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ABSTRACT

We studied the behaviour of captive Germain’s Langur Trachypithecus germaini (Milne-Edwards) housed in a
3,000 m? naturalistic enclosure near Siem Reap, Cambodia. We studied a group of five individuals from May to
July 2014, yielding 186 hours of data. We used instantaneous focal sampling to collect data on activities, social
proximity, forest strata use and weather. The langurs were resting in 47.2% of scans, feeding in 43.6% of scans,
traveling in 5.0% of scans, and grooming in 4.2% of scans. They spent 18.2% of their time in social proximity
and varied in their time spent in different forest strata: the canopy (17.0%), understorey (563.7%) and forest floor
(29.2%). The daily activity pattern showed three stages, feeding — resting — feeding. Feeding was inversely related
to resting and grooming. More time was spent in the canopy and less on the floor during rain, while the opposite
applied to sunny weather. Langurs were more often in social proximity during sunny weather. We additionally
observed mycophagy and geophagy. The findings conform to the ecology of other Trachypithecus species and
differences were likely due to the captive environment. An optimal pre-release environment should comprise a
sufficient size, high-quality vegetation and appropriate feeding times, which may adjust the activity budget and

pattern to fit a wild environment.
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INTRODUCTION

Trachypithecus spp. are folivorous monkeys dis-
tributed across Southeast Asia. The genus Trachyp-
ithecus belongs to the group of Asian Colobines, along
with the two other langur genera, Semnopithecus spp.
and Presbytis spp. Within the genus Trachypithecus,
20 species are acknowledged (Roos et al., 2014). The
IUCN (2014) recognised 14 species as threatened with
extinction; however, this number recently increased to
16 at the November 2015 IUCN Red List of Threat-
ened Species List assessment workshop for Asian
primates (Ramesh Boonratana, pers. comm.). Like
most primates, the main threats to these langur popu-
lations are habitat loss, hunting and live capture (Chap-
man & Peres, 2001). One species that is particularly
threatened is the Germain’s Langur T. germaini (Milne-
Edwards), sometimes known as Indochinese Silvered
Langur. The species is found in Lao PDR, Vietnam,
Thailand, Myanmar and Cambodia (Roos et al., 2014),

of which Cambodia holds the highest numbers of T.
germaini (Moody et al., 2011; Timmins et al., 2013).
The total population declined more than 50% over the
past 36 years, or three generations, the period influ-
encing the IUCN'’s threat status classification (Nadler
et al., 2008). Although data on the impact of hunting
on these primates are scarce, their near or complete
absence in some highly suitable habitats signifies that
they may have been hunted out (Moody et al., 2011;
Timmins et al., 2013). Despite their Endangered sta-
tus (Nadler et al., 2008), the species has received little
conservation attention (Moody et al., 2011) and until
now, no ecological or behavioural studies have been
conducted on these langurs (Coudrat et al., 2011). The
absence of baseline ecological data hampers suitable
conservation action and management strategies for
the dwindling populations of 7. germaini (Moody et al.,
2011; Phan & Stevens, 2012). It is therefore of critical
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importance to increase our knowledge of the species.

Activity budgets and patterns provide this basic eco-
logical information, which contributes to both ongoing
and successive conservation efforts such as conser-
vation translocation (Phan & Stevens, 2012). Conser-
vation translocation (hereafter referred to as translo-
cation) is defined as the international movement and
release of a living organism where the primary objec-
tive is a conservation benefit (UCN SSC, 2013). Before
translocating animals into the wild, the IUCN urges that
baseline data of the species’ natural activity have been
collected (IUCN SSC, 2013). Decent pre- and post-
release studies are however scarce and both the qual-
ity and quantity of these studies should be enhanced
(Mathews et al., 2005). Studies on activity budgets and
patterns can include information on forest strata use
(Bernstein, 1972; Schneider et al., 2010; Ampeng &
Md-Zain, 2012; Workman & Schmitt, 2012) and exam-
ine ecological responses to external variables such as
the weather (Bernstein, 1972; Altmann, 1974; Stelzner
& Hausfater, 1986; Bronikowski & Altmann, 1996;
Janmaat et al., 2006), which will not only enhance the
quality of pre-release studies but also facilitate post-
release monitoring.

