Is the Javan tiger Panthera tigris sondalca extant?
DNA analysis of a recent hair sample’
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Abstract The Javan tiger Panthera tigris sondaica and the
Bali tiger P. tigris balica were categorized as Extinct on
the IUCN Red List in both 2003 and 2008, leaving only
the Sumatran subspecies P. tigris sumatrae extant in
Indonesia. There have, however, been occasional, more
recent reports of the Javan tiger but without conclusive
evidence. Here, a potential observation in 2019 of a Javan
tiger in a community plantation near the village of
Cipendeuy in the forest of South Sukabumi, West Java,
and a single hair found on a fence nearby, are assessed.
The cytochrome b mitochondrial DNA (mtDNA) gene se-
quence of the putative Javan tiger hair were compared with
that of a Javan tiger specimen in Museum Zoologicum
Bogoriense, collected in 1930; hair samples of several tiger
subspecies and the Javan leopard Panthera pardus melas
were used as controls. The results showed that the genetic
distances (d) of the putative Javan tiger hair with the
Sumatran, Bengal P. tigris tigris and Amur P. tigris altaica
tigers and the Javan leopard are 0.074 + SE 0.009, 0.071 = SE
0.009, 0.072 % SE 0.009 and 0.088 * SE 0.010, respectively,
whereas the genetic distance of the putative Javan tiger
hair with the Javan tiger museum specimen is 0.040 % SE
0.006. In addition, phylogenetic trees showed that the pu-
tative Javan tiger hair sample belongs to the same group as
the museum specimen of the Javan tiger, but is differen-
tiated from other tiger subspecies and the Javan leopard.
Whether the Javan tiger still occurs in the wild needs to
be confirmed with further genetic and field studies.
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P. tigris balica. The Javan and Bali tigers were categorized as
Extinct on the [UCN Red List in both 2003 and 2008, leaving
only the Sumatran subspecies extant. The criterion for
extinction used here is that a taxon has not been recorded
in nature for 30 years (Tilson et al., 2004; Sanderson et al.,
2010; Walston et al., 2010). The last positive confirmed
sighting of the Javan tiger was in Meru Betiri National
Park, East Java, in 1976 (Panko, 2017).

The Javan tiger was endemic to Java and was widespread
in lowland forests, thickets and community gardens in the
18th and 19th centuries. However, it was hunted as a pest,
and its habitat converted for agricultural use and infrastruc-
ture (Seidensticker, 1987). More recently, there have been
occasional anecdotal reports of encounters with the Javan
tiger in various locations, including Banjarnegara, Kuningan,
Mount Prau, Meru Betiri, Baluran National Park and the
Sukabumi Cikepuh Wildlife Reserve. These reports include
alleged sightings, unidentified footprints larger than those
of the leopard Panthera pardus and possible predation on
livestock. The last survey for the subspecies was in 1999—
2000 in Meru Betiri National Park, East Java, with 35 camera
traps. No tigers were found, but some prey species and many
poachers were recorded (Tilson, 1999; Breining, 2002).

On 18 August 2019, Ripi Yanur Fajar (a local resident and
conservationist) reported seeing a Javan tiger in a community
plantation near the village of Cipendeuy in the forest of South
Sukabumi, West Java. This was reported to KR, who visited the
site on 27 August 2019. He found a hair, potentially of a tiger, on
a fence where an animal had apparently jumped between a vil-
lage road and a plantation (Fig. 1). He and Bambang Adryanto
(a local Forest Research and Development Department
employee) then discovered footprints and claw marks that
could be of a tiger, potentially corroborating the observation.

Based on our in-depth interview with Ripi Yanur Fajar,
who saw the tiger, we believe the hair is from a Javan tiger.
The interview was conducted during a survey on 15-19 June
2022 at the site where the hair was found. The hair sample
was handed to geological staff conducting research in the
area and forwarded to the West Java Nature Conservation
Authority (BKSDA). On 4 March 2022, the BKSDA
submitted the hair sample to the Biology Research Centre-
National Research and Innovation (BRIN) for genetic ana-
lysis, along with several hair strands from Sumatran tigers
from North Sumatra province for comparison.

