a3 rdrlEmiasihoma Suuawi udaiusnwalasdgliulngnidudodnien dufiod
gufinlifiduias neldasiaz 12-30 Wes lsiawnslugs udadnaaniduds duduislidraen 5.0-7.0
A a Aa a & 4 « v A a a P 2 v ¢ v a

fafiway uazffdfaudunl iuainisvesdatuszfaimiAnuTiamdadu aanms@nmaadniaulu
NULAEURIVAN WNEHuIIWLIRa TR Gusiiadinsuwsnizanslunziasussvaineunan Uszunn 20-

o s A & = '
360 A/A1TNNGT "D‘G%’]Nﬂ?']&ll,ﬂ&liﬁElLﬂﬂﬂlg@ﬂ'ﬂ‘ﬂﬂﬂﬁqﬂ@Gmﬂ']ﬂa%‘ﬂu

3.2 Nesotanais rugura Bamber, Bird and Angsupanich, 2001 (mwﬁ 39)
Order Tanaidacea
Suborder Tanaidomorpha Sieg, 1980
Family Nototanaidae Sieg, 1976
Subfamily Nesotanaiinae Sieg, 1983
Genus Nesotanais  Shiino, 1968
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3.3 Longiflagrum koyonense Angsupanich, 2004 (mw‘?'i 33)
Order Tanaidacea
Suborder Apseudomorpha Sieg, 1980
Family Parapseudidae Gutu, 1981
Genus Longiflagrum Gutu, 1995
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suysaimivlalull wa. 2541 andnsansuiindy (i 49) woduduldideunziaflid tentacular cirri

wae lidl jaw Auriass ualunuWu (denticulated bands) (Salazar-Vallejo et al., 2001) Wadanuwldwying
{ o 9 A ' a & v A W A

Menwimnvldfeunssrialminnnziasussadn G1a199:808 udlifladnm

N. Brada talehsapensis 2. Nereis talehsapensis 9. Talehsapia annandalei

Fauvel, 1932 Fauvel, 1932 Fauvel, 1932

J. T. annandalei rediscovered by

Salazar-Vallejo et al., 2001

mwﬁ' 4. Benthic polychaetes described as the new species from Songkhla Lake
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Mathematics and Natural Sciences, Bogor Agricultural University, Bogor 16143, Indonesia, *Section of Morphology,
Primate Research Institute, Kyoto University, Inuyama, Aichi 484, Japan

Abstract: Hybridization and genetic variation of rhesus macaques at Wat Tham
Pa Mak Ho, Loei province
Suchinda Malaivijitnond!, Kanya Kawin? Jessada Denduangboripant,
Nontakorn Urasopon®, Islamul Hadi®, Yuzuru Hamada*
'Primate Research Unit, Department of Biology, Faculty of Science, Chulalongkorn
University, Pathumwan, Bangkok 10400, *Department of Biology, Faculty of Science and
Technology, Nakhonsawan Ratchapat University, Nakhonsawan 60000, °*Faculty of
Mathematics and Natural Sciences, Bogor Agricultural University, Bogor 16143, Indonesia,
“Section of Morphology, Primate Research Institute, Kyoto University, Inuyama,
Aichi 484, Japan

We report a hybridization and genetic variation observed in the semi-wild troop of rhesus
macaques (Macaca mulatta) inhabiting the Wat Tham Pa Mak Ho (WTPMH), northeastern
Thailand. The gene pool of this rhesus troop was influenced by a pet pigtail male (M. nemestrina
leonina) that has been released into the troop and subsequently become the alpha male. Three
juvenile males with mixed morphological characters were suspected to be hybrids. Thirty-three
troop members were temporarily trapped and inspected, including two of the suspected hybrids
and the pigtail. Genetic and morphometric analyses were conducted to clarify whether those
juveniles had been sired by the pigtail male. From the phylogenetic tree of mt DNA sequences,
rhesus macaques originating from WTPMH were separated into 2 haplotypes, suggesting that a
troop of WTPMH rhesus originated from 2 maternal lineages. However, the two suspected
hybrids were solidly clustered with one genogroup of WTPMH rhesuses. It means that both
suspected hybrids were born from rhesus females. A one-hundred per cent homology of TSPY
nucleotide sequences was observed between the eight male WTPMH rhesuses investigated and
between the WTPMH pigtail and Thai pigtail (Tosi et al., 2000). When the TSPY gene sequences
were compared between WTPMH rhesus and the pigtail, 7 different nucleotide positions and 2
successive nucleotide insertions in the pigtail were revealed. Only one of the two suspected
hybrids was sired by the pigtail, while the other was sired by a rhesus male, as indicated by TSPY
gene analysis. Morphometric results, pelage color and relative-tail length, are relevant to the result
obtained from the mt DNA and TSPY gene analyses.

