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Summary
The genus Pygathrix consists of three species, the red-shanked douc langur (Pygathrix neameus), 

the grey-shanked douc langur (P. cinerea) and the black-shanked douc langur (P. nigripes). These 
primates are found in Southeast Asia in Laos PDR, Cambodia, and Vietnam, where they occur only 
east of the Mekong River. The Endangered Primate Rescue Center (EPRC) in Northern Vietnam has 
lent itself to comparative locomotor studies of the red-shanked and the grey-shanked douc langurs 
where both have been observed to regularly engage in brachiation and forelimb suspension. The 
grey-shanked douc langur was observed engaging in forelimb suspension approximately 56% of all 
locomotor bouts whereas the red-shanked douc langur used forelimb suspension about 46% of all 
locomotor bouts. Historical literature placed the doucs into the semibrachiator locomotor category 
but also suggested arm-swinging was infrequent.

Scapular shape plays a central role in the ability for a primate to engage in forelimb suspension 
and brachiation-type behaviors. We examined the scapular diversity within the genus Pygathrix 
to document morphological variation. We observe that the douc langurs share a similar scapular 
morphology and therefore - by extension - share a locomotor repertoire that includes suspensory 
behaviors. We used 17 3D landmarks to gather shape data on the scapula of the genus Pygathrix. 
Our results show no significant difference between the scapular shape of the three species (P = 
0.354, P = 0.344). These results suggest Pygathrix is monomorphic for scapular shape.

Nghiên cứu về hình dạng xương bả vai giữa các loài voọc Chà vá  
(giống Pygathrix)

Tóm tắt
Giống Pygathrix có 3 loài gồm voọc Chà vá chân nâu (Pygathrix nemaeus), Chà vá chân xám (P. 

cinerea) và Chà vá chân đen (P. nigripes). Những loài này phân bố ở một số quốc gia vùng Đông 
Nam Á gồm Lào, Cambodia, và Việt Nam, phía đông của sông Mê Kông. Những nghiên cứu so sánh 
về sự vận động giữa hai loài Chà vá chân nâu và Chà vá chân xám đã được thực hiện tại Trung tâm 
Cứu hộ Linh trưởng nguy cấp. Kết quả cho thấy cả hai loài đều có kiểu di chuyển chuyền cành và 
treo người bằng hai chi trước. 

Cụ thể, kiểu di chuyển treo người trên hai chi trước chiếm 56% ở loài Chà vá chân xám có và 46% 
ở loài Chà vá chân nâu. Các tài liệu trước đây cũng khẳng định các loài chà vá có kiểu di chuyển 
bán chuyền cành và không thường xuyên di chuyển theo kiểu tung người và bám bằng hai chi trước.

Nghiên cứu về hình dạng của xương bả vai có vai trò quan trọng trọng việc tìm hiểu khả năng di 
chuyển chuyền cành và tung người. Chúng tôi đã phân tích các số đo và chỉ số liên quan để thấy 
được sự đa dạng về hình thái của xương bả vai giữa các loài chà vá. Chúng tôi thấy rằng hình thái 
xương bả vai của các loài chà vá về cơ bản giống nhau, do đó có cũng những kiểu di chuyển bao 
gồm cả kiểu vận động treo người. Chúng tôi đã phân tích 17 số đo 3 chiều của xương bả vai của 
các loài chà vá. Kết quả cho thấy không có sự khác biệt có ý nghĩa thống kê (P = 0.354, P = 0.344) 
về hình dạng của xương bả vai của 3 loài chà vá. Điều này giúp khẳng định giống Pygathrix có đặc 
trưng riêng về hình dạng của xương bả vai.
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Introduction
The douc langurs (genus 

Pygathrix) are Asian colobines 
(tribe Presbytini) that make up 
one of the four genera of the ‘odd-
nosed monkeys’ (Fleagle, 2013; 
Groves, 2001). Relative to other 
colobines, these primate genera 
(Rhinopithecus, Simias, Nasalis, 
and Pygathrix) are united by a 
distinct nasal morphology, a high 
intermembral index (90+), and a 
larger body size (Table 1) (Fleagle, 
2013; Groves, 2001). It is estimated 
that the odd-nosed clade split 
from other Presbytini members 
approximately 6.9 Ma followed by 
Pygathrix, which diverged from the 
other odd-nosed taxa approximately 
6.63 Ma (Liedigk et al., 2012; 
Sterner et al., 2006). Today there 
are three species of douc langurs 
recognized: the red-shanked douc 
langur (Pygathrix neameus), the grey-shanked douc langur (P. cinerea), and the black-shanked 
douc langur (P. nigripes) (Groves, 2001; Roos & Nadler, 2001; Nadler 2014).

