
© 2021 Academia Sinica, Taiwan

Open Access

Identifying A New Phylogeographic Population 
of the Blyth’s Tragopan (Tragopan blythii) 
through Multi-locus Analyses
Jingyi Zou1, Lu Dong2 , Geoffrey Davison3 , Win Hlaing4, Moe Myint Aung4, Yanyun Zhang2 , 
Zhengwang Zhang2 , Nan Wang1,* , and De Chen2,*

1School of Nature Conservation, Beijing Forestry University, Beijing, 100083, P.R.China.  
*Correspondence: E-mail: wangnan8854100@qq.com (Wang).  
E-mail: 8854100@qq.com (Zou) 

2MOE Key Laboratory for Biodiversity Science and Ecological Engineering, College of Life Sciences, Beijing Normal University, Beijing, 100875, 
P.R.China. *Correspondence: E-mail: chende@bnu.edu.cn (Chen).  
E-mail: donglu@bnu.edu.cn (Dong); zhangyy@bnu.edu.cn (Y. Zhang); zzw@bnu.edu.cn (Z. Zhang)

3National Biodiversity Centre, Singapore, 259569. E-mail: davisongwh53@gmail.com (Davison)
4Htamanthi Wildlife Sanctuary, Homalin Town, Sagaing Region, Myanmar. E-mail: winhlaing1441@gmail.com (Hlaing); 

moemyintaung1653@gmail.com (Aung)

Received 20 August 2020 / Accepted 19 April 2021 / Published 21 July 2021
Communicated by Chih-Ming Hung

Geographically and morphologically distinct populations within a species are frequently the focus of 
conservation efforts, especially when the populations are evolutionarily significant units. The Blyth’s 
Tragopan (Tragopan blythii) is a globally-threatened species confined to South and Southeast Asia. During 
our field surveys in western Myanmar, we discovered a distinct group of individuals that differed in their 
appearance relative to all other populations. We further examined the differences in their DNA sequence 
using three nuclear introns and three mitochondrial genes through phylogenetic analytical methods. Our 
results showed the population from Mount Kennedy, Chin Hills formed reciprocal monophyletic groups 
with the nominate subspecies from Mount Saramati, Sagaing Division. Species delimitation analyses 
further confirmed this differentiation. Geographical isolation by the intervening lowlands found between 
high elevation habitats may have been the main cause of their differentiation. Hence, we propose that 
the Mount Kennedy population be viewed as a distinct evolutionarily significant unit and be given special 
priority for conservation.
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BACKGROUND

Geographically and morphologically distinct 
populations within a species are frequently the focus of 
substantial conservation effort (Frankham et al. 2010). 
However, geographical and morphological distinctions 
do not always accurately reflect the differences in the 
evolutionary histories of populations (e.g., Mason and 
Taylor 2015). Recent molecular studies have proposed 

that evolutionary significant units (ESU) should 
command greater attention when protecting threatened 
species, especially ones that are facing habitat 
fragmentation (e.g., Bottin et al. 2007). 

With recent advances in molecular technologies, 
molecular systematics has become one of the most 
vigorous disciplines for studying avian taxonomy, 
phylogeography, and conservation (Dong et al. 2010; 
Frankham et al. 2010). Although recent phylogenetic 
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studies are mainly based on nuclear sequences 
(e.g., Prum et al. 2015), adding mitochondrial DNA 
(mtDNA) can substantially improve the tree resolution 
(Corl and Ellegren 2013), especially for populations 
with relatively shorter periods of isolation (Zink 
and Barrowclough 2008). Analyses based on multi-
locus sequences can provide further insights into the 
phylogeographic structure and evolutionary distinctness 
of different ESUs (Médail  and Baumel 2018). 
Furthermore, different ESUs that are phenotypically 
distinct may act as potential candidates for subspecies 
ranking in future studies.

