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Sex-biased dispersal, the difference in dispersal distance between sexes, is a universal 

trait observed in many mammalian species. Previous studies utilizing population genetic analysis 

have demonstrated its reflection in genetic structure, predicting that it is a result of the long-term 

effect of sex-biased dispersal on population demography. However, accurately evaluating the 

effect of sex-biased dispersal faces challenges, primarily due to two reasons. One challenge is the 

influence of other factors, such as differences between sexes in ratio, lifespan, and reproductive 

success, which can also affect the outcomes of population genetics analyses. The other lies in the 

difficulty of detecting slight differences in gene flow between different inheritable regions using 

limited genetic data, such as haploid genome data like mitochondrial and Y chromosomal data, 

which have the potential to miss the nuanced effect of sex-biased dispersal.  

The brown bear, !"#$#%&"'()#, is a large solitary Carnivoran and has been observed with 

extreme male-biased dispersal and no significant differences in ratio, lifespan, and reproductive 

success between sexes. In addition, genomic data across different inheritable genetic regions 

such as mitochondrial DNA, X chromosome, autosome, and Y chromosome is relatively 

abundant compared with other wildlife. Thus, it is suitable to examine the process by which sex-

biased dispersal affects the population demography. This dissertation aims to reveal the process 

and evaluate the sex-biased dispersal through the population demographic history of the brown 

bear.  

In Chapter 2, I focused on the brown bear on Hokkaido Island, Japan, which consists of 

three geographically distinct subpopulations representing different mitochondrial lineages, and 

gene flow between subpopulations due to male-biased dispersal. I determined whole-genomic 
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sequences for six Hokkaido brown bears and analyzed the data along with previously published 

genomic sequences of 17 brown bears from other parts of the world. A phylogenetic analysis of 

the autosomal data revealed that the Hokkaido population was genetically distinct from the other 

populations, such as North American and European populations. The genetic diversity was 

higher than the endangered populations in Western Europe while it was lower than most 

populations on the continents. A reconstruction of historical demography showed no increase in 

population size for the Hokkaido bear population during the Eemian interglacial period 

(130,000–114,000 years ago). A little autosomal genetic difference between different 

mitochondrial DNA lineages was observed in the Hokkaido population. This autosomal genetic 

similarity within Hokkaido contrasts with the geographically separate mitochondrial lineages, 

indicating the occurrence of male-driven gene flow between subpopulations. 

In Chapter 3, I analyzed a reduced-representation genome sequencing (ddRAD-seq) of 

the Hokkaido population and whole-genome resequencing data of both Hokkaido and foreign 

populations to investigate how such a characteristic genetic structure has been shaped and to 

evaluate the influence of male-biased dispersal on the process. Despite ongoing admixture within 

the population due to male-biased dispersal, a slight difference was detected between 

subpopulations. Population demographic analysis indicated a historical population decline 

around the Last Glacial Maximum (ca. 21,000 years ago), followed by a recent rapid expansion. 

Additionally, a comparison of the genetic differentiation between autosomes and the X 

chromosome revealed a significant influence of male-biased dispersal during migration from the 

continent. This study also explored the correlation between these findings and environmental 

factors, such as landforms and climate changes. Landscape genetic analysis suggested that the 

observed differentiation could be attributed to restricted gene flow due to lowlands. Furthermore, 
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the species distribution modeling showed a historical trend of the brown bear's relatively suitable 

habitat decreasing significantly during the Last Glacial Maximum. The results indicate that the 

Hokkaido bear population had contracted due to global climate change despite the appearance of 

the land bridge between the Eurasian Continent and that it has expanded rapidly while being 

influenced by the lowlands. Thus, this study emphasizes the importance of considering multiple 

factors in phylogeography and male-biased dispersal contributing to migration into new habitats 

and rapid population colonization. 

In Chapter 4, whole-genome resequencing was employed on the local populations of the 

brown bear around or on the Eurasian Continent. Through population genetic analysis using the 

genome data combined with previous datasets, I solved the sampling bias and verified the 

hypothesis that the brown bear’s nuclear genome reflects both the ancestral genetic traits and the 

replacement of old genetic characteristics with new ones resulting from the recent expansion, and 

the scale of this replacement driven by male-biased dispersal. The ancestral genetic 

characteristics have persisted in Western Asia and Central Asia, particularly in Kazakhstan and 

Tibet. Recent ancestors of these populations have experienced a rapid expansion slightly, as 

indicated by the calculation of the number of alleles shared with individuals speculated to 

possess many alleles from recent dispersal, based on mitochondrial DNA haplotypes. The 

Hokkaido and Etorofu Island populations were found to have more alleles from gene flow from 

the polar bear !"#$#%*&"+(+*$#, akin to the North American brown bear population previously 

reported to have hybridized with the polar bear. This phenomenon may be attributed to the lesser 

influence of recent expansion compared to continental populations. The results support the 

hypothesis and suggest the multi-layers from different time migrations in the genetic structure of 
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the brown bear. This study contributes to understanding the local genetic variation and the effect 

of the male-biased dispersal of not only brown bears but also animals. 

In conclusion, male-biased dispersal has played a substantial role in admixture between 

different lineages, migration into new habitats, rapid colonization, and the formation of the 

multi-layer genetic structure. The long-term effects on population demography due to male-

biased dispersal could have resulted in genetic differences between local populations and a 

mismatch in genetic structure patterns between maternally inherited mitochondrial DNA and 

paternally inherited Y-chromosomal DNA. 

On the other hand, environmental factors, such as climate changes, have also exerted an 

influence on population demography. Climate changes and landform dynamics, such as the 

formation of land bridges during glacial periods, are influential factors that either promote or 

restrict male-biased dispersal. In the population demographic history of the brown bear, 

encompassing events like the extinction of local populations and hybridization with closely 

related species, the environmental factors hold significance parallel to male-biased dispersal. 

Considering multiple factors and placing emphasis on local genetic traits and environmental 

influences could enable an investigation into the overlooked population demographic history.  
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The difference between sexes is observed naturally in polyploidy wildlife. The differences 

in morphology, like sexual dimorphism (McPherson & Chenoweth 2012), social structure 

(Holekamp & Sawdy 2019), and life history (Lemaître et al. 2020), are well known. Although the 

reason why these differentiations have occurred has still been argued because of multiple factors, 

the phenomenon itself is known in a wide range of taxa. 

The rate and pattern of dispersal frequently differ between sexes, which is called sex-biased 

dispersal. The sex-biased dispersal occurs due to many reasons, such as resource availability like 

food and mating opportunities (Greenwood 1980), inbreeding avoidance (Packer 1979), sexual 

conflict (Kuijper & Johnstone 2017), and human activities (de Oliveira et al. 2022), and is evident 

across many taxa (Li & Kokko 2019; Trochet et al. 2016). For example, in plants, pollen carrying 

paternal genes disperses over longer distances compared to seeds containing genes from both the 

paternal and maternal sides (Ghazoul 2005; Li & Kokko 2019). Animals such as insects, fish, 

amphibians, and birds have also been confirmed sex-biased dispersal, even though the specific sex 

that disperses over longer distances may vary (Trochet et al. 2016). In most mammals, particularly 

carnivores, males disperse more widely, while females exhibit philopatry (Greenwood, 1980).  

 

2.03$4",1*"//"54*./*("#$%&'(")*)&(+",('-*

The sex-biased dispersal has a long-term influence on the population demographic history 

and the genetic structure formed by the history (e.g., de Jong et al. 2023), so it is important to 

investigate the scale and pattern of sex-biased dispersal for understanding the population 
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demographic history. The scale of the sex-biased dispersal has been revealed by individual tracking 

(e.g. Zedrosser et al. 2007; Shirane et al. 2019), but this method is not suitable to evaluate its long-

term influence on population demographic history (Lawson Handley & Perrin 2007). Genetic 

analysis solves this issue and proves effective in assessing the influence. Numerous studies using 

genetic analysis have detected the mismatch of genetic patterns between maternally inherited 

mitochondrial DNA (mtDNA) and the paternally inherited nonrecombining region of the Y 

chromosome (e.g., Andrews et al. 2013; Coia et al. 2013; Matsudaira et al. 2018; Seielstad et al. 

1998).  

However, the process underlying this mismatch needs further investigation because of 

some reasons. When employing a genetic approach, determining sex-biased dispersal is 

complicated by various factors beyond just dispersal, including societal differences, lifespan, and 

sex ratio, all of which influence the sex-biased demography (Webster & Wilson Sayres 2016). 

Only haploid genome data, commonly used in previous studies, made it challenging to accurately 

identify differences in sex-biased dispersal because it could not narrow down the reason from 

various factors such as gene flow between groups, balancing selection on markers, and the limited 

resolution of markers (Bossart & Pashley Prowell 1998). Although some studies solve it using 

nuclear markers (e.g., Schregel et al. 2018; Tucker et al. 2017), most studies evaluate sex-biased 

dispersal in the single generation by categorizing individuals based on sex and comparing the 

results between different sexes. This method cannot evaluate the long-term difference of sex-

biased dispersal in gene flow. 

Recently, estimating population demography based on genome data has become relatively 

straightforward for various species, even non-model wild species, thanks to the acquisition of 

massive sequence data using next-generation sequencers. The innovation makes us reveal 
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population divergence (Novembre et al. 2008; Ragsdale et al. 2023), hybridization with the related 

species (Green et al. 2010; Reich et al. 2010), and natural selection (Mathieson et al. 2015). The 

sex bias on the population demography, such as effective population size and migration, could also 

also detected by comparing the genetic diversity and differentiation of the different inheritable 

regions (Keinan et al. 2009; Musharof et al. 2019). However, studies for even non-model wild 

species are still limited. 

 

6#4,"1"*1'-"$%&'(")*)&(+",('-*./*47"*%,.80*%"',*

The brown bear, !"#$#%&"'()#, is a member of the order Carnivora for studying sex-biased 

dispersal in population demographic history since dispersal is the only confirmed sex-biased trait 

that affects population demography. Males typically disperse widely from their birthplace, while 

females exhibit philopatry (McLellan & Hovey 2001; Sato 2015; Zedrosser et al. 2007). This 

difference was reflected in their home range size (adult females: 13.4–43.0 km!, adult males: 199–

496 km!; Sato 2015). This species is solitary except during child-rearing. In addition, there is no 

confirmed significant bias in the sex ratio in the population (Swenson et al. 1994) and difference 

in reproductive success between sexes (Shimozuru et al. 2019). 

The previous studies reported the genetic mismatch patterns between mtDNA and Y-

chromosomal DNA (Figure 1). Studies based on the analysis of mitochondrial cytochrome , and 

control region sequences (Davison et al. 2011) and that of a complete mitogenome (Hirata et al. 

2013) have shown several lineages were found across the northern hemisphere, while the analyses 

of Y-chromosomal sequences showed no phylogeographic correlation with the mtDNA lineages 

(Bidon et al. 2014; Hirata et al. 2017). 

Recently, some studies reported the available genomic data of the brown bear (Barlow et 
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al. 2018; Cahill et al. 2013, 2015, 2018; de Jong et al. 2023; Liu et al. 2014; Miller et al. 2012; 

Tumendemberel et al. 2023), which makes us possible to assess the long-term effect of the sex-

biased dispersal to the population demographic history. While de Jong et al. (2023) demonstrated 

the effect of recent male-biased dispersal on population demography and the potential to erase the 

former genetic structure, it is still crucial to investigate the often-overlooked population 

demographic history and the long-term effects of male-biased dispersal. It is because this 

investigation could be achieved by focusing on the genetic differences of local populations. 

Tumendemberel et al. (2023), for example, showed that the isolated Central Asian populations 

were clearly different from European and North American populations. In addition, some local 

exhibit endemic traits whose genetic basis is unknown have been reported (Colangelo et al. 2012; 

Sato et al. 2011b).  

 

9&1(*./*47&(*(4:);*

 This dissertation focuses on the population demography of the brown bear and discusses 

its history in Chapters 2, 3, and 4 (Figure 1) to evaluate the long-term effect of sex-biased 

dispersal on the population demographic history. Chapter 2 focuses on the Hokkaido brown bear 

population containing three mtDNA haplotypes whose divergence times are distributed 

separately. I applied whole-genome resequencing and then conducted population genetic analysis 

to investigate the differences between the populations on the continents based on their population 

demographic history. Chapter 3 evaluates the long-term effect of male-biased dispersal and 

environmental factors on the colonization of the Hokkaido population by population genetic 

analysis and landscape genetic analysis using a reduced representation sequencing, ddRAD-seq 

(double digest restriction-site associated DNA sequencing), and species distribution modeling. 
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Chapter 4 investigates the genetic diversity of the local population in Eurasia (Hokkaido, Etorofu 

Island, Sakhalin, Far East area, Kazakhstan, Tibet, Central Russia, and the Caucasus). By 

population genetic analysis based on whole-genome resequencing for both modern and ancient 

samples, I discuss the hypothesis that the brown bear genome reflects both ancestral genetic 

traits and the recent expansion, with the extent of the expansion playing a crucial role.  
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Chapter 2 

Demographic history of the brown bear Ursus arctos on Hokkaido 

Island, Japan, based on whole-genomic sequence analysis 
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The content of this chapter is based on the following published paper: Endo Y, Osada N, 

Mano T. Masuda R. 2021. Demographic history of the brown bear (!"#$#%&"'()#) on Hokkaido 

Island, Japan, based on whole-genomic sequence analysis. -./)*.%0+)1)23%&/4%56)1$(+)/. 13: 

evab195. 

 

!"#$%&'(#)%"*

The Wallacean shortfall, defined as a lack of or poor information about the geographical 

distribution of species, presents a critical challenge in phylogeography (Lomolino et al. 2016). 

Due to this shortfall, there is a risk of overlooking biodiversity, including species diversity and 

genetic diversity, and these crises are exacerbated by human activities, climate change, etc. 

Therefore, addressing the Wallacean shortfall is crucial for the comprehensive investigation of 

biodiversity. 

The brown bear !"#$#%&"'()# is widely distributed in the northern hemisphere 

(McLellan et al. 2017) and has become a model for studying mammalian evolution at the 

population level system (Davison et al. 2011). Brown bear populations show complex 

demographic histories that reflect geographical isolation (Randi et al. 1994), bottlenecks caused 

by human activity (Waits et al. 2000), hybridization between related species (Pongracz et al. 

2017), and local phenotypic adaptation to a variety of environments (Sato et al. 2011b; 

Colangelo et al. 2012). Various previous studies have shed light on these processes by nuclear 

genetic analysis, but almost all these studies focused on Europe or North America (Hailer et al. 

2012; Miller et al. 2012; Cahill et al. 2013, 2015, 2018; Liu et al. 2014; Barlow et al. 2018). 

Three different mitochondrial DNA lineages, clades 4, 3a2, and 3b, appear to have 

migrated from the Eurasian Continent to Hokkaido Island, Japan, at different times (Hirata et al. 
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2013) and distributed separately in Southern, Central, and Eastern Hokkaido, respectively 

(Matsuhashi et al. 1999; Hirata et al. 2013). Some gene flow, however, occurs between 

subpopulations within Hokkaido due to males dispersing more widely than females (Hirata et al. 

2017). Both separated distribution and admixture between subpopulations have thus been reflected 

in the brown bear genome of the Hokkaido population. However, the genetic characteristics of the 

parentally inherited regions in comparison to continental populations and the processes involved 

in their formation remain unclear. These limitations arise from the reliance on maternal or paternal 

haplotype data and a lack of genomic information in Hokkaido. 

The goal of this study was to clarify further the demographic history of brown bears, 

especially those in Hokkaido, by analyses of whole-genomic sequences obtained by next-

generation sequencing (NGS) technology. Here, I report the basic genetic traits of the Hokkaido 

brown bear on the genetic diversity, genetic structure, genealogy, and demographic dynamics 

based on whole-genomic sequences; compare my results with those from previous studies on 

other populations; and discuss the demographic history between the Hokkaido bears and 

continental populations. 

 

+,#-$),./*,"&*0-#1%&/*
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This study utilized muscle tissue samples from six Hokkaido brown bears, one 

individual per sex per mitochondrial DNA lineage (Figure 2 and Table 1) that had been collected 

in previous studies (Matsuhashi et al. 1999; Hirata et al. 2017). Total genomic DNA was 

extracted with the DNeasy Blood & Tissue Kit (Qiagen, Hilden, Germany) and stored at 4°C or 

!20°C until use.  
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Paired-end libraries were prepared by using the TruSeq DNA Nano Sample Prep Kit 

(Illumina, San Diego, USA), and whole-genome shotgun sequences were generated by Macrogen 

Japan (Tokyo, Japan), using an Illumina HiSeq X sequencer. Samples were sequenced to an 

average depth of 30". FastQC ver. 0.11.8 (Babraham Bioinformatics 2011) and trimomatic 

ver.0.39 (Bolger et al. 2014) were used to check the quality of the sequences and remove 

Illumina adapters.  

 

='++&03*'0)*>',&'04*5'--&03*

 Whole-genomic sequence data from 17 brown bears (Miller et al. 2012; Cahill et al. 

2013, 2015; Benazzo et al. 2017; Barlow et al. 2018; Taylor et al. 2018) were downloaded for 

analysis. Figure 2 and Table 1 indicate the sampling locations of these bears. One individual 

from Alaska (sample name: Alaska) is not shown in Figure 2 because no information on the 

sampling location was available. The reads from 23 brown bears and one Asiatic black bear 

(Kumar et al. 2017, Table 1) were mapped to the polar bear reference genome (Liu et al. 2014; 

UrsMar_1.0, accession number: GCF_000687225.1) by using the BWA-MEM algorithm 

implemented in the BWA package ver. 0.7.17 (Li & Durbin 2009) with the ‘-M’ command 

option. The number of reads aligned to the reference genome and the proportion of the genome 

covered was summarized by using CollectAlignmentSummaryMetrics in GATK ver. 4. 1. 2. 0 

(McKenna et al. 2010). Single nucleotide variants (SNVs) were called by using HaplotypeCaller 

in GATK, and then further hard-filtered under the following parameters: significant fisher strand 

test (FS) > 60.0; variant confidence/quality by depth (QD) < 2.0; RMS mapping quality (MQ) < 

40.0; strand odds ratio (SOR) > 9.0; MQRankSum < !12.5, and significant read position bias 

(ReadPosRankSum) < !8.0. 
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 The reference polar bear genome included thousands of short fragments (< 200 bp), 

which are not suitable for many population genetic analyses, and so only single nucleotide 

polymorphisms (SNPs) on 356 scaffolds longer than 100 kb and excluding sex chromosome-

linked scaffolds (Cahill et al. 2013; Bidon et al. 2014), and one mitochondrial DNA (mtDNA) 

scaffold, were analyzed. Genmap ver. 1.3.0 (Pockrandt et al. 2020) was used to calculate genome 

mappability and exclude SNPs with (30, 2)-mappability < 1 (i.e., the 30-mer starting from the 

site is unique in the genome even allowing for 2 mismatches). To assess the reliability of 

sequence data, the mean depth of SNPs per individual was calculated by using vcftools ver. 0. 1. 

17 (Danecek et al. 2011). 

 

?7;-.3"0"4&5*4,""*%'(")*.0*47"*1&4.3"0.1"*

 A phylogenetic tree based on the whole mitogenome was reconstructed with the 

maximum likelihood method implemented in MEGA X (Kumar et al. 2018). To construct the 

tree, consensus sequence files per individual were created using bcftools (Danecek et al. 2021). 

The optimal substitution model determined under the Bayesian information criterion (BIC) was 

HKY + G (gamma-distributed rate variation). The Asiatic black bear (Table 1) was included as 

an outgroup taxon because previous studies (Talbot & Shields 1996; Hirata et al. 2013) have 

found that polar bears group within clade 2, which includes brown bears from the Admiralty, 

Baranof, and Chichagof islands (ABC islands). 

 

@"0"4&5*)&>",(&4;*'0)*3"0"4&5*(4,:54:,"*'0)*3"0"'-.3;*

 To assess genetic diversity, heterozygosity was calculated using PLINK ver. 1.9 (Purcell 

et al. 2007) under the options “--het”. 
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A principal component analysis (PCA) and Bayesian clustering analyses were performed 

by using EIGENSOFT ver. 7.2.1 (Patterson et al. 2006) and ADMIXTURE ver. 1.3.0 (Alexander 

et al. 2009), respectively. SNPs under linkage disequilibrium (LD) were excluded before 

analyses by using PLINK options “--indep-pairwise 50 5 0.5”. 

 To construct a neighbor-joining tree (Saitou & Nei 1987), a distance matrix was 

calculated based on the identity-by-state PLINK option “--distance”. The tree was plotted by 

using the R package phangorn ver. 2. 5. 5 (Schliep 2011), with the Asiatic black bear (Table 1) as 

an outgroup. TreeMix ver. 1.13 (Pickrell & Pritchard 2012) was run to estimate patterns of 

population splits and mixtures in brown bear populations, with the polar bear reference genome 

(Liu et al. 2014) as the outgroup.  

 To infer which individuals were closely related to the Hokkaido individuals, ƒ" statistics 

were calculated with the AdmixTools software package (Patterson et al. 2012). 7#$ values 

(Hudson et al. 1992; Keinan et al. 2007) were calculated by using EIGENSOFT. 

To estimate the relationship among populations, ƒ% statistics were calculated with the 

AdmixTools software package. The smaller the value of ƒ%(A, B; C, D) calculated using the 

allele frequencies of A, B, C, and D, the more alleles are shared between B and C (Patterson et 

al. 2012). Because polar bears admixed with brown bears in the past (Miller et al. 2012; Cahill et 

al. 2013; Liu et al. 2014), I used the sequence of the Asiatic black bear as the outgroup.  

I tested three situations, ƒ%(Asiatic black bear, Denali, Kenai, and Russia; other Europe 

or North America, Hokkaido), ƒ%(Asiatic black bear, Europe; North America, Hokkaido), 

ƒ%(Asiatic black bear, North America; Russia, Hokkaido), and ƒ%(Asiatic black bear, X; 

Hokkaido 1, Hokkaido 2), where X indicates brown bears other than those from Hokkaido, to 

detect the genetic relationship between bears from Europe and North America, and allele sharing 
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bias between other brown bears on the continent and Hokkaido.  

 

A"1.3,'+7&5*);0'1&5(*

 The pairwise sequentially Markovian coalescent methods (PSMC; Li & Durbin 2011) 

were applied to estimate past demography. The diploid consensus sequence for each sample was 

created from a bam file by using SAMtools ver. 1.9 (Li et al. 2009), with the “mpileup” 

command set to the “-C50” option. Each consensus sequence was transformed into the required 

format by using the fq2psmcfa tool in the PSMC package, and was analyzed with PSMC under 

the option “-N25 -t15 -r5 -p "4+25*2+4+6"”. The mutation rate and generation time were set at 

1.82*10&' mutations per site per generation and 11 years, respectively, as indicated by previous 

studies (Liu et al. 2014; Benazzo et al. 2017).  

 

2-/'.#/*
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This study included the whole-genomic sequences I obtained from six brown bears from 

Hokkaido (Accession number: DRR276774–DRR276779) and previously reported sequences of 

17 individuals from other areas (Figure 2 and Table 1). The proportion of the genome covered was 

96.6–99.4% (Table 1). The number of SNPs found per individual ranged from 3,726,121 to 

4,748,290, with a depth range of 8.61 to 54.87 (Table 1). Figure 3 shows the heterozygosity. The 

values were lower for the Hokkaido individuals than for most individuals from other populations 

but higher than in endangered populations in Western Europe.*

%

?7;-.3"0"4&5*4,""*%'(")*.0*47"*1&4.3"0.1"*
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A phylogenetic tree (Figure 4a) reconstructed using complete mtDNA sequences shows 

two major clades, one comprising bears from western Europe, a polar bear, and bears from 

southeastern Alaska, the ABC islands, and the other comprising bears from Alaska (Kenai and 

Denali), Hokkaido, and eastern Europe. Within the latter clade, the Hokkaido individuals 

comprise three distinct lineages, clade 4, 3b, and 3a2, from southern, eastern, and central 

Hokkaido, respectively, and an European individual from Georgia was included in neither clades 

3a1 nor 3a2. 

 

@"0"4&5*(4,:54:,"*'0)*3"0"'-.3;*

PCA for all brown bears examined (Figure 5) showed separation among Hokkaido, 

European, and North American individuals. In particular, the first principal component 

(horizontal axis) indicated strong separation between the Hokkaido population and other 

populations. In a PCA for only the Hokkaido individuals (Figure 6), the first principal component 

(horizontal axis) showed separation of the three known subpopulations. The second principal 

component (vertical axis) separated Southern Hokkaido 1 from Southern Hokkaido 2, whereas in 

each case the two individuals from Central Hokkaido and those from Eastern Hokkaido were 

closely related to one another.  

Figure 7 shows the genetic structure of the bears analyzed, based on ADMIXTURE. At 

8%= 3, which was the most likely number of clusters (Figure 7a), three clusters, Hokkaido, 

Europe, and North America are evident. At 8%= 2 (Figure 7b), which was the second most likely 

number of clusters, the Hokkaido individuals are separate from the others. Figures 7a and 7b 

both show!the probability that the individual from Russia belongs to both the European 

population and other populations. 
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The 7#$ value between Europe (Slovakia, Georgia, Southern Sweden 1, Southern 

Sweden 2, Slovenia, Northern Italy, Central Italy, and Spain) and North America (Alaska, Denali, 

Kenai, Admiralty 1, Admiralty 2, Baranof, Chichagof 1, and Chichagof 2) was lower than that 

between Hokkaido and the others (Table 2), supporting the results shown in Figures 5 and 7b. 7#$ 

values among the Hokkaido subpopulations (Table 3) were consistent with a closer relationship 

between Southern and Central Hokkaido, as indicated by the results of the first principal 

component of PCA (Figure 6). 

In the neighbor-joining tree (Figure 4b) constructed by using identity-by-state distances 

between autosomal genomes, the Hokkaido and North American individuals comprise distinct 

clades embedded within a paraphyletic European group, with the individual from Russia most 

closely related to the Hokkaido clade which was also suggested in Figure 7a. 

 A plot of ƒ" statistics (Figure 8) against geographical locality showed that the Russia, 

Kenai, and Denali individuals are more closely related to the Hokkaido population than are the 

other populations examined, which was also supported by the result of ƒ%((Asiatic black bear, 

individuals from Denali, Kenai, and Russia; others from Europe or North America, individuals 

from Hokkaido), although the relationship between bears from Denali and Kenai, and other 

North American individuals was closer (Table 4). 

In trees constructed by using TreeMix (Figure 9), the three groups appear as distinct 

clades. Both trees in Figure 9a, assuming no gene flow, and Figure 9b, assuming that one gene 

flow occurred, showed that the Russian individual lies outside the clade, including the European 

individuals. In addition, it indicates gene flow between the Asiatic black bear and the brown 

bears of Georgia. 

I applied ƒ% statistics to clarify the genetic relationship between the continental 
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population and the Hokkaido population. Values of ƒ%(Asiatic black bear, European populations; 

North American populations, individuals from Hokkaido) were calculated to investigate the 

genetic relationship between populations in Europe (Slovakia, Georgia, Sweden, Slovenia, 

Northern Italy, Central Italy, and Spain) and the Hokkaido population (Table 5), and values of 

ƒ%(Asiatic black bear, North American populations; the Russian individual, individuals from 

Hokkaido) were calculated to detect the genetic relationship between populations in North 

America (Alaska, Denali, Kenai, Admiralty, Baranof, and Chichagof) and those in Hokkaido 

(Table 6). While the values of ƒ%(Asiatic black bear, European populations; North American 

populations except Denali and Kenai, Hokkaido) indicated slightly close relatedness between 

Hokkaido individuals and European populations (ƒ%(= 0.0003500 to 0.001510, |Z score| > 3 

except in two cases), the relatedness between European populations and individuals from Denali 

and Kenai (ƒ% = !0.001644 to !0.000436, |Z score| > 3) was closer. Bears from Hokkaido and 

that from North America were not closely related to each other (ƒ4 = !0.0019050 to !0.001230, 

|Z score| > 3). 

Values for ƒ%(Asiatic black bear, X; Hokkaido 1, Hokkaido 2), where X indicates brown 

bears other than those from Hokkaido, were calculated to estimate allele-sharing bias within the 

Hokkaido populations. The analysis suggested that Southern Hokkaido 1 shares more alleles 

with European brown bears than with other Hokkaido individuals (Figure 10 and Table 7) 

although only ƒ%(Asiatic black bear, Spain; South Hokkaido 1, Eastern Hokkaido 1) and 

ƒ%(Asiatic black bear, Sweden; South Hokkaido 1, Eastern Hokkaido 1) were statistically 

significant (|Z score| > 3) and both Z scores were slightly above 3, indicating the statistical 

significance was marginal. 
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 Historical demography was reconstructed based on PSMC. This analysis indicated that 

the effective population size (9)) of most European and North American brown bears increased 

about 120 thousand years ago (Figures 11a and 12). In contrast, none of the six Hokkaido 

individuals indicated an increase in population size at that time (Figure 11). 

 

3)/('//)%"*

 This study aimed to reveal the local genetic differentiation of the Hokkaido brown bear 

population compared with the continental populations. The genetic diversity of the Hokkaido 

brown bears was not lower than the European endangered populations, but slightly lower than the 

other continental populations. Based on autosomal SNPs, the Hokkaido population is clearly 

distinguishable from other continental populations, and the nuclear genetic difference between 

different mtDNA lineages within Hokkaido was not observed. The expansion of the effective 

population size during the Eemian interglacial period confirmed for the European and North 

American individuals was not found for the Hokkaido individuals, so some ancestors of the 

Hokkaido population were inferred to have migrated into Hokkaido before the Eemian interglacial 

period. 

 

@"0"4&5*)&>",(&4;*

 Heterozygosity values indicated that the Hokkaido brown bears are higher in genetic 

diversity than the endangered brown bears in Europe, although the Hokkaido population has long 

been isolated from populations in continental Eurasia. This result is incongruent with previous 

studies based on major histocompatibility complex class-II :;< genes (Goda et al. 2009), DNA 
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fingerprinting (Tsuruga et al. 1994), and protein polymorphism (Tsuruga et al. 1996), in which 

the Hokkaido brown bears showed lower genetic diversity than other individuals. I conclude that 

the diversity of the whole genome has been maintained at a higher level than that of only coding 

regions as shown in the previous studies, as has also been reported for macaques (Osada et al. 

2015). Previous studies have shown that the genetic diversity of the whole genome declines in 

cases of 1) long-term population decline and inbreeding (Xue et al. 2015; Benazzo et al. 2017), 

and 2) strong recent inbreeding (Prufer et al. 2014; Benazzo et al. 2017). Although the Hokkaido 

bears have experienced a population decline since the Last Glacial Period, 70,000–10,000 years 

ago (Figure 11b), my results indicated no events leading to a decline of genetic diversity in the 

whole genome. 

 

A"1.3,'+7;*./*%,.80*%"',(*

 Matsuhashi et al. (1999) and Hirata et al. (2013) showed that three mtDNA lineages are 

distributed allopatrically in Southern, Central, and Eastern Hokkaido. My study also showed the 

same three lineages and the corresponding allopatric distributions. Most previous mtDNA analyses 

found that clade 3a included only two clades, the East European and Alaskan lineage (clade 3a1) 

and the central Hokkaido lineage (clade 3a2) (Hirata et al. 2013; Tumendemberel et al. 2019). 

However, an amplified product length polymorphism (APLP) analysis by Hirata et al. (2014) 

detected another haplotype from western Iran and the Caucasus (Eastern 2) in clade 3a that was 

distinct from clades 3a1 and 3a2. Consistent with this result, the haplotype from Georgia was 

included in clade 3a but not in clade 3a1.  

The PCA and the genetic cluster analyses revealed apparent genetic differentiation among 

Hokkaido, European, and North American bears, with the Hokkaido individuals separate from both 
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the European and North American groups. The first principal component of PCA, the clustering of 

ADMIXTURE at 8%= 2, and 7#$ values all suggest that the nuclear genome of brown bears on 

Hokkaido differs from that in the continental populations. Analyses by Hirata et al. (2013) based 

on the whole mitogenome indicated that clade 3a2 in Central Hokkaido was the last of the three 

lineages (clades 4, Southern; 3b, Eastern; 3a2, Central) to migrate to Hokkaido, and that clade 3a1 

(the sister group to clade 3a2) spread widely from Eastern Europe to Alaska via the Bering region 

after that. The fossil record is congruent with this result because no fossil record of clade 3a brown 

bears has been confirmed prior to 10 thousand years ago in North America (Leonard et al. 2000; 

Barnes et al. 2002), which could be later than the isolation of Hokkaido Island from the Eurasian 

Continent (Ohshima 1990). 

 In contrast, the neighbor-joining tree and ƒ" statistics showed that the Hokkaido brown 

bears are most closely related to the individuals from Russia, Denali and Kenai, reflecting some 

genetic affinity between the Hokkaido population and individuals occurring relatively close by 

Hokkaido. Moreover, ƒ% statistics suggested the Hokkaido bears are more closely related to 

European bears than North American bears except for Denali and Kenai. The results infer clade 

3a migration route from the Eurasia continent onto Hokkaido, Denali and Kenai via the land 

bridges (Figure 13b). Matsuhashi et al. (1999) and Hirata et al. (2013) concluded based on 

mtDNA data that ancestral bears migrated to Hokkaido from continental Eurasia via Sakhalin 

Island. The sea depth between Hokkaido and Sakhalin is relatively shallow, so Hokkaido had 

been a part of the Eurasia continent rather than an islands before 12 thousand years ago (Ono 

1990), which is consistent with the result in the present study. Mizumachi et al. (2021) analyzed 

mtDNA sequences from ancient and modern samples of brown bears on Sakhalin and found that 

only clade 3a1, which is distributed widely on the continent, occurs on Sakhalin. Although the 
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mtDNA haplogroups detected on Hokkaido are clearly different from those in continental 

Eurasia, admixture by male-biased dispersal between continental Eurasia and Hokkaido could 

have occurred prior to the opening of Soya Strait between Sakhalin and Hokkaido approximately 

12 thousand years ago (Ohshima 1990). In addition, ancestors of the Denali and Kenai bears are 

estimated to have migrated to North America via Bering land bridge after migration onto 

Hokkaido because clade 3a1, which is not found in Hokkaido, distributes around Denali and 

Kenai (Leonard et al. 2000; Barnes et al. 2002). Closer relationship between Denali-Kenai and 

the European bears from Eurasia than that between Hokkaido and European bears is also 

reflected to the ƒ%(statistics.  

