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Abstract

This thesis details research into the ecology and behaviour of the black-shanked douc
(Pygathrix nigripes Milne-Edwards, 1871), an Endangered colobine found in eastern
Cambodia and southern Vietnam. The study was conducted in Seima Biodiversity
Conservation Area (SBCA), Mondulkiri Province, Cambodia, over a period of 20
months, from January 2003 to August 2004, and therefore represents the longest-term

study of any species in the genus.

Distributional and relative density data show that black-shanked doucs preferentially
utilise evergreen forest. There they maintain the largest group sizes and highest relative
densities. The species is also commonly found in semi-evergreen and mixed deciduous
forest, although the latter may be sub-optimal due to limited food resources. P. nigripes
additionally occurs in dry deciduous dipterocarp forest but probably only where it is
associated with one of the first three forest types. Group sizes appear to be lower in sub-

optimal habitats as suggested by the ecological constraints model.

Four major social units occur in the species: one-male units (OMUs), bands comprised
of several OMUs, bachelor groups and lone males. OMUs averaged 7.5 individuals, and
were composed of a single male, several females and offspring. Black-shanked doucs
have a fission-fusion social system, with fusion of OMUs into bands occurring more

commonly in the wet season. The maximum band size recorded was 26 individuals.

Activity budgets were similar to other colobine species. Inactivity dominated with a
frequency of 61%, feeding 27%, travel 6%, social behaviour 3%, and other activities
2%. Daily distribution of activities was also a typically colobine pattern with high rates
of feeding in the morning, a long midday period of inactivity followed by a second
feeding bout in the afternoon. Locomotion was predominantly quadrupedal although
frequencies of brachiation were significant. The majority of activities occurred in the
middle to upper forest canopy: only one instance of terrestriality was recorded. Several
behaviours not previously documented in wild doucs were observed, including

paternalistic behaviour and allomothering.

Contrary to previous studies on the feeding ecology of Pygathrix, P. nigripes at the site
was best characterised as a seed predator, with 40% of feeding records being dedicated

to seeds. Leaves, especially young leaves, also comprised a significant part of the diet.
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Doucs were highly selective in their diet, feeding from only 35 positively-identified
plant species and with 44% of all feeding records coming from only five species.
Legume species were heavily targeted. Diets did not track resource abundance across
seasons with the exception of high levels of flower consumption correlated with high

availability during the dry season and seed consumption during the wet season.

SBCA holds the largest known population of the species across its range and is under
active conservation management by the Wildlife Conservation Society and the Forestry
Administration of the Royal Government of Cambodia and therefore represents one of
the best opportunities for long-term conservation of the species. Having an
understanding of habitat preferences, feeding ecology and behaviour as presented in this

thesis provides a basis for management of the species at this site and beyond.

viil



Contents

ACKNOWIEAGEMENLES ......ccciirrri i \
ADSEIACE ... ————————————— vii
CONEENES ... iX
List Of fIQUIeS ... ————— Xiii
List Of taDIES .....cccvererirircccrirccs s XV
Chapter 1: INtroduction ... —————— 1
TRESIS OVEIVIEW ...ttt se bbbt s bt es s 1
Background to the CUITENt rESEACN ... 1
RESEAICN UM ...ttt sttt bbb e bbbt et nes 2
RESEAICH SIGNIfICANCE ..ot bbbt bbbt 3
RESEAICH lIMItAtIONS .....cvvvieiie et 4
TRESIS OULIINE ...ttt 4
Putting Pygathrix nigripes it CONTEXL.......cviviririrrsrsseeeee s 6
Taxonomy @Nd @NAIOMY.........curviuerririeeiriseirieiei et 6
Overview above the gENENiC IBVEL..........ccccviiiieciececcecce e 6
Overview at the generiC IBVEL ... e 7
Affinities With RAINOPITNECUS............cveeeese et 7
AFFINItIES WIth NASAIIS...........cviiiieiicie s 8
ASfinities With MESOPIENECUS .........c.vieeeeee e 11
Speciation in the genUS PYGaLhriX .........c.cccoeeiieiiiiiecce et 11
Distribution @nd SALUS........c.eviviiiiccee s 13
Distribution of gENUS PYGatAIIX..........ccoceieiiriieieccee ettt 13
Distribution of PygathriX NIGrIDES .........cveeiiiiiiiecees sttt 15

