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Presence of the Endangered Amur tiger Panthera
tigris altaica in Jilin Province, China, detected using
non-invasive genetic techniques

AN T H O N Y C A R A G I U L O , Y A N G K A N G , S A L I S A R A B I N OW I T Z

I S A B E L A D I A S - F R E E D M A N , S I M O N E L O S S , X U -W E I Z H O U

W E I - D O N G B A O and G E O R G E AM A T O

Abstract China is home to three subspecies of tiger
Panthera tigris but there are no estimates of the size
of any of the populations. We detected a population of
the Endangered Amur tiger Panthera tigris altaica in
Hunchun Nature Reserve in Jilin Province using both mito-
chondrial DNA and nuclear microsatellite loci. Four male
and one female tigers were detected, indicating the potential
for a small breeding group. However, genetic diversity was
low overall, with six loci showing a heterozygote deficiency
and a mean of . alleles per locus. This study is the first
estimate of the wild Amur tiger population in China to
use non-invasive techniques, and the presence of a female
tiger indicates this is a potentially viable population. We
provide baseline genetic diversity estimates to support
monitoring of the population. The small number of tiger
scats located indicates the importance of continuing the cur-
rent conservation efforts for this tiger subspecies in
Hunchun Nature Reserve. Such efforts include reducing
poaching of tigers and their prey, and implementation of
management plans to encourage the persistence and recov-
ery of tigers in this area.
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The tiger Panthera tigris is the most threatened large
felid, with an estimated global population of c. , in-

dividuals (Morell, ). Three of nine subspecies have been
extirpated by anthropogenic pressures and associated habi-
tat loss (Luo et al., ; Dinerstein et al., ). Three of the
extant tiger subspecies, one being the Amur tiger P. tigris
altaica, are found in China (Luo et al., ). The Amur
tiger, categorized as Endangered on the IUCN Red List
(Miquelle et al., ), has experienced significant reduction
of its extensive distribution across northern China as a result
of rapid human population growth, habitat loss and poach-
ing (Ma et al., ), declining from c.  individuals in the
s to,  in  (Yang et al., ; Sun et al., ; State
Forestry Administration, ). Intensive hunting and the
capture of cubs for zoos led to a similar decline of the
Amur tiger in the Russian Far East during the early th
century (Heptner & Sludskii, ).

Since  the Amur tiger population in the Russian Far
East has increased as a result of a prohibition on tiger hunt-
ing, reduction in capture of cubs and implementation of
management plans for prey. It is estimated there were
– tigers in  (Miquelle et al., ), mostly in
the Sikhote-Alin Mountains, with a subpopulation of
– in the Russian south-west Primorye (Pikunov et al.,
) potentially serving as a source population for nearby
Jilin and Heilongjiang provinces in China (Sun & Dong,
; Chen et al., ). Previous studies have focused on
population variation and genetic structure of tigers in
Russia (Russello et al., ; Henry et al., ; Miquelle
et al., ; Sugimoto et al., ). The demographic and
genetic status of tigers in China is unclear (State Forestry
Administration, ). In this study we therefore analysed
scat samples to assess genotypic variation for identification
of individuals of the Chinese tiger population in Jilin
Province, and provide baseline estimates of genetic diversity
to inform recovery plans for this population.

The field survey was conducted in the , km

Hunchun Nature Reserve in Jilin Province, China, which oc-
cupies a long, narrow strip adjacent to south-west Primorye,
Russia (Fig. ). Eleven scat samples were collected within
and adjacent to the reserve during tiger monitoring surveys.
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The surveys covered , km and were conducted during
– November ,  January– February , and
for  days during the winter/spring of . Genomic
DNA was extracted using the QIAamp DNA Stool Mini
kit (Qiagen, Valencia, USA) following the manufacturer’s
protocol, with modifications to improve DNA yield and
quality (Caragiulo et al., ). Extractions were prepared
within a polymerase chain reaction (PCR) product-free lab-
oratory reserved exclusively for scat extractions.

Samples were identified to species via PCR and Sanger
sequencing using six mitochondrial DNA primer sets span-
ning four mitochondrial gene regions (Caragiulo et al.,
). Sequences were edited using Sequencher v. .
(Gene Codes Corporation, Ann Arbor, USA), and species
were identified via neighbour-joining trees (, bootstrap
replicates) implemented in Geneious Pro v. . (Biomatters,
Auckland, New Zealand), constructed using . , in-
house reference sequences spanning multiple animal spe-
cies. Each identified tiger sequence was accessioned into
the BOLD System (Ratnasingham & Hebert, ) and
GenBank (Benson et al., ) when exceeding  bp.
Generated sequences were compared to references on
GenBank for additional confirmation of species identity.

