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Abstrac重.Themorphometricrelationshipsamongfiveoperationaltaxonomicunitsofthe

Sorexcaecutiens/shintogroup(Soricidae)(S.caecutiensofHokkaido,S.shintoshintoof

HonshuincludingtheS.choueiholotype,S.s.shikokensisofShikoku,andS.s.sadonis

ofSado)intheJapaneseIslands,wereexaminedusinguni-andmultivariateanalysesof15

cranial,dental,andexternalcharacters.Themorphologicalanalysesshowedthattheshrew

fromHokkaido(S.caecutiens)andthosefromHonshu,Shikoku,andSado(S.shinto)were

exclusivelydifferentiated。Inparticular,thesurfacestructureofthefourthupperpremolar

completelyseparatedthetwotaxa.Incontrast,S.s.sadonisfromSadocouldnotbecom-

pletelydistinguishedfromrelatedtaxafromHonshuandShikoku.Thusthesemorpho-

metricanalysesre-confirmthatS.caecutiensofHokkaido,andS.shintofromHonshu,

Shikoku,andSado,shouldbetreatedastwoseparatespecies,ashaspreviouslybeenpro-

posedonthebasisofamolecularphylogeneticalstudy.

KeywOrdS:SOreXCaeCUtienS,S.ShintO,SadOnis,ShikOkenSiS,taxOnOmy.

Thomas(1905,1906)describedSorexshi〃toasanewshrewspeciesfromHonshuIsland.

Later,hedescribedanewsubspecies,S.訪'配osaevus,fromSakhalinIslandandincluded

theislandofHokkaidoinitsdistributionalrange(Thomas1907).Thomas(1907)didnot

且ndanymorphologicalspeci負cdifferences,however,amongtheshrewsfromHonshu,

Hokkaido,andSakhalinIslands.

IntheyearssinceThomas,s(1907)study,thetaxonomictreatmentofS.shintoandother

taxaoftheSorexcaecutiens/shintogroup(inthesenseofOhdachietal.1997a)hasvaried.

Bobrinskiietal。(1944)treatedsomemedium-sizedshrewsfromEurasia,including8.sh'漉o

describedbyThomas(1907),asasinglespecies,S.macroρ ッgmaeusMiller,1901.Ellerman

andMorrison-Scott(1951)acceptedBobrinskiietal,s(1944)systematicconcept,butthey

synonymizedε 。macrOpッgmaeuswith5.caecutiensLaxmann,1788.Stroganov(1957),who

investigatedtheshrewsfromSakhalin,Hokkaido,andthesouthernKurileIslandsingreat

details,concludedthattheshrewsinHokkaidoandSakhalin,describedasS.shintosaevus

byThomas(1907),shouldbeincludedinS.caecutiens,asEllermanandMorrison-Scott

(1951)did.However,withoutinspectingSorexsamplesfromHonshu,Stroganov(1957)
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Abstract. The morphometric relationships among five operational taxonomic units of the 
Sorex eaeeutiens/shinto group (Soricidae) (S. eaeeutiens of Hokkaido, S. shinto shinto of 
Honshu including the S. ehouei holotype, S. s. shikokensis of Shikoku, and S. s. sadonis 
of Sado) in the Japanese Islands, were examined using uni- and multivariate analyses of 15 
cranial, dental, and external characters. The morphological analyses showed that the shrew 
from Hokkaido (S. eaeeutiens) and those from Honshu, Shikoku, and Sado (S. shinto) were 
exclusively differentiated. In particular, the surface structure of the fourth upper premolar 
completely separated the two taxa. In contrast, S. s. sadonis from Sado could not be com­
pletely distinguished from related taxa from Honshu and Shikoku. Thus these morpho­
metric analyses re-confirm that S. eaeeutiens of Hokkaido, and S. shinto from Honshu, 
Shikoku, and Sado, should be treated as two separate species, as has previously been pro­
posed on the basis of a molecular phylogenetical study. 

Key words: Sorex caecutiens, S. shinto, sadonis, shikokensis, taxonomy. 

Thomas (1905, 1906) described Sorex shinto as a new shrew species from Honshu Island. 
Later, he described a new subspecies, S. shinto saevus, from Sakhalin Island and included 
the island of Hokkaido in its distributional range (Thomas 1907). Thomas (1907) did not 
find any morphological specific differences, however, among the shrews from Honshu, 
Hokkaido, and Sakhalin Islands. 

In the years since Thomas's (1907) study, the taxonomic treatment of S. shinto and other 
taxa of the Sorex eaeeutiens/shinto group (in the sense of Ohdachi et al. I997a) has varied. 
Bobrinskii et al. (1944) treated some medium-sized shrews from Eurasia, including S. shinto 
described by Thomas (1907), as a single species, S. maeropygmaeus Miller, 1901. Ellerman 
and Morrison-Scott (1951) accepted Bobrinskii et aI's (1944) systematic concept, but they 
synonymized S. maeropygmaeus with S. eaeeutiens Laxmann, 1788. Stroganov (1957), who 
investigated the shrews from Sakhalin, Hokkaido, and the southern Kurile Islands in great 
details, concluded that the shrews in Hokkaido and Sakhalin, described as S. shinto saevus 
by Thomas (1907), should be included in S. eaeeutiens, as Ellerman and Morrison-Scott 
(1951) did. However, without inspecting Sorex samples from Honshu, Stroganov (1957) 
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consideredthattheshrewsofHonshuwereasubspeciesofε.cαec躍'ens,∫.c.∫ 乃'nto.

SinceStroganov,s(1957)investigation,therehavebeentwomainopinionsconcerning

thetaxonomicstatusofsh'η'ointhecaecut'ens/shintogroup.Ontheonehand,some

authorshaveobjectedtothespecificrankofshinto,andhavefollowedStroganov(1957)in

includingitin8.cα θc〃t'ens(e.g.Bobrinskiietal.1965;Abe1967,1994;Gureev1971,1979;

Yudin1971,1989;Corbet1978;GromovandBaranova1981;Krivosheev1984;Dolgov1985;

Okhotina1993;Dobson1994).Furthermore,withregardtothesubspeci負cstatusofthe

caecut'ε η5/shintoshrewsoftheJapaneseIslandsandvicinity,Abe(1967,1994)treatedthe

populationofHonshuasε.caec〃tien∬hinto,thatofShikokuas3.c.shikoke〃sis,andthat

ofHokkaidoandSakhalinassl.c.saevus.Ontheotherhand,someauthorshavebeenof

thetaxonomicopinionthatS.shintoshouldbeconsideredasanindependentspeciesthat

occursinHonshu,Shikoku,andHokkaido(andSakhalin,accordingtosomeauthors)while

5.caecut'ensacrosstheEurasianContinent(andinSakhalinaccordingtosomeauthors),

essentiallyfollowingThomas,s(1907)position(e.g.Imaizumi1949,1960;Sokolov1973;

YoshiyukiandImaizumi1986;PavlinovandRossolimo1987;Hutterer1993;Pavlinovetal.

1995;WolsanandHutterer1998).Inaddition,Imaizumi(1954)described8.choueifrom

Honshuasanewspecies,althoughthiswaslatersynonymizedwith8.cα θc纏 θη5(Abe1967,

1994,1996)or∫.shinto(Imaizumi1970;Hutterer1993).

TherehasbeentheadditionalcontroversyinJapanconcerningthetaxonomicstatusof

theSadoshrewaspartofthecαec〃tiens/shintogroup.Thistaxonwasfirstdescribedby

YoshiyukiandImaizumi(1986)fromSadoIsland.Whilesomeauthorstreatitasanin-

dependentspecies,S.sad傭SYoshiyukietImaizumi,1986(e.g.Abe1994,1996;Wolsanand

Hutterer1998),otherssuggestthatitshouldbeconsideredasubspeciesof3.shinto,S.5.

5・adonis(Ohdachietal.1997a;Koyasu1998).

OhdachietaL(1997a)recentlyusedtheDNAsequencesofthemitochondrialcyto-

chromeわgenetorevealthephylogeneticalrelationshipsamongnortheasternAsiatic

soricineshrews.TheirworkindicatedthatalloftheshrewsfromHonshu,Shikoku,and

Sadoshouldbeconsideredasbelongingtoasinglespecies,S.sh'η'o,whereasthosefrom

HokkaidoandSakhalin,belongedtothewidespreadEurasiancontinentalspecies,S.

caecut'ε η3.ThistaxonomicschemehassubsequentlybeenfollowedbyKoyasu(1998).No

investigationshavebeenmade,however,ofthemorphologicalrelationshipsamongthelocal

populations(orsubspecies)of8.caecutiensand8.5乃'η'o.