The activity budgets of different species of wild Tra-
chypithecus do not vary substantially; however, activity
budgets between captive and wild langurs can differ
significantly (e.g. Phan & Stevens, 2012). For conser-
vation purposes, the pre-release activity budget should
closely approximate that of wild conspecifics, since
more ‘natural’ behaviours in pre-release primates are
found to be an indicator for successful translocation
(Soorae, 2008). To overcome or prevent a discrepancy
in pre- and post-release activity budgets, one could
provide a pre-release environment that closely repre-
sents the post-release environment. This will cause the
primates to adapt to the new situation quicker, which
increases their chance of survival and reproductive
success (Kleiman et al., 1989; Mathews et al., 2005). It
is therefore important to understand what parameters
should be taken into account when constructing pre-
release environments. In this study, we present pre-
release ecological information of captive T. germaini.
We analysed their daily activity budget, activity pattern
and relationships between weather type and activity
budget. We discuss the ecological correspondence
with wild Trachypithecus species and implications for
pre-release environments.

METHODS
Study area

The research was conducted at the Angkor Centre
for Conservation of Biodiversity (ACCB), established in
2008 by Munster Zoo and the Zoological Society for
the Conservation of Species and Populations (ZGAP)
(Westfalischer Zoologischer Garten Munster AG,
2013). The centre is situated at the protected site of
Kbal Spean, adjacent to Phnom Kulen National Park
and located in Cambodia’s north-western Siem Reap
Province. ACCB is not open to the public but provides
guided tours from Mondays to Saturdays at 9:00 h and
13:00 h.

Study animals

At the start of this study, ACCB housed five T. ger-
maini individuals, of which three had been rescued
from the illegal wildlife trade and two were born at the
centre. ACCB aims to translocate the group of langurs
when a suitable habitat is found.

The study group included one adult and three sub-
adult females and one adult male. It was unknown
whether the subadult females were related to either of
the adults because reports on the animals were absent
or incomplete. The langurs were situated in a natural-
istic open enclosure measuring approximately 3,000
m? (Fig. 1-3). They could cross the entire enclosure
through the canopy. One side bordered the enclosure
of three female Pileated Gibbons Hylobates pileatus
Gray. A satellite cage used for food provisioning was
situated at the rear of the enclosure. Keepers entered
the cage each day at 13:00 h to scatter vegetables
(Chinese long beans, Thai eggplant, pumpkin, carrot,
beetroot and turnip, cut in pieces of 5-10 cm) and
monitor the langurs’ condition. Visitors had little inter-
action with the animals: guided tours only passed the
lower right corner of the enclosure and were separated
2 m from its border by a second fence. Additionally,
the enclosure’s dense vegetation prevented tour visi-
tors from viewing the langurs during feeding time.

Data collection

| (the first author) observed the langurs from out-
side the enclosure from May to July 2014 on five ran-
domised days per month, which were chosen by using
an online random calendar date generator. | followed
the primates from dawn to dusk (6:00 h-18:25 h),
and collected 186 hours of observation data. | applied
the instantaneous focal sampling method (Martin and
Bateson, 1993) using 20-minute samples with 5-min-
ute intervals. After each sample there were 5 minutes
to search for the next individual. | used a stopwatch to
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Fig. 1. Top view of the naturalistic open enclosure of T. germaini at Angkor Centre for Conservation of Biodiversity,

Cambodia.
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Fig 2. lllustration of the enclosure of T. germaini at Angkor Centre for Conservation of Biodiversity, including
vegetation strata (1: canopy, >6m; 2: understorey, 1-6m; 3: floor <1m). lllustration by B. de Groot.

