
The Zoological Society of Japan

NII-Electronic Library Service

The  ZoologicalSociety  ofJapan

ZOOLOGICAL  SCIENCE  21  I111-118  (2004) @  2004 Zoological Society of Japan

Molecular Phylogeny  of  Arctoids (Mammalia: Carnivora) with
     Emphasis  on  Phylogenetic and  Taxonomic  Positions

                 of  the  Ferret-badgers and  Skunks

Jun J. satoit, Tetsuji Hosoda2,Mieczystaw Wolsan3  and  Hitoshi Suzukii"

i
 Laboratory of  Ecology and  Genetics, Graduate Schooi of  Ehvironmentai  darth Science,

           Hokkaido Univetsity] Kita-ku, Sapporo 060-0810,  Japan

     
2Kiokan

 t-ligh SchooL 43-1 Komatsubara, YLikawva, Gobo  644-OO12,  Japan

      
3institute

 of  Paleobioiogy, Pollsh Academy  of  Sciences, Tvatarda 51155,

           OO-818  YVarsiawa, and  Museum  and  tnstitute ofZOotogM

                 Polish Academy  of  Sciences, Wilcza 64,

                      OO-679  vaXtarszawa, Poland

ABSTRACT-Phylogenetic  relationships  among  the ferret-badger Melogate moschata,  the skunk  Mephitis

mephitis, and  21 other  arctoid carnivorans,  representing  Mustelidae (Mustelinae: Mustela, Martes, Gulo;

Lutrinae: Entutdra; Melinae: AneJes), Procyonidae (Procyon), and  Ursidae {Ursus, Metutsus), were  evalu-

ated  through  maximum-parsimony  phylogenetic analysis  of  concatenated  partial nucleotide  sequences  of

the nuclear  recombination-activating  gene  t (RAGI) and  gene  encoding  interphotoreceptor retinoid-bind-

ing protein (IRBP), The analysis  strongly  supports  Melogaie as  more  closely  related to a  musteline-lutrine

clade  {containing Mustela and  Enhydra) than  to Metes or  another  musteline  clade  containing  Martes and

Gulo (causing Melinae and  Mustelinae, as  traditionally circumscribed,  to be nonmonophyletic).  This,

together with known morphological  and  karyological evidence  for nonmeline  affinities of Melogate, justify
the exclusion  of the ferret-badgers from the  monophyletic  Melinae, Therefore, we  recommend  that Mel-

ogale  be c[assified in a distinct mustelid  subfamily,  the monotypic  Helictidinae. Our analysis  also  strongly

supports  an  outgroup  position of the skunks  to a clade  containing  Procyonidae and  the nonmephitine  Mus-
telidae {causing Mustelidae, as  traditionally circumscribed,  to be  paraphyletic). This position of  the  skunks

agrees  with  results of most  previous genetic studies.  However, it is contradicted  by known  morphological

evidence  from both living and  fossil taxa, as  well  as  genetic evldence  from protein electrophoresis.  These

consistently  support  the  traditional placement of  the  skunks  within  the monophyletic  Mustelidae (recently
in a  close  relationship  to Lutrinae). Therefore, we  consider  the  recent  elevation  of  the skunks  to the level

of family as  premature, and  recommend  that this clade  be left at the subfamily  level (Mephitinae) within

the  family Mustelidae, pending further evidence.
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INTRODUCTION

   The  ferret-badgers, genus Meiogale, include four living

species  (M. personata, M. moschata,  M. orientatis, and  M.

everettD  found in southeastern  Asia (Wozencraft, 1993, and

references  therein). A[though this genus appears  to be on[y
distantly related  to Metes  within  Mustelidae, as  suggested

'
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by evidence  from morphology  (e.g,, Pocock, 1922; Petter,

1971; Bryant et aL, 1993) and  karyology (Nie et aL, 2002),
it is generally classified as  a member  of the subfami[y  Meli-
nae,  apparently  following Simpson"s (1945) influential clas-

sification. Only few recent  authors  (Baryshnikov and  Abra-

mov,  l997, 1998; Aristov and  Baryshnikov, 2001] Sato et
aL,  2003)  explicitly  exclude  Melogale from this subfamily.