OurgoalwastorevealthemorphologicalstatusoftheSorexcaecutiens/shintogroupin

theJapaneseIslands(Hokkaido,Honshu,Shikoku,andSado).Asaresultofthisresearch,

weareabletoof「eramorphologicaldiagnosismakingitpossibletodistinguish3.shinto

fromS.caecutゴens(inthesenseofOhdachietal.1997aandKoyasul998).

Materialsandmethods

WehavefollowedthetaxonomicapproachofOhdachietal.(1997a)andKoyasu(1998)

forthecaecutiens/shintogroup,andcalltheshrewsofHokkaidoS.caecutiens,those

ofHonshu(includingS.choueiImaizumi,1954)S.shintoshinto,thosefromSadoS.s.

sadonis,andthosefromShikokuS.s.shikokensis.Thesefiveoperationaltaxonomicunits

(OTUs)wereusedforthepresentinvestigation.Astogeographicalterms,wereferthe
totalareaofHonshu,Shikoku,andSadoIslandstothe``Honshucomplex".
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considered that the shrews of Honshu were a subspecies of S. caeculiens, S. c. shinto. 
Since Stroganov's (1957) investigation, there have been two main opinions concerning 

the taxonomic status of shinto in the caecutiensl shinto group. On the one hand, some 
authors have objected to the specific rank of shinto, and have followed Stroganov (1957) in 
including it in S. caecutiens (e.g. Bobrinskii et aJ. 1965; Abe 1967, 1994; Gureev 1971 , 1979; 
Yudin 1971, 1989; Corbet 1978; Gromov and Baranova 1981 ; Krivosheev 1984; Dolgov 1985; 
Okhotina 1993; Dobson (994). Furthermore, with regard to the subspecific status of the 
caecutiensl shinlo shrews of the Japanese Islands and vicinity, Abe (1967, 1994) treated the 
population of Honshu as S. caecutiens shinto, that of Shikoku as S. c. shikokensis, and that 
of Hokkaido and Sakhalin as S. c. saevus. On the other hand, some authors have been of 
the taxonomic opinion that S. shinto should be considered as an independent species that 
occurs in Honshu, Shikoku, and Hokkaido (and Sakhalin, according to some authors) while 
S. caecutiens across the Eurasian Continent (and in Sakhalin according to some authors). 
essentially following Thomas's (1907) position (e.g. Imaizumi 1949, 1960; Sokolov 1973; 
Yoshiyuki and Imaizumi 1986; Pavlinov and Rossolimo 1987; Hutterer 1993; Pavlinov et aJ. 
1995; Wolsan and Hutterer 1998). In addition, lmaizumi (1954) described S. chouei from 
Honshu as a new species, although this was later synonymized with S. caeculiens (Abe 1967, 
1994, 1996) or S. shinto (Imaizumi 1970; Hutterer 1993). 

There has been the additional controversy in 1 apan concerning the taxonomic status of 
the Sado shrew as part of the caecutiensl shinto group. This taxon was first described by 
Yoshiyuki and Imaizumi (1986) from Sado Island. While some authors treat it as an in­
dependent species, S. sadonis Yoshiyuki et lmaizumi, 1986 (e.g. Abe 1994, 1996; Wolsan and 
Hutterer 1998), others suggest thai il should be considered a subspecies of S. shinto, S. s. 
sadonis (Ohdachi el aI. 1997a; Koyasu 1998). 

Ohdachi el aI. (1997a) recently used the DNA sequences of the mitochondrial cyto­
chrome b gene to reveal the phylogenetical relationships among northeastern Asiatic 
soricine shrews. Their work indicated that all of the shrews from Honshu, Shikoku, and 
Sado should be considered as belonging to a single species, S. shinto, whereas those from 
Hokkaido and Sakhalin, belonged to the widespread Eurasian continental species, S. 
caecutiens. This taxonomic scheme has subsequently been followed by Koyasu (1998). No 
investigations have been made, however, of the morphological relationships among the local 
populations (or subspecies) of S. caecutiens and S. shinto. 

Our goal was to reveal the morphological status of the Sorex caecutiensl shinto group in 
the Japanese Islands (Hokkaido, Honshu, Shikoku, and Sado). As a result of this research, 
we are able to offer a morphological diagnosis making it possible to distinguish S. shinto 
from S. caecutiens (in the sense of Ohdachi et aJ. 1997a and Koyasu 1998). 

Materials and methods 

We have followed the taxonomic approach of Ohdachi et aJ. (1997a) and Koyasu (1998) 
for the caecutiensl shinto group, and call the shrews of Hokkaido S. caecutiens, those 
of Honshu (including S. chouei Imaizumi, 1954) S. shinto shinto, those from Sado S. s. 
sudonis, and those from Shikoku S. s. shikokensis. These five operational taxonomic units 
(OTUs) were used for the present investigation. As to geographical terms, we refer the 
total area of Honshu, Shikoku, and Sado Islands to the "Honshu complex". 
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SpecimensoftheSorexcaecutiens/shintogroupattheNationalScienceMuseum

(Tokyo),theNaturalHistoryMuseum,FacultyofAgriculture(K.MaekawaandH.Abe

collections),andtheInstituteofLowTemperatureScience(S.Ohdachicollection),

HokkaidoUniversity(Sapporo),wereexaminedtoprovidethebasicdataforthisstudy.

Undamagedskullsof40∫.caecutiensfromHokkaido,45S.shintofromHonshu(including

theholotypeofS.choueiImaizumi,1954,specimencodeNSMT-M12513),one∫.s.

shikokensisfromShikoku(theholotypeofS.caecutiensshikokensisAbe,1967,NHMHU-

13311),andsix∫.s.sadonisfromSado(includingtheholotypeofS.sadonisYoshiyukiet

Imaizumi,1986,NSMT-M16180)wereusedforthecranialanddentalanalyses,and240

specimensof8.caecutiensfromHokkaidoand25S.shintofromHonshuwereusedforthe

analysisofexternalcharacters.SpecimencodesandlocationsarelistedintheAppendix.

Onlyyoung-of-the-year(=sexuallyimmature)specimenswereusedforthecranialand

externalmeasurements,withtheexceptionofthethreeholotypespecimens,allofwhich

hadover-wintered(=sexuallymatured).Thereasonforchoosingprimarilyimmature

shrewswasthattheskullsoftheover-winteredshrewstendtobeslightlysmaller(Ognev

1933;Stroganovl957;Abe1967),theirteethmaybeworn,whereastheirexternalcharacters,

suchasbodylengthandbodyweight,tendtobemuchgreater.Thethreeholotypeswere

usedonlyforthecranialanalyses.Samplesfrombothsexeswerepooledforanalysis,

sincethereisnosignificantdi丘 ヒrenceinskullsizebetweenmalesandfemalesofthe

caecutiens/shintogroup(Abe1967).

Ninecranialanddentalcharactersweremeasured.De負nitionsforthesecharactersare

asfollows.1)Condylobasallength:thelengthfromtheanteriormedialpointofthepre-

maxillarybonetotheposteriormostpointontheoccipitalcondyle.2)Faciallength:the

lengthfromtheanteriormedialpointofthepremaxillarybonetotheposteriormostpointof

theforamenonthefrontalbone。3)Breadthofthebraincase:themaximumwidthofthe

braincase.4)Glenoidwidth:themaximumwidthbetweentherightandleftmandibular

fossae.De負nitionsfor(3)and(4)areillustratedinDannelid(1994)。5)Widthacrossthe

secondupperunicuspids:thewidthbetweentheoutermarginsoftherightandleftsecond

upperunicuspids(U2)viewedfromthecrownside.6)Widthacrossthesecondupper

molars:thewidthbetweentheoutermarginsoftherightandleftseconduppermolars

(M2)viewedfromthecrown.7)Lengthoftheuppermolariformtoothrow:thelengthfrom

theanteriorpointofthefourthupperpremolar(i.e.thesuper負cial"third"premolar)tothe

posteriorpointofthethirdmolar,viewedfromthecrown.8)Lengthofupperunicuspid

row:thelengthfromtheanteriorpointofthe負rstunicuspidtotheposteriorpointofthe

負fthunicuspid,viewedlaterally.9)Relativebasalwidthofthemesostyleofthefourth

upperpremolar:lengthfromtheanteriorpointofthefourthupperpremolar(Pm4)to

theposteriorpointofthemesostyle("a-b"distanceinFig.1)relativetoPm41ength("a-c"

distance),expressedinpercentage("a-b"/"a-c"×100).Here,wehavefollowedStroganov,s

(1957)andDolgov,s(1985)terminologyfortoothanatomy.

