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Far from home: The synurbisation of a rainforest-evolved
primate, the lion-tailed macaque Macaca silenus, and its recent
adaptations to anthropogenic habitats in southern India
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The lion-tailed macaque is an endangered species, endemic to the Western Ghats of southern India. The
Anamalai hills harbour 63 groups of the species, several of which occur in rainforest fragments, amidst tea and
coffee plantations, on the Valparai plateau. Being highly arboreal, these populations have always been assumed
to be largely restricted to their fragmented forest patches and possibly unable to navigate successfully through
the surrounding plantation—human habitation matrix. While adult males have occasionally been sighted along
roadsides between forest fragments, we now provide evidence for the emigration of an entire troop out of a
forest fragment into nearby human settlements, leading to the inclusion of areas completely devoid of natural
vegetation into the core home range of the troop. We argue that a combination of hostile inter-troop encounters,
a natural urge to expand their range and the discovery of novel and relatively easily accessible food resources
may have led to such unusual ranging patterns, accompanied by significant changes in troop behavioural
profiles, which we consider as inexorable processes of synurbisation.
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1. Introduction

Globally, wild species populations, belonging to
various taxa, are increasingly showing a marked
tendency to utilise ever-expanding urbanised areas,
often in search of novel ecological opportunities
(Griffin et al. 2017). This process, by which wildlife
adapt and continue to exist in now anthropogenically
modified, urbanised or semi-urbanised environments,
is known as synurbisation (Andrzejewski et al. 1978;
Babinska-Werka et al. 1979). From a nonhuman
perspective, anthropogenic habitats have been
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described as ‘new’, ‘complex’ or ‘strange’, charac-
terised by high degrees of anthropogenic pressures
and a host of associated threats to survival (Luniak
2004). Conversely, urban areas also offer novel food
resource — human-utilised foods — that are abun-
dantly available, easily accessible and energy rich
(Griffin et al. 2017), making them attractive habitats
for wild species to occupy. Nonhuman populations
that colonise anthropogenic habitats show a suite of
ecological and behavioural adaptations, including
altered behavioural patterns (Altmann and Muruthi
1988; Riley 2007; El Alami et al. 2012; Jaman and
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Huffman 2013), drastically modified diets (Sinha et al.
2005; Baruch-Mordo et al. 2014; Yirga et al. 2015) or
increased mortality due to anthropogenic causes
(Beckmann et al. 2008), all of which are often con-
sistent across taxa. Here, we draw attention to certain
Asian nonhuman primate species, typically of the
genus Macaca — including the bonnet macaque
Macaca radiata, thesus macaque M. mulatta and the
long-tailed macaque M. fascicularis — which have
earlier been referred to as the ‘weed macaques’, as they
are particularly capable of thriving in anthropogenic
habitats. We, however, prefer using the term ‘prolific
macaques’ to refer to these species, not only to avoid
this somewhat derogatory nomenclature but also to
recognise their unique life-history characteristics that
set them apart from all the other macaques. Such spe-
cies are often referred to as synanthropic, while those
that still remain largely isolated from humans but, more
importantly, apparently fail to adapt completely to
humans, even when in contact with them, as, for
example, the northern pig-tailed macaque M. leonina or
the stump-tailed macaque M. arctoides, are termed
non-synanthropic. It has become especially crucial to
focus, in these times of the Anthropocene, on the
behavioural ecology of these latter species, whose
capacities to adapt or their recent adaptations to
anthropogenic regimes, if any, continue to remain vir-
tually unknown.

The lion-tailed macaque Macaca silenus, an
endangered species endemic to the rainforests of the
Western Ghats of southern India, exists today as 49
subpopulations at only eight key locations, including
the Anamalai hills (Molur et al. 2003). It has tradi-
tionally been observed to be a highly arboreal, pri-
marily  frugivorous,  habitat-specialist  species,
completely dependent on the native vegetation of its
rainforest landscape and, hence, always considered to
be non-synanthropic in its habit.

