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The Phylogeny and Evolution of Arctoidea
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Arctoidea is a clade in the order Carnivora, and consists of Mustelidae
(weasels), Procyonidae (raccoons), Ailuridae (red pandas), Mephitidae
(skunks), Ursidae (bears), Phocidae (seals), Odobenidae (walruses), and
Otariidae (sea lions). Arctoidea is an ecologically, morphologically, and
zoogeographically very diversified group. To understand the diversity of
Arctoidea and the biological events occurred in the process of evolutionary
history of this taxon, the phylogenetic tree provides us with the most basic
and essential information. The higher level relationships among Arctoidea
have been very complicated and enthusiastically discussed. During the last
decade, morphological and molecular phylogenetic studies have gradually
resolved that there are three major clades, Musteloidea (Mustelidae,
Procyonidae, Ailuridae, Mephitidae), Pinnipedia (Phocidae, Odobenidae,
Otariidae), and Ursoidea (Ursidae). However, phylogenetic relations of inter
and intra clades are still unresolved. The purpose of this study is to resolve
the phylognetic relations among Arctoidea through analyses of the
mitochondrial genomes and the multiple nuclear genes. In this study, I used
the largest dataset up to now among the studies on this problem with the
separate model which can take account of different tempos and the modes of
evolution among different genes.

In chapter I, I mentioned about the diversity of Arctoidea and the
phylogenetic position of Arctoidea among Carnivora. This chapter is the
introduction of the whole thesis. The subsequent chapters deal with
particular problems about the relations in each of the three major clades of
Arctoidea. I mention about the phylogenetic relations and the evolution of
Musteloidea in chapter II, that of Pinnipedia in chapter III, that of Ursidae
in chapter IV. Finally, I mention the relations between Musteloidea, Ursidae,
and Pinnipedia in chapter V on the basis of the preceding chapters.

The phylogenetic problems of Musteloidea can be focused on the deep
branching of family Mustelidae and the phylogenetic relations among the
families of Musteloidea. To resolve these problems, I determined the
complete mitochondrial genomes of Ailurus fulgens (red panda), Procyon

lotor (raccoon), Martes melampus (Japanese marten), Enhydra Iutris (sea
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otter), and Meles meles (Eurasia badger) and several nuclear genes of
arctoids. The family Mustelidae, which consists of Mustelinae (weasels,
martens), Lutrinae (otters), Melinae (badgers), and Taxidiinae (American
badgers), is the largest family among Carnivora and is a highly diverse
group. My results strongly support the hypothesis that the Taxidiinae
branched at first, followed by the branching of the Melinae. After that,
Mustelinae diversified, and Lutrinae evolved within Mustelinae. About
Musteloidea, the monophyly of Mustelidae+Procyonidae among Musteloidea
was strongly supported. On the other hand, the relations between
Mustelidae+Procyonidae, Ailuridae, and Miphitidae are still unclear. In my
analysis, the Ailuridae/Mephitidae monophyly tree and the Mephitidae-basal
tree are indistinguishable in log-likelihood score, and this problem remains
unresolved.

Pinnipedia is a clade that has paddle-like limbs via aquatic adaptation and
consists of Otariidae, Odobenidae, and Phocidae. Phocidae consists of the
subfamily Phocinae and Monachinae. Moreover, Phocinae consists the tribe
Phocini with 8 species, Cystophorini with single species, and Erignathini
with single species. The relations among Phocini are complicated. In my |
result, the monophyly of subtribes Phocina (6 species) and of subtribe
Histriophocina (2 species) in Phocini were strongly supported. The relations
among Phocina remained ambiguous. The subfamily Monachinae consists of
the tribe Monachinae with 2 species, Miroungini with 2 species, and
‘Lobodontini with 4 species. In the relations of Lobodontini, the monophyly of
Hydrurga and Leptonychotes was strongly supported, but phylogenetic
positions of the other 2 species remained ambiguous. Otariidae consists of 2
genera with 9 species of fur seals and 5 genera with 5 species of sea ]ioﬁs.
They distributes both in the northern hemisphere and the southern
hemisphere. In my result, the monophyly of the otariid in the southern
hemisphere was strongly supported. This is an unexpected clade in the .
previous studies. In addition, the otariid in the northern hemisphere became
paraphyly and the closest outgroup, Odobenidae, distributes in the northern
hemisphere. From this phylogenetic relations and from the information of