Key words: Macaca nemestrina, M. mulatta; Wat Tham Pa Mak Ho, TSPY gene, hybridization,
mitochondrial DNA
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adq
IDN17

N15ANRWIIH N 1AFIN
1. ﬁm:né’ﬂBmﬂmaa%wﬂi:’mﬂma:wqﬁﬂiiumiwauﬁuf
faaudnsansmzlasianidszng WATWOANTIUMIHFNALE STrinadaununiusuaziiuiau
2546 @IUALIAT 06.00-20.00 1. las@Aaa Ui 1wInaIlas3D ad libitum (Altman, 1974) SUUARIATNLNALAZ
J28EMILTIWAINITNNTVAS Dittus (1980)
2. RNNTIEIRIUANILAS
FINNTIANVUIA 6 LUAT X 6 LNAT ﬁﬂizgmuﬁw 1 N4 ﬁwmmmﬂﬁaaﬁumUlunsanﬂi'u AT 3
A39 N80 08.30 1. 13.00 1. LAz 18.00 w. Lﬁalﬁ“ﬁaﬁmmﬁumoﬁn %é’aa’mﬁﬁalﬁ’&uﬁuﬁuﬂﬁmuﬂs:u']m 2
v & A o A v o Aa = ' < A o o A ' Al [N o
FUAH AUSNIVRI IINIMIINTVUIALEN 1 B% DrE&d T1lwa waztfen wiae lilunss wielwasle
IRl mIThieng Lfla'@mL‘iTﬂmsLumaﬁ‘hmumnwa'ﬂﬂﬂszgma Uaaatiy  aeenaau
(ketamine hydrochloride, 10 mg/kg BW) infindnaiitalivesauds iafiaauualiindsaanunainnsd i lues
RN @nw1 dermatoglyphic  morphometrics Was®U% (pelage color) Lﬁuqamsmazmmﬁamﬁaﬁ,ﬂﬂ
a € o a z:l' v g; v v A o U d' d' U & a a 6
Aeveid ozl avagunw imsaniine nnunazldfdauny (Fd) udufidanons inalfiiusysnsaii

fadnamariaognivanudr  Jasiunsdvfsdndudidnais  Waifiudayadnig  lulsudazdiniuudise
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WNTTIRIN WAL ﬁaﬂ&ias’&aﬂﬁ'mju?m@iavlﬂ ﬁm%’u'ﬁaﬁ'ﬁuﬂuﬁaﬁam@LLazs:mm:%ﬁsga lw la
sanInduladienssan Sududasldifihgneanmaay
3. MIezifea
[fuidoamsiduidaantinan (femoral venepuncture) Uszanas 3 fadaas/1 Alansy siwiinga udls
[Ain 10 faddas/ein shideafiansldnauiy heparin 0.1 faddaslidnmuwiniiussutideadldluiugs dwdea
#1671 2,000 soU/MIA Wi 20 Wi wenIfuNaIEAN, buffy-coat ﬁﬁLﬁ(ﬂLﬁamntmuﬂﬁmﬁaﬂag, uazilalioa

wad BB LN 20 aseaaLTya auwninazin Ui vida

4. M3ATIIAAT morphometrics
SNFAUITNNIAFNITUFIUINGIEN § NIWNG 54 anwmz lagdiinnmsanitues Martin et
al. (1957) uazlin1suiudysmendilas lwamoto (1971) wiauiugWu (dental formula) ialglumatszanm

mq‘naaﬁ{l (lwamoto et al., 1984; Iwamoto et al., 1987; Smith et al., 1994)