 The neighbor-joining tree based on autosomal genomic data showed brown bears divided 

into three groups (Hokkaido, Europe, and North America), all of which include mtDNA lineage 

3a. This suggests that populations having mtDNA 3a haplotypes have dispersed across a wide 

range and contributed to current populations by hybridization among local populations. Although 

Matsuhashi et al. (2001) and Davison et al. (2011) found a clearly separated distribution of 

mtDNA lineages, the present results from the whole autosomal genome indicated that individuals 

from the same population may be closely related to each other even if their mtDNA haplogroups 

are different, which is consistent with the results of Hailer et al. (2012). This pattern could have 

resulted from wide male-biased dispersal (McLellan & Hovey 2001). Bidon et al. (2014) 

analyzing Y-chromosomal sequences indicated no allopatric distribution as shown in mtDNA 

analysis (Davison et al. 2011) and male-biased gene flow caused by sex-biased dispersal. It 

suggests that autosomal homogenization has occurred by male-biased gene flow within the 

groups after their dispersal. 

More locally, values for ƒ%(Asiatic black bear, X; Hokkaido 1, Hokkaido 2) showed that 
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Southern Hokkaido 1 individual shared more alleles with European individuals than with other 

Hokkaido individuals. This suggests that the Southern Hokkaido population has been isolated by 

a stronger geographic barrier than the other Hokkaido populations; the sampling location 

(Kikonai) for individual Southern Hokkaido is located at the southernmost end of Hokkaido, 

where admixture with other Hokkaido populations may have been restricted. As a result, some 

genetic factors from the continent may have been maintained. More samples are needed, 

however, to elucidate the genetic features of the brown bears in Southern Hokkaido. 

The results of PSMC detected no increase in 9) at around 120 thousand years ago for 

brown bear individuals from Hokkaido. The recovery in 9) observed for continental brown bears 

is generally correlated with increased temperatures in the Eemian interglacial period 130–114 

thousand years ago (Miller et al. 2012; Cahill et al. 2013; Benazzo et al. 2017). The Hokkaido 

population appears to have undergone two demographic events. In the first event, ancestors of 

the Hokkaido population migrated to Hokkaido before the interglacial period and underwent a 

different demographic history from the continental population. Hirata et al. (2013) estimated that 

the Southern Hokkaido (clade 4) and Eastern Hokkaido (clade 3b) lineages derived from mtDNA 

continental lineages about 190 thousand years ago and 160 thousand years ago, respectively. 

Their population demography could have differed from that of continental populations after 

those times. The second demographic event was gene flow involving the autosomal genome into 

populations having different mtDNA haplogroups, as might be expected with male-biased 

dispersal; in this context, Hirata et al. (2017) demonstrated that male dispersal does occur 

between populations with different mtDNA haplogroups. The Central Hokkaido population 

(clade 3a2) likewise did not show the 9) recovery, although Hirata et al. (2013) estimated that it 

migrated to Hokkaido 50 thousand years ago. By dispersal, alleles of the Southern and Eastern 
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Hokkaido lineages have been shared with the Central Hokkaido population. 
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 This study aimed to clarify the demographic history of brown bears in Hokkaido from 

four points of view: genetic diversity, genetic structure and genealogy, demographic dynamics, 

and gene flow. From the results, I concluded the following scenario and showed it in Figure 13. 

 Brown bears migrated to Hokkaido before the Eemian interglacial period (Figure 13a) 

because the PSMC estimates indicated no historical increase in population size in Hokkaido. The 

divergence time of the Southern and Eastern Hokkaido mtDNA lineages (clades 4 and 3b) 

estimated by Hirata et al. (2013) supports this conclusion. 

 Hybridization between different lineages (Figure 13b, c) has occurred following 

migration because the Central Hokkaido lineage (clade 3a2), which is estimated to have migrated 

to Hokkaido after 50 thousand years ago (Hirata et al. 2013), also showed no 9) recovery in the 

interglacial period. The Y-chromosomal DNA analysis by Hirata et al. (2017) found no 

correlation between the genetic affinity of paternal brown bear haplotypes and the geographical 

distribution on Hokkaido. This suggests that populations having different mtDNA lineages 

underwent admixture due to male dispersal, contributing to the current structure of the Hokkaido 

population. 

 Isolation by distance (IBD) and geographic barriers have also affected the Hokkaido 

population, leading to hybridization bias between individuals. Southern Hokkaido 1 shared more 

alleles with the individuals from Europe than with other Hokkaido individuals, which reflects 

some maintenance of genetic factors from the continent. In Scandinavia, IBD has led to a strong 

correlation between genetic and geographic distances (Kopatz et al. 2014; Schregel et al. 2018), 
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and the Hokkaido population could likewise be affected. Separation of the Hokkaido population 

into three subpopulations as indicated by the first principal component in the PCA analysis, and 

higher 7#$ values between Eastern and Central-Southern Hokkaido individuals, indicate not only 

IBD but also some effect by a geographic barrier across the Eastern–Southern/Central boundary, 

although what is the geographic barrier is still unknown. This difference in 7#$ values was also 

observed by Hirata et al. (2017), although the cause remains unknown.  
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Chapter 3 

Male-biased dispersal has contributed to the rapid expansion of the 

population of the brown bear Ursus arctos in Hokkaido Island 

following the near-expiration during the Last Glacial Maximum 
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 The process of the formation of the island's biodiversity has been an exciting topic for a 

long time, and there are still many questions about it (Patiño et al. 2017). Information on this 

topic contributes significantly to conserving the biodiversity in the recent extinction crisis of the 

island species (Frankham et al. 2010; Lomolino et al. 2016). Genetic differentiation resulting 

from geographical isolation, both between islands and within islands, has been found in 

numerous island species, even within the same species. For example, the endangered Pribilof 

Island shrew (=)".>%?"+,+1)@./#+#) distributed on the islands near the North American continent 

was differentiated between populations of islands and the mainland (Wiens et al. 2022). Even 

within the insular populations, it is known that the genetic structure was formed in many taxa, 

such as the giant turtle (Bourgeois et al. 2020), horseshoe bat (Ikeda & Motokawa 2021), and 

Asiatic black bear (Ohnishi et al. 2009).  

 The diversity of island species depends on migration from the continent by two filters 

(Matthews & Triantis 2021). One is the dispersal filter, that is, whether the species can migrate 

from the continent to the island. The other is the environment filter, which refers to whether the 

species can adapt to the new environment after migration. Mammals have tended to be focused 

more on in terms of the dispersal filter. These species are considered a suitable model taxon for 

studying historical migrations because their movement has depended on the appearance of land 

bridges that appeared due to sea level changes. In fact, many phylogeographical studies of 

mammal populations have discussed the relationships between population demography and land 

bridges (Dobson 1994; Gaughran & vonHoldt 2022; Fu & Wen 2023). On the other hand, other 

various environmental factors can also trigger significant migrations. For instance, human 

migration into islands tends to result in species extinction (Rozzi et al. 2023), while climate 
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change promotes shifts in species habitat (Davis & Shaw 2001; Hewitt 2000). Thus, 

understanding the context of various biological, environmental, and geographical factors, and 

global climate changes is crucial for research on mammals’ migration. 

 For the Hokkaido brown bears, Matsuhashi et al. (1999) and Hirata et al. (2013) identified 

three deeply diverged mtDNA lineages with varying divergence times ranging from hundreds of 

thousands of years ago to tens of thousands of years ago, each distributed across separate areas 

(Figure 14). The three lineages are speculated to have migrated to Hokkaido Island independently 

from the Eurasia continent through land bridges such as the Sohya land bridge, which appeared 

approximately 12,000 years ago (Ohshima 1990). In contrast, Hirata et al. (2017) found no clear 

genetic differentiation in Y-chromosomal DNA haplotypes in the Hokkaido bear population. Thus, 

an apparent mismatch in genetic structures between mtDNA and the Y-chromosomal DNA within 

the Hokkaido population may be attributed mainly to male-biased dispersal (Chapter 2), but the 

process that has been formed is still unknown. Therefore, further research using a genome-wide 

dataset is required to investigate the effect of male-biased dispersal on this question. In addition, 

the previous study (Matsuhashi et al. 1999) found that the Ishikari lowland is located on the border 

between areas where different mtDNA lineages are distributed. This result suggests the lowlands 

as geographic barriers, but any quantitative evaluation about which environmental factors affect 

the genetic structure formation of the Hokkaido brown bear populations has not been done yet.  

 In this study, I investigated the demographic history of the Hokkaido brown bear 

population. Firstly, using double digest restriction site associated DNA sequencing (ddRAD-seq) 

data, I analyzed the genetic structure and population demography of the Hokkaido bear 

population, focusing on autosomal and X-chromosomal SNP data. I compared the findings with 

previous mtDNA and Y-chromosomal DNA data (Matsuhashi et al. 1999; Hirata et al. 2017) and 
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integrated whole genome resequencing data from populations outside Hokkaido. Additionally, I 

examined the correlation between the genetic findings and environmental factors, such as 

elevation and climate changes, that may have influenced the brown bear dispersal over several 

centuries to ten millennia. Based on these results, I explore the population demography, 

considering the processes that lead to the separated distribution of three distinct mtDNA lineage 

clusters, alongside environmental factors, and assess the effect of sex-biased dispersal during this 

period. 
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 Forty-nine brown bears from Hokkaido, collected by the Environmental and Geological 

Research Department, Hokkaido Research Organization, were used (Figure 14; Table 8). I 

selected samples from all subpopulations described as management units (Oshima Peninsula, 

Shakotan-Eniwa, Hidaka-Yubari, Doto-Sohya a, Doto-Sohya b, and Teshio-Mashike) based on 

the brown bear management plan of Hokkaido (Hokkaido 2017, 2022). The English names of 

these subpopulations are followed by Sato et al. (2005). The mtDNA and Y-chromosomal 

haplotypes followed previous studies (Matsuhashi et al. 1999; Hirata et al. 2017). Total genomic 

DNA was extracted from the tissue and muscle with a DNeasy Tissue & Blood Kit (QIAGEN) or 

QIAamp DNA Micro Kit (QIAGEN). The DNA concentration was measured using 

NanoDrop2000 (THERMO), and TE buffer (pH 8.0) was added to some DNA extraction to mess 

their DNA concentration up to 10 μg/ml. 

 After that, I applied ddRAD-seq to the samples. 5')RI and 021II were used as restriction 

enzymes to cut off DNA sequences following by Sakaguchi et al. (2015). The libraries were run 
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on an an Illumina HiSeq X sequencer using 150 bp paired-end mode at Macrogen (Kyoto, 

Japan). 

 

@"0.4;+&03*'0)*!E?*/&-4",&03*

 Pair-end sequencing data were filtered to exclude low-quality sequences using 

process_radtags (option: -c -q --index_index --retain_heade --disable_rad_check) in stacks ver. 

2.5 (Catchen et al. 2013). Subsequently, the data were mapped to the reference sequence of the 

polar bear (GCF_017311325.1) using bowtie2 ver. 2.4.4 (Langmead & Salzberg 2012) and 

duplicate sequences were removed using samtools ver. 1.7 (Li et al. 2009). Genotypes were 

called by gstacks in stacks. The result was exported as a VCF file using population (option: --vcf 

--ordered-export) in stacks, which included information about which lineage each sample is 

belonged using -M option to confirm any significant bias in basic population genetic statistics, 

such as nucleotide diversity. 

 To obtain high-reliable genotyping data, I applied SNP filtration following some steps 

and made four datasets (Figure 15). First, SNP were selected, which the 30-mer starting from the 

site is unique in the genome, even allowing for two mismatches and the depth is more than three. 

Each of these mappability scores and depth is calculated using GenMap Genmap ver. 1.3.0 

(Pockrandt et al. 2020) and vcftools ver. 0.1.17 (Danecek et al. 2011) filtered the depth > 3 using 

vcftools. 

After separating genotyped sites data by the four chromosome class (unplaced scaffolds 

regarded as autosomes in this study, scaffolds from X chromosome, scaffolds from Y 

chromosome, and mitogenome) and selecting SNPs with a missing rate of # 0.1 for all 

individuals and a missing rate of # 0.2 for individuals, four datasets were created using PLINK 
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ver. 1.90 (Purcell et al. 2007). Of the four datasets, I selected SNPs located in non-coding regions 

for fastsimcoal2. All missing sites were excluded from landscape genetic analysis (Mantel test, 

Partial Matel test, and ResistanceGA). For genetic structure analyses (PCA, fineRADstructure, 

and ADMIXTURE), sites under linkage disequilibrium (LD) and observed minor alleles less 

than 2 in all individuals were excluded by using PLINK options “–indep-pairwise 50 5 0.5.” and 

“--mac 2”, respectively. 
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 Whole genome re-sequencing data in previous studies (Miller et al. 2012; Cahill et al. 

2013, 2015; Benazzo et al. 2017; Kumar et al. 2017; Barlow et al. 2018; Chapter 2) were used to 

calculate 7#$, and ; statistics, and compare the populations between Hokkaido and others (Table 

9). The raw sequence data were trimmed based on sequence quality, mapped to the reference 

genome, and called genotyping. This method was followed by Chapter 2 in this dissertation, 

except for the reference genome for mapping. 
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 The number of heterozygous sites per individual was counted using the PLINK --het 

option. 

To investigate the genetic structure, the principal components analysis, PCA, and 

fineRADstructure were done using PLINK with --pca option and fineRADstructure (Malinsky et 

al. 2018), respectively. Clustering analysis from 8%= 1 to 8%= 10 was also done using 

ADMIXTURE ver. 1.3 (Alexander et al. 2009). 7#$ was calculated by smartpca in eigenstrat 

(Patterson et al. 2006) to detect genetic differentiation between subpopulations.  
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 I conducted three analyses to evaluate gene flow between the subpopulations and 

between the continental populations. First, visualization of gene flow between the Hokkaido 

subpopulations was done by EEMS (Petkova et al. 2016) with the number of modeled demes set 

to be 400 and Markov chain Monte Carlo (MCMC) chain comprising 100 million iterations each 

were run, discarding the first 10 million generations as burn-in, and sampling every 10,000th 

generation. The matrix of pairwise genetic differences was calculated using PLINK with --1-ibs 

option. Second, ; statistics evaluate migration bias between males and females, which evaluates 

the autosome-to-X genetic drift ratio (Chen et al. 2018; Keinan et al. 2009). If there is no bias in 

the effective population size and migration between males and females, the ;%statistics value 

converges at 0.75. The formula was !" # "$%&' ( )*!"
#+,$%&' ( )*!"

$+ following the previous 

studies (Chen et al. 2018; Keinan et al. 2009). 
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 To infer the change in the effective population size, I applied fastsimcoal2 ver. 2.6 

(Excoffier et al. 2021) and GONE (Santiago et al. 2020). For fastsimcoal2, I created the site 

frequency spectrum using easySFS (https://github.com/isaacovercast/easySFS). Monomorphic 

sites were not considered, so the current effective population size was fixed at 9)(= 20,000, 

which means the number of individuals who can inbreed in Hokkaido is 10,000. Each of the five 

population demographic models (Figure 16) was simulated with the options (-n 100000 -M -m -q 

-L40 --removeZeroSFS) for 100 replications. The best model and parameters with the lowest 
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estimated log-likelihood value were chosen, then 100 bootstrap iterations were run with the same 

options. GONE was run with the options (cMMb = 1 and MAF = 0.05). 
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 Before calculation, I prepared the elevation data in Hokkaido from elevation and slope 1 

km mesh data published by Ministry of Land, Infrastructure, Transport and Tourism of Japan 

(https://nlftp.mlit.go.jp/ksj/gml/datalist/KsjTmplt-G04-a.html). 

For evaluation based on correlation with elevation, the Mantel test (Mantel 1967) and 

partial Mantel test (Smouse et al. 1986) were performed. I gathered the elevation on the line 

segment connecting two individuals for all pairs of sampling locations. I determined the 

following parameters based on four hypotheses: (a) Euclidean distance, (b) high elevation, (c) 

low elevation, and (d) high elevation difference is as resistance, respectively. I calculated five 

values for each hypothesis: (a) Euclidean distance between two individuals, (b) the mean 

elevation and the highest elevation in the elevation on the line segment connecting two 

individuals, (c) the difference between the lowest elevation in the elevation on the line segment 

connecting two individuals, and (d) the difference between the highest and lowest elevation in 

the elevation on the line segment connecting two individuals and its standard deviation (SD). 

This idea and method were followed by Ohnishi et al. (2019). In addition, I collected three 

datasets for genetic distance: mtDNA (Matsuhashi et al. 1999), Y-chromosomal DNA (Hirata et 

al. 2017), and autosomal DNA (this study). For mtDNA and Y-chromosomal DNA data, I 

calculated Bray–Curtis percentage dissimilarity as the genetic distance between individuals using 

the ecodist package ver. 2.0.9 in R ver. 4.2.1 (R core team 2022). Genetic distance for autosome 

was calculated by PLINK with --1-ibs option. 
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Mantel and partial Mantel tests for genetic distance and candidate elevation parameters 

were performed with 999 permutations using the vegan package ver. 2.6.4 in R with the options 

(method = spearman and permutations = 9999). In addition, ResistanceGA (Peterman 2018) was 

run with the default setting to evaluate how the elevation was resistant for the brown bears in 

Hokkaido. 
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 To estimate the relative habitat suitability change along with past climate change, I 

constructed a habitat suitable model for the brown bear based on the current occurrence data and 

climate data (temperature and precipitation). The occurrence data described only as 

“HUMAN_OBSERVATION” from 1979 to 2013 north of the equator was downloaded from the 

Global Biodiversity Information Facility (GBIF, https://www.gbif.org, 

https://doi.org/10.15468/dl.mmst2x), then I filtered the data using the spThin package ver. 0.2.0 

in R with the option (thin.par = 10). The current climate data published in Karger et al. (2017) 

was downloaded from the PaleoClim database (http://www.paleoclim.org/; Brown et al. 2018). I 

chose seven variables: bio7, 8, 9, 15, 17, 18, 19 in the current available BIOCLIM variables 

(Booth et al. 2014), which was not correlated with other available (|r| < 0.7) based on pairwise 

correlations by the ENMTools package ver. 1.0.7 in R (Warren et al. 2021). 

I evaluated multiple relative habitat suitable models based on the maxent.jar JAVA 

program (Phillips et al. 2006) using the ENMeval package ver. 2.0.4 in R (Muscarella et al. 

2014) with the options (method = 'randomkfold', algorithm = 'maxent.jar', fc = 

c("L","LQ","LQH"), and RMvalues = seq(0.5, 3, 0.5)) and chose the model which the AICc 

value was lowest. 10,000 background points were randomly selected as absence data. The model 
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was predicted using cloglog transformation to Present (Karger et al. 2017), mid-Holocene 

(8.326–4.2 ka) (Fordham et al. 2017), Last Glacial Maximum (ca. 21 ka) (Karger et al. 2023), 

and Last Interglacial (ca. 130 ka) (Otto-Bliesner et al. 2006) climate data. For mid-Holocene 

(8.326–4.2 ka) and Last Glacial Maximum (ca. 21 ka), three additional surfaces based on 

different climate models: the community climate system model, CCSM (Gent et al. 2011), the 

model for interdisciplinary research on climate model, MIROC-ESM (K-1 model developers 

2004), and the Max-Planck-Inst. für Meteorologie climate model, MPI-ESM-P (Liepert & Lo 

2013), downloaded from the WorldClim database ver. 1.4 (Hijmans et al. 2005), were used 

respectively. 
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 By genotyping ddRAD-seq data using stacks, I detected 1,915,799 SNPs for 49 

individuals from the Hokkaido bear population. No significant bias in basic population genetic 

statistics, such as heterozygosity and nucleotide diversity, was found (Table 10). After the 

different SNP filtration to use the optimal SNPs dataset for each population genetic analysis, I 

used from 505 to 138,791 SNPs (Figure 15). The number of heterozygous sites per individual 

was 12,201–19,174 (Table 11), with no significant difference between subpopulations described 

as management units by Hokkaido Prefecture (2017, 2022). 
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 PCA, fineRADstructure, and ADMIXTURE were applied to investigate genetic 

structures in the Hokkaido bear population. The genetic heterogeneity was shown in the first 



 40 

principal component of PCA (n = 40, 33,559 SNPs; Figure 17a). The results utilized different 

colors to represent subpopulations (Oshima, Ishikari, Hidaka, Sohya, Doto, and Teshio), which 

corresponded to the designated management units (Oshima peninsula, Shakotan-Eniwa, Hidaka-

Yubari, Doto-Sohya a, Doto-Sohya b, and Teshio-Mashike) as described by the Brown Bear 

Management Plan on Hokkaido (Hokkaido 2017, 2022). The South (Oshima and Ishikari) was 

well differentiated from the others (Hidaka, Sohya, and Doto) (Figure 17a). The 

fineRADstructure (Figure 17b) supported the grouping of the two subpopulations and indicated 

weak genetic differences between Sohya and Doto due to the absence of a defined separation 

(red arrows shown in Figures 17b, c, and d), which was also supported by the lowest 7#$ value 

between Sohya and Doto (Table 12). 7#$ values (0.084–0.093) between Ishikari and other 

subpopulations were relatively higher (Table 12).  

The clustering analysis by ADMIXTURE (n = 40, 33,559 SNPs) estimated that a single 

population (8%= 1) is the most likelihood in 10 patterns, indicating the division into 

subpopulations (8%= 1 to 8%= 10) based on the standard error of the cross-validation error 

estimate (CV error). At the same time, the results of 8%= 2, 3, and 4 also showed the difference 

between the South and the others indicated by the results of PCA and fineRADstructure (Figure 

18). For example, 8%= 2 showed the two subpopulations, the South and the others shown in 

Figure 17a. 

The result estimated gene flow in the Hokkaido bear population using EEMS was shown 

in Figure 17c (n = 40, 138,791 SNPs). Compared with the elevation in Hokkaido (Figure 17d), 

the lower gene flow seemed to be more frequent in the lowlands, particularly in the Ishikari 

lowland, than in the highlands. 
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I calculated ; statistics, $%&' ( )*!"
#+,$%&' ( )*!"

$+followed by Chen et al. (2018) and 

Keinan et al. (2009), between the subpopulations in Hokkaido and between the populations 

(Hokkaido, North America, and Europe). All ; statistics between the subpopulations in 

Hokkaido (n = 39 obtained both autosomal and the X-chromosomal SNP data, autosome: 33,559 

SNPs, X chromosome: 505 SNPs) were lower than 0.75, meaning that the genetic differentiation 

of X-chromosomal DNA is higher than the expected value under no sex-biased migration and 

number of spouses (; values = 0.321–0.496; Table 13). ; statistics between Hokkaido and other 

populations (n = 18, autosome: 1,7178,876 SNPs, X chromosome: 398,711 SNPs) were lower 

than 0.75 (; values = 0.308–0.403; Table 14), even considering the 95% confidence interval 

(CI), 0.157–0.560. 

 

A"1.3,'+7;*

 Using fastsimcoal2 (n = 41, 61,168 SNPs), I simulated five population demographic 

models: (a) One expansion, (b) one decline, (c) two expansions, (d) two declines, and (e) one 

bottleneck (Figure 16). A model in which one bottleneck has happened was most statistically 

supported (Table 15). Under the situation in which the generation time was 11 years (Benazzo et 

al. 2017; Cronin et al. 2009), the time starting the decline was 22,619 years ago (95% CI: 2,972–

71,942), and the end was 1,155 years ago (95% CI: 1,227–35,616) (Figure 19). Another 

demography estimation software, GONE (n = 40, 138,791 SNPs; Figure 20), also indicated a 

recent rapid expansion of the effective population size from about one thousand years ago. 
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 As a result of EEMS (shown above), I assumed that the lowland was resistant to disperse 

for the brown bears in Hokkaido. Two calculations, the Mantel and partial Mantel test, were done 

to investigate the assumption. The tests accessed the correlation between pairwise genetic 

distance and the elevation on the line segment connecting two individuals. Mantel and partial 

Mantel tests based on mtDNA revealed that, within pairs, the lower the elevation, the higher the 

genetic differentiation of the mtDNA, though the correlation was also influenced by isolation by 

distance (Tables 16 and 17). Using autosomal SNP data, both two tests supported only isolation 

by distance. In case of using the Y-chromosomal data, only the Mantel test indicated a weak 

correlation between the genetic differentiation and the high elevation between two individual 

pairs. Some previous studies suggested the limitation of Mantel and partial Mantel tests 

(Balkenhol et al. 2009; Meirmans 2012), so I run ResistanceGA to investigate whether the 

highland or lowland is resistant for bears’ migration in Hokkaido. The results indicates that the 

lowland in Hokkaido acts as a barrier based on mtDNA and autosomal SNP data (Table 18 and 

Figure 21). On the other hand, when using the Y-chromosomal data, isolation by distance was 

strongly supported than barrier by the elevation. 

 I constructed a habitat suitable model to estimate the relative habitat suitability change 

along with past climate changes. By evaluating some relative habitat suitable models, a Maxent 

model with linear, quadratic, and hinge features, with RM values of 0.5, was chosen as the best 

model based on AICc (Table 19). The contributions and response curves of each environment 

variance were shown in Table 20 and Figure 22, respectively. The relative habitat suitability 

during (BIO7, 8, 9, 15, 17, 18, and 19) the last glacial maximum (LGM) about 21,000 years ago 

was estimated to be low in Hokkaido (Figure 23). This inference was also supported when the 

different climate model surfaces were used (Figures 24 and 25). 
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 This study aims to investigate the colonization history of the Hokkaido brown bear 

population, in relation to genetic structure mismatches between mtDNA and the Y-chromosomal, 

then evaluate the influence of the male-biased dispersal and environmental factors on the 

population demography. The results showed that the Hokkaido bear population was divided into 

the South (Oshima and Ishikari) and the others (Hidaka, Sohya, and Doto) subpopulations. 

Although admixture between the Hokkaido subpopulations ongoing, a weak difference in gene 

flow between the subpopulations was suggested and probably influenced by the lowlands, mainly 

for female brown bears. In the past, the Hokkaido bear population has experienced bottlenecks and 

a recent expansion, which could be caused by climate changes. 
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 The result (8% = 1) of ADMIXTURE indicated that the population is not divided into 

multiple subpopulations, most likely based on CV error. It is because of the ongoing admixture 

between lineages in Hokkaido, as indicated by Chapter 2. Matsuhashi et al. (1999) reported the 

clearly separated distribution of the three mtDNA lineages, which was also supported by previous 

studies (Sato et al. 2011a; Shirane et al. 2018). On the other hand, the microsatellite analysis of Y-

chromosomal did not support such a clear genetic structure (Hirata et al. 2017). The simulation by 

the previous studies (de Jong et al. 2023) estimated that the former population structure could not 

be detected in 100–1,000 generations, which are 1,100–11,000 years considering the brown bear 

generation time, about 11 years (Benazzo et al. 2017; Cronin et al. 2009). Thus, allele sharing 

between different mtDNA lineages (Hirata et al. 2013) has been caused rapidly and widely across 
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Hokkaido Island by male-biased dispersal. 

 While the admixture has already been done, the results of PCA, ADMIXTURE (8%= 2, 3, 

and 4), and fineRADstructure detected weak genetic heterogeneity in Hokkaido. Significantly, the 

difference between the South (Oshima and Ishikari) and the others (Hidaka, Sohya, and Doto) 

(Figure 17a) was highest. Chapter 2 showed that the individuals from the South, especially from 

Oshima, were slightly different from others. The result could reflect that the ancestor from the 

South, mainly the clade 4 of mtDNA, has experienced migration from a different route, isolation, 

or both compared with the other lineages. Hirata et al. (2013) and Segawa et al. (2021) suggested 

that this subpopulation might have migrated from the continent to Honshu through Hokkaido and 

Soya land bridge (Ohshima 1990; Figure 23c). However, there is another possibility that the 

reverse route from Honshu to Hokkaido might have also occurred because the divergence time of 

clade 4, estimated about 194,000 years ago (Hirata et al. 2013), is older than the formation of the 

Korean Strait, during the last interglacial (Ohshima 1990). At present, it is hard to conclude the 

migration direction of clade 4, but further analysis, such as the ancient genome of fossils, might 

verify these hypotheses. Compared with the migration route hypotheses, the isolation of the South 

from the other regions is more likely to have happened due to the Ishikari lowland, at the boundary 

of the two subpopulations, and the contraction of suitable habitat in Hokkaido in the LGM (Figure 

23c). The results of 7#$ indicated that Ishikari was the most genetically different from other 

subpopulations, despite Oshima, which is far from the Ishikari lowland, being considered the most 

isolated from other subpopulations (Figure 17d). This could be due to sampling bias because this 

study used only three samples as individuals from the Ishikari subpopulation. It is necessary to 

study further to solve the question and discuss the influence of the Ishikari lowland on the dispersal 

of the brown bear. 
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 All ; statistics values of ddRAD-seq and whole-genome datasets were lower than the 

expected value, 0.75. The sex-biased process, which differs in effective population size between 

females and males, is known to cause the ; statistics values to deviate significantly from 0.75 

(Keinan et al. 2009). Significantly, a sex bias in dispersal, lifespan, and breeding opportunity 

influences the ; statistics values (Webster & Wilson Sayres 2016). In the case of the brown bear, 

; statistics would be lower than 0.75 by male-biased dispersal. The sex ratio and lifespan, in which 

the number of females is slightly larger than that of males, could also be reasons for affecting ; 

statistics values (Sato 2015; Shimozuru et al. 2022). If so, ; statistics could be higher in both 

situations because the female effective population size is more significant. In addition, following 

Chapter 1, there is no confirmed significant bias in the sex ratio in the population (Swenson et al. 

1994) and difference in reproductive success between sexes (Shimozuru et al. 2019). Thus, this 

result can be explained due to the male-biased dispersal. The result that ; statistics between 

Hokkaido and the continents was lower than that between continental populations means the 

significant influence of the male-biased dispersal when the ancestor had migrated from the 

Eurasian Continent into Hokkaido Island. A mitochondrial lineage, clade 3a1, assumed to disperse 

about tens of thousands of years ago, is found widely in the North American and the Eurasian 

Continents, while it has yet to be found in Hokkaido. The result of ; statistics suggests that clade 

3a1 migrated from the Eurasian Continent to Hokkaido, but only clade 3a2, as a sister subclade to 

clade 3a1, has been found on Hokkaido. 

 Fastsimcoal2 estimated that the Hokkaido population experienced a decline in the effective 

population size 22,616 years ago (95% CI: 2,972–71,942) and a rapid expansion recently, which 

was also supported by the analysis using GONE. Hirata et al. (2013) reported that each coalescent 

time of three mtDNA lineages in Hokkaido is about several tens of thousands of years ago (27,000–
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42,000 years ago). In addition, the common ancestor of the Hokkaido brown bear was estimated 

to be about 53 thousand years ago based on Y-chromosomal analysis (Hirata et al. 2017). The 

decline of time estimation in this study is consistent with these times despite the wide confidence 

interval. The time is also closer to the LGM when many mammals moved on a large scale (Fu & 

Wen 2023). Therefore, the decline might have occurred due to climate change in the LGM, which 

is also supported by the lack of fossil records of brown bears on Hokkaido in the Late Pleistocene 

age (Takakuwa et al., 2007). 
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 This study shows resistance to population colonization by searching for a correlation 

between landform and genetic distance based on maternal and paternal heritable markers in 

previous studies (Matsuhashi et al. 1999; Hirata et al. 2017) and nuclear variants. As a result, a 

negative correlation between low elevation and genetic distance for the mtDNA and autosomal 

SNP was observed, while that for the Y-chromosomal was not.  

 This study found that gene flow between the South subpopulations (Oshima and Ishikari) 

and the other subpopulations seems to be restricted by a wide lowland; the Ishikari lowland 

between them was the lowest within Hokkaido Island according to the results of 7#$ and EEMS. 

On the other hand, previous studies have suggested that highland and elevation variance were also 

barriers to dispersal for each American black bear in North America (Cushman et al. 2006; Short 

Bull et al. 2011) and the Asiatic black bear in Japan (Ohnishi et al. 2019). This study did not support 

both studies, although the partial Mantel test based on the Y-chromosomal DNA markers inferred 

a weak correlation between the highland and the genetic distance. There has been a brackish water 

lake on the Ishikari lowland in the mid-Holocene (Ishii & Hori 2016; Sagayama et al. 2010), 
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together with many oxbow lakes, and widespread peatlands (Ishii & Hori 2016). In addition, now 

along the lowlands in Hokkaido, cities and farm areas inferred as barriers for bears to move (Palm 

et al. 2023) are developed. For these reasons, the lowlands in Hokkaido may have posed challenges 

for brown bears to migrate for a long time. 

 While the lowland was inferred as a barrier to dispersal, the signature was not detected 

from the landscape genetic analysis using the Y-chromosomal DNA data. This is because male-

biased dispersal significantly contributed to the colonization of the Hokkaido population. The 

genetic structure based on autosomal SNP in this study partially agrees with the genetic structure 

of mtDNA haplotypes, which shows genetic differentiation between the South subpopulation and 

others, whereas some genetic affinity is found within the Hokkaido population. Thus, the genetic 

structure based on autosomal SNP reflects both female philopatry and male-biased dispersal. That 

is, within Hokkaido, the autosomal and Y-chromosomal admixture between different areas of 

distribution of mtDNA lineages (Chapter 2) occurred due to the larger migration ability of male 

bears. 