Status of PYgathrix NIGHPES..........c.vcuriiieriieisierse et 16
Chapter 2: StUdY area..........cccccereeeisese s s 19
HISEOICAI OVEIVIEW ...ttt bbbttt ettt 19
Seima Biodiversity CONSErVation Ar€a...........cooueuiiiieiriieireieee e 21
PHMALE FAUNG.........o e 24
L7111 o T T TTPPTTTSTTON 27
WEBALNET ...ttt ettt 29
Chapter 3: Methods ... e e e sr e 33
STUAY SIHE SEIECHON ... 33
PHENO0IOGY TrANSECES .......vveieiiicies b 33
TrANSECE SEHUD ..ttt ettt ettt rernnenn 33

TrEE MEASUMEMENES ...ttt s et es ettt b s ee s r ettt s e 35

Tre€ IdENEIfICAION .......vvceee s 36
Phenological MONITOMING. ..ot 38
FEEAING trBES ... 39
Animal obServation ProtOCOL..........ccvvvivrieieieeeircee e ees 40
Equipment used and PErSONNEL ..........ccoiiiiirirese et 40

The StUAY ANIMAIS ... renens 40
Behavioural Sampling ProtOCOL..........ceuiiriiieieieesiri st 42
(00T =1 1 SR 43
Behavioural CatEGONIES ... vvvvvevereeeierreiiri sttt esene e 43

FOMBSE USE ..ottt ettt s s 46
Detecting P. NIGrPES QrOUDS .....cvcvivivcieueeereieererssesessststssssesesesesesessssssssssesesesssesasessssssssssssssesesessssssssnens 46

X



INEFOAUCTION. ...ttt es 49
MEENOAS. ...ttt 51
RESUIES ...ttt bbb ettt et bbb bbb ettt bbb bbb e e e e e e bbbt rerens 52
FOTESE STTUCIUNE ...ttt ese et 52
HEIGNE <. 52

DBH Rt 54
Basal area and tre€ AeNSIY .......c.ovvveeeeiciiiir s 55
LIBNAS ...ttt ettt bbbttt R e et bbbt bbb e bR e e e s bbbttt rn 55
Mortality and tre€-allS...........ccouvviviiiiee e 56
FOreSt PrOGUCTIVITY ... 57
FIOWEHNG CYCIES .ttt bbbt e e s b renenan 58
FIUIING CYCIES ..ttt a s ernnenn 59

Leaf prodUCHIoN CYCIES ..o 61
Species fichNESS aNd GIVETSILY ........cccviieeiiiiceee s 65
DISCUSSION ....vvvivetieeeit ettt ettt bbbt e ettt et et e bbb eb et e b e e st b bbbt et et esenesese st s b ebebebeberenis 67
FOTESE STTUCIUNE ...ttt 67
Phenological patterns at the SIE ..o 70
FIOWET PrOQUCHION ...ttt 70

FIUIE PrOQUCHION ... nnenan 71

Leaf PrOGQUCHION ...ttt 72
Habitat typologies: when is semi-evergreen mixed deCidUOUS? .........cccoeueverviviercvceiniieceee e 74
SUMMBIY ottt bbbttt 77
Chapter 5: Activity budgets and behaviour ... ———— 79
INEFOAUCTION. ...ttt sttt e en 79
MEENOGS. ...ttt ettt bbbt b ettt bbbttt bt bane 79
RESUIES ...ttt ettt sttt bbb bR e et bbb bbb e bR e e e e s ettt bererers 81
ACHVIEY DUAGEL ...t 81
Category SUDAIVISIONS ..ottt 81
Activity pattern by hourin the day...........cccceeiiii s 84
Age and SEXUAI VAMALION ..........couiiiiiieiicee b 86
INACHIVE ..ttt bbb bbb ettt b bbb e e bbbttt re e e n e 87

LT TSSO 87
=17 PO OO T E TR TRRRTR 87
SOCIAI ..ottt 87
ONBE ..ttt bbb a ettt bbbt e sttt bane 89
SASONAI VANIALON ...ttt 90
Ad libitum behavioural ODSEIVALIONS ..........ccv s 92
L0700 T0 1 11 1o] o TP RTTOT 92