5. MIATIIATUH (pelage color)
Sadn laolfiaes color analyzer (Model CR-200, Minolta Co., Ltd) we4309muaansnue 11
ALY AD vertex, face, back, upper arm, forearm, head, waist, sexual skin, thigh, leg, foot %GLLaﬂdLﬂu@h 3
ﬁ’lﬁ\‘l‘i (Hamada et al., 1988; 1992)
L* = lightness from 0 (darkest) — 100 (lightest)
a* = green (-60) - red (+60)
b* = blue (-60) - yellow (+60)

6. tegy
dhoguAsluamzfisauay ez 4 dunis Ao W2 (vertex), dunad, dudns waz ischial callosity
uaz sexual skin laglgWsualad (film color slide 200) iRaaNlTANHILSBUIRBUMITIMEIWINETUABRRS

7. maanfluniuaznvinesasransdaianis
Mnmianiuge 9 Ausoaluwindnauld awiaues Primate Research Institute u%13Nenay
Weoala weldlunsfaauansnlassansdszmnsuazngdnssuvasdsudazad luawaauazltendonn (&)

HaIadsnunandaisnisg Lﬁalﬂﬁﬂduaﬂdﬂaaé’ﬂ@vlﬁgﬂ?ﬁ'umﬁﬂmLLa"'JLLa:ﬂmﬁ'umﬁwﬁwﬁaLau

8. mimdudinunaguaznsinsansmelasiailmnizasfimendiannsrhniugn
Lﬁai’ilaaﬁ'umnﬁ@gnwamzijﬁaﬁ'\aLWﬂg}"LLazﬁmamwmﬁma"LaJluamm LLazLﬁamﬁﬂﬁé’nwm
ﬁﬂdﬁugﬂﬁu (gene pool) maa’ﬁa’sanmjmf‘: iududasrinnii (bilateral vasectomy and mono-orchidectomy)
NuwaE MIRAINNNMITRITURINLWAL UL 6 LABK (FeWiNgAauNuNY® 2546) lanavludnu
snwmlasssamefinuvasinensnne wazdildfaanfnmdaludnyng 6 weu lasdszunm

msandwiuluiasifjiants

o A =3 A =3 A
1. NMIRNAALAULDIINELNAALRDALLRLLUALRDAVI
o a Ad & A & A ' ad .
/NAALDWLEINN buffy-coat 'mJma@mammumma@maﬂuag laeAT phenol-chloroform extraction

AXITNIVBI Sambrook et al. (1989)

2. mududinadiewalasdjnimgnlsuazmsienedsauiiinilalndueslulanaueioadionis
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s wwlulanauaSuadiania (mitochondrial DNA; mtDNA) &% control region %38 D-loop lag
5% PCR lagl#lwsweifoanuuuandauiianaleinduasiin mt DNA 1%’&0@14% Japanese macaque (Macaca
fuscata) (Hayasaka et al., 1991) ﬁdﬁ

474 (saru-4 by horai): 5-ATC AGG GTC TAT CAC CC TAT-3’

561 (saru-5 by horai): 5-GGC CAG GAC CAA GCC TAT TTG-3

Iwswes 474 1 Ju biotinylated primer (primer ﬁL%aua%iﬁ'umi biotin)

Lﬁmhmuﬁl,amaiwaa@maaﬂmlﬁj’ AmpliTaq GoldTM Kit (Applied Biosystems, Japan) thermal
cycle Sm3ULANSIWIRTLoWOUIZNaLEIY denaturation 71 94 aveiEaLTuE wI% 1 WA, annealing 71 45 aa¢n
wados wu 1 W, extention f1 72 aseimaEuE Wiw 2 Wifl $1I% 30 J8U [(94:1-45:1-72:2)0] UaS
extension 71 72 asAwalTo dedn 10 wifl uazioufiazisy thermal cycle §m3L PCR amplification 2@
g3azany PCR mixture 71 94 asaumaidos win 10 wifinasu m‘ﬁmﬂﬁyuq@m:mums PCR amplification i
nN1I93338aY PCR product a8 2% agarose gel electrophoresis 1ae mtDNA ﬁLﬁmﬁu’mvl,@Tﬁmm@ﬂizmm
680 ALua