   The  skunks  inc[ude 10  livlng species  grouped into four

genera (the North American Mephitis and  Spilogale, the
North and  South American  Conepatus, and  the  southeast

Asian A,lyclaus; e,g.,  Wozencraft, 1993; Dragoo  and  Honey-

cutt, 1997; Dragoo  et  aL,  2003), as  well  as  a  number  of

extinct  species  and  genera, of  which  the  earliest  known  is
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the early  Miocene  European  Miomephitis piigrimi (e.g,, Gins-
burg, 1999). The  skunks  have  traditionally been  classified

as  the subfamily  Mephitinae within  the fami[y Mustelidae

(recently in a  close  relationship  to Lutrinae), primarily based

on  morphological  evidence  from extant  and  extinct taxa

(Bininda-Emonds et  at., 1999; Wolsan, 1999; and  refer-

ences  therein). Recently, however, primarily on  the basis of

genetic evjdence  (suggesting an  outgroup  position of

Mephitinae to a clade  containing  Procyonidae and  the non-
                            '
mephitine  Mustelidae), Ledje and  Arnason  <1996a, b) and

Dragoo  and  Honeycutt (1 997) excluded  the skunks  from the

family Mustelidae, and  elevated  them  to the level of family,
Mephitidae.

   Here we  present a  hypothesis of phylogenetic relation-

ships  among  arctoid carnivorans.  This hypothesis is derived

from a  phylogenetic analysis  of nucleotide  sequences  from

Sateet a/.

two nuclear  genes, Special consideration  is given to phylo-

genetic and  taxonomic placement of  the ferret-badgers and

the skunks.

            MATERIALS  AND  METHODS

Sampling

   A  total ot  28  species-group  taxa (species and  subspecies}  were

examined,  of which  23 represented  the carnivoran  infraorder Arc-
toidea and  five represented  the carnivoran  infraorder Ae]uroidea

(Table 1). For each  of these species-group  taxa, partial nucleotide

sequences  of two  nuclear  genes, the recomblnation-activating  gene
1 (RAGt} and  the gene encoding  interphotoreceptor retinoid-bind-

ing protein (IRBP), were  obtained  by sequencing  or extraction  from
the DDBJIEMBVGenBank  databases. The RAGI  sequences  are  a

fragment  of the exon,  1095  base  pairs (bp) in )ength, corresponding
to human  sites 1852-2946  (Schatz et  al., 1989). The  IRBP

sequences  are  a  fragment  of exon  1, 1188  bp  in length, corre-

Tablel.Taxon,  organism,  and  gene sampFing,  with  DDBJ/EMBLtGenBank  accession  numbers

Taxon Organism Gene

lnfraerderFamilyaSubfamilya Species ColFectionnumberb Sourcelocation RAGIIRBP

Scientificname Cemmonname

ArcteideaMustelidae  Lutrinae

        Melinae

MephitjnaeMusteiinae

Procyonidae Procyoninae

Ursidae

Aeluroidea Felidae

Viverridae

Ursinae

FelinaePantherinae

Paradoxurinae

Enhydralutris

Melesmeies

Metogatemoschata

Mephitismephitis

Gu/ogutoMartesamen'cana

Martes fia viguia
Martesfoina

Martes martes
Marteszibeiiina

Musteiaattaica

Musteia emTinea
Mustelaeversmanii

MusteJatutreola

Mustetanivatis

Mustelaputeriusfuro

Mustetaputeriusputerius

Mustela sibirica

Musteta vison

Procyoncancn'vorus

Procyonlotor

Melursusursinus

Ursusarctos

Leoparduspardalis

Fanthera Ieo
Panthera pardus
Panthera tigris

Paguma  iarvata

SeaOtterEurasianBadger

ChineseFerret-badger

StripedSkunk

WolverineAmericamMarten

Yellow-throatedMarten

Beech  Marten
European  Pine Marten

SableMountainWease[

ErmineSteppePe[ecat

EuropeanMink

LeastWeasel

DomestieFerret

European  PoLecat

StberFanWeasel

Amen'canMink

Crab-eatingRaccoon

Nerthern Raccoon

SlothBearBrown

 Bear

OcelotLionLeopardTigerMasked

 Palm Civet

TH257TH223AK703HTS3TH15eHS990AKIIHS1396AK702TH47AK805THI06HS2169AK13HS686TH27AK720TH98TH49HSt423KT2994HS1421HS1420HS1229HS1205HS1203HS1201HSI19BAlaska,USA