DY 1o] 400 (1T T TR 93
Paternalistic DENAVIOUN............ccvivceeeec e 94
AQONISHIC DENAVIOUIS ...ttt r e 95
CANOPY USAGE ...vuvvevieieertetetsiee ettt bbbt bbb s bbbttt bbbttt b s s e 96
ST AT TST- o TP RT T 99
DISCUSSION ...ttt ettt etttk ettt ettt bt ns 100
INACHVE DENAVIOU .....ocveiiii ettt ettt bbbt a e e 100
Vigilance behaviour and predation............cccciiiscse e s 101
FEediNg DERAVIOUN ..o 103

[ ToTo] 11101 1o] TR T PRRRRRRRON 104
BraChi@lion .......c.cv o 105



oL = I o =Y 0= 1Yo TV TSRO 107

PIAY e 107
GIOOMING 1ttt 108

N o (=TT [o] o TP 109
INTEr-groUDP @QGIESSION .....vuvreeriecieeeiee ettt 110
INTra-groUP @QGIESSION .......vuiveieeieeieeeseiee et 111
VOCIISALIONS ...ttt 111
SEXUAI DENAVIOUL........coiiiieieiisisi ettt es e 113
Parental DERAVIOUT .........c.ouieeceees et 115
AIOMOTNEIING ..ttt bbb 115
Paternalistic DENAVIOUT ............couiicce e 117
SUMMAIY ottt b bbbt b bbb s st s bbb bbbttt b s s 118
Chapter 6: Group size, group composition and ranging behaviour.............cccovrnennsnssrenes 121
INEFOAUCHION ...ttt ettt b s s seas 121
MBENOGAS ...ttt 122
RESUIES ..ttt b bRttt s ettt s 125
Group Size and COMPOSITION. ......cciiiiiiriicete et b bbb 125
(o TU] 1] PP 125
Breeding group COMPOSITION...........c.eviiieiicii e 127
UNMEALEA MAIES ...ttt e 127
Seasonality aNd GrOUD SIZE ..........ceuieuriiieiricieie e 127
Habitat and groUp SIZE .....c.cvcceciiiiii e e 128
Habitat and group ENSILY ..........couiriiiice e 129
GrOUD CONBSION ...ttt ettt ettt et s e 130
RaNGING DERAVIOUN .......ocvcieieiiiiiir e nes 131
DAY FANGES ...t 131
HOME FANQE. ... vttt ettt e ettt bttt ne e e n e 132
SIEEPING SIEES ...t 132

Yot 7o o TSP 134
Group Size and COMPOSILION. ......cveviiiiiiecicierrr et 134
o TH] 1]~ TP 134
GrOUP COMPOSITION ....viviviicicictcte ettt bbb bbb bbbt b s e 136
UNMALEA MAIES .....ovviieceees ettt e 139

Does habitat and season affect group size and density? ..........cccccvvvccceiescecercce e 141
RaNGING DERAVIOUN ........ocviiciciiiiii e nes 144
SUMMEIY .ottt 146
Chapter 7: Feeding €COI0gY........ccoummnmnmnmsmnmsmsmsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnss 147
INEFOAUCHION ...t bbbttt bbbttt 147
METNOAS ...ttt e ettt 150
RESUILS ...ttt Rttt ettt 152
Consumption BY PIANt PAM .......c.ceiriiiccee e 152
o TU AT 110 TR 153
Age and SeXUAl VAriatioN..........cccviiiiiiirss e 154
SASONAI VAMALON ...ttt 156
Consumption vVersus availability..........cceeiiiiieccces e e 156
Dietary diversity and SEIECHVILY ..........ccoiirriiircec e 158
Yot 7o o TSP 163
What is the Pygathrix nigripes feeding MIChE? ..........ccciieiiiieccee e 163
Do diets of Pygathrix nigripes track resource abundance and energy requirements? ................... 172
What implications does diet have for species distribution, carrying capacity and conservation of
PYQathriX NIGIIDEST .....eveeiieiieeeitetse ettt s 175
SUMMAIY ottt bbb bbb s bbb bbb s bbb bbb s s e s 179