o

vnlidenefifindwanlduignilasld Milipore Ultrafree™DA (Millpore Corp., USA) @iilu filter
FmSULLNTuEILALanafiuuma 100-10,000 bp sananinsuaifiliuszasazanaindadu 9 lag PCR product
efiInIAagUn fiter Turmei Insasuazminzaoiniodn 9 azanssanlunssanassadoinluin nas
éuq@maﬁﬂﬁﬁmmau’%@% ﬁLauLaﬁ"léTﬂ’amLﬂuﬁLauLaLﬁugi (double strand DNA; dsDNA) atj Faazdoaian
Flfiudianoduianm (single strand DNA; ssDNA) fiat @ 833089 Malaivijitnond and Takenaka (1998)
Wae Malaivijitnond et al. (2002) lawlt avidin-coated magnetic bead (DanabeadsR M-280 Streptavidin. Nihon
Dynal K.K., Tokyo, Japan) TN biotinylated primer

ndumanmstndiewalunasanasas dsDNA fiinswanldrin ﬁ]:ﬁammaag’ﬁﬁuﬁuﬁﬁmu
ﬂmm%laua%iﬁ'umi biotin 1wz lwsinasAlHidu biotinylated primer (primer-474) ¥nl# dsDNA s §ann
AUNUET  avidin ﬁﬁﬂaﬂagﬁu magnetic bead e (avidin-coated magnetic bead) %ﬁﬁnﬂﬁ?uﬁﬁm‘s
alkalinization dsDNA @8 0.1 N NaOH italiild ssDNA 2 1du Gaidundlsazfiafiaagiy avidin-coated
magnetic bead LLamn@:ﬂauag‘iﬁﬁwaaﬂ ’LummxﬁﬁmﬁmﬁwmaUagliu‘ﬂu%m:lumumm supernatant Len
ssDNA nagassimaananiuwsazin lulFlumsensimdauiinnalenddaly

myenzimaeuianalelndues mDNA D-oop azvinludianarszaads Wadlunmsamatina
fle lagld cycle sequencing kit inaalasu5un USB Corporation, USA 'lwsiwasildiiln FITC labeled
primer (Japan Bioservice, Japan) 601'«317:

554F: F 5-ATC ACC CTA TTT AAC CAG TCA C-3

567F: F 5-AAA CCC ATC TAG GCA TTT TCA G-3’

TogisuannmIsuanIazany PCR mixture 71 95 asenioaifos win 5 wiinaw lag thermal cycle
1T amplification 13znaueny denaturation ‘ﬁ 95 BIALTALTEE W% 30 ":J‘mﬁ, annealing ‘ﬁ 53 a3
waios Win 30 Fufl, extention 71 70 asrLTALTUE W1 60 TWNT SIWIN 30 JaU [95:5(94:30sec-53:30sec-
70:608€C)5,] mwﬁamﬂ?;uq@ﬂﬁn’%mlﬁw stop solution 2 'l1A5a®5 L&Y proteinase K (0.5 ug/ul) 1 lulasaas
iluin I3 WiAnUFnSenT 65 sseimados win 20 wifl ntwinludui 95 asrnamdus wn 5 Wi
\alwalanieiians denaturation LLaﬂumm:ﬁﬁufuﬁauﬁqmvxgﬁa:a@mmn 95 asmnTaLToE ludunana
maaaﬁﬁﬁwmaagfu ﬁuaoludﬁdﬁmﬁaﬁuﬁ (chilling) 31N%iH load drotnsdtewaildasluaat3unas 2-2.5

lulasfaymau avramaauiiiadlaindlasls Shimadzu fluorescent automatic sequencer DSO-1
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3. maiudSinadenelasdniegnlduazmaiinnziaeduiaaglelndues TSPY gene