Genetic analysis of tiger DNA is a powerful tool for
addressing conservation questions and clarifying taxo-
nomic uncertainties (Luo et al, 2004), reconstructing
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Fic. 1 The location where the putative Javan tiger P. tigris
sondaica hair was found in the vicinity of Cipendeuy village,
Sukabumi, West Java province, Indonesia.

phylogeography and demography (Mondol et al., 2009),
and investigating the genetic ancestry of subspecies
(Driscoll et al., 2009; Xue et al., 2015). Here we report the
analysis of cytochrome b mitochondrial DNA (mtDNA)
from the putative Javan tiger hair found near the village of
Cipendeuy. We compared the sample with DNA from hairs
of Sumatran tigers, the Javan leopard Panthera pardus melas
and a museum specimen of a Javan tiger collected in 1930, all
of known origin.

Total DNA extraction was performed using the Dneasy
Blood & Tissue Kit according to the appropriate protocols
(Qiagen, USA). The protocol was modified by adding
proteinase K because of the high protein content in hair.
PCR amplification of the entire cytochrome b mtDNA
was performed with specific primers for the tiger. The
primers were designed based on GenBank reference
NC_o010642.1 from the complete mitochondrial genome of
P. tigris. The specific primary sequence was Forward:
5'-CTATAAGAACTTAATGACCAACATTCG-3/, Reverse:
5'-TTCATTTAAGGAGGC GGTTTT-3. The PCR Kkit
Toyobo KOD FX (Toyobo, Japan) was used for PCR
amplification. The PCR conditions were pre-denaturation
at 94 °C for 5 min, followed by 35 cycles of denaturation at
94 °C for 45 sec, annealing at 58 °C for 45 sec and extension
at 72 °C for 60 sec, and a final extension at 72 °C for 10 min.
The PCR products were sequenced with the same forward and
reverse primer used for PCR amplification. Sequencing was
performed at FirstBase, Singapore, using the Sanger method.

For verification, we used hair samples from 60-100 year
old tiger specimens at the Museum Zoologicum Bogoriense
(MZB) (catalogue numbers MZB 2428 for the Javan tiger,
MZB 41742 and MZB 6832 for the Sumatran tiger), and
from additional collections of Sumatran tigers from
Simalungun Forest (North Sumatra, 2019) and Siak Forest
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(Riau, 2018), and P. pardus melas from Mount Prau
(Central Java, 2018) stored at the BRIN Genetic
Laboratory in Bogor (Table 1). All samples were extracted
and amplified using the same primer and method.
Clarification was also performed using the cytochrome b
sequence data of P. tigris subspecies from GenBank (Luo
et al., 2004; Matrai & Csorba 2008; Xue et al., 2015).

All nucleotide sequence results were stored using BioEdit
7.0.5 (Hall, 1999) and submitted to GenBank. The comple-
ment sequence between the forward and reverse primers
was edited using Chromas Pro 2.1.10.1 (Technelysium,
Australia). All sequences were compared with the
Genbank BLAST database. DNA alignment was performed
using Clustal X (Thompson et al., 1997) and data were ana-
lysed using MEGA 6.0 (Tamura et al,, 2013). MEGA calcu-
lated the genetic distance and locational variation among
the samples, and the phylogenetic trees were used to
determine the position of the putative Javan tiger hair
based on the Javan tiger museum specimen, Sumatran
tigers, leopard, and several sequences from GenBank. The
phylogenetic tree was constructed using the maximum
likelihood method with a bootstrap of 10,000 replicates.
IQ-TREE 1.6.12 was used to construct the phylogenetic
tree (Nguyen et al, 2015). The best fitting nucleotide
substitution model for the gene was determined using
jModelTest 2.1.6 (Kalyaanamoorthy et al., 2017) based on
the Bayesian Information Criterion. HKY+F+I was the
model selection for the best fitting partitioned mitochon-
drial data, and was illustrated using FigTree 1.4.4 (Rambaut,
2018). Bootstrap percentages were calculated with 10,000
replicates.

