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A mixed-species group is formed due to an increase in 
close association among individuals of different spe-
cies. Such groups also possibility of having diversity in 
size, phenotypic similarities and differences, and con-
trasting morphologies compared to the original species. 
We studied inter-individual variations in external mor-
phology and social structure in mixed-species groups 
of Nilgiri langur (NL, Semnopithecus johnii) and tufted 
grey langur (HL, Semnopithecus priam) between 300 
and 800 m in the Anamalai Tiger Reserve, Western 
Ghats in India. The study reports the largest number 
of mixed morphotypes in a population having a higher 
abundance of dark grey morphs at lower altitudes, light 
brown morphs in the mid altitudes and more dark 
brown morphs at higher altitudes. The group size of 
mixed species was mostly multi-male and multi-female 
and larger than the NL and HL groups. Our study 
provides a framework to determine their inter-specific 
interactions and reproductive strategies which are 
necessary in overlapping ranges. 
 
Keywords: Altitudinal gradients, hybridization, langurs, 
mixed-species associations, sympatricity. 
 
OCCUPATION of different niches or coexistence by closely 
related species of animals has been a topic of particular 
interest in ecology for a long time1,2. Closely related spe-
cies are often at the same trophic level and, hence, face 
more severe competition for resources than those at different 
trophic levels. Natural selection favours processes that  
reduce competition in nature. The literature abounds with 
examples where closely related species have been observed 
to spatially space out in evolutionary and ecological times. 
In the Indian ecosystem, for example, lions Panthera leo 
and tigers Panthera tigris are found in open and dense 
forests respectively3. Likewise, dhole Cuon alpinus is 

generally found in relatively denser forests, whereas grey 
wolves Canis lupus and Bengal foxes Vulpes bengalensis 
inhabit open country. If related species are in the same 
ecosystem, they still find different habitats. In the Anamalai 
Hills of the Western Ghats of India, the bonnet macaque 
Macaca radiata, a frugivore, and the Hanuman langur 
Semnopithecus sp., a folivore, are sympatric in the decid-
uous forests at lower altitudes, while the frugivore lion-
tailed macaque Macaca silenus and the folivore Nilgiri 
langur Semnopithecus johnii are sympatric in wet forests 
at higher altitudes4, thereby indicating that species with 
similar resource use, space out to different habitats. If two 
or more related species occur together in the same habitat, 
they may use different strata or substrata. Several primate 
species in the forests of Peru move and utilize resources in 
different parts of the same trees, such as vertical or hori-
zontal and upper or lower canopy5. If found at the same 
stratum, sympatric species may specialize in different re-
source types or resource phenophases, but any food niche 
overlap, even for short periods of time, often results in inter-
species agonistic interactions6. The distribution of resource 
utilization among neighbours influences the extent of overlap 
between space-sharing among individuals7–10. Even if the 
resources used are largely the same, sympatricity is still 
possible if the food niche overlap occurs at the time of 
abundance in the availability of shared resources in the 
habitat11. If the competition for food resources is minimal, 
species may tend to form mixed-species associations or 
even mixed-species groups12,13. A mixed-species group is 
defined as ‘a group of independently moving animals from 
more than one species found in close proximity, which in-
teract with one another’14. Antipredation, finding a mate, 
increased movement efficiency or anthropogenic factors 
are primarily attributed to mixed-species groups15–17. A 
review of a large number of publications on various taxa 
shows enormous diversity in mixed-species groups in size14, 
phenotypic similarities and differences, and contrasting 
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morphologies. Despite many differences in the behaviour 
patterns of species in mixed-species groups, an organiza-
tion consistency is observed where one, or sometimes a 
few, species become ‘catalyst’18, ‘leader’19 or ‘central’20,21. 
By proposing a two-dimensional structure in which one ax-
is represents the similarity of benefit types and the second 
axis expresses asymmetry in the relative amounts of bene-
fits/costs accrued, Goodale et al.22 have provided a com-
prehensive framework to understand the composition and 
organization of mixed-species groups. Increased interac-
tion in mixed-species groups may also result in interbreeding 
and hybridization, as observed among Asian colobines, 
where the probable hybrids show colour variation among 
individuals in mixed-species groups23–27. 
 In India, several reports have confirmed the presence of 
mixed-species associations between two sympatric colo-
bines, i.e. Nilgiri langurs and Hanuman langurs (tufted grey 
langurs) in numerous locations of the Western Ghats28–31. 
Nilgiri langurs are more folivorous than Hanuman langurs32. 
The social structure, relationships and behavioural pat-
terns of Nilgiri langurs are similar at some level to those 
of Hanuman langurs33,34. In the mixed-species groups, 
brown morphs with several inter-individual colour varia-
tions are observed31. However, little is known about these 
inter-individual variations and the distribution pattern of 
the mixed-species groups. 
 In this study, we examined whether the social structure 
in the mixed-species/mixed morphotypes groups differed 
from the Nilgiri langur and Hanuman langur groups. Also, 
what are the inter-individual variations in colour patterns 
in mixed-species groups? Does the social structure among 
the mixed-species groups differ along the altitudinal gra-
dient? Do vegetation cover and structure restrict the habitat  
suitability of Nilgiri langurs, Hanuman langurs and their 
mixed-species groups? 
 