TSPY gene flunguiu (gene family) ﬁmaﬁaagjuﬂﬂﬂﬂmmwmm (Y-chromosome) 131304
nonrecombining portion (Schempp et al., 1995; Affara et al., 1996) lufsnzuaauazAsnyuazidmaglu
dunsalng 9 Aurwlasiiis (proximal to the centromere) (Kim et al., 1996; Glaser et al., 1998) ﬁayaﬁ"lﬁ
dAenfumsdnsnduuulaslulounamny  aunsens o ﬂa@ﬁuﬁwudwﬁuuu‘[ﬂﬂuiwwamyﬁﬁuwuuaz
Mnsansivediifioud 7 Su uazlifing 2 Swrinsuiinuuuleslulouwamerinin Tinuunlaslalow
L‘Wﬂ‘ﬁmﬁd (X-chromosome) Lagl (Zhang et al., 1992) ‘Cfuﬁa SRY gene WAz TSPY gene (testis-specific protein, Y
chromosome gene) lag TSPY gene 13znaueie 6 exons uaz 5 introns TSPY gene Lﬂuﬁumﬁﬂﬁ
(conservation and species specific) 1%ﬂ§1;3J§dIaﬂLﬁﬂ (old world monkeys) A9LTwluRIen (Macaca mulatta), 83
5’18&{1: (Macaca assamensis) Lax834%19817 (Macaca fascicularis) TSPY gene Jawrarinnuae 10.6 Kb (Kim
and Takenaka, 1996)

NS IWI% TSPY gene lagAt PCR lagldlwsweifisanuuuandduianalelnduas TSPY gene
289A% (Zhang et al., 1992) asil

TSPY-A: 5-AGC CAG GAA GGC CTT TTC TCG-3

TSPY-B: 5-CCA TGT AGC TCA GCA TGT CTT CAT-3

Taodunis 5 2a9lnsiuas TSPY-A uaz 3 vadlnawed TSPY-B awnuiauianalelnds 324
waz 1093 289 TSPY gene 184A% ANNAIAU

Lﬁ&lﬁ‘i’]u’maLauLalu%aa@‘ﬂﬂamI@ﬂf AmpliTaq Goldm1 Kit (Applied Biosystems, Japan) Thermal
cycle UL IMINUITNEURID denaturation 71 94 asrLTaLEEE Wik 1 wifl, annealing 71 60 B9¢n
waBs Wi 1 Wafl, extention 7 72 aveiaalTuE Wik 2 WA S1WI% 30 JOU [(94:1-60:1-72:2),] UaE
extension 71 72 aseisaiTus dadn 10 wifl law

C o4 . 100

nawNazi3n  thermal cycle #&%3U  PCR = s = o s
(% P bp g g L(v) 8 %

amplification 3zaURIIALANY PCR mixture 1 94 PSS S s

8
I

QIFLTRLTUE W% 10 UWINNa% RRINFTURA B
a M = male

—

NI2UI%NNT PCR amplification Yinn139137380U 3
F = female

6

URZLENTUSIWYDY  TSPY gene @18 2%

Nusieve" GTG. Agarose gel electrophoresis

oL

(Rockland, USA) @auaafiidusaiuves TSPY

—

gene agaana UAZUENTUEIN TSPY gene 310
dlowaalagld glass powder (IfasytrapTM Ver.2, M 1 usasTuiEueas TSPY gene fitnswanldlu
Takara Bio Inc, Japan). a1nuuti1 dsDNA f1la RREANAR DI IT AN TN T 750 s
lumduianilelnddaly Tag TSPY gene 7
nswwldSuualszan 750 QLU (ﬁamwﬁ 1)

maensimseuianalondues TSPY gene vhlawld cycle sequencing kit finaalayussn
USB Corporation, USA "Lwama%ﬁlﬁﬂu FITC labeled primer (Japan Bioservice, Japan) ﬁaaﬂLLqu@]zJLawwz
fmSuMIanEnanen Satwmanndeluasedt lagsanuuuanndauiiealenduasionzuaamunonuves
Tosi et al. (2000) 6733t

TSPY-SEQ: 5-GGA GGG AGA GGA GAA AGG GA-3’
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TSPY-SEQR: 5-TCC CTT TCT CCT CTC CCT CC-3". T