The adult Blyth’s Tragopan (Tragopan blythii 
Jerdon, 1870) male differs from the males of the four 
other tragopans in having a restricted patch of red on 
its upper breast, an extensively grey lower breast and 
abdomen, and bright yellow facial skin and throat lappet 
(Madge and McGowan 2002). Previous investigations 
have shown that this species inhabits dense montane 
and hill slope forests, primarily at elevations between 
1,800 m to 2,400 m (Madge and McGowan 2002). 
Blyth’s Tragopans can currently be found in eastern 
Bhutan, northeast India, western, northern, and eastern 
Myanmar, as well as south Tibet and northwest Yunnan, 
China (McGowan and Kirwan 2020) (Fig. 1). Though 
the gross range exceeds 800 km from north to south and 
800 km from east to west, the specific requirements of 
the forest type and elevation indicate that the actual area 
of occupancy must be much smaller. The topography 
suggests a range with three main prongs that extend 
along the mountain areas westwards to Bhutan, 
southwestwards along the border between Myanmar 
and India, and southeastwards along the border between 
Myanmar and China (see the possibly extant geographic 
range shown in BirdLife International 2020).

Two subspecies of the Blyth’s Tragopan have 
been recognized, T. b. blythii and T. b. molesworthi 
(McGowan and Kirwan 2020).  The male T. b. 
molesworthi differs from the nominate T. b. blythii in 
being smaller, with a narrower and more restricted 
band of red on its upper breast, and darker upperparts 
with spots that are brown rather than maroon, as 
well as having paler grey and less scaly underparts 
(McGowan and Kirwan 2020). The T. b. molesworthi is 
hypothesized to be the form that occupies the western 
spur of its range through Bhutan and Tibet, China 
(Fig. 1, McGowan and Kirwan 2020). However, a 
population that was found on the northern banks of the 
Brahmaputra, which is usually considered as within 
the range of T. b. molesworthi, has recently been re-
identified as the nominate subspecies (Fig. 1, Hennache 
and Ottaviani 2020), indicating the risks of attributing 
populations to named subspecies based only on their 
mapped proximity. Another subspecific name has been 

published, T. b. rupchandi (Koelz 1954), whose type 
locality is Blue Mountain, Lushai Hills, Mizoram in 
northeast India (Fig. 1). Yet, the name has not been 
widely accepted and is still regarded as a synonym of 
the nominate subspecies (Madge and McGowan 2002; 
Storer 1988).

The species is currently declining and scattered 
in small populations within a severely fragmented 
range (Fig. 1), which has led to the Blyth’s Tragopan 
being classified as Vulnerable in the International 
Union for Conservation of Nature’s (IUCN) Red List 
(BirdLife International 2020). Although the Blyth’s 
Tragopan is thought to be locally common at a few 
sites in Nagaland and southern Tibet, it is rare in 
most of its range, including the Chin Hills in western 
Myanmar, which form the southern prong of its range 
(BirdLife International 2020). Mount Victoria, Chin 
Hills, located at almost the southernmost point in the 
Blyth’s Tragopan’ range (Fig. 1), is an important bird 
area in Myanmar. However, the number of the Blyth’s 
Tragopan there is reportedly very low (Kim et al. 2016). 
It has been widely acknowledged that edge populations 
might harbor considerable genetic differentiation (e.g., 
Ratkiewicz et al. 2012, Rodríguez-Muñoz et al. 2007), 
and in the case of T. blythii the western edge population 
has already been considered a separate subspecies. To 
determine whether the southern edge population shows 
differentiation from other populations and requires 
increased conservation effort, both field surveys and 
molecular analyses are required.

In this study, we conducted field surveys near 
Mount Saramati in the Sagaing Division, Myanmar, 
which is close to the Indian border of Nagaland, where 
the nominate subspecies was first found, as well as on 
Mount Kennedy in the Chin Hills, Myanmar (Fig. 1). 
We found that the population from Mount Kennedy 
was morphologically and genetically distinct from 
the nominate subspecies. Hence, special priority for 
conservation should be given to the Mount Kennedy 
population, as we propose that it be viewed as a distinct 
ESU.

MATERIALS AND METHODS

Field Surveys

We conducted two field surveys during the 
breeding season of the Blyth’s Tragopan from April to 
June 2014 and April to May 2016. The study sites were 
on the lower slopes of Mount Saramati in the Sagaing 
Division, and in the vicinity of Mount Kennedy in 
Chin Division, Myanmar (Fig. 1). The straight-line 
distance between Mount Saramati and Mount Kennedy 
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is approximately 340 km, with the lowest point between 
them reaching below 700 m in elevation.