X1



Chapter 8: CONCIUSION ... s 181

HaDItAt PIEFEIENCES .......viiececectce ettt bbb bbb as 181
BEBRAVIOU ...ttt 182
SOCIAl SIUCIUIE.....coiiie ettt bbbt sn s bbb tees 184
LT o Tol=Tor )oY TR 185
SCOPE FOr fULUNE SUAIES ....vvveveveeeieies e 186
REFEIENCES......ccccrrrerercc s 189
Appendix 1: Tree species found on transects............covnnnnnnnnnsn———— 209

xii



List of figures

Figure 2-1
Figure 2-2
Figure 2-3
Figure 2-4
Figure 2-5
Figure 2-6
Figure 2-7
Figure 2-8
Figure 2-9
Figure 2-10
Figure 2-11
Figure 3-1
Figure 4-1
Figure 4-2
Figure 4-3
Figure 4-4
Figure 4-5
Figure 4-6
Figure 4-7
Figure 4-8
Figure 4-9
Figure 4-10
Figure 4-11
Figure 5-1
Figure 5-2
Figure 5-3
Figure 5-4
Figure 5-5
Figure 5-6
Figure 5-7
Figure 5-8
Figure 5-9
Figure 5-10
Figure 5-11

Figure 5-12

Map of Seima Biodiversity COnServation Area............ocverienieniessiesesseseneeis 22
Clearance along the Samling road...........ccccceviiiiiceiiiciecee s 25
Collecting resin from Dipterocarpus alatus tree ..........cccovvvvceveeiscieeee s 25
Captive juvenile silvered langur (Trachypthecus margarita) ............cccccvevnieonnecninnenens 25
Female yellow-cheeked crested gibbon (Nomascus gabriellag) ...........c.ccccoevvvvvvicerirninnnn, 26
Pygmy loris (Nycticebus pygmaeus) splayed and dried............ccocoevverninninennieneens 26
Crossing the O’Mahoit River in the Wet SEaSON ..........cccccceviivcreiiscccce s 26
Rainfall data from the study Site..........cccoeeiiiiiicec e 30
Temperature data from the Study Site. .........coceriiiiic e 30
Daily air temperature and polynomial trend lines for April and December 2003 .................. 31
Daily air temperature and polynomial trend lines at 1.5 m and 10 m above the ground ...... 32
Study site showing camp, transect and cut trail locations and habitat types....................... 34
Distribution of tree heights by tranSect ... 53
Distribution of tree DBH Dy tranSect............ocvieniicieceee s 54
Distribution of tree basal area by fransect...........ccocevviiiicceessecece s 55
Cumulative mortality and broken stems of transect trees ...........ccovvevncrnicnnccniens 57
Monthly percentage of trees With IOWES .........c.ccceueiiiiiiccce e 60
Monthly percentage of trees With fruits............cooeeiiini s 61
Monthly percentage of trees without any leaves ... 62
Monthly percentage of trees With NEW [€AVES ...........ccvvvvicvcveriiiiccce e 63
Monthly percentage of trees with no leaves and New 1€aves ...........coocoeerrrvvircccisnnenns 64
Species incidence curve for Transects 1 and 2 combined. ............cccoceeevivevcceeisieceene, 66
Percentage of Importance Value Index (IVI) for dominant plant species. ..........cccccevevennne. 67
P. nigripes activity DUAGEL. ......cccovriiiicse e 81
Frequencies for travel by different [0cOMOtion types..........ccceveevvieieccesec e 82
Frequencies for SOCial DENAVIOUS ..........cccovririiiririesseceeee e 83
Activities by hour in the day ... 85
Activity budget summary for P. NIGripes............cveriieniinriescesee s 86
Frequencies of travel by different [0COMOLION. .........cccvvviiicciceeeecccce e 88
P. nigripes activity budget DY SEaSON. .........cccceeriiiiiiiirirs e 91
Monthly variation in infant to adult ratio in bisexual groups. ...........cccouevniernisninnenns 92
Mean canopy usage for P. nigripes by age and SEX Class .........cccovvereeeesniiieceesinns 97
Canopy usage by P. nigripes compared with forest stratigraphy ...........ccccoecvvvviccnnnnnns 98
Main activity budget categories stratified by canopy height and compared to transect tree
NIGNTS ..o 98
Main activity budget categories stratified by sUpports USed .........cccoovoveeerrnicccsss 99