Thuringia,Germany

VietnarnObihiro

 ZooSakhalin,Russ[a

Maine, USAPrimorye,Russia

Thuringia,Germany

Moscow,  Russja

Hokkaido,Japan

Altai region,  Russia

Hokkaido,Japan

Chita region,  Russia
Novo$lbirsk,Russia

Aomori,Honshu,Japan

experimentalanimal

Moscow,  Russia

Wakayama,  Henshu, Japan

Hokkaido,Japane

YekehamaCityZoo

Miyazaki,Kyushu,Japane

YokohamaCityZoo

YokohamaC[tyZoo

YokohamaCityZoo

Yokohama  City Zoo

YokohamaCityZoo

YokohamaCityZoo

Yekohama  City Zeo

ABI09355CABI09356CABI093s7CABIe9358CABI0934oeABI0934tCABI09342CABI09343CABI09344CABI0934sCABIe9346CABI09347CABI0934sCABI0934gCABIOg3soC

ABI09351CABI093s2CABI09353C

ABI09354CABIe936oCABI0935gC

ABI09362CABI09361CABt09363CABI09364CABI09365CABI09366CABI09367C

AB08297sdABos2g7gdABI0933eCABI09331CABOS2962ti

ABe82963ti

ABOS2964dABos2g6sdABos2g66dABI0932gCABos2g6sdAB082g6gdABes2g7odABo82g72dABe82973d

ABos2g74dAB082g7sdAB082g76d

ABOB2977dABIe9332CAB0829Bta

ABI09334C

ABI09333CABI0933sCABI09336CABt09337CABIe933BCABIe9339C

"AccordingtoWezencraft's(1993)classification.

bNumbersreferteDNAortissueco))ectiensofAlexeiRKryukov,1nstituteotBioFogyandSoilScienee,Ru$sianAcademyefSciences,Vladivostok(AK};H/toshiSuzuki(HS,HTS)/

 KimiyukiTsuchjya,FacultyofAgriculture,fokyoUniversityefAgriculture,Atsugj{KT)/andletsujiHosoda(TH).
CNevvDDBJIEMBLIGenBankaccessions,thisstudy.

dReference/Satoetal,(20e3).

"lntroduced.
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Table 2,Primers  used  to amplify  the RAGI
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and  IRBP genes

Carnivora 113

Primer name Primer sequence  (5' to 3') Reterence

RAGIF1842

RAGIF1851

RAGIF2357

RAGIR2486

RAGIR2951

+IRBP217

R+IRBP335

R +IRBP724

U-IRBP734

R+IRBPI085

U-IRBPI145

-IRBP1531

U-IRBP1532

GCMGATGGACATGGAAGAAGACAT

ACATGGAAGAAGACATCTTGGAAGG

AGCCTCCCAAAATCJTGTCTTCCACTCCA

AATGTCACAGTGAAGGGCATCTATGGAAGG

GAGCCATCCCTCTCAATAATnCAGG

ATGGCCAAGGTCCTCITGGATAACTACTGCTT

CAGGAAACAGCTATGACCCATCTCAGACCCTCAGACGCT

CAGGAAACAGCTATGACCCCTGCACGTGGACACCATCT

TGTAAAACGACGGCCAGTTCTCTGTGGTGGTGITGGAGG

CAGGAAACAGCTATGACCAGAGAAGGCCCTGGCCATCCT

TGTAAAACGACGGCCAGTGCGGTCCACCAGCGTGTAGT

CGCAGGTCCATGATGAGGTGCTCCGTGTCCTG

TGTAAAACGACGGCCAGTTGATGAGGTGCTCCGTGTCCT

Teeling eta/.  (2000, their RAGIFI705)

this studythis

 studythis

 studyTeeling

 etal.  (2000, their RAGIR2864)