keep track of time, which signalled sampling instants
through vibrations. Each individual was observed six
times in a predetermined randomised sequence, of
which the order was obtained through an online ran-
dom sequence generator, adding up to 30 samples
per day. | used Celestron Nature DX 8x42 binoculars
when behaviours were too ambiguous to determine
with the naked eye. The oldest subadult female died
from pneumonia and colitis after the 11" day of ob-

servation; hence | observed each individual seven or
eight times on days 12-15. | calculated inter-observer
reliability from a synchronised observation session of
eight samples, with the help of the second observer,
Gabrielle Nussbaum (the Assistant Project Manager
of ACCB). Following the method of Caro et al. (1979),
with a sample size of five observations x five individuals
(=25 observation samples), inter-observer agreement
proved to be 95%.
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| collected data on activities, social proximity, forest
strata use and weather (Altmann, 1974) and refer to the
first three categories together as the activity budget.
Activities included feeding, resting, locomotion, groom-
ing, playing, agonistic behaviour and other behaviour.
If the individual was not visible, it was scored ‘out of
sight’. A sample was excluded from analysis when the
focal animal was out of sight for more than one record-
ing (>20%), which did not happen during this study: |
was able to keep all individuals within sight as all areas
in the enclosure were visually accessible from a certain
place around the fence. This was facilitated by the way
the trees in the enclosure formed parallel rows (Fig. 2). |
additionally collected data on social proximity (‘social’,
i.e. within one arm’s reach of another individual; ‘non-
social’), forest strata use (floor; understorey; canopy)
and weather (sunny; cloudy; raining).

Data analysis

We pooled the raw data into thirteen hourly time-
intervals from 06:00 (5:30-6:30) h to 18:00 (17:30—
18:30) h for each day (N=195). We calculated the pro-
portion of records that the langurs spent (a) feeding,
resting, locomoting or grooming; (b) in social proximity
or not; (c) on the floor, understorey or canopy; (d) in
sunny, cloudy or rainy weather, and (e) out of sight, as

percentages of the total count of (1) activities; (2) so-
cial proximity; (3) forest strata use; (4) weather; and (5)
visibility respectively. We used a Kruskal-Wallis test to
analyse variation in activities over the hours of the day
and applied a Spearman’s rank correlation to explore
associations between activities. Finally, we applied
Spearman’s rank correlation to explore the relationship
between the three weather variables and nine activ-
ity budget components (‘non-social’ excluded; ‘out of
sight’ included). The significance level was 0.005 after a
Bonferroni correction. Since this correction decreased
the test’s statistical power, we present all correlational
findings and consider their effect sizes (Garcia, 2004;
Nakagawa, 2004). Although the percentages reported
in the following findings represent proportions of in-
stantaneous recordings (Altmann, 1974), we refer to
them as ‘percentages of time’ to facilitate comprehen-
sion.

RESULTS
Activity budget

The langurs spent most of their daily time resting
(47.2%) and feeding (43.6%), while locomotion (5.0%)
and grooming (4.2%) were scored less frequently (Fig.
4). Non-provisioned feeding objects included young

Fig 3.Three individuals resting in the understorey. Photo taken from the shortest side of the enclosure,
by B. de Groot.
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Fig. 4. Activity budget (mean+ SE) of T. germaini, including time spent out of sight. Most time was spent
resting and feeding, in a non-social context and in the understorey of the vegetation.
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Fig. 5. Activity pattern of T. germaini. A peak in resting can be observed around noon; a peak in feeding
around 13:00 h indicates time of food provisioning. Lines serve solely illustrative purposes since hours
represent discrete data points.
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Table 1. Percentage (%) of time spent on activities, in social proximity and in forest strata, under different
weather conditions. Relationships between activity budget variables (N=195) and weather type are measured in
correlations (Spearman’s rho, r)). P-values of significant correlations (p<0.05) are given.

