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Abstract: Habitat fragmentation resulting from linear infrastructure such as pipelines, roads or railways has emerged as one 
of the severest threats for wildlife globally.  Among the many primate species affected by fragmented habitats, the loss of 
canopy connectivity in a fragmented landscape is especially detrimental to highly arboreal, canopy dwelling species, such 
as gibbons.  The Hollongapar Gibbon Wildlife Sanctuary in Assam, India, a stronghold for the Endangered western hoolock 
gibbon (Hoolock hoolock), is bifurcated by a railway track constructed by the British in 1887.  It is a barrier to the movement 
of wildlife in the sanctuary and the gibbons there have, since then, been isolated on either side of the track.  To bridge this 
gap and facilitate unrestricted movement of gibbons, since 2006 we have been developing a natural canopy bridge across the 
railway line through coordinated tree planting, using saplings of various indigenous species on both side of the railway track 
along a 1-km stretch. The species selected were known to be preferred as food and sleeping trees by the gibbons. In 2019, a 
natural bridge was formed in one location by joining branches of the trees on either of the track.  Gibbons and other arboreal 
species such as the capped langur, rhesus macaque and squirrels have been observed to use this canopy bridge.  This natural 
canopy bridge has given a new lease on life to the wildlife community of the sanctuary, especially the gibbons. While the 
data presented here provide preliminary documentation of the natural canopy bridge and its use, further research is planned 
to ascertain the level of its benefit for the gibbons and other arboreal mammal species.We strongly encourage the inclusion of 
natural canopy bridges in the development programs involving linear infrastructure since these bridges are cost effective and 
extremely valuable in increasing forest connectivity.
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Introduction

Habitat fragmentation is a severe threat to biological 
diversity and is considered by some to be a primary cause 
of the present extinction crisis (Umapathy 2020).  Indeed, 
anthropogenic habitat fragmentation is increasing at an 
alarming rate throughout the world (Seto et al. 2012) along 
with a simultaneous increase in the construction of roads 
and other linear infrastructure elements (Reed et al. 1996; 
Santos et al. 2002; Oliveira et al. 2007; Swenson et al. 2011; 
Laurance 2018). Without increased efforts to slow the rate 
of fragmentation and reconnect fragments, the biodiversity 
crisis will continue.

Of the 20 known species of gibbons, just one—namely, 
the western hoolock gibbon, Hoolock hoolock (Harlan, 

1834), occurs in India.  For a time, it was thought that a 
second species, the eastern hoolock gibbon, Hoolock leu-
conedys (Groves, 1967), was also present in the Mishmi 
Hills, between the Dibang and Nao Dehing rivers in 
Arunachal Pradesh (Chetry et al. 2008, 2012). A phyloge-
netic analysis by Trivedi et al. (2021) refuted this.  Although 
genetically similar (Trivedi et al. 2021), the gibbons of 
the Mishmi Hills are distinct in their appearance, leading 
Choudhury (2013, 2022) to describe them as a subspecies 
of the western hoolock, Hoolock hoolock mishmiensis.  
Only seven states in the northeast region of India—Assam, 
Arunachal Pradesh, Tripura, Manipur, Meghalaya, Naga-
land and Mizoram—support the entire gibbon population 
in the country, limited to the southern bank of the Dibang-
Brahmaputra River system.
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The western hoolock gibbon is listed as Endangered on 
the IUCN Red List of Threatened Species (Brockelman et 
al. 2019), and the Indian Wildlife (Protection) Act of 1972 
has it classified as a schedule-I species.  Several studies car-
ried out in India have identified habitat loss, habitat frag-
mentation, and hunting as the greatest threats for this spe-
cies throughout their entire distribution in India (Chetry et 
al. 2007).

Given that hoolock gibbons are exclusively arboreal 
and do not cross open spaces on the ground, habitat frag-
mentation presents a particular concern for their conserva-
tion. Efforts to connect fragmented habitats via artificial 
canopy bridges (ACB) in India (Das et al. 2009) and else-
where have increased in recent years and offer a potentially 
viable solution to enhance wildlife movement and habitat 
access (Chan et al. 2020).  Here we report on a program to 
establish a natural canopy bridge (NCB) and its subsequent 
use by western hoolock gibbons in the Hollongapar Gibbon 
Wildlife Sanctuary in Assam, India.

The Hollongapar Gibbon Wildlife Sanctuary
The Hollongapar Gibbon Wildlife Sanctuary (HGWLS) 

was named after the hoolock gibbon and is the only pro-
tected area in India named after a primate.  It is the first pro-
tected area in the country where the western hoolock gibbon 
is the target species for conservation. The sanctuary consists 
of an isolated forest of 2,098 ha along the south bank of the 
Brahmaputra River in the district of Jorhat, Assam (94°20’ 
to 94°25’W and 26°40’ to 26°45’S) (Fig. 1).  The HGWLS 
supports a population of 125 western hoolock gibbons, and 
is considered by the Assam Forest Department to be an 
important stronghold for this species.  The sanctuary is also 
home to six other primates: the capped langur (Trachypithe-
cus pileatus), the stump-tailed macaque (Macaca arctoides), 
the northern pigtailed macaque (M. leonina), the Assamese 
macaque (M. assamensis), the rhesus macaque (M. mulatta), 
and the Bengal slow loris (Nycticebus bengalensis), and is 
the the area with the highest primate diversity in India (Sriv-
astava et al. 2001; Chetry et al. 2007).