Skullandtoothcharactersweremeasuredusinganocularmicrometerunderabinocular

microscope,withtheexceptionofthecondylobasallength,whichwasmeasuredusing

callipers.MostcharactersweremeasuredtothenearestO.01mm,howevercondylobasal

lengthwasmeasuredtothenearestO.1mm.TherelativewidthofPm4mesostylewas

measured,usingdigitally-savedimagesfromaphoto-capturingsystem:OLYMPUSmicro-

scope(SZH10),OLYMPUS-IkegamiCCDcamera(ICD-740),andaMacintoshcomputer
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Specimens of the Sorex eaeeutiens/ shinto group at the National Science Museum 
(Tokyo), the Natural History Museum, Faculty of Agriculture (K. Maekawa and H. Abe 
collections), and the Institute of Low Temperature Science (S. Ohdachi collection), 
Hokkaido University (Sapporo), were examined to provide the basic data for this study. 
Undamaged skulls of 40 S. eaeeutiens from Hokkaido, 45 S. shinto from Honshu (including 
the holotype of S. chouei Imaizumi, 1954, specimen code NSMT-MI25 13), one S. s. 
shikokensis from Shikoku (the holotype of S. eaeeuliens shikokensis Abe, 1967, NHMHU-
13311), and six S. s. sadonis from Sado (including the halo type of S. sadonis Yoshiyuki el 
Imaizumi, 1986, NSMT-MI6180) were used for the cranial and dental analyses, and 240 
specimens of S. eaeeutiens from Hokkaido and 25 S. shinto from Honshu were used for the 
analysis of external characters. Specimen codes and locations are listed in the Appendix. 
Only young-of-the-year (= sexually immature) specimens were used for the cranial and 
external measurements, with the exception of the three holotype specimens, all of which 
had over-wintered (=sexually matured). The reason for choosing primarily immature 
shrews was that the skulls of the over-wintered shrews tend to be slightly smaller (Ognev 
1933; Stroganov 1957; Abe 1967), their teeth may be worn, whereas their external characters, 
such as body length and body weight, tend to be much greater. The three holotypes were 
used only for the cranial analyses. Samples from both sexes were pooled for analysis, 
since there is no significant difference in skull size between males and females of the 
caeeutiens/ shinlo group (Abe 1967). 

Nine cranial and dental characters were measured. Definitions for these characters are 
as follows. I) Condylobasal length: the length from the anterior medial point of the pre­
maxillary bone to the posteriormost point on the occipital condyle. 2) Facial length: the 
length from the anterior medial point of the premaxillary bone to the posteriormost point of 
the foramen on the frontal bone. 3) Breadth of the braincase: the maximum width of the 
braincase. 4) Glenoid width: the maximum width between the right and left mandibular 
fossae. Definitions for (3) and (4) are illustrated in Dannelid (1994). 5) Width across the 
second upper unicuspids: the width between the outer margins of the right and left second 
upper unicuspids (U') viewed from the crown side. 6) Width across the second upper 
molars: the width between the outer margins of the right and left second upper molars 
(M') viewed from the crown. 7) Length of the upper molariform tooth row: the length from 
the anterior point of the fourth upper premolar (i.e. the superficial "third" premolar) to the 
posterior point of the third molar, viewed from the crown. 8) Length of upper unicuspid 
row: the length from the anterior point of the first unicuspid to the posterior point of the 
fifth unicuspid, viewed laterally. 9) Relative basal width of the mesostyle of the fourth 
upper premolar: length from the anterior point of the fourth upper premolar (Pm') to 
the posterior point of the mesostyle {"a-b" distance in Fig. I) relative to Pm' length {"a_co 
distance), expressed in percentage {"a-b" j "a-c" x 100). Here, we have followed Stroganov's 
(1957) and Dolgov's (1985) terminology for tooth anatomy. 

Skull and tooth characters were measured using an ocular micrometer under a binocular 
microscope, with the exception of the condylobasal length, which was measured using 
callipers. Most characters were measured to the nearest 0.01 mm, however condylobasal 
length was measured to the nearest 0.1 mm. The relative width of Pm' mesostyle was 
measured, using digitally-saved images from a photo-capturing system: OLYMPUS micro­
scope (SZHIO), OLYMPUS-Ikegami CCD camera (ICD-740), and a Macintosh computer 
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Fig。1.Buccalviewofthefourthrightupperpremolarof(A)SorexshintofromHonshu(specimencode,SO-

96misc15)and(B)S.caecutiensfromHokkaido(SO-88n105).Pm4,fourthupperpremolar;M1,firstuppermolar;

U5,fifthunicuspid.

(Performa5430).

Sixexternalcharacters,bodyweight,totalbodylength,taillength,hind-footlength,tail

ratio,andhind-footratio,wereusedintheanalyses.Measurementsoftheexternalcharac-

terswereobtainedfromtheoriginalspecimenlabels,oncedoubtfuldatahasbeencarefully

eliminated.Datafrombothsexeswerecombined,sincetherearenosexualdifferencesinthe

externalcharactersofyoungshrewsinthecaecutiens/shintogroup(Abe1967).Forour

purposes,thetailratiowascalculatedasthepercentagetaillengthtoheadandbodylength,

andthehind-footratiowasthepercentagetotaillength.

Multivariatefactor,cluster,anddiscriminantanalyseswerecarriedout,usingthenine

cranialcharacters.Forclusteranalysis,thenearestneighbormethodusingEuclidean

distancewasapplied.DifferencesinmeansofcranialandexternalcharactersbetweenS.

caecutiensinHokkaidoandS.shintoinHonshuweretestedusingStudent,st-testformost

charactersandMann-Whitney'sひ 一testforratios(relativewidthofPm4mesostyle,relative

taillength,andrelativehindfootlength).

Results

ThecranialcharactersoftheshrewsfromHokkaido(S.caecutiens)werefoundtobe

significantlylargerthaninthoseoftheshrewsfromHonshu(S.s.shinto)(Table1).

Remarkabledifferencesbetweenthesetwotaxawerefoundintherelativebasalwidthof
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Fig. 1. Buccal view of the fuurth right upper premolar of (A) SQrex shinto from Honshu (specimen code, SO-
96miscIS) and (8) S. caecutiens from Hokkaido (50-880105). Pm4 , fourth upper premolar; MI, first upper molar; 
Us, fifth unicuspid. 

(Performa 5430). 
Six external characters, body weight, total body length, tail length, hind-foot length, tail 

ratio, and hind-foot ratio, were used in the analyses. Measurements of the external charac­
ters were obtained from the original specimen labels, once doubtful data has been carefully 
eliminated . Data from both sexes were combined, since there are no sexual differences in the 
external characters of young shrews in the caecutiens/shinto group (Abe 1967). For our 
purposes, the tail ratio was calculated as the percentage tail length to head and body length, 
and the hind-foot ratio was the percentage to tail length. 

Multivariate factor, cluster, and discriminant analyses were carried out, using the nine 
cranial characters . For cluster analysis, the nearest neighbor method using Euclidean 
distance was applied. Differences in means of cranial and external characters between S. 
caecutiens in Hokkaido and S. shinto in Honshu were tested using Student's I-test for most 
characters and Mann-Whitney's U-test for ratios (relative width of Pm4 rnesostyle, relative 
tail length, and relative hind foot length). 

Results 

The cranial characters of the shrews from Hokkaido (S. caecutiens) were found to be 
significantly larger than in those of the shrews from Honshu (S. s. shinto) (Table I). 
Remarkable differences between lhese two taxa were found in the relative basal width of 
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Table1.Means±ISE,ranges(inparentheses),andtheresultsoft-andひtestsofcranialcharactersinSorex

caecutiensfromHokkaidoIslandandS.s.shintofromHonshuIsland.Allthespecimensweretheyounganimals.

ひ ・testwasconductedforrelativebasalwidthofPm4mesostyle,and'-testsfortheothercharacters.

Cranialanddentalcharacters

s.caec握tiens

inHokkaido

(n=40)

S.S。shinto

inHonshu

(n=44)

torひtest

Condylobasallength(mm)

Faciallength(mm)

Breadthofbraincase(mm)

Glenoidwidth(mm)

WidthacrossU2(mm)

WidthacrossM2(mm)

Lengthofuppermolariform

toothrow(mm)

Lengthofupperunicuspidrow

(mm)
RelativebasalwidthofPm4
mesostyle(%)

18。0±0.05

(17.0-18.5)

9.02±0.033

(855-9.55)

9.17±0.031

(8.80-9.60)

5.04±0.021

(4.70-5.30)

1.81±0.009

(1.70-1。95)

4.23±0.016

(4.05-4.50)

4.35±0.014

(4,20-4.60)

2.73±0.011

(2.55-2.85)

6L2±0.20

(59.3-65.2)

17.4±0.06

(16.5-18.1)

8.70±0.051

(8.12-9.35)

8.73±0.034

(8.32-9.30)

4。78±0.022

(4.55-5.15)

1.73±0.012

(1.50-1.90)

4.11±0.020

(3.85-4.40)

4.20±0.017

(3.95-4.42)

2.49±0.012

(2.34-2.65)

54.9±0.20

(52.1-57.2)

torU

7.75

5.10

9.30

8.38

5.56

4.73

6.68

15.30

272.0

P

〈0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

Pm4mesostyleandthelengthoftheunicuspidrow(Table1).Whilealmostallcraniometric

charactersoverlappedbetweenthetwotaxa,nooverlapwasfoundinobservedvaluesofthe

relativewidthofthePm4mesostyle(Tablel).TheshrewsfromHokkaidowereheavier,and

hadlongerhindfeetthantheshrewsfromHonshu,buttheydidnotdifferintheirtotalbody

length(Table2).

