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Announcement

Conference
< CONSERVATION OF PRIMATES IN INDOCHINA >

October 2013

‘"'""r? EPRC

Cuc Phuong National Park, Vietnam

The Endangered Primate Rescue Center and Cuc Phuong National Park are pleased to
announce the third international conference ‘CONSERVATION OF PRIMATES IN INDOCHINA',
October 2013 in Cuc Phuong National Park, Vietnam.

The conference will be arranged under the patronage of the Administration of Forestry of
Vietnam with additional support by Frankfurt Zoological Society and Leipzig Zoo, Germany.

In 2003 the first international primate conference in Vietnam ‘CONSERVATION OF PRIMATES IN
VIETNAM' took place in Cuc Phuong National Park, organized by Frankfurt Zoological Society. This
first conference hosted 110 participants from 13 countries, and 29 presentations from 41 authors
have been published in a book (Nadler et al., 2004, 174 pages). Due to the increasing number of
primatologists working in South-east Asia, several presentations about primate taxa across the
region and the increasing necessity of cooperation among primatologists, a second conference
was organized with broader relevance.

In 2008 the second international primate conference ‘CONSERVATION OF PRIMATES IN
INDOCHINA’ included 130 participants from 10 countries, and 30 presentations from 79 authors
were published again in book format (Nadler et al., 2010, 288 pages).

One important outcome of the conference ‘CONSERVATION OF PRIMATES IN INDOCHINA’
was the organization and agreement among participants to submit Vietnams bid to the International
Primatological Society to host the IPS Congress 2014. With support and engagement of the
Administration of Forestry of Vietnam, hosting of this congress was awarded to Vietnam by the IPS
Congress 2010 in Kyoto.

Keeping the five year quinquennial primatological conference in Cuc Phuong we would like to
invite all interested primatologists and conservationists to attend the third conference
‘CONSERVATION OF PRIMATES IN INDOCHINA’. This will permit the exchange of information
about primate work in the region including the results of research and status of primates, and will
aid preparation for the IPS Congress in August 2014.

Aside from scientific presentations the arrangement of field trips as pre and post conference
tours are in planning. Integrated in the program is a field trip to Van Long Nature Reserve with the
possibility to observe Delacour’s langur (Trachypithecus delacouri) in their natural habitat.

Additional to the conference program we try to organize parallel field trips to Cat Ba Island in
Ha Long Bay with the possibility to observe Cat Ba langurs ( Trachypithecus poliocephalus), to Kon
Ka Kinh National Park in the Central Highlands of Vietnam to observe grey-shanked douc langurs
(Pygathrix cinerea), to Son Tra Nature Reserve, Danang to observe red-shanked douc langurs
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(Pygathrix nemaeus), to Khau Ca Nature Reserve to observe Tonkin snub-nosed monkeys
(Rhinopithecus avunculus), and to Trung Khan Nature Reserve with the possibility to see eastern
black gibbons (Nomascus nasutus).

We hope to provide an attractive agenda with interesting presentations, field trips, and stay at
Cuc Phuong National Park’s nature with the possibility to visit the Endangered Primate Rescue
Center housing many of Vietnams endangered primates.

Details about registration, costs, travel and presentations we will provided early next year on the
EPRC website (www.primatecenter.org), currently being arranged, along with the next issue of the
Vietnamese Journal of Primatology.

We look forward to seeing you soon.

Nadler T, Streicher U & Ha Thang Long (eds.) (2004): Conservation of Primates in Vietnam. Frankfurt Zoological Society,
Hanoi.

Nadler T, Rawson BM & Van Ngoc Thinh (eds.) (2010): Conservation of Primates in Indochina. Frankfurt Zoological Society
and Conservation International, Hanoi.
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Why Sea Lions don’t catch Zebras
— Thoughts about common names of Indochinese primates

Tilo Nadler

Frankfurt Zoological Society

Endangered Primate Rescue Center, Cuc Phuong National Park, Nho Quan District, Ninh Binh Province, Vietnam.
<t.nadler@mail.hut.edu.vn>

Key words: primates, common / vernacular names, Pygathrix, douc langurs

Summary

There are several common English names for Indochinese primate species in use. A consensus
of names and usage will benefit conservation activities and protection work of policy makers and
forest protection authorities by reducing confusion and enhancing understand in legal proceedings
and in the public.

Tai sao Su tr bién khéng bat Ngua véan - Suy nghi vé tén goi théng
thudng cua cac loai thu linh truéng vung Déng Dudng

Tom tat

Hién nay, cé nhiéu tén goi thong thuong (tén tiéng Anh) déi vdi cac loai thu linh truédng vung Dong
Duong. Tuy nhién van chua coé su théng nhét trong viéc goi tén & mot sé loai. Su théng nhat vé tén
goi clia mot loai va viéc st dung tén goi hop ly sé co Igi cho cac hoat déng bao ton loai do. Mat khac,
viec théng nhat tén goi cta mét loai ctiing giup cac nha quan ly, cac chinh tri gia trong Ilinh vuc bao
vé rung hiéu rd hon vé déi tugng clng nhu tang cuong hiéu qua clia cong tac quan ly béo ve.

Why sea lions don't catch zebras? Even in kindergarden you would likely have provided a
plausible answer to this question. Explaining the reasoning in terms of morphology, ecology,
phylogeny and geography for a flying fox, guinea pig, mouse deer or sea cow (not to mention a
Tasmanian devil) is probably more difficult.

To reach a consensus about the common name for a primate species is sometimes a long
process. For the species belonging to the Indochinese genera Nomascus and Pygathrix it is a
Gordian knot and unresolved.

For the three recognized species of the genus Pygathrix the discussion involves the use of
douc, douc langur or douc monkey. Unanimity exists in usage of the term “douc” for these primates
with red (P. nemaeus), grey (P. cinerea) or black legs (P. nigripes). The etymology of the term
remains unclear. Its been suggested the name derived from Vietnamese origin and was translated
to French. However, this name even with an amended offbeat pronunciation is unknown in Vietnam.
From the vocalization of the animals, which is sometimes suggested as a source, this animal must
have been making uncharacteristic sounds when discovered.

Easier to trace is the origin of “langur”. There exists a source in three languages with similar
pronunciation: Hindi ¥ ¥, Urdu JuSs, (lagur or langur) and Sanskrit @Tes@f (langulin). The
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original use characterized the sacred Hanuman langur (Semnopithecus entellus) as a monkey with
a long tail. In the 19th century this name was used for all long-tailed Colobinae in the region,
including the genera Semnopithecus, Trachypithecus, Presbytis, Pygathrix, and mostly also for the
two odd-nosed taxa Rhinopithecus and Simias. The use of “douc langur” for the three taxa which
belonging to the genus Pygathrix should also convey the scientific placement of the genera to
South-east Asian Colobinae. These are in general leaf-eating primates with a long tail. The term
“douc langur” both recognizes the similarity and distinction with the other south and South-east
Asian genera Semnopithecus, Trachypithecus, Presbytis, which are named as langurs. The three
Pygathrix-species are not red-, grey-, or black-shanked langurs: they should be named as red-,
grey- and black-shanked douc langurs.

The term “langur” should also be considered for the four South-east Asian Rhinopithecus
species and for Simias concolor on the Mentawai Islands. Furthermore, “snub-nosed langur” and
“douc langur” which is already a widely used term for these groups, is more accurate than “snub-
nosed monkey” or “douc monkey” because of the biogeographical and phylogenetic significance
of the term “langur”.

South and South-east Asian “monkeys” in principal represent both Colobinae and
Cercopithecinae (i.e. the genus Macaca). Macaques differ considerably in morphology, ecology
and behavior from the Colobinae which should be referred to as langurs. The common term
“monkey” is insufficient for use among Colobinae taxa.

Why do we need to discuss splitting hairs? Why can’t scientists and authors use a name which
satisfies their own view?

Conservation activities and conservationists have an increasing responsibility to preserve our
natural environment. Many wild animal and plant species are highly threatened and need all efforts
for their preservation. The goal should be to involve a maximum number of our human population
to take part in conservation. Education and awareness is important but due to multifarious and
increasing problems with the flood of information, we can not expect a broader public
understanding in our field. To make matters more difficult there is the issue of creating several
names for one animal. Few will realistically understand or know that the “douc”, the “douc langur”
and the “douc monkey” or the “yellow-cheeked gibbon”, the “southern yellow-cheeked gibbon”, the
“yellow-cheeked crested gibbon”, the “golden-cheeked gibbon”, the “buff-cheeked gibbon”, and
the “Gabriella’'s gibbon” represent only two species. Occasionally decision makers are also
confused and irritated with the use of names which hinder understanding and necessary
conservation activities.

Even a use of scientific names, normally not in public use, does not simplify the issue. The
system of biological systematics is not stable and changes depending on current knowledge and
research. We are still far from a final definition and a general agreement of what a species actually
is. Despite all the new genetic, cytogenetic, behavioural and additional findings, the wise words are
still relevant: “a species is a group of individuals which a competent taxonomist identifies as such”.

A consensus and use of common names would benefit the understanding and practice of
protection and conservation of our field which has a high number endangered primate species
(Table 1).



Table. 1. Recommended names for Viethamese primate species.

Nadler: Thoughts about common names of Indochinese primates

Common name

Scientific name

Lorises

Pygmy loris Nycticebus pygmaeus
Northern slow loris Nycticebus bengalensis
Macaques

Long-tailed macaque

Macaca fascicularis

Stump-tailed macaque

Macaca arctoides

Rhesus macaque

Macaca mulatta

Assamese macaque

Macaca assamensis

Northern pig-tailed macaque

Macaca leonina

Langurs

Annamese silvered langur

Trachypithecus margarita

Indochinese silvered langur

Trachypithecus germaini

Grey langur

Trachypithecus crepusculus

Francois’ langur

Trachypithecus francoisi

Hatinh langur

Trachypithecus hatinhensis

Black langur

Trachypithecus ebenus

Cat Ba langur

Trachypithecus poliocephalus

Delacour’s langur

Trachypithecus delacouri

Douc langurs

Red-shanked douc langur

Pygathrix nemaeus

Grey-shanked douc langur

Pygathrix cinerea

Black-shanked douc langur

Pygathrix nigripes

Snub-nosed langurs

Tonkin snub-nosed langur

Rhinopithecus avunculus

Gibbons

Western black gibbon

Nomascus concolor

Eastern black gibbon

Nomascus nasutus

Northern white-cheeked gibbon

Nomascus leucogenys

Southern white-cheeked gibbon

Nomascus siki

Northern yellow-cheeked gibbon

Nomascus annamensis

Southern yellow-cheeked gibbon

Nomascus gabriellae
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Summary

The study describes the cranial morphology of the three species of douc langurs, Pygathrix
cinerea, P. nemaeus and P. nigripes. The variability of some features could be analysed on 24
skulls of P. cinerea, 18 skulls of P. nemaeus, and 4 skulls of P. nigripes.

28 linear measurements were taken on all skulls for statistical analyses. As the skulls clearly
change with age, correlations between each measurement and age have to be eliminated from
statistical analyses. Therefore, age-independent residuals were calculated from all linear
measurements in linear regressions against the age class.

Morphologically the skulls of the three species of Pygathrix can not be clearly separated from
each other by naked eye or simple measurements. Student's t-tests revealed only few statistically
significant differences between the species but none in the age-independent residuals between P.
cinerea and P. nemaeus. Discriminant analyses of the age-independent residuals indicated the
possibility to separate the three species of Pygathrix.

So sanh dac diém giai phau hinh thai so & cac loai vooc cha va (Pygathrix
cinerea, P. nemaeus, P. nigripes)

Toém tat

Nghién cuu nay mo ta cac dac diém giai phau hinh thai so clia ba loai cha va tai Viet Nam gém
Pygathrix cinerea, P. nemaeus va P. nigripes. Su bién thién clia cac dac diém giai phéau so dugc phan
tich trén 24 mau so cua loai P. cinerea, P.nemaeus (18 mau) va loai P.nigripes (4 mau). 28 thong s6 da
dugc do va dugc phan tich théng ké. Khi xt ly sé lieu théng ke, méi quan hé gitia cac sé do va do tudi
cla mau so phai dugc loai bd. Nho do, cac biét sé doc lap véi do tudi dugc tinh tir tat ca cac phép do
trong théng ké héi quy tuyén tinh.

Hinh thai ciia cac mau so cua ba loai thuoc giéng Pygathrix khong thé phan biét ro6 bang mat
thuong va cac thong s6 do don gian. Kiém dinh théng ke T-test cho thdy chi co mot vai su sai khac mot
cach co y nghia théng ké cac s6 do cua méau so thudc hai loai P.cinerea va P.nemaeus. Tuy nhién,
phan tich théng ké su khac biét cua biét s6 doc lap véi do tudi cho théy co thé phan loai 3 loai cha va
thuodc giéng Pygathrix dua trén dac diém hinh thai so.
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Introduction

Vietnam is considered a “Biodiversity Hotspot” (Mittermeier et al., 2004) and is characterized by
a large number of endemic species (Stirling & Hurley, 2005, Sterling et al., 2006), including five of
the world’s 25 most endangered primates (Mittermeier et al., 2009). One of them is the grey-
shanked douc langur, Pygathrix cinerea, which has only recently been described, first as
subspecies of the red-shanked douc langur, P. nemaeus, on differences in coloration (Nadler,
1997) and later was considered a distinct species on the basis of molecular genetic data (Roos &
Nadler, 2001; Roos, 2004). Thus currently three species of Pygathrix are distinguished.

Pygathrix cinerea is listed as a “Critically Endangered” species, P. nemaeus and P. nigripes as
“Endangered” (IUCN, 2009). All three species are relatively poorly known.

P. nemaeus, occurs in central to south Laos, north-central Vietnam and in a small area in north-
east Cambodia (Rawson & Roos, 2008). P. cinerea occurs in five provinces in central Vietnam:
Quang Nam, Gia Lai, Kon Tum, Quang Ngai and Binh Dinh (Ha Thang Long, 2007; Nadler et al.,
2003; 2007), and probably in restricted areas in Laos and Cambodia close to the Vietnamese border
(Duckworth et al., 1999; Rawson & Roos, 2008). P. nigripes occurs in east Cambodia, east of the
Mekong, and in southern Vietnam (Smith, 2001; Nadler et al., 2003; Pollard et al., 2007). The range
of P. cinerea overlaps in small areas with P. nemaeus in central Vietnam and probably also in South-
east Laos and north-east Cambodia (Ha Thang Long, 2004, Nadler et al., 2007, Rawson & Roos,
2008). Contact areas between P. cinerea and P. nigripes — if exist - are not clarified yet (Fig. 1).

So far detailed data on the

d - skull morphology and changes
in craniometry during ontogeny

i are lacking besides of the

s comparison of cranial
dimensions of P. nemaeus with

Rhinopithecus (Pan & Oxnard,

2001). A first craniometric

memT—— . comparison of the three
Pygathrix species is made by
Harding (2003). The result of the
study shows significant
differences in size between the
three taxa, but this is based on
a very limited number of
specimens (P. nemaeus 7 male,
5 female; P. nigripes 8 male, 2
female; P. cinerea 2 male, 2
female) and individual variation.

In this paper we describe the
cranial morphology of the three
species of douc langurs and
i assess ontogenetic changes

with age. In this respect also the
sequence of tooth replacement

Pygathrix nemaeus

g bk

Pygathrix cinerea

Pygathrix nigripes

N raemg s

Fig.1. Distribution of the three Pygathrix species according to Duckworth et al. (1999); Ha Thang . X i
Long (2004); Nadler et al. (2007); Pollard et al. (2007); Rawson & Roos (2008). will be briefly considered.
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It is aimed to check if cranial features could reliably be used to distinguish between the species
now established on the basis of fur coloration and molecular genetic data. The morphological
description is supplemented with a multivariate statistical analysis of linear cranial measurements
and both are used to test if a separation of the three species of Pygathrix might be possible.

Material and Methods

The study is based on 24 skulls of P. cinerea, 18 skulls of P. nemaeus, and 4 skulls of P. nigripes
from Endangered Primate Rescue Center (EPRC), the Zoological Museum at National University
Hanoi (ZMNU), and Museum fur Tierkunde Dresden (MTD) (Table 1).

Table. 1. Studied material of Pygathrix species at the Endangered Primate Rescue Center (EPRC), Zoological Museum National University Hanoi
(ZMNU), and Museum fur Tierkunde Dresden (MTD) with assigned age groups.(1 = juvenile; 2 = subadult; 3 = adult)

species coll. No. sex age age group
Pygathrix cinerea EPRC 7-07 f 2
Pygathrix cinerea EPRC 7-33 m 8 years 3
Pygathrix cinerea EPRC 7-26 f 3
Pygathrix cinerea EPRC 7-18 m 5 years 2
Pygathrix cinerea EPRC 7-02 m 3
Pygathrix cinerea EPRC 7-17 f 3
Pygathrix cinerea EPRC 7-06 m 9 years 3
Pygathrix cinerea EPRC 7-08 m 10 years 3
Pygathrix cinerea EPRC 7-27 f 3
Pygathrix cinerea EPRC 7-10 f 3
Pygathrix cinerea EPRC 7-15 m 1
Pygathrix cinerea EPRC 7-12 m 1 year 1
Pygathrix cinerea EPRC 7-20 m 5 years 2
Pygathrix cinerea EPRC 7-27 f 2
Pygathrix cinerea ZMNU M870 m 3
Pygathrix cinerea ZMNU M850 m 3
Pygathrix cinerea ZMNU 877 m 3
Pygathrix cinerea ZMNU M869 m 3
Pygathrix cinerea ZMNU M867 m 3
Pygathrix cinerea ZMNU M855 f 3
Pygathrix cinerea ZMNU M732a m 3
Pygathrix cinerea ZMNU M849 f 3
Pygathrix cinerea ZMNU M854 m 1
Pygathrix cinerea ZMNU M853 m 1
Pygathrix nemaeus MTD B19855 m 3
Pygathrix nemaeus EPRC 6-40 f 3
Pygathrix nemaeus EPRC 6-44 m 3
Pygathrix nemaeus EPRC 6-17 f 10 years 3
Pygathrix nemaeus EPRC 6-25 m 3,5 years 1
Pygathrix nemaeus EPRC 6-22 m 1
Pygathrix nemaeus EPRC 6-11 m 5 days 1
Pygathrix nemaeus EPRC 6-43 m 8 months 1
Pygathrix nemaeus EPRC 6-27 m 3 years 1
Pygathrix nemaeus EPRC 6-18 f 3 years 1
Pygathrix nemaeus EPRC 6-19 m 2 years 1
Pygathrix nemaeus EPRC 6-X03 m 1
Pygathrix nemaeus EPRC 6-20 f 1 year 1
Pygathrix nemaeus EPRC 6-24 f 3,5 years 1
Pygathrix nemaeus EPRC 6-08 m 5...6 years 2
Pygathrix nemaeus MTD B19854 m 2
Pygathrix nemaeus ZMNU M 101 m 2
Pygathrix nemaeus ZMNU M 1038 ? 2
Pygathrix nigripes EPRC 13-04 f 2,5 years 1
Pygathrix nigripes EPRC 13-06 f 2 years 1
Pygathrix nigripes MTD B19857 f 3
Pygathrix nigripes MTD B19856 f 2
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The skulls of subadult and adult animals at the EPRC come from animals that were rescued but
subsequently died though heavy injuries or fatal digestion disturbance. Skulls of newborn and very
young animals are from animals born at the EPRC and did not survive. Skulls from other collections
are mostly from hunted animals.

The ages of individuals which were born at the EPRC is exactly known. The age of confiscated
subadult and adult animals are estimated in comparison to animals at the EPRC with known age.

28 linear measurements were taken on the skull and mandible, partially in accordance to
Maryanto et al. (1997). They are explained in Table 2 and illustrated in Fig. 2. All measurements
were taken with digital callipers to the nearest 0.01 mm.

The morphological description follows Whitehead et al. (2002).

Table. 2. Measurements taken on cranium and mandible (see also Fig. 2.)

cranium

gsl greatest skull length, measured parallel to the base of the skull, including incisor

ch cranial height, measured as maximal height above auditory bullae and basioccipital

ZW zygomatic width, maximal width across zygomatic arches

iob interorbital constriction, smallest distance between orbits

pob postorbiral breath, measured at the narrowest point of the cranial constriction in the
temporal fossa

orbw orbital width

maxb width across maxillas, or maximal rostral breadth, breadth across the maxillas
measure |d lingually, dorsal to M1 (about equal to palatal breadth plus teeth)

pmxb width across premaxillae, breadth across praemaxillary bones measured frontally at
alveoles of canines

nb nasal breadth

nl nasal length

dM3 distance between M3s

dC distance between canines

mfw width across mesopterygoid fossa

dcc distance between carotid canals

linfm distance posterior rim of incisor to anterior end of foramen magnum

lip distance of posterior rim of incisor to posterior end of palatine

libasio distance of posterior rim of incisor to anterior end of basoccipital

gcw greatest cranial width at hindcranium

lvom length of vomer visible in choana

mandible

dl dentary length, measured parallel to the long axis of the mandible

pcr maximal height of mandible, measured in straight line from coronoid process to base of
angular process

pcp condylar height, measured from the top of condyle to the base of angular process

mcorb maximal length of ascending mandibular ramus, measured parallel to long axis of mandible
mandh | mandible height, height of mandibular ramus from ventral rim to alveole level between
m1 and m2

mandw | width of mandible, measured across the mandible below m2/m3

dcond condylar distance, distance between the condyles of right and left dentary in straight line
lcm3 length of mandibular tooth row, measured occlusally

cbf width across both canines, measured frontally

10
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Fig.2. Schematic illustration of most of the measurements taken on the skull and mandible (Abbreviations see Table 2).

a. Skull in dorsal view; b. Skull in lateral view; e. Skull in ventral view (a: angle of snout and B: angle of orbital plane - not measured in each skull);
d. Mandible in lateral view.

11
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Aging and forming of age groups

Not many data on the life history of douc langurs are known to be used as a basis to form age
groups suitable for statistical analysis. Tooth replacement, tooth wear and cementum apposition are
often used to age mammals on the basis of cranial material. The most prominent example where
teeth, and in particular tooth replacement and wear of the incisors, are used in age determination
(e.g. Habermehl, 1961; Richardson et al., 1995; Muylle et al., 1997). Also for some economically
important species age determinations on the basis of teeth have been given, e.g. for domestic
cattle, Capra hircus or Cervus elaphus (Habermehl, 1961). In Japanese Macaques also cementum
apposition was used for aging (Wada et al., 1978). The most thorough compendium on the ages of
dental eruption in primates is given by Smith et al. (1994). An overview, based on Harvati (2000),
Schultz (1935) and Smith et al. (1994) is provided by Swindler (2002).

The completion of dental development does not necessarily co-occur with sexual maturity and
thus adulthood or full growth of the animal. For Trachypithecus cristatus males it has been stated
that the dental development is concluded at the age of about 3.75 years (Harvati, 2000). In the
slightly smaller males of Macaca fascicularis dental development is completed at the age of 5.5
years (Smith et al., 1994). Only few individuals of each species are of exactly known age, and only
few of age <2 years which can be considered a very important time span for growth. For P. cinerea
and nemaeus cranial growth reaches the adult level at about 50 months, about 4 years of age

Due to the difficulties of exact aging we established four age groups used in some of the
statistical analysis: Table 1 gives the frequency of specimens in each age class for the species.

° 0 - newborns that died within a few days of birth (only 3 specimens),

o 1 - juveniles, young animals from about 8 months to 4 years of age,

° 2 - subadult about 4 to 5 years of age and

° 3 - adults from 6 years and more of age, definitely with a complete dentition.

