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Abstract

mit ted  i .1 , , , r i f i . ! r io , ,  , i l  n , .n \  o l  lhe  ur i t le r r i l i t l  1 r !  n rns .

A c o n r l ) u | i ! r n o f q u a l n a t n e t i l j | ( ' l | a r a l l c | s l d | c s

o thJ  tau  o l  mrmnr r l \  (her  Ler  chdar  r . r  ! r .  , l J f l i sn rF  o f  n isn is .

Introduction

Thc iclcrrtilicatinn ol Sorex tugruns antl S. ntontiar
1us is prol i lcrnatic (Hennings and l lol inrann l9?7:
Junge and Hoilnarrn 1981: van Zvl l  de Jong
l9l l jJ; Calralav 1990J. The f irsl  upl,cln(rsors
(l l  I  of thcse shle*s lrossess a l inr ol accessorr-
cusp on Lhe meri ial  edgc. A combination of the sizc
oi the Lire rdal ivc to the -" ize ol the Tl.  thc lcvcl
and lmount ol pigmenL on lhc t inc. and $heLher
a galr oc'curs bctlccn the pigrnent ol the nain bodt
ol the l l  and Lhe Linc arc characters that ha\ 'e hecn
u - -d  t , ,  - , . t , . r r . r t , .  - p -e i . r r e r r -  o i  r l r ,  r s , ,  . p , ,  i e - .
Hcnnings and Hoffnann (1 9i7:9) described Sorer
rdl lznr as having "rncdial t ines on [thel f i rst up-

lrer incisor si luated rt  alpro\;rn:r l{r lv thc upper
cdgc ol the pignrent: sel oi l  dist inct lv bv a gap in
color. '  Tn Sora montirt t lus the "Lirrcs arc larger.
the pi€imenl clarker. anrl  lhc incisor-. rnore robLlsl
Llran t lrosc ol t)o{lans" (Hennings and Hoff inann
I97i:14). l l lustraLiorrs in Hcnnings and Hofftnarrn
1 19771 -.horr that no gap in colol is present in So-
rel;  nunLtiulus. Although these t inr: characters o1l
t '  r  r r . "  u - - l i r l  i n  - e | : r r r t i n -  t h .  - ppc i c - .  I n . r , !
slrecirnens lrrc intermediate or mi\cd in charac
tcr. or are mi.q.qing ker chaructrrs due to loolh lear

Bogan (1977t:rnd ( lhoaLe iJ973) trave -. troxn
that verv similar spet ics can be iclenti l iecl br Lrsr:
ol sirnple nrorphornctr ic tneasurelnents in { l ;s-
criminanl anahsis. ln thi-s -qLrrch. a srnal l  suitc ol
morphomet c characlrrs rras sought thal nt ighl

l)ermit idcnti f icat ion ol uniclenti f icd shler{ speci-
mcn-. (unLnorvrrs) bv cl iscriminant analvsis.

Thc presence o1 rge rariat iorr { lackson l92tl :
Rudd I 955). thc absence of serrral val iat ion ( l ludd
19551. and the prcscncc of size v:rr iat ion thal clocs
not lbl low Bergmann's Rulc (Hcnnings anrl Hoff-
nrann 1977) have been repor-tcd in shrerrs. Ihe-"e
sources olrrr ial ion lrere assessecl hrr Lhr: sarrple
ol spccimcns in this studr lo ddclmine rrhether
thel mighL signif icantlv nl l ict a disr.r irninant
an alvsis.

Methods and Materials

Spccimcns identi f ied rs Srrrer nonticolus ( inclurJ-
inpl S. oD.srrunrs) and S. raglzrr.  l rorrsccl in the
Marnmalog'- col lecLion at the l loval Ontario
I ' lu-seurn (RONI). rcquired updaLecl iclenti i icat ion.
Usc oft ine characLers as dcscri lrd in erist ing kevs
i l lcnnings ald Hofl inan l97i:  van Zvl l  de Jong
lgfJ: l l  pcrmittrd the conclusire idcnti l icat ion o1
1,13 ol 24'1. spccirncns (59%) i iom BriLish Colum-
bia. r 'cfcrrccl lo hereafter as knolns.