 
 

Figure 1. Location of the study area (Topslip forest at Ulandy and Pol-
lachi ranges) within the Anamalai Tiger Reserve, Tamil Nadu, India, 
and sampling grids along the altitudinal gradient showing the distribu-
tion of different langur groups. 

Materials and methods 

Study site 

The study was conducted in the Anamalai Tiger Reserve 
(ATR) of the southern Western Ghats, Tamil Nadu, India 
(Figure 1). The altitude of ATR (an area of 958.59 sq. km) 
ranges from 220 m in the plains to 2513 m in the shola 
grasslands. The high altitudinal gradient and different 
rainfall patterns between the slopes have resulted in various 
types of vegetation. The protected area covers large regions 
of shola-grassland ecosystems, tropical wet evergreen for-
ests, tropical moist and dry deciduous forests, and tropical 
dry thorny forests. Annual rainfall in the Reserve is 
800 mm on the eastern dry rain-shadow side and 3500 mm 
on the western windward side. 

Study species 

The relatively dry deciduous and scrub forests on the eastern 
slopes of the Anamalai Hills system harbour tufted grey 
langurs Semnopithecus priam and bonnet macaques, while 
the relatively wetter regions on the ridge, valleys and the 
western slopes consist of Nilgiri langurs, lion-tailed maca-
ques and the occasional bonnet macaques4. Nilgiri langurs 
and tufted grey langurs are found in the transition zone bet-
ween two different habitats, i.e. tropical semi-evergreen/ 
moist deciduous and dry deciduous forests in the reserve. 

Survey design and data collection 

The study began in February 2021 with the aim of assessing 
the population distribution patterns of langurs within ATR. 
We observed a few mixed-species langur groups in the tran-
sition zone of tropical moist and dry deciduous forests (bet-
ween 400 m and 800 m). Based on the initial observations, we 
designed a grid-based study along the altitudinal gradient 
between December 2022 and March 2023, to further analyse 
the distribution pattern of different mixed-species groups. 
 Keeping the home range size of Nilgiri langurs35,36 and 
Hanuman langurs37, a grid cell size of 0.5 sq. km or 50 ha 
was considered as the sampling unit. Since the tufted grey 
langurs are found up to 800 m and Nilgiri langurs from 
200 m to the shola forests4, we also focused on their distri-
bution pattern along an altitude gradient in the overlap-
ping zone. We overlaid the 0.5 sq. km grid cell on the map 
of the selected site in ATR for sampling on the QGIS plat-
form. The shape file of the grid cell was uploaded to the 
handheld global position system, and the same was realized 
on the ground. A total of 36 grid cells were sorted for 
sampling covering an area of 18 sq. km (Figure 1). In each 
grid cell, we walked 1.5–5 km of trail covering the entire 
grid cell (between 0600 and 1100 h at the speed of 1 km/h). 
On the trail, every 500 m of sampling was considered as 
one spatial replicate; thus, a minimum of three and a max-
imum of four replicates were done for each grid cell. We 
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Table 1. Demographic composition of Nilgiri langur, tufted grey langur and their mixed- 
 species groups in the Anamalai Tiger Reserve, Tamil Nadu, India 