Statistics

Reasonable statistical comparisons are only possible between P. cinerea and P. nemaeus as
only four skulls of P. nigripes were available for analysis. They are included in the discriminant
analysis, but the results concerning this species have to be treated with some caution.

All original data were checked for normal distribution using Q-Q Plots. As expected all
measured parameters correlate strongly with age. Therefore, a method had to be found to eliminate
the influence of age from the data. Here the same procedure as in Stefen & Rudolf (2007) is used.
Linear regressions of all measured parameters against age - the four age groups - were
performed, calculating the resulting unstandardized residuals of each variable against the
independent age. These were saved as ‘RES-variable’ of the original measurement and used in
further tests.

Two other ways to deal with the different ages of the specimens were used and finally all were
compared. Analyses with the original data were done using specimens of age class 2 and 3 only.
And the original data were log transformed and saved as ‘Log variable’ and these were used in
different analyses.

Students t-tests (always at the 95 % significance level) were performed with the age-
independent residuals a) to test for differences between females and males in each species and b)
to test for differences between the species. In these tests P. nigripes was not used due to the low
number of available specimens.
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To see which variables are responsible for most of the variance in the overall sample a principal
component analysis (PCA) was performed with the original data, the age-independent residuals
and the log-transformed variables.

Discriminant analysis (DA) of the three species were also performed primarily with variables
mainly influencing the first factor of the PCA and some different sets of the original data, the age-
independent residuals or the log-transformed variables in order to see whether the species could
be separated. The DAs were done using Wilk's lambda statistic, entry of all variables at once not
stepwise, with equal prior probabilities of group membership, based on the pooled within-group
covariance matrix. SPSS 16 was used for all statistical calculations.

Results
Description of juvenile skull of Pygathrix
Cranium

The description is mainly based on two skulls of P. nemaeus females (EPRC 6-18 and 6-20), but
observations on other skulls are included.

In dorsal view the skulls are more or less oval to egg shaped being pointed at the interorbital
constriction, with the orbital region forming a kind of base and a short snout attached (Fig. 3a). The
frontoparietal suture is convex and in the sagittal plane the frontal extends over more than half of
the skull length. The frontoparietal suture (sutura coronalis) might be neat and just curved or
zigzagging irregularly especially in the middle of the skull. Distal and posterior to the orbital ridges,
which are visible but not clearly separated from the rest of the frontals as in adult skulls, the frontal
is well inflated, forming the highest point of the juvenile skull. The vault slightly curves ventrally to
the posterior end of the skull. The parietooccipital suture (sutura lambdoidea) is just visible in the
posterior end of the skull.

The postorbital constriction is shallow in these juvenile skulls and separates the orbital plane
from the rest of the skull. The orbital width is smaller than the cranial width. The orbital plane is tilted
in an angle B of 80° (see Fig. 2b) to the base of the skull toward posterior.

In frontal view the orbits dominate the impression of the skull and the cranium is well inflated.
The nose opening is skewed oval, being more pointed ventrally, with the widest lateral extension
more dorsal than the middle of its length and a nearly straight or levelled dorsal end at the nasals
(Fig. 3b). Although the orbits appear well rounded, the orbital rims might be straightened in some
skulls (e.g. MTD B19400) and the lateral side, formed by the jugal (Os zygomaticum). Two to three
infraorbital foramina are visible ventral to the orbits and close to the maxillojugal suture (sutura
zygomaticomaxillaris); they usually grow a bit more apart with increasing age. The
premaxillomaxillar suture is kind of dome-shaped around the nasal opening, not extending as far
dorsally as the nasals, leaving room for a short maxillanasal suture (sutura nasomaxillaris). The
maxillafrontal suture (sutura frontomaxillaris) forms just dorsal to the nasals, often slightly
zigzagging and extending ventrally into the orbits.

In lateral view in the juvenile skulls all the sutures between the visible bones are still unfused.
The near 80°-orientation of the orbital plane (B) to the base of the skull is well visible in this view.
The frontojugal suture (sutura frontozygomatica) is nearly straight at the orbital rim, but varies
slightly in course in the postorbital constriction. In some skulls the frontal shows a sharply pointed
triangular extension ventrally, just posterior to the orbital rim (MTD B19400), which is lacking in other
skulls where the maxilla instead might show a small dorsal extension (Fig. 3c). Particularly variable
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is the form of the dorsal extension of the sphenoid, which might be a narrow band between the
maxilla and squamosum (e.g. EPRC 6-07) or a broadened wing-like extension with a dorso-
posterior extension (e.g. MTD B24004). The jugal foramen (foramen zygomaticofaciale) is very
close to this suture.

The zygomatic arch is slim and ends anterior to the external auditory meatus. The squamosal
bone dorsal to the external auditory meatus is slightly bulged laterally but does not show a rim or
stronger bulging visible in adult skulls. The parietosquamosal suture shows a marked ventrally
pointing projection postrior to the external auditory meatus.

The distal view shows an inflated skull, the parieto-occipital suture and a marked bend within
the occipital between posterior and ventral part of the skull. This bend develops to a strong
lamdoidal crest in adults and ends laterally at the parietosquamosal suture.

In ventral view (Fig. 3d) all sutures between the bones are unfused. The large foramen magnum
is posterior to the middle of the skull. In the juvenile skulls the pterygoid wings extend as far lateral
as the maximal width of the snout. The most prominent of the visible foramina are the carotic canals
in the bullae, circular and large, and the distal palatine foramina (foramen palatinum majus),
situated in the maxillopalatine suture (sutura palatinum transversa). The glenoid fossa appears
large and flat, distally terminated by a narrow pointed squamosal projection.

Mandible

The mandible of the juvenile skulls is characterized by the large alveoli for the still forming
molars and the lateral tilt of the coronoid processes in dorsal view. The articular surface of the
condyles is nearly horizontal, skewed oval, and no marked neck separates it from the mandibular
ramus. The angular process is well rounded and does not extend as far posterior as the condyle.
On the lingual side no pterygoid protuberances are visible. In lateral view the coronoid process is
well pointed posteriorly and the bone between the tip of the coronoid process and the condyle is
well rounded. A mental foramen (sometimes there are more) is visible in the lower part of the
mandibular ramus ventral to dp3/4. The ventral rim of the mandible is nearly straight horizontally,
slightly concave (Fig. 3e, f, g).

Description of subadult skull of Pygathrix
Cranium

The description is based primarily on skulls of a female of P. cinerea (EPRC 7-07) and a male
of P. nemaeus (MTD B19854).

Most skull sutures are still well visible; in ventral view the maxillopremaxilla suture is about level
to the dC/P1 junction; in the midline the palatinum extends forward to the M1/M2 junction; the large,
oval palatine foramen are about level to the anterior part of M3.

In dorsal view the changes with increasing age are the following: the overall oval shape
becomes more egg-shaped, that is more pointed anteriorly at the interorbital constriction, and more
flattened posteriorly; the overall inflation of the skull extends further posterior and then bends
ventrally more sharply.

The orbital rims increase in size and in dorsal view and form a flattened ledge in the anterior part
of the skull: The postorbital constriction becomes more pronounced and a frontal crest forms. The
snout is enlarged compared to the juvenile skull and also in relation to the cranium. This seems to
be mainly due to an increased length of the maxilla leading to a lower inclination of the nose and
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Fig.3. a. Skull of a juvenile female Pygathrix nemaeus (MTD B24004), dorsal view. Scale bar 5 cm; b. Dorso-frontal view; ¢. Lateral view; d. Ventral view;
e. Mandible of a juvenile female Pygathrix nemaeus (MTD B24004), lateral view. Scale bar 2 cm; f. frontal view; g. lingual view. Photos: B. Bastian

nasals (a about 70° in juveniles and about 55° in subadults), the same holds for the orbital plane (
80° in juveniles and about 70° in subadults).

The orbits extend as far as, and with increasing age further lateral than the widest cranial width,
thus dominate the frontal view. The zygomatic arch still ends anterior to the external auditory meatus
but a tendency to form a crest or rim dorsal to the external auditory meatus is visible.
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Mandible

The mandilbe is like in the juvenile skulls. But the pterygoid fossa on the medial side of the
angular process is marked and structured in the very distal end with five slight grooves separated
by well visible ridges (tuberositas pterygoidea); also at the angular process a crest develops at the
ventral rim of the angular process. The coronoid process points distally, is slightly hook-shaped and
shows a slight dorsal crest. There seems to be some variability in the form of the mandibular bone
between the tip of the coronoid process and the condylar process: the distal pointing and thus
strong appearance of a slim hook of the coronoid process of juvenile skulls is lost with increasing
age and the coronoid process gets broader (with the broadening of the mandibular ramus as a
whole), less pointed and ends blunt oriented dorsally.

Description of adult skull of Pygathrix
Cranium

The description is based primarily on skulls of a P. nemaeus male (EPRC 6-44) and a P. nirgipes
female (MTD B19857).

In dorsal view with increasing age frontoparietal crests form that run parallel towards the nuchal
crest (Fig. 4a). They seem to be stronger in males, but this is difficult to judge as the exact age
might also play a role and that is not known for the animals grouped as "adults" here. The orbital
rims become more pronounced and extend further posteriorly in the form of a flattened ledge. This
as well as the elongation of the rostral part result in the postorbital constriction being more
pronounced and more or less in the middle of the skull length in the adult skulls compared to the
juveniles, where this is in the anterior third of the skull. In the elongated rostral part of the skull the
nasal opening is more oval and not so skewed oval as in the juvenile skulls.

In frontal view the orbitals are clearly broader than the greatest extension of the cranium and the
greatest skull width in adult skulls is at the zygomatic arches (Fig. 4b).

In lateral view (Fig. 4c) the zygomatic arch extends with age more and more in a crest
continuing dorsal to the external auditory meatus. The nuchal crest, not at the parieto-occipital
suture but more ventral, extends laterally into a more or less marked crest extending nearly to the
external auditory meatus. This lateral extension of the nuchal crest, however, does not fuse with the
posterior extension of the zygomatic arch. Very variable is the course of the larcimojugal suture in
the orbita and the course of the maxiallojugal suture.

In ventral view (Fig. 4d) the carotid canals (in the bullae) are oriented more centrally and open nearly
straight ventrally and not so much towards the sagittal plane as in the juvenile skulls. The incisive foramen
are more or less pointed anteriorly, more rounded to straight at the posterior end, and terminate
posteriorly level to the posterior end of the canines. This relation to the canines is the same in juveniles.

Mandible
The mandibel of the adult skull is more massive, but overall shows the same morphology as in
subadults (Fig. 4e, f).

Age grouping and tooth eruption
The maxillary teeth present in juvenile and subadult skulls are listed in Table 3. The data suggest
the sequence [M1 [1] [I2 M2] P4 P3 [M3 C] for the studied Pygathrix species. From the data it is
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Fig.4. a. Skull of an adult female Pygathrix nigripes (MTD B19857), dorsal view. Scale bar 5 cm; b. frontal view; ¢. lateral view; d. ventral view;
e. Mandibel of an adult female Pygathrix nigripes (MTD B19857), lateral view. Scale bar 2 cm; f. frontal view. Photos: B. Bastian.

very difficult to clearly determine the sequence of M1 and |1 as in some very young individuals the
presence of M1 was not verifiable. It is equally difficult to clearly determine the sequence of 12 and
M2 as both are emerging in the relevant specimen (EPRC 6-X3). P4 seems to erupt prior to P3 in
EPRC 6-24 and 7-07. Similarly the sequence of C and M3 is difficult to determine, in one specimen
(EPRC 7-26 both are emerging and in one (EPRC 7-20) M3 is erupted and C still emerging. As the
first is a female and the second a male there might be sexual differences involved. In Pygathrix
nemaeus one specimen lacks only the canine of the final dentition, whereas one specimen of P.
cinerea at the age of 8 years still shows dC, DP3 and an emerging P4.
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Table. 3. Teeth present in the maxillar dentition of some studied individuals. (Age* - indicates fairly exact age known. Teeth: d —deciduous tooth; em —
emerging, not quite in occlusion yet; in alv — visible in alveole; x — present; ? status not known; n — not visible).

EPRC Age

number |Sex |group Age " 12 9 P3 P4 M1 M2 M3
Pygathrix cinerea

7-12 m juv 1 year* dl dl dC dP dP inalv n n
7-20 m subad 5 years dl dl em |[x X X X X
7-18 m subad 5 years X X X X X
7-33 m ad 8 years X X X X X
7-02 m ad 11years |[x X X X X
7-07 f subad ? X X dC dP em |x X n
7-26 f ad ? X X em |x X X X em
Pygathrix nemaeus

6-22 m newborn |1 day* dl dl dC 25} dP inalv |n n
6-11 m newborn |5 days* dl dl dC dpP dP ? n n
6-43 m juv 8 months* | dl dl dC dpP dP ? n n
6-X3 m juv ? X em |dC dP dpP X em |[n
6-19 m juv 2 years dl dl dC dpP dP X em n
6-27 m juv 3years* || dl? |{dC dpP dP X em n
6-25 m juv 3,5 years* | x X dC dpP dP X X em
6-08 m subad 5.6 years |x X dC X X X
6-44 m ad ? X X X X X X X X
6-20 f juv 1 year dl dl dC dpP dP inalv |n n
6-24 f juv 3,5 years* | x X dC dpP in alv | x X n
6-18 f juv 3 years dl dl dC dpP dP ? ? ?
6-17 f ad 10 years |x X X X
6-40 f ad ? X X X X X X X X
Pygathrix nigripes

13-04 f juv 2 years dl dl dC dpP dP inalv |n n
13-06 f juv 2 years dl dl dC dP dpP inalv n

:\3/'11%57 f ad ? X X X X X X X X

Craniometry and Statistics

The cranial morphology of the three species of douc langurs is very similar and so are the
measurements (Fig. 5). In overall skull geometrics as illustrated by a scatter diagramm of zygomatic
width against greates skull length, no difference between the species can be observed (Fig. 6).
Most of the original measurements show a normal or near normal distribution for the studied species
(except of P. nigripes where the sample was considered too small for these tests). Only cbf and nb
showed no normal distribution in P. cinerea and were not used in further analyses.

A sexual dimorphism can be seen in P cinerea and P. nemaeus but seems to be markedly
stronger in P. cinerea. In this species 17 original measurements differed significantly between the
sexes in age class 2 and 3, 19 age- independent residuals and 2 log transformed variables.
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separated for age groups: ad — adult, subad — subadult, juv — juvenile.

In Pygathrix nemaeus the sexual dimorphism seems to be weaker, only in one age-independent
residual (RES-cm3) a statistically significant difference between males and females was observed.

The PCAs resulted in several factors, the first four explaining > 90% of the total variance for the
original data in age classes 2 and 3 as well as for the age-independent residuals and log-
transformed data. In all cases maxb, zw, pcp, gsl, orb, libasio, lifm, cbf and lip contributed most to
the first factor. Also important were dm3, and pmaxb.

The DAs show some degree of separation of the three studied species of Pygathrix. Using the
variables mainly associated with PCA factor 1 and specimens of age class 2 and 3, the species
show a clear separation with the original data but P. nigripes is not well represented. (Fig. 7A). The
distinction of P. nemaeus and P. cinerea is weaker and P. nigripes again not well represented with
the age-independent residuals important in the first factor of the PCA (Fig. 7B). Using the log
transformed data which explain most of the variance in PCA factor 1 does not give a separation of
the species. Using some random age-independent residuals in a DA indicates a slightly better
separation of the three species without ungrouped cases (Fig. 7C). But still there is some overlap
between P. cinerea and P. nemaeus and P. nigripes well separated from the others. Reducing the
number of residuals used in the DA did not increase the possibility to separate between the
species. Using a number of random log transformed variables a separation of P. nigripes from the
others but no clear separation of P. cinerea and P. nemaeus is possible (not shown).

Discussion

So far only Harding (2003) provided some craniometric data of Pygathrix. Her sample consisted
of 12 P. nemaeus, 10 P. nigripes and 4 P. cinerea, thus the number of specimens of the species
differed from this study. Here we give a more detailed description of cranial morphology and
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ontogenetic changes as well as more data on skull
morphometrics. The three species of Pygathrix, can
be separated on the basis of coat color, few
morphological features and molecular genetics
(Nadler, 1997; Roos & Nadler, 2001; Harding, 2003;
Roos, 2004). The cranial morphology of the three
species, however, is very similar, so that in gross or
overall morphology no diagnostic features were
found to allow for a species differentiation. For
statistical analysis the studied samples are not ideal
as the specimens are of different and often unknown
ages and the three species are not represented in
sufficient and similar numbers which could not be
helped during the course of the study. Results can
nevertheless be compared to Harding (2003) who
studied samples of similar unequal sizes. The linear
measurements of cranial parameters are hardly
distinguishable but boxplots of some measurements
indicate that P. cinerea is the largest and P. nigripes
a smaller species with P. nemaeus having the
largest range (Fig. 6). This is in accordance to
Harding (2003).

The principal component analyses with the
original data, age-independent residuals and log-
transformed variables pointed to the main
importance of the same variables to explain most of
the overall variability in the sample. These include
length and width measurements of the skull and the
height and width of the mandibular ramus thus
variables influencing overall geometry.

Discriminant analyses using the variables which
mainly influenced the PCA factor 1 gave different
results in the DAs. The log transformed data did not
reveal a clear separation of the species at all. Using
original data and specimens of the age classes 2
and 3, thus adult specimens only or age
independent residuals indicated a separation of the
three species to a different degree. In all cases (Fig.
7) P. nigripes was further separated than the other
two species. Due to the small sample size studied
here this has to be treated with great care but is in
accordance to Harding (2003) who stated that “P.
nigripes appears to be the most distinctive species”
on the base of external differences though.

One that influence the

aspect might
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differentiating power of the DAs with the selected variables is the difference in sexual dimorphism
in the samples of P. cinerea and P. nemaeus.

The DA’s indicate that there might be the possibility for a separation of the three species on the
base of cranial measurements but only with larger and similar sized samples of all species and
possibly also including methodology of geometric morphometrics which might be more suitable to
pick up differentiating signals between the species. That was not feasible in the study presented
here but might be future approach.

The statistical tests yielded a strong sexual dimorphism in P. cinerea but a weak one in P.
nemaeus. As both species are closely related these results are surprising and hard to explain. As
the sample of P. nemaeus contained more juvenile specimens sexual dimorphism might be more
pronounced in older specimens than were available. Pan & Oxnard (2001) indicated some sexual
dimorphism for P. nemaeus but their measurements are difficult to compare to those used in the
present study. These authors also stated (for P. nemaeus and several species of Rhinopithecus)
that sexual dimorphism is often related to width variables, species separation rather to length
variables. This cannot be verified in the present study as there were several sexual differences in
P. nemaeus and hardly any between species. In the DAs the functions separating the species are
influenced by length and width variables likewise.

A problem of the presented study is the material of different ages which had been addressed
in different ways. Using age groups 2 and 3 only had the disadvantage of having even less
specimens but an at least more even size range, as “adult” size is reached at about 4 years. The
DAs indicated differentiation of the species of these age groups. The other approach was to use
age-independent residuals of a linear regression to age groups. This approach had the problem
that the age classes are not all equal. The residuals however showed some power of differentiation
of the species. The last approach was the use of log transformed data which did not show a
differentiation of species in the DAs. It seems that larger samples of adult specimens would
probably be best for a future study on species differentiation.

Overall the results of the presented study show that the skulls of the three species of Pygathrix
are hardly distinguishable on the basis of morphology alone, but that cranial measurements reveal
some potential to separate the species in DAs.

The dental eruption sequence of permanent maxillar teeth has been given as M1 [I11 M2] 12 P37?
P4 C M3 by Harvati et al. (2000) and Swindler (2002). Harvati et al. (2000) indicate that the eruption
sequence was not determinable at the P3/P4 position. In one individual studied here it is indicated
that P4 emerges prior to P3. Another specimen indicates that M3 emerges prior to C. Harvati et al.
(2000) state that Trachypithecus cristatus completes dental development at the age of about 3.75
years and Macaca fasciularis at about 5.5 years, thus later. With the specimens studied here it is
still difficult to determine the age when dental development ends in Pygathrix. one specimen of P.
cinerea shows complete adult dentition at the age of about 5 years, a specimen of P. nemaeus still
has a dC at the age of about 6 years, a P. cinerea of 5 years shows dlI1, dI2 and dC. An even larger
sample of immature specimens that demonstrate various stages of dental eruption is still needed to
further clarify the normal eruption sequence, or to better understand the variability that is indicated.
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Summary

The grey-shanked douc langur’ is a critically endangered and endemic leaf-eating primate to
Vietnam. The population of the species is decreasing and highly fragmented due to hunting
pressure and loss of habitat. The species is restricted to several provinces in the Central Highlands.
Kon Ka Kinh National Park is home of less than 250 individuals. Currently, there is insufficient
understanding about the feeding behaviour and phytochemical content in food selection among the
species. This study was conducted in Kon Ka Kinh National Park from February 2009 to June 2010.
We collected 212 hours of feeding behaviour data. Grey schanked douc langurs ate 135 plant
species of 44 plant families during the study period. The plant species Pometia pinnata is the most
preferred item. We collected 33 plant samples from eaten species for phytochemical analysis which
revealed that protein comprised of 11.4% of dry matter, lipids 2.6%, minerals 5.0%, sugar 4.9%,
starch 12.8%, and Neutral Detergent Fiber (NDF) 40.8%. Protein in leaves is higher than in whole
fruits: 12.8% and 8.3% respectively. However, protein in young leaves and mature leaves was not
significantly different; 14.1% and 11.5% respectively.

Thanh phan héa dinh dudng va tap tinh an cua loai vooc cha va chan
xam (Pygathrix cinerea) tai Vuén Quéc Gia Kon Ka Kinh, Viét Nam

Tém tat

Vooc cha va chan xam la loai khi an la dac htu va cuc ky nguy cép cua Viet Nam. Quéan thé cua
loai trong tu nhién dang bi suy giam do tinh trang san bat va méat moi truéng séng. Hién nay, loai chi
phan bd tai moét sé tinh mién Trung va Tay Nguyeén, Viet Nam. Vuon Qudéc gia Kon Ka Kinh la naoi sinh
s6ng cua gan 250 céa thé vooc cha va chan xam. Nhiang dén lieu khoa hoc vé tap tinh sinh thai dinh
dudng cua loai hien van con réat han ché. Nghién ctu nay dudc tién hanh tu thang 2 nam 2009 dén
thang 6 nam 2012. Khoang 212 gid quan sat truc ti€p tap tinh an cda loai ngoai tu nhién da duoc thu
thap. Két qua cho thay, loai vooc cha va chan xam an 135 loai thuc vat thuéc 44 ho. Trong do loai

" There remains some scholarly debate about the common names for the Pygathrix species, although this does not affect systematic placement
For the purpose of consistency within the Vietnamese Journal of Primatology, douc langur is used for all Pygathrix species. Please refer to the
article in this issue for a discussion of vernacular names [Nadler (2012): Why Sea Lions don't catch Zebras-Thoughts about common names of
Indochinese primates. Vietnamese J. Primatol. 1(2), 3-5].
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Pometia pinnata |a loai thuc vat dugc ua thich nhét cta loai tai khu vuc nghién cuu. 33 méau thiic an
cua loai vooc cha va chan xam da dugc thu thap dé phan tich thanh phan hoa dinh dudng. Két qua
cho thay, cac méau thuc an chua 11,4% la protein, 2,6% chét béo, 5,0% chéat khoang, 4,9% dudng,
12,8% tinh bot, va 40,8% chéat xa. Ham luong protein trong 1a nhiéu hon trong qua véi 12,8% va 8,3%
ham lugng chét kho. Ham lugng protein trong la non (14,1%) nhiéu hon trong la gia (11,5%), tuy
nhién su sai khac khong co y nghia théng keé.