Four t 'haratlcls r, ;cre usecl in dist r inr inanl ana-
l r -  -  t u  i , l '  n t i t r  . l -  r r ' . r ' r r  r r ' ' k r r u l n  - 1 ' e ,  i n . r r -  a -
possiblc. Thc char:rcters rerc lcast intcrolbital
breadLh and pralatal lcrgth desclibed b,' I{cnnings
ancl Hoilmann i  1977). and width across f irsl  up-
pcr incisors and l icl th across fourth upper-
unicuspids suggcstcd bv Sal r Oeorge (pr:r 'sonal
, r ,m ' r r . r n i , . r t i , ' r r \ .  I r r o , ' t l r - r ,  I  r r . r l t ,  r .  - r r g9 . - r - J .

r ' . pee t i r eh . l , r  t l F  r l u r r  m ,  n t i onFJ  s , r -  ' r , , t  . . r i t ; r
blc ior this ana\-sis. S' idth across the molals rras
d r , , 1 ' g ,  d  l " .  r r r , - -  i t  - ho r r . , l  - i , : r r i f i ,  r n t  r r ge  re r i ; , -
t ion:rnd i ts inclLrsion t 'ould have severelv l imitct l
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srrnple size.r in discriminarrt analrses. -{ ir teen per-
ccnt of thc t irnc contlvlobmal length could not be
me|rsured be.11use of rrrushed or nrisshapen lrrain-
t .rses. To rnar. inr ize Lhe nLr rnbcr of spccinrcns that
rnight bc idcnti f i rd using quanti tat ir .e rnethods con-
driobrsal lengLh r{as relno\:ed from anahses. For
this rcason. lhc lr iv iatc rncthod of idcnti f i  ing S.
r ' .rglzr l !  rn. l  -S. nrontirrolL: described in Tlenrings
and Holhnann (1977) was not rrt ternpted.

-\kin chtrrtrcters rrere not used becanse -"hrerr
shns:rre pr-one l(r fapid degra.lat ion in Lhe f ielr l
and sLanda|d erlr:rnal rncasrrrcnrr:nls ar( 'pronc lo
ncJ - , . f i . , € r  - r . " r .  I ) r i - d  - l ' e r i r nen -  d^  no t  I ' c f n  i l

l e l i ah le  i r i c t i o r  pad  o r  d i g i t a l  ca l l os i t v  coL rn l s  ( van

Zvl l  cle Jong 198i3).

( lharaclers rrere rneasurecl using a S' i lc l  Heer-
blrrgg r l isse'ct ing nriooscopr: lurnishcd rr i th a 120
gladation ocular micrometer'. lteported rneasure-
menls |rre given in rnillimetr-es.

'fhc 
rnuscum sper:imens used irl thi-c studv rrere

assurncd l() bc fcpfcscnlal irc of thc populat ions
s:rmplecl.  ' \ l l  anrlvses rrere considered signi l icant
ut thc 5(/o lcvcl.

Auahs i s  o f  r a r i an t ' e  (A \OVA) .  r nL r l l i \ a f i a l e
anaivsis of rari :rncc (NANOVA). ancl l 'ukc,v's
stlldentized lange test analvses rrele pelfblmed us-
ing the GI-\ ' l  proccdrrrc irr  -(taList ical Arralvsis Svs-
tem (SA-q lnst i tute hrc. I98.5). Because ol l imited
sanrplr:  sizr:s. nrul l iplc rangc lcsls could not bc pcr-
lbrmed to rnole l i r l lv erplore lari l l ion associ l ted
l i th age. ser. .rnri ior spccir:s.

. \ l l  specimen-. lrere: lged bv use oi Rudd's
(195i>) age categories l)ased (rn Lt l t) th-wear drarec-
tcrs ol thc uppcr thircl premolfi and upper tluee
rnolars. Thc thrcc gr-arlat iorrs r i thin cach rrurn-
bered c:r legon (e.g.. -2. 2. and +2) ol Rudcl 's
t , " ' r h - r ' ,  r r "  , 1 , . ,  r ' 1 , t i , , n -  ' . ,  r ,  1 ' , " , 1 , , 1  r , ,  i n ,  r , . r - ,
salnplc slzas,

Va r i a t i o r r  a t t r i bL r t ab le  l o  se \  r l as  t r s te r l  i n  bo th
agc class 3 ofS. ?r(r!a/al?'\ and age class 2 of ,S. nron
tlrrr;1l ls- Specirnens l1ere laken f ionr a single age
cles-* to rnininlize the iniluence oi age. Sexual var'-
iat ion uas sigrr i f icarrt i rr  thc sarnplc of .S. rogrznr.
bul \ras nol signi i icnnt in S. rnontirrolrr.