the fossil record, I constructed the new scenario of the evolution and the
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zoogeographical radiations of otariid. The origin of otariidae is probably in
the northern hemisphere. One clade of otariids migrated to the southern
hemisphere during the Late Miocene or Early Pliocene and explosively
expanded their distribution area.

Ursidae consists of Ursinae with 6 species, Tremarctinae with a single
species, and Ailuripodinae with a single species. The problem of Ursidae is
the relations among Ursinae. To resolve this problem, I determined the
mitochondrial genomes of Ursus thibetanus (Asiatic black bear) and
Ailuropoda melanoleuca (giant panda). I inferred the relations among
Ursinae, but these relations remained ambiguous, probably because of the
rapid radiation. According to my estimations of the divergence times, the
time between Ailuropodinae and the other ursid split was about 29 Ma, and
the time of rapid evolutionary radiation was 12Ma. These times are
remarkably older than those of previous studies.

The origin of Pinnipedia is a main problem in the evolutionary studies of
Arctoidea and has been discussed enthusiastically in many research fields
such as anatomy, paleontology and molecular phylogeny. In my result, the
monophyly of Pinnipedia+Musteloidea was strongly supported. This is the
first study that indicates this monophyletic relationship with a high
statistical significance. Moreover, the monophyletic relationship of
Pinnipedia/Musteloidea was not so influenced by the taxon sampling. In
these meanings, the result of this study is robust and stable. The time of
Ursidae/(Musteloidea+Pinnipedia) split was estimated at about 40Ma and
the time of Musteloidea/Pinnipedia split was estimated at about 37Ma.
These estimations of divergence dates were discussed in the context of the

fossil evidence.
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7—27 b F (Arctoidea) IIFHIBEEBHRBIZBTA 7L —FThHY, QA ¥FH (1 ¥
FER), OFEHE,. @7 ~HD 30/ N —TLbERENTWS, FhBho s L—7F
DRV _VTCORERIT, O FFER A ZFHB, 7547 =8, Lyh—rU5F,
AT, OFHE . 7TFIVR, BAUFHR, TUIE, @/~E: svFRERoT
Wb, T—7 b FiXiE#» CBEERAEICES T THIR EOIZIFSRITHOHFLTEBY .,
X DIBEHER LU ¥ FRO—ETIIBECE TAERBREEIT TS, 0% LEREA
PHOERETIEELS. 7T—7 M FREEBENICSH., BB ERNICH, ARPHICHIE
BRBHRRIIN—TTHY, TOELBETE CEYENA R N BET A ITIEE
TEDORMBEEETILERHD, LOLERL, BEETIKT—7 MM FREORSE
BRIZBL TiE, EL ORMEHABPHEINTEY ., H—REXELATHWARVORERT
HD, FZ T, FELRIXTIEZ. 7—7 b FRBOREELEZDF LAV THLMNZT
5ZLEEMNE LT ENEROR LV TORERED D Total genomic DNA % L, PCR
BIZE D B E T 2 RETFRROMIE, BRET LR, £V byr—s v 7k
X VEERFIZREL T, BRABICL 29 FREMBTEIT-> T3, BITERE LR
BFEEIEX, T bar FY 7 DNA of2a—F ¢ U 7 HEEE ORI 3Bk RETF
I’ TH B, TTR (intron 1: 784 bp). mP(exonlz 1272 bp). RAGI (exon 1: 1092 bp). APOB
(exon 26: 960 bp). type I STS markers (exons: 966 bp, introns: 1049 bp). SRY (exon and intron) (z
NOOEREFO—EIZ, IA—FIC Lo TERITE2EBRLTVWALOLH3),