Introduction

Food components of colobines consist of leaves, fruits (including seeds), flowers, lichen, bark
and partly animals (insects). According to Yeager & Kool (1997), colobines select foods of high
nutritional value, and young leaves are preferred over mature leaves. Milton (1998) argued that
young leaves contain more protein than mature leaves, and that young leaves contain less fiber.
Therefore, young leaves tend to be consumed more than mature leaves.

Colobines are folivorous primates, but in some species their diets also contain large proportions
of unripe fruits and seeds. For example, Davies (1991) found that Presbytis rubicunda eat over 80%
seeds in some months. In Africa, other colobines also feed heavily on fruits such as Colobus
satanas in Cameroon and Gabon (McKey, 1978; McKey et al., 1991; Harrison, 1986) or Colobus
polykomos in Sierra Leone (Dasilva, 1992).

Diet and feeding behaviour of the genus Rhinopithecus, Pygathrix and Nasalis have been
studied by Yeager (1989), Boonratana & Le Xuan Canh (1993), Kirkpatrick (1998), Lippold (1998),
Otto (2005), Hoang Minh Duc (2007), Ha Thang Long (2009), and Grdter (2009).

Black-shanked douc langurs in Nui Chua National Park and Binh Chau Phuoc Buu National
Park eat leaves, flowers, fruits and seeds from at least 152 plant species of 37 plant families
(Hoang Minh Duc, 2007). Red-shanked douc langurs eat leaves and fruits of 50 plant species
(Pham Nhat, 1993). Otto (2005) provided a list of 87 species from 36 families consumed by the
red-shanked douc langurs, but the list of feeding species was collected in captivity, containing
many species of limestone areas around Cuc Phuong National Park. Feeding behaviour of the
grey-shanked douc langurs was first studied by Ha Thang Long (2009) in Kon Ka Kinh National
Park and the author found that the species fed on 166 plant species belonging to 40 plant families.
In terms of food items, the grey-shanked douc langurs ate 49.5% young leaves, 21.9% ripe fruits,
19.1% unripe fruits and only 9.3% mature leaves. This study aims to provide further understanding
of grey-shanked douc langurs feeding behaviour as well as the phytochemical contents of their
food items.

Material and methods
Study site

Kon Ka Kinh National Park is located in north-east Gia Lai Province (14° 09’ — 149 30’'N and 108°
16’ — 1080 28'E) with an area of 41,710 ha (Fig.1). The park belongs to Kon Pne, Dak Roong and
Kroong Communes, K'Bang District, and Ha Dong and Ayun Communes, Mang Yang District, Gia
Lai Province. Altitude ranges from 570 m along Ba River to 1,748 m at Mount Kon Ka Kinh (Le Trong
Trai et al., 2000). The rainy season lasts from May to November. Average annual rainfall is 1,700
mm; the peak is in July or August with 400-450 mm/month. The dry season starts in December and
ends in April. The peak of the dry season is in January or February with zero rainfall. Eighty percent
of Kon Ka Kinh National Park is montane and lowland forest (33,565 ha).
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Fig.1. Study area in Kon Ka Kinh National Park.

There are seven species of primates recorded in Kon Ka Kinh National Park, including the
northern yellow-cheeked gibbon (Nomascus annamensis), grey-shanked douc langur (Pygathrix
cinerea), stump-tailed macaque (Macaca arctoides), pig-tailed macaque (M. leonina), rhesus
macaque (M. mulatta), pygmy loris (Nycticebus pygmaeus), and northern slow loris (N.
bengalensis). The population of grey-shanked douc langurs in the national park is less than 250
individuals (Ha Thang Long, 2009), which represents the largest known population.

Behavioural observation

Behavioural observations were made on different family units of a super-troop of 88 individuals.
The observations were made from dawn to dusk 7 days every month from June 2009 to July 2010.
Approximately 212 hours of observation were made. The observations were focused on adult males
and females. Instantaneous focal animal sampling method (Altmann, 1974) was used to record
feeding behaviour. If the animal was feeding, the species and plant parts (e.g. young leaf, mature
leaf, fruits, seeds, and flowers) were recorded (Fig. 2).

Herbarium specimen collecting and classification

Herbarium specimens were collected and identified. Feeding trees were tagged with a number
and located by GPS. The herbarium specimens of the feeding tree were collected within the month
that observations were conducted.
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Fig.2. Grey-shanked douc langurs (Pygathrix cinerea) eating at the study site. Photo: Nguyen Thi Tinh.

Nutritional Analyses

Every month 2 plant samples frequently eaten and 1 plant sample occasionally eaten were
collected. In total 34 plant samples were collected (14 young leaves, 8 mature leaves, 9 seeds, 2
fruits, and 1 flower), but one fruit sample was not analyzed. The samples represent 32 plant species
of which 12 species were on the top 20 most selected plants. The samples were dried by sunshine.
They were stored in airtight plastic bags until analysis. Samples were sent to the biochemistry lab
in Hue University. In the laboratory, samples were re-dried in an oven (60°C) to a constant weight
to determine total dry matter (DM). Samples were ashed at 550°C from 3 to 6 hours to determine
the percentage of inorganic constituents (total ash content). Total nitrogen content was determined
using a macro-Kjeldahl procedure with the machine Kjeltex-2200. Crude protein (CP) was
determined using the standard formula: N x 6.25 (Williams, 1984).

Neutral Detergent Fiber (NDF) (cellulose+hemicellulose+lignin), Acid Detergent Fiber (ADF)
(cellulose + lignin), and Acid Detergent Lignin (ADL) were sequentially analyzed along with the
sulfuric acid lignin fraction, using the
methods described in Van Soest, (1991).

Table. 1. Methods for nutrient analysis.

Sugars were determined from a phenol- Parameter Test method
sulfuric acid colorimetric assay (Dubois et |Crude protein Kjeldahl test (TCVN 4328-01)
al., 1956) as modified by Strickland and |Crude fat Soxhlet (TCVN 4331-01)
Parsons (1972) with sucrose used as a Sugar Dubois et al. (1956)
standard. Data was reported on 100% of -
Starch Hovencamp & Hermelink (1988)

dry matter (DM). The nutrient value of the
plant samples was analyzed by several |[NDF, ADF, ADL |Van Soest (TCVN 4329-93)

methods (Table 1). Minerals Atomic absorption spectrometry
AAS(AOAC-2000)
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Statistical Analyses

Nutrient and fiber content of young and mature leaves were compared. The difference was
determined using independent sample T-Test. Levene’s Test was used to check the equality of
variances before T-Tests were conducted. The same procedure was applied to nutrient and fiber
contents in leaves and fruits. All tests set the significant value a=0.05, 2-tailed.

Results
Plant species eaten by the grey-shanked douc langurs

In this study, 135 plant species of 44 plant families were recorded as foods of the grey-shanked
douc langurs. 81 species were observed directly and 54 species identified from food remains. The
top 10 most eaten plant families contain 54.8% of all eaten species. The 10 families were
Myrtaceae, Sapindaceae, Moraceae, Lauraceae, Euphorbiaceae, Meliaceae, Elacocarpaceae,
Fagaceae, Papilionoideae and Flacourtiaceae. The family Moraceae contained the most selected
foods with 14 species, including 12 species for young leaves and two species for fruit. The family
Euphorbiaceae contained the second most selected foods with 13 species, including 12 species
for young leaves and flowers of one plant species.

In terms of time spent feeding, 10 different families occupied 64.4% of total feeding time. The 10
families were Sapindaceae, Myrtaceae, Lauraceae, Guttiferae, Moraceae, Flacourtiaceae,
Burseraceae, Theaceae, Loganiaceae and Betulaceae (Table 2). The family Sapindaceae was eaten
most extensively with 28.5% of total feeding time. The family Myrtaceae was second with 7.13% of
total feeding time. Five plant families (Myrtaceae, Sapindaceae, Moraceae, Lauraceae, and
Flacourtiaceae) were very important food sources for grey-shanked douc langurs. Three families
(Moraceae, Theaceae, Loganiaceae) were important sources of leaves while four families
(Burseraceae, Sapindaceae, Myrtaceae, and Guttiferae) were important sources of seeds and fruits.

Table. 2. The top 10 most eaten plant species.

. . Young | Mature . Time

TT Species Family leaves | leaves Fruit | Seed | Flower | spent
(%)

1 | Pometia pinnata Sapindaceae 1.1810.77 .121.53 0.71| 24.19
2 | Syzygium tramnion Myrtaceae .11.35 0.20| 1.42 . 2.97
3 | Garcinia merguensis Guttiferae - .| 2.86 . 2.86
4 | Canarium bengalense |Burseraceae 0.14]. 091| 1.76 . 2.81
5 | Strychnos ovata Loganiaceae 2.35]. . . . 2.35
6 | Syzygium oblatum Myrtaceae - 0.69| 1.47 . 2.15
7 | Nephelium lappaceum | Sapindaceae - .| 2.09 . 2.09
8 | Betula alnoides Betulaceae 1.94 1. . . . 1.94
9 | Homalium ceylanicaum | Flacourtiaceae 0.97]0.81 . . . 1.78
10 | Camellia fleuryi Theaceae 1.73]0.04 . . . 1.77
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The species Pometia pinnata and Nephelium
lappaceum were the most eaten foods. The douc
langurs spent nearly a quarter of their feeding
time (24.1%) on Pometia pinnata (Fig. 3). For this
plant species, all type of food items were eaten
including young leaves, mature leaves, flowers
and seeds. The seeds of Pometia pinnata were
available in peak from June to July and young
leaves were available at peak in February.
Syzygium tramnion and Syzygium oblatum were
also important for the douc langurs since they
feed on young leaves and seeds of the both
species through-out the year. The species

Fig.3. Plant species Pometia pinnata eaten by the grey-shanked douc langurs
(Pygathrix cinerea). Photo: Nguyen Thi Tinh

Homalium ceylanicaum was an important source of young leaves and mature leaves from January

to Apiril.

Among the most important food sources to the douc langurs were 3 families (Sapindaceae,
Myrtaceae and Flacourtiaceae) and 5 species (Nephelium lappaceum, Pometia pinnata, Syzygium
tramnion, Syzygium oblatum and Homalium ceylanicaum).

Phytochemical content of food items
Leaves vs. fruits

The fiber content of leaves was greater than of fruits including NDF (t=4.188; P<0,001), ADF

(t=4.379; P<0.001), and ADL ({=2.976; P=0.006)

(Table 3). Protein in leaves is greater than in fruits

(t=2.257; P=0.031). However, sugars and starches in fruits were greater than in leaves (t=-2.989;

P=0.012) and (t=-3.184; P=0.007). Lipid content

Table. 3. Nutrient and fiber content between leaves and fruits.

in leaves and fruits was similar.

Leaves Fruits

(n=22) (n=11) RISt
Parameter M M b

ean ean
gkaDM) | 59 | (gkgDm) | ¢ t d | (2-tailed)

Protein 127.68 46.37 83.30 65.40 2.257 31 0.031
Sugar 37.47 16.19 75.52 40.63 -2.989 31 0.012
Starch 83.96 73.23 222.66 134.90 -3.184 31 0.007
Lipids 20.88 12.73 40.13 74.98 -0.845 31 0.417
Ash 58.87 33.00 32.44 16.40 2.493 31 0.018
NDF 466.38 97.33 280.07 158.43 4.188 31 0.001
ADF 324.65 107.14 155.97 98.08 4.379 31 0.001
ADL 163.15 75.66 84.92 60.76 2.976 31 0.006
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Young vs. mature leaves

Nutrients (protein, sugar, lipid, and starch) in young leaves were almost identical to mature
leaves. Protein in young leaves was generally higher than in mature leaves, but the difference was
not statistically significant (t=1.46; P=0.16). Fiber content (NDF, ADF and ADL) in young leaves and
mature leaves was similar (Table 4).

Table. 4. Nutrient and fiber contents in young leaves and mature leaves.

Young leav Mature leav

Parameter OU(ng: 133 - ] U(ne:8e)a - e

oo | | grgon | ! U | (iaieq)
Protein 141.27 41.47 115.23 37.93 1.46 20 0.160
Protein/ADF 0.44 0.21 0.42 0.15 0.32 20 0.750
Sugar 35.47 16.11 39.01 9.59 -0.56 20 0.579
Starch 75.37 30.96 65.00 15.83 0.88 20 0.390
Lipids 16.96 8.19 27.16 16.88 -1.92 20 0.069
Ash 66.90 37.03 46.08 17.82 1.48 20 0.153
NDF 487.26 104.98 462.78 92.13 0.55 20 0.589
ADF 350.88 111.36 291.21 82.13 1.32 20 0.202
ADL 185.32 77.63 127.71 58.70 1.82 20 0.084

Nutrient and fiber content in selected plant species

The greatest amount of protein was found in seeds of Canarium bengalense with 210.7 g/kg
DM. Protein in young leaves of Strychnos ovata and Antidesma veluntinosums was also high with
201.4 g/kg DM. The greatest amount of lipids was found in seeds of Nephelium lappaceum with
208.6 g/kg DM. The greatest amount of sugar was found in fruits of Syzygium oblatum with 178.1
g/kg DM. The greatest amount of starch was found in seeds of Lithocarpus ceriferus with 428.9 g/kg
DM. The species Antidesma velutinasum contains the greatest amount of NDF (622.2 g/kg DM),
ADF (560.1 g/kg DM) and ADL (351.8 g/kg DM) of the young leaves that were eaten (Table 5).

Discussion
Diversity of plant species in diets of grey-shanked douc langurs

Ha Thang Long (2009) reported that the grey-shanked douc langurs fed on 166 species of 40
families in Kon Ka Kinh National Park. In this study, 135 species of 44 families were identified. There
are only 25 food species overlapping between this study and the study of Ha Thang Long (2009).
Difference in location of feeding observations and trees combined with high diversity of plant
species in Kon Ka Kinh National Park may constitute to the low overlap of consumed plant species.
In total, the grey-shanked douc langurs ate 251 identified plant species in Kon Ka Kinh National
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Table. 5. Mean for nutrient and fiber content in all food items.

Nutrient Mean . . . .
and fiber | (g/kg DM) sd Min Max Top 3 species with 'fhe highest nutrient
and fibers
contents (n=33)
Protein 11499 5703 | 252 | 2107 Ca/jar/um benga_/ense, Strychnos ovata,
Antidesma velutinosums
. Nephelium lappaceum, Canarium
Lipid 26.83 43.55 0.7 2086 bengalense, Tetradium glabrifolium
Sugar 49 59 31 61 125 | 1781 Syzyg{um ob/atu_m, Syzygium zimmermannii,
Syzygium tramnion
Lithocarpus ceriferus, Syzygium tramnion,
Starch 128.02 |115.60| 19.8 | 4289 " .
Garcinia merguensis
NDF 408 75 148.42| 983 | G202 Ar?t/de_sma ve_/uﬂ_nqsum, Betula alnoides,
Wightia speciosissima
ADF 572 84 13117| 298 | 5601 Antidesma \(e/qt/nosum, Garcinia oligantha,
Maesa parvifolia
ADL 141 86 83.07 41 3518 Ant/dggma 've/unnosum, Maesa parvifolia,
Garcinia oligantha

Park, 109 additional plant species were identified in this study. Among Pygathrix, the grey-shanked
douc langur shows the highest recorded diversity in plant species consumed. Black-shanked douc
langurs consumed 152 plant species of 37 families (Hoang Ming Duc, 2009), and red-shanked
douc langurs 87 species from 36 families (Otto, 2005). Among odd-nosed monkeys, the grey-
shanked douc langurs also show very high diversity of plant species in their diets. For example, the
proboscis monkey (Nasalis larvatus) ate 188 plant species (Matsuda et al., 2009) while
Rhinopithecus roxellana ate 84 plant species (Guo et al., 2007). Food resources in Kon Ka Kinh
National Park are likely more diverse and dense than other sites due to greater plant density and
diversity.

Nutrition in the diet of grey-shanked douc langurs

In this study, we found that the grey-shanked douc langurs met the adaquate 7-11% protein of
dry matter required for growth and maintenance as suggested by Oftedal (1991). Among Pygathrix,
the diets of the red-shanked douc langurs contained the highest amount of protein (173 g/kg dry
matter) in young leaves, followed by the amount of protein in the diets of the grey-shanked and
black-shanked douc langurs. The study of red-shanked douc langurs was conducted in captivity at
Cuc Phuong National Park which is located in limestone forest of northern Vietnam outside of the
known range of Pygathrix (Otto, 2005), while the studies on grey-shanked and black-shanked douc
langurs were conducted in southern Vietnam in the wild. Difference in vegetation and habitat may
affect the amount of protein in their diets.

The nutrition contained in eaten plant parts was analyzed in the Delacour’'s langur
(Trachypithecus delacouri) also showing that protein in young leaves is higher than in mature leaves
(Workman & Le Van Dung, 2009) (Table 6).
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Table. 6. Comparing nutritional value in the diets of all douc langur species and the Delacour’s langur (Trachypithecus. delacouri).

Nutrition Value
Species Study site (g/kg dry matter) Plant parts Reference
Protein NDF
141.2 487 Young leaves
Pygathr/x Kon K.a K'n.h 115.2 462 Mature leaves This study
cinerea NP, Gia Lai
83.3 280 Fruits
; 173 365 Young leaves
Pygathrix Cuc P_huong Otto (2005)
hemaeus NP, Ninh Binh 128 384 | Mature leaves
Bu Gia Map NP, 123 466 | Mixed leaves
Pygathrix Binh Phuoc Hoang Minh
nigripes Nui Chua NP, Duc (2007)
Ninh Thuan 75.7 442 Fruits
. Van Long 122 380 | Young leaves Workman & Le
Trachypithecus
delacouri N.ature'Reserve, Van Dung
Ninh Binh 104 334 | Mature leaves | (2009)

Important food sources for the grey-shanked douc langurs in Kon Ka Kinh National Park

Dietary studies that identify the important food in a primate diet are important for conservation. In
this study, we determined 3 species which are the most important foods including Pometia pinnata,
Syzygium tramnion, and Canarium bengalense (Fig. 4). Among those, Pometia pinnata was the most
vital since up to 24.9% of time spent feeding was on this species, which corroborates an earlier study
that grey-shanked douc langurs spent the greatest amount of time (14,3%) feeding on Pometia
pinnata (Ha Thanh Long, 2009). Grey-shanked douc langurs ate several plant parts of these species

including young
leaves, mature leaves,
fruits, seeds and
flowers. During the
peak of fruiting (June,
July, and August) the
grey-shanked douc
langurs spent
significant time
harvesting fruits and
seeds. They also
intensively ate young
leaves of this plant
during 4 months of the
dry season (January to
April). Following
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Fig.4. The three plant species most visited by the grey-shanked douc langurs (Pygathrix cinerea).
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Marshall & Wrangham'’s (2007) definition of ‘preferred food’ there is sufficient evidence to conclude
that Pometia pinnata is the ‘preferred food’ of grey-shanked douc langurs, because the density of
the plant species in the study site is only 1.4 trees/ha, so the availability is low. Further, the usage of
the plant species by the grey-shanked douc langurs is very high. Pometia pinnata is an important
agro forest tree in the Pacific Island (Thomson & Thaman, 2006), where it has commercial value and
ecological value in Samoa. In Kon Ka Kinh National Park, however, local people did not harvest this
plant species for any purpose, and does not seem to be in high local demand currently.

Conclusions

The diet of grey-shanked douc langurs is highly diverse in terms of plant species. There were
135 species of 44 plant families eaten by the douc langurs in this study. Combined with previous
studies, there are 251 plant species recorded as foods for the grey-shanked douc langurs in the
Kon Ka Kinh National Park. The nutritional component in selected food consists of protein at 11.4%
of dry matter, lipids at 2.6%, minerals at 5.0%, sugars at 4.9%, starchs at 12.8%, and NDF at 40.8%.
The consumption of protein is similar to that of red-shanked and black-shanked douc langurs. At
the study site, the plant species Pometia pinnata is the preferred food.
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Summary

Research activities of Frankfurt Zoological Society (FZS) on Son Tra Nature Reserve, Danang City
began in 2006. This evolved into the ‘Son Tra Douc langur Research and Conservation Project’ in
2010, focusing on the conservation of red-shanked douc langurs (Pygathrix nemaeus). This project
gathers information about douc langurs social behavior, feeding ecology, ranging and forest
phenology. The project worked primarily with one group of douc langurs. Son Tra’s douc langurs live
in multi-male/multi-female groups. Groups consist of multiple families with a sex ratio of adult females
to adult males typically 2:1. Sixty-three different feeding plant species were identified. The douc
langurs feed on a variety of plants, mainly trees but also vines and climbers. Nutritional analysis of
select food items was conducted. Langurs select higher quality foods when available, suggesting
dental and gut morphology is an adaptation to tough fall-back foods. During the entire study we also
monitored threats to the biodiversity on Son Tra including poaching, fishing, and extraction of timber
and non-timber forest products. Development of several tourist resorts and roads have serious
negative impacts on biodiversity. Threats were reported regularly to Da Nang City administration.

Du an nghién cutu va bao tén loai vooc cha va chan dé cua Hoi BDong
vat hoc Frankfurt tai ban ddo Son Tra

Toém tat

Hoat dong nghién cuu cua Hoi Bong vat hoc Frankfurt, thanh phé Ba Nang bat dau tu nam 2006.
Dén nam 2010, du &an nghién cuu va bao tén loai vooc cha va chan dé dugc thuc hién. Muc tieu clia du
an la thu thap sé lieu vé tap tinh xa hoi, sinh thai dinh duéng, tap tinh di chuyén va su phat trién cua rung.
Chuong trinh nghién cuu dugc thuc hien trén mot bay vooc cha va chan do tai ban déo Son Tra. Két qua
cho thay, loai vooc cha va chan dé séng thanh bay véi nhiéu con duc va con céi truéng thanh. Bay I6n
dugc hinh thanh tu nhiéu gia dinh nhé vdi ty lé gidi tinh & con trudng thanh la 2 céi:1 duc. Co 63 loai thuc
vat la thuic an chinh ctia loai vooc cha va chan do da dugc xac dinh. Thuc an cua loai da dang véi phan
I6n 1a cay than g, mot s day leo va cay than thao. Dac diém dinh dudng clia thuic an cing dugc phan
tich. Két qua cho thay loai lua chon nhing thuc an co ham lugng dinh dudng cao. Mat khac céu truc
rang va da day cua loai ctng thich nghi véi viéc an cac loai thiic an kém chét dinh duéng trong nhing
thai diém nhét dinh. Trong qua trinh nghién clu nhing tac dong dén su tén tai clia loai cting dugc ghi
nhan va giam sat. Cac tac dong bao gém san bat, danh ca, khai thac gé va lam san ngoai gb. Su phat
trién cua céac khu du lich va duong sé cing tac dong nghiém trong dén da dang sinh hoc & ban déo
Son Tra. Nhiing tac dong da dudc bao cao thudng xuyén 1én nha chuc trach cua thanh phé Da Nang.