 
Species 

 
Group size 

Adult male 
(AM) 

Adult female 
(AF) 

 
Juvenile 

 
Infant 

 
AF/AM 

 

Nilgiri langur 6 1 4 1 0 4.00 
 5 1 3 1 0 3.00 
 7 1 4 2 0 4.00 
 10 1 4 5 0 4.00 
 5 1 2 1 1 2.00 
 8 1 3 1 3 3.00 
Mean 6.83 1.00 3.33 1.83 0.67 3.33 
Mixed-species groups 14 1 7 3 3 7.00 
 18 4 6 6 2 1.50 
 21 3 9 4 5 3.00 
 8 2 3 1 2 1.50 
 10 1 3 3 2 3.00 
 9 1 5 1 2 5.00 
 18 4 4 3 7 1.00 
 25 3 10 11 3 3.33 
 20 3 4 9 4 1.33 
 23 3 10 7 3 3.33 
 9 1 3 3 2 3.00 
 11 2 5 3 1 2.50 
Mean 15.50 2.33 5.75 4.50 3.00 2.96 
Tufted grey langur 13 1 6 5 1 6.00 
 17 1 8 2 6 8.00 
 9 1 4 2 2 4.00 
 10 1 6 3 0 6.00 
 11 1 5 3 2 5.00 
 7 1 3 2 1 3.00 
Mean 11.17 1.00 5.33 2.83 2.00 5.33 

 

walked a total of 56.39 km. On every sighting of the lan-
gur group, we spent 15–20 min with it and recorded (i) 
group size, age–sex information, and (ii) body colour pat-
tern and head tuft. Wherever the complete characterization 
of morphs of all individuals could not be collected during 
grid sampling, we revisited those groups and spent enough 
time to obtain details of the morphological parameters of 
all the individuals. 
 In addition, we identified different forest types within 
the gird cells – medium elevation wet evergreen forests 
(EF), semi-evergreen degraded forests (SEDF), dry decid-
uous forests (DDF), dry deciduous forests with bamboo 
(DDFB), dry deciduous forest and thorny scrubs (DDFS), 
gallery forest (GF), teak plantations (TP) and eucalyptus 
plantations (EP). By overlaying the grid layer on the clas-
sified map of the study area, we extracted the area of each 
forest type in the grid cell and then estimated the propor-
tion of each forest type for the grid cell. We used the digi-
tal elevation model (DEM) layer of the study site, and 
overlaid the grid layer and extracted altitude for multiple 
locations in the grid cell; we also considered their mode as 
representative altitude for the grid cell. 

Data analysis 

Using the langur group detections in grid walk, we computed 
the group encounter rate for each grid cell as the number 