TheshrewsofHokkaidocouldnotbedistinguishedfromtheshrewsoftheHonshu

complex(8.5履 〃tosspp.)onthebasisofthe負rstrotatedfactorofthefactoranalysisofthe

craniometricalcharacters(Fig.2),andtheaverage且rstfactorvalueofHokkaidoshrewswas

intermediatebetweenthoseoftheshrewsfromHonshu,andtheshrewsfromSadoand

Shikoku(8.∫.sadoni5・andε.5.訪'kokensis)(Fig.2).Thesecondrotatedfactor,however,

clearlydistinguishedbetweentheshrewsofHokkaidoandoftheHonshucomplex(Fig2).

ThesecondrotatedfactorwasgreatlycontributedtobytherelativewidthofthePm4

mesostyle,aswellasthelengthofupperunicuspidrow(Table3).

ClusteranalysisshowedthattheHokkaidoshrewsaredistantfromtheshrewsofthe

Honshucomplex,whichoccurinacloselyrelatedsinglecluster(Fig.3).Withinthecluster

fortheHonshucomplex,theshrewsfromSadoandShikokuformedasecondarycluster.

Accordingtodiscriminantanalysis,fiveoutoftheninecharactersweresignificant

enoughtobeabletodistinguishbetweentheshrewsofHokkaidoandoftheHonshucom-

plex.Thediscriminantfunctionbetweenthetwoshrewgroupswasasfollows:
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Table 1. Means ± 15E, ranges (in parentheses), and the results of t· and U·tests of cranial characters in 50rex 
caecutiens from Hokkaido Island and S. s. shinto from Honshu Island. All the specimens were the young animals. 
U·test was conducted for relative basal width of Pm4 mesostyle. and Hests for the other characters. 

Cranial and dental characters 

CondylobasaJ length (mm) 

Facial length (mm) 

Breadth of braincase (mm) 

Glenoid width (mm) 

Width across U2 (nun) 

Width across M2 (mm) 

Length of upper molariform 
tooth row (mm) 

Length of upper unicuspid row 
(mm) 

Relative basal width of Pm4 

mesostyle (%) 

S. caeculiens 
in Hokkaido 

(n = 40) 

]8.0 ± O.O5 
(17.0-18.5) 
9.02±O.O33 
(8.55-9.55) 
9.17 ± O.O31 
(8.80-9.60) 
5.04±O.O21 
(4 .70-5.30) 
1.81 ± O.OO9 
(1.70-1.95) 
4.23 ± O.OJ6 
(4.05-4.50) 
4.35 ± O.OI4 
(4.20-4.60) 
2.73 ± O.Otl 
(2.55- 2.85) 
61.2 ± O.20 
(59.3- 65.2) 

S. s. shinto t or U·test 
in Honshu 

(n = 44) 

tor U P 

17.4 ± O.06 7.75 < 0.001 
(16.5-18.1) 
8.70± 0.051 5.10 < 0.001 
(8.12-9.35) 
8.73±O.O34 9.30 < 0.001 
(8.32-9.30) 
4.78 ± O.O22 8.38 < 0.00] 
(4 .55-5.15) 
1.73 ± O.OI2 5.56 < 0.001 
(1.50-1.90) 
4.11 ± 0.O20 4.73 < 0.001 
(3.85-4.40) 
4.20 ± 0.017 6.68 < 0.00 1 
(3.95-4.42) 
2.49 ± O.OI2 15.30 < 0.001 
(2.34-2.65) 
54.9± 0.20 272.0 < 0.001 
(52.1-57.2) 

Pm' mesostyle and the length of the unicuspid row (Table I). While almost all craniometric 
characters overlapped between the two taxa, no overlap was found in observed values of the 
relative width of the Pm' mesostyle (Table 1). The shrews from Hokkaido were heavier, and 
had longer hind feet than the shrews from Honshu, but they did not differ in their total body 
length (Table 2). 

The shrews of Hokkaido could not be distinguished from the shrews of the Honshu 
complex (S. shinto sspp.) on the basis of the first rotated factor of the factor analysis of the 
craniometrical characters (Fig. 2), and the average first factor value of Hokkaido shrews was 
intermediate between those of the shrews from Honshu, and the shrews from Sado and 
Shikoku (S. s. sadonis and S. s. shikokensis) (Fig. 2). The second rotated factor, however, 
clearly distinguished between the shrews of Hokkaido and of the Honshu complex (Fig 2). 
The second rotated factor was greatly contributed to by the relative width of the Pm' 
mesostyle, as well as the length of upper unicuspid row (Table 3). 

Cluster analysis showed that the Hokkaido shrews are distant from the shrews of the 
Honshu complex, which occur in a closely related single cluster (Fig . 3). Within the cluster 
for the Honshu complex, the shrews from Sado and Shikoku formed a secondary cluster. 

According to discriminant analysis, five out of the nine characters were significant 
enough to be able to distinguish between the shrews of Hokkaido and of the Honshu com­
plex. The discriminant function between the two shrew groups was as follows: 
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Table2.Means±1SE,ranges(inparentheses),andtheresultsof'-andひtestsofexternalcharactersinSorex

caecut'ε η∫fromHokkaidoIslandand5.∫,5ん'配ofromHonshuIsland.Thesespecimenswereallofyounganimals.

ぴtestswereconductedforthetwocharactersofratio,and'-testsfortheothercharacters.

Externalcharacters

5.caec4∫'θ 〃5

inHokkaido

(〃=240)

S。S.shinto

inHonshu

(n・=25)

torこ1」test

Weight(gram)

Totalbodylength(mm)

Lengthoftail(mm)

Lengthofhindfoot(mm)

Tailratiotohead&bodylength

(%)
Hind-footratiototaillength

(%)

5。0±0.03

(4.0-6.7)

113.8ゴ=0.25

(98-126)

48.2±0.22

(40,0-58.0)

12.4±0.03

(11.1-13.5)

73.8±0.44

(60.0-103.6)

25.8±0.11

(21.5-30,5)

4.4±0.11

(3.5-5.9)

112.6±0.91

(108-125)

50.7±0.55

(46,0-56.5)

12。0±0.08

(11.2-12.9)

82.4±1.84

(66.2-98.2)

23.7±0.30

(21.7-26.4)

torこ1

5.55

1.36

3.52

4.84

1392.0

1065.5

P

<0.001

ns*

<0.01

<0.001

<0.001

<0.001

*P>0 .05.
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Table 2. Means ± 18E. ranges (in parentheses), and the results of t- and V-tests of external characters in Sorex 
caecutiens from Hokkaido Island and S. s. shinto from Honshu Island. These specimens were all of young ani.mals. 

V-tests were conducted for the two characters of ratio, and (-tests for the other characters. 