37



Vietnamese Journal of Primatology (2012) vol. 2 (1), 37-46

Introduction

One of the most colorful primates in the world, the red-shanked douc langur! (Pygathrix
nemaeus) is endemic to Indochina. They inhabit a diversity of tropical forests in north and central
Vietnam, east-central Laos and the northeastern tip of Cambodia (Fooden, 1996; Timmins &
Duckworth, 1999; Nadler et al., 2003; Rawson & Roos, 2008). Unfortunately, an absence of basic
survey data throughout their range confounds exact population estimates. Red-shanked douc
langurs are listed as Endangered on the IUCN Red List of Threatened Species (IUCN, 2012) and
the Red Data Book of Vietnam (Ministry of Science and Technology & Vietnamese Academy of
Science and Technology, 2007). Despite legal protection in Vietham, Laos and Cambodia
populations are declining rapidly all over the distributions range mainly due to hunting for medicinal
purposes. Law enforcement is lacking. Douc langurs are further threatened by habitat loss and
fragmentation as result of logging, agricultural and infrastructure development.

They have dental and gut adaptations allowing them to process low quality foods, such as
mature leaves (Kay, 1978; Chivers & Hladik, 1980; Davies & Oates, 1994). Although they have
unique folivorous adaptations their diet is diverse, consisting of fruits, nuts, seeds, flowers, and bark
in addition to young and mature leaves (Lippold, 1977; Pham Nhat, 1994).

Material and Methods
Son Tra Nature Reserve

Son Tra Nature Reserve is located on Son Tra Peninsula only 8 km from the center of Danang
City. The peninsula comprises a total landmass of about 6000 ha with several peaks of which the
highest is 696 m (Tordoff et al., 2004). Son Tra comprises a patchwork of different habitats including
forests, plantations and shrub lands. Son Tra forest is home to a large variety of plants and animals.
Surveys conducted by Danang University confirmed 985 plant species, 36 mammal species, 106
bird species, 23 reptile species, 9 amphibian species and 113 insect species (Dinh Thi Phuong
Anh, 1997). Observations made during this project have confirmed even greater diversity then the
numbers reported in 1997. Regardless, many of the species remaining on Son Tra are listed in the
Red Data Book of Viethnam and the IUCN Red List of Threatened Species and some of them are
critically endangered.

Son Tra played an important role in Danang’s legends and its recent history. Initially the entire
peninsula was protected under military jurisdiction. In 1977 4.439 ha of the peninsula were
protected as a cultural and historical site (Tordoff et al., 2004). The protection status was upgraded
to a nature reserve in 1992 and forest protection rangers were appointed to stop illegal activities.
In 2008, the size of the reserve was reduced by nearly half, to 2.670 ha and many areas important
for biodiversity are now being developed (Vietham Conservation Fund, Central Region TA, 2009).
The entire coastline of Son Tra is no longer protected and numerous large resorts are being built.

Many roads have been constructed crossing Son Tra and have created wide gaps in the forests,
which are impossible for douc langurs and other wildlife to cross. An invasive vine which has been
brought in with the road construction spreads over the peninsula, covering and destroying large
areas of the forest. Nature on Son Tra is on the decline and protection measures are urgently
required.

T There remains some scholarly debate about the common names for the Pygathrix species, although this does not affect systematic placement
For the purpose of consistency within the Vietnamese Journal of Primatology, douc langur is used for all Pygathrix species. Please refer to the
article in this issue for a discussion of vernacular names [Nadler (2012): Why Sea Lions don't catch Zebras-Thoughts about common names of
Indochinese primates. Vietnamese J. Primatol. 1(2), 3-5].
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Son Tra reflects the threats to biodiversity in the entire country and also the problems
conservation face trying to address them (Lippold & Vu Ngoc Thanh, 2008). There is rampant
hunting and cutting, severe habitat loss and fragmentation, uncontrolled tourism and development,
and a lack of awareness of the douc langurs and biodiversity conservation and an entire absence
of law enforcement activities.

First reports of red-shanked douc langurs at Son Tra were published in 1969 and 1971, from a
survey that took place from 1966-69 during the Vietnam-American War (Van Peenen, 1969; Van
Peenen et al., 1971). A brief survey in 1974 estimated only 11-28 individuals (Lippold, 1977). A survey
conducted in 1988 reported one group of 10 individuals remaining in the area (Pham Nhat, 1994). In
1995, the population estimate was 30-40 individuals remaining on the peninsula (Lippold, 1995). Until
the beginning of 2007, it appeared the population of douc langurs at Son Tra was very small if not
extirpated (Nadler et al., 2003). In 2007, a survey recorded 171 individuals, and a population estimate
of 198 red-shanked douc langurs (Vu Ngoc Thanh et al., 2007), suggesting that nearly 60% of the red-
shanked douc langur population in Vietham may be located on Son Tra (Lippold & Vu Ngoc Thanh,
2008). Son Tra is therefore home to an important population of red-shanked douc langurs, probably
one of the largest populations remaining in Vietnam. Here the species managed to survive relatively
undisturbed due to military presence and restricted access to the peninsula.

Research component
Phenology transects

Three transects were established, measuring 8 x 300 m (2 transects), and 8 x 500 m (1
transect). Transect locations were chosen randomly using a number generator for coordinates. All
trees with 10 cm diameter at breast height (DBH) or greater were marked. Measurements of DBH,
tree height, crown width, percentage of young to old leaves, living to dead leaves, and proportion
of fruits and flowers were recorded. Measures on the leaves, fruits and flowers were recorded twice
each month for 14 months. There are 512 trees with at least 10 cm DBH along the transects.
Transect trees have all been identified to at least family level.

Feeding ecology

Feeding observations used focal sampling, and rotated between adult males and adult females,
but also included sub-adults, juveniles, and infants where possible. Records were made of time,
weather, individual, feeding behavior, tree(s) species, tree characteristics, canopy height and
distance to nearest douc langur.

Nutritional quality

Select feeding plants were collected for testing. Within 48 hours of the observed feeding bout,
300 g of wet matter were collected from the same feeding tree, and weighed on location. Plants
matter was then stored in open plastic containers with silica gel in an open air room, then in an air
conditioned room for drying. Samples were weighed for consecutive months until a dry weight was
reached, then stored in sealed plastic containers until tested. Based on dry weight, 22 were selected
for testing including 18 plants selected for by the douc langurs and 4 plants readily available but not
selected as food. Tests include crude protein, neutral detergent fiber, acid detergent fiber, ash,
water content, and condensed tannins. Tests were conducted at the Center for Environmental
Management Laboratory of Nong Lam University, Ho Chi Minh City. Water content is based on wet
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and dry matter weights. Other tests are conducted using the following methods: AOAC 987.04-1997
(crude protein), AOAC & TC 2000 (ash), AOAC & TC 2000 (tannins), AOAC 973.18 (fibers).

Behavioral observations

Behavioral observations are also based on focal sampling, rotating between adult males and adult
females, and opportunistically on subadults, juveniles and infants (Fig. 1).

5 : ‘ 't
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Fig.1. An adult male, female and young in the habituation group. Photo: Larry Ulibarri.

Preliminary results

Tree compositions and characteristics between the 3 transects are different. Transect 1 has the
highest percentage of trees taller than 15 m (13%), and is the only transect which contains trees
higher than 20 m. It has the highest diversity of tree families. Douc langurs were most often seen
around transect 1 compared to the other transects. Transect 2 has the next highest percentage of
tall trees (8% with a height 15 m or greater) and the next highest diversity of tree families. Transect
3 has the lowest diversity of tree families and the lowest percentage of trees 15 m height or greater
(2%). Douc langurs were seen infrequently along Transect 2, and only observed twice along
Transect 3. This pattern suggests a habitat preference towards good secondary or primary forests
in which there is a greater percentage of trees 15 m height or greater.

The douc langurs were observed feeding at all canopy levels, including the ground. Young leaves
comprise a majority of their diet, followed by mature leaves, fruits, flowers, seeds and bark. As
observations are predominantly on one group of douc langurs, the total number of food species is
likely low compared to the probable diversity of feed species on Son Tra. However, 63 different plant
species were selected and have been identified, and the list is growing. Among the most important
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food resources, including its young and
mature leaves, its flowers and seeds, is the
IUCN classified critically endangered tree —
White Seraya (Parashorea stellata Kutz)
(IUCN, 2012) (Fig. 2). This is the same tree that
the douc langurs were seen in most frequently
during observations, positively correlating with
the frequency of douc langur observations.
Selection of fruits and flowers increases
with availability. However, the douc langurs do
not actively seek out fruiting or flowering trees,
and were never observed to deplete a food season is short and was only observed oncs in 2.5 years.
resource on an individual tree. This implies Photo: Larry Ulibarri.
that the douc langurs folivorous adaptations (dentition and gut morphology) are for fall-back resources
in a seasonal and fluctuating environment. Results of the nutritional analysis are still pending.

Fig.2. A White Seraya tree (Parashorea stellata Kutz) with flowers. Flowering

During the first year of this project the semi-habituated douc langur group consisted of 17
individuals, the following year a new infant was born into the group. This group comprises three
families. Two of these families have a single adult male, the 3" family has two adult males. The sex
ratio is 2:1; adult females to adult males. The families come together to form a group, and are often
seen together at all times of the year, especially during the spring (February — May) and autumn
(August — October) months. During other times of the year, they frequently sleep together, then split
into their respective families in the morning, travel and feed as separate families, then join again in
the late afternoon. This daily fission-fusion behavior was frequently observed in several groups, not
just among the habituation group. Adult males tolerate other adult males intragroup. Both friendly
and aggressive intergroup interactions were observed.

Two separate groups comprising only adult and subadult males were observed. These bachelor
groups appear to be seasonally formed in the spring and autumn. However, these males also roam
the forest as solitary males, often shadowing douc langur groups and coming as close as 100 m
before a douc langur family becomes agitated.

Douc langur groups were often observed together with a troop of rhesus macaques (Macaca
mulatta). During all such observations, the macaques tended to stay below 15 m and the douc langurs
above, although overlap in substrate use and encounters of 1 m distance between species were not
uncommon. Such associations between the two species appear to be unstable chance encounters.
However a few prolonged occasions of half-day feeding and traveling associations were recorded.
Also, adult male red muntjacs (Muntiacus muntjac) were infrequently observed to travel under the
douc langur group (and macaque troops) for extended periods, presumably feeding on seeds
dropped by the primates. These associations also appear to be chance encounters.

Conservation component
Threats to biodiversity
Hunting and Non-timber-forest-products (NTFP) collection

Based on the number douc langurs confiscated by local authorities in 2010, we predict that about
one adult per month was hunted from Son Tra during that year. No reported confiscations occurred
in 2011 and 2012. Snare fences stretching 500 to 1000 m were found during the research and
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numerous snares are removed from Son Tra by the rangers each month (Fig. 3). Hunting activities are
not only conducted by hunters but to a large degree by construction workers living in the forest during
road construction. At times there were about 1000 construction staff living in tents and sheds on Son
Tra. Some of the construction workers have been living on the site for the last 7 years. Wildlife has
been found in the construction camps (Fig. 4).

Bird hunting is rampant and is done by hunters but also young men and students to earn extra
money during the weekends. Although most are aware that catching birds is illegal, few are concerned
about repercussions. Based on records made during 2010 - 2011, it was estimated that 30 birds are
hunted each day leading to a massive reduction of the bird populations of Son Tra (Fig. 5).

Trees, rattan, Cycadaceae plants and orchids are taken from Son Tra daily (Fig. 6). Tree
scraping of White Seraya is also frequent and is done for the resin which is used as boat sealant.

Fig.4. Wildlife of all sorts has been observed in construction camps.
This adult male has been injured with a machete probably by
construction workers. Photo: Larry .Ulibarri.

Fig.3. Snare fences and single snares are an ongoing problem.
Photo: Larry Ulibarri.

- . }l—‘?&u—‘

Fig.5. On an average day at least 30 birds are estimated to be hunted Fig.6. The cutting of leaves from cycad species has nearly eradicated
on Son Tra. Photo: Ulrike.Streicher. these plants on Son Tra. Photo: Larry Ulibarri.
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Habitat destruction and fragmentation

A road surrounding Son Tra Peninsula was approved by Danang City in 2001 (Decision No. 113,
2001). Construction of the road was initially very slow. In July 2012, the road is still under
construction. All forests below the road and along the coast not longer belong to the nature reserve
and are designated for development. In some locations, the areas designated for development
include several hundred ha of good secondary forest and is home to douc langur groups.

Road construction is done with little concern to the forest. In many areas forest is cleared simply
for access to soil which is then used in the road construction. Steep slopes are blasted into the hill
side and the nearly vertical slopes are left exposed. This results in heavy landslides during the
raining season and large patches of forest slide down with the mud. The gaps in the forest created
by the roads are in some places over 100 m wide (Fig. 7). Roads and the slopes are significant
barriers for all arboreal species. Smaller forested areas and arboreal species are more susceptible
to the negative effects of habitat fragmentation, which is a double-strike against the douc langurs
on Son Tra Nature Reserve. In at least two locations, douc groups are currently separated by the
roads; one family on the ‘protected’ side of the road, the other on the ‘unprotected’ side. All
observation of such split groups indicate they stay close to each other and thus to the road, and
are maximally exposed to hunting.

Fig.7. Roads create large gaps in the forest, which in some places are over 100 m wide. Photo: Ulrike Streicher.

Conservation activities
Raising awareness

Education activities involved the cooperation of several organizations and people including the
Department of Education, Department of Science and Technology, Danang City consultant Dr. Ulrike
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Streicher, Frankfurt Zoological Society, and Danang University. We have conducted and continue to
work on several activities to raise public awareness about the red-shanked douc langurs, Son Tra
Nature Reserve, and the threats they face (Fig. 8).

/

Fig.8. Several activities to raise public awareness have been conducted, including a photo exhibition in Danang City, which attracted nearly 8000 visitors.
Photo: Ulrike Streicher.

Canopy bridges

Based on these threats this project proposed a tree bridge project to link the habitat patches
which are fragmented by the newly developed tourist roads. This includes planting and maintaining
trees to encourage natural canopy bridges. This has been approved by the People’s Committee of
Danang City, but the implementation of the tree bridge project is slowed due to administrative
reasons.

Continued activities

The project is on-going, although the primary activity during 2012 focused on conservation
awareness activities and analysis of data obtained so far. With the relative success of habituating
a red-shanked douc langur group, the ability to locate the group consistently, follow the group at
close range for full days, and identify each individual within the group, plans to continue research
and contact with the douc langur group are important. It is not currently possible anywhere else in
Vietnam to gather data of the same quality on red-shanked douc langurs.

Outputs and conclusions
This project is expanding our knowledge on the ecology of the red-shanked douc langurs. Data
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on nutrition will be immediately useful for the care of douc langurs in zoos and rescue centers,
where adequate diet is often a problem (Edwards & Killmar, 2004).

This study also gathered data immediately useful for the protection of the douc langurs on Son
Tra as we gather information on home ranges, important plant species, movement patterns, and
threats and provide this directly to the relevant protection authorities. It has continued to raise the
issue of threats to various departments of the city government and the People’s Committee.

Conservation activities on Son Tra need to be intensified and must focus on law enforcement
and protection of the douc langurs and the nature reserve.

Decisive measures are needed if the red-shanked douc langurs should be given the chance to
survive.
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Summary

A genetic study using mitochondrial DNA sequences supports a separation of the silvered
langurs from the South-east Asian mainland from the Sundaland species and further a species-level
division of mainland silvered langurs into T. germaini (Indochinese silvered langur) and T. margarita
(Annamese silvered langur). The exact distribution areas of the mainland silvered langur species
are still unknown but the Mekong River is considered as zoogeographical barrier. Both species
possess high phenotypical variability due to individual variation, which makes it difficult to diagnose
species. However, the arrangement of the hair on the head shows a clear difference. In T. germaini
the hairs on the head form a central occipital crest whereas in T. margarita a crest is missing and
the hairs on the head form a cap or hood. Moreover, the skin of the face is completely black in T.
germaini, whereas in T. margarita the space around the eyes is paler and forms a ring, sometimes
in flesh colour. Further investigations are required and should include additional samples, in
particular from populations along the Mekong.

Ghi nhan vé su khac biét vé kiéu hinh va kiéu gen cta nhiing loai vooc
bac 6 BDong Duong (Trachypithecus germaini va T. margarita)

Toém tat

Nghién cuu vé trinh tu ADN ty thé cho thdy su phan tach vé phan loai hoc cua cac loai vooc bac
& khu vuc Dong Nam A gém hai nhém, nhom luc dia va nhom da dao. Déng thai, hai loai & nhom luc
dia cung da dugc khang dinh gém vooc bac Dong Duong (7. germaini) va vooc bac Annam (T.
margarita). Hién tai, vung phan bd cta cac loai vooc bac luc dia van can phai lam sang to, tuy nhién
song Mé Kong dudc xem nhu la ranh gidi dia dong vat quan trong. Ca hai loai vooc bac luc dia déu
c6 su bién thien vé kiéu hinh rat da dang. Do do viéc nhan dang loai vooc bac qua hinh thai tré nén
kho khan. Nghién cuu nay cho thay su sap xép cua chom long trén dau cua hai loai vooc bac co su
khac biet. O loai vooc bac Dong Duong, phan long 6 chdm dau dung len & dinh dau tao nen chop
mao, trong khi doé loai vooc Annam khéng cé chop mao ma tao nén hinh dang giéng chiéc ma. Ngoai
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ra, 6 loai vooc bac Bong Duong vung da trén mat hoan toan mau den trong khi do vung da nay ¢
loai vooc Annam lai c6 mau den nhat vong quanh mat doi khi gi6ng mau da. Nghién ctu ctng chi
ra can co thém nhing dan lieu mai vé dac diém hinh thai t cac quan thé 6 doc song Mé Kong.

Introduction

Langurs of the Trachypithecus cristatus species group (Napier & Napier, 1970; Groves, 2001;
Nadler et al., 2005; Osterholz et al., 2008; Roos et al., 2008) are distributed over a large area of
southeast Asia, from Borneo through Java to Sumatra, islands of the Riau and Natuna Archipelago,
the west coast of the Malayan Peninsula, to Thailand and southern Indochina. All taxa of this
species group closely resemble one another in external characters. While the six currently
recognized species (Zinner et al., in press) are clearly distinguished from one another in
mitochondrial DNA (Roos et al., 2008) there is variation in fur coloration and hair structure, in
particularly on the head, within these species. For example, Elliot (1912) mentioned the
conspicuous differences in the hair structure on the head for two silvered langurs from Thailand.

Brandon-Jones et al. (2004) divided the silvered langurs on the South-east Asian mainland into
two subspecies (T. villosus germaini and T. v. margarita), along with a third subspecies from
Sundaland (T. v. villosus). According to Brandon-dones et al. (2004), T. v. germaini occurs in south
Thailand, Cambodia and southwest Vietnam, and T. v. margarita in south Laos, northeast Thailand
and south Vietnam. In contrast, Groves (2001) recognized villosus as a synonym of cristatus and
separated silvered langurs from the mainland from all other members of the species group as T.
germaini. Within T. germaini, he recognized two subspecies, T. g. germainiand T. g. caudalis, with
the latter from unknown origin, and margarita as synonym of T. g. germaini. Based on a small
number of individuals it was argued that the two mainland forms differ phenotypically (Nadler et al.,
2005). A genetic study using mitochondrial DNA sequences further supported a separation of the
silvered langurs from the mainland from the Sundaland species and further a species-level division
of mainland silvered langurs into T. germaini (Indochinese silvered langur) and T. margarita
(Annamese silvered langur) (Roos et al., 2008).

However, the exact distribution areas of the mainland silvered langur species and the
zoogeographical barrier separating them is still unknown. Nadler et al. (2005) and Roos et al. (2008)
considered the Mekong River, a well-known barrier for many primate species, as possible limit for
both species, but highlighted the importance of further investigations. Moody et al. (2011) and
Timmins et al. (2011) doubted the Mekong as barrier for silvered langurs, because species of this
species group occur naturally in coastal and riverine forests throughout their range and are even
found on islands in the Mekong in northern Cambodia (Bezuijen et al., 2007; Timmins et al., 2011),
thus, suggesting that they might be able to cross the Mekong.

Due to these uncertainties concerning taxonomy and distribution, further investigations are
urgently required. Hence, to further shed light on the phenotypic and genetic variation in silvered
langurs form the Asian mainland, we collected information on phenotypic features from field
observations and photos, and by analysing a fragment of the mitochondrial cytochrome b gene of
an expanded silvered langur data set.

Materials and Methods
Phenotypical features
There exists only a limited number of museum specimen for comparison of the silvered langurs,
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in particular from the mainland species. Moreover, museum specimens are not very useful for the
comparison of skin colour and the arrangement of hairs on the head. Thus, to study phenotypical
features of silvered langurs from eastern and western parts of the Mekong we used field
observations and photos taken primarily from individuals of known locations.

Molecular analysis

To expand our previous study on silvered langurs (Roos et al., 2008), we analysed faecal
samples from nine additional silvered langurs. Samples were collected either during field surveys
or from confiscated individuals from known origin (Table 1, Fig. 1) and stored in 80% ethanol before
further processing. DNA was extracted with the QiAamp DNA Stool Mini Kit from Qiagen following
protocols of the company. A 573bp fragment of the mitochondrial cytochrome b gene was amplified
and sequenced according to methods outlined in Geissmann et al. (2004) and Roos et al. (2008).
To prevent cross-sample contamination, laboratory procedures followed described protocols
(Osterholz et al., 2008; Roos et al., 2008). PCR products were checked on 1% agarose gels and
purified with a standard silica extraction method (Sambrook et al., 1989). Sequencing was
performed on an ABI 3130xL sequencer using both amplification primers and the BigDye
Terminator Cycle Sequencing Kit (Applied Biosystems).

Table. 1. Origin of samples used for the genetic analysis, respective numbers and detected haplotypes. Samples and haplotypes in italic are taken
from Roos et al. (2008).

Species Origin Number in Fig. 1 | Number of samples | Haplotypes

T germaini | (5o t0438) 1 7 Yol ot
Cambodia - 2 9B
Thailand - 2 gB, gb
unknown - 6 gB, gk, gF
Southern‘ Cardamoms, > ’ oK
Cambodia
Battambang, Cambodia 3 2 aG, gJ
Siem Reap, Cambodia 4 1 aJd
Preah Vihear, Cambodia 5 1 gE

T. margarita | Kontum, Vietnam 6 1 mC
Veal Thom, Cambodia - > mC, mD

(14°02'N; 106°45'E)
Gia Lai, Viethnam 8 3 mA, mC
Koh Nhek, Cambodia

(13°02'N; 107°10°E) 9 7 mA
Dak Mil, Vietnam

(12°22'N; 107°40'E) 10 ! mA
Keo Seima, Cambodia 11 ] mB
(12°30'N; 106°50°E)

Cat Tien, Vietnam

(11°31'N; 107°19°E) 12 1 MA
Lo Go Sa Mat, Vietham 13 y mA

(11°35'N; 105°54'E)

49



Vietnamese Journal of Primatology (2012) vol. 2 (1), 47-54

Sequences were aligned in SeaView

sl Nk
. pn “x. y o 4 (Gouy et al., 2010) and correct by eye.
b /* A For statistical analysis, we added further
4 N orthologous sequences from T.
ok | germaini and T. margarita published
earlier (Roos et al., 2008). The final
I hailamd b1

6 dataset comprised 34 sequences
/é? including 22 T. germaini individuals, 11
___,...-u T. margarita individuals and one T.
cristatus individual, with the latter used

9
1 t Phylogenetic t
..._._____ qp 2Sanoutgroup. Phylogenetic trees were
constructed with a Bayesian algorithmin

3

! \" MrBayes 3.1.2 (Huelsenbeck et al.,
1__..._. - 2001; Ronquist & Huelsenbeck, 2003).
For the reconstruction, the HKY
nucleotide substitution model was
Fig.1. Map showing the proposed distribution of silvered langurs on the South-east Asian chosen as the best-fit model under the
mainland. Sampling sites for genetic analysis are indicated by dots; respective Bayesian information criterion (B|C) as
numbers are presented in Table 1. The Mekong is indicated as blue line. implemented in jModeItest 0.1 (Posada,
2009). Four independent Markov Chain Monte Carlo (MCMC) runs with the default temperature of 0.2
were used. Four repetitions were run for 10 million generations with tree and parameter sampling
occurring every 100 generations. Acceptance rates were in the optimal range of 10 - 70%. The first 25%
of samples were discarded as burn-in, leaving 75,001 trees per run. The adequacy of this burn-in and
convergence of all parameters was assessed by examining the uncorrected potential scale reduction
factor (PSRF) (Gelman & Rubin, 1992) as calculated by MrBayes, which should approach 1 as runs
converge and by visual inspection of the trace of the parameters across generations using the software
TRACER 1.5 (Rambaut & Drummond, 2007). Posterior probabilities for each split and a phylogram with

mean branch lengths were calculated from the posterior density of trees.

