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The Nicobar long-tailed macaque (Macaca fascicularis 
umbrosus) is confined to the southern and central  
Nicobar archipelago. We have collected demographic 
and birth data for five groups of M. f. umbrosus to  
understand their group structure, demography and 
breeding seasonality. Group size, individuals in age–
sex classes and age–sex ratio did not vary between the 
groups and years. The birth rate was neither associ-
ated with the number of adult females in the group 
nor with group size. The number of births in a month 
was positively correlated with rainfall, and about 71% 
of the births occurred during the rainy season, 
though, the number of births did not vary systemati-
cally among the months. Perhaps, higher availability 
of food resources in the wet season than the rest of the 
year may support lactation in females and provide 
food for the weaned infants. The similarity in some 
demographic traits between the Nicobar long-tailed 
macaque and other subspecies indicates that these 
traits may be conserved over evolutionary time, while 
for other traits, differences among subspecies may  
reflect the effect of local conditions and recent histo-
ries. This is the first report on demography and birth 
seasonality of this unique subspecies of the long-tailed 
macaque. 
 
Keywords: Birth rate, demography, group size, popula-
tion dynamics. 
 
DEMOGRAPHIC characteristics are the evolutionary conse-
quences of life history traits which fix in a population as 
they maximize individual reproductive output1–3. Demo-
graphic characteristics including group size, age and sex 
composition of the group, birth rate, mortality, migration 
frequency of individuals, and growth rate, change over 
time due to ecological constraints4. Predation pressure 
and intra-group competition over food are two major fac-
tors that determine the upper limit of the group size, 
which directly relates to the birth and survival rate of  

individuals5,6. In the long-tailed macaque, M. fascicularis, 
birth rate and early infant survival decreased with  
increase in group size due to over-optimal group size7. 
Contrary to this, group size positively correlated with the 
birth rate but no relation was found between the group 
size and infant survival in the Japanese macaque, M. fus-
cata8. Overall, the group size influences intra-group  
resource competition, which in turn affects the reproduc-
tive output of a group. 
 Age–sex composition also plays a major role in the  
reproductive output of a group. In macaques, reproduc-
tive success in females increases with increase in propor-
tion of males (adult and sub-adult) in the group. This is 
due to increased immature survival because of better pro-
tection of immatures against infanticide by outer group 
males9. While birth rate decreased with increase in num-
ber of females in the group in lion-tailed macaque M. si-
lenus10 and M. fuscata8, both birth rate and infant survival 
rate decreased in the Taiwanese macaque, M. cyclopis11. 
Thus, the reproductive success in females is also depend-
ent on the intra-group feeding competition. 
 Birth seasonality refers to the regular fluctuation of 
births over a year12. In heterogeneous environmental  
regimes, seasonality affects behavioural ecology and  
reproduction in many ways including timing and the nar-
rowness of the breeding peak13,14. Additionally, environ-
mental stress may also affect birth seasonality14. Macaques 
exhibit various patterns of reproductive seasonality; from 
sharply discrete matings and births, to complete non-
seasonality where matings and births are distributed 
throughout the year15. The Barbary macaque (M. syl-
vanus), Bonnet macaque (M. radiata), Rhesus macaque  
(M. mulatta), Japanese macaque (M. fuscata), Tibetan 
macaque (M. thibetana) and Formosan rock macaque  
(M. cyclopis) show discrete reproductive seasonality.  
M. fascicularis, M. silenus, Toque macaque (M. sinica), 
and Celebes macaque (M. maurus) give birth throughout 
the year with distinct birth peaks, and black crested ma-
caque (M. nigra) and Tonkean macaque (M. tonkeana) are 
completely non-seasonal without any prominent peak16. 
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 M. fascicularis are widely distributed in the Nicobar, 
Bali, Jawa, Kalimantan, Lesser Sunda, Penninsular  
Malaysia and is largely confined to islands17. M. f. um-
brosus, one of the 10 sub-species of M. fascicularis, is 
found on three offshore islands of the southern and cen-
tral Nicobar archipelago including Great Nicobar, Little 
Nicobar and Katchal18 of India. These islands were hit by 
massive earthquake followed by tsunami in 2004, which 
drastically reduced the population of macaques19. Ve-
lankar et al.20 reported that the population is in the proc-
ess of recovering from the crash even after 10 years. The 
recovery in population size may be dependent on adjust-
ments or alterations in the life-history traits of the spe-
cies, viz. birth rate, survival rate, emigration and  
immigration, as all these play a major role in regulating 
population growth. Since conservation and population 
management requires basic data on demographic struc-
tures and population dynamics, we present, in this article, 
the first ever data on the demography and birth seasonality 
of M. f. umbrosus in this small, isolated, and environmen-
tally stressed population and set a platform for long-term 
monitoring of population dynamics. 