Fluorescently labelled nuclear microsatellite loci were
used to identify individuals, and amplified using the
QIAgen Multiplex Kit (Qiagen, Valencia, USA) in  μl
multiplex reactions using  μl of template DNA,  μl of
MasterMix,  μl of Q-solution, .–. μM of each  μM
primer, brought to volume using ultrapure water. A total
of  microsatellite loci developed from the domestic cat

(Menotti-Raymond et al., ) were used (Supplementary
Table S). Microsatellite amplifications were analysed using
GeneMapper v. . (Applied Biosystems, Carlsbad, USA).
Genotypes were validated using the quality index (Mondol
et al., ) to ensure reliable genotyping. Samples amplify-
ing fewer than five loci were removed from further analysis.

The gender of each tiger sample was determined via am-
plification of the zinc finger regions on the X and Y chromo-
somes (Wei et al., ). Gender-typing PCRs consisted of
 μl reactions with . μl of each . μM primer,  μl of
template DNA, one illustra puReTaq ready-to-go PCR bead
(GE Healthcare, Piscataway, USA), brought to volume with
ultrapure water. The two forward primers (ZF-F and
ZFY-F) were fluorescently labelled for analysis in an ABI
xl DNA Analyser (Applied Biosystems) and scored
using GeneMapper.

Each sample underwent at least four independent PCR
reactions per locus and gender-typing reaction using a
modified multiple-tubes approach to identify allelic dropout
or false alleles, and to confirm allele calls and gender-typing
results (Taberlet et al., ; Bhagavatula & Singh, ;
Mondol et al., ). GIMLET v. .. (Valière, ) was
used to determine error rates, CERVUS v. . (Kalinowski
et al., ) was used to identify individual genotypes, and
genetic diversity indices were estimated using both CERVUS
and GENEPOP v. . (Rousset, ).

Nine scat samples were identified as tiger, and the re-
maining two as canids. Mitochondrial DNA sequences
were accessioned into BOLD (GFG–GFG) and
GenBank (JQ–JQ, JQ–JQ).
Recapture samples were found (samples CH/CH

and CH/CH/CH were from the same individual
tiger). Samples amplified all loci, except for CH and
CH, which amplified  loci; CH only amplified
four loci and was excluded from individual identification
analysis. We discerned a total of five individuals, represent-
ing four prospective males (CH, CH/, CH/
/, CH), and one prospective female (CH).
The PID = . and the PID(sib) = . indicated our loci
panel had sufficient statistical power for discerning indivi-
duals. Overall, the mean PCR success for all loci was .
(range .−.), the mean allelic dropout rate across
loci was . (.−.), and the mean number of
false alleles across loci was . (.−.). The
mean number of alleles per locus (NA) was ., the mean
expected heterozygosity (He) was ., and mean polymor-
phic information content (PIC) was . (Supplementary
Table S). Tests for deviation from Hardy–Weinberg equi-
librium and linkage disequilibrium could not be performed
because of the small sample size. The FIS value was ..

Molecular techniques are widely used to investigate the
genetics of threatened species because they provide import-
ant insights into taxonomic status, evolutionary history and
population genetic structure (Bhagavatula & Singh, ).

FIG. 1 Location of Hunchun Nature Reserve, showing sampling
localities where tiger scats were and were not identified. Some
sampling localities were outside the Reserve because there was
anecdotal evidence of tigers in these areas. The black circle
indicates the nearest tiger population in Russia (Russello et al.,
) and the inset the location of the main map on the China–
Russia border. The three shades of grey indicate different zones
within the Reserve.
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Such information is especially important for small popula-
tions, as they are more susceptible to loss of genetic variation
through inbreeding (Frankham et al., ). To our knowl-
edge this is the first study to provide population genetic in-
formation on wild tigers in China using non-invasive
techniques. Based on track surveys, it was estimated pre-
viously that there were – tigers in Hunchun Nature
Reserve (State Forestry Administration, ). Our analysis
identified at least five individual tigers in this area. The pres-
ence of at least one female indicates breeding potential but
the male-biased sex ratio is not ideal for this. Our genetic
diversity indices are not statistically powerful because of
the small sample size but are nonetheless valuable because
of the scarcity of information on wild Amur tigers in China.

The Amur tiger may be the most genetically impover-
ished extant tiger subspecies (Luo et al., , ;
Henry et al., ). The sex ratio of Amur tigers in the
Russian Far East appears to be female-biased (Sugimoto
et al., ); the male-bias of the population in Hunchun
Nature Reserve could be a result of the dispersal of male ti-
gers from nearby Russian reserves. The protected areas on
both sides of the border should therefore be considered a
single geographical unit for tiger conservation.

This study provides valuable baseline genetic diversity
estimates through non-invasive monitoring for a rare tiger
population warranting management. Although we found
relatively few tiger scats, our results indicate there is a poten-
tially viable population in Hunchun Nature Reserve, albeit
with low levels of observed genetic diversity. Previous stu-
dies have shown that small, threatened populations can be
managed in the wild to maintain viability (Höglund et al.,
), and we believe this applies to the Hunchun Amur
tiger population. It could be queried whether conservation
resources should be invested in a small, peripheral popu-
lation, but we believe this is appropriate if it contributes to
the genetic diversity of the species, especially one as geo-
graphically disparate as the tiger. Our findings will aid the
development of conservation management strategies for
the tiger in China.
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