 Relative habitat suitability for brown bears estimated by Maxent was low in the LGM. The 

trend, in which the habitat suitability was significantly changed in the LGM, was reported widely 

in the northern hemispheres (de Jong et al. 2023; Fu & Wen 2023; Luna-Aranguré et al. 2020). In 

Japan, the Japanese macaque (A&'&'&%@$#'&(&) also followed this (Ito et al. 2021). The northern 

and central areas of Hokkaido estimated not to be suitable for brown bears during the LGM, were 

covered with tundra (Dobson 1994). Igarashi (2016) estimated that Hokkaido was covered by 

coniferous forest and grassland extensively during the Last Glacial Maximum (LGM), based on a 

review of pollen data. These areas might not have been suitable for brown bears compared to the 

current predominant broad-leaved forest vegetation in Hokkaido (Igarashi 2016). Other 
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palynological studies (Okaura et al. 2007) indicate that oak nuts, a primary food resource for brown 

bears (Ohdachi & Aoi 1987; Sato et al. 2005), were scarce during the LGM. The lack of fossil 

records of brown bears on Hokkaido in the Late Pleistocene age (Takakuwa et al. 2007) supports 

the prediction that almost all areas were not suitable for the brown bear. From the result of 

fastsimcoal2 and the habitat suitability, the Hokkaido bear population would have experienced a 

decline during the LGM due to habitat reduction caused by climate changes.  
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Combining the previously reported multiple migrations theory with the results of this study, 

the following population demographic history can be inferred for the brown bear population in 

Hokkaido (Figure 26). Firstly, the ancestors of each mtDNA lineage had migrated into Hokkaido 

from the Eurasian Continent severally before the LGM. These lineages might have migrated from 

different routes and been distributed separately then, but at present, I cannot conclude clearly 

because further analyses that detect their genotypes, including ancient genome analysis, are needed. 

Next, during the Last Glacial Maximum (LGM), a population decline occurred due to a decrease 

in their suitable habitat, prompting the ancestors of each lineage to move south and establish 

subpopulations in different corners of Hokkaido. After that, a rapid expansion occurred through 

male-biased dispersal, forming a nuclear homogeneous population with the separated distribution 

of three mtDNA lineages, although there were some dispersal restrictions, such as geographical 

barriers like the Ishikari lowland. 

 This scenario supports the previous studies, suggesting +B dispersal barrier by lowland 

(Matsuhashi et al. 1999), ++B no findings of clade 3a1, which differentiated recently within 

Hokkaido (Itoh et al. 2012; Matsuhashi et al. 1999; Sato et al. 2011a; Shirane et al. 2018), 
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admixture between different lineages (Chapter 2; Hirata et al. 2017), and +++B slight genetic 

differentiation between the South and others in Hokkaido (Chapter 2). On the other hand, this 

scenario suggests no massive migration around the LGM, even though the Soya land bridge 

appeared at this time (Ohshima 1990). 

 Compared with the previous phylogeographic studies, this study suggests that not only sea 

levels but also other factors, such as climate change and landforms, are important in biogeography 

for large mammals. For mammals, the population demographic history profoundly depends on the 

formation of land bridges due to sea level changes (Salis et al. 2021; Wiens et al. 2022). Especially, 

the species distributed in present Japan could have experienced multiple land bridge formations 

caused by climate changes, resulting in their population demographic history (Dobson 1994; 

Mckay 2012; Millien-Parra & Jaeger 1999). However, other environmental factors may be equally 

important, even for the species that can easily move through land bridges, such as large mammals. 

I emphasize the importance of the verification of multiple factors, which would be clarified in 

future phylogeographic studies. 

 de Jong et al. (2023) proposed that the separated distribution of mitochondrial DNA 

lineages is a result of random fixation differences. Considering the results in this study, these 

random fixation disparities could have arisen by contraction associated with climate changes after 

multiple migrations from the Eurasia continent to Hokkaido. To fully validate this hypothesis, the 

transition of haplotype frequencies should ideally be revealed through the detection of ancient 

samples. Unfortunately, there is currently a lack of fossil records in Hokkaido (Takakuwa et al. 

2007). 

 Although this study investigated the population demographic event that the previous 

studies missed, the correlation with natural selection could not be detected. The previous study 
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(Ohdachi et al. 1992) showed the latitude gradient on skull dimensions, which increases from south 

to north, in Hokkaido, so there might be differences in SNP relating to body size in Hokkaido. 

Further analysis of whole-genome resequencing for more samples is needed. 
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 It is essential to conserve and manage the brown bear population in Hokkaido. Although 

the population size has been stable recently (Japan Bear Network 2006; Hokkaido 2022), a massive 

decline in the number of individuals was caused by the spring cull, which was a hunting measure 

used to remove bears that could be a nuisance in the future around the 1990s (Takinami et al. 2021). 

In addition, some local subpopulations (Teshio-Mashike and Shakotan-Eniwa subpopulations) are 

assigned as threatened local populations (Ministry of the Environment 2020). Thus, a management 

plan of conservation and management is needed for the Hokkaido bear population. 

 Now, the population is managed based on the 2nd Brown Bear Management Plan on 

Hokkaido (Hokkaido 2022). Setting management units based on genetic data was not suggested in 

this management plan, although this consideration was in the 1st one. This study demonstrates that 

the subpopulations in Hokkaido correspond to the management units (Oshima, Ishikari, Hidaka, 

Sohya, and Doto) outlined in the 2nd Brown Bear Management Plan on Hokkaido (Hokkaido 

2022), providing scientific support for the current management units. I would like to suggest that 

it is not just how to divide units, but how to maintain connectivity between units that is important. 

This perspective is also supported by the previous reviews on applying genetic data to wildlife 

management, considering connectivity as one of the conservation principles (Andrello et al. 2022; 

Nielsen et al. 2022). This study inferred that the lowland is a barrier to dispersed brown bears for 

a long time. Now the artifacts such as buildings, roads, and farms that brown bears tend to avoid, 
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as demonstrated by Palm et al (2023), are present in the area. Considering how to maintain 

connectivity through lowland areas while ensuring citizen safety will be crucial for the future 

management of brown bears on Hokkaido.  
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Chapter 4 

Local genetic differences by sex-biased dispersal in brown bear 

Ursus arctos populations, revealed by whole genome sequencing' '
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The discrepancy between the phylogenic tree based on different genetic regions has been 

confirmed in many species. It has been observed not only between species (Kutschera et al. 2014) 

but also within species (Hailer et al. 2012; Chapter 2). Although investigating its formation process 

has long been fundamental in understanding its evolution, it remains a significant challenge due to 

considering various mechanisms. For example, incomplete lineage sorting (e.g., Feng et al. 2022), 

gene flow, which can result in mitochondrial capture or nuclear swamping (e.g., Rogers et al. 2019), 

and horizontal gene transfer (e.g., Kambayashi et al. 2022) are considered as causes. Given such a 

background, it is essential to employ not only improved technical methods but also comprehensive 

sampling across various habitats spanning different time periods. Comparing the results from such 

diverse samples, then, is crucial for unraveling the underlying processes. 

The brown bear !"#$#%&"'()# is an example of a species exhibiting such a discrepancy 

between the phylogenic trees. At the inter-species level, mitochondrial DNA-based phylogenetic 

trees place the polar bear !"#$#%*&"+(+*$# within a brown bear lineage, clade 2, distributed in the 

Admiralty, Baranof, and Chichagof (ABC) islands (Leonard et al. 2000). In contrast, phylogenetic 

trees estimated from the nuclear genome clearly show their differentiation (Hailer et al. 2012; 

Miller et al. 2012). Even at the intra-species level, multiple mitochondrial DNA (mtDNA) lineages 

with differing estimated divergence times are reported (Davison et al. 2011; Hirata et al. 2013; Lan 

et al. 2017), whereas the nuclear genome does not exhibit a clear differentiation between those 

lineages (Bidon et al. 2014; de Jong et al. 2023; Chapter 2). The discrepancy in the phylogenetic 

relationships has been attributed to a multitude of factors, including incomplete lineage sorting 

(Kutschera et al. 2014), male-biased dispersal (Bidon et al. 2014; Hirata et al. 2017), and 

hybridization with related species (Cahill et al. 2013, 2015, 2018; Lan et al. 2022; Liu et al. 2014; 
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Miller et al. 2012; Wang et al. 2022), which even includes hybridization with the extinct cave bear 

(Barlow et al. 2018). Such various factors and the complex relationship among them make it 

challenging to establish a clear and conclusive explanation. 

Focusing on intra-species levels, de Jong et al. (2023) revealed admixture between 

populations leading to the erasure of the former genetic structure on the nuclear genome and 

suggested two inferences: +) the distribution of mtDNA haplotypes is due to incomplete lineage 

sorting and ++) autosomal genome reflects recent population demography by male-mediated gene 

flow. Although two inferences might have occurred partially in the population demography, both 

are not enough to fully explain the incongruences between the phylogenic trees of mtDNA and 

the nuclear genome for the brown bear. The hypothesis +%was suggested based on the result of the 

multiple coalescent analysis of the Hokkaido and Scandinavian populations, which are only part 

of the brown bear populations. The brown bear distributes widely in the northern hemisphere and 

exhibits a broad genetic structure consisting of multiple mtDNA lineages (Davison et al. 2011; 

Hirata et al. 2013; Lan et al. 2017) with different divergence times distributed separately (Figure 

27). The consistency between these appearance and divergence times is confirmed by many 

previous studies, including the studies using ancient sample data from different areas (da Silva 

Coelho et al. 2023; Edwards et al. 2011; Kosintsev et al. 2022; Molodtseva et al. 2022; Segawa 

et al., 2021). Thus, it is highly possible that such a broad genetic structure has not been formed 

only by incomplete lineage sorting, and some local populations observed the mtDNA lineage 

with ancient divergence times might have retained ancestral genetic characteristics on the nuclear 

genome. The hypothesis ++ cannot explain the genetic distinctiveness of the brown bear 

subspecies in Himalaya, Mongolia, and Pakistan (de Jong et al. 2023; Tumendemberel et al. 

2023), where an old divergent mitochondrial DNA haplotype was identified (Lan et al. 2017; 
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Tumendemberel et al. 2019). The genetic distinctiveness of the nuclear genome might reflect not 

only recent expansion mainly by male-biased dispersal but also local differences before the 

expansion. Hence, population genetic analysis is needed using samples from the population 

across the habitat, including ancient samples, to verify +) the correlation between the divergence 

time of the mtDNA lineages and the genetic distinctiveness on the nuclear genome and ++) the 

differences in the influence of recent expansion driven by male-biased dispersal between the 

populations. 

In this study, I applied whole-genome resequencing to nine brown bears (Hirata et al. 

2013, 2014) from the local Asian populations (Etorofu Island, Sakhalin, Far East, Kazakhstan, 

Tibet, Central Russia, and West Asia; Figure 27 and Table 21). These populations were found to 

exhibit distinct genetic characteristics from those on the Eurasian and North American continents 

based on mtDNA analyses (Hirata et al. 2013, 2014), so the difference in the nuclear genome 

might also persist. Combining them with the published modern genome data (Barlow et al. 2018; 

Benazzo et al. 2017; Cahill et al. 2013, 2015; Chapter 2; Kumar et al. 2017; Liu et al. 2014; 

Miller et al. 2012; Taylor et al. 2018; Wang et al. 2022) and ancient genome data (Barlow et al. 

2018; Cahill et al. 2018; Lan et al. 2022; Segawa et al. 2021; Wang et al. 2022), population 

genomic analysis focused on the local differences in the phylogeny, demography, and gene flow. 

Based on the results obtained, this study verifies the correlation between mtDNA and nuclear 

genome and the impact of the recent dispersal to investigate the process such a significant 

discrepancy between the phylogenic tree at the intra-species level has occurred. 
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Nine skin or muscle samples collected by the Zoological Institute, Russian Academy of 

Sciences (Figure 27 and Table 21) were used from the local populations distributed in the Eurasian 

Continent and islands (Etorofu Island, Sakhalin, Far Eastern area, Kazakhstan, Tibet, Central 

Russia, and Western Asia) across the habitat of the brown bear (McLellan et al. 2017). From the 

samples, I extracted the total DNA using the DNeasy Blood & Tissue Kit (Qiagen, Hilden, 

Germany) and stored it at four or !20°C until used.  

The 150 bp pair-end whole-genome resequencing on an Illumina Novaseq 6000 sequencer 

was applied to these samples by Macrogen Japan (Tokyo, Japan). The libraries were prepared using 

the TruSeq DNA Nano Sample Prep Kit (Illumina, San Diego, USA). The average of the total 

amount of sequence data per sample is 90 Gb. 
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I mapped raw sequence data to the reference sequence of the polar bear 

(GCF_017311325.1) and genotyped after a quality check. This method followed by the Materials 

and methods section in Chapter 2. Since I had to detect sex for individuals except for individuals 

included the group, ancient, Cave bear, and Ancient Polar shown in the “Group” column in Table 

21 to analyze for sex-chromosomes, so I calculated the depth ratio on the scaffolds of the X 

chromosome (n = 5; NW_024423319.1–NW_024423323.1) and the Y chromosome (n = 19; 

NW_024423324.1– NW_024423342.1) by the following formula. If the depth ratio was > 1, we 

set the sex as female. After the detection, genotyping of SNVs on the scaffolds of the X 

chromosome for males was performed with the option --ploidy 1, and that of females with the 

option --ploidy 2 in GATK. 
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Due to the lower sequence quality of ancient samples, the method for genotyping was 

changed from that used for modern samples. Ancient samples (n = 11, samples from the group, 

ancient, Cave bear, and Ancient Polar shown in the “Group” column in Table 21) were genotyped 

by mpileup in samtools ver. 1.9 using -q 30 -Q 30 options and pileupCaller 

(https://github.com/stschiff/sequenceTools) with some options (--randomHaploid --

skipTransitions) after mapping to the reference sequence. Such samples are sometimes not suitable 

for population genetic analysis because of the small amount of sequence data, so I calculated the 

ratio of the number of covered bases with depth >= 1 to the total bases of the reference sequence 

using a samtools ver. 1.15 command, samtools coverage, then used samples with a ratio of > 0.1. 

For ƒ% statistics and ancient DNA analysis, I used only scaffolds longer than 0.1 M bp and 

excluded the sex-linked scaffolds (n = 79) whose total length was approximately 99% of the total 

reference sequence length because most scaffolds were too short to be used for population genetic 

analysis and EIGENSOFT ver. 7.2.1 (Patterson et al. 2006) used in PCA do not accept the data 

contained more than 100 chromosomes. 
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 I calculated heterozygosity and run of homozygosity (ROH) per individual using PLINK 

ver. 1.9, using options --het for heterozygosity, and --homozyg-kb 500 and --homozyg-kb 2000 for 

ROH, respectively. The genetic structure of the brown bear (n = 54) worldwide was estimated by 

PCA and ADMIXTURE, followed by Chapter 2 of this dissertation. The relative scale of gene flow 

based on genetic distance and sampling location was calculated by EEMS (Petkova et al. 2016). 
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The number of modeled demes set to be 400 and Markov chain Monte Carlo (MCMC) chain 

comprising 20 million iterations each were run, discarding the first 10 million generations as burn-

in, and sampling every 10,000th generation. 

 To obtain the whole mtDNA sequence, 37 whole-genome sequence data (with an asterisk 

on the “Getorganelle” column in Table 21) was assembled using getOrganelle with the option (-k 

21,45,65,85,127). The 81 samples (Table 22) on the NCBI database were downloaded and added 

as sequence data. For sequence data, two rRNA genes, 22 tRNA genes, and 12 coding genes 

except for NADH dehydrogenase subunit 6 (ND6) sequences due to the heterogeneity of its 

nucleotide composition (Hirata et al. 2013) were extracted; gap sites were excluded. The final 

sequence length was 14,784 bp. The phylogenetic tree was constructed by the maximum-

likelihood method using iqtree ver. 1.6.12 with the options (-m MFP -AICc -bb 1000 -alrt 1000) 

after alignment by the MUSCLE algorithm (Edgar 2004). The Asiatic black bear sample 

(Honshu; NCBI accession number: DRR250459) was used as an outgroup. Additionally, the 

divergence time for each mtDNA lineage was estimated using BEAST ver. 2.4.3 under the GTR 

substitution model. The relaxed clock lognormal and the coalescent constant population model 

were used. To calibrate divergence times, radiocarbon dates for ancient sequences, which is a 

mean age of 120 thousands of years ago for the ancient polar bear (GU573488; Lindqvist et al. 

2010), 31.87 thousand years ago, 44 thousand years ago, and 409 thousand years ago for the cave 

bears (EU327344, NC011112, and KF437625; Bon et al. 2008, Krause et al. 2008, Dabney et al. 

2013), were set. Trees were sampled every 10,000(generations from a total of 1,000,000,000 

generations whose first 100,000,000 generations were described as burn-in. The maximum 

credibility tree was generated using TreeAnnotator in BEAST. Other options were followed by 

the “Divergence Time Estimation” tutorial by Taming the BEAST (Barido-Sottani et al. 2018). 
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The Y-chromosomal sequences were constructed from the vcf file using bcftools 

consensus ver. 1.9. Phylogenetic trees based on haplotype data were constructed following the 

same method as that of mtDNA. I used the American black bear sample (American_black_bear; 

Kumar et al. 2017) for the Y chromosomal tree as an outgroup. 

To construct phylogenetic trees based on the autosomal and X-chromosomal SNPs, the 

identity-by-state of each pair was calculated using PLINK with the option (--distance square 1-

ibs). This study interpreted the non-sex-linked scaffolds as autosomal scaffolds (n = 3,875). After 

the calculation of the genetic distance matrix, phylogenetic trees based on neighbor-joining 

methods (Saitou & Nei 1987) were constructed using the ape package on R (Paradis et al. 2004). 

I used the Asiatic black bear sample (Asiatic_black_bear) as an outgroup. PSMC (Li & Durbin 

2011) was applied to all new samples and samples from the same or near group followed by 

Chapter 2.    
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TreeMix (Pickrell & Pritchard 2012) was applied following by Chapter 2 to show the 

phylogenetic relationship and gene flow between groups or individuals. After running TreeMix, I 

evaluated how many migration times are more suitable using OptM (Fitak 2021).  

Hybridization with the related species and gene flow between the brown bear populations 

were evaluated by ƒ% statistics using Admixtools (Patterson et al. 2012). ƒ%(Outgroup, Polar bear; 

X, Kazakhstan(U13M)) and ƒ%(Outgroup, Cave bear; X, modern Polar bear), where X means the 

brown bear individuals, were calculated to detect hybridization with the polar bear and the cave 

bear, respectively. An alternative evaluation for hybridization with related species, ƒ% ratio 
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(Patterson et al. 2012) was applied to infer the mixing proportions of an admixture event. I 

calculated the ratio of ƒ% values, $ for each related species shown below. 
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The percentage of the admixture proportion was then calculated following the below 

formula. 
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I created mtDNA consensus sequences of 63 bears from the vcf file using bcftools 

(Danecek et al. 2021) to detect modern brown bears whose mitochondrial DNA lineage is clade 

3a1. Gene flow, driven by the recent expansion of mainly clade 3a1, was evaluated by the value 

of ƒ%(Outgroup, clade 3a1 in Europe; X, the modern brown bear excluding X) and of 

ƒ%(Outgroup, clade 3a1 in North America; X, the modern brown bear excluding X) using 

autosomal SNPs data. For evaluation of the recent expansion, the dataset only including modern 

samples was used because using as many sites as possible is suitable for evaluation. I used the 

American black bear (American_black_bear; Kumar et al. 2017) and the Asiatic black bear 

(Asiatic_black_bear; Kumar et al. 2017) as outgroup. 

 



 61 

!+"5&"(*)&(4,&%:4&.0*1.)"-*

The relative habitat suitability model of the polar bear was constructed using Maxent 

(Phillips et al. 2006) to compare with that of the brown bear. The workflow was the same as in 

Chapter 3, excluding the filtration methods of distribution points. Instead of the spThin package, 

gridSample in dismo package was used for the filtration, which is the extraction of one present 

point per 4,000 " 8,000 meshes!"#$%&%'!()*+!*+%!,#&*+%&,!+%-)./+%&%. 
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I genotyped 42,906,277 SNPs for modern samples and 10,537,259 SNPs for ancient 

samples. I used two datasets, including only modern samples (dataset modern; n = 61, 42,906,277 

SNPs) and both modern and ancient samples (dataset ancient and modern; n = 72, 10,537,259 

SNPs). The coverage, which means the proportion of covered bases with depth >= 1 to the toral 

bases of the reference sequence (Table 21), was 10.14–91.59% (only modern samples: 81.26–

91.59). The depth for modern samples was 6.85–55.11 (Table 21).  
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 To assess the genetic diversity of the brown bear, I computed heterozygosity and ROH 

for each individual (Figure 28). Bears from Central Asia exhibited high heterozygosity and low 

ROH, while those of Etorofu Island (marked with an asterisk in Figure 28) displayed the 

opposite pattern. 

 The genetic structure was inferred by PCA, ADMIXTURE, and EEMS. PCA showed 

genetic affinity between individuals from geographically near locations (Figures 29a and 30). 

The first principal component reflected the genetic difference between the North American 
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individuals and others, whereas the second principal comportment divided the East Asian 

individuals from the European and West and Central Asian individuals, which was supported by 

the result of 8%= 2 and 8%= 3 in ADMIXTURE (Figure 31a, b). In addition, the third and fourth 

principal components showed the local distinction of the Kazakhstan and Tibetan individuals 

from others (Figure 29b), which was also shown in PCA based on the modern dataset (Figure 30) 

and 8%= 4 in ADMIXTURE (Figure 31c). The relative effective migration rate around the area 

was estimated low by EEMS (Figure 31d). 

 The phylogenetic trees based on mtDNA, X-chromosomal, autosomal, and Y-

chromosomal DNA were constructed to investigate the identity and differentiation between the 

populations (Figure 32). Compared with the geographic discontinuities observed in mtDNA 

haplotypes (Davison et al. 2011), the trees based on the nuclear genome reflected affinity 

between nearby populations, as previously reported by de Jong et al. (2023) and Figure 4. 

Individuals from Kazakhstan and Western Asia, whose mtDNA haplotypes are minor, tended to 

exhibit distinctions from others, such as European, North American, and other Asian individuals. 

Individuals from Tibet were also observed this trend, but they were included within the same 

lineages as the European, North American, and other Asian individuals. The mtDNA lineages 

found in West Asia (clade 1_West Asia and clade 3_West Asia) were different from other 

lineages reported in the previous studies (Davison et al. 2011). Both of them diverged earlier 

than each related lineages (clade 1 and clade 3). These divergence time were, 253.2 thousand 

years ago (95%CI: 142.9–373.8 thousand years ago) and 138.6–145.8 (95%CI: 73.7–219.9 

thousand years ago), respectively (Figure 33). 

PSMC was applied to modern brown bear samples to estimate their population 

demography, shown per area (Figure 34). The effective population size of individuals from Tibet 
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was notably different from that of other Central Asian individuals (Figure 34a). Nearly identical 

trends were observed between the Hokkaido and Etorofu Island individuals (Figure 34b), as well 

as the West Asian and European individuals (Figure 34c). The size changes in the Far East, 

Sakhalin, and Hokkaido were similar until about one hundred thousand years ago, but thereafter, 

the effective population sizes in the Far East and Sakhalin were slightly larger than that in 

Hokkaido (Figure 34d). 
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The population splits and mixtures were inferred using TreeMix (Figure 35). The 

phylogeny optimally estimated based on %* (Figure 36), revealed a genetic affinity between 

nearby populations, consistent with the findings from the phylogenetic tree (Figure 33). The 

results (migration edge = 1, 2) indicate migration from the ABC island population to the polar 

bear. Additionally, the result (migration edge = 5) shows migration from the polar bear to the 

Hokkaido and Etorofu Island populations. 

To compare the difference between populations in hybridization with related species, 

ƒ%(Outgroup, Polar bear; X, Kazakhstan(U13M)) and ƒ%(Outgroup, Cave bear; X, modern Polar 

bear), where X means the brown bear individuals, were calculated. The values of ƒ%(Outgroup, 

Polar bear; Hokkaido, Kazakhstan(U13M)) shown in Figure 37 and Table 23 were higher next to 

ƒ%(Outgroup, Polar bear; North America, Kazakhstan(U13M)) than ƒ%(Outgroup, Polar bear; East 

Asia excluded Etorofu Island, Kazakhstan(U13M)). The values of ƒ%(Outgroup, Polar bear; 

ancient brown bear, Kazakhstan(U13M)) were higher than those of ƒ% values using modern 

samples from nearby areas as X. These trends were consistent regardless of the individuals used 

as the polar bear and were also supported when to use the only modern samples dataset (Table 
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24). The result of ƒ%(Outgroup, Cave bear; X, modern Polar bear) shows only ƒ%(American black 

bear, taxa C$4&"./#+#; Kazakhstan(U13M), modern Polar bear) and ƒ%(American black bear, taxa 

C$4&"./#+#; West Asia, modern Polar bear) were statistically significant (|Z score| > 3; Figure 38 

and Table 25), although ƒ%(Asiatic black bear, taxa C$4&"./#+#; Kazakhstan(U13M), modern 

Polar bear) and ƒ%(Asiatic black bear, taxa C$4&"./#+#; West Asia, modern Polar bear) were not. 

The proportion of each gene flow was estimated by ƒ% ratio (Figures 39, 40, Table 26, and 27). 

The proportion of gene flow from the polar bear or the cave bear to the brown bear was 

approximately 24.36% and 13.81%, respectively, considering only the values where X represents 

an individual with a statistically significant ƒ% value. 

In 49 brown bears, 3 (RF01, SJS01, and SLK1) and 7 (BB020, BB034, BB049, BB059, 

Den, GRZ, and WB039) individuals were identified as clade 3a1 in Europe and North America, 

respectively (Figure 27 and Table 21). The value of ƒ%(Outgroup, clade 3a1 in Europe; X, the 

modern brown bear excluding X) and ƒ%(Outgroup, clade 3a1 in North America; X, the modern 

brown bear excluding X) were calculated to infer the scale of gene flow driven by the recent 

expansion of mainly a mitochondrial DNA lineage, clade 3a1 (Figures 41 and 42). The 

Kazakhstan brown bear (only including U13M) has not been affected by the gene flow, 

compared with other populations (Tukey honestly significant difference test, D < 0.05). The West 

Asian brown bears were also confirmed the same trend only by the values of ƒ4(Outgroup, clade 

3a1 in North America; X, the modern brown bear excluding X). Both ƒ4 statistics supported the 

influence from the recent gene flow to the Tibetan individuals. The Hokkaido and Etorofu Island 

populations have not been affected by the gene flow than the Far Eastern Asia population, only 

including U34 (Tukey honestly significant difference test, D < 0.05), whereas no statistically 
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significant differences between the Hokkaido and Etorofu Island populations and the Sakhalin 

population (only including AA1) were found. 
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To compare the relative habitat suitability of the polar bear with that of the brown bear 

around Hokkaido (Figure 23), I constructed the species distribution model of the polar bear using 

Maxent shown in Tables 28 and 29, and Figure 43, projected the model to the surface showing 

ancient climate (Figure 44). In contrast to the result of the brown bear showing a significant shift 

in the relative habitat suitability after the LGM, the relative habitat suitability for the polar bear 

has kept low throughout the hundred thousand years. 

 

3)/('//)%"*

 This study applied population genomic analysis to the brown bear, including nine new 

genome sequence data from individuals around the Eurasian Continent, to verify the correlation 

in genetic differences between the mtDNA lineages and the nuclear genome and the contribution 

of the scale of replacement driven by male-biased dispersal. Genetic differentiation between 

local populations, particularly around Kazakhstan, Tibet, and West Asia, where the ancient 

mtDNA lineages were confirmed, was observed. A geographic discontinuity in gene flow from 

the polar bear was found, with more alleles from the polar bear remaining in the Hokkaido and 

Etorofu Island populations compared to those of Far Eastern Asia. The results could be attributed 

to differences in the influence of the recent expansion, primarily driven by males, between the 

continental and island populations. 
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 The genetic diversity of brown bears in Western and Central Asia was relatively higher 

than others. Although low migration around Western and Central Asia that EEMS showed has 

restricted gene flow from others and contributed to the significant distinctiveness of the 

populations from others, especially in Kazakhstan, Tibet, and Western Asia, as shown by genetic 

structure analysis, the population size around the area was inferred to have kept constantly, 

remaining the genetic diversity. In contrast, Tumendemberel et al. (2023) reported low 

heterozygosity of brown bears from Mongolia and Pakistan located near this area, and suggested 

the conservation necessity. Even with high genetic diversity, comprehensive monitoring research 

is necessary in Western and Central Asia. 

 In contrast to the high genetic diversity of West and Central Asian brown bears, that of 

the Etorofu Island individual was significantly lower than that of the Hokkaido individuals and 

as low as the Apennine brown bear, which has been recently endangered, although genetic 

affinity with the Hokkaido, suggested by mtDNA analysis (Hirata et al. 2013), was also found. 

These results suggest that the Etorofu Island population has experienced a bottleneck after 

isolation from the Hokkaido population. Some events, such as the founder effect and human 

activity (Kostenko et al. 2004), could be one of the causes of low genetic diversity. The number 

of brown bears on each island in the Kuril Archipelago is few, about 60–260 (Kostenko et al. 

2004), so conservation plans and further genomic data are needed to monitor the population and 

evaluate the genetic diversity. 
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 PCA shows a clear difference of the Tibet and Kazakhstan populations from others, and 

this was also reflected in the phylogenetic tree. Previous studies (Hirata et al. 2013; Lan et al. 

2017) reported minor mtDNA haplotypes, clade 5 for Tibet and clade 6 for Himaraya around the 

area. Ancestral genetic traits from those mtDNA lineages have still remained in this area due to 

geographical isolation from other populations, which is partially supported by ADMIXTURE in 

this study and the previous study (de Jong et al. 2023). Compared with the two populations, 

Tibetan individuals appear to be slightly more distinct from others than the Kazakhstan 

individual, as indicated by the results of PCA and PSMC that show a distinct population size 

change from others. By contrast, the result of ƒ%(Outgroup, clade 3a1 in Europe; X, the modern 

brown bear excluded X) showed the Tibetan population has been affected by the recent 

expansion more than the Kazakhstan individual. Thus, the slightly higher genetic differentiation 

in Tibet individuals may be attributed to a more ancient population demographic history 

predating the recent expansion. Further analyses are warranted considering the limitations of the 

current sampling. 

 PCA, ADMIXTURE, PSMC, and TreeMix indicated that the Western Asian population 

was relatively similar to the European populations. On the other hand, the phylogeny based on 

the Y-chromosomal DNA sequence revealed that the Western Asian individuals were diverged 

earliest among the brown bear lineages examined in this study (Figure 32d): this finding is 

consistent with de Jong et al. (2023). Additionally, the values of ƒ%(Outgroup, clade 3a1 in North 

America; X, the modern brown bear excluding X) did not support the gene flow from the recent 

expansion. Minor mtDNA haplogroups, which were more closely related to the European 

lineages and not detected in other areas, were reported in the previous studies (Ashrafzadeh et al. 

2016; Hirata et al. 2014; Mizumachi et al. 2020). Consequently, it is inferred that the Western 
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Asian population diverged from the European population before the recent expansion and has 

remained isolated from others. 

 The brown bears in Central Russia (Krasnojarsk and ProvBalakhtinsky District, Russia) 

were identified as an admixture between other populations (Europe, North America, and 

Hokkaido populations). Both major mtDNA lineages, clade 3a1, and clade 3b, with clade 3b 

diverging earlier than clade 3a1, were found around the area (Hirata et al. 2014). In the nearby 

region, northern Mongolia, Tumendemberel et al. (2023) reported a mtDNA lineage that diverged 

earlier than clade 3, despite low bootstrap values. Combining these results, the populations 

around Central Russia have formed by admixture between ancestral and recent expansion 

populations.  

 ƒ% and ƒ% ratios detected hybridization between a cave bear%C$4&"./#+#, and the brown 

bear in Western Asia and Kazakhstan. The cave bear C$4&"./#+#%are widely distributed on the 

Eurasian Continent several hundred thousand years ago (Knapp et al. 2009), suggesting that 

hybridization could have occurred during that period. Barlow et al. (2021) proposed gene flow 

between the cave bear, excluding the cave bear C$4&"./#+# and the common ancestor of the 

European and Western Asian populations. The results of this study may reflect additional gene 

flow from the cave bear. On the other hand, ƒ%(Asiatic black bear, Cave bear; X, modern Polar 

bear) values were not statistically significant. Gene flow between the American black bear, the 

brown bear, and the polar bear was estimated by : statistics (Kumar et al. 2017). This gene flow 

could be a cause of the statistical significance of ƒ%(American black bear, Cave bear; X, modern 

Polar bear) because the value of ƒ%(W, X; Y, Z) statistics also become negative significantly in 

case of gene flow between W and Z. Although whether ƒ% values when other bears were set as an 
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outgroup were statistically significant or not is a matter of, alleles from hybridization with the 

cave bear might have persisted, especially in these populations. 
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 PSMC analysis revealed a difference in population size between the islands (Hokkaido 

and Etorofu Island) and the mainland (Sakhalin and the Far East) from approximately 100,000 

years ago, indicating a potential influence of the recent expansion scale. ƒ% statistics estimated 

that the Far East individual shares more alleles from the recent divergent lineage, the 3a1 lineage, 

than other East Asia and Hokkaido individuals, while no statistical difference was observed 

between the Sakhalin and Hokkaido populations. The findings suggest that the ancestor of the 

Far Eastern individual was most affected by the recent dispersal, whereas the ancestor of the 

Sakhalin individual originated from admixture between recent dispersal individuals and those 

from Hokkaido. 