The resulting 1043 bp cytochrome b sequences of the pu-
tative Javan tiger hair and the Javan tiger museum specimen
were compared with other tiger subspecies and the Javan
leopard using the BLAST method. The putative tiger hair
(Genbank accession no. OQ601561.1) had a sequence simi-
larity of 97.06% with the Sumatran tiger (AFo53054.1) and
96.87% with the Bengal tiger (AFo53053.1), and the Javan
tiger museum specimen (OQ601562.1) had a similarity of
98.23% with the Sumatran tiger (AFo53054.1). The phylo-
genetic tree showed that the putative Javan tiger hair and
the Javan tiger museum specimen belong to the same
group. This group was separated from the Sumatran subspe-
cies based on samples obtained from the MZB specimen
(0Q629470.1, 0Q629471.1), Medan (0Q629467.1), Riau
(0Q629468.1, 0Q629469.1) and GenBank JF357970.1
(Kitpipit et al., 2012), and from the Amur tiger P. tigris altai-
ca (AFo53031.1) and Bengal tiger P. tigris tigris (JF357968.1),
with a bootstrap value of 100% (Fig. 2).

We also constructed a phylogenetic tree by analysing the
440 bp long cytochrome b sequences of P. tigris subspecies
from Luo et al. (2004), of the Javan tiger from GenBank
(Matrai & Csoba, 2008; Xue et al.,, 2015), and of the Javan
leopard from Mount Prau and GenBank. These sequences
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TasLE 1 The samples of subspecies of the tiger Panthera tigris and leopard Panthera pardus analysed in this study.

Accession no., Nucleotide bp
by taxon' length Locality Type Note®
Leopard P. pardus
JF720183.1 1043 GenBank (Ropiquet, 2011)
MH588626.1 1043 GenBank (Paijmans et al., 2018)
Javan leopard P. pardus melas
MZBR.1414 1043 Mount Prau, Central Java, 2018 Faecal Wild
Amur tiger P. tigris altaica
AF053031.1 1043 GenBank (Cracraft et al., 1998)
South China tiger P. tigris amoyensis
AY736656.1 440 GenBank (Luo et al., 2004) AMO3
AY736655.1 440 GenBank (Luo et al., 2004) AMO2
Northern Indochinese tiger P. tigris corbetti
AY736658.1 440 GenBank (Luo et al., 2004) COR3
AY736635.1 440 GenBank (Luo et al., 2004) COR7
Javan tiger P. tigris sondaica
FJ403466.1 263 GenBank (Matrai & Csorba, 2008)
FJ403467.2 263 GenBank (Matrai & Csorba, 2008)
KJ686504.1 267 GenBank (Xue et al., 2015)
KJ686505.1 267 GenBank (Xue et al., 2015)
0Q601561.1 1043 Cipendeuy village, West Java, 2019; GenBank (Wirdateti et al., 2023) 1 hair Putative
0Q601562.1 1043 West Java, 1930 (Museum Zoologicum Bogoriense); GenBank MZB 2428
(Wirdateti et al., 2023)
Sumatran tiger P. tigris sumatrae
AY736648.1 440 GenBank (Luo et al., 2004) SUMS
AY736642.1 440 GenBank (Luo et al., 2004) SUM3
AY736644.1 440 GenBank (Luo et al., 2004) SUM4
JE357970.1 1043 GenBank (Kitpipit et al., 2012)
0Q629467.1 1043 GenBank (Wirdateti et al., 2023) Hairs Medan/
wild
0Q629468.1 1043 GenBank (Wirdateti et al., 2023) Bone Riaul, 2020/
wild
0Q629469.1 1043 GenBank (Wirdateti et al., 2023) Bone Riau2, 2020/
wild
0Q629470.1 1043 Bukit Tinggi, West Sumatra, 1956 (Museum Zoologicum Dry MZB 41742
Bogoriense); GenBank (Wirdateti et al., 2023) skin
0Q629471.1 1043 Pagar Alam, South Sumatra, 1941 (Museum Zoologicum Dry MZB 6832
Bogoriense); GenBank (Wirdateti et al., 2023) skin
Bengal tiger P. tigris tigris
AY736651.1 440 GenBank (Luo et al., 2004) TIG2
AY736653.1 440 GenBank (Luo et al., 2004) TIG4
JE357968.1 1043 GenBank (Kitpipit et al., 2012)