The HGWLS was previously known as the Hollonga-
par Reserve Forest (Government notification No.8, August 
1881).  At the time, the area was an integral part of the 

Figure 1. The Hollongapar Gibbon Wildlife Sanctuary, Assam, India.
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foothill forests of the Patkai range.  With the establishment 
of tea plantations from 1880–1920, the forest became frag-
mented into reserve forests such as Dessoi, Dessoi Valley, 
and Tiru Hill.  The original Hollongapar Reserve Forest 
covered an area of only 206 ha but, following the subse-
quent inclusion of additional forest, by the year 1997 the 
total area had increased to 2,098.62 ha, and it was given pro-
tected status as the Gibbon Wildlife Sanctuary by the Gov-
ernment of Assam (Notification no. FRS/37/97/13, dated 30 
July 1997).  In 2004, the Government of Assam changed the 
name to the Hollongapar Gibbon Wildlife Sanctuary.  

Surrounded by human habitations and tea plantations 
on almost all sides, the sanctuary of lowland forest (altitude 
100–120 above sea level) with numerous small streams, is 
now essentially a “forest island.”.  Its boundaries extend to 
the Dissoi Valley Reserve Forest, the Dissoi Reserve Forest, 
and the Tiru Hill Reserve Forest.  It was once contiguous 
with all three reserve forests, but the contiguity was lost due 
to the establishment of tea plantations.

The forest type in the sanctuary is known as the Assam 
Plains Alluvial Semi-Evergreen forest with patches of 
Wet Evergreen forest (Chetry 2002).  The principal trees, 
forming the top canopy, are Amoora wallichi (Meliaceae), 
Anthocephalus cadamba (Rubiaceae), Arctocarpus chama 
(Moraceae), Canarium resiniferum (Burseraceae), Cas-
topnopsis indica (Fagaceae), Dipterocarpus retusus (Dip-
terocarpaceae), Duabanga sonneratioides (Lythraceae), 
Lagerstroemia floreginae (Lythraceae), Mansonia dipikae 
(Malvaceae), and Sapium baccatum (Euphorbiaceae). The 
middle storey is typically composed of Aquilaria agolacha 
(Thymelaeaceae), Biscofia sp. (Phyllanthaceae), Mangifera 
javanica (Anacardiaceae), Dilena indica (Dilleniaceae), 
Elaeocarpus ganitrus (Elaeocarpaceae), Ficus glomeruta 
(Moraceae), Mesua ferrea (Calophyllaceae), and Vatica lan-
ceifolia (Dipterocarpaceae).  The lower storey is composed 
of three non-timber species viz. Bambusa pallida (Poaceae), 
Calamus spp. (Arecaceae), and Pseudostachym polymor-
phum (Bambuseae).  The undergrowth consists of species 
of such genera as Clerodendron (Lamiaceae), Commelina 
(Commelinaceae), Eupatorium (Asteraceae), and Mikenia 
scandens (Asteraceae) (Chetry 2002).

The sanctuary also supports a broad diversity of ver-
tebrate and invertebrate species.  More than 200 species of 
butterflies (Neog 2015) and 95 species of spiders (Kalita 
2013) are found in the sanctuary, along with as many as 250 
species of birds, including the white-winged wood duck, 
Cairina scutulata, the state bird of Assam, and 41 mammal 
species (Chetry et al. 2001).

Fragmentation
As noted above, the sanctuary is surrounded by tea plan-

tations and human habitation, which often leads to human-
wildlife conflict (for example, with elephants, leopards, 
and monkeys) when animals venture beyond the sanctu-
ary boundary.  Within the sanctuary, there has been another 
long-standing concern due to the railway and the resulting 

fragmentation of the forest that took place more than 130 
years ago.

In 1887, the construction of a railway line cut the sanctu-
ary into two unequal forest fragments or compartments (i.e., 
Compartment I and Compartment II, see Fig. 1).  The rail-
way line is a constant threat—frequent train strikes killing 
elephants, capped langurs, pythons, for example—and has 
acted as a barrier to the movement of wildlife in the sanctu-
ary for more than 130 years, and, in particular, has prevented 
gibbon groups from moving between the two compartments.