BIRILDOBERIL 5 DOENPLRY ., 1 ETIX, 7—7 b FOEYFEHREBHRE., =
NECTOREEBRICETIHERICOVWTERHELTHY, F2ENLE4EEXI TR, O1
FFLER (F2%E). OBIE (B3%), O/~ (E4E), ThEhOI/ A —THEIC
B D0 TREFATORER L BERRRLN TV, BREDE 5 BT, 7—72 M F2
EOGTREMATICETIZENRENTEY, BIEPHOBRICEALZYTTELD
BRTW3, '

ETOA FF LRHIBT 23 FRFBAFTORERENDL, 1) A4 ZFROMHEIZBITER
MEREARICT A LR TERLZE (2R Ty, TAVIFL, 2 XY, IV H
FEIVYY, Fva, KT FIe, TRAVATFI~OREER) . 2) 4 FFFL
ToA S<ROBEREUERBR ZFENTLZ L, 3) A FFR+T 54 <F, LyP—rx
VERL AD LI ROREERISER T — 2 2 bIERATHB L, R ERRAS
NTRY, 417 F ERNBORKERI 2 Y FALNICESN, B - Bt OBERAHE
POBRETIEORFABECLLDLEEEL TS,

RIZQOEFEMEIC BT B FRFEBTORER N B, 4) 7 HRRERICHBWT, BERERICY
BT VABBERKETHEIZ L, BEMIIIE, SFIT7RAYVAAY bEA, =a—P—
FURFy bEA, TTIN—RFy bEA, A=A PFYTTLH, =a—P—F K
TR, XFITT7Y Ay b, FFIVTORREERALNCENEZ L, §) T
AR LA VTFROBRBEEPR TSN L, 6) T 7 U RINEORMEBIRE BIRE
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WKTBZENTEREZE, REPRESINTEY, HFICEREEBETEAVWEEEIZ total ML
BICE D RSB EZER T2 R X VBERREBERICERA THoANRRBR LA T
5, FEZOETE., PHECBST2EHELAT —FOERLBE L. BIEROMELE
MickiT 5, OARS. QILERTOBRME L S OIEK, @ALEED LEHEER~D
HEH, OFFRTOBSHBESFAOILK, ) 4 DOBREZHERNEZANTEELT
BY., HTRHLAFER, TRUREFERELZZE L, REEVVT UL EZRELT
W5,

SHI@ vHILBT BN TFREMTOERNS, ) FyFas /vl SvORRH
MR IFFENTZ &, 8) V¥ AT U IR F L EZDOMD 7 <R O4IEITH 3000 HLE
BIEHEE SN, HEROHEEMBEL Y bRIBICHEWI ERTRBEREZ L, 9) Py ATy M
VE ORISR, BERESEBECER (TAYV s Ux ) DT = b—7=),
FORFEBRIZISERNET—F0OERAATHRZ L, BZHEIh TV,

BB, BHEORRICEL T, 10) 4 7 F LR L #EIERERRTH D 2 LR8BI X
BFah, BRRZ 7YYV 7iRELT, RELTHRELRERTHY . XHETH
HDTHEOCEERREREE TN TEL LD LRESh TV S,

PEnk oz, AELHRTIZ 1) 25 10) TRLEL D 2, SHOBEELFNRINE
DIAENTEY, 7—7 MM FEEZDE THFREZHICHLONIENTZRDOHRL L
T, BIEHEORRICEL T, (kA7 — RN LEB L TREMICERLTVE A
RETHWENBMEZ R TWAbDLEXbNE, FEB—RICLY, ARLixEL
() T+HETHIHOLHEENE, 2B, 41 7F EROBREELICET OFR
SRR (CBEE T 2801, BEEE R EREE L LT, EEENEE Gene ICB#H SN D
FiE (accepted) TH 5,
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