Mount Saramati reaches an elevation of 3,840 m. 
In June 2014, we surveyed the northeastern slope 
between Makuali village and the national border. In 
May 2016, we conducted a second survey of the south 
side of Mount Saramati and the neighboring area of 
Chera. The forest above 1,500 m was dominated by 

broad-leaved evergreen forest with scattered patches 
of pine trees, as well as big clumps of orchids and 
mosses that appeared on the tree trunks above 2,000 m. 
Rhododendrons appeared above 2,300 m, while oak 
trees were present at all elevations but became most 
abundant at 2,600 m elevation and above. Distinctive 
genera of deciduous broad-leaved trees included maples 
(Acer sp.) above 2,500 m and birches (Betula sp.) above 

Fig. 1.  Extant distribution of the Blyth’s Tragopan Tragopan blythii identified by colored outlines: red represents distribution of T. b. molesworthi, 
green represents distribution of T. b. blythii. However, the geographical boundary between subspecies is not very clear, T. b. blythii was also found on 
the northern banks of the Brahmaputra (indicated by mixed colors), which is usually considered to be the range of T. b. molesworthi (Hennache and 
Ottaviani 2020). Geographical ranges are generated from the BirdLife’s species range maps (BirdLife International and Handbook of the Birds of the 
World 2018).
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2,800 m.
We visited Mount Kennedy in April–May 2014 

between Falam and Tedim villages, in the north of Chin 
State. The forest above 2,300 m was dominated by 
rhododendrons and oaks, especially on the east facing 
slopes. Below this elevation, it was dominated by other 
evergreen broadleaf and pine trees. Old forests mainly 
appeared above 2,000 m on the steep slopes. Apart from 
small areas of apparently undisturbed forest patches 
at high altitudes, most other forests had been burnt 
and were dominated by shrubs and young trees. We 
surveyed two patches, Fort White and Mount Kennedy, 
close to Sozang village. Fort White is an old forest patch 
with tree heights between 13–25 m, less than 2 km2 in 
extent, at 2,000–2,500 m elevation on steep east facing 
slopes. It has been isolated from other forest fragments 
by young regrowth after recent fires. Mount Kennedy, 
just north of Fort White, is approximately 2,715 m high, 
5–6 km2 of old forest lies on the north and west slopes 
of Mount Kennedy between 2,100–2,700 m, surrounded 
by second growth forest patches with tree heights of 
8–15 m that were formed as a result of a recent fire. 
Shrubs and young forest patches mainly appeared below 
2,100 m, while some grassland occurred at all elevations 
due to recent carelessly-tended fires. 

Transect walks of varying lengths were conducted 
along existing forest trails and also by walking through 
the habitat. We camped and walked in the forest along 
the transects in the morning (from 0430 to 0630 h) to 
record the distinctive calls of male Blyth’s Tragopans. 
When encountering tragopans along the transects, 
we kept static, and the birds stayed concealed in 
the undergrowth, then moved away slowly, which 
sometimes allowed us to photograph (Camera: Canon 
400D, Lens: Canon 70–300 mm f/4-5.6 ISII USM) and 

observe (binocular: 10 × 40) the birds from a distance 
as short as 15 m. We also collected pictures of local 
Blyth’s Tragopans when we visited the villages near 
Mount Kennedy, and pictures of the Blyth’s Tragopan 
from the area neighboring Mount Saramati were 
collected through World Pheasant Association (WPA) 
for comparing the morphological differences. 

Sampling, DNA extraction, PCR, and sequencing

Local people hunt Blyth’s Tragopans for food and 
sometimes keep attractive feathers, body parts or even 
whole skins around their home. We visited villages 
at Mount Kennedy and Mount Saramati to collect 
information and samples of the Blyth’s Tragopan. We 
obtained five samples—including blood, feathers and 
toe pads—from individuals in Mount Kennedy (K1–
K5, Table 1). K1 was from a hunted subadult male. K2 
and K3 were from the feathers of Blyth’s Tragopans 
hunted by local people, discarded in their home range. 
K4 was from a hunted female. K5 was from a male skin 
kept by a local family. In Mount Saramati, we obtained 
two samples from two male skins kept by local families 
(Figs. S1, S2, Table 1). Due to the difficulty in capturing 
live bird, we did not measure the Blyth’s Tragopan in 
the field, but we measured the dead female (K4) and the 
subadult male (K1) using a tape with mm scale (Table 
S1). Because the skins were kept in poor condition and 
had deteriorated, we did not use them to compare facial 
color or morphological differences. No specimens were 
deliberately hunted for the purposes of our surveys.