xiil



Figure 5-13
Figure 6-1
Figure 6-2
Figure 6-3
Figure 6-4

Figure 6-5
Figure 6-6
Figure 7-1
Figure 7-2
Figure 7-3
Figure 7-4
Figure 7-5

Locomotion categories stratified by SUPPOrS USEd...........cveuerrviecneeeeeceer e 100
Map of SBCA showing WCS transect [0Cations ............ccceevevenveccreeesceseece s 124
Frequency distribution of estimated group sizes from Camp 6.........ccccccvevvcvvrircceiinnnns 125
Frequency distribution of estimated group sizes from SBCA core area .............ccccevevennee. 126
Frequency distribution of estimated group sizes from Camp 6 and SBCA core area
o70] 11 1= OSSPSR 126
Histogram of group sizes in the wet and dry SEASONS ..........ccccvvveeeereeisiieceee s 128

Percentage of sleeping and feeding trees within distance categories from nearest river. .133

Frequencies for feeding on different food types ......ccccvvviiceceisicecce e 152
Percentage of food items eaten at different times of the day..........cccocoevviviinniinnee, 153
Frequencies for feeding on different food types, by age and sex class ..........c..cocoevvvvunenee 155
Frequencies for feeding on different food types, by S€ason. ..........cccoeveeeevvviicccreinnnnn, 155
Availability indices of fruits (including seeds), flowers and young leaves by month............ 157

Xiv



List of tables

Table 3-1
Table 3-2
Table 4-1
Table 4-2
Table 4-3

Table 4-4
Table 5-1
Table 5-2
Table 5-3
Table 5-4
Table 6-1
Table 6-2
Table 6-3
Table 6-4
Table 6-5
Table 6-6
Table 6-7

Table 7-1
Table 7-2
Table 7-3
Table 7-4
Table 7-5
Table 7-6
Table 7-7

Number and duration of encounters with black-shanked doucs during this study................ 42
Relative frequencies for various forms of detection of black-shanked doucs...................... 47
Height, DBH, basal area, density and mortality for trees and lianas .............c.cccoceveveveriines 58
Simplified phenological patterns in leaf loss and flush ... 64
Spearman Rank Correlation Coefficient matrix for phenophases and environmental
VAMTADIES. ¢ vttt R bttt 65
Summary of forest structural data from other studies compared to this study. .................... 69
Activity budget summary for P. NIgripes. .......c.ccvviveeieiisecerce e 84
Percentage of grooming samples received and imparted ............cocooeverrnnnciccesnnenes 89
Activity budget summary for P. nigripes by age and sex Classes............cccocveeevrrceererennnn, 90
Activity budget summary for P. nigripes Dy SEaSON...........ccovuevrierniienieeniescees 91
Primate encounter rates on all transects, 2003-2005..........ccooeeeerieiieeeieeeeeeee e s 129
Correlations between encounter rates and habitat types ..........c.cocovvevricnncnnccnn, 130
Details of ranging behaviour of one group on 1st August 2004. ..........cccoovvvrvicnnnnnes 132
Sleeping tree species, height and DBH...........cccccoiiiiiiii e 133
Literature summary of genus Pygathrix group size and COMPOSItioN .........c.ccvereeecrrinnnn. 137
Male:Female and Adult:iImmature ratios in odd-nosed colobine Species. .........c.ccceevreeenes 140
Six most preferred species and the monthly availability of utilised plant parts based on
rANSECE AALA. ... 143
Percentage of food items eaten at different times of the day. ........cccooooveevvcciccccc 154
Frequencies for feeding on different food types by age and sex class...........c.ccccvvevevnnnee. 154
Correlations between availability indices and stem counts of phenology trees.................. 156
Correlations between plant part consumption and availability..........c.cccccoeervieevennicicnnen. 158
Positively identified plant taxa that Pygathrix nigripes was observed feeding from............ 161

Selection ratios for the 15 plant species with the greatest number of feeding records ...... 162

Percentage contribution of different plant parts to diet in several Asian colobine species. 171

XV



Xvi