S. caeculiens S. s. shinto 
External characters in Hokkaido in Honshu 

(n ~ 240) (n~25) 

Weight (gram) S.O±O.03 4.4±O.11 
(4.0-6.7) (3.5-5.9) 

Total body length (mm) 113.8 ± O.25 112.6±O.91 
(98-126) (108-125) 

Length of tail (mm) 48.2±O.22 50.7±O.55 
(40.0-58.0) (46.0-56.5) 

Length of hind foot (mm) 12.4 ± O.O3 12.0± O.O8 
(11.1-13.5) (11.2-12.9) 

Tail ratio to head & body length 

(%) 

73.8 ± O.44 
(60.0-103.6) 

82.4± 1.84 
(66.2- 98.2) 

Hind-foot ratio to tail length 

(%) 
25.8±0. 11 
(21.5-30.5) 

23.7 ± 0.30 
(21.7-26.4) 

• P > O.05 . 
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l!1 i l!1 , &. 0 &. 
: l!J I!l ! : 
: [!l * : : 

·2.0 ,-;:,;:~....."i"""'~";-;'*~-'fi ,............,,..,..~";:';i ~'-':;-..,., 
-2.6 -1.6 -0.6 0.4 1.4 2.4 3.4 

Rotated Factor 1 

1!1 S. s. shinto in Honshu * S. s. shinto (S. choueitype) 

&. S. s. sadonis in Sado 0 S. s. shikokensis in Shikoku 

_ S. caecutiens in Hokkaido 

t or U- test 

lor U P 

5.55 < 0.001 

1.36 ns' 

3.52 < 0.01 

4.84 < 0.001 

1392.0 < 0.001 

1065.5 < 0.001 

Fig. 2. Plot of the first two factor scores for nine cranial and dental characters of shrews of the Sora 

caecutienslshinto group on the Japanese Islands. Three symbols with asterisks (*) are the holotypes for S. chouei, 
S. c. shikokensis. and S. sadonis. which are treated as S. s. shinto, S. s. shikokensis. and S. s. sadonis in the present 
study, respectively. 
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Table3.VarimaxrotatedfactormatrixforninecranialanddentalcharactersoftheSorex

caecutiens/shintogroupinJapan.SeethecaptionofFig.1forabbreviation.

Rotatedloadings

Character

1 II

WidthacrossM2

WidthacrossU2

Lengthofuppermolariformtoothrow

Condylobasallength

Faciallength

Glenoidwidth

Cranialbreadth

RelativewidthofPm4mesostyle

Lengthofupperunicuspidrow

Percentoftotalvarianceexplained

0.931

0.861

0.833
0.686

0.667

0.665

0.587

0.063

0.333
45.8%

0.089

0.154
0.356

0.573

0.507

0.473

0.678

0.922

0.899

34.3%

S.caecutiens

(Hokkaido)

S。s.sわ'ηto

(Honshu)

s,s.sadbη's

(Sado)

S.S.S/7〃(okensis

(Shikoku)

0.00 5.00

Fig.3.AdendrogramgeneratedbyclusteranalysisofninecranialanddentalcharactersofshrewsoftheSorex

caecutiens/shintogroupontheJapaneseIslands,basedonsinglelinkagemethod.Thedistanceismultivariate

Euclideandistanceoftheninecharacters.

Z=-47.6-1.1(FL)十8.9(L,UU)十4.9(U2U2)-2.4(M2M2)十 〇.6(RMW),

whereFL=faciallength,LUU=1engthofupperunicuspidrow,U2U2=widthacrossthe

secondupperunicuspids,M2M2=widthacrosstheseconduppermolars,RMW=relative

mesostylewidthofPm4.Thegroupcentroidsare十3.36fortheshrewsofHokkaido,and

-2 .58forthoseoftheHonshucomplex.Allthespecimenswerecorrectlyclassifiedintothe

twogroups(probabilityofmisclassification=0.0%).

Discussion

ThemorphometricanalysesclearlyshowedthattheshrewsofHokkaido(S.caecutiens)

ismorphologicallydifferentfromtheshrewsofHonshucomplex(S.shintosspp.)(Figs.2

and3).Themostimportantdifferenceisintheshapeoftheupperpremolar(Fig.1and

Table3).Dokuchaev(1978)foundthatS.caecutiensretainsawelldevelopedmesostyleof
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Table 3. Varimax rotated factor matrix for nine cranial and dental characters of the Sorex 
caecutienslshinto group in Japan. See the caption of Fig. I for abbreviation. 

Character 

Width across M2 
Width across Ul 
Length of upper molariform tooth row 
Condylobasal length 
Facial length 
Glenoid width 
Cranial breadth 
Relative width of Pm4 mesostyle 
Length of upper unicuspid row 
Percent of total variance explained 

S,caecutiens 
(Hokkaido) 

S.s.shinto -
(Honshu) 

S,s.sadonis } 
(Sado) 

S.s.shikokensis 
(Shikoku) 

0.00 
I 

Rotated loadings 

II 

0.931 0.089 
0.861 0.154 
0.833 0.356 
0.686 0.573 
0.667 0.507 
0.665 0.473 
0.587 0.678 
0.063 0.922 
0.333 0.899 

45.8% 34.3% 

5.00 
I 

73 

Fig. 3. A dendrogram generated by cluster analysis of nine cranial and dental characters of shrews of the Sorex 
caeculienslshinto group on the Japanese Islands, based on single linkage method. The distance is multivariate 
Euclidean distance of the nine characters. 

Z = -47.6-1.I(FL) + 8.9(LUU) + 4.9(U'U')- 2.4(M'M') + O.6(RMW), 

where FL=facial length, LUU=length of upper unicuspid row, U'U'=width across the 
second upper unicllspids, M2M2=width across the second upper molars, RMW=relative 
mesostyle width of Pm'. The group centroids are + 3.36 for the shrews of Hokkaido, and 
- 2.58 for those of the Honshu complex. All the specimens were correctly classified into the 
two groups (probability of misclassification=O.O%). 

Discussion 

The morphometric analyses clearly showed that the shrews of Hokkaido (S. caecutiens) 
is morphologically different from the shrews of Honshu complex (S. shinto sspp .) (Figs. 2 
and 3). The most important difference is in the shape of the upper premolar (Fig. I and 
Table 3). Dokuchaev (1978) found that S. caecutiens retains a well developed mesostyle of 
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Pm4,whichisanotabledifferencebetweenitandseveralothershrewspecies.Thisfeatureis

consistentin3.caecut'ensthroughoutitstrans-continentalEurasianrange.Inthepresent

study,wefoundthesamemorphotypeofthePm4mesostyleinalloftheHokkaidoshrews

weexamined(Fig.1-B),whilethemesostyleofPm40ftheshrewsfromtheHonshucomplex

waslessdeveloped(Fig.1-A).Forinstance,therelativewidthofPm4inHonshushrews

neverreachesvaluesfoundinHokkaidoshrews(Table1).

George(1988)treated5「.shintofromHonshuasaseparatespeciesfromS.caecutie〃5,

basedonallozymeanalysis.Ohdachieta1.(1997a)showedthattheshrewsofHonshuand

ShikokuwereclearlydistinctfromthoseofHokkaido,Sakhalin,andtheEurasianConti-

nent,basedonmitochondrialDNAsequences(seealsoFumagallietal.1999).Accordingto

theirphylogeneticalrelationships(George1988;Ohdachieta1.1997a;Fumagallietal.1999)

andtheirmorphologicaldifferences(Figs.2and3),5.caecutiensand3.sh'ntoshouldbe

treatedastwoseparatespecies.

Incontrast,amongthefourOTUsfromtheHonshucomplex(8.5.shintoincludingS。

c加 〃θ'holotype,3.3.sh'kokensis,andS.5.sadonis),noclearmorphologicaldemarcations

werefound,althoughonlyasmallnumberofspecimenswereexaminedforthelastthree

units(Fig.2).Sorexchoueiwasdescribedonthebasisofonespecimenofanoldindividual

withverywornteeth(Imaizumi1954),anditsholotypelayinanextremepointwithinthe

variationofS.shin'o(Fig.2),whichmightbeattributedtobytheverywornconditionofits

teeth.Sorexs.shikokensisisalargerrelativeofS.5.shintoinHonshu(Abe1967),however

thegeneticdistancebetweenthemisverysmall(Ohdachietal.1997a).Thespecimenof

S.s.sh'koke〃sisdroppedwithintherangeof8.∫ 。sadonis(Fig.2)andwasmorphologically

similartothelatter(Fig.3).Inaddition,weexaminedmorethanten3.5.shikokensisthat

hadover-winteredandcon丘rmedthattheyweremorphologicallysimilarto5.5.sado〃is(this

datawasnotusedinthepresentanalysesinordertominimizethepotentialinfluenceofage).

ThemolecularphylogeneticalstudysuggestedthattheSadoShrew,ε.s.sadonis,should

beconsideredasasubspeciesorlocalpopulationof3.shinto(Ohdachieta1.1997a).

Cranialanddentalmorphologycon負rmedthattheSadoshrewwassimilartotheothertaxa

inthe∫.shintocomplex(Fig.3),andthattherewasmorphologicaloverlapbetweenthem

(Fig.2),althoughtheSadoShrewsdohavelargerskullsthanthoseofHonshu(asdoes8.∫.

shikokensis),longerclawsontheforelegs,anddarkerpelage(YoshiyukiandImaizumi1986).