TreeMix (migration edges = 5) and ƒ% statistics confirmed more hybridization between 

the polar bear and the brown bear in Hokkaido and Etorofu Island than in other Eastern Asian 

areas, partially aligning with findings by de Jong et al. (2023) shows gene flow between the 

Hokkaido population and the polar bear. Previous studies (Cahill et al. 2013, 2015) identified 

that the North American population, particularly individuals around the ABC islands, harbors the 

most alleles from the polar bear among brown bear populations. These imply geographically 

discontinuous gene flow from the polar bear. Two scenarios regarding this discontinuity are 

considered: +) gene flow by recent expansion, replacing major alleles in the population on the 

Eurasian Continent, as suggested by de Jong et al. (2023), and ++) gene flow from the polar bear 

only to the Hokkaido and Etorofu Island populations. The results of PSMC and ƒ%(Outgroup, 
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clade 3a1 in Europe; X, the modern brown bear excluding X) in this study suggest that scenario 

+) is more likely because these results reflected that the Hokkaido and Etorofu Island populations 

have been affected by the recent expansion very little. In addition, the relative habitat suitability 

of the polar bear around Hokkaido, estimated by Maxent, has been low. Additionally, ancient 

brown bears tended to share more alleles from the polar bear than modern brown bears 

distributed near their collected places, also supported by Cahill et al. (2018). Thus, it is more 

likely that the ancestor of the brown bear possessed more alleles from the polar bear than modern 

brown bears, and the recent expansion replaced these alleles with the alleles observed today. 
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% de Jong et al. (2023) inferred the incomplete lineage sorting of mtDNA based on the 

multiple coalescent analysis, which shows individuals classified with different mtDNA lineages 

from the same populations coalesce more frequently than individuals classified in the same 

mtDNA lineage from different populations. This suggestion was also supported by the part of the 

result about the discrepancy between phylogenetic trees based on mtDNA and nuclear genome in 

this study (Figure 32). However, this study also emphasized local genetic differentiation, especially 

in Kazakhstan, Tibet, and West Asia, reflected in the contemporary genetic structure, population 

demography, and gene flow from related species. These populations do not include a clade 3a1 

that diverged recently but mtDNA lineages that diverged before clade 3a1. Thus, the local genetic 

differentiation could be from the genetic characteristics of the ancestral populations and relate to 

the difference of mtDNA lineages with the deep divergence time. In this context, incomplete 

lineage sorting alone could not fully explain the observed difference in phylogenetic trees between 
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mtDNA and nuclear genome. 

de Jong et al. (2023) proposed that gene flow driven by recent dispersal can rapidly erase 

genomic evidence of former population structure from simulations. Combining the result and the 

geographic discontinuity in the gene flow from the polar bear, they discussed that the isolated 

populations from the continent (e.g., Hokkaido and ABC islands) preserve polar bear genetic 

material. This trend was also applied to the individuals from the Etorofu island near Hokkaido. 

The results of ƒ%(Outgroup, clade 3a1; X, the modern brown bear excluding X) suggested that 

this pattern has been formed by the scale of the recent male-biased dispersal. In addition, the ƒ% 

statistics also showed that the individual from Kazakhstan has fewer alleles from the recent 

divergent lineage than others and more alleles from the cave bear. It means that some populations 

even on the Eurasia continent, could have retained the ancestral genetic traits. Thus, the impact 

of the recent expansion driven by male-biased is heterogeneous and different by the populations. 

Based on these findings, the multi-layered genetic structure of the brown bear genome 

(Figure 45), which is both the retention of ancestral genetic traits (Figure 45a) and the 

replacement of these traits with new ones due to the recent expansion by male-biased dispersal 

(Figure 45b) is, reflected in the contemporary genetic structure (Figure 45c), is plausible to 

explain the incongruences between the phylogenic trees of mtDNA and the nuclear genome for 

the brown bear. This genetic structure’s idea is same as that of the human. The genetic structure 

of humans is composed of multi-genetic traits from multiple migrations at different times (e.g., 

Tassi et al. 2015). For example, the current Japanese population consists of two main genetic 

layers from Jomon hunter-gatherers and rice-farming Yayoi migrants and more genetic layers 

from different migrations by genome-wide genetic data (Osada & Kawai 2021). While the 

genetic structure of other species, like E&(($#%"&(($# (Puckett et al. 2020), is inferred to 
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incorporate such multi-layers reflecting population demography at different times, the presence 

of multi-layers in the genetic structure of species other than humans remains largely unknown 

due to the lack of worldwide genome-wide data. This study successfully addressed this challenge 

by concentrating on the brown bear, a species that reported abundant genome data from various 

sampling locations worldwide at different times and well-documented local genetic variations. 

The reason causing the difference in the influence of the recent expansion driven by 

male-biased dispersal could have arisen primarily due to climate changes. For example, climate 

change lets sea-level fluctuations leading to the land bridges, and the glacial ice covering the 

land. These environmental changes facilitated migration to new environments while occasionally 

imposing restrictions. As demonstrated in the demographic history outlined in Chapter 3, it 

makes the effective population size contraction. The diverse environmental factors in each area 

underscore the significance of directing attention to local demographic history. 

While this study revealed the variation in brown bear populations, it is necessary to note 

that not all brown bear populations were involved for the study. For example, individuals from 

the northern part of Russia, Kunashiri Island, and around the border between East Russia and 

China were not included due to a lack of samples. Such sampling biases, referred to as Wallacean 

shortfall, have the potential to overlook genetic diversity and pose challenges in assessing future 

extinction risks (Lomolino et al. 2016). Additionally, this study and other studies (Cahill et al. 

2018; Segawa et al. 2024) showed the genetic differentiation between precent and ancient 

populations, providing valuable insights into the evolution of the brown bear. Integrating 

genomic data from individuals across various distribution areas and time periods would offer a 

more comprehensive understanding of the evolutionary processes and contribute to the 

conservation of these genetic diversity.  
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This dissertation concentrated on the population demography of the brown bear (Figure 1) 

in each chapter to assess the long-term effect of sex-biased dispersal on population demography. 

Chapter 2 specifically focuses on the Hokkaido population, utilizing whole-genome resequencing 

and population genetic analysis to investigate its genetic characteristics. The very slight differences 

based on different mtDNA lineages suggest admixture and genetic homogenization driven by 

male-biased dispersal. Chapter 3 evaluated the long-term effect of male-biased dispersal and 

environmental factors on the colonization of the Hokkaido population, employing ddRAD-seq. 

Male-biased dispersal was found to have played a role in the rapid population formation after a 

contraction due to low habitat suitability caused by climate changes. Chapter 4 focuses on 

verifying local genetic variation in brown bear populations in and around the Eurasian Continent 

(Hokkaido, Etorofu Island, Sakhalin, Far East area, Kazakhstan, Tibet, Central Russia, and the 

Caucasus) through whole-genome resequencing. Both the influence of recent expansion caused by 

male-biased dispersal and the ancestral genetic diversity reflected in the brown bear nuclear 

genome shaped the local genetic variation of brown bear populations. Based on the data, this 

dissertation shows the population demographic history of the brown bear (Figure 46) and the 

significant influence of male-biased dispersal in it. 

 

F.1+',&(.0*8&47*47"*+,">&.:(*(4:)&"(**

Such a clear mismatch pattern of the genetic structure between maternal inheritance (e.g., 

mtDNA) and paternal inheritance (e.g. Y-chromosomal DNA) is reported rarely in other studies 

focusing on different species, despite sex-biased dispersal being a phenomenon observed in 
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various species, from plants (Ghazoul 2005) to vertebrates (Trochet et al. 2016). In the case of the 

brown bear, the replaced alleles driven by male-biased dispersal are widespread, leading to 

significant admixture with the ancestral population, genetic homogenization, and inconsistencies 

in the phylogeny between mtDNA and the nuclear genome. On the contrary, previous studies 

focusing on fishers (Tucker et al. 2017), gibbons (Matsudaira et al. 2018), chimpanzees (Mitchell 

et al. 2018), humans (Seielstad et al. 1998), and dolphins (Andrews et al. 2013) did not reveal such 

a clear and significant mismatch on a wide scale. This difference is attributed to limitations in 

sampling across wide areas, variations in the number of variants and loci used in different 

inheritable regions, and other factors such as the social systems influencing the result. The reason 

for observing the clear mismatch of the genetic structure would solve these problems by focusing 

on the brown bear, which is discussed below in detail. 

 

2.03$4",1*"//"54*./*47"*("#$%&'(")*)&(+",('-*

In this dissertation, I identified the significant contribution of male-biased dispersal in +B 

migration into new habitats, ++B rapid colonization, and +++B formation pattern of intra- and inter-

species hybridization, resulting in the mismatch of genetic structure patterns between mtDNA and 

the Y-chromosomal DNA. 

Using and comparing with different inheritance DNA regions made it possible to accurately 

detect the long-term effect of male-biased dispersal in gene flow over multiple generations. 

Utilizing tens of thousands of SNP data with bisexual inheritance. This dissertation was able to 

detect subtle differentiation in male-biased dispersal within and between bear populations, which 

was not evident when relying solely on haplotype data, such as only mitochondrial DNA and the 

Y-chromosomal DNA, although this dissertation also partially agrees with the previous studies, 
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such as local genetic diversity in the part on the Eurasian Continent (see Chapter 4).  

Focusing on the brown bear allows for a practical evaluation of male-biased dispersal. In 

the case of other animals, the influence of other factors, such as the social systems, must be 

considered. The research for the plants is also challenging because most of them do not disperse 

widely by themselves. Compared with the case of other species, the brown bear could be evaluated 

only with male-biased dispersal because it moves randomly by itself regardless of the society of 

the brown bear. By addressing multiple challenges in evaluating sex-biased dispersal, this 

dissertation significantly contributes to understanding the process of population formation 

influenced by environmental factors and the long-term effect of sex-biased dispersal. 
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In the population demographic history of the brown bear, not only the sex-biased dispersal 

but also the environmental factors, especially climate changes, have a significant influence because 

those are pivotal factors in determining whether the individuals can move. For instance, Chapter 

3 shows the reduction of the relatively suitable habitat for brown bears during the LGM, when the 

contraction of the effective population size also occurred. In fact, climate changes have led to 

species extinction, shifts in habitat, or adaptations to new environments (Davis & Shaw 2001; de 

Lafontaine et al. 2018; Hewitt 2000). 

Previous phylogeographic studies focusing on the Japanese archipelago tended to discuss 

the demographic history with land bridge connecting the mainland (Dobson 1994; Dobson & 

Kawamura 1998; Mckay 2012; Millien-Parra & Jaeger 1999), but other environmental factors are 

also important, as shown in Chapter 3. Especially, climate change is crucial. Iwase et al. (2012) 

suggested that the extinction of megafauna on the Japanese archipelago in the late Pleistocene were 
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changes in the ecosystem driven by climatic changes based on fossil recodes. In the case of the 

brown bear, the dramatic feeding habit shift from carnivorousness to herbivorousness at this time 

was inferred based on stable isotope ratio analysis (Rey-Iglesia et al. 2019; Segawa et al. 2021), 

so climate changes could have affected the brown bear population considerably. Thus, verification 

and discussion combined with multiple environmental factors such as landform dynamics and 

climate changes are important to clarify the process of the brown bear’s evolution. 

 

L:4:,"*&((:"*

While climate change is a crucial factor in the population demographic history of the brown 

bear, potentially driving shifts in feeding habits, this dissertation was not able to investigate the 

genetic basis relating to adaptation to climate changes. In Chapter 4, it was revealed that the 

Honshu brown bear reported by Segawa et al. (2021), which went extinct approximately 17,000 

years ago (Takakuwa et al. 2007), had more alleles by the gene flow from the polar bear than the 

current individuals. The significant rapid increase in temperature on a global scale occurred from 

the LGM to the Holocene when the Honshu brown bears went extinct (Osman et al. 2022), so the 

difference in allele frequency may be one of the reasons for the extinction of the brown bear in 

Honshu, as it struggled to adapt to climate changes. 

The genome analysis proves to be an effective and versatile method for understanding 

population demographic history. For example, comparing allele frequencies between past and 

current populations using ancient genomic analysis allows the detection of dramatic changes in 

allele frequencies associated with local adaptation (e.g., Kirch et al. 2021). These further analyses 

might explore evidence of selection and elucidate the relationship between climate changes and 

local adaptation.  
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?745#$@4A >*".4 BAC DEFBDG HCIF@HA HIFGAB
?745#$@4A >*".4 IHB ECFCJI HCIFBAC HIFJGJ
?745#$@4A :*,* IAJ DGFDAH HCBFACD HGF@DG
?745#$@4A >*".4 DHC ECFDEI HCIFJHD HBFBAA
?745#$@4A :*,* DA@ EHFCDI HCIFB@C HBFJJJ
?745#$@4A 215434 DAI ECFH@C HCIFBJE HIFJHE
?745#$@4A :*,* D@J DEFDJI HCBFCAI HBFHDC
?745#$@4A K0"134)1 D@B DEFIE@ HC@FABD H@FBIB
?745#$@4A 215434 D@G EAFCAH HCIFJIC HJFJ@E
?745#$@4A 215434 HH@G DEFIJE HCIFJHG HIFGID
?745#$@4A :*,* HHGH ECF@HA HCIFCII HBFGBJ
?745#$@4A 215434 ACEE DDFGB@ HCIFHCD HGF@BB
?745#$@4A 215434 AHHH EJFCHA HCIFBAG HAFBHB
?745#$@4A >*".4 AHAD DGFJDJ HCBF@DC HGFDEI
?745#$@4A 215434 AAH@ DEFG@G HCBFGAC HBFED@
?745#$@4A 215434 AAAB DEF@EG HCIFCHH HIFIHJ
?745#$@4A 215434 @CGI DGFJIE HCJF@JG HIFDGD
?745#$@4A 215434 @CEH DEFBAI HCIFCEJ HIFBID
?745#$@4A 215434 @CEA DDF@@E HCBFCCG HIFIID
?745#$@4A >*".4 @CEG EJFB@E HCIFGJC HAFACH
?745#$@4A :*,* JHJH DIFB@H HCHFDJD HBF@HG
?745#$@4A >*".4 JHBB DIF@A@ HCBFJEG HEFHGJ
?745#$@4A >*".4 JAE@ DEF@H@ HCIF@GJ HGFCIH
?745#$@4A 215434 BCHJ DJF@JI HC@FCCI HDFIIC
?745#$@4A >*".4 IHCG DEFBCI HCIFJHA HIFECI
?745#$@( :*,* IHG ECFJBJ HCIFH@A HBFIGD
?745#$@( :*,* DHH ECFJDB HCIFIHE HIFH@J
?745#$@( :*,* DAC DDFACC HCJFB@C HIF@@C
?745#$@( :*,* DAA ECFADG HCIFBID HIFADH
?745#$@( :*,* JHBC ECF@JJ HCIFJHI HIFCGA
?745#$@( :*,* IHCI DEFCBA HC@FCB@ HJFCCH
?745#$J L0"1'4 BC@ DEFIDB HCIFCJI HIF@IH
?745#$J L0"1'4 ACCJ DDFBCI HC@FDII HBF@IC
?745#$J L0"1'4 ACAI ECFJGI HCIFBJB HIFCIE
?745#$J K0"134)1 ACED EHFAHJ HCJFACH HAFEDG
?745#$J L0"1'4 JCCH ECFHCG HCJFIDA HJFBGB
?745#$J L0"1'4 JCCD ECF@II HCIF@EI HIFC@C
?745#$J L0"1'4 JCAD ECFBIE HCIFJBA HBFDD@
?745#$J K0"134)1 BCJD EHFDCE HCIFGCE HJFECC
?745#$J L0"1'4 BCBH ECFBJB HCIF@CE HBFGIJ
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GD%*AB"; G4H ";BA%;+JU%A+*ADJR MG&A"J<=>? NOEOOPSTQ NLPE>TR RO.P SOR. RO=TPT
GD%*AB"; G4H ";BA%;+J<"2 MG&A"J<=>? NOEOO.=Q> NLQETP. >.P.S .PQTP >=OPRL.
GD%*AB"; G4H MG&A"JL>R MG&A"J<=>? NOEOO==S> NTERO. .>R=. .PPQ= >RRS>RR
GD%*AB"; G4H MG&A"J<OR? MG&A"J<=>? NOEOOOR.R N>EQOQ ..LR> .Q=SL >RRS>RR
GD%*AB"; G4H MG&A"J<.O MG&A"J<=>? NOEOOOTO. NRE.>Q ...O> .PLQQ >RRS>RR
GD%*AB"; G4H MG&A"J<PQ MG&A"J<=>? NOEOO=O=S NQE=>L ..>SL .TO=T >RRS>RR
GD%*AB"; G4H VG&A"JGG= MG&A"J<=>? NOEOO==.> NPELP ..R.O .TQOT >RRS>RR
GD%*AB"; G4H VG&A"JVWX= MG&A"J<=>? NOEOO=RP. N=OEOTP ..RQO RO=Q> >RRS>RR
GD%*AB"; G4H VG&A"J<>. MG&A"J<=>? NOEOOOSQL NQEQL ..Q.L .TOQR >RRS>RR
GD%*AB"; G4H V$*)2%J=S=Y MG&A"J<=>? NOEOO==TQ NPEPPS .>L=L .P.>> >RRS>RR
GD%*AB"; G4H V$*)2%JGU4= MG&A"J<=>? NOEOOOQ. N.E>SQ ..LT= .QRRS >RRS>RR
GD%*AB"; G4H V$*)2%JG4IL MG&A"J<=>? NOEOOOR>P N>ERLS ..RQT .Q.PS >RRS>RR
GD%*AB"; G4H V$*)2%J0XZO= MG&A"J<=>? NOEOOOPRL NRE==. ..O=T .QQSQ >RRS>RR
GD%*AB"; G4H V$*)2%J[XO= MG&A"J<=>? NOEOOO.PP N>ELQ= ..PQP .Q.QR >RRS>RR
GD%*AB"; G4H V$*)2%JZKZO= MG&A"J<=>? NOEOOOTLP NREROR ..=.Q .POS= >RRS>RR
GD%*AB"; G4H V$*)2%JZU8= MG&A"J<=>? NOEOOOR.R N>E.P. ..P=Q .QQRR >RRS>RR
GD%*AB"; G4H V$*)2%JZ4G= MG&A"J<=>? NOEOOO... NLES>R ..ROT .QOTT >RRS>RR
GD%*AB"; G4H V$*)2%JZ\% MG&A"J<=>? NOEOO=T=R N==E.Q. .L=SP .TQRT >RRS>RR
GD%*AB"; G4H ])::"AC)JLL>= MG&A"J<=>? NOEOO=PLL N=OEQ> ..=R> ROLTL >RRS>RR
GD%*AB"; G4H ])::"AC)J.L= MG&A"J<=>? NOEOO=QL= N=OEL=. ..Q=Q RO>TP >RRS>RR
GD%*AB"; G4H ])::"AC)JRO=O MG&A"J<=>? NOEOO=R>= NSE>T ..Q=L ROOQL >RRS>RR
GD%*AB"; G4H ])::"AC)JRO.Q MG&A"J<=>? NOEOO=RQ> NSE>Q= ..QL> RO=TR >RRS>RR
GD%*AB"; G4H ])::"AC)JR=T MG&A"J<=>? NOEOO=R>Q NSELPT ..R.L ROOOT >RRS>RR
GD%*AB"; G4H ])::"AC)JT=S MG&A"J<=>? NOEOO=P>L N=OE>LT ..>O. RO.PO >RRS>RR
GD%*AB"; G4H IGD%*AB"JGHMO= MG&A"J<=>? NOEOOROTT N=SERLQ .=Q=R RSPL. >RRS>RR
GD%*AB"; G4H IGD%*AB"JGHMOL MG&A"J<=>? NOEOOR>R NLOESST .=.SS QOR.> >RRS>RR
GD%*AB"; G4H IGD%*AB"JGHMO> MG&A"J<=>? NOEOORPQP NLLELLS .OS.Q Q=.P. >RRS>RR
GD%*AB"; G4H IGD%*AB"JGHMO. MG&A"J<=>? NOEOOR=RT NLOE.QL .=P.R QO=OL >RRS>RR
GD%*AB"; G4H IGD%*AB"JGHMOR MG&A"J<=>? NOEOORL>R N=PET=R .=QSP QO>LS >RRS>RR
GD%*AB"; G4H IGD%*AB"JGHMOQ MG&A"J<=>? NOEOO.=OT N=PE>R .LR>O RP=R= >RRS>RR
GD%*AB"; G4H IGD%*AB"JGHM= MG&A"J<=>? NOEOO>TQL N=.ES>P .>>RO RPOSP >RRS>RR
GD%*AB"; G4H IGD%*AB"JGHML MG&A"J<=>? NOEOO.S> N=TEP>R .LO>O RSRPT >RRS>RR
GD%*AB"; G4H IGD%*AB"JGCD= MG&A"J<=>? NOEOO.=L N=QET.S .LT.Q RPR== >RRS>RR
GD%*AB"; G4H IGD%*AB"JHHOLO MG&A"J<=>? NOEOOLQSQ N=.EQ=P .LSO. RLROO >RRS>RR
GD%*AB"; G4H IGD%*AB"JHHO>. MG&A"J<=>? NOEOOLT=L N=>EQSP .>=L> R>=>L >RRS>RR
GD%*AB"; G4H IGD%*AB"JHHO>P MG&A"J<=>? NOEOO>OPT N=QEP.T .LQ.O R>RSR >RRS>RR
GD%*AB"; G4H IGD%*AB"JHHO.S MG&A"J<=>? NOEOOLS> N=REO>L .>L=L R>Q.O >RRS>RR
GD%*AB"; G4H IGD%*AB"JHHORS MG&A"J<=>? NOEOOLS=. N=.ETLL .>OSO R>.QL >RRS>RR
GD%*AB"; G4H IGD%*AB"JM,A= MG&A"J<=>? NOEOOQOQS NLOEOST .O.QS QLOPO >RRS>RR
GD%*AB"; G4H IGD%*AB"JM,AL MG&A"J<=>? NOEOOQLST NL.E=L= .OORT QL.P. >RRS>RR
GD%*AB"; G4H IGD%*AB"JM0IOO= MG&A"J<=>? NOEOO>O.S N=.E>= ..TLT RRQTO >RRS>RR
GD%*AB"; G4H IGD%*AB"J^%; MG&A"J<=>? NOEOOLQPT N=>ETOP .>=>L RLQQL >RRS>RR
GD%*AB"; G4H IGD%*AB"JVHOLP MG&A"J<=>? NOEOOLR.> N=>EP=Q .>RLR RLRPR >RRS>RR
GD%*AB"; G4H IGD%*AB"J_4O= MG&A"J<=>? NOEOOLSQP N=>E.T ..SQ> RRRL. >RRS>RR
GD%*AB"; G4H IGD%*AB"J_[F MG&A"J<=>? NOEOOL>ST N=LEOQ .>.SO RLOL. >RRS>RR
GD%*AB"; G4H IGD%*AB"J_WJ= MG&A"J<=>? NOEOO>RQ. N=RESR= .>>TS RQOP. >RRS>RR
GD%*AB"; G4H IGD%*AB"J`HO>S MG&A"J<=>? NOEOOL.RR N=>ESLP .LSR> R=QSO >RRS>RR
GD%*AB"; G4H `G&A"J_% MG&A"J<=>? NOEOOOO=T NOE=>> .R>SL .R.RP >RRS>RR
GD%*AB"; G4H `G&A"J<=L? MG&A"J<=>? OEOOO=S> =E>=P .R..S ..PQ. >RRS>RR
GD%*AB"; G4H `G&A"J<.P? MG&A"J<=>? OEOOOOQP OE.QS .RQSP .R.RP >RRS>RR
G&A"+AB G4H ";BA%;+JKHHJ>L8 MG&A"J<=>? NOEOOPL=. N=TELL. =SPP >ROL L==LSS
G&A"+AB G4H ";BA%;+J8$;"&,A*= MG&A"J<=>? NOEOO>OQL NTESSR >..= .LTQ LPRTT>
G&A"+AB G4H ";BA%;+JU%A+*ADJ. MG&A"J<=>? NOEOORRL= NLLESQR PPTQ ==P=O P=OTRR
G&A"+AB G4H ";BA%;+JU%A+*ADJR MG&A"J<=>? NOEOOTOLR NLSE=>= R=>S S=QP RO=TPT
G&A"+AB G4H ";BA%;+J<"2 MG&A"J<=>? NOEOO.>L NLTE>.Q >R.TT .TS=L >=OPRL.
G&A"+AB G4H MG&A"JL>R MG&A"J<=>? NOEOO=LT= NSEQL. ..>RL .TS=> >RRS>RR
G&A"+AB G4H MG&A"J<OR? MG&A"J<=>? NOEOOOQ>> N.ELQQ .R=Q. .P.=T >RRS>RR
G&A"+AB G4H MG&A"J<.O MG&A"J<=>? NOEOOOTPR NQEO=> .R..O .TRRQ >RRS>RR
G&A"+AB G4H MG&A"J<PQ MG&A"J<=>? NOEOO===Q NPEOQ. .R>R. .S>LR >RRS>RR
G&A"+AB G4H VG&A"JGG= MG&A"J<=>? NOEOO=LL. NTE=SL .RRPT .SS>Q >RRS>RR



G&A"+AB G4H VG&A"JVWX= MG&A"J<=>? NOEOO=QT> N=OERP .RRPS R=RPO >RRS>RR
G&A"+AB G4H VG&A"J<>. MG&A"J<=>? NOEOO==LT NTEL=S .R..= .S.RQ >RRS>RR
G&A"+AB G4H V$*)2%J=S=Y MG&A"J<=>? NOEOO=LOP NTE.SP ...=L .TPOS >RRS>RR
G&A"+AB G4H V$*)2%JGU4= MG&A"J<=>? NOEOOOQ.T N.EPSR .R>Q> .PQQT >RRS>RR
G&A"+AB G4H V$*)2%JG4IL MG&A"J<=>? NOEOOO.PS N>ELO= .RS>T .PQ.= >RRS>RR
G&A"+AB G4H V$*)2%J0XZO= MG&A"J<=>? NOEOOOPRS NRE=L .R=RQ .PTRP >RRS>RR
G&A"+AB G4H V$*)2%J[XO= MG&A"J<=>? NOEOOO.Q= N>E>.P .RT.Q .P.TT >RRS>RR
G&A"+AB G4H V$*)2%JZKZO= MG&A"J<=>? NOEOOOSRL NQERQR ..T.. .TL>L >RRS>RR
G&A"+AB G4H V$*)2%JZU8= MG&A"J<=>? NOEOOOQ=P N.E>== .RQT. .PTT= >RRS>RR
G&A"+AB G4H V$*)2%JZ4G= MG&A"J<=>? NOEOOOR>S N.EOQR .R>PR .PLSL >RRS>RR
G&A"+AB G4H V$*)2%JZ\% MG&A"J<=>? NOEOO=TTQ N=LELS> .>LP= .SST. >RRS>RR
G&A"+AB G4H ])::"AC)JLL>= MG&A"J<=>? NOEOO=T>Q N==E=TT .R=QQ R=POL >RRS>RR
G&A"+AB G4H ])::"AC)J.L= MG&A"J<=>? NOEOO=POS N=OETOL .RP.. R=TLQ >RRS>RR
G&A"+AB G4H ])::"AC)JRO=O MG&A"J<=>? NOEOO=Q>> NSETLL .RQLL R=.>> >RRS>RR
G&A"+AB G4H ])::"AC)JRO.Q MG&A"J<=>? NOEOO=QPS NSESRS .RRSL R=RQT >RRS>RR
G&A"+AB G4H ])::"AC)JR=T MG&A"J<=>? NOEOO=QQP N=OEOLQ .R.QL R=>SQ >RRS>RR
G&A"+AB G4H ])::"AC)JT=S MG&A"J<=>? NOEOO=TOR N==E=T. .R>PL R=PSQ >RRS>RR
G&A"+AB G4H IGD%*AB"JGHMO= MG&A"J<=>? NOEOOR.S NLLE=P. .=QPL Q=L=> >RRS>RR
G&A"+AB G4H IGD%*AB"JGHMOL MG&A"J<=>? NOEOORT=Q NLLETO. .=.P= QL=P> >RRS>RR
G&A"+AB G4H IGD%*AB"JGHMO> MG&A"J<=>? NOEOOQ=OT NL>ET=L .=O.Q QLPTQ >RRS>RR
G&A"+AB G4H IGD%*AB"JGHMO. MG&A"J<=>? NOEOORRQT NLLESL .=P== Q=RLS >RRS>RR
G&A"+AB G4H IGD%*AB"JGHMOR MG&A"J<=>? NOEOORRPQ NL=E>>P .=PPQ Q=QLL >RRS>RR
G&A"+AB G4H IGD%*AB"JGHMOQ MG&A"J<=>? NOEOO.R.Q NLOE>T. .L.T. RTQQR >RRS>RR
G&A"+AB G4H IGD%*AB"JGHM= MG&A"J<=>? NOEOO..LS N=TETQ= .LSOO RTQQQ >RRS>RR
G&A"+AB G4H IGD%*AB"JGHML MG&A"J<=>? NOEOOR>L= NL=EQ.> .L=L> Q=OQ. >RRS>RR
G&A"+AB G4H IGD%*AB"JGCD= MG&A"J<=>? NOEOO.QRQ N=SESLQ .LR>L RS=OR >RRS>RR
G&A"+AB G4H IGD%*AB"JHHOLO MG&A"J<=>? NOEOO>=>P N=TERQ. .>OQ. R.LLS >RRS>RR
G&A"+AB G4H IGD%*AB"JHHO>. MG&A"J<=>? NOEOO>=.T N=QEPR> .>>T> R.RSO >RRS>RR
G&A"+AB G4H IGD%*AB"JHHO>P MG&A"J<=>? NOEOO>R>T N=SEST= .LP.T RR>.= >RRS>RR
G&A"+AB G4H IGD%*AB"JHHO.S MG&A"J<=>? NOEOO>LQ. N=PES>Q .>RLS RR=.P >RRS>RR
G&A"+AB G4H IGD%*AB"JHHORS MG&A"J<=>? NOEOO>>L= N=TEOSS .>L>. RROR. >RRS>RR
G&A"+AB G4H IGD%*AB"JM,A= MG&A"J<=>? NOEOOQ.O> NL>EPP= .ORPL Q>>Q> >RRS>RR
G&A"+AB G4H IGD%*AB"JM,AL MG&A"J<=>? NOEOOQQLT NLRE.P> .O>LT Q>SLO >RRS>RR
G&A"+AB G4H IGD%*AB"JM0IOO= MG&A"J<=>? NOEOO>TL N=SEPOP .>SRQ RPRR= >RRS>RR
G&A"+AB G4H IGD%*AB"J^%; MG&A"J<=>? NOEOO>OLS N=QEP.= .>..= R.LL> >RRS>RR
G&A"+AB G4H IGD%*AB"JVHOLP MG&A"J<=>? NOEOOLSR= N=QEP>T .>QOL R.=OP >RRS>RR
G&A"+AB G4H IGD%*AB"J_4O= MG&A"J<=>? NOEOO>P>T N=TETLR ..OQL RP>QT >RRS>RR
G&A"+AB G4H IGD%*AB"J_[F MG&A"J<=>? NOEOOLPPQ N=RE.L= .>PQP R>Q.P >RRS>RR
G&A"+AB G4H IGD%*AB"J_WJ= MG&A"J<=>? NOEOO>ST N=TEPL= .>>RT RPRLQ >RRS>RR
G&A"+AB G4H IGD%*AB"J`HO>S MG&A"J<=>? NOEOOLP N=QELP> .>>Q= RLSP= >RRS>RR
G&A"+AB G4H `G&A"J_% MG&A"J<=>? NOEOOO=L> NOES>. .Q>QS .QTOP >RRS>RR
G&A"+AB G4H `G&A"J<=L? MG&A"J<=>? OEOOO=LT OET>R .Q.TP .QO>L >RRS>RR
G&A"+AB G4H `G&A"J<.P? MG&A"J<=>? NOEOOOO=T NOE=L. .QP=> .QPPR >RRS>RR
GD%*AB"; H*$;) ";BA%;+JKHHJ>L8 MG&A"J<=>? NOEOOPO.T N=PEQOP =SL. >.=> L==>.>
GD%*AB"; H*$;) ";BA%;+J8$;"&,A*= MG&A"J<=>? NOEOOLSQ> NSELTR >>Q. .=T= LPRS..
GD%*AB"; H*$;) ";BA%;+JU%A+*ADJ. MG&A"J<=>? NOEOORL>. NLOEQOT PQRQ ==>PP P==OO=
GD%*AB"; H*$;) ";BA%;+JU%A+*ADJR MG&A"J<=>? NOEOOTOSP NLTE>. RO.Q S=== RO=SS.
GD%*AB"; H*$;) ";BA%;+J<"2 MG&A"J<=>? NOEOO.LRL NLPELS. >.P.= .PSRQ >=OTL.=
GD%*AB"; H*$;) MG&A"JL>R MG&A"J<=>? NOEOO=LRT NTETQT .>RRQ .TO>> >RQO=S.
GD%*AB"; H*$;) MG&A"J<OR? MG&A"J<=>? NOEOOOQ= N.EO=> ..LRO .Q.LL >RQO=S.
GD%*AB"; H*$;) MG&A"J<.O MG&A"J<=>? NOEOOOPTS NRELP ...RO .PLRT >RQO=S.
GD%*AB"; H*$;) MG&A"J<PQ MG&A"J<=>? NOEOO=OQT NQE>RQ ..>SR .T=SP >RQO=S.
GD%*AB"; H*$;) VG&A"JGG= MG&A"J<=>? NOEOO=LL= NPEQT ...TR .TT>= >RQO=S.
GD%*AB"; H*$;) VG&A"JVWX= MG&A"J<=>? NOEOO=Q.Q N=OEP. ..RRS RO.LO >RQO=S.
GD%*AB"; H*$;) VG&A"J<>. MG&A"J<=>? NOEOOOSS. NQEQ.Q ..QSP .TL>. >RQO=S.
GD%*AB"; H*$;) V$*)2%J=S=Y MG&A"J<=>? NOEOO=L.R NTE=O= .>=Q. .PRSQ >RQO=S.
GD%*AB"; H*$;) V$*)2%JGU4= MG&A"J<=>? NOEOOOP>= NREOSR ..L.R .QT.P >RQO=S.
GD%*AB"; H*$;) V$*)2%JG4IL MG&A"J<=>? NOEOOORRT N>EQT ..QLR .QQ=L >RQO=S.
GD%*AB"; H*$;) V$*)2%J0XZO= MG&A"J<=>? NOEOOOTOL NRE>R= ..OP> .QSLT >RQO=S.
GD%*AB"; H*$;) V$*)2%J[XO= MG&A"J<=>? NOEOOOR== N>E.RS ..T=T .QQ>Q >RQO=S.
GD%*AB"; H*$;) V$*)2%JZKZO= MG&A"J<=>? NOEOOOTRP NREPP> ..L.Q .PLSP >RQO=S.
GD%*AB"; H*$;) V$*)2%JZU8= MG&A"J<=>? NOEOOORQL N>EQLS ..T>T .QT>T >RQO=S.
GD%*AB"; H*$;) V$*)2%JZ4G= MG&A"J<=>? NOEOOOR= N>E>RP ..RQ= .Q>PT >RQO=S.
GD%*AB"; H*$;) V$*)2%JZ\% MG&A"J<=>? NOEOO=TQ> N==ET>T .LL.S .TTTL >RQO=S.
GD%*AB"; H*$;) ])::"AC)JLL>= MG&A"J<=>? NOEOO=PP N=OEPTT ..L=R ROR=P >RQO=S.