Douc langurs are smaller than Rhinopithecus and Nasalis and are slightly larger than Simias 
(Table 1) (Delson et al., 2000; Smith & Jungers, 1997]. Like most other colobines, douc langurs exhibit 
a largely folivorous diet, multi-chambered stomachs, relatively long tails, high molar shearing crests, 
and reduced thumbs (Fleagle, 2013). As is suggested by their common names, the douc langurs are 
phenotypically distinguished by the coloration of their hind-limbs. The douc langurs inhabit evergreen 
and semi-evergreen forests throughout Southeast Asia with little overlap in their territories (Lippold 
& Vu Ngoc Thanh, 2015; Nadler & Brockman, 2014). P. nigripes is found in southern Vietnam and 
eastern Cambodia, P. cinerea in the central highlands of Vietnam, and P. nemaeus in east-central 
Laos, north-central Vietnam and in a very small part of northern Cambodia (Nadler & Brockman, 2014; 
Rawson et al., 2008; Vu Ngoc Thanh et al., 2008a; Vu Ngoc Thanh et al., 2008b).

The taxonomy of the genus Pygathrix has recently been in flux. Prior to 2001 the regional diversity 
in douc langurs was often regarded as intra-specific variation as all were classified as members of 
the species P. nemaeus (Nadler, 1997). P. nemaeus was first described by Linnaeus in 1771. Milne-
Edwards (1871) later designated the black-shanked douc as the sub-species P. nemaeus nigripes. 
Finally, in 1997 the grey-shanked douc langur was described as P. nemaeus cinerea (Nadler 1997). 
In 2001, mitochondrial DNA findings motivated the reorganization of Pygathrix into the currently 
recognized set of three species, elevating the subspecies into species (Roos & Nadler, 2001; Roos 
et al., 2007). The undisputed findings of Roos & Nadler (2001) is one of the bases for the current three 
species phylogeny. P. nigripes is estimated to have diverged 1.69 – 1.31 Ma (from other Pygathrix 
spp.) followed by P. cinerea and P. nemaeus at 0.66 Ma (Liedigk et al., 2012). Additionally, Roos & 
Nadler (2001) noted phylogenetic structure in the genus, finding P. nigripes to be the most basal taxa 
and P. nemaeus and P. cinerea to be sister taxa.

In addition to the taxonomy, the locomotor classification of the douc langurs has also been under 
recent revision. Historical literature placed the douc langurs into the ‘semibrachiator’ locomotor 
category but indicated Pygathrix seldom exhibited arm-swinging behaviors (Napier & Davis, 1959; 
Napier & Napier, 1967). The term semibrachiator was initially put forth on the basis of musculoskeletal 
studies of some colobines (e.g. Presbytis, Rhinopithecus, Nasalis, Colobus) (Ashton & Oxnard, 1963; 
1964a; 1964b). In addition to the musculoskeletal studies, it was observed that these colobines would 

Table 1.  Average male weight for the odd-nosed monkey clade and other African and Asian 
colobines (Delson et al., 2000; Fleagle, 2013; Smith & Jungers, 1997).

Weight (kg)

Odd-nosed 
colobines

Pygathrix spp. 11

Nasalis larvatus 20

Rhinopithecus spp. 14 – 20

Simias concolor 9

African colobines Colobus angolensis 9.68

Colobus polykomos 9.9

Colobus guereza 13.5

Piliocolobus badius 8.36

Asian colobines Trachypithecus francoisi 7.7

Trachypithecus phayrei 7.87

Trachypithecus johnii 12

Presbytis melalophos 6.59
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leap then use their forelimbs to grasp handholds or check momentum (Napier, 1963). In their classic 
work, Napier & Napier (1967) included Pygathrix in the category “Old World Semibrachiator” (Table 2). 
A study of Rhinopithecus bieti (sister taxa to Pygathrix) found R. bieti to use climbing extensively and 
the authors suggest that the forelimb morphology of Rhinopithecus is actually a reflection of climbing 
rather than arm-swinging (Isler & Grüter, 2006). Another study found R. bieti to use semibrachiation 
only on rare occasions (Wu, 1993). Additional work on Rhinopithecus avunculus found these monkeys 
to use arm-swinging behaviors in low frequencies, about 5.23% of the time (Le Khac Quyet, 2014).