AccordingtoOhshima(1990,1991,1992),SadoIslandwasseparatedfromproto-

HonshuinthemiddlePleistocene,longbeforetheformationoftheTsugaruStrait,that

separatesHonshuandHokkaido,whichisestimatedtohavebeenformed100-150103-years

ago。Incontrast,Ohdachietal.(1997b)havedoubtedtheearlierformationoftheSado

StraitthantheTsugaruStrait,becauseofthemolecularphylogenyofthecaecutiens/5乃'nto

group.Likewise,amorerecentdatefortheisolationofSadoIslandhasbeensuggestedby

Tokuda(1941,1969)onthebasisofanexaminationofthedistributionandmorphological

variationamongrodents.TheSadoshrewmight,therefore,haveseparatedfromthe

HonshupopulationofS.shintorecently(after150103-yearsagoatthemost).Further-

more,othersmallmammals,suchasApodemusargenteus(Temminck,1844),.4.speciosus

(Temminck,1844),and」MogeratokudaeKuroda,1940(theSadomole)arefoundon

bothSadoandHonshuIslands(Abe1994,1995,1997).FossiL4.argenteushavebeen

foundfromearlierperiodsinthePleistocenethanthegenusSorexfromHonshuIsland,

andtheearliestfossilsof.4.sρec'osusandMogerasp.werefromthesameperiodasSorex
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Pm', which is a notable difference between it and several other shrew species. This feature is 
consistent in S. caecutiens throughout its trans-continental Eurasian range. In the present 
study, we found the same morphotype of the Pm' mesostyle in all of the Hokkaido shrews 
we examined (Fig. I-B), while the mesostyle of Pm' of the shrews from the Honshu complex 
was less developed (Fig. I-A). For instance, the relative width of Pm' in Honshu shrews 
never reaches values found in Hokkaido shrews (Table I). 

George (1988) treated S. shinto from Honshu as a separate species from S. caecutiens, 
based on allozyme analysis. Ohdachi et al. (l997a) showed that the shrews of Honshu and 
Shikoku were clearly distinct from those of Hokkaido, Sakhalin, and the Eurasian Conti­
nent, based on mitochondrial DNA sequences (see also Fumagalli et al. 1999). According to 
their phylogenetical relationships (George 1988; Ohdachi et al. 1997a; Fumagalli et al. 1999) 
and their morphological differences (Figs. 2 and 3), S. caecutiens and S. shinto should be 
treated as two separate species. 

In contrast, among the four OTUs from the Honshu complex (S. s. shinto including S. 
chouei holotype, S. s. shikokensis, and S. s. sadonis), no clear morphological demarcations 
were found, although only a small number of specimens were examined for the last three 
units (Fig. 2). Sorex chouei was described on the basis of one specimen of an old individual 
with very worn teeth (Imaizumi 1954), and its holotype lay in an extreme point within the 
variation of S. shinto (Fig. 2), which might be attributed to by the very worn condition of its 
teeth. Sorex s. shikokensis is a larger relative of S. s. shinto in Honshu (Abe 1967), however 
the genetic distance between them is very small (Ohdachi et al. 1997a). The specimen of 
S. s. shikokensis dropped within the range of S. s. sadonis (Fig. 2) and was morphologically 
similar to the latter (Fig. 3). In addition, we examined more than ten S. s. shikokensis that 
had over-wintered and confirmed that they were morphologically similar to S. s. sadonis (this 
data was not used in the present analyses in order to minimize the potential influence of age). 

The molecular phylogenetical study suggesled that the Sado Shrew, S. s. sadonis, should 
be considered as a subspecies or local population of S. shinto (Ohdachi et al. 1997a). 
Cranial and dental morphology confirmed that the Sado shrew was similar to the other taxa 
in the S. shinto complex (Fig. 3), and that there was morphological overlap between them 
(Fig. 2), although the Sado Shrews do have larger skulls than those of Honshu (as does S. s. 
shikokensis), longer claws on the forelegs, and darker pelage (Yoshiyuki and Imaizumi 1986). 

According to Ohshima (1990, 1991, 1992), Sado Island was separated from proto­
Honshu in the middle Pleistocene, long before the formation of the Tsugaru Strait, that 
separates Honshu and Hokkaido, which is estimated to have been formed 100-150 IO'-years 
ago. In contrast, Ohdachi et al. (1997b) have doubted the earlier formation of the Sado 
Strait than the Tsugaru Strait, because of the molecular phylogeny of the caecutiensl shinto 
group. Likewise, a more recent date for the isolation of Sado Island has been suggested by 
Tokuda (1941, 1969) on the basis of an examination of the distribution and morphological 
variation among rodents. The Sado shrew might, therefore, have separated from the 
Honshu population of S. shinto recently (after 150 !03_years ago at the most). Further­
more, other small mammals, such as Apodemus argenteus (Temminck, 1844), A. speciosus 
(Temminck, 1844), and Mogera tokudae Kuroda, 1940 (the Sado mole) are found on 
both Sado and Honshu Islands (Abe 1994, 1995, 1997). Fossil A. argenteus have been 
found from earlier periods in the Pleistocene than the genus Sorex from Honshu Island, 
and the earliest fossils of A. speciosus and Mogera sp. were from the same period as Sorex 
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sp.(Kawamuraetal.1989).InthecaseofMtokudae,morphologicalandmolecular

phylogeneticalcharacteristicsofthepopulationsofSadoandHonshurevealthattheyare

closelyrelatedtooneother(Abe1995;Okamoto1998),asisthecaseintheshrewsofthe

caecutiens/shintogroup.Atleast,theextant.4podemusspp.andM.tokudaeofSado,

whoseoriginsseemtobeolderthanorcontemporaneouswithSorex,areconsideredcon-

speci盒cwiththeirHonshucounterpartpopulations.Therefore,thesubspeci負crankofS.

shintosadonisisconsideredtobethemoreappropriatetaxonomicstatusfortheSadoshrew,

than8.sadonis,assuggestedbyOhdachieta1.(1997a)andKoyasu(1998).Inorderto

determinemorphologicalstatusofS.5.sadoniswithin8.shintomoreclearly,however,

morphologicalcomparisons,suchasthoseoffurcolourandclawlength,shouldbecon-

ductedusinglargersamplesizes.

Tosummarize,morphologicalanalysishasclearlydemonstratedthatε.caecut'ensand

S.shi〃'oshouldbetreatedasseparatespecies,ashaspreviouslybeenproposedbyOhdachi

etal.(1997a)onthebasisoftheirmolecularphylogeneticalstudy.Furthermore,morpho-

logicalresearchalsosuggeststhattheshrewofSadoIslandshouldbeincludedwithinS.

Sゐ加'0.
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sp. (Kawamura et al. 1989). In the case of M. tokudae, morphological and molecular 
phylogenetical characteristics of the populations of Sado and Honshu reveal that they are 
closely related to one other (Abe 1995; Okamoto 1998), as is the case in the shrews of the 
caecutienslshinto group. At least, the extant Apodemus spp . and M. tokudae of Sado, 
whose origins seem to be older than or contemporaneous with Sorex, are considered con­
specific with their Honshu counterpart populations. Therefore, the subspecific rank of S. 
shinto sadonis is considered to be the more appropriate taxonomic status for the Sado shrew, 
than S. sadonis, as suggested by Ohdachi et at. (1997a) and Koyasu (1998). In order to 
determine morphological status of S. s. sadonis within S. shinto more clearly, however, 
morphological comparisons, such as those of fur colour and claw length, should be con­
ducted using larger sample sizes. 

To summarize, morphological analysis has clearly demonstrated that S. caecutiens and 
S. shinto should be treated as separate species, as has previously been proposed by Ohdachi 
et al. (1997a) on the basis of their molecular phylogenetical study. Furthermore, morpho­
logical research also suggests that the shrew of Sado Island should be included within S. 
shinto. 
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Appendix.

Codesofspecimensusedforanalyses.Depositplaces

areNationalScienceMuseum(NSMT),NaturalHistory

Museum,HokkaidoUniversity(NHMHU,HA,KM),

alldInstituteofLowTemperatureScience,Hokkaido

University(SO).