'GenBank accession numbers, except for MZBR 1414, which is an accession number in BRIN Zoology Laboratory.
*AMO3, AMO2, COR3, COR7, SUMS8, SUM3, SUM4, TIG2, TIG3: GenBank sequence names; MZB, specimen in Museum Zoologicum Bogoriense.

show clear genetic differentiation of the putative Javan tiger
hair and the Javan tiger reference samples from Museum
Zoologicum Bogoriense (Fig. 3).

The MEGA analysis shows that the genetic distance (d)
between the putative Javan tiger hair and the other tiger sub-
species (i.e. Bengal, Amur and Sumatran tigers) and the
Javan leopard is higher than between the Bengal, Amur
and Sumatran tiger subspecies (Table 2.). The average differ-
ence is 78,883 nucleotides (7.4%); with leopards it is 86,500
nucleotides (8.2%), with the Bengal tiger 71,000 nucleotides
(7.1%) and with the Amur tiger 72,000 nucleotides (6.9%).
The nucleotide difference between the putative Javan tiger
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hair and the Javan tiger museum specimen was 41,000
nucleotides (3.9%).

To verify the status of the putative Javan tiger hair, a
comparative analysis was conducted based on Luo et al
(2004). The genetic distances between the presumed Javan
tiger hair and other tiger subspecies are 0.037-0.041
(3.7-4.1%), with the leopard 0.042 (4.2%) and with the
museum specimen of the Javan tiger 0.003 (0.3%). This dif-
ferentiation was more pronounced in the longer cytochrome
b sequence (1043 bp). In addition, our results suggest that
the genetic distance between the putative Javan tiger hair
and the other tiger subspecies from Sumatra and continental

doi:10.1017/50030605323001400
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Fic. 2 Phylogenetic trees, constructed using (a) the maximum likelihood method with the Kimura 2-parameter model in MEGA, and
(b) the maximum likelihood phylogram in IQ Tree, for the putative Javan tiger hair and specimens of the Sumatran tiger P. tigris
sumatrae, Bengal tiger P. tigris tigris, Amur tiger P. tigris altaica and leopard Panthera pardus based on the mtDNA cytochrome b
gene (1043 bp nucleotide length). The two analyses have a consistent profile, with the putative Javan tiger hair (OQ601561) in the same
clade as the Javan tiger museum specimen (OQ601562). The number on each branch represents the bootstrap value. See Table 1 for

details of the samples.
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Fic. 3 Phylogenetic tree of the putative Javan tiger hair
(0OQ601561), Javan tiger museum specimen (OQ601562), other
tiger subspecies (Luo et al., 2004) and leopard based on the
mtDNA cytochrome b gene (440 bp nucleotide length) using the
maximum likelihood method with the Kimura 2-parameter
model. The number on each branch represents the bootstrap
value. See Table 1 for details of the samples.

Asia was greater than with the Javan tiger museum
specimen.

Using cytochrome b sequences of Javan tigers from
GenBank, which are 263 bp long (Matrai & Csoba, 2008)
and 267 bp long (Xue et al.,, 2015), the putative Javan tiger
hair and Javan tiger museum specimens are in the same
group. However, the Javan tiger sample from GenBank
was assigned to the same clade as the Sumatran tigers
(Fig. 4). The genetic distance (data not shown) between
the putative Javan tiger hair and the GenBank sequences
from Xue et al. (2015; 0.038) and Matrai & Csoba (2008;
0.052 and 0.049) were comparable. The genetic distances
between the Sumatran and Javan tiger sequences from
GenBank are 0.000-0.003 (0.00-0.03%), indicating a
misclassification of the latter.