GD%*AB"; H*$;) ])::"AC)J.L= MG&A"J<=>? NOEOO=QS> N=OEQ.S ..QOP ROQ>> >RQO=S.
GD%*AB"; H*$;) ])::"AC)JRO=O MG&A"J<=>? NOEOO=RTL NSEQOS ..QR= ROLT= >RQO=S.
GD%*AB"; H*$;) ])::"AC)JRO.Q MG&A"J<=>? NOEOO=Q>Q NSEPSP ..RTR RO.=L >RQO=S.
GD%*AB"; H*$;) ])::"AC)JR=T MG&A"J<=>? NOEOO=QOT NSEQT. ..R.R ROLQS >RQO=S.
GD%*AB"; H*$;) ])::"AC)JT=S MG&A"J<=>? NOEOO=TO. N=OETRR ..>OR ROPLT >RQO=S.
GD%*AB"; H*$;) IGD%*AB"JGHMO= MG&A"J<=>? NOEOORLR> N=SESP .=R>Q QOL>T >RQO=S.
GD%*AB"; H*$;) IGD%*AB"JGHMOL MG&A"J<=>? NOEOORRO. NL=E=RQ .=.TR Q=OT= >RQO=S.
GD%*AB"; H*$;) IGD%*AB"JGHMO> MG&A"J<=>? NOEOORSQP NLLEPLS .OTT. QL=LS >RQO=S.
GD%*AB"; H*$;) IGD%*AB"JGHMO. MG&A"J<=>? NOEOOR>L= NLOET= .=PO> QOQ.Q >RQO=S.
GD%*AB"; H*$;) IGD%*AB"JGHMOR MG&A"J<=>? NOEOOR>TS N=PESST .=QR. QOT.= >RQO=S.
GD%*AB"; H*$;) IGD%*AB"JGHMOQ MG&A"J<=>? NOEOO.LPR N=PEPL .L.>= RPQRL >RQO=S.
GD%*AB"; H*$;) IGD%*AB"JGHM= MG&A"J<=>? NOEOO.O>= N=RE.R .>LQS RPQ=S >RQO=S.
GD%*AB"; H*$;) IGD%*AB"JGHML MG&A"J<=>? NOEOOR=O= N=SEO.S .=SQP QO=LS >RQO=S.
GD%*AB"; H*$;) IGD%*AB"JGCD= MG&A"J<=>? NOEOO.LST N=PE.LP .LQSR RPSSQ >RQO=S.
GD%*AB"; H*$;) IGD%*AB"JHHOLO MG&A"J<=>? NOEOOLPPR N=.EQ>> .LSRO RLT>O >RQO=S.
GD%*AB"; H*$;) IGD%*AB"JHHO>. MG&A"J<=>? NOEOOLTS. N=>ET=Q .>=RT R>.Q= >RQO=S.
GD%*AB"; H*$;) IGD%*AB"JHHO>P MG&A"J<=>? NOEOO>=SQ N=PE>.= .LQ.T R.OLQ >RQO=S.
GD%*AB"; H*$;) IGD%*AB"JHHO.S MG&A"J<=>? NOEOO>O.> N=RE>RR .>=T. R.O=T >RQO=S.
GD%*AB"; H*$;) IGD%*AB"JHHORS MG&A"J<=>? NOEOO>O=T N=.ESPQ .>OT= R>TLP >RQO=S.
GD%*AB"; H*$;) IGD%*AB"JM,A= MG&A"J<=>? NOEOOQL== NLOEL= .O.L. QLR>P >RQO=S.
GD%*AB"; H*$;) IGD%*AB"JM,AL MG&A"J<=>? NOEOOQ.Q. NL.EOTT >SSPP QLSTS >RQO=S.
GD%*AB"; H*$;) IGD%*AB"JM0IOO= MG&A"J<=>? NOEOO>LO= N=.EQO= ..PQL RQ=RP >RQO=S.
GD%*AB"; H*$;) IGD%*AB"J^%; MG&A"J<=>? NOEOOLTO= N=.E>>P .>=LQ R>OSQ >RQO=S.
GD%*AB"; H*$;) IGD%*AB"JVHOLP MG&A"J<=>? NOEOOLQR> N=.EL=L .>R.T RLSS> >RQO=S.
GD%*AB"; H*$;) IGD%*AB"J_4O= MG&A"J<=>? NOEOO>=>. N=>ESSS ..TTQ RQO.R >RQO=S.
GD%*AB"; H*$;) IGD%*AB"J_[F MG&A"J<=>? NOEOOLRL N=LEPS .>..R RL.=Q >RQO=S.
GD%*AB"; H*$;) IGD%*AB"J_WJ= MG&A"J<=>? NOEOO>QTR N=QE>RR .>>S. RQR=. >RQO=S.
GD%*AB"; H*$;) IGD%*AB"J`HO>S MG&A"J<=>? NOEOOLRRL N=.ER=P .LSRL RLO>P >RQO=S.
GD%*AB"; H*$;) `G&A"J_% MG&A"J<=>? NOEOOOOTT NOEQ.> .R>TT .RPOL >RQO=S.
GD%*AB"; H*$;) `G&A"J<=L? MG&A"J<=>? OEOOO=RS =EOT= .RR>O ..SQ. >RQO=S.
GD%*AB"; H*$;) `G&A"J<.P? MG&A"J<=>? OEOOOO.T OE>> .RP.O .RRPO >RQO=S.
G&A"+AB H*$;) ";BA%;+JKHHJ>L8 MG&A"J<=>? NOEOOP=.Q N=TE=T> =SPO >.T= L==>.>
G&A"+AB H*$;) ";BA%;+J8$;"&,A*= MG&A"J<=>? NOEOO>==> NSE.LR >..O .LST LPRS..
G&A"+AB H*$;) ";BA%;+JU%A+*ADJ. MG&A"J<=>? NOEOOR..> NLLEQT PT.= ==P== P==OO=
G&A"+AB H*$;) ";BA%;+JU%A+*ADJR MG&A"J<=>? NOEOOT=>Q NLSEPQ= R=.= SLLR RO=SS.
G&A"+AB H*$;) ";BA%;+J<"2 MG&A"J<=>? NOEOO..OP NLTETP> >R.OT .S=O. >=OTL.=
G&A"+AB H*$;) MG&A"JL>R MG&A"J<=>? NOEOO=>.R N=OEOOS ..>LL .S==O >RQO=S.
G&A"+AB H*$;) MG&A"J<OR? MG&A"J<=>? NOEOOOQST N.EQQR .ROTO .PRQ> >RQO=S.
G&A"+AB H*$;) MG&A"J<.O MG&A"J<=>? NOEOOOTRT NRETQQ .R>ST .T.R. >RQO=S.
G&A"+AB H*$;) MG&A"J<PQ MG&A"J<=>? NOEOO==Q. NPEL.= .R>>O .S.P. >RQO=S.
G&A"+AB H*$;) VG&A"JGG= MG&A"J<=>? NOEOO=>OL NTEQLQ .RROL RO=>T >RQO=S.
G&A"+AB H*$;) VG&A"JVWX= MG&A"J<=>? NOEOO=PR. N==ELTL .R.PR R=PL= >RQO=S.
G&A"+AB H*$;) VG&A"J<>. MG&A"J<=>? NOEOO==RS NTELL= .R.Q. .SRS= >RQO=S.
G&A"+AB H*$;) V$*)2%J=S=Y MG&A"J<=>? NOEOO=LQR NTEP.L ..>>> .TT>T >RQO=S.
G&A"+AB H*$;) V$*)2%JGU4= MG&A"J<=>? NOEOOOP>S NRERO. .RL.T .PTTO >RQO=S.
G&A"+AB H*$;) V$*)2%JG4IL MG&A"J<=>? NOEOOO.SS N>E>=. .RSRP .PP>> >RQO=S.
G&A"+AB H*$;) V$*)2%J0XZO= MG&A"J<=>? NOEOOOTOS NRE>=. .R=SO .TOQT >RQO=S.
G&A"+AB H*$;) V$*)2%J[XO= MG&A"J<=>? NOEOOO.SR N>ER.. .RT>O .PRS. >RQO=S.
G&A"+AB H*$;) V$*)2%JZKZO= MG&A"J<=>? NOEOOOSTL NQETQ ..TTL .T>PP >RQO=S.
G&A"+AB H*$;) V$*)2%JZU8= MG&A"J<=>? NOEOOOQ>. N.E..S .RP>P .PSSR >RQO=S.
G&A"+AB H*$;) V$*)2%JZ4G= MG&A"J<=>? NOEOOOQOQ N.ERLQ .R>T. .PR.> >RQO=S.
G&A"+AB H*$;) V$*)2%JZ\% MG&A"J<=>? NOEOO=S>. N=LEQPQ .>L>T RO=LQ >RQO=S.
G&A"+AB H*$;) ])::"AC)JLL>= MG&A"J<=>? NOEOO=TT. N==E>LT .R=.L R=TRO >RQO=S.
G&A"+AB H*$;) ])::"AC)J.L= MG&A"J<=>? NOEOO=PT N==ELQS .RQT> RLOLO >RQO=S.
G&A"+AB H*$;) ])::"AC)JRO=O MG&A"J<=>? NOEOO=QTL N=OEOO. .RRST R=RTP >RQO=S.
G&A"+AB H*$;) ])::"AC)JRO.Q MG&A"J<=>? NOEOO=PRL N=OE>>= .RROO R=P>P >RQO=S.
G&A"+AB H*$;) ])::"AC)JR=T MG&A"J<=>? NOEOO=P>T N=OE>TL .R>SO R=RPS >RQO=S.
G&A"+AB H*$;) ])::"AC)JT=S MG&A"J<=>? NOEOO=TPQ N==EQTS .R>O. R=STL >RQO=S.
G&A"+AB H*$;) IGD%*AB"JGHMO= MG&A"J<=>? NOEOORQRP NLLER=R .=R=S Q=QRS >RQO=S.
G&A"+AB H*$;) IGD%*AB"JGHMOL MG&A"J<=>? NOEOORSP= NLLESOT .=>QT QLQLQ >RQO=S.
G&A"+AB H*$;) IGD%*AB"JGHMO> MG&A"J<=>? NOEOOQ>OS NL.E=TQ .OS=O Q>>P= >RQO=S.
G&A"+AB H*$;) IGD%*AB"JGHMO. MG&A"J<=>? NOEOORP>L NL>EOS. .=QOL QLOOS >RQO=S.
G&A"+AB H*$;) IGD%*AB"JGHMOR MG&A"J<=>? NOEOORP>L NL=E.RP .=QQQ QLOPL >RQO=S.
G&A"+AB H*$;) IGD%*AB"JGHMOQ MG&A"J<=>? NOEOO.P=. NLOERLR .L>=L RSOSP >RQO=S.
G&A"+AB H*$;) IGD%*AB"JGHM= MG&A"J<=>? NOEOO.RST N=SELTL .LPRQ RS=L. >RQO=S.



G&A"+AB H*$;) IGD%*AB"JGHML MG&A"J<=>? NOEOOR.S. NL=ETT. .=SQT Q=RLS >RQO=S.
G&A"+AB H*$;) IGD%*AB"JGCD= MG&A"J<=>? NOEOO.T>. NLOE.OP .L>>O RSR.O >RQO=S.
G&A"+AB H*$;) IGD%*AB"JHHOLO MG&A"J<=>? NOEOO>L=Q N=TE..> .>OP> R.RL> >RQO=S.
G&A"+AB H*$;) IGD%*AB"JHHO>. MG&A"J<=>? NOEOO>L>= N=QET .>>PR R.TPP >RQO=S.
G&A"+AB H*$;) IGD%*AB"JHHO>P MG&A"J<=>? NOEOO>QRP NLOER=S .LQQR RRQT> >RQO=S.
G&A"+AB H*$;) IGD%*AB"JHHO.S MG&A"J<=>? NOEOO>>PT N=TELT .>.>> RR.QO >RQO=S.
G&A"+AB H*$;) IGD%*AB"JHHORS MG&A"J<=>? NOEOO>.LQ N=TE=RR .>=T> RR>TO >RQO=S.
G&A"+AB H*$;) IGD%*AB"JM,A= MG&A"J<=>? NOEOOQR.P NL>ET=T .O.QP Q>PPQ >RQO=S.
G&A"+AB H*$;) IGD%*AB"JM,AL MG&A"J<=>? NOEOOQPSR NLRE.QT .O=PS Q.>PL >RQO=S.
G&A"+AB H*$;) IGD%*AB"JM0IOO= MG&A"J<=>? NOEOO>SPL NLOEO=> .>TLR RPSQQ >RQO=S.
G&A"+AB H*$;) IGD%*AB"J^%; MG&A"J<=>? NOEOO>=R. N=PE=TS .>>.S R.RPQ >RQO=S.
G&A"+AB H*$;) IGD%*AB"JVHOLP MG&A"J<=>? NOEOO>OQL N=PEO>P .>RPR R..P. >RQO=S.
G&A"+AB H*$;) IGD%*AB"J_4O= MG&A"J<=>? NOEOO>SOR N=SE>RS .>S>= RPT>R >RQO=S.
G&A"+AB H*$;) IGD%*AB"J_[F MG&A"J<=>? NOEOOLTST N=QEL== .>Q.= R>SQO >RQO=S.
G&A"+AB H*$;) IGD%*AB"J_WJ= MG&A"J<=>? NOEOO.=OL N=TESSS .>>== RPS=> >RQO=S.
G&A"+AB H*$;) IGD%*AB"J`HO>S MG&A"J<=>? NOEOOLPST N=QEPTR .>>OT R>LQT >RQO=S.
G&A"+AB H*$;) `G&A"J_% MG&A"J<=>? NOEOOO=SL N=E.Q> .Q>L= .POOR >RQO=S.
G&A"+AB H*$;) `G&A"J<=L? MG&A"J<=>? OEOOOOS. OEQOS .Q.Q. .Q=LT >RQO=S.
G&A"+AB H*$;) `G&A"J<.P? MG&A"J<=>? NOEOOOO>T NOELQ> .QQT= .QT=. >RQO=S.
GD%*AB"; 4)#"* ";BA%;+JKHHJ>L8 MG&A"J<=>? NOEOOQS=S N=TE>=Q =S>T >.OO L==>.R
GD%*AB"; 4)#"* ";BA%;+J8$;"&,A*= MG&A"J<=>? NOEOOLSS= NSERQ >>QP .=SL LPRS..
GD%*AB"; 4)#"* ";BA%;+JU%A+*ADJ. MG&A"J<=>? NOEOOR.T> NLLE=.S PQRS ==RRP P==OO>
GD%*AB"; 4)#"* ";BA%;+JU%A+*ADJR MG&A"J<=>? NOEOOT.>S NLTES>= RO>Q SLPL RO=SSR
GD%*AB"; 4)#"* ";BA%;+J<"2 MG&A"J<=>? NOEOO..> NLTERR. >.QOL .T>PL >=OTLQR
GD%*AB"; 4)#"* MG&A"JL>R MG&A"J<=>? NOEOO=LR= NTETRS .>R.P .TOOO >RQOLRR
GD%*AB"; 4)#"* MG&A"J<OR? MG&A"J<=>? NOEOOOQO> N.EO=L ..LR= .Q>SQ >RQOLRR
GD%*AB"; 4)#"* MG&A"J<.O MG&A"J<=>? NOEOOOPTR NRE>.R ...=. .PLOT >RQOLRR
GD%*AB"; 4)#"* MG&A"J<PQ MG&A"J<=>? NOEOO=OTT NQEQOL ..>R> .TLLT >RQOLRR
GD%*AB"; 4)#"* VG&A"JGG= MG&A"J<=>? NOEOO=L=P NPEP= ...TO .TT=R >RQOLRR
GD%*AB"; 4)#"* VG&A"JVWX= MG&A"J<=>? NOEOO=QO> N=OEROL ..QOQ RO>=R >RQOLRR
GD%*AB"; 4)#"* VG&A"J<>. MG&A"J<=>? NOEOOOSP> NQERT> ..PLS .T=S> >RQOLRR
GD%*AB"; 4)#"* V$*)2%J=S=Y MG&A"J<=>? NOEOO=LQR NTELQQ .>=Q. .PQQT >RQOLRR
GD%*AB"; 4)#"* V$*)2%JGU4= MG&A"J<=>? NOEOOOP> NREOST ..L>Q .QT>. >RQOLRR
GD%*AB"; 4)#"* V$*)2%JG4IL MG&A"J<=>? NOEOOOR.P N>EQ.T ..QTQ .QQ>R >RQOLRR
GD%*AB"; 4)#"* V$*)2%J0XZO= MG&A"J<=>? NOEOOOPSP NRE>P ..ORQ .QTSR >RQOLRR
GD%*AB"; 4)#"* V$*)2%J[XO= MG&A"J<=>? NOEOOOR.Q N>EPPL ..PRO .QQSR >RQOLRR
GD%*AB"; 4)#"* V$*)2%JZKZO= MG&A"J<=>? NOEOOOTP= NRET.S ..=P> .PLPQ >RQOLRR
GD%*AB"; 4)#"* V$*)2%JZU8= MG&A"J<=>? NOEOOORQ. N>EQ>R ..PSP .QTOR >RQOLRR
GD%*AB"; 4)#"* V$*)2%JZ4G= MG&A"J<=>? NOEOOO.PP N>ELOR ..RSL .QLTS >RQOLRR
GD%*AB"; 4)#"* V$*)2%JZ\% MG&A"J<=>? NOEOO=TS> N=LEOP= .L=TQ .TSLP >RQOLRR
GD%*AB"; 4)#"* ])::"AC)JLL>= MG&A"J<=>? NOEOO=P.. N=OETQQ ..LLO RO.LT >RQOLRR
GD%*AB"; 4)#"* ])::"AC)J.L= MG&A"J<=>? NOEOO=QQ. N=OEQP. ..QL. ROR.S >RQOLRR
GD%*AB"; 4)#"* ])::"AC)JRO=O MG&A"J<=>? NOEOO=RQQ NSERQ ..QP. ROL.S >RQOLRR
GD%*AB"; 4)#"* ])::"AC)JRO.Q MG&A"J<=>? NOEOO=QO> NSETOP ..Q>R RO>.= >RQOLRR
GD%*AB"; 4)#"* ])::"AC)JR=T MG&A"J<=>? NOEOO=RQ= NSER=L ..QO> RO=RS >RQOLRR
GD%*AB"; 4)#"* ])::"AC)JT=S MG&A"J<=>? NOEOO=PRR N=OEQQQ ..>TP ROQ>R >RQOLRR
GD%*AB"; 4)#"* IGD%*AB"JGHMO= MG&A"J<=>? NOEOORLSR NLOEOPQ .=R.P QO>ST >RQOLRR
GD%*AB"; 4)#"* IGD%*AB"JGHMOL MG&A"J<=>? NOEOORR.Q NL=ELP> .=.RP Q=LO= >RQOLRR
GD%*AB"; 4)#"* IGD%*AB"JGHMO> MG&A"J<=>? NOEOORSSQ NLLEPOR .OTTP QLL>. >RQOLRR
GD%*AB"; 4)#"* IGD%*AB"JGHMO. MG&A"J<=>? NOEOOR>Q NLOESOP .=P=> QOPSQ >RQOLRR
GD%*AB"; 4)#"* IGD%*AB"JGHMOR MG&A"J<=>? NOEOOR.>S N=TE=R> .=QRQ Q=OL= >RQOLRR
GD%*AB"; 4)#"* IGD%*AB"JGHMOQ MG&A"J<=>? NOEOO.LPL N=PETLL .L.SO RPPO= >RQOLRR
GD%*AB"; 4)#"* IGD%*AB"JGHM= MG&A"J<=>? NOEOO.OOS N=RE>=Q .>>OP RPRTO >RQOLRR
GD%*AB"; 4)#"* IGD%*AB"JGHML MG&A"J<=>? NOEOOR=>L N=SE>L= .=STL QOLRL >RQOLRR
GD%*AB"; 4)#"* IGD%*AB"JGCD= MG&A"J<=>? NOEOO.LQ. N=PE.L> .LPT. RPSQ. >RQOLRR
GD%*AB"; 4)#"* IGD%*AB"JHHOLO MG&A"J<=>? NOEOOLPP> N=.ET>P .LSR= RLTL. >RQOLRR
GD%*AB"; 4)#"* IGD%*AB"JHHO>. MG&A"J<=>? NOEOOLTTP N=>ETS> .>=S> R>.P= >RQOLRR
GD%*AB"; 4)#"* IGD%*AB"JHHO>P MG&A"J<=>? NOEOO>=T N=PELL= .LQS. R.O=Q >RQOLRR
GD%*AB"; 4)#"* IGD%*AB"JHHO.S MG&A"J<=>? NOEOO>O.> N=RERQ. .>=SL R.OLP >RQOLRR
GD%*AB"; 4)#"* IGD%*AB"JHHORS MG&A"J<=>? NOEOO>OLS N=REL. .>OR. R>T>P >RQOLRR
GD%*AB"; 4)#"* IGD%*AB"JM,A= MG&A"J<=>? NOEOOQLS= NLOE.L .O.O. QLTO> >RQOLRR
GD%*AB"; 4)#"* IGD%*AB"JM,AL MG&A"J<=>? NOEOOQRR NL.E.R. >SS>= Q>LRO >RQOLRR
GD%*AB"; 4)#"* IGD%*AB"JM0IOO= MG&A"J<=>? NOEOO>=TQ N=.EQ>L ..PSS RQ=.> >RQOLRR
GD%*AB"; 4)#"* IGD%*AB"J^%; MG&A"J<=>? NOEOOLPQ> N=.E=L .>=TT R>OL. >RQOLRR
GD%*AB"; 4)#"* IGD%*AB"JVHOLP MG&A"J<=>? NOEOOLQ.. N=.ELRS .>RQS RLSTL >RQOLRR



GD%*AB"; 4)#"* IGD%*AB"J_4O= MG&A"J<=>? NOEOO>=OR N=>ESRS ..SL. RRSPS >RQOLRR
GD%*AB"; 4)#"* IGD%*AB"J_[F MG&A"J<=>? NOEOOL.PQ N=LE.ST .>R=O RL>L. >RQOLRR
GD%*AB"; 4)#"* IGD%*AB"J_WJ= MG&A"J<=>? NOEOO>POP N=QEQO> .>>TR RQRTL >RQOLRR
GD%*AB"; 4)#"* IGD%*AB"J`HO>S MG&A"J<=>? NOEOOLRQS N=.EQSR .LSPT RL=L> >RQOLRR
GD%*AB"; 4)#"* `G&A"J_% MG&A"J<=>? NOEOOOOTL NOERSQ .R>SR .RQTS >RQOLRR
GD%*AB"; 4)#"* `G&A"J<=L? MG&A"J<=>? OEOOO=>Q OESLS .R.QL ..SPP >RQOLRR
GD%*AB"; 4)#"* `G&A"J<.P? MG&A"J<=>? OEOOOO.R OE>=> .RP.O .RRPS >RQOLRR
G&A"+AB 4)#"* ";BA%;+JKHHJ>L8 MG&A"J<=>? NOEOOPO=P N=TEPQR =STQ >.QS L==>.R
G&A"+AB 4)#"* ";BA%;+J8$;"&,A*= MG&A"J<=>? NOEOO>=.= NSEPRT >.R> .>LO LPRS..
G&A"+AB 4)#"* ";BA%;+JU%A+*ADJ. MG&A"J<=>? NOEOORQS= NL.EO>R PTLO ==TQP P==OO>
G&A"+AB 4)#"* ";BA%;+JU%A+*ADJR MG&A"J<=>? NOEOOT.PT N>OELPS R=>> S>TS RO=SSR
G&A"+AB 4)#"* ";BA%;+J<"2 MG&A"J<=>? NOEOO.RTR N>OE=>R >RLSS .SRR= >=OTLQR
G&A"+AB 4)#"* MG&A"JL>R MG&A"J<=>? NOEOO=>>T N=OEOLQ ..>.. .S=OP >RQOLRR
G&A"+AB 4)#"* MG&A"J<OR? MG&A"J<=>? NOEOOOQS N.EP> .R=LS .PRTP >RQOLRR
G&A"+AB 4)#"* MG&A"J<.O MG&A"J<=>? NOEOOOTRR NRESRP .R.LP .T.PO >RQOLRR
G&A"+AB 4)#"* MG&A"J<PQ MG&A"J<=>? NOEOO==T. NPER>= .R>O= .SR=P >RQOLRR
G&A"+AB 4)#"* VG&A"JGG= MG&A"J<=>? NOEOO=LSS NTEP>P .RRL> RO=.T >RQOLRR
G&A"+AB 4)#"* VG&A"JVWX= MG&A"J<=>? NOEOO=P=L N==EORP .RRPS R=QP> >RQOLRR
G&A"+AB 4)#"* VG&A"J<>. MG&A"J<=>? NOEOO==>S NTEL>R .R.ST .SRRL >RQOLRR
G&A"+AB 4)#"* V$*)2%J=S=Y MG&A"J<=>? NOEOO=LTR NSE=O. ..>LP .TSO= >RQOLRR
G&A"+AB 4)#"* V$*)2%JGU4= MG&A"J<=>? NOEOOOP>T NRER> .RLPT .PSOR >RQOLRR
G&A"+AB 4)#"* V$*)2%JG4IL MG&A"J<=>? NOEOOO.TT N>ELPS .QOLR .PPQL >RQOLRR
G&A"+AB 4)#"* V$*)2%J0XZO= MG&A"J<=>? NOEOOOTO. NRE>S. .R=QT .TO>= >RQOLRR
G&A"+AB 4)#"* V$*)2%J[XO= MG&A"J<=>? NOEOOOR>= N>ETQ> .RPPQ .PQQP >RQOLRR
G&A"+AB 4)#"* V$*)2%JZKZO= MG&A"J<=>? NOEOOOSSQ NQES.P ..T>P .T>T. >RQOLRR
G&A"+AB 4)#"* V$*)2%JZU8= MG&A"J<=>? NOEOOOQ>Q N.E.SS .RPL> .PSTP >RQOLRR
G&A"+AB 4)#"* V$*)2%JZ4G= MG&A"J<=>? NOEOOORPL N.E>TS .R.LO .P.RT >RQOLRR
G&A"+AB 4)#"* V$*)2%JZ\% MG&A"J<=>? NOEOO=SQ. N=LES. .>LOT ROLOL >RQOLRR
G&A"+AB 4)#"* ])::"AC)JLL>= MG&A"J<=>? NOEOO=TRT N==ER== .RLOS R=TL> >RQOLRR
G&A"+AB 4)#"* ])::"AC)J.L= MG&A"J<=>? NOEOO=PRL N==E>OS .RPRL R=STT >RQOLRR
G&A"+AB 4)#"* ])::"AC)JRO=O MG&A"J<=>? NOEOO=QQP NSESQ> .RQTO R=Q=> >RQOLRR
G&A"+AB 4)#"* ])::"AC)JRO.Q MG&A"J<=>? NOEOO=P=T N=OE.LS .RRSO R=POT >RQOLRR
G&A"+AB 4)#"* ])::"AC)JR=T MG&A"J<=>? NOEOO=QS= N=OELS. .RROR R=RLR >RQOLRR
G&A"+AB 4)#"* ])::"AC)JT=S MG&A"J<=>? NOEOO=TLP N==ERQ> .R.LP R=S>O >RQOLRR
G&A"+AB 4)#"* IGD%*AB"JGHMO= MG&A"J<=>? NOEOORQSS NLLEQ.P .=R.R Q=T>> >RQOLRR
G&A"+AB 4)#"* IGD%*AB"JGHMOL MG&A"J<=>? NOEOOQO=> NL>EOT .=>R= QLPRP >RQOLRR
G&A"+AB 4)#"* IGD%*AB"JGHMO> MG&A"J<=>? NOEOOQ>>T NL.E=ST .OSL. Q>.TP >RQOLRR
G&A"+AB 4)#"* IGD%*AB"JGHMO. MG&A"J<=>? NOEOORPP= NL>ELRL .=RSP QL=.. >RQOLRR
G&A"+AB 4)#"* IGD%*AB"JGHMOR MG&A"J<=>? NOEOORPTL NL=EQQ .=QP= QLLRR >RQOLRR
G&A"+AB 4)#"* IGD%*AB"JGHMOQ MG&A"J<=>? NOEOO.P== NLOEPP .L>SS RS=P= >RQOLRR
G&A"+AB 4)#"* IGD%*AB"JGHM= MG&A"J<=>? NOEOO.RPQ N=SE=SR .LT=. RS=OQ >RQOLRR
G&A"+AB 4)#"* IGD%*AB"JGHML MG&A"J<=>? NOEOORRL. NLLE=.P .=SS. Q=QQ= >RQOLRR
G&A"+AB 4)#"* IGD%*AB"JGCD= MG&A"J<=>? NOEOO.T NLOERLQ .L.LT RSR=P >RQOLRR
G&A"+AB 4)#"* IGD%*AB"JHHOLO MG&A"J<=>? NOEOO>L=. N=TERT= .>OTP R.R>O >RQOLRR
G&A"+AB 4)#"* IGD%*AB"JHHO>. MG&A"J<=>? NOEOO>LL> N=QESOS .>.OP R.TT. >RQOLRR
G&A"+AB 4)#"* IGD%*AB"JHHO>P MG&A"J<=>? NOEOO>Q. NLOE>P= .LP.P RRPOT >RQOLRR
G&A"+AB 4)#"* IGD%*AB"JHHO.S MG&A"J<=>? NOEOO>>PS N=TE.SS .>.QT RR.SP >RQOLRR
G&A"+AB 4)#"* IGD%*AB"JHHORS MG&A"J<=>? NOEOO>.>Q N=TE>S. .>=TO RR.=. >RQOLRR
G&A"+AB 4)#"* IGD%*AB"JM,A= MG&A"J<=>? NOEOOQQLP NL.EOP= .O..> Q.O>Q >RQOLRR
G&A"+AB 4)#"* IGD%*AB"JM,AL MG&A"J<=>? NOEOOQTT= NLRETQ> .O=.T Q.Q.P >RQOLRR
G&A"+AB 4)#"* IGD%*AB"JM0IOO= MG&A"J<=>? NOEOO>SRP N=SEST= .>TPT RPSQP >RQOLRR
G&A"+AB 4)#"* IGD%*AB"J^%; MG&A"J<=>? NOEOO>==Q N=PEO>S .>.LP R.R=S >RQOLRR
G&A"+AB 4)#"* IGD%*AB"JVHOLP MG&A"J<=>? NOEOO>ORL N=PE==S .>RSP R..Q. >RQOLRR
G&A"+AB 4)#"* IGD%*AB"J_4O= MG&A"J<=>? NOEOO>TPQ N=SE=SQ .>STT RPPTT >RQOLRR
G&A"+AB 4)#"* IGD%*AB"J_[F MG&A"J<=>? NOEOOLTR. N=RETRL .>PR> R>S=R >RQOLRR
G&A"+AB 4)#"* IGD%*AB"J_WJ= MG&A"J<=>? NOEOO.=L> N=SELQR .>>LR RTOOR >RQOLRR
G&A"+AB 4)#"* IGD%*AB"J`HO>S MG&A"J<=>? NOEOOLT=R N=QESLT .>>.T R>>QS >RQOLRR
G&A"+AB 4)#"* `G&A"J_% MG&A"J<=>? NOEOOO=TP N=E.L> .Q>>O .QSS. >RQOLRR
G&A"+AB 4)#"* `G&A"J<=L? MG&A"J<=>? OEOOOOPL OE.QP .Q.RL .Q=SQ >RQOLRR
G&A"+AB 4)#"* `G&A"J<.P? MG&A"J<=>? NOEOOOO. NOELT= .QPOT .QTR= >RQOLRR
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B9&*>?#; 4#5&EFE"GEHIJI DB9&*>?#E^<NH <)$#* N@NNLNJQ HL@QJ. ..IRL JINLH JJOIIQ.
B9&*>?#; 4#5&EFE"GEHIJI DB9&*>?#E^ZA <)$#* N@NNHORL HH@R.I ...PJ JPL.O JJOIIQ.
B9&*>?#; 4#5&EFE"GEHIJI DB9&*>?#E^VEH <)$#* N@NNHORI HH@JLI .J.P. JILLQ JJOIIQ.
B9&*>?#; 4#5&EFE"GEHIJI DB9&*>?#E_CNJP <)$#* N@NNHLPH P@.NR ..N.P JPQH. JJOIIQ.
B9&*>?#; 4#5&EFE"GEHIJI _B'>#E^& <)$#* N@NNNQQL O@JNQ .OOIP .LPPO JJOIIQ.
B9&*>?#; 4#5&EFE"GEHIJI _B'>#ETHLU <)$#* N@NNNRQO .@LLH .OP.. .JRQO JJOIIQ.
B9&*>?#; 4#5&EFE"GEHIJI _B'>#ET.QU <)$#* N@NNNIPH R@LPQ .RNIH .JNPN JJOIIQ.
B9&*>?#; 4#5&E^YHJR #;?>&;+EKCCEJLM <)$#* N@NNNNLJ N@NRP HJLH HJHI H.PRIQ
B9&*>?#; 4#5&E^YHJR #;?>&;+EM%;#',>*H <)$#* N@NNNHQH N@..O LJ.H LJNI HP.QJJ
B9&*>?#; 4#5&E^YHJR #;?>&;+ES&>+*>9E. <)$#* `N@NNNJQJ `H@RRJ OROI OIOR OLPH.P
B9&*>?#; 4#5&E^YHJR #;?>&;+ES&>+*>9EO <)$#* N `N@NNL JQON JQON JQHJIR
B9&*>?#; 4#5&E^YHJR #;?>&;+ET#2 <)$#* N@NNNNIP N@R.J LLOQO LLJPJ LN.HRQQ
B9&*>?#; 4#5&E^YHJR 4B'>#ELJO <)$#* N@NNN.PJ J@JP JNLIJ LPHL. LJOHHPR
B9&*>?#; 4#5&E^YHJR 4B'>#ETNOU <)$#* N@NNNOHP J@OI. JNRQN LP.ON LJOHHPR