of groups per kilometre of walk done. The mean encounter 
rate for each langur species and mixed-species group was 
computed using the encounter rate from all the grid cells. 
 We obtained the total group size and age/sex of all the 
individuals for 6 groups of Nilgiri langur, 6 groups of tufted 
grey langur, and 12 mixed-species/mixed morphotypes 
groups. We calculated the mean group size, age/sex composi-
tion, and adult female to infant ratios and compared these  
using Kruskal–Wallis one-way ANOVA and Z test. 
 The coat colour and other morphological (e.g. head 
crest) variations among individuals of the mixed-species 
groups were characterized. We estimated the proportion of 
these traits for each group. We presented a graphical rep-
resentation of the proportion of each langur species and 
brown morphs in each group. 
 Using the three or four replicates in each grid cell, we 
constructed a detection matrix for each species or mixed-
species group for a grid cell as ‘1’ indicating detection 
and ‘0’ indicating no detection. Then, we estimated their 
occupancy (ψ) and detection probability (p) using likelihood 
functions38. We analysed the data using maximum likeli-
hood functions employing single-season occupancy mod-
elling in the program PRESENCE (version 2.13.47)38,39. 
Trail length (KM) was considered as a covariate for detection 
probability, and EF, SEDF, DDF, DDFB, DDFS, GF, TP, 
EP and altitude (ALT) were included as site covariates for 
species or mixed-species group occupancy in the grid cell. 
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Figure 2. Inter-individual variations among brown morphs found in mixed-species groups of Nilgiri langur (NL) 
and tufted grey langur (HL) in the Anamalai Tiger Reserve. 

 
 
 Considering the habitat requirements in the overlapping 
zone, we hypothesized that mixed-species groups may  
occupy the grid cells with a larger cover of dry deciduous 
forests (DDF, DDFB and DDFS, as they fall in the over-
lapping zone of distribution of two langur species). We also 
expected that Nilgiri langurs may occupy high altitudes 
and evergreen forests, while the altitude may negatively 
influence the occupancy of tufted grey langurs. As the trail 
length (KM) in each grid cell occupies different forest types, 
we used this factor to model p. We generated multiple 
models with the associated covariates and evaluated their 
effects on the models. The naïve occupancy was calculated 
by dividing the number of grids with detections of species/ 
mixed-species groups by the number of grids sampled (n = 
36). Akaike’s information criterion (AIC) was used to rank 
the models, with the lowest AIC value indicating the best-
fit model to the data40. We used the Burnham and Ander-
son41 framework to calculate model weights. We summed 
the model weights over all the models containing the par-
ticular covariate in the selected models and ranked them 
in descending order. To determine the effect size, we con-
verted the beta coefficients into Z-scores by dividing the 
coefficient values by SE. The estimated occupancy of Nil-
giri langurs, tufted grey langurs and their mixed-species 
groups was plotted within the sampling grid cells. 

Results 

Abundance and group composition 

We obtained 66 detections of langur groups in 36 grid cells 
that provided an encounter rate (ER) of 1.18 ± 0.66SD/km. 
The highest number of detections was 30 for Nilgiri langurs 
(ER = 0.50 ± 0.73SD), followed by mixed-species groups 

(N = 21, ER = 0.41 ± 0.70SD) and tufted grey langurs (N = 
15, ER = 0.28 ± 0.50SD). 
 The largest mean group size was observed in the mixed-
species (15.5 ± 6.05SD), followed by tufted grey langurs 
(11.7 ± 3.49SD) and Nilgiri langurs (6.83 ± 1.94SD; Table 
1; Kruskal–Wallis H = 6.74, df = 2, P < 0.01). The mixed-
species groups had 2.33 ± 1.15SD males, 5.75 ± 2.67SD  
females and 7.50 ± 3.75SD immatures in the group (Table 1). 
The Nilgiri langurs had 1.00 ± 0.00SD males, 3.33 ± 0.82SD 
females and 2.50 ± 1.64SD immatures in the group, while 
tufted grey langurs had 1.00 ± 0.00SD males, 5.33 ± 1.75SD 
females and 4.83 ± 1.94SD immatures in the group. About 
66.66% of the mixed-species groups were multi-male mul-
ti-female societies. The per female infant output in mixed-
species groups (0.52) was significantly higher than in  
Nilgiri langurs (0.20) and tufted grey langurs (0.38; mixed 
versus NL: Z = 2.84, P = 0.01; mixed versus HL: Z = 1.56, 
P = 0.12; NL versus HL: Z = 1.53; P = 0.13). 