The successful amplification of the 1043 bp long mito-
chondrial cytochrome b gene from just one hair indicates
that the DNA material is fresh rather than preserved. In
contrast, we were unable to isolate the 1043 bp mtDNA frag-
ment from hair of historical museum samples in Museum
Zoologicum Bogoriense that had been preserved with

TaBLE 2 Genetic distance (d) between the putative Javan tiger hair and samples from the Bengal, Amur, Sumatran and Javan tigers and
leopards, based on the mtDNA cytochrome b gene (1043 bp) (see Table 1 for details of the samples).

Taxon (reference no.) 1 2 3 4 5 6 7 8 9 10 11 12 13

P. tigris tigris (JF357968.1) 0.002 0.002 0.002 0.002 0.002 0.003 0.002 0.010 0.011 0.011 0.009 0.010
P. tigris altaica (AF053031.1) 0.003 0.002 0.002 0.002 0.002 0.003 0.002 0.011 0.011 0.011 0.009 0.010
P. tigris sumatrae (0Q629471.1)  0.004 0.005 0.001 0.001 0.000 0.002 0.000 0.010 0.010 0.011 0.009 0.010
P. tigris sumatrae (0Q629470.1) 0.005 0.006 0.001 0.001 0.001 0.003 0.001 0.011 0.011 0.011 0.009 0.010
P. tigris sumatrae (0Q629467.1) 0.005 0.006 0.001 0.002 0.001 0.003 0.001 0.010 0.010 0.011 0.009 0.010
P. tigris sumatrae (0Q629468.1) 0.004 0.005 0.000 0.001 0.001 0.002 0.000 0.010 0.010 0.011 0.009 0.010
P. tigris sumatrae (0Q629469.1) 0.010 0.011 0.006 0.007 0.007 0.006 0.002 0.010 0.010 0.011 0.009 0.010
P. tigris sumatrae (JF357970.1) 0.004 0.005 0.000 0.001 0.001 0.000 0.006 0.010 0.010 0.011 0.009 0.010
P. pardus (JF720183.1) 0.112 0.115 0.111 0.113 0.113 0.111 0.115 0.111 0.002 0.007 0.010 0.011
P. pardus (MH588626.1) 0.108 0.112 0.108 0.109 0.109 0.108 0.111 0.108 0.003 0.006 0.010 0.011
P. pardus melas (MZBR.1414) 0.109 0.113 0.111 0.113 0.113 0.111 0.115 0.111 0.044 0.041 0.010 0.011
P. tigris sondaica (OQ601561.1) 0.071 0.072 0.073 0.074 0.073 0.073 0.076 0.073 0.089 0.086 0.089 0.006
P. tigris sondaica (0Q601562.1) 0.090 0.091 0.092 0.093 0.092 0.092 0.095 0.092 0.107 0.103 0.102 0.040
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FiG. 4 Phylogenetic tree of the putative Javan tiger hair (OQ601561.1), Javan tiger museum specimen (OQ601562.1) and sequences of
P. tigris subspecies, and P. pardus from GenBank using the maximum likelihood method with the Kimura 2-parameter model:

(a) using two P. tigris sondaica sequences of 263 bp (Matrai & Csoba, 2008), and (b) using two P. tigris sondaica sequences of 267 bp
(Xue et al., 2015). Both trees show that the P. tigris sondaica sequences from GenBank ((a): FJ403466.1, FJ403467.2; (b): KJ686504.1,
KJ686505.1) are in the same group as P. tigris sumatrae, whereas the putative Javan tiger hair is in the same group as the Javan tiger
museum specimen. The number on each branch represents the bootstrap value. See Table 1 for details of the samples.

arsenic. From this comprehensive mtDNA analysis we con-
clude that the hair sample from South Sukabumi belongs to
the Javan tiger, and that it falls in the same group as the
Javan tiger museum specimen collected in 1930. Whether
the Javan tiger actually still occurs in the wild needs to be
confirmed with further genetic and field studies.
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