Stanhope et  al, O992}
Serizawa etal.  (2000)
Sato eta/.  (2003)
Serizawa  etal.  (2000)
Suzuki  et  al, {2000)
Sato  et al, <2003>
Stanhepe  et aL  (1 992)

Suzuki  et  al. (2000)
Numbers in primer names  reter to the iocation of  the 3i end  of the primer in the human  reference  sequence  (RAGI-Schatz et aL,

1989; IRBP-Fong et at., 1990). Prefixes 
"+''

 and  
"-''

 in IRBP primer names  refer  to the reading  and  complementary  strands,  respec-

tively.

sponding  to human  sites  337-1317  and  1324-1530  (Fong et aL,

1990). Because  all examined  Mustela  lacked three IRBP  base  pair$
(corresponding to human  sites  1311-1313;  Sato et  al., 2003), this

fragment  of  the gene was  excluded  from data analysis,

lsolation, amplification,  and  sequencing  ot  DNA

  Total genomic DNA  was  extracted  from tissues preserved in
ethanol  by the conventional  phenol-chloroform method.  The ampli-

fication was  performed via  nested  polymerase chain  reactions

(PCRs), using  an  automated  thermal cycler  (model PJ 2000,

TAKARA).  Each  first PCR  mix  contained  10 mM  Tris (pH 8.3), 50
mM  KCI, O.Ol%  gelatin, O.1%  Triton X-1OO, 2.5 mM  MgC12, O.2 mM

dNTP  mix,  O.05 pM  ot each  primer (1 pmol of  each  primer per reac-

tion), O.5 units  of Amplitaq  DNA  polymerase  {Applied Biosystems),

and  O.1-O.5 ug of template total genomlc DNA  in a  total volume  of

20  ul. Thermal  cycling  parameters ot the tirst PCR  were  as  follows/
RAGI-a  cycle  of denaturation at 950C  for 3  min  and  30 cycles  of

denaturation at 950C  for 30 sec,  annealing  at 57MC  tor 30  sec,  and

extension  at 720C  for 1 min;  IRBP-30  cycles  ef denaturation at  94"C

tor 1 min,  and  annealing  and  extension  at 700C  for 3 min  each

(Stanhope et  aL,  1992; Sato  et  al., 2003). A 1-Ld aliquot of each
reaction  mixture  after  the first PCR  was  used  as  a  template for the

$econd  PCR  in a  20  pl reaction  mixture  with  the same  reagents

except  for the concentration  of  MgC12  (whlch was  1.875 mM)  and

the primer pairs, The  second  PCR  was  performed under  the fo l[ow-

ing conditions/  RAGI-a  cycle  of denaturation at 950C  for 3 min  and

30  cycles  of denaturation at 95"C  for 30  sec,  annealing  at 570C  for

30  sec,  and  extension  at  72GC  for1 min;  IRBP-35  cycees  of dena-

turation at  960C  for 30 sec,  annealing  at 500C  for 30 sec,  and  exten-

sion  at 600C  for 30  sec  (Sato et al., 2003).

   In the first PCR, a  1,1-kb fragment ef  RAGI  was  amplified

using  primers RAGIF1842  and  RAGIR2951,  and  a  1,3-kb frag-
ment  of IRBP was  amplified  using  primers +IRBP217  and  

-
IRBP1531 {Table 2). In the second  PCR, two  segments  of RAGI

and  three segments  of IRBP were  amplified  aga[nst  the respective

products of the tirst PCR.  For RAGI,  the following two  primer sets

Table3.Heterozygosity  found in the RAGI  and  IRBP fragments among  the 28 carnivorans  sampled

Nueleotidepositiona

Species RAGI IRBP

1901  1933  1984  2164 22"  2239 2344 2464 431  453  475  672 772  906 1161  1177  1209  1275  1434

Melogaiemoschata

Metesmeles

Mephitismephitis

Martesamericana

Martesmartes

Mantes iibeStina

MusteJaeversmanii

Leoparduspardatis

Flantherapardus

Raguma  larvata

CtTb

AtGC CAFb

AtGbcnb

 cffc cffb cffbAiGb

CncNcb

 cnb cnb

AIGC  . cnb

 - AIGb

Crrb

Glcb

Ncb  ,

    Gtcb

"
 According  to the human  reference  sequence/
bSilentsubstitutiens.