Creation of a Natural Canopy Bridge
After more than a century of fragmentation of the rail-

way track passing through the sanctuary, Aaranyak, a scien-
tific and industrial research organization under the leadership 
of Dilip Chetry, came up with a long-term plan to reconnect 
the fragmented forest compartments via the creation of natu-
ral canopy bridges over the railway tracks.  Known as the 
Hoolock Gibbon Conservation Program, the plan involved 
a series of tree plantation drives along a 1-km stretch of the 
railway line. In 2006, with the help of the local community 
and the Assam Forest Department staff (especially staff of 
the Melleng Beat office), and with the permission of the 
railway company, more than 3,000 saplings were planted on 
either side of the railway track at a distance of 4 m from the 
track (Fig. 2).  The saplings consisted of 71 species known 
to serve as food sources and sleeping trees for the gibbons.  
All the saplings were supplied by the Melleng Forest Beat 
office under the Jorhat Forest Division.  Over time, as the 
trees matured, it was hoped that one or more natural canopy 
bridges would form, thus providing an opportunity for gib-
bons to travel between the forest compartments.

Data Collection
Observations of the use of the natural canopy bridge 

(94°21'23.10''W, 26°40'44.34''S) by gibbons and other wild-
life were conducted opportunistically from 2019 through 
2021.  Observations were recorded by local Forest Depart-
ment staff stationed at the sanctuary and the research team 
members.

Results

In 2019, 13 years after the tree planting drive, branches 
of three trees on either side of the railway track grew to 
form overlapping branches at their upper canopy thus creat-
ing a long-awaited natural canopy bridge (Fig. 3) that was 
used by gibbons and other arboreal species.  Four other 
NCBs are near completion at the following coordinates: 
(i) 94°21'21.24''W, 26°40'43.02''S; (ii) 94°21'18.84''W, 
26°40'42.06''S; (iii) 94°21'15.00''W, 26°40'39.36''S; and (iv) 
94°21'13.74''W, 26°40'37.32''S (Fig. 3).  The original NCB 
consists of one tree on the southeast side of the tracks known 
as “Jori,” Ficus benjamina (Moraceae) with a height of 15.2 
m and a girth of 96.5 cm at breast height (GBH) and two 
trees on the northwest side of the tracks, which include a 



Chetry et al.

236

“Belkor,” Tetrameles nudiflora (Tetramelaceae), with a 
height of 14.9 m and a GBH of 91.4 cm, and a “Borpat,” 
Ailanthus integrifolia (Simaroubaceae) tree with a height of 
12.2 m and a GBH of 91.4 cm (Figs. 4 and 5).  During the 
past 13 years (since the 2006 planting up to the beginning 
of the study period), a number of the planted trees did not 
survive, and some were removed by the railway company 
due to the risk of their falling across the tracks.

Since the formation of the NCB in 2019, six gibbon 
crossings have been documented involving 1 to 4 gibbons 
per crossing (Table 1).  The gibbons were observed to use 
the NCB while moving from forest compartment I to II and 
from compartment II to I.  The number of NCB crossings 
is likely higher since the observations of crossings were 
opportunistic.

The first reported observation of a gibbon using the 
NBC was on 20th October 2019 at 8:15 am (reported by Mr. 
Rupak Bhuyan, forest beat officer at the HGWLS).  It was an 
adult male crossing the NCB from compartment II to com-
partment I (Table 1).

In addition to the observed gibbon crossings, forest 
department staff have documented both capped langurs and 

Figure 2. “Plantation Programme: Food & Canopy Bridge for Gibbons” in the Hoolock Gibbon Wildlife Sanctuary during 2006.  Planting of the trees along the rail-
way track was conducted with the assistance of the local community and the Hoolock Gibbon Conservation Training Trainees. Photographs by D. Chetry, April, 2006.

rhesus macaques using the NCB (Table 1).  The staff also 
observed squirrels using the NCB on a regular basis.

As reported above and indicated on the map (Fig. 3), 
there are four other locations along the railway track (in close 
proximity to the current NCB), where the trees are close to 
forming additional NCBs (i. 94°21'21.24''W,26°40'43.02''S; 
ii. 94°21'18.84''W,26°40'42.06''S; iii. 94°21'15.00''E, 
26°40'39.36''S; iv. 94°21'13.74''W,26°40'37.32''S).  When 
these additional NCBs become functional, they will help 
provide great NCB options for the gibbons and other wild-
life as well as “backups” should something happen to the 
original NCB.

Discussion

As reported in numerous studies (Fischer and Linden-
mayer 2007; Didham 2010; Estrada et al. 2017; Haddad et 
al. 2015; Laurance et al. 2018; Rogan and Lancher 2018) 
habitat loss and habitat fragmentation are the two principal 
threats to terrestrial biodiversity and ecosystems. 

Although of course enhancing human mobility and 
communication, roads and railways have been identified 
as a potential threat for numerous primates in many areas 
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Figure 3. Location of the Natural Canopy Bridge in the Hoolock Gibbon Wildlife Sanctuary connecting forest Compartments I and II.

