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Background 

• The current methods used to estimate Amur tiger and 
leopard populations are snow track counting and camera 
trapping. Each of these methods has several advantages 
and drawbacks. 

• Individual identification and population size estimation by 
microsatellite loci analysis using tiger/leopard scat DNA has 
important advantages that would supplement traditional 
population monitoring techniques. 

– Statistically robust and enables accurate population estimation 
by individual identification and sex ratio determination. 

– Provides additional information on genetic diversity of 
populations, relationships between individuals, population 
structure and gene flow between populations. 

 



Purpose of the Study 

• Assess the transborder movement of Amur 
leopards between Hunchun, China and 
southwest part of Primorsky, Russian Far 
East 

• Estimate the population size and home 
range size 
– using non-invasive genetic sampling and 

molecular genetic techniques.  
– simultaneously investigate the genetic diversity, 

levels of inbreeding, and family relationships 
between individuals. 

 



Previous Studies 

• There have been continuous research efforts to 
apply non-invasive genetic sampling and molecular 
genetic techniques to tiger and leopard population 
monitoring since the 2000s, and currently the 
techniques are mature enough to be practical (Perez 
et al., 2006; Bhagavatula and Singh, 2006; Mondol et 
al., 2009; Henry et al., 2009). 

• Sugimoto et al. (2012) determined genotypes of 10 
microsatellite loci using non-invasive samples of 
Amur tigers like feces, hairs and saliva, which was 
collected in southwestern part of Primorsky, Russian 
Far East for four winter periods from 2000 to 2005. 
 



Amur Leopard Population Monitoring by Noninvasive 
Genetic Analysis by Sugimoto et al. (2013) 

• Sugimoto et al. (2013) determined genotypes of 13 
microsatellite loci using non-invasive samples of Amur 
leopards like feces, hairs and saliva, which was collected in 
Land of the Leopard for 7 winter periods from 2000 to 2008. 

• Of total 472 samples collected, 239 were from leopards 
(50.6%). Of the 239 leopard samples, genotypes were 
determined for 155 samples (64.9%) and 37 individuals 
were identified (18 males and 19 females). 

• The size of the tiger population estimated by the genetic 
mark-recapture model was 28 (19-38; 2002-2003 winter) 
and 26 (200702008 winter). 

• Half of the individuals were identified from a single sample 
each. 
 
 



Map of Sampling Sites 



Summary of Sample Information 



Genetic Diversity 



Individual Identification 



Home Range Overlap of Two Male 
Indviduals, ML3 and ML9 



Limits of Study by Sugimoto et al. 

• Sample collection distributed over 8 year 
period 

• No samples from Chinese side and 
southern part of the Land of the Leopard 

• Opportunistic sample collection, by 
following large cat tracks, or by using 
scat detection dogs 

 

 



Conservation Genome Resource Bank for Korean 
Wildlife (CGRB) Experience In Conservation Genetics 

• Individual identification, sex determination, estimation of 
genetic diversity, phylogeography and population studies 
through genetic analysis of wildlife in East Asia 
– Determining the subspecific status of Korean tigers using 

ancient DNA (MtDNA; ; Lee et al., 2012) and tiger genomics 
study (Cho et al., 2013) 

– Individual identification of river otter using feces 
(Microsatellite; Park et al., 2011) 

– Sex determination, individual identification, family relationship 
and genetic diversity study of Asiatic black bears reintroduced 
in Jirisan Mountain (mtDNA, microsatellites; Kim et al., 2011)  

– Phylogeography of raccoon dogs (MtDNA; Kim et al., 2013) 
– Microsatellite marker developments (Kim et al., 2012; An et al., 

2010a, 2010b, 2010c) 
– Forensic science and determining the origin of individuals (Lee 

et al., 2011a, 2011b; Baker et al., 2010) 

 



Are the Amur tiger in Russian 
Far East and the Korean tiger 
the identical subspecies or 

separate entity?  

• Panthera tigris altaica vs Panthera tigris 
coreensis 

• One way to resolve the problem is to 
compare the DNA of Korean tigers with 
DNA of Amur tigers. 







Yamamoto: A rich Japanese who came to 
Korea to hunt tigers and leopards in 1917 
(during Japanese Colonial Period, 1910-1945) 



Hunters and a dead leopard 



Hunters and their prey 



A Skull Specimen of Korean Tiger 
in the National Museum of Nature and Science, Japan 

M871, Male, Panthera tigris altaica, Meiji 22 (1889) National Museum of 
Nature and Science , Original specimen collector = Maeda Kenkiochi 



Korean tiger 
skeleton 

specimens 
in the 

Smisthonian 
Museum, 

USA 



Korean tiger 
specimens in 
Doshisha 
Highschool 
Museum, 
Kyoto 



Genetically, Korean tiger belong to the 
same group with Amur tiger 
 
ML tree (26 seq / 1,052 bp) 
Model selection: HKY+G 
-ln L=2013.19593 
Concatenated 5 fragments of MtDNA 
(COI, Cyt b, ND2, ND5, ND6) 





• Properties Eurasian otter spraints 
  - Easy to detect otter spraints. 

  - Distinguished from other feces of species. 

 

• Shortcoming of Fecal samples as Non-
invasive method. 

  - Difficulty of DNA extraction. 

  - Contamination. 

  - Several errors on genetic analysis(ex. allelic drop out, 
false allele) 

Counting the number of river otters in Daegu City 
with genetic analysis of spraints 



River Otters in Daegu 
• Location of individuals. 