Since the late 1800s, however, logging of the native
vegetation for the expansion of commercially grown
tea and coffee plantations, especially on the Valparai
plateau in the Anamalai hills, has resulted in extensive
forest fragmentation and isolation of lion-tailed maca-
que troops, which now remain scattered within these
remaining rainforest patches (Singh et al. 2002; Jega-
nathan et al. 2018). Despite the degraded nature of
these last remnant habitats of the macaque, the Ana-
malai hills, being contiguous with the Parambikulam
Tiger Reserve and Neliampathy in the north, and the
Chalakudi hills in the south, have been identified as
crucial landscape for the conservation of the species
(Singh et al. 2002).
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The Valparai plateau today is a matrix of tea and
coffee plantations, interspersed with about 45 rainforest
fragments, ranging in size from <10 to >100 ha
(Umapathy and Kumar 2000a, b; Mudappa and Shan-
kar Raman 2007). Of these, one particular patch,
measuring 92 ha, borders the Valparai town and is
surrounded on all other sides by tea plantations — the
Puthuthottam forest fragment (figure 1). Generally
classified as a small-sized fragment, Puthuthottam has
faced perpetual anthropogenic pressures, first being
underplanted with coffee and cardamom, which has
since been left untended, thus severely affecting the
understory, and subjected to largely uncontrolled
selective logging, leading to an overall degradation of
the habitat (Singh et al. 2001). Over the last three
decades, a combination of factors, including the con-
tinual degradation of habitat and canopy cover, steady
growth of the lion-tailed macaque population, expan-
sion of human settlements within the fragment and
increased tourism along the Puthuthottam road, has led
to the species becoming exposed to human habitations
and the resources found within them. This process has,
however, been a gradual one, where, as recently as
2015, only certain troops showed a propensity to
explore human settlements, while other troops contin-
ued to avoid interactions with humans (Dhawale 2016).

While prior to 1991, researchers reported only a
single lion-tailed macaque troop in Puthuthottam
(Kumar 1987), today the population contains ~ 190
lion-tailed macaques distributed across five troops
(Dhawale, pers. obs.). What is most remarkable is that
over the last 5 years, all the troops of the Puthuthottam
forest fragment have begun to visit human habitations —
either the homes of the plantation labour force within
the fragment itself or the neighbouring town of Val-
parai. These troops have also now developed certain
adaptations to these anthropogenic habitats, including a
significant reduction of time spent foraging, with a
concomitant increase in the time spent resting or the
display of altered social dynamics under regimes of
perceived competition over human-utilised foods
(Dhawale et al. 2020). Like many other macaque
species (Greenwood 1980), male lion-tailed macaques
typically disperse from their natal troops at sexual
maturity. This dispersal pattern is thought to reduce
inbreeding (Moore 1992), thus playing a crucial role in
their long-term survival and reproductive fitness. In
fragmented landscapes like the Valparai plateau, how-
ever, male migration in lion-tailed macaques appears to
be severely impeded (Singh et al. 2002), and as a
result, males tend to stay back in their natal troops.
This, we believe, has led to an unusual multimale,
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Figure 1. The study area, including the Puthuthottam forest fragment and surrounding human settlements, located on the
Valparai plateau in the Anamalai hills, southern India (adapted from Dhawale et al. 2020).

multifemale social organisation among the lion-tailed
macaque troops of Puthuthottam (Umapathy and
Kumar 2000a; Umapathy et al. 2011).

In this article, we present the first evidence of an
entire lion-tailed macaque troop moving out of the
Puthuthottam forest fragment and travelling across a
seemingly impermeable matrix of anthropogenic
habitats to visit novel human settlements, displaying,
in the process, significantly reduced daily movements
as well as home-range size, patterns congruent with
those observed in other synurbic macaque species
populations (Aggimarangsee 1992; Hansen et al.
2020).