I usctl a sin4rlilicd approffh to sealch ibr some
irrdication c-'f geoglaphic variation in S. rLontico-
1r.rr.  Three suLsets rere clef inecl based on lat i tLrcle:
, 19c  00 '  t o  52o  59 '  =  sou the ln  g roup r  5 i 3 "  00 '
t o  5 ,1 '  59 '  =  c r c r r t r - a l g roup ;  r nd  55 "  00 '  t o60 '
00' :  noltheln l i foup.

2 t- I l  Woodlarr l

A rnLrl t i -grorrp cl iscrirninant analrsis r, ;as clonc
u-. ing BIOITAT II  (Pimentel anrl  Smith l9tt6l
rrith the five groupings rr:rrranLed b,- Lhe result-q
of ANOVA anrl NIANOVA. Thc scrcs in ,S. rag,rznr
lr 'ere separated into tr!o groups in the nrr l t i -g|oLrp
discriminant anall sis. Signilicnnt diilelences be-
lltcn lhc gcogr-aphicalh -dciinetl subset-. led to
thrcc gloups <tf S. monticolus in thc rnult i  group
discrinrinant anal lsis. I)ata from al l  local i t ics lcre
pooled for 5. r 'agrnar becaLrse al l  l 'crc lronr sorrth-
cr.n latitudcs.

'Iir 
dcldop a quantitatirc mcthod to identill'

Lrnknouns. a sr:conrl discrirrr inant arralvsis (I)TS-
(lRIl ' l I \^\T) xas run using SLalisl ical Procedrrres
ibr the Socinl Sciences (SPS-SX l9lt6). Al l  dis-
crininant analvses rrele run Assurning ealu:ll groul)
priors. 

'lhc 
groups clciincd 1or thc rnulti group dis'

cr iminanL analvsis lclc prxrlctJ fof thc lwo-gloup
discrirnin:rnt annhsi ' . .  The t*o groups fepfesented
cach spr:cic's sarnplc' .  Thc rcsult ing unstandardizccl
.oeff i(  ients and consLanL ol the two-grorrp dis-
crirninant:rnalv-sis permit the identi f icaLion of un-
knot 'n -"pecimens l iorn Brit ish Columbia {Choate
1973: tsogan 19i4).

Al ier surlevi lg a nunlber ol specimen-r l iom
lroth species groups. easi lv discclniblc gradations
in chlraclers becarne erident. Fi!e tine cllafacLers
$crc rccordcd:

l .  Tinc sizc las scorct l  as small  ( I | .  medium (2).

or l l rgc {3).

2. Tinc pigrncnt tas scorccl as nonc ( l) .  l iglr t  (2).
mcrJiurr (3). or dark (, tr).

13. Pigment g:rp rvas scoted as ob!ious ( l) .  \ague
{2 ) ,  o r  abscn t  ( 3 ) .

4. Tooth pigment uas s(lred as pale ( l  )" mcdiurn
(2 ) .  o r  da rk  (13 ) .

5. Pigrnent lerel relat i \e lo Lhe l ine \ras scorr:d as
belor ( lJ. at (2). mid lav up ( iJ).  or aln\e (4)
tirc tinc.

AlthoLrgh subjective irr nature. I ibund these
charatter slates discrele cnough to bc rcl iabi l ,v as-
signed to al lspccirrens. The pefccnl lUc occLrrrcncr
of the dif lerent Line states rras lahulaled ft)r i i l
specimens identilied as S. rnonlilrlus or S. r,ogrnnr
br discriminant analvsis to i-rcert:rin dill;rences
bctircrn thc hro spccics. 