(Kumara et al. 2000; Chhangani 2004; Baskaran and Boom-
inathan 2010; Pragatheesh 2011).  Very often, these forms 
of infrastructure lead to long-term forest fragmentation 
and, because of an aversion to using the ground, especially 
arboreal mammals lose access to resources on the other 
side of the road/track.  The impact of linear infrastructure 
in blocking the movement arboreal species can be observed 
in many areas (Donaldson and Cunneyworth 2015).  Linear 
barriers such as roads, railway tracks, pipelines, and power 
line corridors can block the movement of canopy specialists 
(Wilson 2000; Wilson et al. 2008).  In extreme cases, the 
creation of isolated patches can result in the interruption of 
wildlife movements between local populations (Valladares-
Padua et al. 1995).

The railway line constructed in 1887 resulted in the 
fragmentation of the HGWLS, acting as a form of physical 
barrier for many arboreal mammals especially for the highly 
arboreal hoolock gibbons, which are true canopy specialists 
and rarely go down to the ground.  The railway line in the 
HGWLS also created a potential death trap for the wildlife 
of the sanctuary.

Many wildlife species in the sanctuary are routinely 
killed by passing trains.  Eleven elephants were killed by the 
trains, two elephants in 2011, one elephant in 2012, two ele-
phants in 2014, two elephants in 2018, one elephant in 2021 
and three elephants in 2022 (Deben Dutta and Tarun Das, 
pers. comm.).  Roadkill of forest dwelling mammals is also 
a common phenomenon elsewhere (Kanowski et al. 2001; 
Collins and Kays 2011; Medrano-Vizcaino et al. 2022) 

Further, habitat fragmentation increases the probabil-
ity of extinction due to demographic, environmental, and 
genetic forces by creating small and isolated subpopulations 
(Frankham et al. 2004).  Because of these cascading effects, 
reducing the impacts of some forms of linear infrastructure 
such as roads on arboreal wildlife is challenging (Maria et 
al. 2022).  Previously, the hazards for the wildlife presented 
by the railway line passing through the HGWLS, particu-
larly for the gibbons, was not recognized or appreciated.  
Since 2006, the railway line was identified as a significant 
threat for gibbons and the need for bridging this gap became 
a high priority (Chetry 2006).

Artificial canopy bridges (ACBs) are often preferred 
over NCBs to restore lost forest connectivity (Thurber 
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Figure 4. The Natural Canopy Bridge finally connects forest Compartments I and II in the Hoolock Gibbon Wildlife Sanctuary in 2019 (image A, photograph by R. 
C. Kyes, December 2019) and continuing to grow (image B, photograph by D. Chetry, April 2021).

Figure 5. Train passing under the Natural Canopy Bridge in the Hoolock Gibbon Wildlife Sanctuary. Photograph by D. Chetry, April 2021).

et al. 2016).  The architecture and building materials of 
ACBs vary for different animals (for example, Goosem 
et al. 2005; Lokschin et al. 2007; Goldingay et al. 2013; 
Teixeira et al. 2013).  Some of the most common building 
materials for ACBs include wooden poles (Valladares-Padua 
et al. 1995; Garcia et al. 2022), plastic coated steel cables 
(Weston et al. 2011; Thurber et al. 2016), and single rope 
or bamboo (Das et al. 2009; Lindshield, 2016; Narváez 
Rivera et al. 2016; Garcia et al. 2022).  Das et al. (2005, 

2009) constructed an experimental temporary bridge using 
bamboo poles in the Borajan, a part of Bherjan-Borajan-
Podumoni Wildlife Sanctuary, to facilitate the movement of 
gibbons across the canopy gaps.  Bamboo poles have been 
successfully used for lion-tailed macaques (Macaca silenus) 
in the Indira Gandhi Wildlife Sanctuary, Pollachi, Tamil 
Nadu, India (Chakraborty and Gupta, 2005).  Balbuena 
et al. (2019) highlighted the use of both NCBs and semi-
artificial canopy bridges (SACB) as a mitigating measure to 
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Observation Date Direction of Crossing Species No. Individuals

1 20/10/2019 Compartment II to I Western hoolock gibbon
(Hoolock hoolock) 1

2 30/12/2020 Compartment I to II Western hoolock gibbon
(Hoolock hoolock) 2

3 25/2/2021 Compartment I to II Western hoolock gibbon
(Hoolock hoolock) 1

4 26/2/2021 Compartment II to I Western hoolock gibbon
(Hoolock hoolock) 1

5 30/4/2021 Compartment I to II Western hoolock gibbon
(Hoolock hoolock) 4

6 30/4/2021 Compartment II to I Capped langur
(Trachypithecus pileatus) 6

7 5/5/2021 Compartment I to II Western hoolock gibbon
(Hoolock hoolock) 1

8 5/5/2021 Compartment II to I Rhesus macaque
(Macaca mulatta) 3

Table 1. Observations of gibbons and other primate crossing the Natural Canopy Bridge.