Table 2.  ‘Old World Semibrachiators’ classification adapted from Napier & Napier (1967).

Category Sub-type Genera

Quadrupedalism Slow climbing type Arctocebus, Loris, Nyticebus, Perodicticus

Branch Running and walking 
type

Aotus, Cacajao, Callicebus, Callimico, 
Callithrix, Cebuella, Cebus, Cercopithecus, 
Cheirogaleus, Chiropotes, Lemur, 
Leontideus, Phaner, Pithecia, Sanguinus, 
Saimiri, Tupaia

Ground running and walking 
type

Macaca, Mandrillus, Papio, Theropithecus, 
Erythrocebus

New world semi-brachiation type Alouatta, Ateles, Brachyteles, Lagothrix

Old World semi-brachiation type Colobus*, Nasalis, Presbytis, Pygathrix, 
Rhinopithecus, Simias

Brachiation True brachiation Hylobates, Symphalangus, Nomascus

Modified brachiation Gorilla, Pan, Pongo

* Colobus has since been removed from any brachiating locomotor category (Mittermeier & Fleagle, 1976).

Unlike the other odd-nosed colobines, the red-shanked and grey-shanked douc langurs have 
been regularly observed engaging in brachiation and forelimb suspension in captivity at the 
Endangered Primate Rescue Center (EPRC), Vietnam (Byron & Covert, 2004; Workman & Covert 
2005; Wright et al., 2008]. Byron & Covert (2004) found suspensory behavior to make up 46% of all 
the red-shanked douc langurs’ locomotor bouts within the EPRC. Similarly, Wright et al. (2008) found 
suspensory behavior to encompass nearly half of the douc langurs locomotor repertoire and found a 
gradient in the frequency of suspensory behaviors between two species of doucs (P. nemaeus, 46%; 
P. cinerea, 56%). The suspensory locomotor behavior expressed by Pygathrix in the EPRC has also 
been recently observed in wild groups of black-shanked doucs (Rawson, 2009; Tran Van Bang et 
al., 2011). Some wild postural data of red-shanked doucs has also suggested the use of suspensory 
and brachiation behaviors (Ulibarri, 2013). The infrequently observed semi-brachiation behavior in 
their sister taxa combined with information about the age of the clade suggests a relatively recent 
locomotory shift to the semi-brachiator status in Pygathrix.

The scapula is an important component to forelimb use and therefore its morphology is dramatically 
influenced by locomotor behavior, including brachiation and presumably semi-brachiation (Ashton 
& Oxnard, 1964b; Green 2013; Larson, 1993). Scapular skeletal markers indicative of brachiating 
behaviors include a well-developed scapular spine, a cranially oriented and relatively shallow 
glenoid fossa, and narrow supra-and infraspinous fossae (Ashton & Oxnard, 1964b; Larson, 
1993, Michilsens et al., 2009). Ashton & Oxnard (1964b) speculate that the scapular features of a 
semibrachiator should fall in an intermediary position between true brachiators and quadrupeds. A 
previous study recorded scapular indices of the odd-nosed monkeys and found this grade to exhibit 
a morphology similar to the great apes and the atelines -groups thought to be adapted (at least in 
part) to brachiation (Su & Jablonski, 2008). Though in the last 15 years there have been a handful of 
behavioral studies supporting the semibrachiator category, few morphological studies have been 
conducted (Byron & Covert 2004; Covert et al., 2004). 
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This study is a preliminary investigation into the scapular shape diversity within the genus Pygathrix. 
Though Wright et al. (2008) found differences in suspensory behavior between P. nemaeus and P. 
cinerea, the relatively small nature of the behavioral differences suggests they are unlikely to have an 
effect on scapular form. We hypothesize that the genus Pygathrix shares a common gross scapular 
morphology, presumably one consistent with observed locomotor behaviors despite minor variations 
in semi-brachiation frequencies (Wright et al., 2008). Uniform scapular shape would indicate that the 
species P. nigripes is likely also a semi-brachiator (assuming that scapular morphology is reflective 
of locomotion in this taxon), an important inference given P. nigripes’ basal status within the genus. 
We present preliminary data on the gross scapular shape of the douc langurs.