To quantify the genetic differentiation between 
the Mount Kennedy population and the nominate 
subspecies, we compared their differences to those 
found between Tragopan caboti caboti (N = 4) and T. c. 

Table 1.  Sampling information used in this study

Taxon Sample numbers Type Sampling sites

Tragopan caboti caboti Tcc1 Blood Zhejiang, China
Tcc2 Blood Zhejiang, China
Tcc3 Blood Zhejiang, China
Tcc4 Blood Zhejiang, China

Tragopan caboti guangxiensis Tcg1 Hepar Jiangxi, China
Tcg2 Hepar Jiangxi, China
Tcg3 Hepar Jiangxi, China

Tragopan blythii Fig. S1 Skin Saramati, Myanmar
Fig. S2 Skin Saramati, Myanmar

K1 Blood Kennedy, Myanmar
K2 Feather Kennedy, Myanmar
K3 Feather Kennedy, Myanmar
K4 Toe pad Kennedy, Myanmar
K5 Toe pad Kennedy, Myanmar
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guangxiensis (N = 3). The detailed sampling information 
is shown in table 1. The sampling was conducted under 
the supervision of the Forest Department’s Nature 
and Wildlife Conservation Division of the Myanmar 
Ministry of Natural Resources and Environmental 
Conservation. Genomic DNA was extracted using a 
DNeasy Blood & Tissue Kit (Qiagen, Germany).

We amplified three mtDNA genes—cytochrome 
oxidase subunit 1 (CO1), cytochrome b (CYTB), and 
NADH dehydrogenase subunit 2 (ND2)—and three 
nuclear introns—clathrin heavy chain-like 1 (CLTCL1) 
intron 7, fibrinogen beta chain (FGB) intron 5, and 
ovalbumin (SERPINB14) intron 3 (Table S2). The PCR 
conditions were as follows: 95℃ for 5 min, 35 cycles of 
denaturation at 95℃ for 30 s, annealing for 30 s using 
the temperature described in table S2, and elongation 
at 72℃ for 60–90 s, followed by a final elongation at 
72℃ for 10 min using a Veriti Thermal Cycler (Applied 
Biosystems, Paisley, UK). Both strands of each PCR 
product were sequenced. 

Phylogenetic analysis

Sequences were assembled by DNAMAN v8 
(Lynnon Biosoft Bioinformatic Solutions, USA) and 
visually inspected to ensure the accuracy of the variable 
sites. In addition, we downloaded the sequences of T. 
blythii from GenBank for all the studied loci except for 
CO1. The closely related T. temminckii was designated 
as the outgroup (GenBank accession numbers are 
shown in Table S3). We used MUSCLE (Edgar 2004) 
implemented in MEGA X(Kumar et al. 2018) to obtain 
six partitions.

Next, we combined the six partitions into three 
combined datasets in the phylogenetic analyses: 
mtDNA, nuclear, and combined sequences. Maximum 
likelihood (ML) analyses were performed in RAxML 
v8.2.12 (Stamatakis 2014) using the GTRGAMMA 
model in each partition with the ‘-f a’ option, which 
generates the optimal tree and conducts 100 rapid 
bootstrap searches. Then, Bayesian inference (BI) was 
performed in BEAST v1.10.4 (Suchard et al. 2018) 
using the best-fitting nucleotide substitution model in 
each partition obtained from jModelTest v2.1.7 (Darriba 
et al. 2012). BI were run for 10,000,000 generations 
and the chains were sampled every 1,000 generations. 
The posterior probabilities were assessed using Tracer 
v1.7.1 (Rambaut et al. 2018) to ensure that the effective 
sample sizes for all parameters were larger than 
200. The first 25% of the total number of generated 
trees were discarded as burn-in, while the remaining 
trees were used to calculate the consensus tree using 
TreeAnnotator v1.10.4 (Suchard et al. 2018).