TagisuannmIsuanIazany PCR mixture 71 95 asenimaifos win 5 wifirnew lag thermal cycle
§13U amplification 1U3znause denaturation 71 95 asenwwalTas Wik 30 3w1dl, annealing 71 53 a9em
Ao ww 30 Fufl, extention 71 70 asFLTAEE W1 60 T 1WIn 30 JBU [95:5(94:30sec-53:30s6C-
70:60seC)s0] mwé’amﬂéuq@ﬂﬁﬂ’%mﬁ]zﬁwﬁmﬁmﬁ'uﬁ'umﬁmezﬁméwﬁuﬁmﬁia%ﬁ mtDNA  fathly
Wi stop solution 2 lulasaas L& proteinase K (0.5 ugiul) 1 lwlassas vinluduil 65 ssenioaifos win 20
wift i lUdui 95 ssenmadus Wi 5 wifl elidiouatinnns denaturation uaslumeRduin
ﬁauﬁqmﬁgﬁam@mmn 95 aALTALTUR 1%5’19%6}a@maaaﬁﬁﬁmmaag’fu ajmﬂuaiwffwuﬁaﬁ'uﬁ NN
load dnadnedtanafldaslwanlsines 2-2.5 lulas@asmau  avamdrauindlaindlasld shimadzu

fluorescent automatic sequencer DSO-1

a €1 o ¥ a a [

4. Mmyenziadauiiealalng
o v A & P wg: ° a € . ¥ v a 3 1 I a 6
faudiduenlanmuaszgninunieneiiados (align) Whdmeniuldedlugrasammudaning
Taya (data matrix) lasandalysunsa ClustalX TumidaiFosunudalud@ udnhaniaSosdioauasdnauni
azldamaudionindinanzauige  amwulianingildiazgnihanieneddaslsunsy PAUP*  version
4.10b wwalglunsaiaunupiidulailwlaaudnd (phylogenetic tree) sdpiTnisiiameiazozvninenugnIsy
(genetic distance) LU Neighbor-joining (NJ) FNauLaYWNNIaaAUY L% Bootstrap Waz Jackknife AR
1000 61 WUY Fast-heuristic search) zpnéwinidaldtsznaulumiasaniisanudulazasis (branch) ud

DENSTINUATE Y Py
a 6 o v A al 6 Yo ) al [ a

lunmsienziaeuianaleindues mDNA Tosrauiandlanduedds Barbary macaque (Macaca
sylvanus) (AJ309865, Arnason et al., 2000) 1T out-group reference Waz§918N (M. mulatta) Alunasiiia
AMNIBUAZDULAL (L’émagﬁ Primate Research Institute, Kyoto University, Japan) WLasRd%#19812 (Macaca
fascicularis) ludszinelnoiiu in-group reference @nulunsazi TSPY gene ltdauiiadlalnauasd
tanlunasiuiaanlszinadwas 3w uaswan 8909 (M. nemestrina) R9W19817 WaSRILEW (M. arctoides)

ndszinaneiu references (Tosi et al., 2000)

NAN13IY

o o & A4
1. YANANWIIHVDINWNTIANH
Jadrnannga a.33@zWe 2488 (GPS = 17 ° 14’ 56’S 108° 39' 50°E) adagumiiiuianiuyugs
a v v v ‘ﬂﬁz dld J & a v An v & 1 dl
Uszanns 400 LA uummu"[uﬂs:mﬂvluLaamwmmmamuagmu Feninsnaslmduunadannis 7
aangnaé’uﬁuﬁ'ﬂﬂ Uszunme 20 @u enwBa @y lude il AunlagsouduiNuiineasnITNYeIT1 %
I@yﬁﬂWiﬂQﬂ"ﬁ’l’a, NEY, VTVWHRIB, DAY, TN, dNy wazdn Wudn NMITLABEIIIININILALLN

T - | a A& dda g o & a doe g e, d’
vL%JW‘]JE‘T@]’J“Ii%@]E]%l@]E]ﬂL@EII‘I«LW%Y]Y]GG’JE]T]E!\‘]%Q'WIEJE]% mmuﬂmmﬂuamuazmaa

2. anwmelasoaiviszrnsg
nnfivnmsiulwdenduway 2546 wuindednanua 110 6 (Hudsrzpzladniviweg 6 duazine
o 35 ¢1) NAsagiiasnaae, LLazﬁaaﬁ'&Lﬂmﬂﬂ;ﬂwaaaaﬁv’wm ansazlasianivUszonsvesduuilin
udadn 2 ﬂ@:uﬂ'amwivl,&i“ﬁmau 9t (it 2)
1. ﬂﬁjwﬁﬁﬂlﬁ%a’h “Main group” ﬁﬁa’samwmﬂﬁ%a’h “Stone” Lﬂuia\‘lih;ﬁl\‘l (sub-dominant male or

beta-male) uazlanyaiilufnaninienanualszunm 98 @
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2. NANRINAE  (male group) lWTadn
4 o Pig-tailed macaque