Material and Methods
Specimens were measured at the Muséum National d’Histoire Naturelle Paris (France) the 

Dalat Museum (Vietnam), the Southern Institute of Ecology (Ho Chi Minh City, Vietnam), and the 
Endangered Primate Rescue Center (Vietnam). Specimens were required to be mostly complete, 
with at least 15 landmarks present. Two P. nigripes specimens were broken in minor places and 
required imputation. The first specimen that was broken required imputation for landmarks four and 
eight. The second broken specimen required imputation for landmark number four

To assess the scapular shape within the genus Pygathrix a Microscribe G2X (Immersion 
Technologies San Jose, California) was used to record landmark data on 35 specimens (Table 3). 
Following Young (2008) 17 landmarks were recorded at bony junctions on the scapula (Fig. 1, Table 
4). These landmarks are ideal because they are easily identifiable on all primate taxa and also assess 
the gross components of the scapula by marking all major boney intersections, protuberances, and 
depressions. Given the variable locomotor behavior of juvenile primates, and the underdeveloped 
nature of juvenile morphology, only adult specimens where used in this study (Young 2006).

Table 3.  Species counts.

Species N Location

Pygathrix cinerea 14 Kon Ka Kinh Primate Conservation Program (2)
Endangered Primate Rescue Center (12)

Pygathrix nemaeus 18 Muséum National d’HistoireNaturelle (2)
Endangered Primate Rescue Center (16)

Pygathrix nigripes 3 Dalat Museum (1) Southern Institute of Ecology (2)

Fig.1.   Landmarks used following the methods of Young (2008).
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All data analyses were conducted using the geomorph package in R (Adams & Otárola-Castillo, 
2013). Landmark data were Procrustes-transformed prior to conducting principal components 
analyses (PCA). A Procrustes ANOVA and a Pairwise Group ANOVA were further preformed to 
quantitatively assess the differences among Pygathrix spp. scapulae.

Results
The Procrustes ANOVA showed no significant difference (P = 0.354) between the three species 

(Table 5). Results of the pairwise group ANOVA also showed no statistically significant differences 
between the taxa (P = 0.344) (Table 6). Principal Component (PC) one accounts for approximately 
27% of the variation, PC two accounts for 15% of the variation observed in the scapula, and the first 
five PC scores account for approximately 68% of the overall variation (Table 7). The PCA generally 
shows an intermingled distribution of the species (Fig. 2). P. nigripes has positive PC scores on the 
first and second axis and are therefore confined to the upper-right quadrant of the graph whereas P. 
nemaeus and P. cinerea are evenly distributed across PC one and two.

Table 5.  Results Procrustes ANOVA.

DF SS r2 F p

14 0.0151 0.0628 0.0958 0.354

Table 6.  Results Pairwise Group ANOVA.

DF SS r2 F p

14 0.0151 0.0628 0.0958 0.344

Table 7.  PCA Results:

PC1 PC2 PC3 PC4 PC5

SD 0.0437 0.0327 0.0295 0.0241 0.0209

Proportion of Variance 0.2713 0.1523 0.1232 0.0825 0.0621

Cumulative Proportion 0.2713 0.4236 0.5468 0.6294 0.6916

Table 4.  Landmarks used following the methods of Young (2008).