' l  
he specimens included

all  knol rrs (r le.rr Line characLcrs) anrl  al l  Lrnkno*ns
hnirecl or missing tine character-s) diagnosed b1
discriminant analvsis. Thc intcnt of this cxcrcise
r!as lo deternrine r|hether a sLrbsr:t  of thc f ivc
charactcr-s uould Lc suff icicnt to clcar]v dis-
criminale bel\reen the t\ro species.
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gtographil rr.t on skull characters.
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Results

The seres of S. r,alFans signif ic:rnt lr  di l fcrcd lbr
lcust interorbiLal lrrearl th and palatni length (Ta-
ble I ) .  Fcrrralcs lele lelat ivelv largrr lhan rnales
ior all ibur clurr:rrrers in S. r.'c6,nzns. frIANOV'\ alscr
showed a signif ir :anl ci i f fcrence betrreen t l te Lto
se]le-c (TaLle I ).

Thc scres ol S. nontitttht.s shotcd signilicant
cl i f lerences in r l idth acros-. l i rst Ltfper Incrsors. al-
though the X'I'\\OVA did not support this difler'-
en.e bet$c'cn thc h{o sexes (T:rble l) .  \Taics lcle
l r r r s ,  r  l l r . r n  t i r n r l e -  i o r  s i , l r l r  . r ,  r , ^ .  L r . r  r r l ' l , e r  i r r -

l he  t l r r ' ' - ; r , , ' . p -  ' . - ,  J  t , '  . r - - . - -  age  ! . r r ' r r : , , n
irrclLrdr:d l4lemale S. nontrcdar fronr the north
enr region (age classcs l-3). 2O male S. t tLott. t ico-
ftr .r  from the central region (agc cl lrsses 1-3). ancl

20 male 5. t,ogra s fr(nn lhc solrthern region (agc
classc,. 2-,1). None of the lhree samplcs shor,red
signilicant cliffercnccs bctleen age classes for-lcast
intcrorbital breadth. palrtal lcngth. rdclth acr.os-.
l i rst upper irrcisors. or l , idth acloss hrurLh uppcr
unicuspids. \ t icl th across the upper molrs showed
signif icant age variat ion in thl '  nralc S. nontiu)lus
lrorn the cenLral legion. thus. this char-acter I 'as
not inclut lcd in this stuclr.

l 'alatal length. r, ; idth across l i rst upl)er Incrsor-s.
ancl r,;iclth across fburlh uppcr unicuspids were -sig-
ni l icanth di i ferent bct lcen the three geographic
sarnplcs crf S. nonti( loLu\ (Tablc l) . ' lhese di i l i : r-
cncrs are ple-renl aL lhe uni lal iatc and mult i \ar i-
ate levels of analvsis.

Nonc oI the rneans of single chtrartcls are dis
t incl among groups or bctween -sper: ies (Tablc 2.1.
Biral iate plots rere marlc oI al l  six ol the

lclcntilication ol Sorer from tsritish (iolumbia 279



and soLrthlrrr sa,rps o1 .S. zlrrolrrs ol lirndle ud male groLps ol S. ragra,s.

\.rc\ nbntiolu-\ 1n,rl.s. ,lr. . lss 2)

Lharur te r  l learu , -d  Lnnt \ + 2 S D ] i + 2 S l )
( , , : 7 )

\ + 2 S D Range

Lea- . t  h te rorb i ta l  Ur lad th

Palatal Length
I; i,lrh !.ross trpper ln.isors
\ \ ' i r l t l ,  a r  n rss  I  pper  Four th  Ln icusp id

Sr f t r  ragzas  ls , ) ! t l  n .g i l )n .  us .  c l . ss  3 l

( lhara . t { . r  U ,  as , , , . ( l  tmml

3 .1 .1+ . : J2 :l .71) +.20
; . 28  + .28
l. '1; + .1{J
2..Ji l  +. L:t

3.62 +.2i l

I  : l lJ+. l l0
2 . 3 3  + . 2 2

n.  ns .

i l . 2 - 1 . 0
6 . 6  B . 1
1.3 l  ! )
2 . 1  2 . 6

t ! = B l
\ + 2 S l )

Leiil lIl.nr )ital Bft.r,ltll

I'rlatol Length

\ \  i l th  o r ross  tpper  Inc isors
\ \ i ( l rh  r ( rcs r  t .pper  Four th  Unn-u :pn l

3 .53  + .32

2 . 1 6  +  . 2 2
L 3 i J  + . 1 1
2 . 0 6 + . 2 t )

u . 2  3 . 4
6.3 i . :J
1 .2 - t  . ;
t . g -2 .3

measuremenl pairs. Nonc ofthe pairs showecl sepa,
r r t i  , n  . r r l l l e  "n t  t o  eo r r l l t l en t l r  , , 1 -n t i i r  - 1 , . ,  i r r r ,  n -
using this tethniclue.