Materials and methods 

Data collection 

This study was carried out from January 2013 to Decem-
ber 2015 in the Great Nicobar Biosphere Reserve, Great 
Nicobar Island, India (Figure 1). We selected five groups 
of Nicobar long-tailed macaques (LB, MG, PI, TR and 
MA) inhabiting areas in and around Campbell Bay village 
for the current study. Due to remoteness and inaccessibi-
lity of the habitat, frequent finding of groups and collecting 
data on different aspects from all these study groups was 
difficult. Data was collected on group size and group com-
position for four groups (LB and MG from March 2014 to 
March 2015, PI and TR from March 2013 to December 
2015), birth data for all the five groups from January 2013 
to December 2015, infant survival data for two groups (MG 
and TR) and inter-birth interval data for one group (TR). 
 The data on group size and group composition was  
collected fortnightly for each group for two years for LB 
and MG groups, and three years for PI and TR groups. A 
group count was conducted while all individuals were 
crossing a road or moving for roosting, usually in a single 
file. Based on physical appearance such as body size,  
canine size of males, nipple size of females, the age of 
individuals was categorized into four classes: adult (4 
year), sub-adult (2.5–4 year), juvenile (6 m–2.5 year) and 
infant ( 6 m). We also recorded the birth data fortnightly 
in PI and TR for three years and LB and MG for two years. 
 The group TR was selected for a detailed study on  
demography and it was followed for at least 10 days in a 
month across the entire study period. All individuals in 

the group were identified using their facial morphology, 
wounds and marks on the body. We collected birth data 
along with the identity of the mothers. 
 Monthly rainfall data for six years from 2010 to 2015 
of Nicobar Islands was obtained from the India Meteoro-
logical Department, Andaman Nicobar and Lakshadweep 
group of Islands, and Ministry of Earth Sciences (Govern-
ment of India). 

Data analysis 

We combined the classes of sub-adult males, juveniles 
and infants into one category as immatures, while, for 
some analyses, adult males and adult females were put 
together as adult individuals. The age–sex ratio was com-
puted and analysed for five categories: adult males 
(ADM), adult females (ADF), adult individuals (AD), 
immatures (IMM) and infants (INF). In a fission–fusion 
macaque society, temporary absence of the macaques 
from the main group is a common phenomenon21, and 
hence, for group dynamics, an individual was considered 
to be part of a group only (or not) if it was present (or ab-
sent) for a continuous stretch of at least 15 days. 
 We calculated the mean group size and the number of 
individuals in each age–sex class (ADM, ADF and IMM) 
and age–sex ratio (ADM : ADF, AD : IMM, ADF : IMM 
and ADF : INF) for all the groups using the data collected 
in the month of March for each year. 
 The data on births recorded for all adult females of the 
four study groups (LB, MG, PI and TR) were used to cal-
culate the birth rate. The birth rate was computed as the 
number of births divided by the number of adult females 
in each group for each year, and the mean birth rate of 
each group was calculated from the yearly birth rate. The 
total number of births was also recorded for these four 
groups as well as group MA where females were not in-
dividually identified. To determine if the birth rate was 
associated with the number of adult females in the group 
or with the group size, we correlated birth rate with the 
number of adult females and group size. 
 Immature survival data was collected only for two 
study groups, viz. MG and TR. Immature survival rate 
was estimated as the proportion of immatures surviving 
annually till the end of the study out of the total number 
of immatures present each year in each group. The inter-
birth interval was calculated from the data on eight births 
in four females after directly recording their previous  
parturition date. 
 Birth data collected from all the five groups were  
arranged month-wise. Mean monthly rainfall of each 
month was calculated from the rainfall data of six years 
(2010–2015). Pearson’s product–moment correlation test 
was applied to check the relation between monthly births 
and mean rainfall data. All statistical analysis was done 
using SPSS 20 statistical software. 
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Figure 1. Group locations in the study site, Campbell Bay, Great Nicobar Island. 
 
 
Table 1. Variation in group size and age–sex individuals between  
 group years (N = 10) in the study groups (N = 4) 

Group ID Year Group size ADM ADF IMM* 
 

LB 2014 34 5 12 17 
 2015 44 5 14 25 
 

MG 2014 35 6 10 19 
 2015 45 8 13 24 
 

PI 2013 73 12 28 33 
 2014 86 14 26 46 
 2015 78 13 23 42 
 

TR 2013 16 3 6 7 
 2014 19 4 8 7 
 2015 15 1 6 8 

ADM, Adult male; ADF, Adult female; IMM, Immature.  
*Immature includes sub-adults, juveniles and infants. 