Weather
Total Activity Sunny Cloudy Raining
Budget % ‘. o ‘. o % ‘. o

Behaviour

Resting 47% -0.06 46% -0.01 59% 0.18 0.014

Feeding 44% -0.02 45% 0.04 39% -0.07

Locomotion 5% 0.12 4% -0.04 2% -0.15 0.032

Grooming 5% 0.14 4% -0.06 0% -0.19 0.008
Social proximity?

Social 94% 0.20 0.004* 84% -0.18 80% -0.18 0.013
Forest strata

Floor 38% 0.32 0.000* 25% -0.14 0.045 1% -0.36  0.000*

Understorey 53% -0.02 59% 0.12 39% -0.03

Canopy 10% 0.29 0.000* 16% 0.08 61% 0.28 0.000*

@Non-social was left out of the analysis since it was mutually exclusive with Social.
Note. Significant correlations after Bonferroni correction (p<0.005) are indicated with an asterisk (*).

and mature leaves of Xylia xylocarpa (Roxb.) Taub.,
Dipterocarpus alatus Roxb. ex. G.Don., and D. intri-
catus Dyer, buds, bark, mushrooms and soil. On three
days near the end of June for at least three consecu-
tive hours we observed T. germaini feeding on mush-
rooms, a food source that until now was unknown to
be included in their diet (e.g. Zinner et al., 2013). We
never observed play behaviour, and agonistic behav-
iours were rare and did not occur on sampling instants.
The animals were in social proximity to another indi-
vidual for 18.2% of the time. They spent more than half
of their time in the understorey (53.7%), followed by the
forest floor (29.3%) and canopy (17.0%). The langurs
were out of sight for 1.8% of the time.

Activity pattern

Resting and feeding were significantly related to time
of day (Kruskal-Wallis test: H [12]=43.78, p<0.001; H
[12]=51.41, p<0.001 respectively). The langurs fed
most often on non-provisioned food in the early morn-
ing (8:00 h) and late afternoon (15:00 h—17:00 h), when
on average feeding comprised more than 50% of their
activities (Fig. 5). Resting increased around noon, but
the peak in feeding at 13:00 h marks the time of food
provisioning. As shown by the Spearman’s rank cor-
relation, there was a strong significant inverse relation

between feeding and resting r.= -0.87, p<0.01, and,
less strong, between feeding and grooming, r,=-0.23,
p<0.01. This indicates that grooming and resting oc-
curred more frequently at times when feeding occurred
less. Locomotion was fairly evenly distributed over the
day and did not account for more than 10% of daily
activities on any hour.

Weather and activity budget

The activity budget varied under different weather
conditions (Table 1). The Spearman’s rank correla-
tion depicted the following significant associations
between weather and activity budget variables. Time
spent on the floor was positively correlated with sunny
weather (r.=0.32) and negatively correlated with rain
(r,=-0.36). Time spent in the canopy was positively cor-
related with rain (r,=0.28) while it was negatively cor-
related with sunny weather (r.=-0.29). Thus, langurs
were more often on the floor during sunny weather and
less during rain, while the opposite was true for rainy
weather. Social proximity too was positively related to
sunny weather (r,=0.20). We present all findings (Table
1), however, the relationships found when no Bonfer-
roni correction would have been applied all fell below
r.=0.20, indicating only small effects (Field, 2009).
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Table 2. Daily activities in percentages (%) for various Trachypithecus species.

Activity (%)
Species Source
Resting Feeding Locomoation Social

Delacour’s Langur’ 45 29 13 13 Phan & Stevens,
T. delacouri (Osgood) 2012
Francois’ Langur? 45 32 14 9 Yang et al., 2007
T. francoisi (Pousargues)
Francois’ Langur? 64 22 12 2 Yang et al., 2005
T. francoisi (Pousargues)
Indochinese Silvered Langur® 47 44 5 4 Current study
T. germaini (Milne-Edwards)
Hatinh Langur’ 57 17 19 7 Phan & Stevens,
T. hatinhensis (Dao Van Tien) 2012
Capped Langur? 40 35 18 7 Stanford, 1991
Trachypithecus pileatus (Blyth)
White-headed Langur? 50 13 18 19 Li & Rogers,
T. leucocephalus Tan 2004
Cat Ba Langur? 66 15 11 8 Schneider et al.,
T. poliocephalus (Trouessart) 2010
Dusky Leaf-monkey? 35 40 23 2 Md-Zain &
T. obscurus (Reid) Ch’ng, 2011

" Captive individuals inhabiting semi-free ranging enclosures of 2-5 ha.