The dassif icat ion of unknolns bl the mult i-
gr-oup disclininant rnalvsi-s and Lhe Llio-group rlis-
criminant analrsis ncrc virtual lv identical.  Two ol
six spccimens miscl:rssif iecl in Lhe two-gloLrp cl is-
tr irninant analvsis dif fcrcd from those misclassi-
ficrJ in thc multi gloup discriminanL analysis. In thc
two-gloup :rn:rlvsi-r three S. nozrirrrlus ud thrce
q .  , , , s / d r r  $ - r c  n r i * | - . i t i ,  d .  { l l  t l r r " .  - f " ,  i r n " " -
of knoln S. r)ol lans that lere rnisclassif iecl I 'crc
f imales (FigLrrc'  l ) .

Bv measuring i i rul skul l  chalacters. calculat-
ing a cl iscrirninant function score for the i i rst r :a-
nonical r.ariate, and plott ing the score on Figurc
1. over 900/o of the specirnens in lhis studr l l .ele
easi lr  identi f iecl as a nrcnrbcr ofonc ol the t lo -.pe-
cics gloups. lhe equation lo .alculate lhc dis-
crirninanl fu rrt l ion scorc is:

X  =  2 .011757 ( l easL  ; I t e fo rb i t a l  b l cad th l  +
2.216716(palatal lcngth) - 0.8i32296(wnlth
across l i rst uppel incisofs) + i i .B4B037(t ' idth
across Iourlh rrppcr unicuspir ls) - 30.9709I.

rrhcrc \  is the cl iscrinrinant score. thc f irst i i rur
numedr' valurs ar-c thc unstandardized dis-
ciminant coefl icienls. Lhe f i f lh valuc is thc con-
stanl.  and lhc chal-actcl names represent the \ahles

280 \\ 'oodward

ol thc rcspccl ivc chalacte$ measured on cach
spccjrnen. ( lharacters siroulcl be measurccl bv use
o1a dissecting rnicroscope rr. i th an ocular microrn-
eter-becausc srnall c[ols in rneasluernent can halt:
a substantial eI lect on the calcalated discriminant
score (Choale 1973). The constants in the above
cquation double and qrradruple mcasurcmcnt er-
r-or-s. Frrr- lhcrmorc. the size and del icacv ol thc
shrcrr skull rirtualll- prohibit accLrrale mcasulcntent
using cal ipers or r l i thoul sornc mcans of magnif i-

The trvo-groLrp t l iscriminant analysis prol ' ides
r r  p r . r c l i ee l  n re l l r o , l  t , ,  i ' l . r ' t i i r  r r n l r r , , r . n  - p , .  imen - .
The stacked histogram (l'igue l.) "hous sorne over-
lap arnong mernber-s of Lhe tr,o spccics in the dis
criminanl function 1 scores. Specimens wilh
rl isc minant scores grealer than 0.6l31 l 'cre
identilied as 5. nu)ntkolus. rlhilc thosc l'ith r.alue-s
less than 0.7721 wcrc identi i ied as S. r;agrr lnr.
Specimens lith discrirninant scolcs bet\\,eetr these
\ 'alucs lrcrc rnisidenti i ied. as $,ere Lwo e\trcmc
ouUrers.

The clLraliLaLi,'e charactc$ of S. morricolur (Ta-
ble ii) tcnd tovrard the high characLer staLe for all
Ilvc characters (more than ll00l) {}f spccrmcns c\-
iribiting characters at lerel 3 or morc 1or all charac,
Lers except l@lh pigment). ̂ 5. ralfarlr show a broad
|ange of char-acter- slales for l i r tur lv al l  ol  the
charactcrs. Nlore than 900/o ol specimens cxhibit
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character slatcs ranging l iorr I  to l l .  For et lch t l l
the f ive qu:r l i tat ive characterc. rnore thrn 20(/o of
thc S. rrcgrcrr.r sl)ecimens epl)eaf in lrr1) or rnorr
scparatc chalaclcr slales. Tirerc is no c lcar cl ist inc
t ion helr!een lhe chalact.rs oI combination of
chaladcrs associalc{ l  rr  i th thc irrcison thut clcarh
dist inguish i i l l  . ! .  ,r idnl i .olus f iom :r l l  S. ragans.