2. Methods

The study troop, henceforth referred to as the RT
Troop, consisted of 25 individuals at the time of the
study, including 8 adult females, 2 adult males,
1 subadult female, 1 subadult male and 13 juveniles
(see Dhawale et al. 2020 for a definition of these age
classes). The troop left its semi-natural forest frag-
ment for the first time, as confirmed by our earlier
field records and on-ground informants, in September
2018, and then once again in November 2018. On

both these occasions, the troop moved 1 km north of
the forest fragment towards a dense human settle-
ment, returning to the forest fragment later the same
day. We began to systematically track the movements
of the RT Troop, using a GPS device to record its
location at 15-min intervals from 7:00 to 17:00 h
over 15£10 days each month, from January to
December 2019. We categorised our movement data
into two field seasons, Field Season 1, from January
to May 2019, and Field Season 2, from August to
December 2019, separated by the monsoon months,
when field work could not be conducted, to describe
the change in home range of the study troop, as it
explored its novel environment. We additionally
collected behavioural data ad libitum on the troop, as
it moved over substrata rather unusual for the spe-
cies, such as roads, tea bushes and swamps, and as it
foraged in the human settlement. A kernel density
estimation (KDE; Laver and Kelly 2008) allowed us
to determine home range (95% use area) and core
use area (50% use area) of the RT Troop over the
two field seasons, using an optimal bandwidth
selection method to delineate kernels (Fotheringham
et al. 2000). KDE calculations and visualisation were
completed in QGIS (QGIS 2011 version 2.18.3)
using the Heatmap plugin.
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3. Observations

Field season 1: During the first field season, the RT
Troop had a mean daily range of 0.30+ SE 0.04 km.
Initially, the troop would exit the fragment from the
northern edge, spending some time at the adjacent
Iyerpadi Hospital to forage in its open garbage bins
before quickly moving along the edge of the road for 1
km to the Rottikadai human settlement. In this season,
the troop would entirely avoid the swamps and tea
bushes, walking only on the single road connecting the
two settlements, even as traffic continued to ply along
the road. The troop would then spend long periods of
time, up to 20 days, at the Rottikadai settlement, for-
aging almost entirely at a large open garbage pit, and
occasionally on the few fruiting trees in the settlement,
including ones grown in gardens by the local com-
munity. In the evenings, it would roost on an Acacia
stand adjacent to the Rottikadai settlement. The troop
returned to the Puthuthottam forest fragment only on
three occasions during this entire field season,
remaining at its northern edge and returning to the
Rottikadai settlement within the same day each time.
Our home-range estimate clearly captured this ranging
behaviour, with the core use area of 25.6 ha overlap-
ping the Iyerpadi Hospital and Rottikadai settlement,
and with the troop’s total home range measuring 48.3
ha in this season (figure 2).

Field season 2: During the second field season, the
RT Troop had a mean daily range of 0.59+0.09 km. In
this season, the troop returned to the Puthuthottam
forest fragment more frequently while still spending
long periods of time in the Rottikadai settlement, and
ultimately vising a third human settlement, Iyerpadi,
0.5 km north of Rottikadai. During this time, the tea
fields adjacent to the Rottikadai and Iyerpadi settle-
ments were pruned, and members of the troop began to
move over the stumps to forage for insects. The adult
and subadult males would also intently explore the
edges of the swamp, presumably to forage. When
visiting the Iyerpadi settlement, the troop moved along
an overhead cable wire that linked this settlement to
Rottikadai, thus avoiding walking through the sur-
rounding scrubland. When in Rottikadai, the troop
discovered and began to roost in trees in an unoccupied
property within the settlement itself, a practice that
continued over the season. Our home-range estimates
indicated that while the core use area of the RT Troop
was limited to the Rottikadai settlement and measured
an area of 22.3 ha, its entire home range extended over
an area of 197.43 ha and included parts of the
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Puthuthottam forest fragment and the Iyerpadi settle-
ment (figure 2).

4. Discussion

Wild populations are undergoing synurbisation at
alarming rates, given the unceasing expansion of
human activities across the globe. Human-modified
habitats pose a serious threat to the long-term survival
of species, especially those that are unable to quickly
adapt to the urbanisation of their environments. Lion-
tailed macaque populations in isolated forest fragments
are known to face human-induced threats, like collision
with vehicles and electrocution, and also suffer from
biological effects, such as inbreeding depression, pre-
sumably due to lack of dispersal between fragments
(Ram et al. 2015). While it was previously thought that
lion-tailed macaque dispersal across the human-modi-
fied landscape of Valparai was simply not possible, we
present here the first evidence for troop migration of
this endangered species, over short distances but across
a matrix of human-origin habitats, including tea
plantations.

