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Th1s~the51s“has three maln objec *ves-d:4§'tlfvff;ﬁ' Clen

(l) to descrlbe the skeletal Iroquo1 populatlon from

. 4

the Grlmsby 51QF uslng dlfferent dental tralts bel1eved t0";xrl

,®

I'l Grlmsby populatlon,iand

R

have some dlscrlmzzitory value 1n odontologlcal studles-

et -

(2) to use th frequenc1es of the most rellable of

. ,.) .
these tra1ts in a blologlcal dlstance analys1s of several
IroQuo1an groups from soutﬁ%rn Ontarlo, 1nclud1ng the
g . . . . .

(3) to formulate general conclus1ons regardlng the
N

i

u“ut111ty of dental features for blologlcal &emparlsons,of - ;{L;;,

_‘exam1natlon of the teeth of the Neutral Iroquo1s populatlon

thls klnd.;;;h

The ma1n focus of the the51s was a morphologlcal

] : -
PR

¥;wh1ch occupled the Grlmsby 51te ngund AD 1620 1650. Thei~'«3“

N

uszormula employed for the relatlve dlstance comparlsons of .

ﬁf1ve skeletal samples from southern Ontarlo.z Three of these:j*lf

f.of the Grlmsby rema1ns. S

study sample con81sted of a serles of dental 1mpre551ons,

”these 1ncluded casts of 67 maxlllae and 66 mandlbles,
.representlng 63 adults and seven juvenlles.f The mature

'1nd1v1duals had beeh sexed in a prev1ous osteologlcal study

.

y, The Grewal Sm1th Mean Measure of D1vergence was thei--'1

'samples were Neutral groups (vzz. Grlmsby, Carton and Shaver

. Hlll), whlle the other two were pOSSlbly Huron,populatlons

Y
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CHAPTER 1..;”.v. S -;ff"'

- INTRODUCTION TO IROQUOIAN STUDIES AT GRIMSBY AND
| OTHER SITES.\‘

1.1 Background to Grlmsby Slte.

7

,afly’ | The Grlmsby 51te is located near the southwestern shore‘
" of Lake Ontarlo, about halfway between the c1t1es of |
:eHamilton'and.St. Catharlnes, Ontarlo. The locale 1s 1n‘the
‘;“heartiof_whathas formeriy'the'terrltory~of the Neutral..T"'
‘Iroqu01s (Noble,‘1978) Ths excavatlon was’ carrled out
!between\mld-October, 1976 53d ‘hrly Aprll, 1977 under the
_‘dlrectlon of w‘A. Kenyon, of the Royal Ontario Museum .
"(Kenyon, L982 5 8) The cultural and human remalns were
hvorlglnally dated to AD 1640 1650, on the basrs of hlstorlcal
-'7Gmanuscrlp¢s and the large quantlty of trade goods found w1th
'; the burlals (Kenyon, 1982-226' Jackes, 1983) Accordlng to 1_v
7%Kenyon and Fox (1982), a better estlmate for the Grlmsby
.‘slte span would be AD 1615 1650. Thls perlod wofild
lrepresent the last few decades of the NeutraI ]E theh"~~-
:‘confederacy was destroyed and 1ts people scattered by the
._'Flve Natlons Iroqu01s between 1650 and 1653 (Hunt, 194Q.97-
lﬂ‘98) ) s | T
-The Grlmsby.prOJect was a.salvage operat1on,jand 1t was _
f'hampered by a number of legal and technlcal problems

“(Kenyony 1982 5 8 Jackes, 1983° Jackes, in press) The

‘.Vlocale had been-superf1c1ally dxsturbed by rel1c-hunters

T

¢



before the ROM crew began to work and durlng late December;ff

‘some of the unearthed materlals were dlsarranged by. vandals
durlng a suspen51on of dlgglng act1v1ty A major d1ff1cultyif.f‘
: was that human bones could nqt be cleaned or marked, so that:"_,.'
i the checklng of 1nd1v1dua1 spec1mens was. not posslble,vandprs
catalogu1ng accuracy was reduced. Anomalous ‘or doubtful
features could not‘be stud1ed 1nten31vely at - a later date,;:'
because all the skeletal materlal had to reburled by the y S
.‘fsummer of 1977._Y';'e>1 ' B
However, the d1gg1ng was done in an orderly fashlon,
the skeletal remains were photographed before removal,,-
;. X-rays were taken of some’ spec1mens and the notes of
excavators prov1ded add1t1onal data (Kenyon, 1982' 5 8-
Jackes, 1983) . There was enough 1nformat10n to 1nd1catey