Brown morphs of mixed-species groups with an  
altitudinal gradient 

We observed coat colour and other morphological (e.g. 
head crest) variations among individuals of the mixed-
species groups which were characterized accordingly with 
photographs (Figure 2 and Table 2 and Supplementary 
Table 1). The presumed hybrid brown morphs had external 
features resembling those of the Nilgiri langur and tufted 
grey langur42. We identified three distinct coat colours 
among the brown morphs, viz. dark brown, light brown 
and dark grey. Brown morphs with the same coat colour 
had different head hair, viz. white, light brown and golden 
brown. Most of the morphs had puffed-shaped heads that 
did not resemble Nilgiri langurs or tufted grey langurs. 
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Table 2. Inter-individual variations among brown morphs in mixed-species groups of Nilgiri  
 langur and tufted grey langur in the Anamalai Tiger Reserve 

Variation Characteristics 
 

Species*  
 Nilgiri langur (NL) A glossy black coat with a reddish-brown to golden brown  

 head hair and pitch-black coloured face 
 Sexually dimorphic 
 Females have white patches on their peritoneal region that  

 distinguish from the males 
 Tufted grey langur (HL) A yellowish-white coat with light greyish under parts 
 Black eyebrows and short, whitish beard 
 Tufted crown in the head 
 Hands and feet are light grey in colour 
Coat colour of brown morphs (BM)  
 BM coat 1 (BMC 1) Morphs with dark brown coat  
 BM coat 2 (BMC 2) Morphs with light brown coat  
 BM coat 3 (BMC 3) Morphs with dark grey coat 
Head hair (HH)  
 NL–HH Reddish-brown to golden brown  
 HL–HH White 
 BM–HH 1 White 
 BM–HH 2 Light brown  
 BM–HH 3 Golden brown  
Shape of head (SH)  
 NL–SH Round  
 HL–SH Tufted  
 BM–SH Puffed 
Hand and foot (HF)  
 NL–HF Black 
 HL–HF Light grey 
 BM–HF 1 Black 
 BM–HF 2 Dark grey 
 BM-HF 3 Light grey  

*Walker and Molur42. 
 
 

 
 

Figure 3. Variation in mixed-species group composition of Nilgiri 
langur and tufted grey langurs along the altitudinal gradient in the Ana-
malai Tiger Reserve: (a) male–female and (b) all-male bands. 
 
 
Hand and foot colours also differed from black to dark 
grey to light grey. 
 We identified inter-individual differences among brown 
morphs of mixed-species groups with an altitudinal gradi-
ent (Figures 3 and 4 and Supplementary Table 1). Brown 
morphs at high altitudes had darker colour, and head and 
body sizes were similar to the Nilgiri langurs, whereas, at 

low altitudes, they were similar to tufted grey langurs in 
colour and size (Figure 4). Mixed-species groups from 
lower altitudes had a smaller proportion of brown morphs 
with tufted grey langurs, which increased with altitude 
(Figure 3 a). From 662 to 691 m amsl, brown morphs had 
the largest percentage in the mixed-species groups. From 
there on, the proportion of Nilgiri langurs in mixed-species 
groups gradually increased towards higher altitudes. Nilgiri 
langur individuals were found in some of the mixed-spe-
cies groups in the lower altitudes. Additionally, we found 
four male bands, two of which were mixed-species groups 
with variation in group composition along the altitudinal 
gradient (Figure 3 b). 

Occupancy of Nilgiri langurs, tufted grey langurs  
and their mixed-species groups 

Nilgiri langurs had the highest detection of 30, followed 
by mixed-species groups (21) and tufted grey langurs (15; 
Table 3). The estimated detection probability (p) for Nil-
giri langurs was 0.48 ± 0.09SE, mixed-species groups was 
0.26 ± 0.10SE and tufted grey langurs was 0.25 ± 0.12SE. 
The naïve occupancy of Nilgiri langurs, mixed-species 
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Table 3. Number of detections, detection probability and naïve occupancy of langurs in the  
 Anamalai Tiger Reserve 