Figure 6. Artificial Canopy Bridge constructed by the railway company in the Hoolock Gibbon Wildlife Sanctuary in 2015.  This photograph is looking east, back 
toward the location of the growing Natural Canopy Bridge. Note that the trees have not yet created the bridge across the tracks. Photograph by R.C. Kyes, November 
2015).
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bridge the canopy gaps across a gas pipeline in Amazonia.  
In 2015, at the HGWLS, the Northeast Frontier Railway 
authority and Assam Forest Department tried to bridge the 
gap over the tracks by constructing an ACB made of iron 
(located at: 94°21'3.74''W, 26°40'32.56''S) (Fig. 6).  Despite 
their good intentions, this effort appears to be unsuccessful 
as no gibbons as well as other primates and arboreal species 
have been observed to use the bridge to date.  This ACB still 
exists as an unused structure. 

Conversely, the current natural canopy bridge devel-
oped connecting the branches of trees on either side of the 
railway line is used by gibbons, capped langurs and squir-
rels.  From our experience, it is evident that it takes quite a 
long time to develop a suitable NCB.  It is more cost effec-
tive, however, than an ACB, and has the added advantage of 
the potential for reforestation and the provision of feeding 
trees.  An NCB developed as a component of the existing 
forest system increases the likelihood of use by the animals. 
In the same setting, we have found that an ACB may require 
a prolonged period of habituation for animal use, if used at 
all (Saralamba et al. 2022).  The current study clearly shows 
that if maintained properly, the NCB can function as a per-
manent structure for bridging gaps for threatened wildlife 
and connecting fragments for years to come.

At present, our preliminary observations confirm the 
use of the NCB by gibbons, capped langur, rhesus macaque 
and squirrels.  Clearly, a more systematic study, involving 
long-term monitoring, is needed to document the frequency 
of use by the gibbons as well as other animal species (for 
example, Gregory et al. 2017).  We are planning to mount 
permanent camera traps at the site that will facilitate 24-hour 
monitoring of the NCB and its use.  A long-term study is 
needed to evaluate the genetic and demographic issue of the 
two subpopulations of the compartments to verify the effec-
tiveness of the NCB regarding reestablishment of functional 
connectivity and the sustainability of population.  The initial 
success of this natural canopy bridge provides a model that 
we can follow in developing additional NCB projects in vul-
nerable fragmented forests with isolated groups of arboreal 
primates. 

Acknowledgments

Special thanks goes to the Assam Forest Department 
(Jorhat Forest Division).  We are also most grateful to the 
staff of Hollongapar Gibbon Wildlife Sanctuary, the North-
east Frontier Railway, and our Team members: Dr. Kumud 
Ghosh, the late Noren Bhuyan, Deben Borah, Pradip Baruah, 
Lalit Saikia, Jibon Borah, Jiten Gogoi, Bishnu Chetry, and 
Kala Chetry for their support and dedication to the conserva-
tion of the gibbons.  Finally, we thank all the Assam Forest 
Department trainees and other participants of the fringe vil-
lages, members of Aaranyak and the Gibbon Conservation 
Programme.  Our special thanks go to Dr. Nadine Brigitte 
Ruppert and a second anonymous reviewer for their gen-
erous comments and suggestions on the manuscript.  This 

study was supported by the U.S. Fish & Wildlife Service 
(GACF) through Grant Agreement Number: 98210-5-G091. 
R.C.K.’s effort was supported in part by the National Insti-
tutes of Health (NIH) Office of Research Infrastructure Pro-
grams (ORIP) under award number P51OD010425 to the 
Washington National Primate Research Center, USA.

Statement of Ethics

This study was purely observational and did not involve 
the collection of any human or animal samples.  It was con-
ducted in collaboration with and the approval of the Assam 
Forest Department, especially the Mariani Range.

Author Contributions

D. C. conceived the study and initiated the reforesta-
tion program.  D. C., R. C, R. B. and R. C. K. monitored the 
natural canopy bridge growth, and D.C. and R. B. monitored 
animal use.  D. C., R. C., A. K. D., R. B., and R. C. K. par-
ticipated in the writing of the article.

Literature Cited

Balbuena, D., A. Alonso, M. Panta, A. Garcia and T. Greg-
ory. 2019. Mitigating tropical forest fragmentation with 
natural and semi artificial canopy bridges. Diversity 
11(4): 66. https ://doi.org/10.3390/d1104 0066

Baskaran N and D. Boominathan, 2010. Road kill of animals 
by highway traffic in the tropical forests of Mudumalai 
Tiger Reserve, southern India. J. Threat. Taxa 2: 753–
759. https://doi.org/10.11609/JoTT.o2101.753-9

Brockelman, W., S. Molur and T. Geissmann. 2019. Hoolock 
hoolock. The IUCN Red List of Threatened Species 
2019: e. T39876A17968083.