CNonsilentsubstitutions.

RAGI-Schatz  et  aL  (1 989): IRBP-Fong  et  a"1990),
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Table  4,Sequence  composition  statistics at ditferent codon  positions for the RAGI  and  1RBP fragments from the 23 arctoids  sampled

Parameter RAGI IRBP

FirstSecondThird Total FirstSecondThird Total

Length, base  pairs

Variable sites: number  (%)

lntormative sites/ number  (%)
Mean  frequency  of  A, %

Mean  frequency  of  C,  %

Mean  trequency  ot  G, %

Mean  frequency of  T, %

 36511

 (6,5)

 7 (6,4)
 29.0

 20,9

 31.8

 18.3

 36514

 (8.3)

 7 (6.4)
 34.7

 2e.6

 16.8

 28.0

  365144

 (85.2)

 95 (87.2)15.033.931.719.4

 1095169(100)

109(100)26.225.126.721,9

  39548

 (20,2)27(t7.9)

 20,5

 29.1

 38,7

  11,8

  39534

 (14,3)18(11,9)

 24,8

 24,4

  19,7

 31,1

  395 1185

156{65.5) 238(100)

106 (702) 151 {100)
 7.942,337.712,O17.731.932.018,3

were  u$edi  (1) RAGIFI851  and  RAGIR2486,  and  (2) RAGIF2357
and  RAGIR2951.  For IRBP, the three primer sets  were  used:  (1) R
+IRBP335  and  U 

-IRBP734,
 (2) R +IRBP724  and  U 

-IRBP"45,
and  {3) R  +IRBPI085  and  U  

-IRBP1532.
 The  $equencing  of  the

products of ihe second  PCR  was  carried  out  according  to the man-

ufacturer's  instructiens, using  automated  sequencing  (Big Dye  Ter-

minator  cycle  sequencing  kit) on  an  ABI  31O,

Data  analysis

   A  x2-test of homogeneity  was  applied  to test the assumption  of

base-compositional homogeneity  within  either  single-gene  data set.

To te$t significance  of incongruence between the two  data sets,  the

partition homogeneity test was  performed. The Kimura two-param-
eter  method  was  used  to compare  per site substitution  rates

between  the two  gene$.

   Phylogenetic analysis  wa$  done on  a  combined  data set  (2280
bp) of the two  genes  by using  the maximum-parsimony  optimaiity

criteria and  equal  weighting  of  nucleotide  substitutions.  The analy-

sis was  conducted  using  100 heuristic tree-bisection reconnection

searches  in which  the input order  of  taxa was  randomized.  As rec-
ommended  by Barriel and  Tassy (1998), and  reterences  therein,
more  than  one  outgroup  taxon was  used.  Trees  were  rooted  such

that the coliective  aeluroid  outgroup  was  forced to be monophyeetic
with  respect  to the monophyletic  arctoid  ingroup, in accordance  with

the current  views  on  carnivoran phylogeny (e.g., Dragoo  and  Hon-

eycutt,  1997; Flynn and  Nedbal, 1998; Bininda-Emonds  et  a/.,

1999). To  assess  statisticai  support  for hypothesized  ciades,  boot-

strap  analysis  was  done  with  1000  bootstrap replicates  sampling

100  replicates  of the random  stepwise-addition  optjon,  ln addition,

the decay  index, representing  the number  of  extra  steps  required

for a  clade  not  to be unequivocally  supported,  was  calcuiated.