 
Species/group 

 
Total detection 

No. of grids  
with detection 

Detection  
probability (SE) 

Naïve  
occupancy 

 

Nilgiri langur 30 15 0.48 (0.09) 0.42 
Mixed-species group 21 13 0.26 (0.10) 0.36 
Tufted grey langur 15 10 0.25 (0.12) 0.28 

 
 

 
 

Figure 4. Inter-individual variations in colour patterns in mixed-species 
groups along the altitudinal gradient in the Anamalai Tiger Reserve. 
 
 
group and tufted grey langurs was 0.42, 0.36 and 0.28 res-
pectively. The distance walked (KM) in each grid influenced 
the detection probability of Nilgiri langurs, i.e. wt = 0.84. 
Subsequent models for Nilgiri langurs were run with kilo-
meter as a function of p. 
 ALT and SEDF were in the top models for Nilgiri lan-
gurs, whereas DDFB was for mixed-species groups, and 
DDFS for tufted grey langurs (Table 4). The coefficient of 
ALT (Z = 1.52) and SEDF (Z = 0.50) was positive for 
Nilgiri langurs but negative for mixed-species groups (Z = 
–0.38) and tufted grey langurs (Z = –0.85; Table 5). The 
coefficient of DDFB (Z = 1.24) and DDF (Z = 1.21) was 
positive for mixed-species groups, while the coefficient 
DDFS (Z = 1.63) was positive for tufted grey langurs (Ta-
ble 5). The occupancy mapping indicates the spatial seg-

regation of Nilgiri langurs, mixed-species groups and tuft-
ed grey langurs (Figure 5). 

Discussion 

In the study area of the Anamalai Tiger Reserve, the Nilgiri 
langurs were found at higher elevations in the relatively 
wetter forests, the tufted grey langurs in the lower elevations 
in the dry deciduous and scrub forests, and the mixed-
species groups and groups with brown morphotypes in the 
dry and moist deciduous forests in the middle elevation. 
The mixed morphotypes or possible hybrids have been 
earlier reported as a single or, in a few cases, in some 
mixed-species populations. To the best of our knowledge, 
the present study reports the largest number of mixed 
morphotypes in a single population. The mixed-species 
group size was larger than the Nilgiri and tufted grey lan-
gur groups. The adult female-to-infant ratios did not differ 
among the groups. While the Nilgiri and tufted grey lan-
gurs were uni-male/multi-female, most mixed-species of 
the groups were multi-male/multi-female. 
 The altitudinal and forest-type distribution patterns of 
the Nilgiri and tufted grey langurs observed in the present 
study were the same as reported earlier4,43. The detection 
probability and occupancy models employed in the present 
study also indicated the same distribution pattern with re-
spect to altitude and vegetation types. In the study region, 
the mixed-species groups of various types, including tufted 
grey langurs and the brown morphs, Nilgiri langurs and 
brown morphs, and all three types in a single group, were 
found in the overlapping range. There are several explana-
tions for the formation of mixed-species groups. The most 
common explanation is the benefits of foraging in mixed 
groups. Diana Cercopithecus diana and Campbell’s Cer-
copithecus campbelli monkeys foraged in larger areas and 
more intensively when foraging in mixed-species groups 
than in single-species groups44. There can be local enhance-
ment where individuals or species in mixed groups may 
find food detected by individuals of other species45. In the 
forests of Peru, the variance in time spent searching for 
new fruiting trees was less when primates foraged in mixed-
species groups than as a single species46. Mixed-species 
groups also allowed better defence of a feeding area among 
the primates47. Goodale et al.14 have discussed several 
mechanisms by which mixed-species groups reduce predator 
risk. These include encounter dilution48, shared vigilance 
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Table 4. Top models for occupancy of langurs in the Anamalai Tiger Reserve 