B9&*>?#; 4#5&E^YHJR 4B'>#ETHJU <)$#* `N@NNNN. `N@LR JNP.R JHNJP LJOHHPR
B9&*>?#; 4#5&E^YHJR 4B'>#ET.N <)$#* N@NNNRL .@LQI JNQLO LPLRR LJOHHPR
B9&*>?#; 4#5&E^YHJR 4B'>#ETQR <)$#* N@NNN.RQ J@NQ. JN.L. LPJLR LJOHHPR
B9&*>?#; 4#5&E^YHJR FB'>#EBBH <)$#* N@NNNOJH J@RPR JNJHJ LPNRO LJOHHPR
B9&*>?#; 4#5&E^YHJR FB'>#EFVWH <)$#* N@NNNONO J@LNH JNHNR LIPHI LJOHHPR
B9&*>?#; 4#5&E^YHJR FB'>#ETJ. <)$#* N@NNNOLR J@RQL JNOLN LPLIJ LJOHHPR
B9&*>?#; 4#5&E^YHJR F%*)2&EHPHX <)$#* N@NNNHHR N@INR LPPPH LPQHI LJOHHPR
B9&*>?#; 4#5&E^YHJR F%*)2&EBS<H <)$#* N@NNNHNP N@QNH JNJOH JNNPR LJOHHPR
B9&*>?#; 4#5&E^YHJR F%*)2&EB<DL <)$#* N@NNNLQH H@QOJ JNQLI JNNPL LJOHHPR
B9&*>?#; 4#5&E^YHJR F%*)2&E0WYNH <)$#* N@NNNLO. H@QLJ JN.OH LPIOJ LJOHHPR
B9&*>?#; 4#5&E^YHJR F%*)2&EZWNH <)$#* N@NNNHOP H@NQO JNOHR JNH.H LJOHHPR
B9&*>?#; 4#5&E^YHJR F%*)2&EYKYNH <)$#* N@NNNHI H@L.R JNL.P LPILR LJOHHPR
B9&*>?#; 4#5&E^YHJR F%*)2&EYSMH <)$#* N@NNNHQR H@HOH JNOH. JNHNH LJOHHPR
B9&*>?#; 4#5&E^YHJR F%*)2&EY<BH <)$#* N@NNNLHL H@JR JNOOJ JNNOO LJOHHPR
B9&*>?#; 4#5&E^YHJR F%*)2&EY[& <)$#* N@NNNLJH H@OOQ LP.QQ LIPJO LJOHHPR
B9&*>?#; 4#5&E^YHJR \)]]#>:)ELLJH <)$#* N@NNNOJP J@RJI JNHLH LIIOJ LJOHHPR
B9&*>?#; 4#5&E^YHJR \)]]#>:)E.LH <)$#* N@NNNOLH J@OHL JNHHH LIIIR LJOHHPR
B9&*>?#; 4#5&E^YHJR \)]]#>:)EONHN <)$#* N@NNN.IP J@JN. JNHQH LPNLN LJOHHPR
B9&*>?#; 4#5&E^YHJR \)]]#>:)EON.R <)$#* N@NNNONQ J@JRR JNHOJ LIPRH LJOHHPR
B9&*>?#; 4#5&E^YHJR \)]]#>:)EOHI <)$#* N@NNNOJ. J@RNO JNHPQ LIP.N LJOHHPR
B9&*>?#; 4#5&E^YHJR \)]]#>:)EIHP <)$#* N@NNNJPO L@RNP LPP.H LPNHJ LJOHHPR
B9&*>?#; 4#5&E^YHJR DB9&*>?#EBC4NH <)$#* N@NNNROQ .@RPO LILH. LRRQN LJOHHPR
B9&*>?#; 4#5&E^YHJR DB9&*>?#EBC4NL <)$#* N@NNNRPH O@NQH LIHLO LRONN LJOHHPR
B9&*>?#; 4#5&E^YHJR DB9&*>?#EBC4NJ <)$#* N@NNNRLI .@RNR LQI.R LRJQH LJOHHPR
B9&*>?#; 4#5&E^YHJR DB9&*>?#EBC4N. <)$#* N@NNNRIO .@IL. LIHQR LRORO LJOHHPR
B9&*>?#; 4#5&E^YHJR DB9&*>?#EBC4NO <)$#* N@NNNQ.J .@QNI LILQJ LROLR LJOHHPR
B9&*>?#; 4#5&E^YHJR DB9&*>?#EBC4NR <)$#* N@NNNQJI .@RQJ LIPJR LQLNL LJOHHPR
B9&*>?#; 4#5&E^YHJR DB9&*>?#EBC4H <)$#* N@NNNIHH .@IIP LPL.I LQJ.N LJOHHPR
B9&*>?#; 4#5&E^YHJR DB9&*>?#EBC4L <)$#* N@NNNQOR .@PRP LI.OL LRRQO LJOHHPR
B9&*>?#; 4#5&E^YHJR DB9&*>?#EB:9H <)$#* N@NNNQL .@QJR LIPRP LQLQQ LJOHHPR
B9&*>?#; 4#5&E^YHJR DB9&*>?#ECCNLN <)$#* N@NNNRPI .@RPQ LPRHN LQPRI LJOHHPR
B9&*>?#; 4#5&E^YHJR DB9&*>?#ECCNJ. <)$#* N@NNNRII .@.RP LPORO LQP.R LJOHHPR
B9&*>?#; 4#5&E^YHJR DB9&*>?#ECCNJQ <)$#* N@NNNQJH .@PIJ LPJII LQRRI LJOHHPR
B9&*>?#; 4#5&E^YHJR DB9&*>?#ECCN.P <)$#* N@NNNROI .@JRJ LP.LH LQIQJ LJOHHPR
B9&*>?#; 4#5&E^YHJR DB9&*>?#ECCNOP <)$#* N@NNNQLI .@P.J LP.H. LQQNJ LJOHHPR
B9&*>?#; 4#5&E^YHJR DB9&*>?#E4,>H <)$#* N@NNNQ.Q .@INL LQROH LOIPO LJOHHPR
B9&*>?#; 4#5&E^YHJR DB9&*>?#E4,>L <)$#* N@NNNQH O@..J LQ.LR LOQOR LJOHHPR
B9&*>?#; 4#5&E^YHJR DB9&*>?#E40DNNH <)$#* N@NNHHP Q@OJL LPI.I LQNOH LJOHHPR
B9&*>?#; 4#5&E^YHJR DB9&*>?#EG&; <)$#* N@NNNQ.R O@NLL LPIO. LIHNN LJOHHPR
B9&*>?#; 4#5&E^YHJR DB9&*>?#EFCNLQ <)$#* N@NNNQIO O@LHI LPIJH LQPIO LJOHHPR
B9&*>?#; 4#5&E^YHJR DB9&*>?#E^<NH <)$#* N@NNHLJ Q@.LP JNNI. LQHPH LJOHHPR
B9&*>?#; 4#5&E^YHJR DB9&*>?#E^ZA <)$#* N@NNNQ.P O@NLO LPP.Q LIHIR LJOHHPR
B9&*>?#; 4#5&E^YHJR DB9&*>?#E^VEH <)$#* N@NNNQQ O@.JP LPLLQ LQ.HQ LJOHHPR
B9&*>?#; 4#5&E^YHJR DB9&*>?#E_CNJP <)$#* N@NNNJR. L@.IQ LP.HP LIORL LJOHHPR
B9&*>?#; 4#5&E^YHJR _B'>#E^& <)$#* `N@NNNHJ `N@I.H JNO.J JNI.I LJOHHPR
B9&*>?#; 4#5&E^YHJR _B'>#ETHLU <)$#* `N@NNNL `H@LHR JNRII JHHOI LJOHHPR
B9&*>?#; 4#5&E^YHJR _B'>#ET.QU <)$#* `N@NNNNLQ `N@HI. JNQQO JNIJI LJOHHPR
B9&*>?#; 4#5&E\"Q. #;?>&;+EKCCEJLM <)$#* `N@NNNNJO `N@HNQ HIHR HILJ HPRHL.
B9&*>?#; 4#5&E\"Q. #;?>&;+EM%;#',>*H <)$#* N@NNNHNQ N@LPO JHJH JHN. LOOHON
B9&*>?#; 4#5&E\"Q. #;?>&;+ES&>+*>9E. <)$#* `N@NNNLHR `H@HLL QLLN QJRL RORRHJ
B9&*>?#; 4#5&E\"Q. #;?>&;+ES&>+*>9EO <)$#* `N@NNNJLQ `H@.LR .QJJ .IIO .RJPRR
B9&*>?#; 4#5&E\"Q. #;?>&;+ET#2 <)$#* `N@NNNJQJ `L@QIJ JHPRL JJN.N LIIOI.L
B9&*>?#; 4#5&E\"Q. 4B'>#ELJO <)$#* N@NNNNOQ N@.H .LNJH .HI.L JLPHHJO
B9&*>?#; 4#5&E\"Q. 4B'>#ETNOU <)$#* N@NNNLHQ H@OO. .LQRP .LNOR JLPHHJO
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B9&*>?#; 4#5&E\"Q. 4B'>#ET.N <)$#* N@NNNLPR L@NJP .LIHL .HIJR JLPHHJO
B9&*>?#; 4#5&E\"Q. 4B'>#ETQR <)$#* N@NNNLNP H@.JH .LLIN .HOPJ JLPHHJO
B9&*>?#; 4#5&E\"Q. FB'>#EBBH <)$#* N@NNNHQH H@LHJ .LHPL .HRLP JLPHHJO
B9&*>?#; 4#5&E\"Q. FB'>#EFVWH <)$#* N@NNNLR H@IHH .HPPI .HH.H JLPHHJO
B9&*>?#; 4#5&E\"Q. FB'>#ETJ. <)$#* N@NNNLNI H@ONQ .LOOJ .HIQN JLPHHJO
B9&*>?#; 4#5&E\"Q. F%*)2&EHPHX <)$#* `N@NNNJHP `L@LOJ .H.NI .L.OP JLPHHJO
B9&*>?#; 4#5&E\"Q. F%*)2&EBS<H <)$#* `N@NNNLIL `H@IQL .LNP. .JNLL JLPHHJO
B9&*>?#; 4#5&E\"Q. F%*)2&EB<DL <)$#* `N@NNNLLO `H@..O .LRHJ .JJO. JLPHHJO



B9&*>?#; 4#5&E\"Q. F%*)2&E0WYNH <)$#* `N@NNNHJ. `N@POJ .LLO. .LRPO JLPHHJO
B9&*>?#; 4#5&E\"Q. F%*)2&EZWNH <)$#* `N@NNNLHJ `H@ONI .L..R .JH.R JLPHHJO
B9&*>?#; 4#5&E\"Q. F%*)2&EYKYNH <)$#* `N@NNNNPQ `N@RRI .LLLI .LO.I JLPHHJO
B9&*>?#; 4#5&E\"Q. F%*)2&EYSMH <)$#* `N@NNNLL. `H@OHI .L.IO .JLLH JLPHHJO
B9&*>?#; 4#5&E\"Q. F%*)2&EY<BH <)$#* `N@NNNHLL `N@QP. .LO.J .LP.O JLPHHJO
B9&*>?#; 4#5&E\"Q. F%*)2&EY[& <)$#* `N@NNNH.L `H@NRH .NIQQ .HJ.O JLPHHJO
B9&*>?#; 4#5&E\"Q. \)]]#>:)ELLJH <)$#* N@NNNLRL H@PHQ .HIRH .HNNN JLPHHJO
B9&*>?#; 4#5&E\"Q. \)]]#>:)E.LH <)$#* N@NNNHQI H@L. .HIP. .HJNI JLPHHJO
B9&*>?#; 4#5&E\"Q. \)]]#>:)EONHN <)$#* N@NNNLHQ H@OLJ .LHNH .HJIR JLPHHJO
B9&*>?#; 4#5&E\"Q. \)]]#>:)EON.R <)$#* N@NNNLLL H@O.R .LNJL .HJNH JLPHHJO
B9&*>?#; 4#5&E\"Q. \)]]#>:)EOHI <)$#* N@NNNLJH H@OII .LHNP .HJ.P JLPHHJO
B9&*>?#; 4#5&E\"Q. \)]]#>:)EIHP <)$#* N@NNNHQ. H@LHH .HIJO .HLR. JLPHHJO
B9&*>?#; 4#5&E\"Q. DB9&*>?#EBC4NH <)$#* N@NNNJOH L@.IQ JPLO. JINPI JLPHHJO
B9&*>?#; 4#5&E\"Q. DB9&*>?#EBC4NL <)$#* N@NNNJQP L@QQO JPNQL JQIL. JLPHHJO
B9&*>?#; 4#5&E\"Q. DB9&*>?#EBC4NJ <)$#* N@NNNJJI L@OJP JIRQO JQORL JLPHHJO
B9&*>?#; 4#5&E\"Q. DB9&*>?#EBC4N. <)$#* N@NNNJRL L@RH JPH.R JQPOR JLPHHJO
B9&*>?#; 4#5&E\"Q. DB9&*>?#EBC4NO <)$#* N@NNN. L@RRH JPLNI JQIPL JLPHHJO
B9&*>?#; 4#5&E\"Q. DB9&*>?#EBC4NR <)$#* N@NNN.OO J@HIL .NLQJ JIQQR JLPHHJO
B9&*>?#; 4#5&E\"Q. DB9&*>?#EBC4H <)$#* N@NNNOHL J@JIJ .NRLO JIPJP JLPHHJO
B9&*>?#; 4#5&E\"Q. DB9&*>?#EBC4L <)$#* N@NNN.JH L@I JPOIQ JIHRP JLPHHJO
B9&*>?#; 4#5&E\"Q. DB9&*>?#EB:9H <)$#* N@NNN.IQ J@.HR .NJJL JIQLP JLPHHJO
B9&*>?#; 4#5&E\"Q. DB9&*>?#ECCNLN <)$#* N@NNN.N. L@IH. .HLHH JPIIL JLPHHJO
B9&*>?#; 4#5&E\"Q. DB9&*>?#ECCNJ. <)$#* N@NNN. L@QHH .HNIO JPQRI JLPHHJO
B9&*>?#; 4#5&E\"Q. DB9&*>?#ECCNJQ <)$#* N@NNN.RR J@JPJ .NIOQ JPJLO JLPHHJO
B9&*>?#; 4#5&E\"Q. DB9&*>?#ECCN.P <)$#* N@NNNJOJ L@.L. .NIPL JPQJH JLPHHJO
B9&*>?#; 4#5&E\"Q. DB9&*>?#ECCNOP <)$#* N@NNN.PH J@ONI .HNRP JP.OJ JLPHHJO
B9&*>?#; 4#5&E\"Q. DB9&*>?#E4,>H <)$#* N@NNN.NO L@QOL JILPO JRPRL JLPHHJO
B9&*>?#; 4#5&E\"Q. DB9&*>?#E4,>L <)$#* N@NNNLPI L@LOJ JQP.L JRPRH JLPHHJO
B9&*>?#; 4#5&E\"Q. DB9&*>?#E40DNNH <)$#* N@NNNIHO O@L.Q .HOL. JII.L JLPHHJO
B9&*>?#; 4#5&E\"Q. DB9&*>?#EG&; <)$#* N@NNN..I J@HIP .HJJH JPIOQ JLPHHJO
B9&*>?#; 4#5&E\"Q. DB9&*>?#EFCNLQ <)$#* N@NNNJI. L@RJI .HLI. .NNLN JLPHHJO
B9&*>?#; 4#5&E\"Q. DB9&*>?#E^<NH <)$#* N@NNNPNQ O@IPP .HPJJ JIP.P JLPHHJO
B9&*>?#; 4#5&E\"Q. DB9&*>?#E^ZA <)$#* N@NNN.H L@PPO .HOJ. .NHIQ JLPHHJO
B9&*>?#; 4#5&E\"Q. DB9&*>?#E^VEH <)$#* N@NNNJPI L@PNP .NOJH JPLLL JLPHHJO
B9&*>?#; 4#5&E\"Q. DB9&*>?#E_CNJP <)$#* N@NNNLHJ H@OLH .HLNN .NONN JLPHHJO
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B9&*>?#; 4#5&E_MNH #;?>&;+EKCCEJLM <)$#* N@NNNONH H@RJJ HPRO HIRL LNR.JQ
B9&*>?#; 4#5&E_MNH #;?>&;+EM%;#',>*H <)$#* N@NNNQJ. L@HI. J.JI JL.N LRPH.N
B9&*>?#; 4#5&E_MNH #;?>&;+ES&>+*>9E. <)$#* N@NNNJQ. L@NJI QPOR QRPQ RPHPHP
B9&*>?#; 4#5&E_MNH #;?>&;+ES&>+*>9EO <)$#* N@NNNRRQ J@NH OJO. ONLI .IIPL.
B9&*>?#; 4#5&E_MNH #;?>&;+ET#2 <)$#* N@NNNJOQ L@RIO JOJIJ J.LPP JNJRPQL
B9&*>?#; 4#5&E_MNH 4B'>#ELJO <)$#* N@NNNPHH R@RQI .RRNO .J..O J.RPHIP
B9&*>?#; 4#5&E_MNH 4B'>#ETNOU <)$#* N@NNNPHH R@OLL .QHQR ..NH. J.RPHIP
B9&*>?#; 4#5&E_MNH 4B'>#ETHJU <)$#* N@NNNJII L@OIH .Q.PI .RHOH J.RPHIP
B9&*>?#; 4#5&E_MNH 4B'>#ET.N <)$#* N@NNNPQJ R@ILJ .QH.P .JQQL J.RPHIP
B9&*>?#; 4#5&E_MNH 4B'>#ETQR <)$#* N@NNNPJR R@.QO .RQLR .J.IN J.RPHIP
B9&*>?#; 4#5&E_MNH FB'>#EBBH <)$#* N@NNNPIP Q@H.Q .RRQ. .JL.L J.RPHIP
B9&*>?#; 4#5&E_MNH FB'>#EFVWH <)$#* N@NNHNNR R@PJ. .R..O .LPOJ J.RPHIP
B9&*>?#; 4#5&E_MNH FB'>#ETJ. <)$#* N@NNNPRQ Q@N. .RPJ. .JOQP J.RPHIP
B9&*>?#; 4#5&E_MNH F%*)2&EHPHX <)$#* N@NNN.PO J@.IP .OPQL ..LOR J.RPHIP
B9&*>?#; 4#5&E_MNH F%*)2&EBS<H <)$#* N@NNNOH J@.OJ .RRLP ..IRN J.RPHIP
B9&*>?#; 4#5&E_MNH F%*)2&EB<DL <)$#* N@NNNOPI .@NHI .QHOQ .ONIL J.RPHIP
B9&*>?#; 4#5&E_MNH F%*)2&E0WYNH <)$#* N@NNNRHL .@LRO .RR.N ..OHQ J.RPHIP
B9&*>?#; 4#5&E_MNH F%*)2&EZWNH <)$#* N@NNNRL. .@RNL .RPOH ..QIQ J.RPHIP
B9&*>?#; 4#5&E_MNH F%*)2&EYKYNH <)$#* N@NNNRRP .@RLJ .ROIH ..LOP J.RPHIP
B9&*>?#; 4#5&E_MNH F%*)2&EYSMH <)$#* N@NNNR.P .@..R .QNRI ..IHQ J.RPHIP
B9&*>?#; 4#5&E_MNH F%*)2&EY<BH <)$#* N@NNNRNQ .@NLJ .RPO. ..I.Q J.RPHIP
B9&*>?#; 4#5&E_MNH F%*)2&EY[& <)$#* N@NNNOPI .@JJO .OLOJ .JHIN J.RPHIP
B9&*>?#; 4#5&E_MNH \)]]#>:)ELLJH <)$#* N@NNNPIH Q@HRR .RLII .LIIO J.RPHIP
B9&*>?#; 4#5&E_MNH \)]]#>:)E.LH <)$#* N@NNNPPQ R@PR. .RJIH .LPL. J.RPHIP
B9&*>?#; 4#5&E_MNH \)]]#>:)EONHN <)$#* N@NNNPQP R@IRQ .ROLI .JHJN J.RPHIP



B9&*>?#; 4#5&E_MNH \)]]#>:)EON.R <)$#* N@NNHNNQ R@PQI .ROLN .JNL. J.RPHIP
B9&*>?#; 4#5&E_MNH \)]]#>:)EOHI <)$#* N@NNHNNQ Q@NPI .ROIQ .JNPO J.RPHIP
B9&*>?#; 4#5&E_MNH \)]]#>:)EIHP <)$#* N@NNNPNO R@LRP .RH.J .JNN. J.RPHIP
B9&*>?#; 4#5&E_MNH DB9&*>?#EBC4NH <)$#* N@NNHNJH Q@JOP .JLOJ JPRQQ J.RPHIP
B9&*>?#; 4#5&E_MNH DB9&*>?#EBC4NL <)$#* N@NNHNI Q@P.. .JHHN JPJRJ J.RPHIP
B9&*>?#; 4#5&E_MNH DB9&*>?#EBC4NJ <)$#* N@NNNPPJ Q@.L. .LRLL JPHQQ J.RPHIP
B9&*>?#; 4#5&E_MNH DB9&*>?#EBC4N. <)$#* N@NNHNIH Q@PHI .JHPP JP..I J.RPHIP
B9&*>?#; 4#5&E_MNH DB9&*>?#EBC4NO <)$#* N@NNHHLP Q@JJI .JLPP JPJIL J.RPHIP
B9&*>?#; 4#5&E_MNH DB9&*>?#EBC4NR <)$#* N@NNHHRH I@NQP ..JQP .NJON J.RPHIP
B9&*>?#; 4#5&E_MNH DB9&*>?#EBC4H <)$#* N@NNHLHI Q@PO ..IHJ .NOIP J.RPHIP
B9&*>?#; 4#5&E_MNH DB9&*>?#EBC4L <)$#* N@NNHHHI Q@.IH .JRR. JPQIO J.RPHIP
B9&*>?#; 4#5&E_MNH DB9&*>?#EB:9H <)$#* N@NNHHQ I@LHO ...JL .NJQ. J.RPHIP
B9&*>?#; 4#5&E_MNH DB9&*>?#ECCNLN <)$#* N@NNHH.J Q@QO. .OOLQ .HORJ J.RPHIP
B9&*>?#; 4#5&E_MNH DB9&*>?#ECCNJ. <)$#* N@NNHHHO Q@RLR .OJOI .H.PH J.RPHIP
B9&*>?#; 4#5&E_MNH DB9&*>?#ECCNJQ <)$#* N@NNHHO I@.PI .OHIJ .HHPO J.RPHIP
B9&*>?#; 4#5&E_MNH DB9&*>?#ECCN.P <)$#* N@NNHNPJ Q@ROI .OLLH .H.JH J.RPHIP
B9&*>?#; 4#5&E_MNH DB9&*>?#ECCNOP <)$#* N@NNHHQ I@.PH .OJLQ .HLRI J.RPHIP
B9&*>?#; 4#5&E_MNH DB9&*>?#E4,>H <)$#* N@NNHHH Q@J.O .LJNO JI.OL J.RPHIP
B9&*>?#; 4#5&E_MNH DB9&*>?#E4,>L <)$#* N@NNNPPL Q@JPL .HIIQ JI..R J.RPHIP
B9&*>?#; 4#5&E_MNH DB9&*>?#E40DNNH <)$#* N@NNHOQH HN@HPR .OINJ .NJO. J.RPHIP
B9&*>?#; 4#5&E_MNH DB9&*>?#EG&; <)$#* N@NNHHQR I@LIH .OOPP .HOLN J.RPHIP
B9&*>?#; 4#5&E_MNH DB9&*>?#EFCNLQ <)$#* N@NNHHQH Q@IRH .ORRI .HRN. J.RPHIP
B9&*>?#; 4#5&E_MNH DB9&*>?#E^<NH <)$#* N@NNHOPO HN@HQQ .RNRR .NOJH J.RPHIP
B9&*>?#; 4#5&E_MNH DB9&*>?#E^ZA <)$#* N@NNHHHH Q@POP .OQRR .HPHL J.RPHIP
B9&*>?#; 4#5&E_MNH DB9&*>?#E^VEH <)$#* N@NNHHHQ Q@IRO ..QLQ .NIOL J.RPHIP
B9&*>?#; 4#5&E_MNH DB9&*>?#E_CNJP <)$#* N@NNNIOQ R@HHO .OJLJ .LJON J.RPHIP
B9&*>?#; 4#5&E_MNH _B'>#E^& <)$#* N@NNNJNR L@NL. .RPJJ .OIQN J.RPHIP
B9&*>?#; 4#5&E_MNH _B'>#ETHLU <)$#* N@NNNLNJ H@LOP .QLNH .R.PR J.RPHIP
B9&*>?#; 4#5&E_MNH _B'>#ET.QU <)$#* N@NNN.HQ L@IJJ .QJLN .OIQO J.RPHIP
B'>#+>? 4#5&EFE"GEHIJI #;?>&;+EKCCEJLM <)$#* N@NNHNNQ J@J.Q HPQN HQRP HPPO.O
B'>#+>? 4#5&EFE"GEHIJI #;?>&;+EM%;#',>*H <)$#* N@NNLHIL Q@JQL JOLH LPOJ LRNN.R
B'>#+>? 4#5&EFE"GEHIJI #;?>&;+ES&>+*>9E. <)$#* N@NNH.H. Q@QPQ IHRR QLLO RROORQ
B'>#+>? 4#5&EFE"GEHIJI #;?>&;+ES&>+*>9EO <)$#* N@NNHJPP R@QPR OJQN .QHN .QHOIQ
B'>#+>? 4#5&EFE"GEHIJI #;?>&;+ET#2 <)$#* N@NNHJRQ HH@O.P JRNRI JLN.L LP.OHHO
B'>#+>? 4#5&EFE"GEHIJI 4B'>#ELJO <)$#* N@NNLNNP HR@QIP .QJLR .NOIN JJOIIQ.
B'>#+>? 4#5&EFE"GEHIJI 4B'>#ETNOU <)$#* N@NNLNQJ HR@LLO .ILOJ .HLPH JJOIIQ.
B'>#+>? 4#5&EFE"GEHIJI 4B'>#ETHJU <)$#* N@NNHR.P HL@QRO .I.IQ .LP.I JJOIIQ.
B'>#+>? 4#5&EFE"GEHIJI 4B'>#ET.N <)$#* N@NNLHO HR@INP .IL.O .HNLJ JJOIIQ.
B'>#+>? 4#5&EFE"GEHIJI 4B'>#ETQR <)$#* N@NNLNLP HO@PHP .QOHN .NRPJ JJOIIQ.
B'>#+>? 4#5&EFE"GEHIJI FB'>#EBBH <)$#* N@NNLHJP HQ@IJ .QOJR .NJOL JJOIIQ.
B'>#+>? 4#5&EFE"GEHIJI FB'>#EFVWH <)$#* N@NNLNIP HR@JOP .QHJI .NHLN JJOIIQ.
B'>#+>? 4#5&EFE"GEHIJI FB'>#ETJ. <)$#* N@NNLNJJ HR@ILI .QOON .NQLJ JJOIIQ.
B'>#+>? 4#5&EFE"GEHIJI F%*)2&EHPHX <)$#* N@NNHQJO HJ@PIH .RPII .HHOP JJOIIQ.
B'>#+>? 4#5&EFE"GEHIJI F%*)2&EBS<H <)$#* N@NNHQRR HJ@IP .QRRJ .HQJL JJOIIQ.
B'>#+>? 4#5&EFE"GEHIJI F%*)2&EB<DL <)$#* N@NNHPHQ HO@NIH .INPR .HROQ JJOIIQ.
B'>#+>? 4#5&EFE"GEHIJI F%*)2&E0WYNH <)$#* N@NNHIIQ H.@.IQ .QRPH .HJOJ JJOIIQ.
B'>#+>? 4#5&EFE"GEHIJI F%*)2&EZWNH <)$#* N@NNHIQ. H.@OQ. .INHI .HQL. JJOIIQ.
B'>#+>? 4#5&EFE"GEHIJI F%*)2&EYKYNH <)$#* N@NNHQQ HJ@IPO .QJHH .HJRO JJOIIQ.
B'>#+>? 4#5&EFE"GEHIJI F%*)2&EYSMH <)$#* N@NNHQIP H.@.I .QIHL .HINJ JJOIIQ.
B'>#+>? 4#5&EFE"GEHIJI F%*)2&EY<BH <)$#* N@NNHQRH HJ@RPJ .QI.L .HPLR JJOIIQ.
B'>#+>? 4#5&EFE"GEHIJI F%*)2&EY[& <)$#* N@NNHINR H.@JLR .RH.R .NNQI JJOIIQ.
B'>#+>? 4#5&EFE"GEHIJI \)]]#>:)ELLJH <)$#* N@NNLNPJ HQ@H .QNNQ JPPQQ JJOIIQ.
B'>#+>? 4#5&EFE"GEHIJI \)]]#>:)E.LH <)$#* N@NNLH HQ@NL .QHLO .NNQL JJOIIQ.
B'>#+>? 4#5&EFE"GEHIJI \)]]#>:)EONHN <)$#* N@NNLNQR HR@NI .QHPN .NLHQ JJOIIQ.
B'>#+>? 4#5&EFE"GEHIJI \)]]#>:)EON.R <)$#* N@NNLNIQ HQ@NOH .QHPR .NHII JJOIIQ.
B'>#+>? 4#5&EFE"GEHIJI \)]]#>:)EOHI <)$#* N@NNLNQQ HR@IP. .QHQO .NHPP JJOIIQ.
B'>#+>? 4#5&EFE"GEHIJI \)]]#>:)EIHP <)$#* N@NNLN.P HR@.HR .RPR. .NNIJ JJOIIQ.
B'>#+>? 4#5&EFE"GEHIJI DB9&*>?#EBC4NH <)$#* N@NNHI.Q HO@IOQ .JHOP JRPOR JJOIIQ.
B'>#+>? 4#5&EFE"GEHIJI DB9&*>?#EBC4NL <)$#* N@NNHI.Q HO@PR. .JNQ. JRIQN JJOIIQ.
B'>#+>? 4#5&EFE"GEHIJI DB9&*>?#EBC4NJ <)$#* N@NNHIQI HR@JJQ .LQPR JR.II JJOIIQ.
B'>#+>? 4#5&EFE"GEHIJI DB9&*>?#EBC4N. <)$#* N@NNHIQP HR@ORJ .JHP. JRIIJ JJOIIQ.
B'>#+>? 4#5&EFE"GEHIJI DB9&*>?#EBC4NO <)$#* N@NNHPQL HR@JRR .JJLI JRQN. JJOIIQ.
B'>#+>? 4#5&EFE"GEHIJI DB9&*>?#EBC4NR <)$#* N@NNHP HO@JOP ..HO. JQQQ. JJOIIQ.