CranialMeasures

S.caecutiensinHokkaido

HA-1037,HA-1044,HA-1064,

HA-1151,HA-1178,HA-1181,

SO-88n105,SO-88n141,SO-88n169,

88n203,

88n264,

88n336,

89nn38,

SO-88n207,

SO-88n265,

SO-88n370,

SO-96misc-5,

HA-1084,HA-1108,

HA-1187,HA-1199,

SO-88n248,

SO-88n285,

SO-88n377,

SO。88n197,SO-

SO-88n263,SO-

SO-88n329,SO-

SO-88n378,SO一

SO-96misc-27,SO-96misc-28,

96misc-30,SO-96misc-31,SO-96misc-32,SO-96misc-33,

SO-96misc-34,SO-97/8/16-10,SO-97/9/1-1

SO-96misc-25,SO-96misc-26,

SO-96misc-29,SO一

M15598,NSMT-M15599,NSMT-M15611,NSMT-

M15613,NSMT-M16082,SO-95misc-2,SO-96misc-9,

SO-96misc-10,SO-96misc-11,SO-96misc-13,SO。

96misc-14,SO-96misc-15,SO-96misc-16,SO-96misc-17,

SO-96misc-18,SO-96misc-19,SO-96misc-20,SO-

96misc-21,SO-96misc-22,SO。96misc-57,SO-97/8/2-1,

SO-97/8/5-1,SO-97/8/6-2,SO-97/8/6-3,SO-97/8/6-4,

SO-97/8/6-5,SO-97misc-17,SO-97misc-18,SO-97misc-

19,SO-97misc-37,SO-97misc-39,SO-97misc-40,SO-

97misc-42,SO-97misc-134,SO-98misc-1

S.s.sadonisinSado

NSMT-Ml6180(holotypeofS.sadonisYoshiyukiet
Imaizumi,1986),NSMT-M26593,NSMT-M26600,

NSMT-M26601,NSMT-M26602,NSMT-M27286

S.s.shikokensisinShikoku

NHMHU-13311(holotypeofS.caecutiensshikokensis

Abe,1967)

S.s.shintoinHonshu

HA-1215,

(holotype
M13366,

M15593,

HA-6137,NSMT-M12479,NSMT-M12513

0fS.choueiImaizumi,1954),NSMT-

NSMT-M13397,NSMT-M13398,NSMT-

NSMT-M15594,NSMT-M15595,NSMT一

ExternalMeasures

S.caecutiensinHokkaido

KM-kill2,KM-ko103,KM-ko104,KM-ko121,KM-

ko122,KM-ko50,KM-ko51,KM-ko52,KM-ko70,KM一
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Appendix. 

Codes of specimens used for analyses. Deposit places 
are National Science Museum (NSMT). Natural History 
Museum, Hokkaido University (NHMHU, HA, KM), 
and Institute of Low Temperature Science, Hokkaido 
University (80). 

Cranial Measures 

S. caecutiens in Hokkaido 

HA·1037. HA·I044. HA·I064. HA·1084. HA· II 08. 
HA-lISI, HA-1178, HA-1I81, HA- lI87 , HA- ll99, 
SO·88nIOS, SO-88n141 , 80-88nI69. SO·88nI97, SO-
88n203, SO·88n207, SO-88n248, SO-88n263, SO-
88n264. SO·88n265. SO·88n285. SO·88n329. SO· 
88n336, SO·88n370, 80-88n377, SO-88n378, SO· 
89nn38, SO-96misc-S, SO-96misc·2S, SO·96misc·26, 
SO-96misc-27, SO·96misc·28, SO-96misc-29. 50-
%misc-30, SO-96misc-31, SO-96misc·32, SO-96misc·33, 
SO·96misc·34. SO·97/ 8/ 16·1O. SO·97 / 9/ 1-1 

S. s. shinto in Honshu 

HA·1215. HA·6137. NSMT·MI2479. NSMT·MI2513 
(holotype of S. chollei Imaizumi. 1954), NSMT­
MI3366. NSMT·M I3397. NSMT·MI3398. NSMT· 
MIS593, NSMT-MISS94, NSMT·M1SS95, NSMT-
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M15598. NSMT·M 1 5599. NSMT·MI5611. NSMT· 
MlS613. NSMT-M I 6082, SO-9Smisc·2, SO·96misc·9, 
SO-96misc-IO, SO·96misc·ll, SQ·96misc·13, 50-
96misc-14, SO-96misc·IS, SO-96misc- 16, SO·96misc·17, 
SO-96misc-18, SO·96misc-19, SO-96misc·20, SO-
96misc-2I, 80·96misc-22, SO·96misc·S7, 80-97/ 812·1, 
SO·97/ 8/ 5· 1. SO·97/ 8/ 6·2 . SO·97/ 8/ 6·3. SO·97/ 8/ 6·4. 
SO-97/ 8/6-S, SO-97misc-17, SO-97misc-18, SO-97misc-
19, SO-97misc·37. SO-97misc·39, SO-97misc·40, SO· 
97misc·42, SO-97misc-134, SO-98misc·J 

S. s. sadonis in Sado 

NSMT·MI6180 (holotype of S. sadonis Yoshiyuki et 
Imaizumi, 1986), NSMT·M26S93, NSMT·M26600, 
NSMT·M26601. NSMT·M26602. NSMT·M27286 

S. s. shikokensis in Shikoku 

NHMHU·13311 (holotype of S. caecutiens shikokensis 
Abe. 1967) 

External Measures 

S. caeculiens in Hokkaido 

KM-kilI2. KM·kol03, KM·kol04, KM-ko121 , KM· 
ko122, KM-koSO, KM·ko51, KM-koS2, KM-ko70, KM· 
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ko72,KM-ko74,KM-ko83,KM-ko92,KM-ko93,KM-

ko94,KM-sh9,KM-tom1,KM-tom3,KM-tom4,KM-

tom5,KM-tom7,KM-tom8,KM-tom9,KM-tom19,

KM-tom20,KM-tom21,KM-tom22,KM-tom27,KM-

tom28,KM-tom29,KM-tom30,KM-tom31,KM-tom32,

KM-tom8-53,KM-tom8-54,KM-tom8-57,KM・ ・tom8-58,

KM-tom8-67,KM-tom8-68,KM-tom8-69,KM-tom8-70,

KM-tom8-71,KM-tom8-72,KM-tom8-73,KM-tom8-74,

KM-tom8-75,KM-tom8-76,KM-tom8-77,KM-tom8-78,

KM-tom8-79,KM-tom8-82,KM-tom8-92,KM-tom8-93,

KM-tom8-94,KM-tom8-95,KM-tom8-128,KM-tom8-

130,KM-tom8-131,KM-tom8。132,KM-tom8-132/2,

KM-tom8-133,KM-tom8-136,KM-tom8-139,KM-

tom8-140,KM-tom8-143,KM-tom8-144,KM-tom8-145,

KM-tom8-150,KM-tom8-151,KM-tom8-152,KM-

tom8-153,KM-tom8-154,KM-tom8-156,KM-tom8-157,

KM-tom8-163,KM-tom8-164,KM-tom8-165,KM-

tom8-167,KM-tom8-168,KM-tom8-169,KM-tom8-171,

KM-tom8-172,KM-tom8-176,KM-tom8-177,KM-

tom8-178,KM-tom8-180,KM-tom8-181,KM-tom8-183,

KM-tom9-31,KM-tom9-32,KM・ ・tom9-34,KM-tom9-35,

KM-tom9-36,KM-tom9-37,KM-tom9-38,KM-tom9-47,

KM-tom9-48,KM-tom9-49,KM-tom9-51,KM-tom9-52,

KM-tom9-58,KM-tom9-60,KM-tom9-71,KM-tom9-72,

KM-tom9-73,KM-tom9-74,KM-tom9-75,KM-tom9-76,

KM-tom9-77,KM-tom9-81,KM-tom9-82,KM-tom9-84,

KM-tom9-86,KM-tom9-87,KM-tom9-93,KM-tom9-96,

KM-tom9-97,KM-tom9-98,KM-tom9-130,KM-tom9-

134,KM-tom9-137,KM-tom9-139,KM-tom9-140,KM-

tom9-142,KM-tom9-144,KM-tom9-148,KM-tom9-149,

KM-tom9-150,KM-tom9-151,KM-tom9-152,KM-

tom9-153,KM-tom9-154,KM-tom9-157,KM-tom9-158,

KM-tom9-159,KM-ton66a,SO-1-4,SO-30-1,SO-30-2,

SO-31-1,SO-31-2,SO-88cO25,SO-88cO26,SO-88cO60,

SO-88cO67,SO-88cO68,SO-88fO53,SO-88fO65,SO一

ルfヒ7〃1〃2alStudy24(1999)

88fO70,SO-88fO96,SO-88f105,SO-88f110,SO-88f123,

SO-88f126,SO-88f128,SO-88f132,SO-88f133,

88n105,SO-88n168,

88n203,SO-88n207,

88n264,SO-88n265,

SO-88n169,

SO-88n248,

SO-88n274,

SO-88n197,

SO-88n263,

SO-88n285,

コ

コ

　

ロ

0

0

0

0

S

S

qり
S

88n336,SO-88tOO2,SO-88tOO6,SO-88tOO9,SO-88tO12,

SO-88tO16,SO-89nnO21,SO-89nnO22,SO-89nnO38,

SO-89nnO45,SO。94/9/13-8,SO-94/9/13-9,SO-

94/9/13-10,SO-94/9/13-11,SO-94/9/14-7,SO-

94/9/14-8,SO-94/9/14-9,SO-94/9/14。10,SO-94sc3,

SO-95/7/12-3,SO-95/7/13-4,SO-95/7/13-10,SO-

97/8/16-4,SO-97/8/16-5,SO-97/8/16-6,SO-97/8/16-7,

SO-97/8/16-8,SO-97/8/16-9,

97/8/16-11,SO-97/8/16-12,

97/8/16-14,SO-97/8/16-15,

97/8/16-17,SO-97/8/16-18,

SO-97/8/16-10,

SO-97/8/16-13,

SO-97/8/16-16,

SO-97/8/17-5,

SO-

SO-

SO.