-

that the bur1al patterns at Grlmsby more - closely resembled

~.

thoee of the Er1e and Seneca than those of the Huron,

contrary to what had prev1ously been assumed (Kenyon, 1982-‘,
228-229- Jackes, 1n press) The American Iroqu01s were.

- 1ncl1ned toward cemetery-type graves, where the contlnued

- assoc1at10n of parts from the same body was de51rable, whlle y‘i

’

the Huron custom of ossuary sepultures ensured that bones

': from dlfferent 1nd1v1duals would be 1nextr1cably mixad

together.

LY

A careful and deta1led statistical and morphologic
analy91s by M. K. Jackes resulted in the identification o ,

373 1nd1v1duals at the Gr1msby slte, fro:n a total of 58

T



' dd1fferent bur1al features (Kenyon, l982-230- Jackes,'int

5press); Of these—features, there were three (Fe6, Fe?
-'?e37)}-represent1ng~seven 1nd1v1duals(-wh1ch'were really-

fjust clusters of dlsturbe ‘bone._lﬂowever; there were alSO

- 126 31ngle 1nterments, l7_small (famlly?) group-sepultures of'

]two to four persons,rand two rather larqe gravegards (Fe9
%and Fe62)hﬁconta1n1ng 58 and 103 bodles.' Thé - remalnlng 10
'features each “held from 5 - 25 1nd1v1duals (Jackes, 1n-
fpress) o L |

| Accordlng to Kenyon (1982 231), four;types ofjgraues;;~
'were encountered. (1) the prlmary or simple!flex" burialj“

'(2) the "t.ue" bundle—bur1a1°-(3) the scattered“ bundle-['

bur1al (characterlstlc of Huron ossuarles) and (4) the sem1~f

artlculated bundle-burlal.- There were an estlmated 50 (more'i'

'-or 1ess) art1culated skeletons wh1ch.represented about 14%
H»of the MNI total: the remalnder ‘had been dlsartlculated to
somé 91gn1f1cant degree before 1nterment. The carefully
ordered, mu1t1 1nd1v1dual bundle-burial patterm-observed at
‘Grlmsby has also been noted for other Neutral s1tes, e. g

Shaver H1ll and Walker (Jackes, 1n'press).

Jackes (1983- 1986) has provrded a detalled study of P

‘the demographlcs of the Grlmsby people. Of the 573

recowared 1nd1v1duals, 28. 5% were mature males and 27. 2%

were mature females, whlle 2% ‘were lndetermlnable adults and

T

f'42 7% were 3uven1les under 20 years of age (35 be1ng over

- ‘the age of 15 could be sexed) The'populat1on_represented‘by;;

.U"e..

o]



Q’the Gr1msby remains probably numbered between 200 and 300 f

\

‘1nd1v1duals at any one tlme..’

l 2. Gr1msby dental mater1al._':f._:‘4‘ ”l_ﬁ', .v,‘i S -;4f
The teeth of the Grlmsby populatlon were‘1n1trally
.studled by Peter Hall durlng the w1nter of 1976 1977 “"f'j"f‘
(Jackes,.ln press) Hall coded data on wear. and pathologyi‘
‘for later statlstlcal analy51s, and also prov1ded
'-mlscellaneous observatlons ;n‘spec1mens and casts in h1s
notebook on~ the Grlmsby materlal.» M K. Jackes (1n press)
7comp1eted the analy31s and wrote up the results and

a

: conclu81ons in her manuscrlpt on. the skeletal remalns.