B'>#+>? 4#5&EFE"GEHIJI DB9&*>?#EBC4H <)$#* N@NNHIOO HO@HOO ..JRH JIHLP JJOIIQ.
B'>#+>? 4#5&EFE"GEHIJI DB9&*>?#EBC4L <)$#* N@NNHPJL HR@.R. .JRNI JQHHP JJOIIQ.
B'>#+>? 4#5&EFE"GEHIJI DB9&*>?#EB:9H <)$#* N@NNHI.L HO@P.I ..NHN JQIL. JJOIIQ.
B'>#+>? 4#5&EFE"GEHIJI DB9&*>?#ECCNLN <)$#* N@NNHPLJ HR@OHO .O.LO JIPRQ JJOIIQ.
B'>#+>? 4#5&EFE"GEHIJI DB9&*>?#ECCNJ. <)$#* N@NNHPQI HO@.P. .O.H. JIQQN JJOIIQ.
B'>#+>? 4#5&EFE"GEHIJI DB9&*>?#ECCNJQ <)$#* N@NNHP.O HR@LPH .OH.L JIRNP JJOIIQ.
B'>#+>? 4#5&EFE"GEHIJI DB9&*>?#ECCN.P <)$#* N@NNHPIJ HR@RPH .OJPN JIQLP JJOIIQ.
B'>#+>? 4#5&EFE"GEHIJI DB9&*>?#ECCNOP <)$#* N@NNHPIQ HR@QRP .OJRQ JIRPJ JJOIIQ.
B'>#+>? 4#5&EFE"GEHIJI DB9&*>?#E4,>H <)$#* N@NNHP.I HR@OOQ .LJQO JOIJJ JJOIIQ.
B'>#+>? 4#5&EFE"GEHIJI DB9&*>?#E4,>L <)$#* N@NNHIQH HO@QRH .HPPN JOQNR JJOIIQ.
B'>#+>? 4#5&EFE"GEHIJI DB9&*>?#E40DNNH <)$#* N@NNLNHI HR@OLR ..QON JQPQL JJOIIQ.
B'>#+>? 4#5&EFE"GEHIJI DB9&*>?#EG&; <)$#* N@NNLNOI HQ@IQO .OQQH JIIOP JJOIIQ.
B'>#+>? 4#5&EFE"GEHIJI DB9&*>?#EFCNLQ <)$#* N@NNHPQQ HR@HL .OR.I JPNNQ JJOIIQ.
B'>#+>? 4#5&EFE"GEHIJI DB9&*>?#E^<NH <)$#* N@NNLNOJ HR@H.L ..PPH JINPR JJOIIQ.
B'>#+>? 4#5&EFE"GEHIJI DB9&*>?#E^ZA <)$#* N@NNHPQI HR@.H. .OPR. JPJHP JJOIIQ.
B'>#+>? 4#5&EFE"GEHIJI DB9&*>?#E^VEH <)$#* N@NNHPR HR@HI. ..INL JILHI JJOIIQ.
B'>#+>? 4#5&EFE"GEHIJI DB9&*>?#E_CNJP <)$#* N@NNHINQ HO@LQH .ORHI JPOON JJOIIQ.
B'>#+>? 4#5&EFE"GEHIJI _B'>#E^& <)$#* N@NNH.OH HH@IJQ .QQPR .LPLL JJOIIQ.
B'>#+>? 4#5&EFE"GEHIJI _B'>#ETHLU <)$#* N@NNHJP HN@ORJ .INQR .J.NI JJOIIQ.
B'>#+>? 4#5&EFE"GEHIJI _B'>#ET.QU <)$#* N@NNHOIR HL@HQJ .ILOQ .LPLP JJOIIQ.
B'>#+>? 4#5&E^YHJR #;?>&;+EKCCEJLM <)$#* N@NNNRLJ H@INL H.NJ HJHN H.PRIQ
B'>#+>? 4#5&E^YHJR #;?>&;+EM%;#',>*H <)$#* N@NNHJPL .@NOI LONJ LLJL HP.QJJ
B'>#+>? 4#5&E^YHJR #;?>&;+ES&>+*>9E. <)$#* N@NNNLPQ H@JIH RN.H OIIJ OLPH.P
B'>#+>? 4#5&E^YHJR #;?>&;+ES&>+*>9EO <)$#* N@NNNORQ L@.L JPHI JQNQ JQHJIR
B'>#+>? 4#5&E^YHJR #;?>&;+ET#2 <)$#* N@NNNQI. R@J.J LJRIP LLNII LN.HRQQ
B'>#+>? 4#5&E^YHJR 4B'>#ELJO <)$#* N@NNHLL P@LPL JHRP. LIILR LJOHHPR
B'>#+>? 4#5&E^YHJR 4B'>#ETNOU <)$#* N@NNHLQJ P@Q.J JLL.R LPLO. LJOHHPR
B'>#+>? 4#5&E^YHJR 4B'>#ETHJU <)$#* N@NNNQQJ O@.P. JLORJ JNQ.R LJOHHPR
B'>#+>? 4#5&E^YHJR 4B'>#ET.N <)$#* N@NNHJII HN@QLR JLJHR LPNOL LJOHHPR
B'>#+>? 4#5&E^YHJR 4B'>#ETQR <)$#* N@NNHHI I@OJ JHIOI LPNI. LJOHHPR
B'>#+>? 4#5&E^YHJR FB'>#EBBH <)$#* N@NNHJNO P@PH JHIHL LIQ.J LJOHHPR
B'>#+>? 4#5&E^YHJR FB'>#EFVWH <)$#* N@NNHLJ I@PRP JHOHQ LIRLR LJOHHPR
B'>#+>? 4#5&E^YHJR FB'>#ETJ. <)$#* N@NNHLNH P@LNR JHIIH LPNOQ LJOHHPR
B'>#+>? 4#5&E^YHJR F%*)2&EHPHX <)$#* N@NNNPLI R@PQP JHOJN LPJON LJOHHPR
B'>#+>? 4#5&E^YHJR F%*)2&EBS<H <)$#* N@NNNPOJ R@PQI JHP.L LPQNH LJOHHPR
B'>#+>? 4#5&E^YHJR F%*)2&EB<DL <)$#* N@NNHHO I@RP. JLJLN LPRHO LJOHHPR
B'>#+>? 4#5&E^YHJR F%*)2&E0WYNH <)$#* N@NNHNOP Q@I.Q JHPHL LP.LJ LJOHHPR
B'>#+>? 4#5&E^YHJR F%*)2&EZWNH <)$#* N@NNHNO Q@QNR JLLNN LPQJL LJOHHPR
B'>#+>? 4#5&E^YHJR F%*)2&EYKYNH <)$#* N@NNNPNJ R@I. JHOIQ LP.RO LJOHHPR
B'>#+>? 4#5&E^YHJR F%*)2&EYSMH <)$#* N@NNNPQ. Q@HLJ JLNRP LPQQP LJOHHPR
B'>#+>? 4#5&E^YHJR F%*)2&EY<BH <)$#* N@NNHNNP Q@HRH JLHHR LPQ.. LJOHHPR
B'>#+>? 4#5&E^YHJR F%*)2&EY[& <)$#* N@NNHNNR Q@.J JNI.. LI.QI LJOHHPR
B'>#+>? 4#5&E^YHJR \)]]#>:)ELLJH <)$#* N@NNHJHO P@RPP JHO.I LI.OR LJOHHPR
B'>#+>? 4#5&E^YHJR \)]]#>:)E.LH <)$#* N@NNHLQR P@RR. JH.I. LI.IJ LJOHHPR
B'>#+>? 4#5&E^YHJR \)]]#>:)EONHN <)$#* N@NNHLJR P@NH JHOQQ LIRQH LJOHHPR
B'>#+>? 4#5&E^YHJR \)]]#>:)EON.R <)$#* N@NNHLO P@.II JHONN LIORH LJOHHPR
B'>#+>? 4#5&E^YHJR \)]]#>:)EOHI <)$#* N@NNHLR. P@.IP JHOLR LIOOO LJOHHPR
B'>#+>? 4#5&E^YHJR \)]]#>:)EIHP <)$#* N@NNHHOR I@R JHJLH LIRNJ LJOHHPR
B'>#+>? 4#5&E^YHJR DB9&*>?#EBC4NH <)$#* N@NNHNOQ I@IQI LIPON LR.R. LJOHHPR
B'>#+>? 4#5&E^YHJR DB9&*>?#EBC4NL <)$#* N@NNHNLP I@QNH LIIJR LR.HO LJOHHPR
B'>#+>? 4#5&E^YHJR DB9&*>?#EBC4NJ <)$#* N@NNHHNL P@LRH LIQLN LRHLP LJOHHPR
B'>#+>? 4#5&E^YHJR DB9&*>?#EBC4N. <)$#* N@NNHNQP I@QO LIPPQ LR.RH LJOHHPR
B'>#+>? 4#5&E^YHJR DB9&*>?#EBC4NO <)$#* N@NNHHOI P@HR LPNII LRJRR LJOHHPR
B'>#+>? 4#5&E^YHJR DB9&*>?#EBC4NR <)$#* N@NNHH.L I@Q.O LPRPQ LQNHL LJOHHPR
B'>#+>? 4#5&E^YHJR DB9&*>?#EBC4H <)$#* N@NNHNQP I@LJ LPIJR LQLPP LJOHHPR
B'>#+>? 4#5&E^YHJR DB9&*>?#EBC4L <)$#* N@NNHHPQ P@QL LPL.P LR.JR LJOHHPR
B'>#+>? 4#5&E^YHJR DB9&*>?#EB:9H <)$#* N@NNHNHP Q@IQL LPOQI LQHIL LJOHHPR
B'>#+>? 4#5&E^YHJR DB9&*>?#ECCNLN <)$#* N@NNHHLP P@NHR JN.IP LQIJO LJOHHPR
B'>#+>? 4#5&E^YHJR DB9&*>?#ECCNJ. <)$#* N@NNHHRP I@RLL JN.RO LQQHO LJOHHPR
B'>#+>? 4#5&E^YHJR DB9&*>?#ECCNJQ <)$#* N@NNHHHH I@PQH JNHQQ LQOR. LJOHHPR
B'>#+>? 4#5&E^YHJR DB9&*>?#ECCN.P <)$#* N@NNHHOR P@NNR JN.H. LQRPR LJOHHPR
B'>#+>? 4#5&E^YHJR DB9&*>?#ECCNOP <)$#* N@NNHHI P@.O. JNJRO LQOPL LJOHHPR
B'>#+>? 4#5&E^YHJR DB9&*>?#E4,>H <)$#* N@NNHHQR P@JR LI.QH LOQNR LJOHHPR



B'>#+>? 4#5&E^YHJR DB9&*>?#E4,>L <)$#* N@NNHH.I P@RIL LILHP LOOHP LJOHHPR
B'>#+>? 4#5&E^YHJR DB9&*>?#E40DNNH <)$#* N@NNHLHP P@OQP LPPL. LQNOI LJOHHPR
B'>#+>? 4#5&E^YHJR DB9&*>?#EG&; <)$#* N@NNHLRP HN@.JR JNIJQ LQIO. LJOHHPR
B'>#+>? 4#5&E^YHJR DB9&*>?#EFCNLQ <)$#* N@NNHL.H P@IJL JNRPL LQQQ. LJOHHPR
B'>#+>? 4#5&E^YHJR DB9&*>?#E^<NH <)$#* N@NNHLJO P@JHL JNHJQ LQLJJ LJOHHPR
B'>#+>? 4#5&E^YHJR DB9&*>?#E^ZA <)$#* N@NNHLNJ P@JL. JNPJ. LIHNR LJOHHPR
B'>#+>? 4#5&E^YHJR DB9&*>?#E^VEH <)$#* N@NNHHRJ P@..I JNHNH LQJRR LJOHHPR
B'>#+>? 4#5&E^YHJR DB9&*>?#E_CNJP <)$#* N@NNNP.Q Q@JPL JN.PO LILRQ LJOHHPR
B'>#+>? 4#5&E^YHJR _B'>#E^& <)$#* N@NNNR.L .@IJ JLHRO JNROR LJOHHPR
B'>#+>? 4#5&E^YHJR _B'>#ETHLU <)$#* N@NNNORO J@P.P JLLHI JNIPN LJOHHPR
B'>#+>? 4#5&E^YHJR _B'>#ET.QU <)$#* N@NNNQOH O@.P. JLJLR JNORH LJOHHPR
B'>#+>? 4#5&E\"Q. #;?>&;+EKCCEJLM <)$#* N@NNNJ.R H@HLJ HIPI HIJN HPRHL.
B'>#+>? 4#5&E\"Q. #;?>&;+EM%;#',>*H <)$#* N@NNHNJP J@HRH JLIO JNLN LOOHON
B'>#+>? 4#5&E\"Q. #;?>&;+ES&>+*>9E. <)$#* N@NNNJQL H@PLO QRJP QJPO RORRHJ
B'>#+>? 4#5&E\"Q. #;?>&;+ES&>+*>9EO <)$#* N@NNNLQJ H@LIQ .POO .ILI .RJPRR
B'>#+>? 4#5&E\"Q. #;?>&;+ET#2 <)$#* N@NNNL.I L@H. JJ.IJ JLQRQ LIIOI.L
B'>#+>? 4#5&E\"Q. 4B'>#ELJO <)$#* N@NNNQQI R@JJO ..LNJ .HR.J JLPHHJO
B'>#+>? 4#5&E\"Q. 4B'>#ETNOU <)$#* N@NNNPOH Q@RO .OHRH .LNJL JLPHHJO
B'>#+>? 4#5&E\"Q. 4B'>#ETHJU <)$#* N@NNNJRR L@QIL .OJ.P ..H.. JLPHHJO
B'>#+>? 4#5&E\"Q. 4B'>#ET.N <)$#* N@NNHN.J I@J.P .OHQQ .HQ.R JLPHHJO
B'>#+>? 4#5&E\"Q. 4B'>#ETQR <)$#* N@NNNPL. Q@RO. ...PO .H.OR JLPHHJO
B'>#+>? 4#5&E\"Q. FB'>#EBBH <)$#* N@NNNPNP Q@RLJ ..JPO .H.N. JLPHHJO
B'>#+>? 4#5&E\"Q. FB'>#EFVWH <)$#* N@NNNPQJ Q@OJO ..HOI .NPOO JLPHHJO
B'>#+>? 4#5&E\"Q. FB'>#ETJ. <)$#* N@NNNIJJ R@IHI ..OIN .HIJP JLPHHJO
B'>#+>? 4#5&E\"Q. F%*)2&EHPHX <)$#* N@NNN.QO J@IHH .JQPQ .LLJO JLPHHJO
B'>#+>? 4#5&E\"Q. F%*)2&EBS<H <)$#* N@NNNOHQ J@P.J ..OHN .LINP JLPHHJO
B'>#+>? 4#5&E\"Q. F%*)2&EB<DL <)$#* N@NNNR.. O@NQP ..PNL .LQIH JLPHHJO
B'>#+>? 4#5&E\"Q. F%*)2&E0WYNH <)$#* N@NNNROH O@HOI ..OJ. .LJPL JLPHHJO
B'>#+>? 4#5&E\"Q. F%*)2&EZWNH <)$#* N@NNNRL. .@I.I ..III .LIJ. JLPHHJO
B'>#+>? 4#5&E\"Q. F%*)2&EYKYNH <)$#* N@NNNORJ .@JIP ..LJH .LJQR JLPHHJO
B'>#+>? 4#5&E\"Q. F%*)2&EYSMH <)$#* N@NNNOH .@NOI ..RNH .LPLH JLPHHJO
B'>#+>? 4#5&E\"Q. F%*)2&EY<BH <)$#* N@NNNOII .@RHP ..Q.N .LINO JLPHHJO
B'>#+>? 4#5&E\"Q. F%*)2&EY[& <)$#* N@NNNOIP .@QH .LPQN .HNJL JLPHHJO
B'>#+>? 4#5&E\"Q. \)]]#>:)ELLJH <)$#* N@NNNPOH I@HPJ .JPRJ .NIJL JLPHHJO
B'>#+>? 4#5&E\"Q. \)]]#>:)E.LH <)$#* N@NNNPNJ Q@..Q ..N.O .HNQJ JLPHHJO
B'>#+>? 4#5&E\"Q. \)]]#>:)EONHN <)$#* N@NNNPLH Q@JJ. ..LHN .HHQI JLPHHJO
B'>#+>? 4#5&E\"Q. \)]]#>:)EON.R <)$#* N@NNNPHO Q@INR ..HHQ .HHNQ JLPHHJO
B'>#+>? 4#5&E\"Q. \)]]#>:)EOHI <)$#* N@NNNIPQ Q@JIL ..HHP .HHRQ JLPHHJO
B'>#+>? 4#5&E\"Q. \)]]#>:)EIHP <)$#* N@NNNPNP Q@O ..NNN .HNNI JLPHHJO
B'>#+>? 4#5&E\"Q. DB9&*>?#EBC4NH <)$#* N@NNNQRH R@.P .N.IN JQPQO JLPHHJO
B'>#+>? 4#5&E\"Q. DB9&*>?#EBC4NL <)$#* N@NNNQNR R@J .NLLQ JQPNL JLPHHJO
B'>#+>? 4#5&E\"Q. DB9&*>?#EBC4NJ <)$#* N@NNNQPH R@IPJ .NNPI JQ.PO JLPHHJO
B'>#+>? 4#5&E\"Q. DB9&*>?#EBC4N. <)$#* N@NNNQOR R@OHJ .N.JI JQPON JLPHHJO
B'>#+>? 4#5&E\"Q. DB9&*>?#EBC4NO <)$#* N@NNNIOQ Q@JJ. .NOH. JQRPJ JLPHHJO
B'>#+>? 4#5&E\"Q. DB9&*>?#EBC4NR <)$#* N@NNNINI R@IOQ .H... JIQI. JLPHHJO
B'>#+>? 4#5&E\"Q. DB9&*>?#EBC4H <)$#* N@NNNQJP R@HRJ .HONO JPNQJ JLPHHJO
B'>#+>? 4#5&E\"Q. DB9&*>?#EBC4L <)$#* N@NNNIJO R@PR. .NIO. JIHNQ JLPHHJO
B'>#+>? 4#5&E\"Q. DB9&*>?#EB:9H <)$#* N@NNNQ.Q R@.OI .HLPR JIIJI JLPHHJO
B'>#+>? 4#5&E\"Q. DB9&*>?#ECCNLN <)$#* N@NNNQP. R@PNJ .LONO JPIPL JLPHHJO
B'>#+>? 4#5&E\"Q. DB9&*>?#ECCNJ. <)$#* N@NNNIOI R@IRJ .L.IR JPRRL JLPHHJO
B'>#+>? 4#5&E\"Q. DB9&*>?#ECCNJQ <)$#* N@NNNIN. R@PLQ .LHOJ JPONI JLPHHJO
B'>#+>? 4#5&E\"Q. DB9&*>?#ECCN.P <)$#* N@NNNIHQ Q@NJ .LJQR JPRII JLPHHJO
B'>#+>? 4#5&E\"Q. DB9&*>?#ECCNOP <)$#* N@NNNIII Q@RPL .L.LL JPONN JLPHHJO
B'>#+>? 4#5&E\"Q. DB9&*>?#E4,>H <)$#* N@NNNIRO Q@OII JPOPQ JRQON JLPHHJO
B'>#+>? 4#5&E\"Q. DB9&*>?#E4,>L <)$#* N@NNNQQL R@OJP JPLOH JRQHH JLPHHJO
B'>#+>? 4#5&E\"Q. DB9&*>?#E40DNNH <)$#* N@NNNILQ R@IO. .HI.I JPHLQ JLPHHJO
B'>#+>? 4#5&E\"Q. DB9&*>?#EG&; <)$#* N@NNNIPH Q@IHI .LQRQ JPIJO JLPHHJO
B'>#+>? 4#5&E\"Q. DB9&*>?#EFCNLQ <)$#* N@NNNQPP R@OQL .LRJQ .NNNP JLPHHJO
B'>#+>? 4#5&E\"Q. DB9&*>?#E^<NH <)$#* N@NNNPLI Q@OJO .LLHI JPHR. JLPHHJO
B'>#+>? 4#5&E\"Q. DB9&*>?#E^ZA <)$#* N@NNNI.R Q@NQQ .LPPR .NLHJ JLPHHJO
B'>#+>? 4#5&E\"Q. DB9&*>?#E^VEH <)$#* N@NNNQPO R@IQH .HILJ JPLNQ JLPHHJO
B'>#+>? 4#5&E\"Q. DB9&*>?#E_CNJP <)$#* N@NNNQQQ R@R.Q .LIP. .NJJQ JLPHHJO
B'>#+>? 4#5&E\"Q. _B'>#E^& <)$#* N@NNNHJJ H@N.H ..R.N ..LNL JLPHHJO



B'>#+>? 4#5&E\"Q. _B'>#ETHLU <)$#* N@NNNNHR N@HH. ..QRP ..QHI JLPHHJO
B'>#+>? 4#5&E\"Q. _B'>#ET.QU <)$#* N@NNNLO. H@PL ..PPP ..HR. JLPHHJO
B'>#+>? 4#5&E_MNH #;?>&;+EKCCEJLM <)$#* N@NNNPNP J@HR LN.. HIOQ LNR.JQ
B'>#+>? 4#5&E_MNH #;?>&;+EM%;#',>*H <)$#* N@NNHQNO O@RH JRLR JHRQ LRPH.N
B'>#+>? 4#5&E_MNH #;?>&;+ES&>+*>9E. <)$#* N@NNNPQO O@HR. I.L. QQON RPHPHP
B'>#+>? 4#5&E_MNH #;?>&;+ES&>+*>9EO <)$#* N@NNHHIH O@QPL ORN. ONLR .IIPL.
B'>#+>? 4#5&E_MNH #;?>&;+ET#2 <)$#* N@NNNPQJ I@ONO JRPPJ J.NJI JNJRPQL
B'>#+>? 4#5&E_MNH 4B'>#ELJO <)$#* N@NNHRLP HJ@RQI .IIQI .JLLR J.RPHIP
B'>#+>? 4#5&E_MNH 4B'>#ETNOU <)$#* N@NNHRJI HJ@HN. .PRON .JPRI J.RPHIP
B'>#+>? 4#5&E_MNH 4B'>#ETHJU <)$#* N@NNHHPJ P@HRI .PPIJ .OI.L J.RPHIP
B'>#+>? 4#5&E_MNH 4B'>#ET.N <)$#* N@NNHQLH HJ@RQL .PRHP .JR.P J.RPHIP
B'>#+>? 4#5&E_MNH 4B'>#ETQR <)$#* N@NNHRO HJ@LP .PNHH .JLIO J.RPHIP
B'>#+>? 4#5&E_MNH FB'>#EBBH <)$#* N@NNHQL H.@.IQ .PNNJ .JNJR J.RPHIP
B'>#+>? 4#5&E_MNH FB'>#EFVWH <)$#* N@NNHQNH HJ@JIO .IORO .LRRJ J.RPHIP
B'>#+>? 4#5&E_MNH FB'>#ETJ. <)$#* N@NNHRH. HJ@H.P .PNQI .J.IH J.RPHIP
B'>#+>? 4#5&E_MNH F%*)2&EHPHX <)$#* N@NNHLIH HN@.HO .I.HN .JPRI J.RPHIP
B'>#+>? 4#5&E_MNH F%*)2&EBS<H <)$#* N@NNHJH. HN@.RR .PHOL ..OPL J.RPHIP
B'>#+>? 4#5&E_MNH F%*)2&EB<DL <)$#* N@NNH.O HH@IQ. .PRNI ..OQR J.RPHIP
B'>#+>? 4#5&E_MNH F%*)2&E0WYNH <)$#* N@NNH.HL HH@NHJ .PN.R ..H.R J.RPHIP
B'>#+>? 4#5&E_MNH F%*)2&EZWNH <)$#* N@NNH.OQ HH@IL. .POJP ...IO J.RPHIP
B'>#+>? 4#5&E_MNH F%*)2&EYKYNH <)$#* N@NNHJ.. HN@QHH .IRPQ ..NJJ J.RPHIP
B'>#+>? 4#5&E_MNH F%*)2&EYSMH <)$#* N@NNHJIL HH@LNR .PJIR ..OPH J.RPHIP
B'>#+>? 4#5&E_MNH F%*)2&EY<BH <)$#* N@NNHJLH HN@.OL .PJNO ..QL. J.RPHIP
B'>#+>? 4#5&E_MNH F%*)2&EY[& <)$#* N@NNHJJ HN@RO .Q.PH .LIQI J.RPHIP
B'>#+>? 4#5&E_MNH \)]]#>:)ELLJH <)$#* N@NNHRQQ H.@HL .I..I .LRJH J.RPHIP
B'>#+>? 4#5&E_MNH \)]]#>:)E.LH <)$#* N@NNHQL HJ@IQR .IRNL .LRJ. J.RPHIP
B'>#+>? 4#5&E_MNH \)]]#>:)EONHN <)$#* N@NNHRPJ HJ@.IO .IRQQ .LINJ J.RPHIP
B'>#+>? 4#5&E_MNH \)]]#>:)EON.R <)$#* N@NNHRPQ HJ@IRP .IRJH .LQ.O J.RPHIP
B'>#+>? 4#5&E_MNH \)]]#>:)EOHI <)$#* N@NNHRRP HJ@Q. .IR.L .LIOL J.RPHIP
B'>#+>? 4#5&E_MNH \)]]#>:)EIHP <)$#* N@NNHRJP HJ@HRR .IJQ. .LRIQ J.RPHIP
B'>#+>? 4#5&E_MNH DB9&*>?#EBC4NH <)$#* N@NNH..H HL@OOJ ..OLP JPOJH J.RPHIP
B'>#+>? 4#5&E_MNH DB9&*>?#EBC4NL <)$#* N@NNH.LP HL@JJI ..JON JPJPL J.RPHIP
B'>#+>? 4#5&E_MNH DB9&*>?#EBC4NJ <)$#* N@NNH.OH HL@R.H ..NQN JPNJO J.RPHIP
B'>#+>? 4#5&E_MNH DB9&*>?#EBC4N. <)$#* N@NNH.IL HL@IHP ..OOP JP.HI J.RPHIP
B'>#+>? 4#5&E_MNH DB9&*>?#EBC4NO <)$#* N@NNHOPR HJ@HPQ ..QNL JPHRR J.RPHIP
B'>#+>? 4#5&E_MNH DB9&*>?#EBC4NR <)$#* N@NNHOLJ HL@ONH .OOLH .NLJQ J.RPHIP
B'>#+>? 4#5&E_MNH DB9&*>?#EBC4H <)$#* N@NNH.R HL@NIL .OQ.L .NRQQ J.RPHIP
B'>#+>? 4#5&E_MNH DB9&*>?#EBC4L <)$#* N@NNHO.O HJ@LQQ ..PI. JPRLJ J.RPHIP
B'>#+>? 4#5&E_MNH DB9&*>?#EB:9H <)$#* N@NNH..J HL@JIJ .OJQN .NJR. J.RPHIP
B'>#+>? 4#5&E_MNH DB9&*>?#ECCNLN <)$#* N@NNHOHQ HJ@LOQ .RIQR .HRHJ J.RPHIP
B'>#+>? 4#5&E_MNH DB9&*>?#ECCNJ. <)$#* N@NNHOPH HL@OIL .RIN. .HLIO J.RPHIP
B'>#+>? 4#5&E_MNH DB9&*>?#ECCNJQ <)$#* N@NNHONH HL@IRQ .R.QR .HLRQ J.RPHIP
B'>#+>? 4#5&E_MNH DB9&*>?#ECCN.P <)$#* N@NNHOOP HJ@.NO .RIHI .H.HH J.RPHIP
B'>#+>? 4#5&E_MNH DB9&*>?#ECCNOP <)$#* N@NNHORI HJ@JJP .RQP. .HJOJ J.RPHIP
B'>#+>? 4#5&E_MNH DB9&*>?#E4,>H <)$#* N@NNHOIJ HJ@LOO .JQNI JILHR J.RPHIP
B'>#+>? 4#5&E_MNH DB9&*>?#E4,>L <)$#* N@NNH.RR HL@ON. .JLLJ JIHJI J.RPHIP
B'>#+>? 4#5&E_MNH DB9&*>?#E40DNNH <)$#* N@NNHRNQ HJ@Q.H .RHHL .NOJI J.RPHIP
B'>#+>? 4#5&E_MNH DB9&*>?#EG&; <)$#* N@NNHRLR H.@L.R .QHRI .HOLQ J.RPHIP
B'>#+>? 4#5&E_MNH DB9&*>?#EFCNLQ <)$#* N@NNHOQQ HL@PIJ .QHHR .HR.. J.RPHIP
B'>#+>? 4#5&E_MNH DB9&*>?#E^<NH <)$#* N@NNHR. HJ@.IQ .RJRR .NRQI J.RPHIP
B'>#+>? 4#5&E_MNH DB9&*>?#E^ZA <)$#* N@NNHOJQ HJ@NR. .QJRN .LNLP J.RPHIP
B'>#+>? 4#5&E_MNH DB9&*>?#E^VEH <)$#* N@NNHOLR HL@QRH .RHLH .NILI J.RPHIP
B'>#+>? 4#5&E_MNH DB9&*>?#E_CNJP <)$#* N@NNH.HQ HH@P.H .QNOI .LH.L J.RPHIP
B'>#+>? 4#5&E_MNH _B'>#E^& <)$#* N@NNHNNJ Q@P.H .PJJO .OIOO J.RPHIP
B'>#+>? 4#5&E_MNH _B'>#ETHLU <)$#* N@NNNP.O Q@HJR .POR. .RLIO J.RPHIP
B'>#+>? 4#5&E_MNH _B'>#ET.QU <)$#* N@NNHHJH I@RJP .PRP. .OQQH J.RPHIP
V,&!*)['!>;!6)$:!();+!>;:>?#+&!'>1;>(>?#;+!1&;&!($)[!/aA!'?)*&a!b!J=!6&+[&&;!+,&!4#5&!6&#*!#;:!8@



!"#$%&'()&!"#$%&'()*+,#$-,.-.,*(./$0,.'$*"#$-.1%,$2#%,$#3*('%*#&$24$5!$,%*(.6$
7+*8,.+- 9.1%,$2#%, : ; <=; 3*&6#,, >
?'#,(@%/ ?9A %/@(#/*BCAABDEF G6HIEH<< G6EDHEJK G6GEGIJK DI6JIL
?'#,(@%/ ?9A %/@(#/*BF+/%3"(,< G6JMDIMI G6<LIDLM G6G<HLJ MH6KJJ
?'#,(@%/ ?9A %/@(#/*BN#(*,('BM G6JJIEM< G6<<DHLK G6G<<GJD HK6KII
?'#,(@%/ ?9A %/@(#/*BN#(*,('BL G6JLKLK< G6<MGMGK G6G<MEGL IG6L<<
?'#,(@%/ ?9A %/@(#/*BO%- G6JH<EMM G6<EJHLI G6GGJMDK <GD6EDK
?'#,(@%/ ?9A P?3(%BEDL G6KJK<I G6G<GJM G6GGKGLL <GK6EDL
?'#,(@%/ ?9A P?3(%BOGLQ <$R S$G G6G<LGE< II6II<
?'#,(@%/ ?9A P%3(%BOMG G6KJEKEE G6G<HGHJ G6G<MIHK II6KID
?'#,(@%/ ?9A P%3(%BOHI G6KMK<DL G6GLGJIL G6GGKHKJ KI6JH
?'#,(@%/ ?9A T?3(%B??< G6KDJIKI G6GI<DGM G6GGKE<I <G<6JLD
?'#,(@%/ ?9A T?3(%BT!U< G6KG<LEH G6GKJMHD G6GGKJIM K<6DKK
?'#,(@%/ ?9A T%3(%BODM G6KMJME< G6GL<LHK G6GGJHHM <GJ6<G<
?'#,(@%/ ?9A T+,.-#B<K<V G6KKGLMI G6GGKMLM G6GGJGGL <ED6HDD
?'#,(@%/ ?9A T+,.-#B?N9< G6KKKHDK G6GGGEI< G6GGJ<<< <ED6EID
?'#,(@%/ ?9A T+,.-#B?9WE G6KJIEI G6G<DHM G6GGJLGH <<L6KM<
?'#,(@%/ ?9A T+,.-#B7UXG< G6KKIKEM G6GGDGHI G6GGJKLH <<<6EKK
?'#,(@%/ ?9A T+,.-#BYUG< G6KJJEIL G6G<<HDL G6GGJM<K <<H6DJJ
?'#,(@%/ ?9A T+,.-#BXCXG< G6KJILEI G6G<DMHM G6GGJJHK <<<6<<E
?'#,(@%/ ?9A T+,.-#BXNF< G6KHJGJM G6GE<K<I G6GGJEEE <<J6KLM
?'#,(@%/ ?9A T+,.-#BX9?< G6KKLMJJ G6GGML<E G6GGJIGM <<L6IKH
?'#,(@%/ ?9A T+,.-#BXZ# G6KJGLIL G6G<KMDL G6GGJKM <GK6IJ<
?'#,(@%/ ?9A [.\\%(&.BEED< G6KGJEK< G6GK<HGK G6GGKMII KL6KMK
?'#,(@%/ ?9A [.\\%(&.BME< G6JKEKEM G6<GHGHI G6GGKH<M K<6KE<
?'#,(@%/ ?9A [.\\%(&.BLG<G G6JKJKIE G6<G<GDJ G6GGKMLI KL6GH
?'#,(@%/ ?9A [.\\%(&.BLGMI G6JKHLML G6<GEMLL G6GGKLIK KD6HKM
?'#,(@%/ ?9A [.\\%(&.BL<J G6KGDHGL G6GKIEKL G6GGKGDK KK6KHK
?'#,(@%/ ?9A [.\\%(&.BJ<K G6KGGMDH G6GKKLID G6GGKL<D KM6ILM
?'#,(@%/ ?9A W?'#,(@%B?APG< G6JMD<D< G6<LIJIK G6G<GH<E HJ6HGK
?'#,(@%/ ?9A W?'#,(@%B?APGE G6JD<DEH G6<IJIHD G6G<GKMM HL6KIL
?'#,(@%/ ?9A W?'#,(@%B?APGD G6JDDEI G6<IIHM G6G<GDKI JG6<LD
?'#,(@%/ ?9A W?'#,(@%B?APGM G6JDLEGI G6<IMHKM G6G<GMEM JG6<E<
?'#,(@%/ ?9A W?'#,(@%B?APGL G6JDL<< G6<IMJK G6G<<JDK HG6LM
?'#,(@%/ ?9A W?'#,(@%B?APGI G6JLIGIL G6<MDKDL G6G<GLHD JG6KIL
?'#,(@%/ ?9A W?'#,(@%B?AP< G6JMDGM< G6<LIKLK G6G<<EII HM6JDE
?'#,(@%/ ?9A W?'#,(@%B?APE G6JDLJ<< G6<IM<JK G6G<<JE HG6HGK
?'#,(@%/ ?9A W?'#,(@%B?&'< G6JMJLGM G6<L<MKI G6G<GDLH J<6KEK
?'#,(@%/ ?9A W?'#,(@%BAAGEG G6KGHGLL G6GKEKML G6GGKJJJ K<6HDI
?'#,(@%/ ?9A W?'#,(@%BAAGDM G6JKLKDJ G6<GMGIE G6G<GLDJ JL6G<I
?'#,(@%/ ?9A W?'#,(@%BAAGDH G6JKDME< G6<GILHK G6GGKJIH KG6LML
?'#,(@%/ ?9A W?'#,(@%BAAGMK G6JKGIHI G6<GKDEM G6G<<LII HH6GGK
?'#,(@%/ ?9A W?'#,(@%BAAGLK G6JKGIL< G6<GKDMK G6G<GLDL JM6LMI
?'#,(@%/ ?9A W?'#,(@%BP"(< G6JEDLH< G6<HIMEK G6G<<JGL IK6HID
?'#,(@%/ ?9A W?'#,(@%BP"(E G6JELJJE G6<HM<<J G6GGKHKM JM6DEK
?'#,(@%/ ?9A W?'#,(@%BP7WGG< G6JGGJ<< G6<KK<JK G6G<<IHD IJ6IGD
?'#,(@%/ ?9A W?'#,(@%B]#/ G6KGJMDL G6GK<LIL G6GGKHDH KD6EKK
?'#,(@%/ ?9A W?'#,(@%BTAGEH G6JKJEL G6<G<HL G6GGKKK< JK6KGJ
?'#,(@%/ ?9A W?'#,(@%B^9G< G6JGHMGM G6<KELKI G6G<EML< IM6JML
?'#,(@%/ ?9A W?'#,(@%B^Y> G6K<D<<K G6GJIJJ< G6GGKHDL KD6HKK
?'#,(@%/ ?9A W?'#,(@%B^!B< G6JLJMD G6<M<LH G6GGKJDE JH6D<<