“Robert group” enuTavadditas Usznaualedd .
a (dominant male)

WWARNINRNA 3192% 9 @2 agﬂmw: adult 3 @7 WA *

sub-adult 6 @2

[ '
A v Aa vl

HBaNIMNULINNI aﬂLWﬂEd‘V]vl,liﬁ’m']iﬂL“ﬂ/’]EJh

Solitary

k% a té a a g; 1
VL@]ST] 21 mﬁmmﬂmaaﬂmmﬂadmaadnqu I@]EI

s l& ' a ' a 1 a & s [
m‘ﬁuw:wuaglumnmmaﬂ mu'énm%uwnwuag

male Stone

o o = o a
UUAIRIIAATUU "]j\‘iﬂ’]iLLEJﬂ@]’Jaaﬂ’%’maG?.I 23RJI8N

(sub-dominant male)

wagaanaaznldludiauvasdnennag ld lag

Main group

a o A v @ 4w o Robert
gﬂa\‘iLWﬂlﬂLuangi:ﬂmﬂ‘guuﬂﬁmmﬂmaaﬂmﬂ@d

(dominant male)

Lauvlﬂﬁdadlmi (male migration effect of fission) #38 Robert or

Lﬁwi’saJﬁ'uQalmﬂﬁaﬂ%’uammmﬁaﬂw (social rank) male grou

-1 oA { o o ) { .
Iﬁgwumwmu WRZLN DT BINWNNTHRNN WL ITERININ @ Solitary male

$oIUazLATn@ (Cheverud et al., 1978) twIN&Y

ve . o o LA ,
rannagainan ldaunsadn ldnuiogdniniaas nwit 2 usasinsnclassialszmnsnens
dalnadiaalald Asclnisviuduidugslnain Avenfigninanlasdsns

UsznaudoRunwegivinuu (Seinfeld, 2001) auLTUn

wuluﬁmani’wﬁwm%mnﬁa;ﬂaﬁ Lm'ﬁﬁawuauaamﬂatiaﬂﬁmﬁ'ﬂagjimﬁ'uua:vl,ajmmmLLﬂaﬁuﬁagjmﬁ'ml,a:
WARIDNNITBONINNNW LA BENITALIN Lﬁaamﬂﬁaﬁhﬁ'ﬂﬁd’]ﬁuﬁﬁﬁamé’sagﬁlﬁmﬁumﬁLmﬂé’aaaﬂmmﬂ
& A a A A ad o o & A ° A ' A o A o
AUNTNWIDNRNNWITITNTIADU ) UAZDNIBNTOUGIBAUNNHATNTTN AR lauTaLaRandurIananad

aanlule

3. miwa&lﬁ'uﬁf UAENITNARIGNHAN
nnmsseumuTITRUsnalndassanszluSasmnannge wuiwamaﬂg{aﬁﬁmwawﬁuﬁ:ﬁu
Tutadewnneimen-fiwiay  laowuiRawaloioiywuill sexual skin (Fankaiinmseuy albae
FUWUS uaz ischial callosity) Fuadidy wazazfinunaunafiiusassasannstanuasioludmatsd @
Tugrangmamanaunuiasezifigoinnga luﬁaaLﬁauﬁmﬂuﬁﬁwmsﬁnmwumnﬁwwauﬁuﬁjﬁwaaﬁnaﬂ
LWﬂQLLazﬁa'samwmﬁﬂﬁwmaﬂ% UWAEWUM T WA VDIRIN WAL N LRI NINALT e NARINIFTIFUMS
Lﬂum;&waaﬁmangoﬁ ﬁdﬁﬂﬁ‘ﬁaﬁ’ammmLﬁwwauﬁuﬁﬁ'ﬂﬁmamwmﬁﬂvl,@Ta‘i'lmmm PNMIFING NUFNF