SO一

97/8/17-6,SO-97/8/17-7,SO-97/8/17-8,SO-97/8/17-9,

SO-97/8/17-10,SO-97/8/17-11,SO-97/8/17-12,SO-

97/8/17-13,SO-97/8/17-14,SO-97/8/17-15,SO-

97/8/30-2,SO-97/8/31-1,SO-97/8/31-2,SO-97/8/31-9,

SO-97/9/1-1,SO-97/9/19-8,SO-97/9/19-9,SO-

97/9/19-10,SO-97/9/19-11,SO-98/6/19-6,SO-

98/6/19-7,SO-98/6/20-10,SO-98/6/20-11,SO-

98/6/20-12,SO-98/7/29-4,SO-98/7/29-5,SO-98/7/29-

6,SO-98/7/30-6,SO-98/7/30-7,SO-98/7/30-8,SO-

98/7/31-4,SO-98/7/31-5,SO-98/7/31-7

S.s.shintoinHonshu

SO-96misc-9,SO-96misc-10,SO-96misc-11,SO-96misc-

13,SO-96misc-14,SO-96misc-15,SO-96misc-16,SO-

96misc-17,SO-96misc-18,SO-96misc-19,SO-96misc-20,

SO-96misc-21,SO-96misc-22,SO-97misc-37,SO-

97misc-39,SO-97misc-40,SO-97misc-133,SO-97misc-

134,SO-97/8/2-1,SO-97/8/5-1,SO-97/8/6-1,SO-

97/8/6-2,SO-97/8/6-3,SO-97/8/6-4,SO-97/8/6-5
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ko72, KM-ko74, KM-ko8l, KM-ko92, KM-ko9l, KM­
ko94. KM-sh9. KM-toml . KM-tom3. KM-tom4. KM­
tomS, KM-tom7. KM-tom8, KM-tom9, KM-tomI9, 
KM-tom20. KM-tom21. KM-tom22, KM-lom27, KM­
toru28. KM-tom29. KM-tom30, KM-tom31 , KM-torn32, 
KM-tom8-53. KM-tom8-54, KM-tom8-S7. KM-tom8-58, 
KM-torn8-67, KM-tom8-68. KM-tom8-69, KM-tom8-70, 

KM-torn8-71 , KM-torn8-72, KM-tom8-73. KM-tom8-74, 
KM-tom8-7S. KM-tom8-76, KM-tom8-77, KM-tom8-78. 

KM-tom8-79, KM-tom8-82. KM-tom8-92. KM-tom8-93, 
KM-tom8-94. KM-tom8-95. KM-tom8-128. KM-tom8-
130, KM-tomS-J31, KM-tom8-132, KM-tom8-132!2, 
KM-tom8-133. KM-tom8-136, KM-tom8-139, KM­
torn8-140, KM-tom8-143, KM-tomS-I44, KM-tom8-145, 

KM-tom8-1S0. KM-tom8-1SI. KM-tom8-152, KM­
tomS-IS3. KM-tom8-154, KM-tom8-156. KM-tom8-151 . 
KM-tom8-163, KM-tom8-164, KM-tom8-16S, KM­

tomS-J67, KM-tom8-16S, KM-lom8-169, KM-tomS-171, 
KM-tom8-172. KM-tom8-176, KM-tomS-l77, KM­
tomS-178, KM-tom8-180, KM-tomS-181, KM-tomS-183, 

KM-tom9-31, KM-tom9-32, KM-tom9-34, KM-tom9-35. 
KM-tom9-36, KM-tom9-37. KM-tom9-3S, KM-tom9-47. 

KM-tom9-48. KM-tom9-49. KM-tom9-5I, KM-tom9-52. 
KM-tom9-58. KM-tom9-60, KM-tom9-71. KM-tom9-72. 
KM-tom9-73, KM-tom9-74, KM-tom9-75. KM-tom9-76. 
KM-tom9-77, KM-tom9-8I, KM-tom9-82, KM-tom9-84, 

KM-tom9-86, KM-tom9-87. KM-tom9-93. KM-tom9-96, 
KM-tom9-97, KM-tom9-98, KM-tom9-130, KM-tom9-
134, KM-tom9-137. KM-tom9-139, KM-tom9- 140, KM­
tom9-142, KM-tom9-144, KM-tom9-148. KM-tom9-149. 
KM-tom9-1S0, KM-torn9-ISI, KM-tom9-IS2, KM­
tom9-153, KM-tom9-154, KM-tom9-157, KM-tom9-158 . 
KM-tom9-159, KM-ton66a, SO- I-4, SO-30-1, SO-30-2, 

SO-3 1-I , SO-ll-2, 80-88c025, SO-88c026, SO-88<060, 
SO-88c067, SO-88c068, SO-88f053, 80-88f065, SO-
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88f070, SO-88f096, SO-88f105, SO-88fllO, SO-88f12l, 
SO-88ft26, SO-88ft28. SO-88ft32. SO-8Sft33 . SO-
88nl05, 80-88n168, 80-88n169, 80-88n197, 80-
88n203. SO-S8n207, SO-8Sn248, SO-88n263, SO-
88n264, SO-88n265, 80-88n274, SO-88n285, 80-
8Sn336, SO-88t002, SO-88tOO6, SO-88tOO9, SO-88tOI2, 
SO-88tOI6, SO-89nn02I, 80-89nn022, SO-89nn038, 

SO-89nn045, 80-94/ 9/13-8, SO-94/9/13-9, 50-
94/9/ 13-10, 50-94/9/ 13-11, 50-94/9/ 14-7, 50-
94/ 9/14-8, 50-94/9/ 14-9, SO-94/ 9/ 14-IO, 80-945Cl, 
80-95/7/I2-l, SO-95/7/ ll-4, 50-95/7/ ll-lO_ 50-
97/ 8/ 16-4, SO-97/ 8/16-5, SO-97/ 8/ 16-6, 50-97/8/16-7, 
50-97/ 8/ 16-8, 50-97/ 8/ 16-9, 50-97/8/ 16-10, 50-
97/ 8/16-11 , SO-97/8116-12, 50-97/ 8/ 16-13, 50-
97/ 8/ 16-14, 80-97/ 8/16-15, SO-97/ 8/ 16-16, SO-
97/ 8/ 16-17, SO-97/ 8/ 16-18, SO-97/ 8/17-5, 80-
97/ 8/17-6, SO-97/ 8/17-7, SO-97/ 8/17-8, 80-97/8/ 17-9, 
50-97/ 8/ 17-10, 80-97/ 8/ 17-11 , SO-97/8/17-12, 50-
97/ 8/17-13, 80-97/ 8/ 17-14, 80-97/ 8/17- 15, 80-
97/ 8/30-2, 50-97/8/31-1, SO-97 /8/31-2, SO-97/ 8/ ll -9, 
S0-97/ 9/ 1-1, 80-97/ 9/ 19-8, SO-97/9/19-9, SO-
97/ 9/ 19-10, SO-97/9/ 19-11, SO-98/6/19-6, SO-
98/6/ 19-7, SO-98/6/ 20-IO, SO-98/ 6/20-II, SO-
98/ 6/20-12, SO-98/7129-4, SO-98/7129-5, 50-98/7129-
6, SO-98/7/ l0-6, 50-98/7/ 3().J, 80-98/7/30-8_ 80-
98/7/ 31-4, SO-9817/ 31-5, SO-9817/ 31-7 

S. s. shinto in Honshu 

SO-96misc-9. SO-96misc-10, SO-96misc-II . SO-96misc-

13, SO-96misc-14, SO-96misc-15, SO-96misc-16. SO-
96misc-17. SO-96misc-18, SO-96misc-19. SO-96misc-20, 
SO-96misc-21, SO-96misc-22, SO-97misc-37. SO-
97misc-39. SO-97misc-40, SO-97misc-133 , SO-97misc-

134, 80-97/812-1, 80-97/8/ 5-1, 80-97/ 8/ 6-1, 50-
97 / 8/6-2, SO-97 / 8/ 6-3, 80-97 / 8/ 6-4, 50-97 / 8/ 6-5 