 
 

Table 2. Age–sex ratio of study groups (N = 4) between group-years  
 (N = 10) 

Group ID Year ADM : ADF AD : IMM ADF : IMM ADF : INF 
 

LB 2014 2.40 1.00 1.42 0.33 
 2015 2.80 1.32 1.79 0.50 
 

MG 2014 1.67 1.19 1.90 0.40 
 2015 1.63 1.14 1.85 0.62 
 

PI 2013 2.33 0.83 1.18 0.36 
 2014 1.86 1.15 1.78 0.58 
 2015 1.77 1.17 1.83 0.48 
 

TR 2013 1.99 0.78 1.17 0.50 
 2014 2.00 0.58 0.89 0.25 
 2015 6.00 0.89 1.33 0.67 

INF, Infant. 

Ethical note 

The study was approved by the ethical committee of 
Sálim Ali Centre for Ornithology and Natural History 
(Coimbatore). Permission to carry out this study was 
granted by the Andaman and Nicobar Forest Department 
(Permit No. CWLW/WL/134/566). All research activity 
conducted for the study complied with appropriate insti-
tutional Animal Care, Use Committee, laws and guide-
lines of the Ministry of Environment, Forest and Climate 
Change, Government of India. 

Results 

The mean group size of LB, MG, PI and TR were 39, 40, 
79 and 16.67 respectively (Table 1) differed significantly 
(Kruskal–Wallis H = 246.07, P = 0.01 indicating that the 
group size varied more across groups than within the 
groups across the years). However, the size in the case of 
each group did not differ over the years (Table 1). Simi-
larly, the number of adult males, adult females and imma-
ture individuals also did not change over the years. The 
overall adult male to adult female ratio in the population 
over the years was 1 : 2.05. Although this ratio did not 
vary significantly over the years in either of the groups, 
the smallest TR group showed more variation than the 
other groups over the years (Table 2). The age–sex ratios 
for other classes were almost similar in all groups over 
the years (Table 2). 
 A total of 69 births were recorded in the four main 
study groups, of which 25 were males and 44 were  
females. The mean birth rate was 0.49 per adult female 
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per year (range: 0.32–0.70) with maximum in MG (0.70) 
in 2014 and minimum in PI (0.32) in the year 2013  
(Table 3). We treated each group-year as an independent 
data point for further calculations. The birth rate (Table 
3) was neither associated with the number of adult  
females in the group (r = 0.33, N = 10, p = 0.94) nor with 
the group size (r = 0.15, N = 10, p = 0.68). The mean  
annual survival rate of immatures was 0.79 (N = 65 ani-
mal-years) (Table 4). The mean inter-birth interval in TR 
group females was 14.75 months with a considerable  
variation ranging from 9 to 23 between individuals (N = 8 
females; Table 5). 
 A total of 92 births were recorded in all the five study 
groups, which comprised of 33 males and 59 females 
(Figure 2). Births were distributed throughout the year, 
though, 13.04% of the births were recorded in July and 
November, whereas 3.26% were recorded in February 
 
 
Table 3. Births (N = 69) observed and the calculated birth rate in four  
 study groups 

Group  No. of adult No. of Birth rate Birth rate 
ID Year females births (per female) (per group size) 
 

LB 2014 12 5 0.42 0.15 
 2015 14 8 0.57 0.18 
 

MG 2014 10 7 0.70 0.20 
 2015 13 6 0.46 0.13 
 

PI 2013 28 9 0.32 0.12 
 2014 26 13 0.50 0.15 
 2015 23 13 0.57 0.17 
 

TR 2013 6 3 0.50 0.19 
 2014 8 3 0.38 0.16 
 2015 6 2 0.33 0.13 
Average  14.60 6.90 0.49 0.16 

 
 

Table 4. Immature survival rate in each group (N = 2) 

Group Years Total animal Deaths or Annual 
ID monitored years disappearances survival 
 

MG 2 43 8 0.81 
TR 3 22 5 0.77 
Average    0.79 

 
 

Table 5. Inter-birth interval for TR group females 

Female ID Inter-birth interval (months) 
 

AU 1 17 
AU 2  9 
AU 3 12 
BY 1 18 
BY 2 15 
BY 3 10 
PM 1 23 
RE 1 14 
Mean (SD) 14.75 (4.59) 

and April. About 70.65% of the total births were recorded 
in the wet season (May–November). The number of adult 
females and the number of births did not vary systemati-
cally over the months ( 2 = 0.56, df = 11, P = 0.99 and 
 2 = 7.65, df = 11, P = 0.75 respectively). The number of 
births in a month was positively correlated with total 
rainfall in that month (r = 0.621, N = 12, p = 0.03;  
Figure 3). 