Discussion

I tLrdd (1955) rrr intaincd Lhat seru:r l  variat ion harl

no signif icant al iect c,n cranial rnorpholog'-.  and

othels {Carlarrav 1990) har,r:  madc similar as-

sumplions in lhcir lork. Irr Lhis sturlr ' .  S. rrrgrcr,.
shored signi i icant sexual v:rr iat ion ibr lea-qt
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inLeforbital breaclth and pdatal lelgth (Tablc 1).
Carrar ar (pcrsonal commun;ci l t ion) bel icve-r thaL
the ser of about I  Oio of al l  Sorer frrrrrrcl  in rnuscunr
crrllr:ctions is rnisiclenrificxJ. ll the spccirnens housed
al the ROI\ l  lbl lor this gener.al irv. the scxual vari-
at ion in this samplc rnar bc cven rror.c signif ir .ant
than this analvsis sLrggcsts. l 'his signif icant semal
v:rr ial ion and thc resulLing signi i icant mulr i !ar iate
cl iect iol  Rudd agc crtegiorv 3 suggesrs that dara
- l  , , r r l , l  L e  e , , r ' n i n e d  t , , r  , l r m n r 1 , l r i . r n .

Although rnanr others hlrr.e relrortcd:rp1e var. i-
a t i on  i n  sh re t s  ( Jac l son  l 92B :  Rudd  1955 j ,  onh
l icl th : l :ross upper rnolars shrxvcd anr signi i icant
clillercnce arn()ng age catcliories. There r,,as no
statistical rlifielencre at the nultivariare lcvcl fbr Lhc
l iur chrracLers used ir this studv. Adrnitredlv. the
sample size-e ar-e srnal l .  Thc result-" do, hoter cr.
sugi.acst th|1l agc lariaLi(rn should bc routrne/r.  cr
1 , 1 , ' r . , 1  l , ' 1 , , r ,  u - - . r r r r i n g  . r n r  - i s n i r i e r r r , ,  .

Aithough thc signif icant groupings result ing
tiom Trrkcv'-.  strrdcntized ran€te tesl Iarv lronr
,  l , r r . r c l e ,  t , ,  ,  l r r r . r c t - . .  t h ,  6 .1 - . 1 " ,  , ne111 -  f e1  1 l . e
central gfol lp Rre consi-rtenl lv the Iargcst. t 'her-cas
thosc ol the southern sample arc the smallcst (T:r-
blt-  t) .  Although thcre is no cviderr.c ol Berg-
m:rnn's l tule i ,Srnith 19ltOj. coasral vcrsus inland
Iocation. eler,rt ional dit f t  r .ences. rain-shadot eI,
i icts. or other'  pararneters mav be corrclatecl $ i th
the morphological dif lclcnces exhibited in dre
sper: irncns erarnirrcd. A largcr.sample size. pre[cr-
rabh oi a singlc subspccies. is ncccs-san to 1ur-
thel erplore the possible factors orrrclated wirh
morphologir:al r .ariat iol .

The r lassi l icat ions ol the Llo-group anrl muhi
groul) disc rninant nnalrsis cl i l lered lbl onlv sir
spccimens. l t  is noL surprising that the rhrcc cl i i ler-
enLlr clas-r i l led 5. ragrunr in r l lc trvo-gnrup di-.
cl inl inant i lnahsis rrcre l imalcs: the largcr l inalc
5. tzgrans arr: rnore likclr to bc cllssiiied as S.
nuntt iat lu than ale thc smaller rnales. Thc three
dillelentlv classifi c'd S. nrrrrrir.olas clearlr. erhibiLcd
nto tt  I  i  |  :L) l tL\ kel characters.

Thc use of r l iscrirni dnt scores for the f i fst cl t-
nonicnl rar- iate has proven uscful in idcnti l i ing
rnorrsc and hat species lhrt e-\hibi l  conl iLsirrg kev
c haracter.s (ChorLe l97i l :  Bogan 1974). DespiLe
signif icant rnulLir.ariate dif fcr.ences in ser and gc-
oglaphic groupings. Lhc classi l icarion lesLrlrs ofthe

rnuJti-group and l lo-grouJr discl iminant an:r lvsr:s
s ' r ' ,  i , l en r i ,  r l  i n  r o t -  , , t  -  r , ,  ' - - t r r l  c ra - -  f i c . r t i o r r
o1 the Lnor,;n sper. imcns.