2 Free-ranging individuals in a wild environment.

8 Captive individuals inhabiting a naturalistic open enclosure of 1/3 ha.
Note. We collapsed behaviours if studies had more than four behavioural categories. Social activities included
grooming and playing; Resting included all other stationary behaviour such as autogrooming, vocalization, hud-

dling and other non-moving behaviour.

DISCUSSION
Ecological correspondence with other Trachy-
pithecus species

The activity budget of the T. germaini largely agrees
with the overall pattern found in Trachypithecus spe-
cies, with high percentages of feeding and resting, and
low percentages of social behaviours (Table 2). Their
folivorous diet requires obligatory resting time for the
process of rumination (Korstjens et al., 2010), which
restricts the time that can be spend on social activi-
ties. The low amount of locomotion may be a result
of the higher abundance of leaves over fruit (Huang et
al., 2008). We would like to note that the absence of
information on the preferred food sources and feeding
behaviour of T. germaini in the wild prevents a well-
founded explanation of their activity budget.

Kirkpatrick (2011) describes Asian colobines as
rather unsocial primates, based on the percentage of
their time spent grooming. Although being social is the

least time-consuming activity of Trachypithecus spe-
cies (Table 2), they show higher percentages of social
time than the colobine species described in Kirkpatrick
(2011), which were social for around 2% of their time.
Although T. germaini groomed only 4.2% of their time,
they were 18.2% of the day in close social proximity
with another individual. Being in social proximity was
not a matter of chance; the langurs actively searched
for each other’s company, would then sit down within
each other’s reach and rest together.

We did not observe play behaviour in T. germaini,
presumably since all langurs were independent individ-
uals. Agonistic behaviour seldom occurred. It has been
argued that the generally low rate of intragroup ago-
nistic behaviours in folivorous primates, as compared
to frugivorous species, is a consequence of their diet
(McKenna, 1979; Isbell, 1991; Sterck & Steenbeek,
1997). Fruits are fairly scarce and clumped (Janson
& Chapman, 1999) and therefore easier to monopo-
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lise than a more abundant and dispersed food source
such as leaves (Wrangham, 1980; Whitten, 1983; Har-
court, 1987; Cowlishaw & Dunbar, 2000). The group
composition (age and sex classes of the individuals)
may form an additional explanation of the absence of
play and agonistic behaviours.

Weather and activity budget

We found that 7. germaini spent more time in the
canopy and less time on the floor during rain, while
the reverse was true for sunny weather. Sitting in the
canopy during rain likely protected the langurs from
the heavy showers that fell down from water-saturat-
ed leaves, while during sunny weather they may have
preferred the shade of lower forest strata. The langurs
never came down to the floor during or soon after rain,
presumably since the ground was wet and muddy. Al-
though Southern Pig-tailed Macaques Macaca nemes-
trina (Linnaeus) did not spend less time on the floor
during rain, perhaps due to the discrepancy in their be-
havioural ecology compared to langurs, the macaques
did show less social behaviours such as grooming and
playing (Bernstein, 1972). In line with this finding, T.
germaini never groomed in rainy weather, which with-
out the applied Bonferroni correction would have led
to a significant negative relationship between the two
variables. Rain may make grooming less enjoyable for
the receiving individual, as the water may reach the
skin which most likely is an unpleasant experience.
This may also explain why T. germaini spent more time
in social proximity during sunny weather.