   AII anaryses  were  performed using  PAUP'  version  4.0blO

(Swofford, 1998), ln additien,  TreeRot  version  2b (Sorenson, 1999)

was  used  to calculate  the decay  index.

hypothesis of homogeneity in phylogenetjc signal  between

the RAGI  and  IRBP data sets, ln addition, a  comparison  of

per sjte substitution rates  between these  genes  {Fig. 1) indi-

cates  similar rates of evolution  at least as  far back as  the

divergence between the lineages leading to Arctoidea and

Aeluroidea. Therefore,  a combined  analysis  of the  two  data

partitions is justified (Huelsenbeck et aL, 1996).
   Maximum-parsimony analysis  of the combined  data set
yielded eight  shortest  trees. The  strict  consensus  of  these

trees is shown  in Fig. 2. There is robust  evidence  of an  out-

o---coNco[.9g'-.-Jcoo]dias"o-T-o<[--oL-oAE]z

O.12

O.08

    ltO,04
 !-

o

     ,.i,.tf.-M-e.,/i"
'

    
.

ajgt
-.

!kin.s s

ge ts

o
                    '
      O.04 O.08
Number  of  IRBP  tota: substitution$tsite

t---･ t---
     O,12

RESULTS

Nucleotidevariation

    Heterozygosity was  found jn five mustelid  nucleotide

sequences  of RAGI  and  four mustelid,  two felid, and  one

viverrid  sequences  of  IRBP  (Table 3). Sequence  composi-

tion statistics  for both gene fragments are  listed in Table 4.

For either gene, the null  hypothesis of homogeneity in base
composition  across  the arctoid  taxa  was  not  rejected  by the

x2-te$t (p >  o.os).

Phylogenetjcinterence

   The  partition homogeneity test did not  reject  the null

Fig. 1. Comparison  of per site substitution  rates  between  the car-

nivoran  RAGI  and  IRBP, as  estimated  by  using  the Kimura  two-

parameter method.  The s[ngle  diamond is for a comparison

between  the subspecies  of Mustela  putorius. Open  squares  are  for

pairwise comparisons  among  species-group  taxa withln  a  genus
(Aaartes, Mustela, Procyon, Panthera). Triangles are  for pairwise
comparisens  among  species-group  taxa ot different genera within  a

subfamily  (Musteitnae, Ursinae). Open circles  are  for pairvvi$e com-

parisons among  species-group  taxa of different subfamilies  wjthin  a

family (Mustelidae, Felidae). Filled circles  are  for pairwise compari-
sons  among  species-group  taxa of different families within  an

infraorder {Arctoidea, Aeluroidea}. Filled squares  are  for pairwise
comparisons  between species-group  taxa of  Arctoidea and  Aeluroi-
dea.
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63971

993

965

1004 63

1009
1

9910

8183

77

1OO 941
30 572

1OO1
99 9
910022

too43

1OO43

10043too1OO939

Musteia putorius furo
Mustelaputorjusputorius

Mustela  eversmanii

MusteJa sibirica
MusteJa Jutreofa
Musteta attaica
MusteJa  nivaiis

MusteJa  erminea

Musteia vison
Ehhydra iutris
Meiogale moschata
Martes loina
Marteszibeltina
Maftesamericana
Martesmartes

Martesfiaw'guia
Guto gulo
Melesmeles
Ro  cyon io tor
Procyon cancrivorus
Mephitismephitis

Ursusarctos
Meiursus ursinus
Panthera teo
Panthera  tigris

Rantherapardus
Leoparduspardalis

Raguma  iarva ta

Mustelinae

LutrinaeMelinae

MusteL[nae

Me[inaeProcyoninae

Mephitinae

Ursinae

Musteiidae

Procyonidae

Mustelidae

Ursidae

Fig, 2. Strict consen$us  of the eight  shortest  trees (Length, 639  steps;  consistency  index, O.70; retention  index, O.89) resu[ted  from maximum-

parsimeny phylogenetic analysis  of concatenated  partiaL nucleotide  sequences  oi RAGI  and  IRBP, rooted  using  aeluroid$ as outgroup$. Num-

ber$ above  branches  are  percentage bootstrap values  in support  ot adjacent  nodes,  and  numbers  below branches  are  the decay  indices. A  tra-

ditional circumscription  forarctoid tamilies and  subfamilies  (Wezencraft, 1993) is indicated.