D38,  

D77, 
D78, D79 

D68, D73 
D67(D74) 

D23, 
D65 



Individual Identification of Korean Goral  

(Naemorhedus caudatus) 

• Microsatellite analysis using non-invasive samples  
    from 2008 to 2010 

http://upload.wikimedia.org/wikipedia/commons/c/c0/Naemorhedus_caudatus_Toru%C5%842.jpg


Korean Goral  

(Naemorhedus caudatus) 

- Kinship relationships among identified individuals 

http://upload.wikimedia.org/wikipedia/commons/c/c0/Naemorhedus_caudatus_Toru%C5%842.jpg


Genetic diversity and 
phylogeography of 
Asiatic Black Bear 

Asiatic Black Bears reintroduced in Jirisan 



Distribution of Asiatic Black Bears 
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Conservation Units of Asiatic 
Black Bear 
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Researcher: Yoon-Ji Hong 



PCA analysis 

(mtDNA D-loop 615 bp) 

 

North Korea + Russia 

SE Asia 

Japan 



Population Structure of Eurasian Roe Deer 
by Microsatellite Markers 
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Wild Boar (Sus scrofa) 

Kingdom: Animalia 

  Phylum: Chordata 

    Class: Mammalia 

      Order: Artiodactyla 

        Family: Suidae 

          Genus: Sus 

            Species: S. scrofa 
(IUCN 2008, www.iucnredlist.org) 
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Wild Boar (Sus scrofa) 

• Microsatellite analysis 

- Principal Coordinates Analysis (PCA) 



Research Plan 
 

Monitoring of Amur Leopard Population and Their 
Movement  in Transboundary Region Using Molecular 

Genetic Analysis 

• Study Species and Populations 

– Amur leopard (Panthera pardus orientalis) 

– in and around the “Land of Leopards” in 
southwest of Russian Far East and Chinese 
border area 



Map of the “Land 
of the Leopard 
National Park” 



Fecal sample Collection and DNA extraction 

• Sample collection will be done mainly by researchers, rangers and inspectors. 
• Two esearchers of CGRB will stay in the study area for 2-3 months and assist 

collecting tiger/leopard feces samples and extract DNA from the samples. 
• Collecting non-invasive specimens in the winter period would help to 

preserve DNA at the naturally low ambient temperature. 
• We will not attempt to collect hairs using hair traps because the efficiency of 

collection was reported to be very low (Sugimoto et al., 2012). 
• Based on the data by Sugimoto et al. (2013), the target number of samples to 

be collected will be set as >400. 
• If 400 samples are collected in the field, it is expected that at least 200 (50%) 

would be from leopards, 100 (25%) from tigers, to be determined by species 
identification. About 80% of these species-identified samples are expected to 
be individually identified by microsatellite loci typing (leopards, 160; tigers, 
80). Thus, total number of collected sample 400 is required to secure 
minimum observation number (>3 times of assumed population size) to 
accurately estimate leopard and tiger population sizes by mark and recapture 
model (Capwire model; Miller et al., 2005). 

• The samples need to be collected as evenly as possible covering whole range 
including Chinese side. 

• The collected specimens will be stored at -20℃ until DNA extraction. DNA 
extraction will be performed as soon as possible at the laboratory in the Land 
of Leopard National Park to reduce chance of DNA degradation, using the 
identical methods used by Sugimoto et al. (2012, 2013). 
 



Species identification, sex determination,  
genotyping and population estimation 

• Extracted DNA will be transferred to the laboratory of CGRB, 
Seoul National University, South Korea and species identification, 
sex determination and genotyping by molecular genetic analysis 
will be performed. International transfer of DNA extracted from 
feces will not require CITES permit. 

• All the genetic analyses and population estimation will be done 
using the same methods by Sugimoto et al. (2012, 2013) and 
Rozhnov et al. (2013). For individual identification of leopards, the 
identical 13 markers used by Sugimoto et al. (2013) will be 
utilized. 

• Additional markers for leopards will be developed by Genome 
Research Foundation (Dr. Jong Bhak). 

• Species identification and sex determination will be done 
following methods by Sugimoto et al. (2006, 2012, 2013). 

• Transboundary movement of individual animals will be analyzed 
by tracking the sample sites of individuals found both in China 
and Russia. 
 



Timeline 

• Febuarary-March 2014: Collect  samples 
and extract DNA. 

• April-December 2014: Analyze existing 
samples, develop additional markers, 
optimize analytical techniques, build 
collaboration networks. Write preliminary 
report. 

• January-March 2015: Collect samples and 
extract DNA. 

• April-November 2015: DNA and data 
analysis and final report submission. 
 



Studies ongoing by CGRB, Seoul 
National University 

• Collected tiger and leopard fecal samples 
from the field of ‘Land of the Leopard 
National Park’ in February-March, 2014. 

• Extracted DNA from the field and storage. 
• Less than 10% of the samples produced 

DNA concentration lower than 5 ng/㎍. 
• Species identification result (Total 93 

samples)  
– Amur Tiger: 59 
– Amur Leopard: 32 
– Unknown: 2 

 



Collection of Fecal Samples 





Genotyping 

• For individual identification, multiplex PCR for  
13 microsatellite markers are being tested 
according to report by Sugimoto et al., 2013. 

• Markers being tested 

 

 

 

 

 

• Additional marker development 



Topics 

• Sample collection 

• Budget 

• Coordinating collaboration network 