No. Landmarks

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17

Suprascapular notch
Superior angle
Vertebral border and scapular spine intersection
Inferior angle
Teres major fossa
Infraglenoid tubercle
Spinoglenoid notch
Medial extent of trapezius attachment on scapular spine
Inferior extent of glenoid fossa
Lateral extent of glenoid fossa
Medial extent of glenoid fossa
Superior extent of glenoid fossa
Central maximum curvature of glenoid fossa
Coracoid prominence
Superior tip of the coracoid process
Inferior tip of the coracoid process
Distal-most point of the acromion process.
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Discussion
The results presented provide tentative support for the hypothesis that there is no significant 

variability in scapular shape of the douc langurs. Due to the rarity of these primates, specimen 
availability is limited, particularly for P. nigripes. For this reason, some caution is required when 
interpreting these results. However, considering the overall distribution of the three taxa within the 
principal components analyses, as well as the results of the ANOVAs, the three taxa appear to share 
a similar scapular morphology. Due to these similarities, we speculate that the locomotor behavior 
of the black-shanked douc is also that of a semibrachiator, despite the lack of direct observation of 
their locomotion.

The douc langur species have very little overlap in their range. The grey-shanked douc is primarily 
found at higher elevations in the Central Highlands of Vietnam where the environment and vegetation 
is appreciably different (Vu Ngoc Thanh et al., 2008a). The forest in Kon Ka Kinh National Park (in the 
Central Highlands) is a lowland moist subtropical forest (Ha Thang Long et al., 2011). Grey-shanked 
doucs in Gai Lai Province, Vietnam are known to spend 60% of feeding time in trees that are 15 – 19.9 
m in height (Ha Thang Long, 2010). In the Son Tra Nature Reserve, which hosts a population of red-
shanked doucs, trees tend to be shorter (9.34 ± 3.52 m) (Ulibarri, 2013) whereas the mean height of 
sleeping trees for the black-shanked douc langur in the Mondulkiri Province, Cambodia was 20.83 
± 3.06 m (Rawson, 2009). The density of vegetation, tree height, and changes in elevation in these 
differing areas would presumably require modifications to typical locomotor behaviors. Additionally, 
despite the gradient in observed frequencies of suspensory behaviors documented by Wright et al. 
(2008), there was no noticeable difference in scapular shape between the red-and grey-shanked 
douc langurs.

Increased body size is suggested to increase the proclivity towards below-branch locomotion 
versus above-branch locomotion (Napier & Napier, 1967; Young, 2003). Compared to other colobines, 
the odd-nosed monkeys are typically larger and this could be the eminent factor for the observed 
divergence and variability in their locomotor patterns as compared to other smaller colobines (Table 
1). Arboreal colobines also tend to be significantly larger than their arboreal cercopithecine cousins 
(Fleagle, 2013), none of which are grouped into Napier & Napier’s (1967) ‘Old World Semi-brachiation’ 
category (Table 2), whereas Napier & Napier (1967) classified all of the odd-nosed monkeys as 
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Fig.2.   Principle Component Analysis of scapular shape diversity of Pygathrix spp.
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semibrachiators. However, each of the odd-nosed monkey species tends to move through their 
environment in different ways. Nasalis has regularly been observed swimming in the mangrove 
swamps of Indonesia and Rhinopithecus bieti is largely terrestrial and is often found slow climbing 
to maneuver through the trees (Isler & Grüter, 2006; Yeager, 1991). Conversely, R. avunculus rarely 
comes to the ground (Dong Thanh Hai & Boonratana, 2006). We speculate that the increased body 
size in odd-nosed monkeys is a contributing factor to the varying locomotors patterns observed in this 
clade, and especially the use of brachiation and slow-climbing types of locomotion when arboreal.

Conclusion
This morphological study shows little to no significant variation between the scapulae of the three 

Pygathrix species. The douc langurs are a particularly understudied group of Old World monkeys 
(Byron & Covert, 2004). The studies that have been conducted on their locomotor behavior have 
predominantly been in a captive environment (e.g. Byron & Covert, 2004; Covert et al., 2004; 
Workman & Covert, 2005; Wright et al., 2008). Notwithstanding the oscillating changes in taxonomy 
and locomotor classifications, a long-term study of the douc langur locomotor repertoire should 
be considered for future studies to further identify frequencies of arm-swinging and suspensory 
behaviors in their natural habitat. Other morphological studies of the humerus and clavicle would be 
especially useful to identify locomotor patterns in these primates and identify shape variability within 
the genus. This study also warrants an investigation of the scapular shape of semibrachiators. It is 
possible semibrachiators, specifically Pygathrix, have a unique scapular morphology reflective of 
their intermediate locomotor category.
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