group position of Ursidae with  respect  to a  clade  containing

Mustelidae and  Procyonidae. The  family Mustelidae, as  tra-

ditionally circumscribed,  is found to be paraphyletic. The

paraphyly is caused  by the  strongly  supported  outgroup

position of Anephitis mephitis  (representing Mephitinae) in

relation  to a  clade  containing  the rest of the  mustelids  stud-

ied and  Procyonidae. The  subfamilies  Melinae and  Mustel-

inae, as  traditionally circumscribed,  are  also  found to be

nonmonophyletic,  While Melogate moschata  (generally clas-

sitied as  a meline)  is relatively  strongly  supported  as  basal

to the strongly  supported  clade  containing  Musteta (the
name-bearing  type  of Mustelinae) and  Enhycira (represent-
ing Lutrinae), Metes meles  (the type species  of the type

genus  of  Melinae) is placed in an  unresolved  trichotomy with

the strongly  supported  clade  containing  Martes and  Gulo

(both usually  classified  as  mustelines)  and  the Metogale

Mustela-Enhydra  clade.

   The  genus  n,lartes is weakly  $upported  as  monophyl-

etic, and  there  is strong  evidence  for the monophyly  of the

subgenus  Martes (M. martes,  M. americana,  M. zibetlina, M.
icina). Within this subgenus,  Martes loina and  Martes zibel-

lina are  moderately  supported  as  the closest relatives.

    The  monophyly  of the genus Mustela is strongly  sup-

ported, Strong support,  too, is found for Mustela vison  and

Mustela erminea  as  basal and  successive[y  more  closely

related  to a  clade  encompassing  the remainder  of the stud-

ied species  of  the genus. Within this clade  there exists a  rel-

atively  well-supported  dichotomy between  the small-sized

(An. nivalis,  M, attaica) and  large-sized (M. Iutreota, M. sibir-

ica, M. eversmanii,  M. putorius) species.  Mustela lutreola is
strongly  supported  as  basa[ to the remaining  large-sized

species,  which,  in turn, are  placed in an  unresolved  trichot-

omy.  The  conspecifity  between  Musteia putorius putorius
and  Musteia putorius furo is relatively  weakly  supported.

                  DISCUSSION

   An  outgroup  position of  Ursidae in relation  to a  clade

containing  Mustelidae and  Procyonidae, robustly  supported

by our  analysis,  is consistent  with  current  views  on  arctoid

phylogeny and  contemporary  classifications (e.g., Wolsan,

1993; Dragoo and  Honeycutt, 1997; McKenna  and  Bel[,

19971  Bininda-Emonds  et  at., 1999: Hynn  et  aL,  2000). Our

results  on  phylogenetic relationships  among  mustelids  are

mostly  in agreement  with  those obtained  recently  by Sato et

aL  (2003) based on  nucleotide  sequences  from the IRBP

and  mitochondrial  cytochrome  b genes (see that paper for
discussion). Here we  discuss the phylogenetic position and

taxonomic affiliation ot the ferret-badgers and  the skunks,

which  were  not  included in the study  of Sato et aL  (2003).
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Phylogenetic  and  taxonomic  position of  the  ferret-bad-

gers

    That the ferret-badgers Melogaie moschata,  Melogaie

personata (the name-bearing  type of the  genus), Melogate

orientalis,  and  Meiogale everetti  are  each  other's  closest  rel-

atives among  extant  mustelids  is convincingly  evidenced  by

morphological  data (e.g., Everts, 1968; Long, 1981; Long

and  Killingley, 1983; Bininda-Emonds  et  al., 1999) and  has

probably never  been  questioned. The  congeneric  status  of

the  four species  is generally accepted  (e,g,, Corbet and  Hiil,

1992; Wozencraft, 1993; Nowak,  1999), Therefore, the use

of Melogaie moschata  as  a  proxy for Melogale in exploring

the phylogenetic position of  this genus  is justified. Hence, on

the basis of  the result  of  our  analysis  using  Metogaie

moschata  (Fig, 2), we  put forward the hypothesis that Mel-
ogale  is an  outgroup  to a  clade  containing  Mustela and

Ehhycha, and  is more  closely  related  to these genera  than it

is to Meles, Martes, or Guio,

    Several competing,  although  less we[1  statistically

supported,  hypotheses of  phylogenetic relationships  of  Mei-

ogaie  have  recently  been  presented. A phylogenetic analy-

sis  using  46 morphological  characters,  carried  out  by  Bryant

et  al. (1993>, weakly  supported  a  basal placement of  Met-

ogaie  in relation to the remainder  of  the extant  Mustelidae.