Ecological inconsistencies with other Trachy-
pithecus species

T. germaini shows the highest percentage of feed-
ing and lowest percentage of locomotion compared to
the other Trachypithecus species (Table 2). This incon-
sistency was likely due to their captive environment,
relating to (1) the relatively small size of the enclosure;
(2) the low quality of the vegetation; and (3) food pro-
visioning.

Firstly, the majority of the Trachypithecus species
described in Table 2 were wild, and the semi-free
ranging Hatinh Langur T. hatinhensis (Dao Van Tien)
and Delacour’s Langur T. delacouri (Osgood) had sig-
nificantly larger enclosures than T. germaini (5 ha; 2 ha
and 1/3 ha respectively). Indeed, caged T. hatinhen-
sis and T. delacouri in 10 m x 5 m x 3 m enclosures
spent more time feeding and less time locomoting than
their semi-free ranging conspecifics (Phan & Stevens,
2012). Langurs in larger enclosures may benefit from
traveling farther distances since this would lead them
to new food sources. Traveling equally long distances

in smaller enclosures implies visiting the same areas
over again, which would cost energy without gaining
any benefits. As the limited size of the enclosure may
have significantly affected the observed behaviours,
extrapolation of the findings to the wild must be treated
with caution.

Secondly, the low quality of the vegetation in the en-
closure could have caused T. germaini to spend more
time feeding to gain enough nutrients (c.f. Li & Rogers,
2004; Zhou et al., 2007). Apart from two trees, the lan-
gurs”enclosure solely contained trees of the species D.
alatus, and leaves of dipterocarp trees are generally not
favoured by colobines as they have a low protein to fi-
bre ratio and contain high levels of terpenes (Bennett &
Davies, 1994; Gupta & Chivers, 1999). Fibre delays the
passage of food in the stomach of foregut fermenters
like Trachypithecus (Janson & Chapman, 1999); sec-
ondary compounds like terpenes have been negatively
related to primate feeding behaviour (Glander, 1982).
The langurs fed often on more digestible vegetation
like grass and young leaves on shrubs, which con-
tain more protein and less fibre (Davies et al., 1988).
This is reflected by the large amount of time that the
langurs spent on the floor (29.3%) compared to other
Asian colobines (e.g. Nilgiri Langur T. johnii [Fischer]:
<14%, Poirier, 1969; Northern Plains Gray Langur
Semnopithecus entellus [Dufresne]: <1.2%, Oppenhe-
imer, 1976; Gee’s Golden Langur T. geei Khajuria: 0%,
Mukherjee, 1978). Colobine feeding behaviour is sub-
ject to seasonal influences (Stanford, 1991; Li et al.,
2010; Kirkpatrick, 2011) and since some dipterocarp
trees shed their leaves annually during the dry season,
it might be worthwhile to investigate how the activity
budget of T. germaini and forest strata use may be
affected by the sprouting of young leaves, which are
known to be a preferred food item of many colobines
(Kirkpatrick, 2011).

The low quality of the vegetation may addition-
ally have led to the consumption of other forest-floor
food items such as mushrooms (Fig. 6) and soil, which
are suggested to supplement dietary deficiencies
(Krishnamani & Mahaney, 2000; Hanson et al., 2003
respectively). For most fungi-consuming primates, my-
cophagy only occurs at low rates of around 5% of the
daily feeding time (Hanson et al., 2003). Trachypithecus
germaini however would spend the entire afternoon
feeding time foraging on mushrooms (Fig 6). The lan-
gurs would move quickly through dense undergrowth
to collect the mushrooms (c.f. Hanson et al., 2003) and
then ascend to higher forest strata to consume them
while seated in a typically crouched position (Fig. 6b-
d). Mushrooms provide little energy for most animals
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Fig. 6. Mycophaghy in T. germaini, including ‘hunting’ (a) and ingesting mushrooms (b-d). Photos were
taken on 16 June 2014 (a-b) and 24 June 2014 (c-d) by B. de Groot.

since they are difficult to digest (Claridge et al., 1999).
Yet foregut fermenters are able to extract most of the
mushrooms’ protein, as is the case in marsupials (e.g.
Claridge & Cork, 1994; Mcllwee & Johnson, 1998).
This finding might also apply to the foregut-fermenting
T. germaini.