Species/group Model ψ SE AICc ∆AICc wt K 
 

Nilgiri langur ψ (ALT), p (KM) 0.51 0.09 93.78 0.00 0.50 4 
 ψ (ALT + SEDF), p (KM) 0.52 0.09 94.48 0.70 0.35 5 
Mixed-species group ψ (DDFB + DDF), p (.) 0.48 0.15 90.90 0 0.22 4 
 ψ (DDFB), p (.) 0.49 0.15 91.17 0.27 0.19 3 
 ψ (DDFB + DDF + DDFS), p (.) 0.48 0.16 92.08 1.18 0.12 5 
 ψ (DDFB + DDFS), p (.) 0.50 0.19 92.20 1.30 0.11 4 
 ψ (DDFB + ALT), p (.) 0.48 0.17 92.43 1.53 0.10 4 
 ψ (DDF), p (.) 0.52 0.16 92.81 1.91 0.08 3 
 ψ (DDFB + DDF + ALT), p (.) 0.48 0.17 92.90 2.00 0.08 5 
Tufted grey langur ψ (DDFS), p (.) 0.31 0.08 61.54 0.00 0.38 3 
 ψ (DDFS + ALT + DDF), p (.) 0.30 0.09 61.68 0.14 0.35 5 
 ψ (DDFS + ALT), p (.) 0.30 0.08 62.39 0.85 0.25 4 

ψ, Estimated occupancy parameter; p, detection probability; SE, Associated standard error; AICc, AIC cor-
rected for all small-sample bias; ∆AICc, Difference in AICc values between each model and the model with 
the lowest AICc; wt, Model weight, K, Number of parameters estimated by the model; ALT, Altitude; KM, 
Effort in transect walks; SEDF, Semi-evergreen degraded forests; DDFB, Dry deciduous forests with bam-
boo; DDF, Dry deciduous forests and DDFS, Dry deciduous forest and thorny scrubs. 

 
 

Table 5. Covariates influencing occupancy ranked by the summed β-coefficient and  
  associated standard error for the top models 

Species/group Covariates Summed wt Beta coefficients SE z-Score 
 

Nilgiri langur ALT 0.85 6.75 4.43 1.52 
 SEDF 0.35 5.76 11.54 0.50 
Mixed-species group DDFB 0.82 64.47 52.05 1.24 
 DDF 0.42 5.06 4.18 1.21 
 DDFS 0.23 –3.55 4.05 –0.88 
 ALT 0.18 –0.42 1.11 –0.38 
Tufted grey langur DDFS 0.98 36.87 22.61 1.63 
 ALT 0.60 –1.58 1.86 –0.85 
 DDF 0.35 1.82 1.46 1.24 

 
 

 
 