Through the efforts of Jackes,"b serxes of . dental casts

'was made of ‘some: of the gnath1c spec1mens, before these had

"to be reburled.l The cast sample prov1ded the study materlal “.

| for thlSytheSIS, and 1nc1uded 67<max111ae and 66 mand1b1es,’;
representlng 63 adults (permanent dentltlons) and seven »_.;'lle

Jgipvenlles (mixed dentltions) "In add1t10n to the above,ri
fthere were also elght plaster 1mpre9310ns made of the upper

«fand lower Jaws of four 1nfants under the age of flve. The

'}dec1d ous teeth were con31dered 1n a separate manuscr1pt._ o

——

.&‘ . \ ‘-i..v » . . .

'll 3 A br1ef hlstory of Iroqu01an peoples (AD 1600 1700)-
- The Grlmsby Neutral populatlon belonged to the -
"Iroquoian stock, most of which inhabited or eventually

'.settled.zn/ he Lower Great Lakes reglon of soufheastern

L . .



Qntarrosandtnorthern NeuvYorh:(see fi@uréﬁi 'Vpp. 6 7) At_
;"ththine'of'EUropean contact, ca. AD 1600 _the aborlglnal |
'peoples of thls reglon were organlzed -into three major.

. A
3confederac1es, the Huron (flve tr1bes), the Neutral (f1ve or

lex tribes)’ and the famous League of the F1Ve Natlons, as-

well as a number of much smaller (tr1bal°) groups,.v1z.;the
‘Petun or Tobacco-Huron, the Erle, the Wenro, and the_stf
: Lawrence Iroqu01s (He1denre1ch,,1971 81- 86~'Whité, 1972-»;
..Spencer et al.,>1977 2367~ 368) “These smaller ent1t1es we%e
'nat times allled or. assoc1ated w1ttxone or the other of the
'dlfferent confederac1es (Ibld s Hunt, 1940 50 101)

ot " The pﬁ&tcontact Great Lake Iroqu01s are belleved to vrurj :
: ‘ha.ve 1nhab1ted t~he area- for at 1east a. couple of m111en1a ! |
(Spencer et al” 1977 373 378' see F1gure #2 ;) 8)‘ %wo‘ ‘(('
,other afflllated trlbes, the Susquehanna and Conestoga,
_orlglnally occupled parts of eastern Pennsylvanla (Hunt, ("'
71940-137), but moved north in the m1d-seventeenth century::
‘1nto the adjacent areas of New York. A thlrd group, the
'Tuscarora, m1grated fromvthe Carollnas and'had jOlned the.
"League"byrl715 1eav1ng the south Appalachlan Cherokee o
-Confederacy as . the only major Iroqu01an d1v181on ex1st1ng
.out51de the Great Lakes—Emplre State reglon (Spencer et aln,-
1977: 367- 368). E N A . R o

The Iroqu01an cantons of the League are- the only groups
'@ t,
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”1433ﬁigure"lf' Map of northern Iroqu01s (c. 1600) and 51tes
._§o,‘ ';'c1ted 1n text. Key and References. B
oKey (* Slte populatlons used 1n MMD analy51s )
N St. Lawrence Iroquois . = -
~J;RC Roebuck Cemetery (AD 1450 h530)

: ‘Early E. Ontarlo Iroquoxs/Proto—Iroqu01s ;S%n'j

~ “ KC's_r Kant.-Cémetery. (?AD 0-200):. b

'SMP .= Serpent Mounds/Cemeterles (AD 0 300) & P1ts
\ (AD 800-1200) = . 5

nyarly w Ontar1o Iroqu01s/Proto—Iroqu01s

.7 (70-BC - AD 80).
B fProto—Huron (3) Iroqu01s o
ER FO = ,Fairty Ossuary (AD 1400 1500) L

VvTHO =~Tabdr Hill Ossuarles (AD 1300 1350)

R
4 s

.~ Huron Iroqu01s : ' : ' =
Kleinburg. Ossuary (AD 15%?—1615) - N.B. May be a

;#Ko, =
5 . Neutral populatlon, Co
~0s0 -= Ossossane Ossuary (AD 1624-1636) "ffmfv
.. *S0. = Sopher Ossuaries  (AD:1580- 1610) - S
.; WO] = Warmlnster (Cahlique) Ossuary (AD 1600 1630)

,y‘_
. N

Neutral Iroquo1s QJ. S
‘Carton Ossuary (AD 1580- 1610)

_xCo . =

C = Grimsby Cemetery (AP 1620~1650).