The langurs additionally fed on soil on four occasions.
They would dig up moist soil and kneaded the sand
before ingesting it. Geophagy is frequently observed in
other primates as well and is performed mainly for min-
eral supplementation, adsorption of toxins, to control
diarrhoea or to adjust the pH of the gut (Krishnamani &
Mahaney, 2000). Geophagy may play an important role
in the diet of wild T. germaini as well. Phayre’s Langur

T. phayrei ssp. phayrei (Blyth) travel further, faster and
with fewer stops on days they visit salt licks (Lloyd &
Suarez, 2005), indicating the dietary value of soil con-
sumption for this langur species. Although camera
traps recorded wild T. germaini near salt licks (Rawson
& Bach, 2011; Edwards et al., 2012), the act of ge-
ophagy was until now not yet directly reported for the
species (but see Zinner et al., 2013).

Thirdly, food provisioning could also have had an in-
fluence on the amount of time the langurs spent feed-
ing and locomoting. In contrast to the findings of this
study, the provisioning of food generally leads to less
feeding and more resting in food-provisioned primates
compared to non-provisioned primates (e.g. Yellow Ba-
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boon Papio cynocephalus [Linneaus]: Altmann & Mu-
ruthi, 1988; Olive Baboon Papio anubis [Lesson]: Eley
et al., 1989; Barbary Macaque M. sylvanus [Linneaus]:
El Alami et al., 2012). The timing of food provisioning
could explain the present study’s paradoxical finding.
In addition to the two peaks in feeding behaviour in the
morning and afternoon, food provisioning at 13:00 h
caused a third peak at midday, thereby replacing rest-
ing time with feeding time. Since the provisioned food
was most likely more nutritious than what the enclo-
sure provided, T. germaini fed at midday even though
Asian colobines normally rest at this time (e.g. White-
headed Langur T. poliocephalus ssp. leucocephalus
Tan: Huang et al., 2003; Black Snub-nosed Monkey
Rhinopithecus bieti [Milne-Edwards]: Ding & Zhao,
2004; Francois Langur T. francoisi [Pousargues]: Zhou
et al.,, 2007; Cat Ba Langur T.p. ssp. poliocephalus
[Pousargues]: Schneider et al., 2010). The decrease
in locomotion may be caused by the clumped nature
of the provisioned food, which did not require much
locomotion to obtain.

Implications for captive care and reintroduction

We have shown that the pre-release environment
affects the ecology of T. germaini in such a way that
their activity budget and activity pattern deviates from
wild Trachypithecus species, which could have con-
sequences for successive captive management and
reintroduction efforts. To overcome potentially harmful
dissimilarities between the pre- and post-release en-
vironment, first the enclosure should be of sufficient
size so that there is enough vegetation to satisfy their
dietary needs. Secondly, the foliage in the enclosure
should represent the vegetation they would forage on
in the wild. For organisations that lack the capacity to
facilitate these conditions, we recommend to transfer
langurs to a pre-release environment that does suit the
conditions, before reintroducing them into the wild.
Thirdly, appropriate feeding times, such as in the early
morning and late afternoon instead of noon, will likely
make their daily activity pattern similar to that of wild
conspecifics, which will increase the probability of a
successful translocation. Considering the high level of
interspecies ecological correspondence, these find-
ings might be generalised to other Trachypithecus
species as well. Similar studies could shed light on
other primates’ ecology and pre-release requirements,
which would likewise aid in their conservation. For T.
germaini, it is of vital importance that baseline data on
their behaviour and ecology in the wild is gathered.
Only then, we can determine their species-specific
needs and facilitate a successful release.
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