T l ' , , - ,  - p e ,  i r r ,  n -  r ' l r , * ,  , l i - ,  " i r n i , r r r r t  * , , r ,
vr lrcs are frel*ccn -0.7721 and 0.61l l  L shoLrld
lrc corsidercd S. rrrgrtrns I or S. nontirttlus l-
r:llhef than as Sorer. sp. .S. ragrolr and S_ azon
tiultts arc rcadilv riistinguishcd lrom other ,)ore.r
spccie-. br shared clental characlcrs (r,an Zvl l  de
Jong 1983). Br assigni lg a r lucstion nrar-k to :1 Len-
tal ire idcnti l icat ion, a highcr. level ofsvstemaLic in
lrrrnrat ion is rctained in the mLrscum crr] lcct ion.

Thc charatlcrs describecl bv Hcnnings and
I{oi imann (19771 rnav he individLral lv str iking
*hcn examining -spec,irncns of S. r;agrarrs or S.
n lu t ; , , ' l t ^ .  \ \  l r - n , , r i 9 i r r . r ' [ ,  r r n r i , r i r r :  - l - c i nu . r r - .
I  found torrccntrat ing on the darknes-s oi the pig-
nlerl t .  and the frescnce or absence ol a break in
the pignrent betr lcen rhe t ine and rhc m:rin boclv
of thc incisol confused i t lenLif icat ion decision-".
While pcrforming f inal curation alLer complerion
of thc analv,.cs describct l  her.e, I  l iund that the
level of pigrnent on the rnain bodv of the I l  and
thc size ol thc t ine !,rclc the lr , ;o ch:rractcrs thal
seerned lo r.arr Inost consist{rntlv I,itlr discriminant
rnalvsis diagnoscs. ( lonrcntrat ing 1)nlv on thc var
iation bel*ecn these tr,;o charatlcrs grealh sim-
pl i l ied idcnti l icat ion decisiorrs.

Dist inct ive Linc ch:rraclc'rs led to thc pr.ompt
idr:ntilicaticrn of ^5. ar-,lticolus ancl S. t)agrans 6jn/tt
ol the t irnc. When t ine characters wcrc absent or
becume rnirccl in naturc. the usr oi four easi lr
I ncJ -u r r , l  c r . l r i n l  i  l r r f l r c tF r -  r l r , l  r l r -  r , . .  r l r -  , , 1  . r
di-scrinrinanr analvsis pernri t ted Lhe iclenti f i  t .at ion
, , f r  [ r r r r h - "  3 i a o  n l  r l r ,  - h . e r ' -  . r r r . r i t i r r ! ,  r r r . r r i o r r .
l " u r  ,  ' , l l ,  ,  t i o r r -  L ,  Un9  l a r ; . : ,  - e r i e -  , , i  <pe r imc r r - .
a qunnti taLivc identi f icat ion tool for the cranial na-
terial of these L\r! ver\, confllsing spccies provides
a means of assigning specif ic nornenclature lo
museum speclrmen,q.
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Appendix I

Sor* ntonti t t t lus.-

B|iLish Colunrbja. (n :  i5i  l l ta Lake ( l  ) ;  Bcnnctt
( l l :  Chezacut T,akc. Chilcotin. Range i3 (t):  CLrltLrs
Ltrke (2); First srrbalpinc Bciula comrnunil !  near
l lar 's Rord. 59' 5 I  '  N. I  360 :1,0' V {,1): Olacier
(,h: ( lolden ( l) ;  Hopr:-Princcton Highlav (t l ;

Lakelse Lake. Rangc 5 (,1): fr lanning Park (:Jl ;
Nlc(l l inton Cleek. Craham lsland ( l i :  N' lounL Rerel-
stoke ( iJ):  l \Tounl Rcrclstoke \rt ional ParL ( l) ;

North Vancourer (2)r \ulki  Lakc. Range 4 (,->):
Point [ j rcv (2): l lcpe:rt ;r lpine rn(r ist grass commu-
r l i t v  N  Den  S i re  I 1 .59 .  40 ' ,  \ .  136 .  t J l '  S  (1 ) ;