—
— U

Results and Discussion

In contrast to the clear phenotypical differences between T. germainiand T. margarita presented
by Nadler et al. (2005), the analysis of additional individuals revealed that both species possess high
phenotypical variability due to individual variation (see also Timmins et al. (2011)). A century ago
Elliot (1912) mention for T. margarita: "The colouring varies greatly according to the light which at
certain times casts shadows on the gray that are almost black in their intensity”. Such variation
occurs also in T. germaini (Fig 2, 3, 4, 5). The general colour of both species is silvery grey.
Forearms, hands and feet are black. Chin, throat, under parts of the body, and inner side of arms
and legs sparsely covered with white hairs. Flanks are paler silvery grey than the upper parts. The
tail is above black, beneath silvery grey. The head is grey, the forehead covered by erect black hairs.
However, the arrangement of the hair on the head shows a clear difference: in T. germaini the hairs
on the head form a central occipital crest (Fig. 6, 7), whereas in T. margarita a crest is missing and
the hairs on the head form a cap or hood, resembling T. auratus (Fig. 8, 9, 10). Moreover, the skin of
the face is completely black in T. germaini, whereas in T. margarita, as noted by Elliot (1912) the
space around the eyes is paler and forms a ring, sometimes in flesh colour. The eye rings appear
very prominent if a flash is used to take photos, which is not the case in T. germaini (Fig. 11).
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Fig.2. The coloration of Annamese silvered langurs (7. margarita) shows
individual variation (Zoo Saigon — origin of animals Dong Nai
Province, Vietnam). Photo: Tilo Nadler.

4%

rom Kien Giang
Province, Vietnam. Photo: Hoang Minh Duc.

Fig.6. Hair arrangement on the head of Indochinese silvered langur
(T. germaini) shows the typical crest (animal from southeast
Cambodia). Photos: Tilo Nadler.

Fig.3. The Indochinese silvered langur (T. germaini) varies also in fur
coloration, animal from southeast Cambodia. Photo: Tilo Nadler.

Fig.5. Indochinese silvered langur (T. germaini) from Kien Giang
Province, Vietnam. Photo: Hoang Minh

Fig.7. The extension of the black band on the forehead varies, and the
hair of the cheeks is very long. Indochinese silvered langur (T.
germaini) from southeast Cambodia. Photo: Tilo Nadler.
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Fig.8. Hair arrangement on the head of Fig.9. Annamese silvered langurs (T. Fig.10. Annamese silvered langurs (T.
Annamese silvered langurs (T. margarita) from Ta Kou National Park, margarita) from Ta Kou National Park,
margarita) often shows a cape without a Binh Thuan Province, Vietnam. Photo: Binh Thuan Province, Vietnam. Photo:
prominent crest. Animal from Dong Nai Photo: Tran Van Bang. Hoang Minh Duc.

Province, Vietnam. Photo: Tilo Nadler.

T. cristatus
gk
agd
gE
0.90
aG
gD
T. germaini
099 98
agC
1.0 L —oF
gA
I
gH
—mA
0.95
mB
T. margarita
1.0 mC g
- 0.003 substitution/site ——MP

| o~ -

Fig.11. Annamese silvered langurs (T. Fig.12. Phylogenetic relationships based on partial cytochrome
margarita) show occasionally pale or b gene sequences among T. margarita and T. germaini
fleshy colored eye rings. They are haplotypes. T. cristatus was used as an outgroup.
prominent if the photo is taken with a Details on haplotypes see Table 1.

flash. Bu Gia Map National Park, Binh
Phuoc Province, Vietnam. Photo:
Hoang Minh Duc.

In contrast to phenotypic features, the extended genetic data set provides additional support
for a clear distinction between these species and further suggests the Mekong as natural barrier
(Fig. 12). It has to be noted here that in the extended genetic data set, samples from both T.
germaini and T. margarita were included which derived from silvered langur populations closer to
the Mekong than in the original data set (Roos et al., 2008). Thus, the Mekong might be indeed the
zoogeographic barrier between both species, despite inconclusive phenotypic features. Since we
analysed only mitochondrial DNA which is only maternally inherited (Melnick & Hoelzer, 1993) and
most primate species show female philopatry (Pusey & Packer, 1987; but see Koenig & Borries
(2012) for male philopatry in Trachypithecus), nuclear markers need to be studied as well. From the
limited nuclear data available to date (Roos, unpublished), all silvered langur species, including T.
germaini and T. margarita, can be distinguished, but confirmation of species-specificity of
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polymorphisms on a population level is required. Moreover, future studies should include additional
samples, in particular from populations along the Mekong. Limited gene flow between both forms
on either or both sides of the Mekong cannot be excluded, but is most probably locally restricted
and will not lead to panmixia of the whole South-east Asian mainland silvered langur population.

The validity of T. margarita and the status of taxa in the silvered langur species group in general
was recently questioned (Tan et al., 2008; Moody et al., 2011; Timmins et al., 2011). However, in
the silvered langur species group, all species are clearly diagnosable by mitochondrial DNA and
to a lesser degree by phenotype, and thus, distinct species status for all taxa, including T. germaini
and T. margarita, is supported by the Phylogenetic Species Concept (Cracraft, 1983, 1989), which
is widely applied in primate systematics today (Groves, 2012).
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Summary

Captive reintroductions have become a popular tool for increasing viable populations of
endangered primates. Comparisons of primate behavior in captive and wild settings provide critical
insight to improve the success of reintroduction efforts. To better understand how captive vs. wild
settings influence time budgets of Delacour’s langurs and Hatinh langurs (Trachypithecus delacouri
and T. hatinhensis), a study was conducted at the Endangered Primate Rescue Center in Cuc
Phuong National Park, Vietham. Study objectives included exploring differences in time budgets
between the two study species and understanding influences of housing conditions on time
budgets of caged vs. semi-wild groups. During the observation period (July 3"9-August 315!, 2011),
each group was observed on rotating days using scan sampling at three-minute intervals. Results
indicate that dominant behaviours include resting and feeding in all species-enclosure
combinations. Yet significant changes in time budgets were observed for each species between
the enclosure types, with particularly marked differences among age/sex classes. Juveniles and
infants of both sexes typically engaged in play behaviour more than did adults in all settings.

So sanh quy thdi gian hoat déng cua loai vooc Ha Tinh va vooc méng
trang (Trachypithecus hatinhensis va T. delacouri) trong diéu kién
nudéi nhoét va ban hoang da

Toém tat

Giai phap tai hoa nhap cac ca thé dugc sinh san trong diéu kién nuoi nhét vé moi truong tu nhien
nham tang vién sé luong quéan thé tré nén phd bién déi vai cac loai linh truéng nguy cédp. Nhing
nghién ctu nham so sanh tap tinh gita cac ca thé nuoi nhét va ngoai tu nhién rat can thiét dé hoat
dong tai hoa nhap thanh cong. Nghién cuu vé su anh hudng cua diéu kién séng 1én quy thai gian
hoat dong cuia hai loai vooc Ha Tinh va vooc mong trang dugc tién hanh tai Trung tam Cuu ho Linh
truéng Nguy céap, Vuon Quéc gia Cuc Phuong, Viet Nam. Nhing muc tiéu clia nghién ctu bao gém
viéc tim hiéu su khac nhau vé quy thoi gian hoat dong cla hai loai linh truéng nay cdng nhu su anh
hudng cua diéu kien chudng trai len quy thdi gian hoat dong ctia méi loai. Thoi gian nghién cuu tién
hanh tu ngay 3 thang 7 nam 2011 dén ngay 31 thang 8 nam 2011. Phuong phap quan sat scan-
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sampling vai khoang cach déu la 3 phut. Két quéa cho thay tap tinh nghi ngoi va an chiém phan Ién
quy thai gian hoat dong & cé hai loai va diéu kién séng khac nhau. Co su thay déi dang ké vé quy
thoi gian hoat dong gita hai loai va diéu kien séng. Dac biét co su sai khac vé quy thoi gian hoat
dong cla céac céa thé co do tudi va gidi tinh khac nhau. Cé thé ban trudng thanh va con non 6 cé hai
gidi tinh déu co nhiéu thai gian danh cho tap tinh choi dua hon nhing cé thé truéng thanh.

Introduction

Captive reintroductions reflect a strategy to increase viable populations of endangered species
in the wild (e.g. Baker, 2002). Captive propagation of primates is one way of increasing the number
of individuals in species suffering low population numbers due to hunting pressures and/or habitat
fragmentation generated by anthropogenic activities and environmental change. But reintroduction
efforts require more than pools of captive-bred individuals ready for release into the wild. Success
in these endeavours requires understanding of how reintroduced species utilize natural
environments, affording thoughtful consideration of the habitat characteristics required for their
survival (Stoinski et al., 2002; Keith-Lucas et al., 1999; Baker, 2002). In this way, conservation of
flagship species can be leveraged to conserve complex natural environments that are important for
biodiversity conservation more generally.

The “limestone langurs” (several species of the genus Trachypithecus) (Groves, 2007) are
examples of flagship primates that promise to play a pivotal role in preserving the future of
biodiversity hotspots within Vietnam. They naturally inhabit dense forests situated on steep
limestone karst formations (Vogt et al., 2008). These biodiversity-rich habitats contain thousands of
species of flora and fauna that are greatly threatened by rapid human-induced environmental
change (Nadler, 2008). Although interest has grown in the diet and locomotor behaviour of
limestone langurs in recent years (e.g., Workman & Covert, 2005; Stevens et al., 2008; Workman,
2010), relatively little information has been published to date on activity budgets for many
Trachypithecus species in the wild. This paucity of data limits our understanding of how such
primates adapt to their surroundings in and out of captivity, hampering reintroduction efforts. In
particular the Delacour’s langur is both critically endangered and endemic to Vietnam, so
conservation efforts aimed at elevating this species as a symbol of national pride may be
particularly fruitful in the long term survival of karst forest ecosystems throughout the region.

Material and Methods
Study setting and subjects

Established in 1993, the Endangered Primate Rescue Center (EPRC) is located within Cuc
Phuong National Park, Vietnam, and strives to augment dwindling numbers of Vietnamese primate
species in the wild through its internationally recognized captive breeding program (Nadler, 2008).
The EPRC works vigorously to care for the influx of primates confiscated from markets and from the
illegal pet trade throughout the country. Moreover, the EPRC has become a model for captive
breeding of some of the world’s most endangered primates including Delacour’s and Hatinh
langurs (Nadler, 2007). The EPRC’s success in breeding these rare primates in captivity makes it a
leader in primate reintroduction projects.

In particular, Delacour’s and Hatinh langurs are ideal priorities for addressing how captive-bred
animals respond to reintroduction into natural habitats. Both langurs are represented at the EPRC
and have bred successfully in captivity. Moreover, both are currently housed in both semi-natural
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and caged enclosures, and individuals residing in the semi-natural setting are soon slated for
reintroduction into the wild. Importantly, these congeners inhabit similar conditions in the wild,
making them interesting candidates for exploring time budget patterns among closely related
animals. Finally, both species are endemic or near endemic to Vietnam and have been listed as
either endangered (Hatinh langur) or critically endangered (Delacour’s langur), hence information
about their biology is a priority for informing the conservation effort. This study is the first to compare
activity budgets of these two species in captive and semi-wild enclosures at the EPRC.

Specific aims

Our first goal is to explore whether and how the time budgets of two limestone langur species
differ, using comparisons made between Hatinh and Delacour’s langurs in both the caged and
semi-wild settings at the EPRC. No extensive time budget studies have to date been published on
Delacour’s langurs in their natural habitat, and little is known about activity budgets in the Hatinh
langur. The species are similar in body size and proportions, are closely related, and live in
limestone karst forested habitat, relying heavily on leaves as their main food source (Nadler et al.,
2003; Nadler et al., 2007; Workman, 2010). Hence appreciable differences would not be expected
in the time budgets of the two study species housed in similar enclosure types. Both study species
are highly folivorous, so as for other folivores, activity budgets are expected to emphasize resting
in order to digest the cellulose and toxins present in the leaves (Nadler et al., 2003; Zhaoyuan Li &
Rogers, 2004; Chengming Huang et al., 2003; Matsuda et al., 2009;).

The second study goal is to examine how time budgets differ for each study species in the caged
vs. semi-wild housing conditions. Greater variety of locomotor substrates and higher habitat
heterogeneity has both been shown to alter primate time budgets (Zhaoyuan Li & Rogers, 2004; Jaman
& Huffman, 2008). In the present study, langurs occupying the semi-wild enclosures have access to a
larger habitat area, providing a richer environment than do smaller and more uniform cages. Accordingly
animals occupying semi-wild enclosures are expected to allocate more time foraging/feeding, more time
traveling, and less time engaging in social activities (Jaman & Huffman, 2008).

Study site

This study was conducted in the Endangered Primate Rescue Center. The two caged
enclosures used for this study share the same dimensions (10.1m x 5.1m x 3.2m) and are labelled
6B and 10B. Cage 6B housed 4 Delacour’s langurs (1 adult male, 1 adult female, 1 juvenile female
and an infant male). Cage 10B housed 6 Hatinh langurs (1 adult male, 2 adult females, 2 juvenile
males and 1 infant male). The two semi-wild enclosures (Hill 1 and Hill 2) comprise 2 ha and 5 ha
respectively. The hills consist of fairly undisturbed karst limestone forest and are each enclosed by
a solar powered electric fence. During the study period, Hill 1 housed two muntjacs (Muntiacus
muntjak), five Delacour’s langurs (1 adult male, 2 adult females, 1 juvenile male and an infant
female) and 1 female northern white-cheeked gibbon (Nomascus leucogenys). Hill 2 housed 8
Hatinh langurs (2 adult males, 2 adult females, 2 juvenile males, 1 infant male and 1 infant female).

Data collection and analyses

Between July 3@ and August 318!, 2011 behavioural observations were conducted on study
subjects housed in semi-wild and caged conditions (Table 1). Caged groups were selected to
match group compositions available in the semi-wild enclosures. Observations of the animals
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Table. 1. Behavioural category definitions.

Behaviour Description

Feeding Handling, processing or consuming plant material or insects.

Manipulating plant material in search of favored food items, moving
Foraging to another branch or bundle of leaves to feed or looking intently
around for a certain leaf species before moving to gather it.

Changing position or location on bamboo poles, on the cage wires,

Moving on the ground or in the trees.
Restin Inactivity, where the animal is sitting or lying down that is not
9 associated with eating, foraging or social activity.
Activity Interacting with another group member or species whether
aggressively, allo-grooming or play. Mothers with infants riding
Social ventrally were not considered to be in the realm of social activity,

but the activity in which the mother was otherwise involved was the
other activity. The infant was then categorized as “resting” or
“feeding” appropriately.

Looking vigilant into the sky at large birds, on the ground for snakes

Anti-Predator Behavior .
and/or making alarm calls.

Acting in a playful manner with inanimate objects. Jumping,
Playing swinging, or bounding playfully from substrates or other group
members without them being engaged.

alternated daily between caged and semi-wild enclosures, with each enclosure type observed for
a total period of 12 days throughout the study period at the EPRC (Table 2). Animals of different
age/sex classes can easily be discerned using perigenital coloration, body size, pelage colour and
other features specific to the individual (specific characteristics/features provided by E. Schwierz).
Adults were defined by having reached reproductive maturity: >age five in males and >age four in
females (Nadler et al., 2003). Juveniles were defined as animals under the age of sexual maturity
but not still dependent on their mothers for feeding. Infants were defined as animals still dependent
on mothers for all or part of their dietary intake.

Observations began between 05:30 and 07:00 (depending on weather conditions) and ended
at 18:00 each day. Scan sampling was conducted every 3 minutes (Altmann, 1974; Di Fore &
Rodman, 2001). Animals housed in the semi-wild enclosures were not seen in every scan and
therefore the total amount of data collected varied for those individuals. Total number of
observations for cages 6B, 10B, Hill 2, and Hill 1 were 10021, 13984, 3362 and 2585 respectively.
The following behaviours were recorded for each scan; feeding, foraging, moving, resting, social
behaviour, play and anti-predator behaviours.

All observations were recorded in a water-resistant notebook. Each evening, data were
transcribed into a spreadsheet (Microsoft Excel for Mac, version 12.3.2). A total of 29,952 individual
activity observations were made. Each individual observation is treated as a separate data point
when used in succeeding analyses in order to reduce the potential biases introduced by the scan
sampling technique (Clutton-Brock, 1977). Time budgets were calculated as the percentage of all
observations occupied by each of the seven behavioural categories (Ha Thang Long et. al, 2010).
Pearson’s chi-squared test was used to assess interspecific patterns within a given habitat type,
and intraspecific patterns for different habitat types.
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Table. 2. Vital statistics of individual observed in the study. Animals born outside the center do not have exact birthdates, but age was approximated
to the best of the center’s ability. Names are given to the animals at the center as a way of record keeping and distinguishing them apart.

Name Species Cage number Sex Age class Birth date
Tilo T. hatinhensis 10B Male Adult 06.02.96
Heinrich T. hatinhensis 10B Male Adult 20.10.06
2-74 T. hatinhensis 10B Male Infant 06.04.11
2-60 T. hatinhensis 10B Male Juvenile 01.04.09
Cuc T. hatinhensis 10B Female Adult 07.01.01
Hanh T. hatinhensis 10B Female Adult 04.04.02
Kurt T. hatinhensis Hill 2 Male Adult 1995
2-75 T. hatinhensis Hill 2 Male Infant ??.05.11
2-59 T. hatinhensis Hill 2 Male Juvenile 29.12.08
2-56 T. hatinhensis Hill 2 Male Juvenile ??.09.07
2-62 T. hatinhensis Hill 2 Male Juvenile ?7.05.09
Erna T. hatinhensis Hill 2 Female Adult 1993
Minni T. hatinhensis Hill 2 Female Adult 1994
2-76 T. hatinhensis Hill 2 Female Infant ??.05.11
Jonathan T. delacouri 6B Male Adult 21.02.98
1-25 T. delacouri 6B Male Infant 20.03.11
Johanna T. delacouri 6B Female Adult 09.07.03
Jojo T. delacouri 6B Female Juvenile 29.07.08
Longtail T. delacouri Hill 1 Male Adult 1990
Gil T. delacouri Hill 1 Male Juvenile 08.01.08
Manu T. delacouri Hill 1 Female Adult 28.07.96
Buschi T. delacouri Hill 1 Female Adult 27.10.05
1-23 T. delacouri Hill 1 Female Infant 20.05.10
Results
Time budgets of all species-housing combinations are summarized (Table 3).
Table. 3. Summary of activity budgets for Hatinh and Delacour’s langurs occupying caged and semi-wild enclosures.
Cage 10B Hill 2 Cage 6B Hill 1
Hatinh langurs | Hatinh langurs | Delacour's langurs | Delacour's langurs
Resting 53.51% 56.96% 51.10% 44.80%
Feeding 31.94% 16.83% 34.54% 28.02%
Moving 5.63% 8.88% 7.21% 11.36%
Social 4.85% 6.85% 3.02% 13.49%
Playing 3.43% 10.04% 3.88% 1.70%
Foraging 0.54% 0.03% 0.56% 0.58%
Anti-predator 0.10% 0.42% 0.20% 0.04%

The interspecific time budgets of the langurs are compared for caged settings (Fig. 1) and semi-
wild settings (Fig. 2). The intraspecific differences for langurs occupying different enclosure types
are compared (Fig. 4).
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Fig.1. Bar graph depicting interspecific comparisons of time budgets of Hatinh and Delacour’s langurs in caged environments.
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Fig.2. Bar graph showing interspecific comparisons of time budgets of Hatinh and Delacour’s langurs in semi-wild environments.
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Fig.3. Bar graph depicting intraspecific comparisons of time budgets of Hatinh langurs occupying caged and semi-wild environments.
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Fig.4. Bar graph depicting intraspecific comparisons of time budgets of Delacour’s langurs occupying caged and semi-wild environments.
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Interspecific comparisons in similar enclosure types

Chi-squared analyses of Delacour’s and Hatinh langurs housed in caged settings were found to
differ significantly in time spent feeding, moving, resting and engaging in social behavior (p<0.05
for each comparison). Study species in caged setting exhibited no significant differences in
foraging, anti-predator and playing behaviors (Fig. 1).

Delacour’s langurs and Hatinh langurs housed in semi-wild enclosures on Hill 1 and 2 exhibited
significant differences in the following behaviours; feeding, foraging, resting, social, anti-predator
and playing behaviours (p<0.05 for each comparison). Species did not differ in their time spent
travelling (moving) in the semi-wild setting. Specific chi-squared and p-values for the comparisons
between the two species in each enclosure type are summarized (Table 4).

Table. 4. Statistical results for interspecific comparisons in cages and semi-wild enclosures, and intraspecific comparisons for Hatinh and Delacour’s
langurs in both enclosure types.

Chi-squared values for time budget comparisons:
Interspecific in the same enclosure types and itraspecific in different enclosure types
Anti-

Feeding Foraging Moving Resting Social Predator Playing

Comparisons

2 e 2 pe 2 pe 2 e 2 e 2 pe 2 e
between X2 p-value X2 p-value X2 p-value X2 p-value X2 p-value X2 p-value X2  p-value
Interspecific

Cage 10B and
Cage 6B

Hill 1 and
Hill 2

4022 <0.001 067 041 390 <0.05 4828 <0.001 120.95 <0.001 148 022 0.02 0.88

2011 <0.001 10.29 <0.001 0.04 084 185.06 <0.001 23.12 <0.001 11.27 <0.001 226.27 <0.001

Intraspecific

Cage 10B and
Hill 2

Cage 6B and
Hill 1

2580.22 <0.001 62.06 <0.001 127.42 <0.001 1975.47 <0.001 188.32 <0.001 0.04 085 23.71 <0.001

1775.08 <0.001 26.80 <0.001 178.31 <0.001 2478.01 <0.001 3.54 <0.001 17.19 <0.001 267.22 <0.001

Intraspecific comparisons in different enclosure types

Chi square analyses of Hatinh langur time budgets in different enclosure types (Cage 10B and
Hill2) revealed significant differences in the amount of time spent feeding, foraging, moving, resting,
and engaging in social and playing behaviours (p<0.05 for each comparison). No significant
differences were observed in anti-predator behaviour (Fig. 3).

Similar comparisons among Delacour’s langurs housed in different enclosure types (Cage 6B
and Hill 1) revealed significant differences in the amount of time spent feeding, foraging, moving,
resting, and engaging in anti-predator and playing behaviours (p<0.05 for each comparison).
Differences in time spent engaging in social behaviors did not reach significance (Fig. 4).