Discussion 

This is the first ever study to document and describe the 
group structure, demography and birth seasonality in the 
Nicobar long-tailed macaques. The groups differed in 
size but the size of each group and the number of indi-
viduals in various age–sex classes remained largely simi-
lar over the years. The mean birth rate and infant survival 
rate were 0.49 and 0.79 respectively, and the inter-birth 
interval was 14.75 months. Although births occurred 
throughout the year, ~71% of the births were recorded in 
the wet season, and the number of births in each month 
was positively correlated with the mean monthly rainfall. 
 

 
 

Figure 2. Distribution of births in each month in all groups (N = 92, 
males = 33, females = 59). 

 
 

 
 

Figure 3. The relationship between number of births in a month and 
mean monthly rainfall. 
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 Macaques live in a largely female philopatric society 
where females stay in their natal groups and males  
migrate22. Frequent inter-group male migration makes the 
demographic structure very dynamic4. Although adult 
females do migrate, such instances are rare; nevertheless 
minimum changes in the number of adult females in 
study groups between the years may reflect female  
philopatry in macaques. Conversely, variation in the 
number of immatures other than age–sex individuals 
causes the maximum observed variation in the macaque 
groups. This may be due to the variation in birth rate, 
high immature mortality and non-natal migration of sub-
adult males in macaques10. 
 There are optimal demographic sex ratios in each  
macaque species, which support maximum reproductive 
output, growth and stability in the population17.  
Although the number of adult females to males in M. f. 
umbrosus (1 : 2.05) is similar to that in M. f. fascicularis23 
(1 : 2.10), the immature to adult female ratio was higher 
in M. f. umbrosus (1 : 1.55) than in M. f. fascicularis 
(1 : 1.25). The variation in age–sex ratio between these 
sub-species may be the result of variation in the local 
ecological conditions and recent histories. 
 Neither the per capita group size, nor the per capita 
number of females was related to birth rate and the  
birth rate did not differ between the groups, suggesting 
that the reproductive output of female Nicobar long- 
tailed macaques did not vary across groups. However,  
the birth rate in M. f. umbrosus (0.49) was lower than  
that in M. f. fascicularis (0.63)24, though the inter- 
birth interval and infant survival rate were similar in  
the two subspecies25. Our preliminary findings on  
demographic parameters of long-tailed macaques show a 
large consistency between the subspecies, which may be 
signifying the species-specific conservative nature of 
traits4. 
 Births occurred throughout the year suggesting a non-
seasonal breeding pattern in M. f. umbrosus, though lar-
ger number of births occurred in the wet season than in 
the dry season. M. f. fascicularis showed a May–July 
birth peak in peninsular Malaysia26, whereas the popula-
tion in northern Sumatra showed two birth peaks in July, 
and September–October12. The introduced M. f. fascicu-
laris population in Anguar Island, Micronesia, showed 
marked birth peak during January–April27. In frugivorous 
macaques, breeding pattern strongly depends on seasonal 
fruit peak which is directly dependent on seasonal rain-
fall12. Hence, phenology of fruiting trees (timing of fruit) 
of different geographical regions with even similar vege-
tal characteristics may differ with rainfall variation of 
that region26, which can explain the variation in birth pat-
tern in long-tailed macaques. The relatively higher num-
ber of births in M. f. umbrosus during the rainy months 
may be due to the high availability of food resources13, 
which may support lactating females and provide food to 
the weaned infants. 

 Birth rate in most macaque species ranges between 
0.29 (M. silenus)28 and 0.78 (M. cyclopis)11, and the birth 
rate of M. f. umbrosus (0.49) falls in the middle range. 
Immature survival rate of many of the macaque species 
ranges between 0.52 (M. sinica)29 and 0.96 (M. silenus)10 
and M. f. umbrosus (0.79) showed an intermediate imma-
ture survival rate. However, inter-birth intervals of these 
macaques can be grouped under two ranges, one is be-
tween 13.85 (M. cyclopis)30 and 15.60 (M. fuscata)31 
months where the M. f. umbrosus (14.75) falls, and the 
second is between 19.30 (M. sinica)16 and 30.00 (M. sile-
nus)32 months. Although many of the macaque species 
inhabit evergreen forests, the life history traits vary highly, 
especially birth rate and inter-birth interval. Phylogenetic 
background and current ecological factors of a species 
determine the life history traits which in turn influence 
the demographic characteristics33, including the reproduc-
tive output34. 
 M. f. umbrosus faces both anthropogenic pressures like 
habitat fragmentation and habitat loss, and natural distur-
bances like tsunami, cyclones, El Nino events, all of 
which have a negative impact on these macaques20. High 
degree of similarity of demographic traits of M. f. umbro-
sus with other subspecies shows that these traits are quite 
conservative, though a few traits appear to be influenced 
by local conditions and recent history. 
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