I tcpcnt alpine Salh corrrrnunitv N Dcn Site D. i>9o
.10' N. I i l6 '  l l l  '  t r  {3); Rr:pcat subalpine .Sal i t
corn mnrl i tr  at Den Strean. 59' 48' N. 13(r '  37 '

S i12)r Sal ir  erperirnental Derr Siki D. 59c .10'

N .  13 .5 '  3 l  '  N  {1 ) ;  Sea l  ( l o \e .  P r i nce  Rupo t  ( 5 ) :

, \econd alpine grass crl)mrnunitv,c Den Site D. 59'
10 '  \ .  l  360 31 '  V (2): Seconrl alpinc loaclside
comnr r rn i r r  a r  Dcn  S i t e  f ) .  59o  40 '  N .  136 .  3 l '
S' {2); Secorrd a[ inc ^Sali . t  cornnrurr ir \  S Dcn Sitc
D .  59o  40 '  N .  136 '  3 I '  \ \  ( 5 ) r  Second  sL rba l -
pine 5n1ir comnunitv in t-08's tvpical area. 59'
, 10 'N .  1 l l 5 '  l l I '  S  ( l ) : ,S i r t ccn  X ' l i l c  Lnhe .  Ques -
ncl l3): lancolrrer i1): Verrni l l ion Crossing (3).

S,.,,rcs ..rLg'ttrts .

Bri t ish Colunrbia. (n :  i l0) Bolean Lake.7 rni.  NE
l al l land ( l  ) ;  Camclon Lake. Vancouver lslancl ( l  ) ;

Col lstrcanr. Okanagan (,1J: Corichan T.akc. \an
couver Isl :u. l  (  I  l ;  Duncrn. \  rncouver lsland (21:
Coldstrr:anr (l )r Huntingclon (iJ); NLrunt Ro.clstokc
{l j :  l l loLrnt Revelstole NaLion:r l  l )alk (3); Okana
gnn Landing (5i;  Point Crcv (31: Quat-r ino ( l) ;
SL rga r  T ,akc  (1 ) ;  \ ancouve r '  ( 1 ) t  \ i cmon  (2 ) .

l .  nknrxrns. -

Bfi t ish C(, lumbia. (n = 86) B sarn Lake ( l  l :  l lca-
vo l) i t .  Cltcicr '  \  at ional Park ( l) :  Br:avcl l l i rer.
Clacier Nrt ional Park i  l  j :  I lolcan Lnke. 7 rni.  Nl
! ' r lkland i l ) ;  Cancron Lake. \ :rncoLrr,er IslantJ i3);
Colclstrearn. OLanagan i3)r Cranbrook (3): (lreston
(lJ); CLrltLrs T,akc" Okanag:rn (1): DeprrtLrrc l lar ( l)r

l ) uncan .  Vancou re r  Ts land  (1 ) r  Eag le  Ba r .  ShL rs -
rrap Lakc (1): f ield ( l) :  l ' i r-st alpinc Solr lr  com
r run i t v .  nca r  Nad rh i r i  R i ve r .  59 i  , 11 '  \ .  1 i J6 '
33' Ur (t) i  Clacier (31; Coldstlearn. Vantourer Is-
lanci ( l) :  ncar f laincs Road (13): Huntirrgdon (1);
Lrkelse Lake ( i l ) ;  T,ulrr Tsland (3J; I ' lanning Park
(2): \ 'TcClinton ( ircek. Cmharn Islanrl  ( ,1)r \ lcCIin
ton ( lreel.  Xlassct Tnlct { l ) :  I ' loLrnt ( loaklev. Van-
r.ouvcr Tsland (2): N' lount RerelsLokc ( l)r M{runl
I lcvelstoke Narional Park (14): No locdiLv (2)r
Okanagan LanrJing (2)r l)oint Orev (2): Seal ( irrc.

Prince Rupcrt {.1); Si lvel Star NToLrntain. l2 rni.
Nfl  \erDon ( l i ;  -Si 'Leeu \ 'Ti lc Lakr.(5): Soole ( l) :
-(Lrgar T.akc (3); Surnmit Lake ( l l ;  Varrcour.cr {3):
\ \ ' rnnclel (2).

Td - . ' t : f , . l t i , ' n  , , i  Su r r  l r un r  B " i t i - n  C , , l r r r r L i . r  2a : ;