Figure 5. Estimated occupancy of Nilgiri langur, tufted grey langur and their mixed-species groups within the sampling grids. 
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and collective detection49, and sometimes deterring the 
predator50. Although no detailed information on the sharing 
or partitioning of resources by the sympatric langur species 
in the Western Ghats is yet available, Nilgiri langurs have 
been found to be more folivorous than black-footed grey 
langurs Semnopithecus hypoleucos32. Therefore, if there is 
not much competition for food resources, the mixed-species 
groups of the present study may have anti-predation bene-
fits by numbers and alarms since predation by large carni-
vores, including tigers, leopards and dholes on the langurs, 
has been reported to be substantial51,52. 
 The mean group size of Nilgiri langurs (6.83 ± 1.94SD) 
in the present study was nearly the same (5.40) as in the  
Ullandy range53, (7.00) in the Nelliyampathy Reserve  
Forest54 and (7.72) in the Parambikulam Tiger Reserve55 
in the Anamalai and adjoining hills. The Nilgiri langur group 
size in the relatively wetter forests tends to be smaller than 
that of grey langurs inhabiting relatively drier forests4,56, 
which was also observed in the present study where the 
group size of the tufted grey langur groups and the mixed-
species groups was larger than that of the Nilgiri langurs. 
The social organization of the mixed-species/mixed mor-
photypes with multi-male/multi-female structure differed 
from both Nilgiri langurs and Hanuman langurs, which 
had a uni-male/multi-female structure. Nilgiri langur groups 
can occur as uni-male, multi-male, all-male and all-female; 
however, multi-male and all-female groups are rare33,34,43,57. 
Tufted grey langur groups also occur as uni-male, multi-male 
or all-male25,31. However, in the present study area, Nilgiri 
and tufted grey langur groups were uni-male. Although 
the proportion of adult females against the group size was 
smaller in the mixed-species groups (0.37) compared to 
the Nilgiri langurs (0.49) and tufted grey langurs (0.47), 
the infant-to-adult female ratio was highest, indicating 
higher reproductive output in the mixed-species groups. In 
a review of mammalian mixed-species groups, Stensland 
et al.58 have speculated that since young and subordinate 
individuals can mate without aggression from dominant 
individuals, it results in better mating among the efficiency 
group members. 
 The most striking observation in our study is the presence 
of brown morphs with colour variations from dark grey to 
light brown to dark brown. These brown morphs are proba-
ble hybrids between Nilgiri langurs and tufted grey lan-
gurs. Interestingly, the abundance of dark grey individuals 
was higher in lower elevations where groups of tufted grey 
langurs occurred. The abundance of light brown individuals 
was higher in the mid-elevation, while at higher elevations, 
close to the groups of Nilgiri langurs, the frequency of 
dark brown morphs was higher. Previous studies have also 
identified probable hybrid individuals in groups or mixed-
species group associations in the Western Ghats28,31,59. In 
this study, we found male bands of Hanuman langurs, 
Nilgiri langurs and mixed species in the same region. The 
information adds to the diversity of social organization in 
these colobines. 

 Recently, observations of mixed-species groups have 
been reported for other colobines – golden langur Trachy-
pithecus geei × capped Langur Trachypithecus pileatus in 
Bhutan23, red-shanked douc Pygathrix nemaeusx × grey-
shanked douc P. cinerea24, purple-faced langur Semno-
pithecus vetulus philbricki × tufted grey langur S. priam 
thersites25, proboscis monkey Nasalis larvatus × silvery 
lutung Trachypithecus cristatus26, Phayre’s langur Tra-
chypithecus phayrei and capped langur Trachypithecus 
pileatus27. Variation in coat colour patterns is common 
among hybrid individuals in the mixed-group associations 
observed. The present study adds to the understanding of 
how colour variation patterns change at different eleva-
tions, which may be related to the dispersion of male indi-
viduals from both langur species across the study area. 
Genetic data will help identify whether this variation in 
the coat colour of distinct brown morphs is linked with 
hybridization between the two species. 
 The process of hybridization is important biologically 
because it enhances the variety of genes within a species60. 
It can have a number of effects on evolution, including the 
merging of parental lineages or the development of a new 
hybrid species. Overall, hybridization has been reported in 
at least 10% of primate species61, and hence, there is a 
possibility of formation of mixed-species groups62,63, and 
hybrids are observed with intermediate external morpho-
logical features25,64. Roos et al.65 showed that hybridiza-
tion is the main cause of discordance among gene trees in 
colobines. They showed that in Asia, Semnopithecus di-
verged first and that the unidirectional gene flow from 
Semnopithecus to Trachypithecus might have occurred until 
the earliest Pleistocene. Furthermore, by understanding 
anthropogenic changes in the natural environment, the effects 
of hybridization may have clear implications for conserva-
tion. Anthrophonic factors can limit the ability of two 
sympatric species to mate, increasing the possibility of 
hybridization66,67. Nilgiri langurs and tufted grey langurs 
are sympatric species at certain elevation levels in the 
Western Ghats. Being primarily folivores, habitat frag-
mentation and degradation may significantly impact their 
dispersal and mating opportunities. This overlapping range 
of mixed-species groups necessitates extensive studies to 
determine their interspecific interactions and reproductive 
strategies. At the same time, it is also important to know 
whether possible hybridization will result in evolution or 
the local extinction of two colobines. 
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