Discussion
Time budget comparisons to other langur species

Delacour’s and Hatinh langurs in this study spent most of their time resting (44.80% - 56.96%)
and feeding (16.83% - 34.54%) in both caged and semi-wild environments. A similarly large
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percentage of time spent resting has also been observed in many other species of langurs (grey-
shanked douc langur Pygathrix cinerea: Ha Thang Long et. al, 2010; Francois’ langur
Trachypithecus francoisi: Qihai Zhou et. al, 2007; white-headed langur Trachypithecus
leucocephalus: Chengminh Huang et. al, 2003; Zhaoyuan Li & Rogers, 2004; Cat Ba langur
Trachypithecus poliocephalus: Schneider et. al, 2010). This emphasis on time allocated to resting
is likely related to their folivorous diets. Longer resting periods allow for microbial digestion to break
down the cellulose in plant cell walls (Oates & Davies, 1994; Nadler et. al, 2003). The process by
which these monkeys digest leafy material is somewhat similar to that of a ruminant animal (Oates
& Davies, 1994). Many of the microbes found in the rumen of artiodactyls are also found in the
saccus gastricus of langurs in the genus Trachypithecus (Oates & Davies, 1994).

Importantly, in addition to the large amount of time spent resting and digesting, a high
proportion of time was also allocated to feeding. Likely more initial processing of plant matter is
conducted orally because Trachypithecus species do not possess a presaccus like that of
colobines in the genera Procolobus, Rhinopithecus, Pygathrix and Nasalis (Oates & Davies, 1994).
Indeed, they have been observed to masticate longer than those species possessing a presaccus
and they may depend even more heavily upon enzymes produced by their large salivary glands to
facilitate the breakdown of cell walls in their food (Wright et. al, 2008). Trachypithecus also exhibit
deeper mandibular corpora than Pygathrix, perhaps related to longer chewing durations exhibited
by Trachypithecus (Wright et. al, 2008). Since the behavioural category ‘feeding’ included
mastication of foodstuffs, a large amount of time (16.83% - 34.54% of total time budget) was
allocated to feeding in both species regardless of enclosure type. The necessary time required to
both orally process and digest the leafy material reduces the remaining activity budget for
participation in other behaviours (e.g., playing, social interactions, moving). A more complex
digestive system, deeper mandibular corpora, high cusped bilophodont dentition and enlarged
salivary glands likely serve as specializations for feeding on hard-to-digest plant materials,
underscoring limestone langur uniqueness relative to feeding generalists in the Order Primates.

Interspecific comparisons in similar enclosure types

Since the Trachypithecus species examined herein are close in body size, and they inhabit
similar habitats in the wild, it was hypothesized that they would not exhibit significantly different time
budgets in a given enclosure type. Interestingly Hatinh and Delacour’s langurs exhibited significant
differences in time spent feeding, moving, resting and engaging in social interactions within the
caged setting (p < 0.05 for each). The null hypothesis was also rejected for the two species
inhabiting semi-wild enclosures in amount of time spent feeding, foraging, resting and engaging in
social interactions and anti-predator behaviours (p < 0.05 for each). Hatinh langurs generally rested
more of the time, and fed less than did Delacour’s langurs (Fig. 1 and 2).

Differences documented between caged Hatinh and Delacour’s langurs in this study may reflect
true differences in the activity patterns of these species. Alternatively, the pattern might be
attributed to differences in sampling intensity in different weather conditions during the study
period. Observations of both species in semi-wild enclosures were also complicated by visibility
and navigating high-relief karst terrain made slippery by rain, providing considerable challenges for
obtaining the full 10-hour observation period each day. Animals were more easily visible was when
they were feeding; hence observational data may reflect such practical limitations. Presumably
such limitations might influence similar studies of limestone langurs. Nonetheless, the present study
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is valuable in the context of how little is known of the activity budgets of these closely related
species, and these observed differences can serve as a baseline and contribute to hypotheses to
be tested in future studies.

Intraspecific comparisons in different enclosure types

Cages at the EPRC differ in food placement and substrate availability from the nearby semi-wild
living environments, hence it was hypothesized that there would be a significant difference in the
behaviour of each langur species between the two housing environments. Because of increased
opportunities to seek out preferred food items, langurs in semi-wild areas were expected to allocate
more time to foraging, feeding and moving. Hatinh langurs in this study exhibited significant
differences in six of the seven behaviours recorded (feeding, foraging, moving, resting, social and
playing) when housed in different enclosures.

Surprisingly, observed differences were often in the opposite direction from expectations, with
the Hatinh langurs in semi-wild conditions spending significantly less time foraging and feeding, but
rather spending significantly more time resting, and engaging in play and other social behaviours
(p < 0.05 for each). Hatinh langurs did, however, spend more time moving when housed in semi-
wild conditions on Hill 2, following expectations that animals would travel more outside of the cages
given opportunities to utilize the higher level of habitat heterogeneity.

Delacour’s langurs housed in caged and semi-wild conditions also exhibited appreciable
differences in their time budgets. Six of the seven recorded behaviours significantly differed by
enclosure type. As for Hatinh langurs, and contra our predictions, significantly more time was spent
feeding in the caged setting. Resting, and playing behaviours followed expectations and were
significantly higher in the caged setting, whereas foraging, moving and anti-predator behaviours
were higher in the semi-wild setting (p < 0.05 for all).

In general, animals in this study spent more of their time moving about semi-wild enclosures and
more time feeding in the cages. Increased habitat size and heterogeneity in the semi-wild setting
likely accounts for movement differences, with higher distances among food sources requiring
greater time spent in travel. A greater amount of time spent socializing in semi-wild enclosures is
most likely attributable to a greater number of juveniles and infants playing with one another in the
semi-wild enclosures. For example, Hatinh langurs on Hill 2 and Delacour’s langurs on Hill 1
showed a significant increase in play behaviour from those Hatinh langurs housed in Cage 10B and
Delacour’s langurs housed in Cage 6B (p<0.05). This group had more juvenile/infants than did the
Hatinh group housed in Cage 10B. Moreover, animals chasing one another around the forest were
considered to be engaging in “social behaviour” and animals took advantage of the different
substrates available to them during their games of “chase”. The larger areas for movement also
allowed for longer periods of chasing from one tree to the next or from karst to karst, and indeed
habitat heterogeneity has been observed to significantly alter time budgets in primates (Zhaoyuan
Li & Rogers, 2004; Jaman & Huffman, 2008).

Conservation implications

Future propagation of the limestone langur group in Vietnam, and indeed throughout South-east
Asia, may increasingly rely upon small rescue/conservation centres like the Endangered Primate
Rescue Center (EPRC). Small remaining population size for many species in the wild renders each
individual critical for the population’s variability, such that further losses could be detrimental to the
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survival of the species as a whole. The EPRC has assumed a vital role in protecting Vietnam’s
biodiversity by providing a venue for expanding scientific understanding of primate biology and life
history traits, and through efforts to protect wild populations and intercede in the illegal animal
trade. Importantly, the EPRC has excelled not only in rescuing individuals of critically endangered
species; it has also showed unparalleled success in captive breeding of these delicate animals.
The next step for the conservation effort is to capitalize on this success via reintroductions of
captive-bred animals back into suitable natural environments.

This observational study was conducted to help increase understanding of how time budgets
vary in limestone langurs as a function of living conditions, and to develop baseline data that can
inform soft-release techniques for captive reintroduction efforts. The IUCN recommends that
animals housed in captivity first be transitioned into a semi-wild enclosure before release into a
natural habitat. Significant activity budget differences in Hatinh and Delacour’s langurs occupying
caged and semi-wild settings suggests behavioural plasticity among the limestone langurs and
supports the IUCN recommendation of soft-release to allow the animals time to adapt to larger
ranges and different foraging requirements/opportunities. Practical considerations that also
influence reintroduction efforts include budget, personnel time and space constraints.

Situation of the EPRC within the Cuc Phuong National Park offers advantages for future release
endeavours. Coordination of efforts between the two entities may provide valuable opportunities to
engage in and monitor captive releases with intensified protection efforts in place. A strong
reintroduction project that increases primate density within the park is likely to bring an influx of
revenue from visitors interested in flagship langur species. Managed well, an increase in park
profits can further enhance protection efforts and contribute to the additional captive release efforts
for these and other species.

Conclusions

This study, designed in collaboration with the EPRC’s ongoing conservation, captive breeding
and reintroduction efforts, provides important baseline behavioural data used to help understand
habitat requirements for preserving biodiversity important to Vietnam’s future. The nation’s high
number of critically endangered primates, as noted the IUCN’'s 25 Most Endangered List
(Mittermeier et al., 2012), has focused international attention on limestone langur species on the
brink of extinction. Future conservation initiatives will be augmented by intensified environmental
education and recommendations for development of additional parks and protected areas.
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Summary

In August 2011 the first Delacour’s langurs ( Trachypithecus delacouri) were introduced into Van
Long Nature Reserve. This has been the first planned and monitored release of any leaf-eating
langur. Prior to reintroduction several studies were carried out on the ecology, behavior, nutrition of
the species, population genetics and on habitat conditions and carrying capacity of the area.

Van Long Nature Reserve is divided into four more or less isolated parts. One smaller part of the
nature reserve harbors the world’s largest population of this species. This population increased
through the elimination of poaching and human activities and is currently the only population with
long-term viability. Several isolated populations outside Van Long Nature Reserve have been
exterminated during the last decade or decreased dramatically due to poaching.

To connect the largest Delacour’s langur population in the smaller part of the nature reserve with
a relic population in the largest part of the nature reserve is the goal of the reintroduction. A larger
population in this part would increase the possibility of an exchange of individuals supporting the
panmixia and the genetic stability of the nature reserve’s whole population.

Bao cao ban dau vé viéc tai hoa nhap vé maéi trudng tu nhién loai linh
trudng cuc ky nguy cép, vooc méng trang (Trachypithecus delacouri)

Tém tat

Thang 8 nam 2011, nhing cé thé dau tién loai vooc mong trang da dugc tai tha vé Khu Bao tén
thieén nhién dat ngap nudc Van Long. Day la du an tha vao tu nhién dau tién va co giam sat sau khi
tha daéi vai cac loai khi an la. Trudc khi tha vao moi trudng tu nhién, nhdng nghién cuu vé sinh thai,
tap tinh va dac diém dinh duéng cua loai cing nhu nghién ctu vé di truyén hoc quan thé, dac diém
hé sinh thai va kha nang cung cép thuc an cua khu vuc tai tha da dugc nghién cuu. Khu Béo tén
thién nhién dat ngap nudc Van Long dugc chia lam 4 phan tach biét. Mét phan nho trong khu bao
tén la noi sinh séng clia quan thé vooc moéng trang I6n nhét thé gisi. Quan thé nay dang tang truéng
vé s6 lugng bdi cac hoat dong san bat va tac dong khac da bj loai trir. Quan thé nay duong nhu la
duy nhat c6 thé tén tai lau dai. Cac quan thé khac ngoai Khu Bao tén thién nhién dét ngap nudc Van
Long da bi tieu diét hoan toan hoac suy giam nhanh chéng do hoat dong san bat. Muc tiéu cua viec
tai hoa nhap nhing ca thé vooc mong trang 1a nham tao su két ndi gitia quan thé 16n nhét 6 Van Long
vGi cac quan thé nhé hon trong mot vung sinh théai rong 16n. Viec két néi thanh cong sé lam tang tinh
bén ving cua ngudn gen cla toan bod quan thé lén trong vung.
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Introduction

The Delacour’s langur (Trachypithecus delacouri) is one of the ‘Top 25 Most Endangered
Primates in the World” (Mittermeier et al., 2012) and is also considered as a ‘Critically Endangered’
species (IUCN 2012). The langur is endemic to Vietnam and only occurs in a restricted area in a
number of isolated sub-populations in the north of the country (Ebenau et al., 2011; Nadler et al.,
2003, Nadler, 2004; 2010a). The species is threatened by intense hunting pressures, agricultural
encroachment, and limestone quarrying for cement production. The total number is unlikely to
exceed 200 individuals (Nadler, 2010b). Van Long Nature Reserve is thought to contain the largest
remaining population of Delacour’s langurs (Nadler, 2010a) and this is most probably the only
population with long-term viability.

In 1993 the population in Van Long was discovered during extensive surveys by Frankfurt
Zoological Society (FZS) to investigate the distribution and status of the species. In 2001 the area
was declared a nature reserve and FZS intensified the support for protection through a close
cooperation with the Management Board. A community based patrol group was established,
trained and the wages are covered by FZS. The group was enlarged over the years from 20
members in 2001 to 28 members in 2011. Five ranger stations were constructed around the nature
reserve to facilitate the access of the community patrol groups to the nature reserve. An important
activity since the beginning of the protection efforts has been the involvement of local authorities,
village leaders, village police, and local groups, like women’s club, youth organization, farmers
union with regular meetings at the nature reserve head quarters to inform about laws and
regulations, to discuss protection activities, violations, and to raise awareness about the unique
value of the area.

The monitoring of the largest subpopulations of the species outside Van Long Nature Reserve
shows a dramatic decline over the last decade (Le Van Dung & Nadler 2010; Nadler 2010b). Only
in Van Long Nature Reserve has the Delacour’s langur population increased as a result of a
complete elimination of hunting and influence of human activities in the core area of the population.

The elimination of poaching and human activities in the area resulted in the langurs becoming
less fearful of human presence. It is easy to observe the langurs by boat from a close distance.

Background for the reintroduction project
Legitimacy

The Delacour’s langur (Trachypithecus delacouri) as an endemic and critically endangered
species occurs in a very restricted distribution area in northern Vietnam. Reintroduction of this species
is recommended in the Biodiversity Action Plan of Vietnam (Government of the Socialist Republic of
Vietnam & Global Environment Facility Project, 1994). The reintroduction of the Delacour’s langur into
Van Long Nature Reserve is approved by the Management Board of the nature reserve, the Provincial
Forest Protection Authority and the Ministry of Agriculture and Rural Development.

The reintroduction follows the Guidelines for Reintroduction of Non-human Primates (Baker,
2002), and is the first reintroduction of any leaf-eating langur species which follows these guidelines
with long-term planning and monitoring.

Locality for reintroduction
The result of protection activities in Van Long Nature Reserve, with the involvement of the local
communes lead to the decision about reintroduction in this area. Over the time span of ten years
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the population in the core area, the eastern part of the nature reserve, more than doubled from
about 50 individuals to more than 100 individuals (Nadler et al., 2003; Ebenau, 2011). But this core
population of the species exists in the smallest part of the reserve and the reintroduction should
stabilize the population in the whole nature reserve as probably the only one with long-term viability.

Animals for reintroduction

In 1993 the Endangered Primate Rescue Center was established in Cuc Phuong National Park
and started breeding programs for highly endangered species. With five Delacour’s langurs
confiscated from the illegal wildlife trade 20 Delacour’s langurs were born between 1996 and 2011
at the center and 16 reached maturity

Implementation of the reintroduction
Studies of the species

Prior to the final decision for Van Long Nature Reserve as a reintroduction locality several
studies were carried out on ecology, behavior and nutrition of the species and on habitat conditions
and carrying capacity of the area (Klein, 1999; Nguyen Thuy Hue, 2010; Workman 2010a; 2010b).
Additionaly a genetic study was carried out which includes also a number of larger subpopulations
outside Van Long Nature Reserve (Ebenau, 2011; Ebenau et al., 2011).

Van Long Nature Reserve — the reintroduction site
Van Long Nature Reserve is comprised of four parts which are not completely isolated but which
have barriers for primates inhibiting easy contact between the subpopulations and the exchange of
individuals (Fig. 1). The two barriers between the three parts of the nature reserve are a small road
and an 80 m long dam. The genetic study shows a limited contact between the three
subpopulations (Ebenau, 2011; Ebenau et al., 2011). The largest population, with about 100
individuals, exists on the small eastern part of the reserve. The larger western part carries only a
relic population of about 20 individuals. In the past this population was reduced due to high hunting
pressure. The western
. | ; part of the nature reserve
{ 3 was chosen as a
" { reintroduction  site  to
support this population
for further contact with
Central part : { the core population on
the eastern part. The total
area of the nature reserve
comprises currently
about 3000 ha. To
provide a larger area for
a stable population an
extension of the western
part is planned with an
additional area of about

Road

Western part

\Eastern part

Fig.1. Map of Van Long Nature Reserve. 4000 ha.
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At the beginning of February 2011 a survey was started to locate the release site in the western
part of the reserve. In total one and a half months were spent to checking potential release sites

Animals for reintroduction

A family group of three individuals has been chosen for the reintroduction. All animals are
captive born, one male born in 2003, one female born in 1997, and their male offspring born in

February 2001.

The animals were kept for three months in quarantine and adequate health screenings were
carried out. All three individuals were equipped with GPS-radio collars from e-obs, Germany.

Transfer and release of the Delacour’s langur

In Early August 2011, prior to transfer of the
animals, a temporary cage was constructed at
the release site to check the animals again after
transportation from the Endangered Primate
Rescue Center and to enable the visual contact
of the animals with the new environment. The
cage was constructed from 16 iron frames 1,0 x
2,5 m and covered with fishing net. The cage
with a surface of 16 m2 was furnished with a
bamboo construction (Fig. 2). On August 20" the
three animals were transported in separate
boxes from the EPRC to the release site over a
distance of about 35 km, first by car and then by
hand up to the release site (Fig. 3). The animals
were kept inside the cage two days/two nights
and on 22nd August released into the nature
reserve. Leader of province and district
administrations attended the release (Fig. 4),
and the release was broadcasted throughout the
country by Vietnam TV (Fig. 5).

Monitoring of the reintroduced Delacour’s
langur

The monitoring of the released animals was
planned with data download of the coordinates
from the GPS-radio collars over a period of one
year, the time which were expected for the
working period of the batteries. After this time
observation of the individuals and the natural
population should continue.

With the move of the animals into the cage,
three observers stayed in tents close to the
release site to observe the behaviour of the
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Fig.2. Temporary cage at the release site. The cage is constructed from
16 iron frames, covered with fishing net. Photo: Tilo Nadler.

Fig.3. Transport of the animals to the release site. Photo: Tilo Nadler.
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Fig.4. Leader of province and district administrations attended the first Fig.5. The release of the Delacour's langur was Vietnam wide
release of Delacour’s langur. Photo: Tilo Nadler. broadcasted by Vietnam TV. Photo: Tilo Nadler.

animals. The released animals were monitored daily and the coordinates of each individual also
daily downloaded.

The downloaded coordinates allows information to be gathered about travel routes, home
ranges, habitat use, activity rhythm and daily and seasonal differences, contact with groups of the
wild population, reactions by human disturbance, and other behavioral activities (Fig. 6).

Fig.6. An example of downloaded coordinates of the three released individuals of Delacour’s langur in Van Long Nature Reserve.

The release and monitoring of the released animals are the content of a PhD thesis of Fiona
Agmen, student from the Australian National University, Canberra under supervision of Prof. Colin
Groves. Parts of the release are also the content of a master thesis for the Vietnamese biologist
Nguyen Hong Chung.
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Summary

From 2006 to 2010 the distribution and habitat conditions of macaques were surveyed in central
Vietnam and at the Central Highlands in Vietnam. Rhesus macaques (M. mulatta) were found in
mountainous areas from 1296’ N to higher latitudes with low average frequency, in which higher
frequencies were found from 159 N to 16930’ N, and from 129 N to 13° N. Long-tailed macaques
(M. fascicularis) were distributed from 16930" N to lower latitudes of almost southern Central
Highland with rather high average frequency. These two species have a parapatric distribution but
also areas where they are sympatric occur, from 15912’ N to 16924’ N, and from 1296’ N to 13924’
N. There are no records of Assamese macaques (M. assamensis) from central Vietnam and the
Central Highlands. This species occurs from approximately 15924’ N to higher latitude areas.
Northern pig-tailed macaques (M. leonina) were recorded with the highest frequency of macaque
species in the study area and occur in most areas in central Vietnam and the Central Highlands.
They were considered to be sympatric with Assamese macaques in areas from approximately
15024’ N to higher latitudes. Stump-tailed macaques (M. arctoides) were recorded throughout
central Vietnam and the Central Highlands, excepting areas from approximately 11930’ N to 12024’
N. Through the economic development and the increase of human population all species have lost
their habitats rapidly through logging, agricultural encroachment, conversion of forest into rubber
and acacia plantations, construction of infrastructures, tourism development and hunting. Surveys
on distribution and population density are urgently needed to take effective conservation measures
of wildlife in central Vietnam and the Central Highlands.

Dac diém phan bé cua cac loai khi (Macaca sp.) 6 khu vuc Trung
Trung B6 va Tay Nguyén Viét Nam

Tom tat

Su phan bé va diéu kién séng cua cac loai khi 6 khu vuc Trung Trung Bo va Tay Nguyén Viét
Nam da duogc diéu tra tt nam 2006 dén nam 2010. Loai khi vang (M. mulatta) dudc bao cao la phan
b6 & cac vung nhiéu nui bao gém tu 120 Bac dén cac vi do cao hon vdi tan s6 xuat hién binh quan
thép, trong do su phan bé cta loai nay tap trung chu yéu tu 150-16°30° Bac, va tu 120-130 Bac. Loai
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khi duoi dai (M. fascicularis) dugc phan bé tu 16930’ Bac dén cac vi do thdp hon cua hau hét khu
vuc Tay Nguyeén va co tan s6 xuét hién binh quan kha cao. Hai loai nay cung phan bé hep 6 nhang
khu vuc co cung su phan b6 bao gém khu vuc tu 15012'-16924’ Bac va tu 12096’-13924’ Bac. Mac du
chua co moét bao cao nao cho thay cé su phan bé cua loai khi méc (M. assamensis) & khu vuc Trung
Trung Bo va Tay Nguyén Viet Nam, nhung trong nghién cutu nay cho thay loai nay van cé phan bé
trong khoang tu 15924’ Bac dén céac vi do cao hon. Loai khi duoi lon phia Bac (M. leonina) dugc bao
cao co tan s6é xudt hién binh quan cao nhét trong céac loai khi ¢ trong pham vi khu vuc nghién cuu
va phan b tat ca cac khu vuc 6 Trung Trung Bo va Tay Nguyén Viet Nam. Loai nay dudc cho la cé
cung khu vuc phan bé vai loai khi méc ti khoang 15924’ Bac dén cac vi do cao hon. Loai khi mat do
(M. arctoides) ciing dudc bao cao la phan bé hau hét khu vuc Trung Trung Bé va Tay Nguyén Viéet
Nam, nhung ngoai trii cac vung khoang tu 11930'-12924’ Bac. Céac loai linh truéng da va dang mét
sinh canh mot cach nhanh chong bdi su phat trién kinh té va su gia tang dan sé clia con ngudi thong
qua cac hoat dong nhu khai thac, xam l&an bdi canh tac néng nghiép, tréng rting cao su va cac loai
keo, xay dung co sé ha tang, phat trién du lich va hoat dong san bat. Biéu tra vé phan bé va sé luong
quén thé la hét suic cap bach dé tim ra giai phap bao tén hiu hiéu cac loai dong vat hoang da 6 khu
vuc Trung Trung Bo va Tay Nguyén.

Introduction

Central Vietnam (Quang Tri, Thua Thien Hue,
Quang Nam Provinces) and the Central Highlands
of Vietham (Kon Tum, Gia Lai, Dak Lak, Lam
Dong, Dak Nong Provinces) encompassing from
approximately 11920' N to 179 N and 106°30’ E to
108930’ E (Fig. 1). The area comprises many types
of primary and secondary forests along the central
and southern Truong Son mountain range and
several chains of high mountains e.g. Bach Ma
(1.440 m), Ba Na (1.460 m), Ngoc Linh (800-2.800
m), Mo Nong (800-1.000 m), Lam Vien (1.500 m),
Di Linh (900-1.000 m).