QO = /Orghid Ossuary (AD-1300-1%00) -
*SHO = Shaver Hlll Ossuarles (AD 1600- 1620)

. .
e 'Ada d frans ‘ '

SRR & § g 1974 47 Map 1.-,: =

(2) Kenyon, 1982:229, Figure 143. -

(3)-. Molto, 1983: 37, Figure 2.1. '

(4} Molto, I983: :87-88; Figure 2.2, Table 2. 1.
(S) Patterson, 1984: 8 9, F1gure 2.1

-
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e

cf whlch were weakened by 1ntroduced dlseases, before ther-

end of the seventeenth century (Hunt, 1940 87 104) he bfj,-'d

Great Lakes Iroqu01s, 1nclud1ng the Neutral, were utterly E

,routed and scattered (or absorbed) w1th1n a 51ngle decade_“f'
(1645 1655) : Therefore, thelr hlstory and ethnology can

only be partlally reconstructed, y archaeologlcal work and

&

ana1y51s of pre-contact and post contact 51tes, and by the'

R

1nterpretatmon of contemporary European a!counts.

1. 4 A br1ef hlstory of Iroqu01an 1 studies;“

' The flrst worker to 1nvest1gate'1roqu01an skeletal

blology was Slr Dan1e1 W1lson (1857, 1862 1873), who was e
pr1mar11y concezned wlth the cranlometry of the "Huron race 'dbi
‘7 and .- sa1d llttle about _ the dbntltlon.‘ More than 51x decades:;w'h
passed before the next publ1cat10n of 1mportance, thls belng'
sir. Francis Knowles (1937) study of the Roebuck 31te:i'
:mater1al. Knowles con31dered metrlcal and nonmetr1cal,
cran1a1 and postcran1al var1at1on,‘and prov1ded demograph1c<
llnformatlon.' He also—presented data on dental pathology
from f1ve sites in southern Ontarlo,'lncludlng Roebuck, and'ft
‘ noted the~occurrence'ofzagenesrs and dental anomalles (e4}'}
supernumerary teeth) in, some spec1mens (Knowles,'l937 5 6,?
12-13,48-49,70-75).
Subsequent researchvlnto Irodu01an dentltlons dealt

malnly w1th the pathology (car1es, absce881ng, per10donta1

dlsease, malocc1u91onl~o£_human rema1ns,.e4y from Huron



thSéuarles at WarmlnSter (Harrls. 1949) and Ossossane Lo ,l:,.
,,;(Gruber, 1958). Some papers also 1ncluded a few remarks onl:gf;;
\'T.att“tmn: but ;lery llttle {vas sald about tooth morphology,

'hre 9 Adn. the skeletal populations at Kant (Emerson; 1956- - :_H7*‘

"jPopham, 1956) and Kr1eger (K1dd, 1956) The only other

'g'ipub11Cat10n of note durlng th1s perlod (1850-1960) dealt

n'itw1th the demography of the Tabor Hlll ossuary (Churcher

.and Kenyon, 1960)
: Durlng the next decade, J‘E.iAnderson fonndedbthe ba31s
_;for future work in the fleld of aborlg1nal skeletal blology
.‘.1n southern Ontarlo. From 1961 to. 1969 . he completed |
v several 1mportant 1nvestlgat10ns on the rema1ns of Ontar1o‘7$.”
r'Iroquo1s, e g. at- the Fa1rty and Serpent Mounds s1tes. Hls S
hrmajor papers (1964 1968) prov1ded the organezatlonal v_
” scheme followed in the reports and theses of h1s students at
;_lthe Universlty of Toronto\(Cybulsk1,_1968- Melbye, 1969;. |
',Ossenberg,:1969 Webb, 1969). B s R |

| Anderson establlshed a problem-or1ented approach,;;
>1 l1nked to archaeologlcal theory and research.; Thls
5 emphas1zed nonmetr1cal data 1n the exam1nat1on of

. Tl

- 1ntradem1c and 1ntprdem1c varlatxon, rather thanuthef

"“cranlometry and osteometry whlch had previous}y doninated
' &

) skeletal stud1es. Anderson (1968) and hls students
' (Ossenberg, 1969- Webb, 1969) also 1ntroduced the first |
3fcrude statist1cal technlques (Ch;-Square,'Penrdse Size and