Genetic distances

We used the PHASE algorithm (Stephens 
and Donnelly 2003; Stephens et al. 2001) that was 
implemented in the DNASP v6.12.03 (Rozas et al. 2017) 
to reconstruct the nuclear haplotypes of each individual 
of the nominate subspecies (Figs. S1 and S2, attribution 
based on their geographic range, Fig. 1) and the Mount 
Kennedy population (K1–K5) of the Blyth’s Tragopan, 
as well as T. c. caboti and T. c. guangxiensis of the 
Cabot’s Tragopan. We conducted 5,000 iterations with 
thinning at every 100 steps and discarded the first 5,000 
samples as burn-in. We excluded the haplotypes for 
which the phases were determined at probability values 
less than 60% (Sotka et al. 2004). Next, we calculated 
the mean genetic distances of the phased nuclear 
sequences, mtDNA, and the combined sequences 
between and within the nominate subspecies and the 
Mount Kennedy population in MEGA X (Kumar et al. 
2018) using the Kimura two-parameter (K2P) model, in 
which the standard error estimates were obtained using 
a bootstrap procedure of 500 replications. Then, we 
compared the genetic distances of the Blyth’s Tragopan 
to those found between populations of the Cabot’s 
Tragopan, i.e., T. c. caboti and T. c. guangxiensis.

Species delimitation analyses

The species delimitation analyses (A10) were 
implemented in BPP v4.3 (Flouri et al. 2018), in which 
we used six partitions for the nominate subspecies (Figs. 
S1 and S2) and the Mount Kennedy populations (K1–
K5) of the Blyth’s Tragopan, as well as one individual 
of T. c. caboti and one of T. temminckii. The guide tree 
was collected from the aforementioned phylogenetic 
analyses. We set θ (2:1000) and τ (2:2000) to be the 
prior distributions. Three independent runs were 
performed using different random seeds and starting 
trees to confirm the consistency between runs. Each run 
took samples every 100 iterations and after 8,000 burn-
in iterations, resulting in a total of 100,000 samples.

RESULTS

In the vicinity of Mount Kennedy, calls of male 
Blyth’s Tragopans were recorded at 1 site in Fort 
White and 6 sites in Mount Kennedy in the field, and 
6 wild birds (1 male, 1 female and 3 subadults in 
Mount Kennedy; 1 male in Fort White) were seen. In 
the vicinity of Mount Saramati, calls of male Blyth’s 
Tragopans were recorded at 4 sites in the neighboring 
area of Chera and 10 sites in the south side of Saramati 
in the field, and 2 wild birds were seen in the south side 
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of Saramati. During the period from April to June, males 
were heard calling exclusively between 2,100 (Mount 
Kennedy) or 2,400 m (Mount Saramati) upwards 
to 2,900 m elevation in tall mixed broadleaf forest 
dominated by oaks and chestnuts up to 25 m high. At 
positions where tragopans were recorded, undergrowth 
density was highly variable beneath the continuous 
canopy, some areas very open and others dominated by 
small bamboos, ferns and mixed dicot herbage.

We collected pictures of 7 male Blyth’s Tragopans, 
including two around Mount Kennedy (1 from our field 
photography, Fig. 2E; 1 from villager taken in 2011, Fig. 
S1), and five around Mount Saramati (2 from our field 
photography, Fig. 2A and Fig. S2; 3 from WPA, Fig. 
2B–2D). By direct observation of the color of the bare 
facial skin of male Blyth’s Tragopans around Mount 
Kennedy, we found it to be red, very similar to the 
upper breast plumage (Fig. 2E and Fig. S1), while in the 
individuals from Mount Saramati and its surroundings, 
the face is bright yellowish or orange, making a distinct 

color contrast with the breast (Fig. 2A to 2D and Fig. 
S2). 

We obtained a total of 3,949 bp of combined 
sequences, including 2,429 mtDNA and 1,520 nuclear 
sequences. The recovered topologies from the ML and 
BI of the combined sequences as well as the mtDNA 
showed that the Mount Kennedy population (K1K5) 
formed a monophyletic clade with high bootstrap values 
(Fig. 3A, 3B), while the representatives of the nominate 
subspecies (Figs. S1, S2) and T. blythii taken from 
GenBank formed another monophyletic clade. However, 
neither the ML or BI calculated from the nuclear 
sequences revealed this monophyly nor the monophyly 
between the subspecies of T. caboti (Fig. 3C).