Chakraborty, D. and A. K. Gupta. 2005. Impact of habi-
tat fragmentation of hoolock gibbon (Bunopithecus 
hoolock) in Gibbon Wildlife Sanctuary, Assam, India. 
In: Envis Bulletin: Wildlife and Protected Areas, pp. 
17–186. WII-ENVIS Centre, Dehradun, India.

Chan, B. P. L., Y. F. P. Lo,  X. J. Hong, C. F. Mak and Z. Ma. 
2020. First use of artificial canopy bridge by the world’s 
most critically endangered primate the Hainan gibbon 
Nomascus hainanus. Sci. Rep. 10: 15176. https://doi.
org/10.1038/s41598-020-72641-z

Chhangani, A. K. 2004. Killing of Hanuman langur in road 
accidents in Kumbhalgarh Wildlife Sanctuary, Rajast-
han, India. Prim. Rep. 69: 49–57. doi.org /10.3897/zoo-
logia.36.e33540

Chetry, D. 2002. Socioecology of Stumptailed Macaque 
Macaca arctoides (I. Geoffroy, 1831). PhD thesis, 
Gauhati University, Assam, India.

Chetry, D. 2006. Hoolock Gibbon Conservation in Gibbon 
Wildlife Sanctuary, Assam, India. Final project report 
submitted to U.S. Fish & Wildlife Service, Arlington, 
VA. 57pp.



Canopy Bridge in Hollongapar Gibbon Wildlife Sanctuary

241

Chetry, D. and R. Chetry. 2010. First record of eastern 
hoolock gibbon in Assam, India. Primate Conserv. (25): 
95–97.

Chetry, D., R. Medhi, P. Bujarbarua and P. C. Bhattacharjee. 
2001. Mammals of Gibbon Wildlife Sanctuary, Assam, 
India. Tiger Paper 28: 29–32.

Chetry, D., R. Chetry and P. C. Bhattacharjee. 2007. Hoolock: 
The Ape of India. Gibbon Conservation Centre, Assam, 
India.

Chetry, D., R. Chetry, A. Das, C. Loma and J. Panor. 2008. 
New distribution records of Hoolock leuconedys in 
India. Primate Conserv. (23): 125–128.

Chetry, R., D. Chetry and P. C. Bhattacharjee. 2012. Status 
and conservation of eastern hoolock gibbon Hoolock 
leuconedys in Assam, India. J. Threat. Taxa 4(13): 
3183–3189.

Choudhury, A. 2013. Description of a new species of hoolock 
gibbon Hoolock hoolock from North East India. Newsl. 
J. Rhino Found. Nat. NE India 9: 49–59.

Choudhury, A. 2022. The hoolocks of the Mishmi Hills and 
the northern limit of the hoolock gibbons. Primate Con-
serv. (36): 1–10.

Clements, G. R., A. J. Lynam, D. Gaveau, W. L. Yap, S. 
Lhota, M. Goosem, S. Laurance and W. F. Laurance. 
2014. Where and how are roads endangering mammals 
in Southeast Asia’s forests? PLoS One 9: e115376.

Collins, C. and R. Kays. 2011. Causes of mortality in North 
American populations of large and medium-sized mam-
mals. Anim. Conserv. 14(5): 474–483.

Das. J., P. C. Bhattacharjee, J. Biswas and D. Chetry. 2005. 
Western Hoolock Gibbon: Socioecology, Threats and 
Conservation Action Plan. Gauhati University, Guwa-
hati, Assam and Primate Research Centre NE India, 
Pandu, Assam.

Das J., J. Biswas., P. C. Bhattacherjee and S. S. Rao. 2009. 
Canopy bridges: an effective conservation tactic for 
supporting gibbon populations in forest fragments. In: 
The Gibbons, D. Whittaker and S. Lappan (eds.), pp. 
467–475. Springer, New York, NY.

Donaldson A. and P. Cunneyworth. 2015. Case study: 
canopy bridges for primate conservation. In: Handbook 
of Road Ecology, C. Grilo and R. Van der Ree (eds.), pp. 
341–343. John Wiley and Sons, Hoboken, NJ.

Didham, R. K. 2010. Ecological consequences of habitat 
fragmentation. In: Encyclopedia of Life Sciences, R. 
Jansson (ed.); pp. 1–11.  John Wiley & Sons, Chiches-
ter, UK. doi.org/10.1002/9780470015902.a0021904

Estrada, A. et al. 2017. Impending extinction crisis of the 
world’s primates: why primates matter. Sci. Adv. 3: 
e1600946.

Fischer, J. and D. B. Lindenmayer. 2007. Landscape modi-
fication and habitat fragmentation: a synthesis. Glob. 
Ecol. Biogeog. 16: 265–280.

Frankham, R., J. D. Ballou and D. A. Briscoe. 2004. 
A Primer of Conservation Genetics. Cambridge 

University Press, Cambridge. http://dx.doi.org/10.1017/
CBO9780511817359.