IWARTIIN 3 MNTANHULIFUIIUINGVBIVBUUAY PBLTIULAN %AI UAZA AR EALEIND

4. mﬂi’munmqﬁoﬁﬁ'u‘lﬁmnmsmanwﬁn
aﬁﬁmuaaﬁﬁ'ﬂﬁmﬂmimumdé’ﬂLLa:Lﬂwgﬂ@aﬂmaauﬁﬁwmuﬁmm 33 M Lﬂuauﬁ'\‘ll,wmj1 A7 |9
QANNAREIWIL 10 62 (MuNIgnaanenaindugnuandiiuim 2 @ fs Winelay 014 uaz 019) LazRIBNLNA
a A

1IN 22 69 ﬂi:mmmsmqmmﬁ'ﬂﬁmﬂ dental formula (lwamoto et al., 1984; lwamoto et al., 1987) a9

=
AN 1

5. WAN1334A312% A1 morphometrics
NNMINATEFAN BT UIWININBIRINI Aaliauiiiaaim uannand lasuusaan hindquarter

2N INULE puimiFinaaiinaseldslumeaduniin anueInIRNANS (tail-length/crown rump
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length) 1inAL 36.6% AdnsadnanIsdaiduniiatas Macaca nemestrina leonina (Fooden, 1975) uaziila

WIBuLAguAN morphometrics 3231989780 HIN9

NN laauaittanaInei T g

LLazgﬂaaﬁm@hLﬂuﬁdgnmawvlﬁwaﬁmﬂiwﬁ 2 LRZAWN 3

wuiﬁﬂ'ﬂ&iﬁswmmﬁmﬁ’ugnwawaﬁaﬁLﬁ@mnﬁmamwa

Wouazfanuweadiay JudnsnuizwiignrauiiianndnenwadnuaInaweiily (Bemstein and Gordon,

1980) LYkl

anaf 1. WARIBNE, LW wazihwindasasmenuas
fomansulalumanenseanluwdoniuiaw
2546
Body Weight
No. species-no. Sex | Age (yr)
(kg)

1 Mm 001 F Adult 6.20
2 Mm 002 M 25 275
3 Mm 003 F 2 2.00
4 Mm 004 M 3 3.20
5 Mm 005 F 2 1.85
6 Mnem M Adult 13.1
7 Mm 007 M 2 2.10
8 Mm 008 M 25 2.90
9 Mm 009 F Adult 6.55
10 | Mm o010 M 1 1.25
11 | Mm 011 F 3 455
12| Mm 012 F Adult 6.90
13 | Mm 013 M 2 2.00
14 | Mm 014* M 1 1.50
15 | Mm 015 F 7 5.35
16 | Mm 016 F 1 1.10
17 | Mm 017 F 7 445
18 | Mm 018 F 25 250
19 | Mm 019* M 3 3.20
20 | Mm 020 F Adult 6.30
21 | Mm 021 F 7 5.50
22 | Mm 022 F Adult 6.45
23 | Mm 023 F 7 6.10
24 | Mm 024 F 3 2.70
25 | Mm 025 F 1 1.35
26 | Mm 026 M 4 3.0
27 | Mm o027 M Adult 6.45
28 | Mm 028 F 25 2.85
29 | Mm 029 F 3 2.30
30 | Mm 030 F Adult 6.65
31 | Mm 031 F Adult 9.10
32 | Mmo032 F 7 6.00
33 | Mm033 F Adult 7.50
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. o n A . Z
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7. WAN1INATIEYaIAUBIAElalnd TSPY gene
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Bulde Iuuaznin (Tosi et al., 2000) WuddiANuAfIEARY 100% wastlallSoufisusauiinilalnauas

TSPY gene #1713 ¢lud wewinvdansiaiimvainga AURINI NG (Tosi et al., 2000) WUINTAIAINY

ANBARY 100% Tunn uallailToufisy TSPY gene 3erindgfsnanuazfsndnuindanuuaned1suedidnay

fhadlelndnoua 7 dLus (the 78",
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Mmul242 §

Mmul244

Mmul247

2
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1
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3 Macaca fascicularis
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| (Thai)
3
4 Mnem246
98%BS Wat Tham Pa Mak Ho

Hybrid259

Macaca arctoides (Thai)
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