The lowland area has tropical monsoon
climate with two seasons, dry and rainy season.
Areas with the altitude from 800 to 1.500 m (Mo
Nong, Lam Vien, and Di Linh) and with the altitude
up to 2.800 m (Bach Ma, Ba Na, and Ngoc Linh)
have subtropical climate.

24°

22°

20°

18°

16°

14°

Central Vietnam and the Central Highlands
have a continuous strip of the last remaining forest ’ 100
in Vietnam, in which a network of reserves and e
national parks were established, including the
reserves Dakrong, Phong Dien, Cham Island, Son g

Tra, Sao La Thua Thien Hue, Sao La Quang Nam,
Song Thanh, Northern and Southern Hai Van

Pass, Ba Na, and the national parks Bach Ma, Fig.1. Areas for the interview survey about macaque occurrence.
(blue: Central Vietnam, red: Central Highlands).

102° 104° 106° °  108° 110° E
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Ngoc Linh, Chu Mom Ray, Kon Ka Kinh, Chu Yan Sin, and Yok Don.

This area harbors a rich diversity of wildlife with many large mammal species such as Asian
elephant (Elephas maximus), saola (Pseudoryx nghetinhensis), large-antlered and Annamite
muntjac (Muntiacus vuquangensis, M. truongsonensis), Indochinese tiger (Panthera tigris), Asian
black bear and sun bear (Ursus thibetanus, Helarctos malayanus). In addition, a high diversity of
primates occur in this area including long-tailed, pig-tailed, rhesus, stump-tailed macaques
(Macaca fascicularis, M. leonina, M. mulatta, M. acrtoides), red-, grey- and black-shanked douc
langurs (Pygathrix nemaeus, P. cinerea, P. nigripes), silvered langur ( Trachypithecus margarita),
southern white-cheeked gibbon (Nomascus siki), northern and southern yellow-cheeked gibbons
(Nomascus annamensis, N. gabriellae), pygmy and slow loris (Nycticebus pygmaeus, N.
bengalensis) (Dang Ngoc Can et al., 2008; Van Ngoc Thinh et al., 2010).

Although a high number of primate species occur, the detailed distribution has not been known,
especially for the more common macaque species.

Long-tailed macaques occur from central to south Vietnam, while rhesus macaques occur in
northern Vietnam (Dang Ngoc Can et al., 2008), and are considered to be allopatrically distributed
following the ecological segregation hypothesis (Fooden, 1982). They tend to inhabit forests other
than “broad-leaf evergreen forests” that pig-tailed, stump-tailed, and Assamese macaques prefer.
In Lao PDR, long-tailed macaques were reported to range from 169 N to 149 N, while rhesus
macaqgues ranged from 149 N to higher latitude (Hamada et al., 2010), and are sympatric
distributed with long-tailed macaques between 149 N and 15912' N (Hamada et al., 2010). It is still
not clear where long-tailed and rhesus macaques are allopatric distributed in central Vietham, and
where these species sympatric occur.

Although there are no records of Assamese macaques from central Vietnam and the Central
Highlands (Dang Ngoc Can et al., 2008), the species occurs in southern Laos to 15912' N (Hamada
et al., 2010). For this reason the areas in Vietham should be surveyed to clarify the distribution in
Vietnam.

Stump-tailed macaques are distributed in hilly areas. This species prefers dense broadleaf
evergreen forest and is primarily terrestrial (Fooden, 1990). Thus, stump-tailed macaques are
considered to share broadleaf evergreen rainforest habitats with Assamese and northern pig-tailed
macaques. Stump-tailed macaques are primarily terrestrial, Assamese and northern pig-tailed
macaques are primarily arboreal (Fooden, 1990). Although stump-tailed macaques were recorded
in most parts of Vietham (Dang Ngoc Can et al, 2008), sympatric areas with Assamese and northern
pig-tailed macaques have not been elucidated specifically.

Material and Methods

As basic references about the distribution of macaques we used Dang Ngoc Can et al., 2008;
Dickinson & Van Ngoc Thinh, 2006 Fooden, 1976; 1982; 1981; 1990; 1995; 2000; Hamada et al.,
2010; Nadler et al., 2010; Van Ngoc Thinh et al., 2007.

From 2006 to 2010 we interviewed 279 people in the provinces Quang Tri, Thua Thien Hue,
Danang, Quang Nam, Kon Tum, Gia Lai, Dak Lak, Lam Dong, and Dak Nong along routes such as
Road 14, Road 9, Road 49, Road 14B, Road 14E, Road 19, Road 26, Road 27, Road 20, and
rangers of Phong Dien, Son Tra and Ba Na Nature Reserves, and Bach Ma, Ngoc Linh, Chu Mom
Ray, Kon Ka Kinh, Yok Don, and Chu Yan Sin National Parks.

With a questionnaire information were collected about the primate species which inhabits
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forests nearby a village, the year of establishment of the village, the abundance of primate
populations, the trend of abundance and reason of change, agricultural crops and damage on
crops by primates, counter actions to the damage, change of human population, ethnicity of
villagers, hunting and trading of wildlife, economic condition in the areas, and name, gender and
age of interviewee. Geographical coordinates and altitudes were recorded by Global Positioning
System.

As key for the frequency of a species the frequency of positive information of the persons
questioned is used.

Photos and brochures with the features and behavioral characteristics of primates were used to
identify the species. Morphological characteristics are occasionally difficult for the interviewees to
distinguish rhesus, Assamese and long-tailed macaques. Assamese and rhesus macaques are
quite similar in pelage color and called “yellowish monkeys”. Therefore we used some keys of
pelage color and body features to indentify the species.

Primate pets were recorded and pet owners interviewed about their origins, way of acquisition,
way of hunting, and the reason of keeping a pet.

The environmental and habitat conditions around the interview sites were recorded.

Results and Discussion
Distribution of macaques in Central Vietham and at the Central Highlands of Vietham

Rhesus macaque (Macaca mulatta)

Dang Ngoc Can et al. (2008) mention records of rhesus macaques (Fig. 2) from 149 N (An Khe
District, Gia Lai Province) to the North. We recorded rhesus macaques with a frequency of about
16% of persons questioned also around 12930’ N in mountainous areas with higher altitude (Dak
Lak, part of Dak Nong, and part of Lam Dong Provinces). The southern Central Highland with higher
elevation from around 500 to over 1,000 m asl is a suitable habitat for rhesus macaques, even in
secondary forests (Fig. 3)
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Fig.2. Rhesus macaque (Macaca mulatta). Photo: Tilo Nadler. Fig.3. Frequency of positive information about the occurrence of
rhesus macaque (Macaca mulatta) from persons questioned
along the latitude.
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Long-tailed macaque (Macaca fascicularis)

Long-tailed macaques (Fig 4) were reported to range almost south Vietnam (Dang Ngoc Can et
al., 2008). But a number of individuals were also released in more northern areas, in central Vietnam
and the Central Highlands (Qunag Tri Province, Hai Lang District and Phong Dien Nature Reserve,
Thua Thien Hue Province) to about 16°30° N. This shows that long-tailed macaques can range not
only in coastal forests but also inland forests, especially in lower areas. Long-tailed macaques and
rhesus macaques occur sympatric the area between 16930’ N (Thua Thien Hue province) to 120 N

(northern Lam Dong Province) (Fig. 5).

Fig.4. Long-tailed macaque (Macaca fascicularis). Photo: Tilo Nadler.

Areas with a high frequency of both taxa are
between15910° N to 16925 N (Thua Thien Hue
Province: Phong Dien and A Luoi Nature
Reserves, Bach Ma National Park, northern and
southern Hai Van Pass, Son Tra and Ba Na Nature
Reserves, and Quang Nam Province: Cu Lao
Cham Island and Tay Giang). The other sympatric
area with high frequency of both taxa is located
between 1296° N and 13925 N (Lam Dong
Province: Da Nhim, Dak Nong Province: Dak Mil,
and Dak Lak Province: Buon Don (Fig. 6). Long-
tailed macaques tend to inhabit the riverine
forests, rhesus macaques variant types of forests.

Assamese macaque (Macaca assamensis)
There have been no previous reports on
Assamese macaques (Fig. 7) from central
Vietnam and the Central Highland areas (Dang
Ngoc Can et al., 2008). The distribution has been
considered north of 15925’ N (Fig. 8).
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Fig.5. Frequency of positive information about the occurrence of long-
tailed macaque (Macaca fascicularis) from persons questioned
along the latitude.
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Fig.6. Sympatric area of long-tailed (Macaca fascicularis) and rhesus
macaques (Macaca mulatta) in Vietnam.
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Fig.7. Assamese macaque (Macaca assamensis). Photo: Tilo Nadler. Fig.8. Frequency of positive information about the occurrence of

Assamese macaque (Macaca assamensis) from persons
questioned along the latitude.

In Truong Son and Ngoc Linh mountain ranges Assamese macaques are reported with high
frequency by persons questioned. These areas have good forests with some high mountain tops
also adjacent to high mountains in Laos, where the occurrence of Assamese macaques were
reported. The frequency around 16930’ N in cooler climate and less disturbed forest was higher
than in southern areas (Fig. 9).

Assamese macaques and rhesus macaques are similar pelage colors (called “yellowish
monkeys”), but the interviewees described clearly the differences between these two species.

Northern pig-tailed macaque (Macaca leonina)

Northern pig-tailed macaques (Fig. 10) were reported in the highest frequency of persons
questioned, and occurs in most areas of central Vietnam and Central Highland. The area with the
greatest frequency was between 13° N and 149 N. They were also reported to inhabit many types
of forests (Fig. 11). According to Fooden (1982) northern pig-tailed macaques and Assamese
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Fig.9. Frequency of positive information about the occurrence of Fig.10. Northern pig-tailed macaque (Macaca leonina).
Assamese macaque (Macaca assamensis) from persons Photo: Tilo Nadler.
questioned has been higher in cooler climate and less disturbed
forest than in southern areas.
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macaques compete ecologically with each other
because their habitat preferences - broadleaf
evergreen forests - are similar. Although stump-
tailed macaques also prefer the same forest
type, but avoid competition by their terrestrial life
(Hamada et al., 2010). Fooden (1982) proposed
“ecological segregation hypothesis” that these
two species are allopatric in general. Assamese
macaques tend to be distributed in more
northern areas (cooler areas) and northern pig-
tailed macaques in more to the south. The
boundary of the distribution is around 189 N.
However, the distribution pattern of these
species does not indicate any definite boundary
in central Vietnam and the Central Highlands
(Fig. 12). The study result shows that Assamese
macaques can be found south to 15925 N,
where northern pig-tailed macaques occur, from
at least 11925’ N to 16240’ N. Also in Laos was
found sympatric distribution from 15910° N to
about 220 N (Hamada, 2010). The species are
probably separated by different habitas.
Assamese macaques prefer broadleaf
evergreen forest with steep topography and
northern pig-tailed macaques  variant
vegetations but also including broadleaf
evergreen forest.

Stump-tailed macaque (Macaca arctoides)
The distribution of stump-tailed macaques
(Fig. 13) were reported throughout central
Vietnam and the Central Highlands (Fig. 14),
except the area between 11930° N to 12030’ N
(especially in eastern Lam Dong and Dak Lak
Provinces) (Fig. 15). These areas are mainly
covered by secondary forest which might not be
a suitable habitat for stump-tailed macaques

17°
89 persons
uestioned
16° q
g 52
S 15°
2 36
©
:_' 14°
o
2 44
=3 13°
o 44
12°
14
1107 T T T T T T T T T 1 °/o

0 10 20 30 40 50 60 70 80 90 100

Fig.11. Frequency of positive information about the occurrence of
northern pig-tailed macaque (Macaca leonina) from persons
questioned along the latitude.
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Fig.12. Southern border of the distribution of Assamese macaques
(Macaca assamensis) and sympatric area with pig-tailed
macaques (Macaca leonina).

whereas northern pig-tailed macaques occur. Stump-tailed macaque had a high frequency by

persons questioned.

Possible hybridization between rhesus macaques and long-tailed macaques

Indochinese long-tailed macaques have a tail length of 110% of the head-body length (Fooden,
1997; Fooden & Albrecht, 1999; Hamada et al., 2008). Rhesus macaques of the eastern distribution
range, China and Indochina, have a tail length in average of 35.3% of the head-body length
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. in: -*L

Fig.13. Stump-tailed macaques (Macaca arctoides). Photo: Tilo Nadler.

(Fooden, 2000; Hamada et al., 2005). In the part
of Indochina between 159 to 209 N occur rhesus
macaques with longer tails which are suspected
hybrids with long-tailed macaques (Fooden,
1964; 1995, 2000; Hamada et al., 2006; 2008).

We observed three phenotypical rhesus
macaques in Son Tra Nature Reserve, Danang
(169 N, 1080 E) with tails of about 65%, 72% and
75% of head-body length. Three phenotypical
long-tailed macaques on Cu Lao Cham Island
(about162 N, 109° E) had tails with about 80-
90% of head-body length. These observations
can be a hint of hybridization but genetic
analysis are necessary for evidence.

Macaques as pets

There were 106 pet macaques recorded
(Table 1). The provenances for these pets were
given by owners. Many of them were caught
from nearby village of the pet owner. Some of
them were brought from other places, it means
they are traded animals.
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Fig.14. Frequency of positive information about the occurrence of
stump-tailed macaque (Macaca arctoides) from persons
questioned along the latitude.
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Fig.15. Sympatric area from pig-tailed (Macaca leonina) and stump-
tailed macaques (Macaca arctoides).

The number of long-tailed macaques concentrated highly between 12° N and 13° N with 6
individuals, reflecting the occurrence in this area. The highest number of rhesus macaques was
recorded between 169 N and 179 N, and for stump-tailed macaques between 159 N and 179 N,

1 Remarks from the editors

This high number of primates as pets demonstrates an extremely low intensity of ranger activities and of the forest protection authorities.
Hunting, trading and keeping of all primates is illegal in Vietnam but the law enforcement for these obvious violations is extremely low or not
existent. There exist also not any reprimands if a forest authority doesn't fulfill their duties.
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probably resulting from a high population in the area or a specialized hunter. Stump-tailed
macaques are also preferred for traditional medicine.

Table. 1. Number of persons questioned during the survey and frequency of positive information about the occurrence in (%) of macaques (Macaca
sp.) along the latitude.

Location
<12°N | 12-13°N | 13-14°N | 14-15°N | 15-16°N | 16-17°N

Number of persons questiones 14 44 44 36 52 89

Macaca fascicularis 21.4 59.1 47.7 38.9 21.2 32.6
Macaca mulatta - 15.9 2.3 5.6 17.3 33.7
Macaca assamensis - - - - 17.3 25.8
Macaca leonina 21.4 52.3 70.5 58.3 481 57.3
Macaca artoides 7.1 25.0 31.8 66.7 50.0 56.2

Table. 2. Recorded number of macaque pets during the survey coordinated to the latitude.

Location Total
<12°N | 12-13°N | 13-14°N | 14-15°N | 15-16°N | 16-17°N
Macaca fascicularis 5 6 3 2 3 1 20
Macaca mulatta - 1 1 1 2 6 11
Macaca assamensis - - - - - 1 1
Macaca leonina 3 6 6 6 1 6 28
Macaca artoides 3 4 3 5 9 22 46
Total 11 17 13 14 15 36 106

Threats to macaques in central Vietnam and the Central Highlands

The conversion of forest into agricultural land and plantations reduce the habitat for primates.
The development of infrastructure through construction of roads and dams does not only contribute
to the shrinking of habitat but also improve the access for forest encroachment and hunting. The
development of tourisms, supported by road constructions and buildings has an additional
negative impact through fragmentation of the primate populations. The high number of recorded
pets is a sign for high poaching activities. Without special measures and careful land use planning
and strict law enforcement it is to expect that existing and still healthy populations of macaques
decrease dramatically.
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Summary

The “Vietnam Primate Conservation Program” of Frankfurt Zoological Society continued with all
approved project parts: the Endangered Primate Rescue Center, the “Delacour’'s langur
Conservation Project” in Van Long Nature Reserve, the “Red-shanked douc langur Research and
Conservation Project” in Son Tra Nature Reserve, Danang, the “Hatinh langur Reintroduction
Project” at Phong Nha-Ke Bang National Park and the “Grey-shanked douc langur Conservation
Project” in Kon Ka Kinh National Park, Gia Lai Province.

At the end of 2011 the EPRC housed 150 primates. During the year 21 individuals were born at
the center, and 21 died. Four individuals were confiscated and brought to the EPRC. Two Hatinh
langurs were transferred to Phong Nha-Ke Bang National Park for reintroduction and 3 Delacour’s
langurs were released into Van Long Nature Reserve. In 2011 the center received about 19,000
visitors; 13,000 foreigners and 6,000 Vietnamese.

As part of the “Delacour’s langur Conservation Project” a Delacour’s family including a male,
female and a male offspring was health checked and prepared for release at the EPRC, and in
August introduced into Van Long Nature Reserve. The three released animals were equipped with
GPS-radio collars and monitored for about one year.

The “Red-shanked douc langur Research and Conservation Project” in Son Tra Nature Reserve
continues during the year. High impacts to the area through road construction activities, tourism,
poaching, trapping and collection of non-timber forest products were recorded with negative
impacts to the habitat.

The joint project of Frankfurt Zoological Society and Cologne Zoo to release captive bred
individuals from the Endangered Primate Rescue Center into Phong Nha-Ke Bang National Park
has been a failure. The omission to continue habituation initially resulted in the inability to recapture
the animals for the final release. .

The “Grey-shanked douc langur Conservation Project” in Kon Ka Kinh National Park carried out
several activities to strengthen protection and continued studies on biology and ecology of grey-
shanked douc langurs.

The “Vietnam Primate Conservation Program” received basic financial support from Frankfurt
Zoological Society and Leipzig Zoo. Several other sources including conservation organizations,
z00s and private donors contributed also to the continuation of the projects. We are grateful for all
of the support which makes the work for conservation of highly endangered primate species on the
brink of extinction possible.
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Ho6i Pong vat hoc Frankfurt: “Chuodng trinh Bao tén Linh trudng Viét
Nam” va Trung tam Cuiu hé Linh truéng Nguy cap, Viét Nam — Bao cao
2011

Tom tat

“Chuong trinh Bao tén Linh truéng Viet Nam” dudc Hoi Bong vat hoc Frankfurt tai tro lau dai vdi
nhiéu du an nhu Trung tam Cuu ho Linh truéng Nguy cép, tinh Ninh Binh, “Du an Bao tén vooc moéng
trang” tai Khu Bao tén thién nhién dat ngap nudc Van Long, tinh Ninh Binh, “Du an Nghién cuu va
Bao toén vooc cha va chan do” tai Khu Bao tén thién nhién Son Tra, Da Nang, “Du an Tai hoa nhap
vooc Ha Tinh” tai Vuon Quéc gia Phong Nha-Ké Bang, tinh Quang Binh va “Du an Nghién cuu va
B&o t6n vooc cha va chan xam” tai Vuon Qudéc gia Kon Ka Kinh, tinh Gia Lai.

Dén cudi nam 2011, Trung tam Cuu ho Linh trudng Nguy cép da cuu ho va chan nuéi khoang 150
cathé linh trudng. Trong nam 2011 da c6 21 ca thé linh truéng dudc sinh san va cé 21 ca thé bij ti vong.
Tiép nhan 4 cé thé va chuyén giao 2 ca thé vooc Ha Tinh téi Vuon Quéc gia Phong Nha-Ké Bang cho
ké hoach tigp tuc tai hoa nhap. Ba ca thé vooc mong trang dugc tai hoa nhap vao tu nhién tai Khu Bao
ton thién nhién déat ngap nudc Van Long. Trong nam 2011, Trung tam Cuu ho Linh trudng Nguy cép da
ti€p don 13.000 luot khach tham quan, 9.000 luct la khach nudc ngoai va 6.000 luct khach Viet Nam.

“Du an Béo tén vooc mong trang” dugc chudn bi mot gia dinh loai vooc mong trang bao gém mot
con duc (F1) mot con cai (F1) va mot con duc ban trusng thanh (F2) da dugc chuén bi & EPRC cho tha
lai tu nhién, va trong thang 8, dong vat da dugdc tai hoa nhap vao Khu bao tén thién nhién dat ngap
nudc Van Long. Ca ba céa thé da dudc gan chip GPS tiép song vé tinh va dudc theo doi trong mot nam.

“Du an Nghién cuu va B&o ton loai vooc cha va chan dé” tai Khu B&o ton thién nhieén Son Tra, TP
Da Nang van dugc thuc hién. Da c6 nhiéu anh hudng tieu cuc téi khu bao tén nhu nhiéu hoat dong
lien quan dén ma rong duong xa trén dao Son Tra dan dén nhiéu cay cdi bi khai thac, du lich phat
trién, san ban, bay bat va nhiéu hoat dong thu lugm san pham rung khac van dién ra.

Doéng hop tac gida Hoi Dong vat hoc Frankfurt va Vudn thu Cologne nham tai hoa nhap linh
truéng quy hiém dudc sinh san trong diéu kién nuéi nhét tai EPRC tré vé tu nhién chua dugc thanh
cong nhu mong muén. Du an da chua thuc hién dugc viéc luyén dong vat tré vé chuéng nhét tam
thai sau khi tha chung vao khu ban hoang déa, do vay da khong bat chung trd lai chuéng dé tai hoa
nhap vao tu nhién theo ké hoach.

“Du an Nghiéen cuu va B4o ton vooc cha va chan xam” tai Vuon Qudéc gia Kon Ka Kinh, Gia Lai
dudc thuc hién tich cuc véi cong tac tuan tra kiém soat riing nham tang cusng cho cong tac bao vé
ring tan gdéc, tuyén truyén bao tén cho hoc sinh tai trudng hoc trong vung dém va nghién cuu ngoai
nghiép thudng xuyén tai Vuon qué gia Kon Ka Kinh.

“Du an Chuong trinh B&o ton Linh trudng Viét Nam” da dugc tai trd phan lon tu Hoi Dong vat hoc
Frankfurt va Vuon thu Leipzig. Mot s6 nguén khac tu cac té chic bao tén, vudn thu va nhiéu céa nhan
héo tam da tich cuc hé trg cho cac hoat dong cua du an dugc duy tri. Chung toi xin tran trong cam
ta tdi tat ca cac ca nhan va té chuc da tai trg va ung ho cho du an nham hudng téi muc tieu bao tén
cac loai thu linh trudng nguy cdp cao dang dung trudc bad vuc vi tuyét chang.

Introduction

The “Vietnam Primate Conservation Program” of Frankfurt Zoological Society continued with all
approved project parts during the year. A highlight of the program which started in 1993 has been
the release of captive bred Delacour’s langurs into Van Long Nature Reserve.
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Endangered Primate Rescue Center
Staff

The EPRC operates with a staff of 20 Vietnamese workers. The foreign head keeper Elke
Schwierz from Leipzig Zoo continued her work from autumn 2010 to end of 2011.

In March 2011 Jochen Menner started volunteer work at the center, and in September two
additional volunteers from the German “DED-Weltwérts-Programm”, Lisbeth Siebert-Lang and
Johannes Auth, begun to work at the center.

In July through August Jeremy Phan collected data at the center for his master thesis. [See
report in this issue: Phan & Stevens (2012): A comparative study of activity budgets in captive and
semi-free ranging Hatinh and Delacour’s langurs (Trachypithecus hatinhensis and T. delacouri).
Vietnamese J. Primatol. 2(1), 55-66.]