We observed one of the five troops of Puthuthottam,
the RT Troop, begin migrating out of the semi-natural
forest fragment in September 2018, culminating in a
stable shift in its home range from the fragment to a
previously unexplored human settlement, almost
entirely devoid of natural vegetation, by November
2019. The Rottikadai settlement, situated 1 km north of
Puthuthottam and immediately adjacent to an Acacia
stand, contains densely packed houses, including gro-
cery shops, residential structures, abandoned plots and
a large open garbage pit. This troop, which had, till
then, predominantly experienced semi-natural forest
habitats, initially began to roost in the apparent safety
of an Acacia stand next to the settlement but, remark-
ably, shifted its permanent roosting site to the core of
this busy settlement within the same year.

The Rottikadai settlement is only one of the seven
human settlements in and around Puthuthottam, the
others including the town of Valparai and several
smaller labour lines in the area. While multiple lion-
tailed macaque troops, resident in Puthuthottam, fre-
quently visit the immediately adjacent town of Valparai
to primarily forage at its garbage bins, there is no
previous record of a troop moving north of the frag-
ment towards Rottikadai. The northern section of the
Puthuthottam forest fragment tapers to form a semi-
isolated, highly degraded forest patch, bottlenecked by
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Figure 2. Kernel density estimation of home-range expansion of the RT Troop of lion-tailed macaques over the two field

seasons, from January to December 2019.

tea plantations, but this did not appear to deter the
exploratory movements of our study troop in any way.

Our previous observations of the lion-tailed macaque
troops in Puthuthottam indicated that an inter-troop
hierarchy prevails in this population, with the largest,
the Big Troop (BT), containing ~ 90 individuals, being
the most dominant and frequently engaging in inter-
troop aggression, often chasing away the other troops
in their vicinity (Dhawale, pers. obs.). We thus
observed heightened vigilance in the male members of
smaller troops, in response to the presence of the BT
Troop, sometimes leading to pre-emptive troop move-
ments away from the latter, clear evidence of inter-
troop scramble competition in the population (van
Schaik and van Noordwijk 1988). When we first
observed the RT Troop moving north of Puthuthottam,
the presence of the BT Troop was also recorded at the
northern edge of the fragment. We believe that the
initial movement by the RT Troop in the northern
direction was possibly a result of avoiding a direct
encounter with the BT Troop. Once the smaller RT
Troop explored and discovered a set of yet uncontested,
new food resources in Rottikadai, it possibly began to
revisit the settlement more frequently. We also suggest
that the presence of the Acacia stand near Rottikadai,

which was initially used as a roosting site, may have
allowed the troop to transition between their semi-
natural forest habitat and the core of the human set-
tlement. The Iyerpadi settlement, which the troop vis-
ited in November 2019, is about 0.5 km from
Rottikadai and connected by a narrow mud path. We,
therefore, believe that the natural process of home-
range expansion from its new urban core home range
led to the RT Troop ultimately exploring a second, not
too distant, human settlement.

Understanding the patterns of behavioural modifi-
cations in wild species in response to rapidly changing
anthropogenic habitats is becoming a crucial aspect for
the management of wildlife in urban settings (Luniak
2004). We suggest that unimpeded dispersal is crucial
for the long-term survival of endangered lion-tailed
macaque populations, especially across increasingly
fragmented landscapes. While the events that we have
presented here pertain to a single macaque troop, we
believe that these observations indicate the realisation
of the potential ability of lion-tailed macaques to dis-
perse across human-modified habitats, at least over
short distances. Whether such migration could also
span long distances, essential to maintain a natural
inter-population gene flow in the species, awaits long-
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term studies in Puthuthottam and the other fragments of
the Valparai plateau. It is, nevertheless, critically
important to promote native habitat connectivity across
the surviving rainforest fragments of the region to
ensure the ultimately essential natural dispersal of lion-
tailed macaques across this and similarly fragmented
landscapes that harbour the last populations of this
unique rainforest species.
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