?'#,(@%/ ?9A W?'#,(@%B_AGDK G6KDED<L G6GIHIJL G6GGKHG< KI6<G<
?3(%*(@ ?9A %/@(#/*BCAABDEF G6HH<JE G6EEJ<J G6GEEMKK DM6DGL
?3(%*(@ ?9A %/@(#/*BF+/%3"(,< G6JMGIIL G6<LKDDL G6G<JHGH MM6KDK
?3(%*(@ ?9A %/@(#/*BN#(*,('BM G6JJKME< G6<<GLHK G6G<<IIJ HI6EEH
?3(%*(@ ?9A %/@(#/*BN#(*,('BL G6JLLLLI G6<MMMMM G6G<MJJJ LH6MIL
?3(%*(@ ?9A %/@(#/*BO%- G6JIJJJ< G6<D<<<K G6GGJHIE KK6<ID
?3(%*(@ ?9A P?3(%BEDL G6KJJKEL G6G<<GHL G6GGKDKM <GL6EHI
?3(%*(@ ?9A P?3(%BOGLQ <$R S$G G6G<LIKL ID6J<J
?3(%*(@ ?9A P%3(%BOMG G6KJ<DHK G6G<JIE< G6G<MIL II6KJJ
?3(%*(@ ?9A P%3(%BOHI G6KMHJMH G6GLE<LD G6G<G<ID KD6EIJ
?3(%*(@ ?9A T?3(%B??< G6KDIGD< G6GIDKIK G6GGKMJD KJ6HG<
?3(%*(@ ?9A T?3(%BT!U< G6JKKGME G6<GGKLJ G6GGKIKI KE6HE<
?3(%*(@ ?9A T%3(%BODM G6KL<DI G6GMJIM G6GGK<HI <GD6IJ<
?3(%*(@ ?9A T+,.-#B<K<V G6KJIELD G6G<DHMH G6GGJLE< <<L6HMJ
?3(%*(@ ?9A T+,.-#B?N9< G6KKMKJH G6GGLG<D G6GGJDIK <<J6JKD
?3(%*(@ ?9A T+,.-#B?9WE G6KHIKE< G6GEDGHK G6GGJLMK <<M6EHL
?3(%*(@ ?9A T+,.-#B7UXG< G6KK<KJ G6GGJGE G6GGKL<J <GM6EEI
?3(%*(@ ?9A T+,.-#BYUG< G6KJ<IED G6G<JDHH G6GGJHHH <<<6JMI
?3(%*(@ ?9A T+,.-#BXCXG< G6KJJM<H G6G<<LJD G6GGKEHM <GI6LJM
?3(%*(@ ?9A T+,.-#BXNF< G6KHIMML G6GEDLLL G6GGJI<L <<D6DMJ
?3(%*(@ ?9A T+,.-#BX9?< G6KKLK<I G6GGMGJM G6GGKEJK <GH6E<
?3(%*(@ ?9A T+,.-#BXZ# G6KHJKDE G6GE<GIJ G6GGKDEE <GL6GGJ
?3(%*(@ ?9A [.\\%(&.BEED< G6KGIM<L G6GKDLJL G6GGKIKM KD6L
?3(%*(@ ?9A [.\\%(&.BME< G6JJJHJ G6<<<EE G6GGKK<L JK6IDK
?3(%*(@ ?9A [.\\%(&.BLG<G G6JKLKG< G6<GMGKK G6GGKHGD KE6DEJ
?3(%*(@ ?9A [.\\%(&.BLGMI G6JKLDDM G6<GMIII G6GGKJHJ KG6IDJ
?3(%*(@ ?9A [.\\%(&.BL<J G6KGEIJH G6GKHD<D G6GGKDLM KI6MKJ
?3(%*(@ ?9A [.\\%(&.BJ<K G6JKLIL G6<GMDL G6GGKHGE KE6D<K
?3(%*(@ ?9A W?'#,(@%B?APG< G6JLIDEK G6<MDIH< G6GGKKJ< JL6HKD
?3(%*(@ ?9A W?'#,(@%B?APGE G6JMHKLM G6<LEGMI G6G<GEGH JD6GHD
?3(%*(@ ?9A W?'#,(@%B?APGD G6JMEEI G6<LHHM G6G<GEIM JE6GIE
?3(%*(@ ?9A W?'#,(@%B?APGM G6JMJLHM G6<L<MEI G6GGKKEH JL6MJL
?3(%*(@ ?9A W?'#,(@%B?APGL G6JMME<J G6<LLHJE G6G<GL<< JG6D<K
?3(%*(@ ?9A W?'#,(@%B?APGI G6JH<KK< G6<EJGGK G6G<G<EM JI6<DE
?3(%*(@ ?9A W?'#,(@%B?AP< G6JIIDLI G6<DDIMM G6G<G<LK JL6EJ<
?3(%*(@ ?9A W?'#,(@%B?APE G6JMJGEK G6<L<KH< G6G<GJL< HJ6<LD
?3(%*(@ ?9A W?'#,(@%B?&'< G6JHG<LE G6<EKJMJ G6GGKJJD JJ6GML
?3(%*(@ ?9A W?'#,(@%BAAGEG G6KEL<IE G6GHMJDJ G6GGKHMI KM6KEM
?3(%*(@ ?9A W?'#,(@%BAAGDM G6KGHEGL G6GKEHKL G6GGKHDK KD6<L
?3(%*(@ ?9A W?'#,(@%BAAGDH G6K<E<JL G6GJHJ<L G6GGKKLH K<6I<M
?3(%*(@ ?9A W?'#,(@%BAAGMK G6KG<I< G6GKJDK G6G<G<EK JK6G<
?3(%*(@ ?9A W?'#,(@%BAAGLK G6KGIGMK G6GKDKL< G6GGKKKJ KG6IED
?3(%*(@ ?9A W?'#,(@%BP"(< G6JD<J<J G6<IJ<JE G6G<GLIM HJ6HM
?3(%*(@ ?9A W?'#,(@%BP"(E G6JDDKI< G6<IIGDK G6GGKJJD JM6DJD
?3(%*(@ ?9A W?'#,(@%BP7WGG< G6JDMKEJ G6<ILGHE G6G<GELM J<6MEM
?3(%*(@ ?9A W?'#,(@%B]#/ G6KE<<DK G6GHJJI< G6GGKJEL KD6HLJ
?3(%*(@ ?9A W?'#,(@%BTAGEH G6K<MGMD G6GJLKLH G6GGKIEJ KM6KD<
?3(%*(@ ?9A W?'#,(@%B^9G< G6JM<JGI G6<LJ<KM G6G<GMJL JG6EK
?3(%*(@ ?9A W?'#,(@%B^Y> G6KEHIML G6GHEDLL G6GGKLHJ KI6JMH
?3(%*(@ ?9A W?'#,(@%B^!B< G6JHD<EM G6<EIJHI G6GGKLKK KG6KIE
?3(%*(@ ?9A W?'#,(@%B_AGDK G6KDKMD< G6GIGLIK G6G<GGLD KD6MMH



?'#,(@%/ A,+/. %/@(#/*BCAABDEF G6HLKDIJ G6EMGIDE G6GEGJHE DI6DJE
?'#,(@%/ A,+/. %/@(#/*BF+/%3"(,< G6JM<<LL G6<LJJML G6G<HJDH MH6<LH
?'#,(@%/ A,+/. %/@(#/*BN#(*,('BM G6JJDM<K G6<<ILJ< G6G<<MGJ HH6MDI
?'#,(@%/ A,+/. %/@(#/*BN#(*,('BL G6JLIEG< G6<MDHKK G6G<MLDK LJ6JKE
?'#,(@%/ A,+/. %/@(#/*BO%- G6JIJHI G6<D<EM G6GGJI<L <GG6JME
?'#,(@%/ A,+/. P?3(%BEDL G6KJJKDD G6G<<GIH G6GGKE<L <GH6DEE
?'#,(@%/ A,+/. P?3(%BOGLQ <$R S$G G6G<LEJI IL6LGK
?'#,(@%/ A,+/. P%3(%BOMG G6KJEILE G6G<HDMJ G6G<MKM IL6HHM
?'#,(@%/ A,+/. P%3(%BOHI G6KMJ<KK G6GL<JG< G6GGKKH< KL6GKM
?'#,(@%/ A,+/. T?3(%B??< G6KDHIGM G6GIEDKI G6GGKDJL KK6KGK
?'#,(@%/ A,+/. T?3(%BT!U< G6JKKJED G6<GG<HH G6G<GGLK JK6MLE
?'#,(@%/ A,+/. T%3(%BODM G6KMHMK< G6GLELGK G6GGJKDI <GI6GEK
?'#,(@%/ A,+/. T+,.-#B<K<V G6KKGDID G6GGKIDH G6GGJ<MJ <E<6LME
?'#,(@%/ A,+/. T+,.-#B?N9< G6KKKIHK G6GGGDE< G6GGJELL <E<6<GM
?'#,(@%/ A,+/. T+,.-#B?9WE G6KJIGJL G6G<DK<L G6GGJIIJ <<D6HIL
?'#,(@%/ A,+/. T+,.-#B7UXG< G6KKIJDL G6GGD<IL G6GGK<<H <GK6DDI
?'#,(@%/ A,+/. T+,.-#BYUG< G6KJHKKJ G6G<EGGE G6GGJLHM <<L6EEI
?'#,(@%/ A,+/. T+,.-#BXCXG< G6KJIEKK G6G<DHG< G6GGKGDM <GK6<J
?'#,(@%/ A,+/. T+,.-#BXNF< G6KHHIEK G6GEEDH< G6GGJDIL <<I6JIL
?'#,(@%/ A,+/. T+,.-#BX9?< G6KKLMML G6GGMLLL G6GGJHLH <<D6IHE
?'#,(@%/ A,+/. T+,.-#BXZ# G6KJG<JM G6G<KJ<I G6GGK< <GH6HGH
?'#,(@%/ A,+/. [.\\%(&.BEED< G6KGIHDH G6GKDEID G6GGKILL KD6K<H
?'#,(@%/ A,+/. [.\\%(&.BME< G6JK<GGI G6<GJKKM G6GGKKG< JK6KKL
?'#,(@%/ A,+/. [.\\%(&.BLG<G G6JKHEGL G6<GEHKL G6GGKILD KE6KMJ
?'#,(@%/ A,+/. [.\\%(&.BLGMI G6JKLHMM G6<GMELI G6GGKHLL K<6JEJ
?'#,(@%/ A,+/. [.\\%(&.BL<J G6KG<KH< G6GKJGEK G6GGKEGH KH6KI<
?'#,(@%/ A,+/. [.\\%(&.BJ<K G6JKJIHL G6<G<DEL G6GGKIJK KE6HLI
?'#,(@%/ A,+/. W?'#,(@%B?APG< G6JMGELI G6<LKHMM G6G<GKDE HI6JIM
?'#,(@%/ A,+/. W?'#,(@%B?APGE G6JEJEDM G6<H<HII G6G<<<M< HM6DDK
?'#,(@%/ A,+/. W?'#,(@%B?APGD G6JDG<HH G6<IKJED G6G<GLKI HJ6DMJ
?'#,(@%/ A,+/. W?'#,(@%B?APGM G6JDEEGI G6<IHHKM G6G<GIMK HJ6<ML
?'#,(@%/ A,+/. W?'#,(@%B?APGL G6JDEGJD G6<IHK<H G6G<EGK< IJ6JE
?'#,(@%/ A,+/. W?'#,(@%B?APGI G6JLDMDI G6<MILIM G6G<GHHM HK6E<M
?'#,(@%/ A,+/. W?'#,(@%B?AP< G6JMG<HK G6<LKJE< G6G<<MJJ HD6<DJ
?'#,(@%/ A,+/. W?'#,(@%B?APE G6JDEHIM G6<IHEDI G6G<EGDJ IK6<HI
?'#,(@%/ A,+/. W?'#,(@%B?&'< G6JMLHJ< G6<LME<K G6G<GLM< JG6EDJ
?'#,(@%/ A,+/. W?'#,(@%BAAGEG G6KGLEMJ G6GKMHLE G6G<GGKD JK6IKE
?'#,(@%/ A,+/. W?'#,(@%BAAGDM G6JKMGDD G6<GLKIH G6G<GHLI JD6<<K
?'#,(@%/ A,+/. W?'#,(@%BAAGDH G6JK<M<K G6<GJLJ< G6G<GGLD JJ6IHD
?'#,(@%/ A,+/. W?'#,(@%BAAGMK G6JJJIEI G6<<<DHM G6G<<HKK HL6D<<
?'#,(@%/ A,+/. W?'#,(@%BAAGLK G6JJJLHL G6<<<MEL G6G<GHLI JE6I<I
?'#,(@%/ A,+/. W?'#,(@%BP"(< G6JEGDEL G6<HKIHL G6G<EGI< IJ6G<L
?'#,(@%/ A,+/. W?'#,(@%BP"(E G6JEEH<< G6<HHEJK G6G<GGGH JE6E<M
?'#,(@%/ A,+/. W?'#,(@%BP7WGG< G6HKH<ID G6EGEJDH G6G<<KDI II6HJI
?'#,(@%/ A,+/. W?'#,(@%B]#/ G6KGIHE G6GKDEJ G6GGKKDM K<6EHK
?'#,(@%/ A,+/. W?'#,(@%BTAGEH G6JKIDEK G6<GDIH< G6G<G<IH JJ6<LK
?'#,(@%/ A,+/. W?'#,(@%B^9G< G6JGDK<< G6<KIGJK G6G<EH< ID6EMJ
?'#,(@%/ A,+/. W?'#,(@%B^Y> G6K<<LDH G6GJJMID G6GGKKEJ K<6J<D
?'#,(@%/ A,+/. W?'#,(@%B^!B< G6JLLJM G6<MM<I G6G<GGEE JL6DKJ
?'#,(@%/ A,+/. W?'#,(@%B_AGDK G6KD<GGJ G6GIJKKE G6GGKJHL KM6EHL
?3(%*(@ A,+/. %/@(#/*BCAABDEF G6HIIJE< G6EDD<HK G6GEEKKD DD6DL



?3(%*(@ A,+/. %/@(#/*BF+/%3"(,< G6JDHLMJ G6<IEMLE G6G<KG<M MM6GMK
?3(%*(@ A,+/. %/@(#/*BN#(*,('BM G6JJIGGH G6<<DKKD G6G<EGDI HD6I<D
?3(%*(@ A,+/. %/@(#/*BN#(*,('BL G6JL<LGE G6<MJMKJ G6G<LDGM LL6IM<
?3(%*(@ A,+/. %/@(#/*BO%- G6JILJLJ G6<DM<ME G6GGJKI< KI6IEI
?3(%*(@ A,+/. P?3(%BEDL G6KJJIGL G6G<<DKL G6GGKLKJ <GE6KKH
?3(%*(@ A,+/. P?3(%BOGLQ <$R S$G G6G<IGEI IE6MKK
?3(%*(@ A,+/. P%3(%BOMG G6KJGKLI G6G<KGMM G6G<MKLK IL6LHL
?3(%*(@ A,+/. P%3(%BOHI G6KMIIMK G6GLDDL< G6G<GDJ K<6EGE
?3(%*(@ A,+/. T?3(%B??< G6KDMIKM G6GILDGI G6GGKIJI KI6L
?3(%*(@ A,+/. T?3(%BT!U< G6JKIKED G6<GDGHH G6GGKKGH KG6LDE
?3(%*(@ A,+/. T%3(%BODM G6KLGEKE G6GMKHGJ G6GGKDJ <G<6D<M
?3(%*(@ A,+/. T+,.-#B<K<V G6KJLJJD G6G<M<<H G6GGJHGM <<D6EHE
?3(%*(@ A,+/. T+,.-#B?N9< G6KKMJHK G6GGL<E< G6GGJLMI <<I6M<H
?3(%*(@ A,+/. T+,.-#B?9WE G6KHIMME G6GEDLLJ G6GGJHME <<<6HG<
?3(%*(@ A,+/. T+,.-#B7UXG< G6KK<JGL G6GGJ<KL G6GGKHEI <G<6KH<
?3(%*(@ A,+/. T+,.-#BYUG< G6KJ<E<I G6G<JHJM G6GGJKHL <GK6DDE
?3(%*(@ A,+/. T+,.-#BXCXG< G6KJJEG< G6G<<HKK G6GGKMII <GM6DKI
?3(%*(@ A,+/. T+,.-#BXNF< G6KHLJJ< G6GEM<<K G6GGJHKI <<G6KMM
?3(%*(@ A,+/. T+,.-#BX9?< G6KKLKLH G6GGMGMD G6GGKMJJ <GM6KHL
?3(%*(@ A,+/. T+,.-#BXZ# G6KHJMJ< G6GE<L<K G6GGKLEH <GE6HGI
?3(%*(@ A,+/. [.\\%(&.BEED< G6KGMMKM G6GKLLGI G6GGKK<J K<6<KM
?3(%*(@ A,+/. [.\\%(&.BME< G6JJIDKL G6<<DIGL G6G<G<DD JH6MHI
?3(%*(@ A,+/. [.\\%(&.BLG<G G6JKDH<H G6<GIEJD G6GGKKDH JK6KM<
?3(%*(@ A,+/. [.\\%(&.BLGMI G6JKD<<I G6<GIJJM G6G<G<GH JJ6DIJ
?3(%*(@ A,+/. [.\\%(&.BL<J G6KGGLIE G6GKKMDJ G6GGKLII KM6<ML
?3(%*(@ A,+/. [.\\%(&.BJ<K G6JKDMEM G6<GILHI G6GGKK<J KG6GJM
?3(%*(@ A,+/. W?'#,(@%B?APG< G6JLDEKD G6<MIHGH G6G<GEGD JD6IDM
?3(%*(@ A,+/. W?'#,(@%B?APGE G6JMMHGJ G6<LLEKE G6G<GM< J<6<MM
?3(%*(@ A,+/. W?'#,(@%B?APGD G6JDJJK< G6<I<<GK G6G<GLGH HK6JMD
?3(%*(@ A,+/. W?'#,(@%B?APGM G6JMLDMD G6<LMILH G6G<G<LE JD6EII
?3(%*(@ A,+/. W?'#,(@%B?APGL G6JMGK<I G6<LKGJM G6G<GHDL HJ6DDM
?3(%*(@ A,+/. W?'#,(@%B?APGI G6JIKEIL G6<DGHDL G6G<GDEJ JM6<II
?3(%*(@ A,+/. W?'#,(@%B?AP< G6JIDML< G6<DILMK G6G<GDI< JD6DDD
?3(%*(@ A,+/. W?'#,(@%B?APE G6JMMHK G6<LLE< G6G<<GJE HI6ED
?3(%*(@ A,+/. W?'#,(@%B?&'< G6JIHDK< G6<DEIGK G6G<GGJE JI6GDH
?3(%*(@ A,+/. W?'#,(@%BAAGEG G6KEDMLK G6GHILM< G6GGKKJ KE6LDE
?3(%*(@ A,+/. W?'#,(@%BAAGDM G6KGLEGI G6GKMHKM G6GGKKLJ KG6JKK
?3(%*(@ A,+/. W?'#,(@%BAAGDH G6K<GELE G6GJKHMJ G6G<G<HH JK6MMM
?3(%*(@ A,+/. W?'#,(@%BAAGMK G6JKKMJ< G6<GGL<K G6G<GDHM JI6HGJ
?3(%*(@ A,+/. W?'#,(@%BAAGLK G6KGDKHK G6GKIGE< G6G<GEME JJ6EIE
?3(%*(@ A,+/. W?'#,(@%BP"(< G6JEJED G6<H<HH G6G<GHKD HI6HDK
?3(%*(@ A,+/. W?'#,(@%BP"(E G6JDGML G6<IKLL G6G<G<<< JE6<DL
?3(%*(@ A,+/. W?'#,(@%BP7WGG< G6JD<DH G6<IJID G6G<GMIM HK6MMH
?3(%*(@ A,+/. W?'#,(@%B]#/ G6K<KMHE G6GJGLEJ G6G<GGMJ K<6L<E
?3(%*(@ A,+/. W?'#,(@%BTAGEH G6K<E<ED G6GJHJHH G6GGKJDL KE6HME
?3(%*(@ A,+/. W?'#,(@%B^9G< G6JDJMGD G6<I<LKH G6G<GIK< HJ6ME
?3(%*(@ A,+/. W?'#,(@%B^Y> G6KEI<EL G6GHDJHL G6GGKHKE KM6LHH
?3(%*(@ A,+/. W?'#,(@%B^!B< G6JHGDIH G6<EKIDD G6GGKJED JJ6IGJ
?3(%*(@ A,+/. W?'#,(@%B_AGDK G6KDJ<<I G6GI<JJM G6G<GEH< K<6DDM
?'#,(@%/ 9.1%, %/@(#/*BCAABDEF G6HLIDLK G6EMDIM< G6GE<GKK DL6JMJ
?'#,(@%/ 9.1%, %/@(#/*BF+/%3"(,< G6JMGMI< G6<LKLDK G6G<HKLK MI6HKJ



?'#,(@%/ 9.1%, %/@(#/*BN#(*,('BM G6JJDM<K G6<<ILJ< G6G<<DKH HH6L<<
?'#,(@%/ 9.1%, %/@(#/*BN#(*,('BL G6JLLHK G6<MME< G6G<MLHL LJ6H<I
?'#,(@%/ 9.1%, %/@(#/*BO%- G6JIJ<LM G6<D<JMI G6GGJI<L <GG6HH<
?'#,(@%/ 9.1%, P?3(%BEDL G6KJJK<E G6G<<GJJ G6GGKEML <GI6KII
?'#,(@%/ 9.1%, P?3(%BOGLQ <$R S$G G6G<LDDJ IL6EK
?'#,(@%/ 9.1%, P%3(%BOMG G6KJEI<L G6G<HDJL G6G<MKJH IL6LID
?'#,(@%/ 9.1%, P%3(%BOHI G6KMJGDK G6GL<KI< G6G<GGGM KM6HID
?'#,(@%/ 9.1%, T?3(%B??< G6KDHM<L G6GIELJL G6GGKMGM KK6IJH
?'#,(@%/ 9.1%, T?3(%BT!U< G6JKKMHH G6<GGLED G6G<GGH JK6DE<
?'#,(@%/ 9.1%, T%3(%BODM G6KMHDEH G6GLEIHD G6GGJKI< <GL6HE<
?'#,(@%/ 9.1%, T+,.-#B<K<V G6KKGDIE G6GGKIDJ G6GGJ<HI <E<6<EM
?'#,(@%/ 9.1%, T+,.-#B?N9< G6KKKHGM G6GGGEKI G6GGJEJM <EG6IJL
?'#,(@%/ 9.1%, T+,.-#B?9WE G6KJIGMH G6G<DKLD G6GGJIKH <<D6DJD
?'#,(@%/ 9.1%, T+,.-#B7UXG< G6KKIJDL G6GGD<IL G6GGK<MJ <GJ6KHD
?'#,(@%/ 9.1%, T+,.-#BYUG< G6KJHKH G6G<EGD G6GGJIG< <<M6JIL
?'#,(@%/ 9.1%, T+,.-#BXCXG< G6KJIEIL G6G<DHDL G6GGKGIE <GJ6JDL
?'#,(@%/ 9.1%, T+,.-#BXNF< G6KHHLHJ G6GEEMEE G6GGJDKE <<I6MK
?'#,(@%/ 9.1%, T+,.-#BX9?< G6KKLMME G6GGMLLJ G6GGJHJI <<D6EKL
?'#,(@%/ 9.1%, T+,.-#BXZ# G6KJG<DM G6G<KJII G6GGK<EH <GH6DKD
?'#,(@%/ 9.1%, [.\\%(&.BEED< G6KGIME G6GKDLJ G6GGKIHE KD6H<H
?'#,(@%/ 9.1%, [.\\%(&.BME< G6JKGIM G6<GKDI G6GGKK<E JK6JLI
?'#,(@%/ 9.1%, [.\\%(&.BLG<G G6JKIJH< G6<GD<EK G6GGKILL KE6JJK
?'#,(@%/ 9.1%, [.\\%(&.BLGMI G6JKLM< G6<GMLK G6GGKHI< K<6HD<
?'#,(@%/ 9.1%, [.\\%(&.BL<J G6KG<ILK G6GKJDM< G6GGKE<K KH6JGD
?'#,(@%/ 9.1%, [.\\%(&.BJ<K G6JKJDMH G6<G<ILD G6GGKHGL KE6LIM
?'#,(@%/ 9.1%, W?'#,(@%B?APG< G6JDKHM G6<IGEI G6G<GKED HI6JHH
?'#,(@%/ 9.1%, W?'#,(@%B?APGE G6JEHIHL G6<HEDEL G6G<<<L HM6EDE
?'#,(@%/ 9.1%, W?'#,(@%B?APGD G6JEKIL G6<HGDL G6G<GIGM HJ6EME
?'#,(@%/ 9.1%, W?'#,(@%B?APGM G6JD<ILL G6<IJDML G6G<GIMD HJ6<MM
?'#,(@%/ 9.1%, W?'#,(@%B?APGL G6JD<LDI G6<IJMIM G6G<EGKJ IJ6HD<
?'#,(@%/ 9.1%, W?'#,(@%B?APGI G6JLEKHL G6<MHGEL G6G<GHK< HK6GML
?'#,(@%/ 9.1%, W?'#,(@%B?AP< G6JDKIHD G6<IGDEH G6G<<MKL HD6GML
?'#,(@%/ 9.1%, W?'#,(@%B?APE G6JDEEDH G6<IHHID G6G<EGMI IK6GJJ
?'#,(@%/ 9.1%, W?'#,(@%B?&'< G6JMLEJL G6<LMH<L G6G<GLL< JG6<<D
?'#,(@%/ 9.1%, W?'#,(@%BAAGEG G6KGMKLL G6GKLGML G6G<G<<E JK6MK
?'#,(@%/ 9.1%, W?'#,(@%BAAGDM G6JKDHGD G6<GIEKH G6G<GHHE JE6KIE
?'#,(@%/ 9.1%, W?'#,(@%BAAGDH G6JK<GHL G6<GJKEL G6G<GGLI JJ6IGH
?'#,(@%/ 9.1%, W?'#,(@%BAAGMK G6JJJEIL G6<<<HDL G6G<<JEM HL6<EH
?'#,(@%/ 9.1%, W?'#,(@%BAAGLK G6JJJE<L G6<<<HJL G6G<GHJL JE6DLM
?'#,(@%/ 9.1%, W?'#,(@%BP"(< G6J<KHDK G6<JGEI< G6G<EGIM IH6KLE
?'#,(@%/ 9.1%, W?'#,(@%BP"(E G6JEE<MI G6<HHJLM G6G<GGG< JE6EGI
?'#,(@%/ 9.1%, W?'#,(@%BP7WGG< G6HKIMKM G6EGDLGI G6G<<KE< II6J<D
?'#,(@%/ 9.1%, W?'#,(@%B]#/ G6KGIMGL G6GKDLKL G6GGKKDD K<6EMK
?'#,(@%/ 9.1%, W?'#,(@%BTAGEH G6JKIGEJ G6<GDKHE G6G<G<K JH6KEK
?'#,(@%/ 9.1%, W?'#,(@%B^9G< G6JGDEEI G6<KIHHM G6G<EHGJ ID6EGL
?'#,(@%/ 9.1%, W?'#,(@%B^Y> G6K<<EMI G6GJJHLM G6GGKKLL K<6LDM
?'#,(@%/ 9.1%, W?'#,(@%B^!B< G6JLLDLE G6<MMIMJ G6G<GGDK JL6EGM
?'#,(@%/ 9.1%, W?'#,(@%B_AGDK G6KDGHK G6GIKE< G6GGKK KM6G<J
?3(%*(@ 9.1%, %/@(#/*BCAABDEF G6HIDHIK G6EDIED< G6GEDEED DE6JJJ
?3(%*(@ 9.1%, %/@(#/*BF+/%3"(,< G6JDIMH< G6<IDLEK G6G<KEGH MD6LL<
?3(%*(@ 9.1%, %/@(#/*BN#(*,('BM G6JJIG<E G6<<DKJJ G6G<EGEH HD6IH<



?3(%*(@ 9.1%, %/@(#/*BN#(*,('BL G6JLGHHJ G6<MKEEE G6G<LDIH LL6DIL
?3(%*(@ 9.1%, %/@(#/*BO%- G6JIMKJK G6<DLG<< G6GGJKKD KI6<JI
?3(%*(@ 9.1%, P?3(%BEDL G6KJJLID G6G<<MDH G6GGKIMH <GE6MIK
?3(%*(@ 9.1%, P?3(%BOGLQ <$R S$G G6G<I<< IE6<HH
?3(%*(@ 9.1%, P%3(%BOMG G6KJGJJK G6G<K<<< G6G<LGDL IL6EDK
?3(%*(@ 9.1%, P%3(%BOHI G6KMIDIH G6GLDIDD G6G<GMD< KG6HEJ
?3(%*(@ 9.1%, T?3(%B??< G6KDMDJ< G6GILI<K G6GGKHEI KI6GH
?3(%*(@ 9.1%, T?3(%BT!U< G6JKIDJH G6<GDI<D G6GGKKML KG6<DL
?3(%*(@ 9.1%, T%3(%BODM G6KLGGMK G6GMKKL< G6GGKME< <GG6JMH
?3(%*(@ 9.1%, T+,.-#B<K<V G6KJLJE G6G<M<J G6GGJHMH <<E6HGE
?3(%*(@ 9.1%, T+,.-#B?N9< G6KKMJI< G6GGL<DK G6GGJLJK <<L6JDE
?3(%*(@ 9.1%, T+,.-#B?9WE G6KHIDEJ G6GEDIHE G6GGJHJ< <<<6<J<
?3(%*(@ 9.1%, T+,.-#B7UXG< G6KK<HH< G6GGJEEK G6GGKHHM <G<6MIL
?3(%*(@ 9.1%, T+,.-#BYUG< G6KJ<<EE G6G<JJHJ G6GGKG<L <GJ6JDI
?3(%*(@ 9.1%, T+,.-#BXCXG< G6KJJ<LE G6G<<JMJ G6GGKL<D <GD6JHD
?3(%*(@ 9.1%, T+,.-#BXNF< G6KHLHI< G6GEMEDK G6GGJJDJ <<G6DKK
?3(%*(@ 9.1%, T+,.-#BX9?< G6KKLKEJ G6GGMGHE G6GGKLDI <GM6MMM
?3(%*(@ 9.1%, T+,.-#BXZ# G6KHJDH G6GE<ID G6GGKLH <GE6EEJ
?3(%*(@ 9.1%, [.\\%(&.BEED< G6KGM G6GKI G6GGKKLM KG6J<K
?3(%*(@ 9.1%, [.\\%(&.BME< G6JJLJEE G6<<M<HJ G6G<G<I JH6<JI
?3(%*(@ 9.1%, [.\\%(&.BLG<G G6JKD<J G6<GIJE G6GGKKLL JK6HE<
?3(%*(@ 9.1%, [.\\%(&.BLGMI G6JKELJH G6<GHM<D G6G<G<MH JH6KH
?3(%*(@ 9.1%, [.\\%(&.BL<J G6KGGGII G6GKKKDM G6GGKLKI KD6HKI
?3(%*(@ 9.1%, [.\\%(&.BJ<K G6JKEJKI G6<GH<GM G6GGKKL< JK6HEK
?3(%*(@ 9.1%, W?'#,(@%B?APG< G6JLELIK G6<MHMD< G6G<GED< JD6DDM
?3(%*(@ 9.1%, W?'#,(@%B?APGE G6JMDKM< G6<LIGLK G6G<GMME JG6JED
?3(%*(@ 9.1%, W?'#,(@%B?APGD G6JDJ<GD G6<I<JKH G6G<GLDH HK6LM
?3(%*(@ 9.1%, W?'#,(@%B?APGM G6JMMLJM G6<LLM<I G6G<G<JH JE6KGI
?3(%*(@ 9.1%, W?'#,(@%B?APGL G6JMG<<E G6<LKJJJ G6G<GHHL HH6KH<
?3(%*(@ 9.1%, W?'#,(@%B?APGI G6JIJIG< G6<D<DKK G6G<GDH JD6HLK
?3(%*(@ 9.1%, W?'#,(@%B?AP< G6JIEHKK G6<DHEG< G6G<GMGJ JE6KG<
?3(%*(@ 9.1%, W?'#,(@%B?APE G6JMMG<J G6<LLKJE G6G<<<<D HL6KMK
?3(%*(@ 9.1%, W?'#,(@%B?&'< G6JIIHD< G6<DDEIK G6G<G<ED JL6I<H
?3(%*(@ 9.1%, W?'#,(@%BAAGEG G6KEDGKD G6GHIKGH G6G<GG<M KE6<JM
?3(%*(@ 9.1%, W?'#,(@%BAAGDM G6KGMHMH G6GKLELD G6GGKKK KG6LH
?3(%*(@ 9.1%, W?'#,(@%BAAGDH G6KGKJGK G6GKG<K< G6G<GEGE JK6<HH
?3(%*(@ 9.1%, W?'#,(@%BAAGMK G6JKJKJ G6<G<GE G6G<GMGK JI6DII
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