The genetic distances between the Mount 
Kennedy population and the nominate subspecies were 
0.003 and 0.004 in terms of combined sequence and 
mtDNA, which were higher than the distances within 
each population (approximately 0.001) (Table 2), while 
the genetic distances of nuclear sequences were similar 

Fig. 2.  The color of bare facial skin of male Blyth’s Tragopans in Mount Kennedy, Mount Saramati and areas nearby. The geographical locations 
indicate where the images were taken.
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within and between populations (Table 2). Similarly, 
the genetic distances between the subspecies of T. 
caboti were distinct in terms of combined sequence and 
mtDNA, but not for nuclear sequences (Table 2). 

The species delimitation analyses showed that 
the probability values of defining four potential taxa 
(including T. caboti and T. temminckii) were about 0.94, 
which further demonstrated the presence of genetic 
differentiation between the Mount Kennedy population 
and the nominate subspecies of T. blythii.

DISCUSSION

In this study, we found that the Blyth’s Tragopan 
from Mount Kennedy differs in face color from that of 
Mount Saramati, which borders Nagaland and should 
represent the nominate subspecies (Fig. 1). Furthermore, 
phylogenetic and species delimitation analyses showed 
that the Mount Kennedy population and the nominate 
subspecies were genetically differentiated (Fig. 3). 
Taken together, the population from Mount Kennedy is 
genetically isolated and might represent a new ESU. It 
is likely that the Blyth’s Tragopan from Mount Victoria, 
which is 220 km further south, should be included in 
the Mount Kennedy population as the montane forest 
habitat is connected across the two sites at elevations 
above 1400 m (Fig. 1), and this area of the Chin Hills 
has been under limited threat except for forest fires (Rao 
et al. 2013). 

Due to the sparse population and the difficulties in 
collecting specimens in the wild, quantitative data was 
limited with regard to Blyth’s Tragopans from Mount 
Kennedy and Mount Saramati. The color of bare facial 
skin in males is typically yellow in both recognized 
subspecies of the Blyth’s Tragopan (McGowan and 
Kirwan 2020). The photographs of both subspecies 
available on IBC (https://www.hbw.com/ibc) show 
either yellow or orange color on their bare facial skin, 
and males near Putao in extreme northern Myanmar 
are confirmed to have yellow bare facial skin (King et 

al. 2001). We are aware that facial color might exhibit 
individual and seasonal variation, especially for these 
yellow/orange/red colors which may be influenced 
by food sources and changes in reproductive status 
(Hill and McGraw 2006). Our observations were 
consistent over the years (e.g., the bare facial skin in 
male Tragopans are red in 2011 and 2014, Fig. 2E and 
Fig. S1), and confined to the same short period of the 
breeding season, which means that our observations 
are not merely of individual or seasonal variation, and 
might truly reflect morphological distinctness of the 
Mount Kennedy population. Another possibility might 
be that some food sources in Mount Kennedy are rich in 
carotenoid pigments, leading to the consistent red bare 
facial skin in this population, which needs to be further 
investigated. Overall, the distinct facial colorations 
suggest that the Mount Kennedy population might be 
reproductively isolated from other populations because 
facial color is an important trait in the genus Tragopan, 
perhaps under sexual selection (Islam 1991).

The genetic distances in the combined sequences 
and mtDNA between populations of T. caboti and T. 
blythii were larger than those within each population, 
whereas the genetic distances in the nuclear sequences 
were similar across the populations of both species 
(Table 2). Such differences were reflected in the 
phylogenetic trees, the combined sequences and 
mtDNA separated populations of both species with high 
support (Fig. 3A and 3B), while the nuclear sequences 
failed to divide populations of either species (Fig. 
3C). Although this “mtDNA structured, nuclear loci 
uninformative” situation can be attributed to the higher 
mutation rate and shorter coalescent time in mtDNA 
(Zink and Barrowclough 2008), it could also have been 
caused by gene flow through males (e.g., Caparroz et 
al. 2009). However, most Blyth’s Tragopans are found 
between elevations of 1,800 and 2,400 m, and rarely 
below 1,400 m (McGowan and Kirwan 2020). Mount 
Kennedy and Mount Saramati are separated by a long 
stretch of lower elevations, i.e., approximately 160 km 
of land below 1,400 m (Fig. 1). Such a distance is likely 

Table 2.  Mean genetic distances between and within the Mount Kennedy population and the nominate subspecies of 
the Blyth’s Tragopan, and the two subspecies of the Cabot’s Tragopan