Nguyen Thi Thu Hien continued her work as Vietnamese project manager for the EPRC and as
project officer for the “Vietnam Primate Conservation Program”.

Primates at the EPRC

At the end of 2011 the EPRC housed 150 primates, including 124 langurs in 9 species, 19
gibbons in four species, and 10 lorises in two species. In cooperation with Forest Protection
authorities 3 grey-shanked douc langurs and one pygmy loris were confiscated and brought to the
EPRC. During the year 21 individuals were born (1,1 Delacour’s langur, 4,1+37 Hatinh langur, 1,0
Francois’ langur, 2,1 red-shanked douc langur, 2,2 grey-shanked douc langur, 0,1 northern white-
cheeked gibbon, 0,1 southern white-cheeked gibbon, 1,0 northern yellow-cheeked gibbon). Twenty
one primates died at the center.

Two male Hatinh langurs were transferred on 24.3.11 to Phong Nha-Ke Bang National Park for
reintroduction, and 3 Delacour’s langurs were transferred on 20.8.11 to Van Long Nature Reserve
and released on 22.8.11.

Education and PR activities

In 2011 the EPRC received about 13,000 foreign and 6,000 Vietnamese visitors. Nearly all
foreign visitors to Cuc Phuong National Park visit the EPRC while Vietnamese visitors to the park
travel mostly by package tour busses to the park’s center and don’t spend much time around the
park head quarters where the EPRC is located. All visitors to the center are accompanied by guides
from the national park which inform about the critical situation of wildlife in Vietnam and the goal of
the EPRC.

Tours from schools in Hanoi were organized to visit the EPRC with special information programs.

Vietnam TV reported twice about wildlife protection and the EPRC’s work for highly endangered
Viethamese primates.

“Delacour’s langur Conservation Project” in Van Long Nature Reserve

After several years of studies of the Delacour’s langur (Trachypithecus delacouri), including
ecology, behaviour, nutrition, genetics and habitat requirements Van Long Nature Reserve was
chosen as the reintroduction site for captive bred individuals. A Delacour’s family including a male,
female and a male offspring was health checked and prepared for release at the EPRC, and in
August introduced into Van Long Nature Reserve. The three released animals were equipped with
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GPS-radio collars and monitored for about one year, in accordance with the expected life span of
the collar batteries. [See report in this issue: Nadler (2012): Reintroduction of the ‘Critically
Endangered’ Delacour’s langur (Trachypithecus delacouri) — a preliminary report. Vietnamese J.
Primatol. 2(1) 67-72].

From February until December Fiona Agmen collected data for her PhD thesis at the Australian
National University, in cooperation with the Vietnamese biologists Nguyen Hong Chung and
Nguyen Van Linh.

“Red-shanked douc langur Research and Conservation Project” in Son Tra Nature Reserve,
Danang

With beginning in 2010 the project continues during the year, managed by Larry Ulibarri. Beside
comprehensive observations of the douc langurs the high impact to the area through construction
activities, tourism, poaching, trapping and collection of non-timber forest products were recorded.

Various awareness campaigns in Danang City have been conducted beginning with a public
exhibition in the center of the city which attracted about eight thousand local people including
students and children.

Special canopy bridges were designed for Son Tra Nature Reserve to provide the possibility for
contact between douc langur groups which are divided by the large gaps created by road
construction. Completion of the canopy bridge component will be early in 2013.

[See report in this issue: Ulibarri L & Streicher U (2012): The “Son Tra douc langur Research and
Conservation Project” of Frankfurt Zoological Society. Vietnamese J. Primatol. 2(1) 37-46].

“Hatinh langur Reintroduction Project” at Phong Nha-Ke Bang National Park

The joint project of Frankfurt Zoological Society and Cologne Zoo to release captive bred
individuals from the Endangered Primate Rescue Center was managed by Dirk Euler. Despite his
high efforts to correct the negligence of former project management finally the project has been a
failure and didn’'t meet the expectations. In September 2007 eight habituated Hatinh langurs from
a 5 ha semi-wild area at the Endangered Primate Rescue Center were transferred to a 20 ha semi-
wild area in Phong Nha-Ke Bang National Park for adaptation prior release into the national park.

Through the omission of continued habituation efforts, the animals became unhabituated in a
short time and recapture for the final release was not possible. Despite the animals being equipped
with radio collars no efforts were made to locate the sleeping places of the group as an option for
the recapture. In March 2011 two captive bred male Hatinh langurs were transferred from the EPRC
to Phong Nha-Ke Bang National Park with the aim to attract the group in the semi-wild area to a
large cage, but also this method failed. The Hatinh langurs in the semi-wild area only paid attention
to the new arrivals for a short time and from distance.

Intensive and time consuming observations of the group inside the semi-wild area were started
to identify preferred locations to place a trap cage for the langurs.

In May 2011 a security assessment for the release site was carried out and confirmed the safety
of the release area. No poaching with guns was reported but snaring still exists. The migration of
the released langurs into other parts of the national park places them at greater risk of poaching.
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“Grey-shanked douc langur Conservation Project” in Kon Ka Kinh National Park, Gia Lai
Province (by Ha Thang Long)

The project continues under management of Dr. Ha Thang Long. During 2011, the project
successfully conducted three main objectives to improve conservation in Kon Ka Kinh National
Park. These objectives include:

e Improving capacity of rangers in Kon Ka Kinh National Park through activities such as:

- on-the-job training for rangers in order to monitoring wildlife in the park;

- supplying essential field equipments to conduct field work. Six park rangers were selected to
participate in a training course in the park's headquarter. Rangers were taught methods to
monitor primates and small carnivores. Fourteen rangers of 3 ranger stations (Ayun, De Btuck,
and Ko Roong) were trained by project staff and rangers which were previously trained. Five
transects with a total length of about 15 km were established to monitor the grey-shanked douc
langur population. Four binoculars, 2 digital cameras, 2 GPS units and 2 desktop computers
were equipped in 2 ranger stations.

e Raising awareness on wildlife conservation and forest protection to local communities
surrounding Kon Ka Kinh National Park. An “Education Team” which consists of 12 local
teachers of 7 secondary schools and 4 park staff were trained. The project supported the
“Education Team” of the park to conduct 28 visits to 7 schools in 2011. About 350 school
children attended the lectures on forest protection and conservation of grey-shanked douc
langurs. A sign board was constructed in the main entrance of the park with content written in
both Vietnamese and Bana language.

Studying biodiversity of the park as well as distribution, population density and ecology of
primates in the park. Six primate species were recorded in the park. A distribution map of primate
fauna was generated. A master student of Danang University successfully conducted research on
“Nutrition and Feeding behaviour of grey-shanked douc langurs in the Kon Ka Kinh National Park”.
[See report in this issue: Nguyen Thi Tinh et al. (2012): The feeding behaviour and phytochemical
food content of grey-shanked douc langurs (Pygathrix cinerea) at Kon Ka Kinh National Park,
Vietnam. Vietnamese J. Primatol. 2(1), 25-35].

Financial support

The “Delacour’s langur Conservation Project”’, the “Hatinh langur Reintroduction Project”, and
the “Grey-shanked douc langur Conservation Project” were supported by Frankfurt Zoological
Society. The Mohammed Bin Zayed Conservation Fund and Denver Zoological Society supported
generously the reintroduction of the Delacour’s langurs into Van Long Nature Reserve with surveys,
the necessary involvement of the surrounding communes, equipment and the monitoring for the
langurs. The “Red-shanked douc langur Research and Conservation Project” was supported by
Frankfurt Zoological Society, the Endangered Primate Conservation Fund, the Primate Society of
Great Britain, Margot Marsh Biodiversity Foundation, and private donors.

The work of the Endangered Primate Rescue Center was mainly supported by Leipzig Zoo, the
International Primate Protection League (IPPL) and the ARCUS Foundation. The Zoological Society
of Philadelphia supported operation costs of the center, and a donation was also received from the
Zoological Society for the Conservation of Species and Populations, Germany. We would also like
to thank many individuals which contributed through our Adopt-a-Monkey Program to the
maintenance of the EPRC.
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We are grateful for all of these supports which make the work possible towards the conservation
of highly endangered primate species which are on the brink of extinction.

Publications, reports and presentations resulting from the FZS “Vietnam Primate
Conservation Program” and the Endangered Primate Rescue Center

The fifth issue of the Vietnamese Journal of Primatology was published in September 2011. The
Journal can be ordered at the EPRC but is also available on the website of the EPRC
(www.primatecenter.org), the website of the IUCN/Primate Specialist group and on the website of
Frankfurt Zoological Society (www.zgf.de).
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Appendix
Register of primates at the EPRC 2011 — up to date 31.12.2011
(O*Species only kept in EPRC and nowhere else in the world)

No. Date of Sex Date born Sire Dam Source Current
arrival or estimated status
Delacour's langur Trachypithecus delacouri (%
1-01 Jan.93 M 1990 wild wild confiscated EPRC
1-02 Jan.93 M 1990 wild wild confiscated EPRC
1-04 17.5.94 M 1993 wild wild confiscated EPRC
1-06 28.7.96 F 28.7.96 1-01 1-03 born EPRC EPRC
1-07 21.2.98 M 21.2.98 1-01 1-03 born EPRC EPRC
1-09 3.4.01 F 3.4.01 1-01 1-03 born EPRC 20.8.11 to Van Long
1-10 4.6.01 M 4.6.01 1-02 1-05 born EPRC 20.8.11 to Van Long
1-12 7.12.02 M 7.12.02 1-01 1-03 born EPRC EPRC
1-13 9.7.03 F 9.7.03 1-02 1-06 born EPRC EPRC
1-15 14.7.04 M 14.7.04 1-01 1-03 born EPRC EPRC
1-16 1.6.05 M 1.6.05 1-04 1-08 born EPRC EPRC
1-17 27.10.05 F 27.10.05 1-02 1-06 born EPRC EPRC
1-18 19.4.07 M 19.4.07 1-04 1-08 born EPRC EPRC
1-19 8.1.08 M 8.1.08 1-02 1-06 born EPRC EPRC
1-20 30.1.08 M 30.1.08 1-10 1-09 born EPRC 20.8.11 to Van Long
1-21 29.7.08 F 29.7.08 1-07 1-13 born EPRC EPRC
1-23 20.5.10 F 20.5.10 1-02 1-06 born EPRC EPRC
1-25 20.3.11 M 20.3.11 1-07 1-13 born EPRC ERPC
1-26 29.6.11 F 27.6.11 1-10 1-09 born EPRC EPRC

Hatinh langur Trachypithecys hatinhensis (¥

2-01 11.5.93 M 1990 wild wild confiscated EPRC
2-03 13.1.94 F 1993 wild 2-02 confiscated EPRC
2-05 9.4.94 F 1994 wild 2-04 confiscated EPRC
2-09 14.1.96 F ad. wild wild confiscated EPRC
2-10 6.2.96 M 6.2.96 2-01 2-08 born EPRC EPRC
2-11 27.4.96 F 27.4.96 2-01 2-04 born EPRC EPRC
2-12 27.11.96 M 1995 wild wild from private EPRC
2-13 28.3.97 M 28.3.97 2-01 2-09 born EPRC EPRC
2-14 22597 F 22597 2-01 2-08 born EPRC EPRC
2-17 11.12.97 F 1994 wild wild from tourists EPRC
2-20 11.3.98 F 1995 wild wild from tourists EPRC
2-22 24.2.99 M 24.2.99 2-01 2-08 born EPRC EPRC
2-23 9.4.99 M 9.4.99 2-01 2-09 born EPRC EPRC
2-24 25.3.00 M 25.3.00 2-15 2-17 born EPRC 24.3.11 to Phong Nha
2-26 20.11.00 M 20.11.00 2-15 2-11 born EPRC 24.3.11 to Phong Nha
2-27 7.1.01 F 7.1.01 2-15 2-20 born EPRC EPRC
2-32 4.4.02 F 4.4.02 2-15 2-17 born EPRC EPRC
2-36 14.11.03 F 14.11.03 2-12 2-05 born EPRC EPRC
2-41 28.11.04 M 28.11.04 2-01 2-09 born EPRC EPRC
2-46 1.8.05 F ca. 2004 wild wild confiscated EPRC
2-47 27.11.05 M 27.11.05 2-12 2-05 born EPRC EPRC
2-48 14.2.06 F 14.2.06 2-15 2-11 born EPRC EPRC
2-49 29.6.06 F 29.6.06 14-01 2-14 born EPRC EPRC
2-50 28.9.06 M 28.9.06 2-12 2-037 born EPRC +11.4.11
2-51 20.10.06 M 20.10.06 2-10 2-27 born EPRC EPRC
2-52 31.10.06 F 31.10.06 2-10 2-32 born EPRC EPRC
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2-53 10.12.06 M 10.12.06 2-15 2-20 born EPRC EPRC
2-54 30.3.07 M 30.3.07 2-15 2-17 born EPRC EPRC
2-56 ??.9.07 M ??.9.07 2-12 2-36 born EPRC EPRC
2-57 18.3.08 F 18.3.08 14-01 2-14 born EPRC EPRC
2-58 19.5.08 F 19.5.08 2-15 2-11 born EPRC EPRC
2-59 29.12.08 M 29.12.08 2-12 2-03 born EPRC EPRC
2-60 1.4.09 M 1.4.09 2-10 2-27 born EPRC EPRC
2-62 7?.5.09 M 7?.5.09 2-12 2-05 born EPRC EPRC
2-63 4.6.09 F 4.6.09 2-15 2-20 born EPRC EPRC
2-64 20.1.10 M 20.1.10 14-01 2-14 born EPRC EPRC
2-68 28.10.10 M 28.10.10 2-15 2-20 born EPRC EPRC
2-69 27.11.10 M 27.11.10 2-01 2-09 born EPRC t12.2.11
2-70 2.3.11 F 2.3.11 2-47 2-46 born EPRC +2.3.11
2-71 3.2.11 M 3.2.11 2-13 2-36 born EPRC 15.2.11
2-72 13.2.11 M 13.2.11 2-10 2-27 born EPRC 130.6.11
2-73 5.3.11 M 5.3.11 2-15 2-17 born EPRC EPRC
2-74 6.4.11 M 6.4.11 2-10 2-32 born EPRC EPRC
2-75 x.5.11 ? x.5.11 2-12 2-03 born EPRC EPRC
2-76 x.5.11 ? x.5.11 2-12 2-05 born EPRC EPRC
2-77 241111 ? 241111 2-47 2-46 born EPRC EPRC
Black langur Trachypithecus hatinhensis morph "ebenus" (%

14-01 12.1.98 M 1996 wild wild from tourists EPRC
Laos langur Trachypithecus laotum (%

3-01 26.9.95 M 1995 wild wild confiscated EPRC
Grey langur Trachypithecus crepusculus

4-04 22.1.97 F 1996 wild wild from private EPRC
4-05 14.4.00 F 1999 wild wild confiscated EPRC
4-07 24.1.02 F 24.1.02 4-06 4-04 born EPRC EPRC
Cat Ba langur Trachypithecus poliocephalus (4

15-01 8.11.98 F 1998 wild wild Cat Ba NP EPRC
15-04 2.6.03 M 2.6.03 15-02 15-01 born EPRC EPRC
15-06 1.3.10 M 1.3.10 15-04 15-01 born EPRC EPRC
Francois' langur Trachypithecus francoisi

17-01 8.1.02 F 1997 wild wild confiscated EPRC
17-02 30.9.05 M 2003 wild wild confiscated EPRC
17-05 27.2.11 M 27.2.11 17-2 17-01 born EPRC EPRC
Red-shanked douc langur x Hatinh langur Pygathrix nemaeus x Trachypithecus hatinhensis

18-01 14.10.03 F 14.10.03 6-9/12? 2-08 born EPRC EPRC
Red-shanked douc langur Pygathrix nemaeus

6-02 17.3.96 F 1992 wild wild confiscated 126.1.11
6-05 8.5.97 M ad. wild wild confiscated EPRC
6-06 24597 M 1994 wild wild from tourists EPRC
6-09 10.7.97 M 1997 wild wild confiscated EPRC
6-12 28.11.97 M 1997 wild wild from tourists EPRC
6-14 12.1.98 M 1996 wild wild from tourists EPRC
6-16 2.4.98 M 1994 wild wild from tourists EPRC
6-21 30.12.98 F 30.12.98 6-05 6-02 born EPRC EPRC
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6-28 19.8.00 M 1996 wild wild confiscated EPRC
6-29 25.4.01 M 25.4.01 6-05 6-13 born EPRC EPRC
6-31 21.4.02 F 21.4.02 6-06 6-02 born EPRC EPRC
6-32 24.2.03 F 24.2.03 6-06 6-02 born EPRC +23.2.11
6-37 25.8.04 M 25.8.04 6-06 6-02 born EPRC EPRC
6-38 13.12.04 F ad. wild wild confiscated EPRC
6-39 13.4.05 M ad. wild wild confiscated EPRC
6-41 9.5.05 F 9.5.05 6-12 6-21 born EPRC EPRC
6-42 11.6.05 M April 05 wild wild confiscated EPRC
6-46 17.8.06 F 2001 wild wild confiscated EPRC
6-53 17.10.07 F 2003 wild wild confiscated EPRC
6-55 2.2.08 F 2.2.08 6-28 6-46 born EPRC EPRC
6-56 6.2.08 F 6.2.08 6-08 6-30 born EPRC 15.3.11
6-58 27.3.08 F 27.3.08 6-16 6-32 born EPRC EPRC
6-60 20.7.08 M 2007 wild wild confiscated EPRC
6-61 14.3.09 M 14.3.09 6-12 6-21 born EPRC t14.2.11
6-62 17.3.09 M 17.3.09 6-28 6-31 born EPRC EPRC
6-63 9.6.09 M 2002 wild wild conf. Hue t2.1.11
6-64 31.3.10 F ad. wild wild confiscated EPRC
6-67 2.5.10 M 2.5.10 6-16 6-32 born EPRC 120.1.11
6-69 19.8.10 M 19.8.10 6-28 6-46 born EPRC EPRC
6-70 21.8.10 M 21.8.10 6-16 6-38 born EPRC +15.2.11
6-72 21.3.11 M 21.3.11 6-12 6-21 born EPRC 121.3.11
6-73 19.5.11 F 19.5.11 6-06 6-53 born EPRC EPRC
6-74 27.6.11 M 27.6.11 6-05 6-64 born EPRC EPRC
Grey-shanked douc langur Pygathrix cinerea (%

7-04 4.8.97 M 1994 wild wild confiscated EPRC
7-09 13.2.01 M ca.1996 wild wild confiscated EPRC
7-11 15.12.01 F ca. 1997 wild wild confiscated EPRC
7-13 12.7.02 F ad. wild wild confiscated EPRC
7-14 18.8.02 M 1998 wild wild confiscated EPRC
7-16 11.12.02 M ad. wild wild confiscated EPRC
7-19 13.3.03 M subad.(1998) wild wild confiscated EPRC
7-24 15.1.04 F 15.1.04 7-04 7-13 born EPRC EPRC
7-25 9.11.04 M 2000 wild wild confiscated EPRC
7-28 6.6.05 F 6.6.05 7-01 7-11 born EPRC EPRC
7-29 14.8.05 F ca. 2005 wild wild confiscated EPRC
7-30 9.11.05 F ad. wild wild confiscated EPRC
7-34 19.10.06 F 2000 wild wild confiscated EPRC
7-37 24.12.06 M 2003 wild wild confiscated EPRC
7-39 17.3.07 M 2003 wild wild confiscated EPRC
7-40 10.10.07 M 10.10.07 7-09 7-34 born EPRC EPRC
7-45 5.12.08 F 2007 wild wild confiscated EPRC
7-46 4.3.09 M 2005 wild wild confiscated EPRC
7-47 11.3.09 M 2004 wild wild confiscated EPRC
7-48 8.3.09 F 8.3.09 7-19 7-30 born EPRC EPRC
7-49 8.4.09 M 2009 wild wild confiscated EPRC
7-52 25.2.10 M 2005 wild wild confiscated EPRC
7-65 6.5.10 M 6.5.10 7-09 7-34 born EPRC EPRC
7-56 17.4.11 F 17.4.11 7-04 7-13 born EPRC EPRC
7-57  25.4.11 F ad. wild wild confiscated EPRC
7-58 25.4.11 F 2/2011 wild 7-57 confiscated 13.10.11
7-59 16.4.11 M 16.4.11 7-19 7-29 born EPRC EPRC
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7-60 28.4.11 F 28.4.11 7-25 7-28 born EPRC EPRC
7-61 28.8.11 M 28.8.11 7-19 7-11 born EPRC EPRC
7-62 21211 F 21211 wild wild confiscated EPRC
Black-shanked douc langur Pygathrix nigripes

13-05 15.3.01 M 1996 wild wild confiscated +31.1.11
Northern white-cheeked gibbon Nomascus leucogenys

8-01 30.9.94 F 1993 wild wild from foreigner EPRC
8-03 28.5.02 M 1999 wild wild confiscated EPRC
8-08 19.11.04 F 2001 wild wild confiscated EPRC
8-09 9.9.11 F 9.9.11 8-03 8-08 born EPRC 116.9.11
Southern white-cheeked gibbon Nomascus siki

9-02 18.9.93 F 1993 wild wild from foreigner EPRC
9-05 10.11.94 M 1992 wild wild from foreigner EPRC
9-06 24.2.95 F 1993 wild wild from tourists EPRC
9-08 1.12.98 F 1998 wild wild from tourists EPRC
9-09 23.6.99 M 23.6.99 9-05 9-02 born EPRC EPRC
9-11 25.7.02 F 25.7.02 9-03 9-06 born EPRC t22.5.11
9-12 17.12.02 M 17.12.02 9-05 9-02 born EPRC EPRC
9-13 21.11.06 F 21.11.06 9-05 9-02 born EPRC EPRC
9-15 15.7.09 M 15.7.09 9-05 9-02 born EPRC EPRC
9-16 23.12.11 F 23.12.11 9-12 9-08 born EPRC EPRC
Northern yellow-cheeked gibbon Nomascus annamensis (%

20-01 6.2.97 F 1994 wild wild confiscated EPRC
20-02 9.7.10 M 2005 wild wild Cu Chi +10.2.11
20-03 10.7.11 M 10.7.11 20-01 20-02 born EPRC +13.11.11
20-04 21.7.11 F 2010 wild wild confiscated EPRC
Southern Yellow-cheeked crested gibbon Nomascus gabriellae

10-04 3.6.01 F 1997 wild wild confiscated EPRC
10-05 11.6.04 F 2001 wild wild confiscated EPRC
10-07 7.10.06 F 2005 wild wild confiscated EPRC
10-08 7.10.06 F 2005 wild wild confiscated EPRC
Northern Slow loris Nycticebus bengalensis

11-09 20.11.07 F ad. wild wild confiscated EPRC
11-10 22.6.08 F ad. wild wild confiscated EPRC
11-11 9.5.09 F ad. wild wild confiscated EPRC
Pygmy loris Nycticebus pygmaeus

12-36 22.2.01 M 22.2.01 12-09 12-04 born EPRC EPRC
12-72 24.2.06 F ad. wild wild confiscated EPRC
12-88 17.5.07 F ad. wild wild confiscated EPRC
12-97 12.4.08 F ad. wild wild confiscated EPRC
12-102 Febr.09 M 2/2009 wild 12-99 born EPRC 8.1.11
12-103 Febr.09 M 2/2009 wild 12-99 born EPRC EPRC
12-110 6.8.09 M 2008 wild wild from private EPRC
12-112 29.4.10 M ad. wild wild confiscated EPRC
12-113 12.2.11 F ad. wild wild from private +1.3.11
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