On  the basis of  bacular morphology  (17 characters),  Bary-

shnikov  and  Abramov  (1997, t998) proposed  placement of

Metogale jn a sister-group  position to Gulo, also  indicating

only  a  distant relationship of Metogale with Meies, Using

morphological  data derived from literature sources,  Bininda-
Emonds  et aL (1999) placed Melogale in a  polytomy with a
Mefes-ArctenJor-Avlyctaus  clade, Tlaxidea, a  lutrine-mephitine

clade, and  a  clade  includjng the remaining  extant  mustelids.

FinaHy, on  the  basis of karyological evidence,  Nie et aL

(2002) suggested  an  outgroup  posjtion of Melogale with

respect  to a clade  containing  Meles and  Musteta,

   Although all these  phylogenetic hypotheses,  including

ours,  differ trom each  other  in the  placement of Melogate
within Mustelidae, they consistently  indicate that this genus
is not  part of  the monophyletic  Melinae, This, together  with

morphological  evidence  presented in support  of the  nonme-

line status for Melogale by earlier  authors  <Schlosser, 1888;
Pocock, 1922; Petter, 1971; Rabeder, 1976; Schmidt-Kittler,

1981, 1984; Baryshnikov and  Averianov, 1990),  justify the
exclusion  of the ferret-badgers from the monophyletic  Meli-
nae,  Therefore, we  recommend  that Avfeiogale be classified

in a distinct musteiid  subfamily,  the  monotypic  Helictidinae,

as  originally proposed by Gray  (1865; his tribe Helictidina,

elevated  to subfamily  rank  by Gill [1872]).

Phylogenetic  and  taxonomic  position of the skunks

   While the monophyly  of the skunks  (including Mephitis,

Spiiogale, Conepatus, and  Avlydaus) is well supported  by evi-

dence  from both morphology  (e.g., Schmidt-Kittler, 1981;
Bryant et aL, 1993; Wolsan, l999) and  genetics (e.g,, Dra-

goo and  Honeycutt, 1997), the two databases indicate con-

siderably  different phylogenetic positions for this clade.

Morphological evidence  from both living and  fossil taxa

(e.g,, Wozencraft, 1989; Bryant et  aL,  1993; Wyss  and

Flynn, i993; Baskin, 1998; Wolsan, 1999), as  well  as  some

genetic evidence  <protein electrophoresis-O'Brlen  et  al.,

1989>, support  the traditional placement of  the skunks  wjthin

the monophyletic  Mustelidae. [n contrast, genetic evidence                      '
from DNA  hybridization (Arnason and  Widegren, 1986;

Wayne  et  aJ., 1989; Arnason  and  Ledje, 1993) and  nucle-

otide  sequencing  (mitochondrial genes-Vrana  et  aL,  1994;

Ledje and  Arnason, 1996a,  b; Dragoo  and  Honeycutt, 1997;

nuclear  genes-this paper; combined  mitochondrial  and

nuclear  genes-Flynn et  aL,  2000), as  well  as  combined  evi-

dence  from mitochondrial  genes  and  selected  morphological

characters  (Vrana et  aL,  1994; Dragoo  and  Honeycutt,

1997), support  the  skunks  as  an  outgroup  to a  clade  con-

taining  the  rest  of  Mustelidae, and  also  Procyonidae.

   Taking account  of  the persisting conflict between phylo-
genetic interpretations based on  primarily morphologicai  and

primarily genetic grounds, we  consider  the  recent  elevation

of the skunks  to the level of family (Ledje and  Arnason,
1996a, b; Dragoo  and  Honeycutt, 1997)  as  premature, and
conservative]y  recommend  that this clade  be left at the sub-
family level (Mephitinae) within the family Mustelidae, pend-
ing further evjdence.
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