Mean genetic distance Phased nuclear sequences MtDNA Combined sequence

within Mount Kennedy population 0.002 ± 0.001 0 0.001 ± 0.000
within nominate subspecies 0.002 ± 0.001 0 0.001 ± 0.000
between populations of T. blythii 0.002 ± 0.001 0.004 ± 0.001 0.003 ± 0.001
within T. c. caboti 0.003 ± 0.001 0.001 ± 0.001 0.002 ± 0.000
within T. c. guangxiensis 0.003 ± 0.001 0 0.001 ± 0.000
between subspecies of T. caboti 0.003 ± 0.001 0.008 ± 0.002 0.006 ± 0.001

page 7 of 11Zoological Studies 60:40 (2021)



© 2021 Academia Sinica, Taiwan

Fig. 3.  Phylogenetic trees of the Tragopan blythii and outgroups. (A) Tree based on combined sequences; (B) Tree based on mtDNA; (C) Tree based 
on nuclear sequence. Values on the labels indicate posterior probabilities/bootstrap support calculated by Bayesian inference/ML inference. “-” means 
the topology estimated from Bayesian inference is different from ML inference.
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to inhibit gene flow between the two populations due 
to niche conservatism that retains ancestral ecological 
characteristics such as altitude ranges (Wiens and 
Graham 2005). Besides, the nuclear sequences failed to 
separate subspecies of T. caboti as well (Fig. 3C), which 
means that a few nuclear genes are not sufficient to 
detect a recent split in this genus.

Our results refer to genetic differentiation along 
the southerly prong of the Blyth’s Tragopan’s known 
distribution formed by the Chin Hills. The recognition 
of the subspecies T. b. molesworthi on the westerly 
prong, formed by the eastern Himalayas, implies the 
presence of genetic differentiation there as well. The 
shallow genetic differentiation between the Mount 
Kennedy population and the nominate subspecies 
(Table 2) imply recent divergence, which is likely due 
to fragmentation of populations by recent fluctuations 
such as Pleistocene glacial and interglacial cycles that 
affected the altitudinal zonation of forest vegetation 
(Renner and Rappole 2011; Basumatary et al. 2015). 
Such glaciation-based isolation may also have caused 
the T. b. molesworthi subspecies to diverge, and there 
is likely more extensive phylogeographic structuring 
across the range of the Blyth’s Tragopan.

Based on the  morphological  and genet ic 
distinctness of the Mount Kennedy population, it is 
possible that the southern edge population is a distinct 
subspecies. Although the genetic distances for the 
combined sequences and mtDNA between subspecies 
of T. caboti were slightly larger than those between the 
Mount Kennedy population and the nominate subspecies 
of T. blythii (Table 2), their genetic differentiation was 
significant and highly supported by phylogenetic and 
species delimitation analyses. However, the limited 
number of samples and the lack of skin samples in this 
study hampered this distinction. Furthermore, whether 
the Mount Kennedy population belongs to the already 
described race T. b. rupchandi from Blue Mountain, 
Lushai Hills is unclear, because the bare facial skin 
color was not reported in that taxon (Koelz 1954). Blue 
Mountain is on a nearby hill range (< 50 km) that is 
parallel to the Chin Hills, but it is separated by land at 
an elevation that is as low as 305 m in some places (Fig. 
1), which might inhibit gene flow between these two 
populations. Thus, more samples are required to confirm 
the subspecies status of the Mount Kennedy population 
and to confirm whether or not T. b. rupchandi is a valid 
and applicable name.

CONCLUSIONS

Our study demonstrated that the Blyth’s Tragopan 
from the southern edge of its range in Mount Kennedy, 

Chin Hills, formed a distinct ESU, and the very small 
areas of remaining habitat in combination with being 
morphologically distinct suggest that this population 
should be given special priority for conservation. 
Although the NatmaTaung National Park (i.e., Mount 
Victoria) in Chin Hills has been designated an important 
bird conservation area, the Blyth’s Tragopan is very 
rare in this region. In addition, the Blyth’s Tragopan is 
declining in most of its range: it has not been recorded 
since the early 1970s in Bhutan, is rare in most of 
India, and is locally uncommon on Mt Majed and Mt 
Emawbon in North Myanmar (BirdLife International 
2020). Therefore, more ecological, genetic, and genomic 
studies are required to better understand and conserve 
this endangered species.
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