Garcia, F. de O., L. Culot, R. E. W. F. de Carvalho and V. 
J. Rocha. 2022. Functionality of two canopy bridge 
designs: successful trials for the endangered black lion 
tamarin and other arboreal species. Europ. J. Wildl. Res. 
68: 20. doi.org/10.1007/s10344-022-01569-8

Goldingay, R. L., D. Rohweder and B. D. Taylor. 2013. Will 
arboreal mammals use rope-bridges across a highway in 
eastern Australia? Austral. Mammal. 35(1) 30–38.

Goosem, M., N. Weston and S. Bushnell. 2005. Effective-
ness of rope bridge arboreal overpasses and faunal 
underpasses in providing connectivity for rainforest 
fauna. In: Proceedings of the 2005 International Con-
ference on Ecology and Transportation (ICOET), pp. 
304–316. San Diego, CA. 

Gregory, T., F. Carrasco-Rueda, A. Alonso, J. Kolowski 
and J. L. Deichmann. 2017. Natural canopy bridges 
effectively mitigate tropical forest fragmentation for 
arboreal mammals. Sci. Rep. 7: 3892. doi:10.1038/
s41598-017-04112-x

Haddad, N. M., L. A. Brudvig., J. Clobert., K. F. Davies., 
A. Gonzalez., R. D. Holt and J. R. Townshend. 2015. 
Habitat fragmentation and its lasting impact on 
Earth’s ecosystems. Sci. Adv. 1(2): 1–9. doi: 10.1126/
sciadv.1500052

Kalita, D. 2013. Spiders of Gibbon: A Preliminary Hand 
Book on Spider, with Special Reference to Spiders 
of Gibbon Wildlife Sanctuary, Assam, India. Sabda 
Prakash, Jorhat, Assam, India.

Kanowski, J., L. Felderhof., G. Newell., T. Parker., C. 
Schmidt., B. Stern., R. Wilson and J. Winter. 2001. 
Community survey of the distribution of Lumholtz’s 
tree-kangaroo on the Atherton Tablelands, north-east 
Queensland. Pacific Conserv. Biol. 7: 79–86.

Kumara, H. N., A. K. Sharma., A. Kumar. and M. Singh. 
2000. Roadkills of wild fauna in Indira Gandhi Wildlife 
Sanctuary, Western Ghats, India: implications for man-
agement. Biosphere Conserv. 3(1): 41–47.

Laurance, W. F. 2018. Conservation and the global infra-
structure tsunami: disclose, debate, delay! Trends Ecol. 
Evol. 33: 568–571. 

Lindshield, S. M. 2016. Protecting nonhuman primates in 
peri-urban environments: a case study  of Neotropical 
monkeys, corridor ecology, and coastal economy in the 
Caribe Sur of Costa Rica. In: Ethnoprimatology: Pri-
mate Conservation in the 21st Century, M. T. Waller 
(ed.), pp. 351–369. Springer, Zug, Switzerland.

Lokschin, L. X., C. P. Rodrigo, J. N. H. Cabral and G. Buss. 
2007. Power lines and howler monkey conservation in 
Porto Alegre, Rio Grande do Sul, Brazil. Neotrop. Pri-
mates 14: 76–80. 

Maria, M., H. Al-Razi, A. Akbar, S. B. Muzaffar and K. A. I. 
Nekaris. 2022. Artificial canopy bridge use by primates 
and other arboreal mammals in a fragmented tropical 



Chetry et al.

242

forest of northeast Bangladesh, Folia Primatol. doi.
org/10.1163/14219980-20211201

Medrano-Vizcaíno, P., C. Grilo, F. A. S. Pinto, W. D. Carva-
lho, R. D. Melinski, E. D. Schultz and M. González-Suá-
rez. 2022. Roadkill patterns in Latin American birds and 
mammals. Global Ecol. Biogeog. 31(9): 1756–1783.

Narváez Rivera, G. and Lindshield, S. M. 2016. An experi-
mental evaluation of crossing structures for New World 
monkeys in a Costa Rican wildlife sanctuary. In: Pro-
ceedings of the International Primatological Society 
and the American Society of Primatologists, Chicago, 
IL, USA, 21–27 August 2016.

Neog, S. 2015. Butterflies of Gibbon Wildlife Sanctuary. 
Bhabani Books, Guwahati, Assam, India.

Oliveira, P. J. C., G. P. Asner, D. E. Knapp, A. Almeyda, R. 
Galvan-Gildemeister, S. Keene, R. F. Raybin and Smith, 
R. C. 2007. Land-use allocation protects the Peruvian 
Amazon. Science 317: 1233–1236.

Pragatheesh, A. 2011. Effect of human feeding on the 
road mortality of rhesus macaques on National High-
way-7 routed along Pench Tiger Reserve, Madhya 
Pradesh, India. J. Threat. Taxa, 3(4): 1656–1662. doi.
org/10.11609/JoTT.o2669.1656-62

Reed R A., J. Johnson-Barnard and W. L. Baker. 1996. Con-
tribution of roads to forest fragmentation in the Rocky 
Mountains. Conserv. Biol. 10: 1098–1106. 

Rogan J. and Lacher T. 2018. Impacts of habitat loss and 
fragmentation on terrestrial biodiversity. In: Earth 
Systems and Environmental Sciences, pp. 1–18. doi.
org/10.1016/b9780-12-409548-9.10913-3

Santos, A. M. and M. Tabarelli. 2002. Distance from roads 
and cities as a predictor of habitat loss and fragmenta-
tion in the Caatinga vegetation of Brazil. Brazil. J. Biol. 
62: 897–905.

Saralamba, C., José-Domínguez, J. M. and Asensio, N. 2022. 
Movement dynamics of gibbons after the construction 
of canopy bridges over a park road. Folia Primatol. doi.
org/10.1163/14219980-20211211

Seto, K. C, B. Güneralp and L. R. Hutyra. 2012. Global 
forecasts of urban expansion to 2030 and direct impacts 
on biodiversity and carbon pools. Proc. Natl. Acad. Sci. 
U.S.A. 109: 16083–16088. 

Srivastava, A., D. Chetry, P. Buzarbaruah, J. Das and P. 
Sarkar. 2001. Status of primates in the Gibbon Wild-
life Sanctuary, Assam, India. Biosphere Conserv. 4(1): 
43–49.

Swenson, J. J., C. E. Carter, J. C. Domec and C. I. Delgado. 
2011. Gold mining in the Peruvian Amazon: global 
prices, deforestation, and mercury imports. PLoS One 
6: e18875.

Teixeira, F. Z., R. C. Printes, J. C. G. Fagundes, A. C. Alonso 
and A. Kindel. 2013. Canopy bridges as road overpasses 
for wildlife in urban fragmented landscapes. Biota Neo-
trop. 13: 117–123.

Thurber, M. W. and G. H. Abad. 2016. Rainforest Connec-
tivity Strategies for Oil and Gas Development. Society 
of Petroleum Engineers, Stavanger, Norway.

Trivedi, M., S. Manu, S. Balakrishnan, J. Biswas, N. V. J. 
Asharaf and G. Umapathy. 2021. Understanding the phy-
logenetics of Indian hoolock gibbons: Hoolock hoolock 
and H. leuconedys. Int. J. Primatol. 42: 463–477.

Umapathy, G. 2020. Long-term understanding of habitat 
fragmentation and its impact on the endangered lion-
tailed macaque in Western Ghats. Abstracts: 7th Asian 
Primate Symposium - 2020 and 1st International Con-
ference on Human–Primate Interface, 8–10 February 
2020.

Valladares-Padua, C., J. L. Cullen and S. Padua. 1995. A 
pole bridge to avoid primate road kills. Neotrop. Pri-
mates 3: 13–15.

Weston, N., M. Goosem, H. Marsh., M. Cohen and R. 
Wilson. 2011. Using canopy bridges to link habitat for 
arboreal mammals: successful trials in the Wet Tropics 
of Queensland. Austral. Mammal. 33: 93–105.

Wilson, R. F. 2000. The Impact of Anthropogenic Distur-
bance on Four Species of Arboreal Folivorous Possums 
in the Rainforest of North Eastern Queensland, Austra-
lia. Ph.D. Thesis, James Cook University, Cairns.

Wilson, R. and M. Goosem. 2008. Ringtail possum home 
range evaluation and monitoring in habitats adjacent 
to the canopy bridges over the Palmerston Highway. 
In: Highway Overpass Evaluation of Effectiveness – 
Kuranda Range Road Upgrade Project, M. Goosem, 
R. Wilson, N. Weston and M. Cohen (eds.), pp. 1–27. 
James Cook University, Cairns, Australia.

Authors’ addresses:
Dilip Chetry and Arup Kumar Das, Primate Research and 
Conservation Division, Aaranyak (A Scientific and Indus-
trial Research Organization), 13 Tayab Ali Byelane, Bishnu 
Rabha Path, Beltola Tiniali Guwahati, Assam, 781028, 
India; Rekha Chetry, Department of Zoology, Jawaha-
rlal Nehru College, Boko, Kamrup, Assam, India; Rupak 
Bhuyan, Assam Forest Department, Beat Office (Melleng), 
Hollongapar Gibbon Sanctuary, Assam, India; and Randall 
C. Kyes, Departments of Psychology, Global Health, and 
Anthropology, Center for Global Field Study, Washington 
National Primate Research Center, University of Washing-
ton, Seattle, WA, USA.

Corresponding author: Dilip Chetry
E-mail: <dilip.aaranyak@gmail.com>

Received: 19 March 2022
Revised: 18 October 2022