“Shape, Clark s Coeff1cient of DivergencéT'into their,.ﬁ_ S




<ref1ned and powerful ma

assessment of populatlon aff1n1t1es, u51ng a battery ofr;

AL

?.morphologlcal tra1ts 1n<the analy31s.pyf'_;g,'3i‘ f;

Anderson (1964) ig? h1s assoc1ates (Cybulsk1, 1968-

'fMelbye,:1969 76 79- Ossenberg. l969~~Webb, 1969 77 80)
.‘prov1ded more detalled descr1pt1ons of Iroquo1an teeth 1n

’ thelr r orts on—51te rema1ns. The ma1n focus of these'
ﬁl_’_

Q .

”1969a), but there was also a’ presentat1on of stat1st1cs on

-

"several bas1c morpholog1cal tralts, e.g' shovel—shaplng of
the 1nc1sors, upper molar cusp-number, lower molar cusp anﬂ

'f'groove patterns, accessory cusps (Carabelll and paramolar_f'

B

”tubercles) and molar crown enamel exten81ons.’ Observat1ons
‘on dental agenesxs and dental anomalles (e g supernumerary

' :and peg elements) were also glven by these workers,

In the 1ast 15 ye 's, there h\§'been a trend toward

‘ spe01allza 1on 1n the51s research, and the use of more Lo

number of graduate students have con—centrated on- partlcularv

'v‘vaspects of Iroqu01an skeletal blology,,e g. the Huron splne

o pathology and attr;tlon (Patterson, 1984) ' Others have

contlnued to. write’ .on "s1te“ populatlons and 1nclude aﬂ.

&

’sectlon on. tooth pathology and morpholOgy (Jerk1c,~1975r

»

Pfe;ffer,,l9767;Kolar, 1982)

‘ 1var1ate statlstlcal technlques. a

descr1ptlons was on pathology and attrltlon (Anderson,v1968- L

1(Jackes, 1977), dental and osteal pathology (Hartney, 1978),fr

“dlscont1nuous cran1a1 morphology (Molto, 1983), and dental ;



. fi It has only been recently that 1nten91ve research has‘l

"”__been done pn Iroqu01an tooth morphology. Slrlannl (1967)

'fv;and W1nn1ck1 (1969) had wrltten short manusc&1pts on the Qf

',fOrch1d and Carton dentltions, but the-ploneerlng work 1n‘”'h

‘i_-ufthls area was B. Jp erght s (1974) M. A-'Th6815- Wrxght

"f;examlned a number of d1screte and quaslcont1nuous dental

£

'-5traits 1n order to descr1be the dental morphology of three S

.Iroqu01an skeletal populat;ﬁns (Carton, Shaver H111 and

- SQpher) and assess the1r relat1onsh1ps by us1ng Chl—Square3?;;:yh

p(xz) analys1s.”;."b

L S

' The latest 1nvest1gatlons 1nto Iroquo1an dental

dlmorphology were carried out by K.E. Wr1ght (1977), in her

LbdA. Thes1s on the Klelnburg teeth, and J’E. Molto (1979), ?-_‘f

"::'1n h1s study of the'Donaldson mater1al. The former used;“H

Wrtght's (l9_4)<work as a basls for her own-

“»:research, and followed most of hls standards, 1n order

L

'_.to make the1r observatxons comparable. She then used
. g . I - »~"-‘

'"?blologlcal d1stance formulae,:v1z. Grewal—Smlth s Mean
- Measure of D1vergence (MMD) and Sanghv1 s G-stat1stic,‘y5

fto assess the 1nterdem1c relatlonships of four s1tes-

'.:Carton, Shaver H1ll,‘Sopher and’Klelnburg., Molto

| .examlned the dent1tions of the Donaldson populatlons as S

. LJ

.T;part of h1s compar1son of these groups with samples from.”

other southern Ontario 51tesu,

NEL
e



1. 5 Sex1ng of Gr;msby dentltlonse

r‘” The skeletal remains at Grlmsby were sexed by
S Sy S
. M. K. Jackes (1n press) _ Most of the dentarles stud1ed 1n Lo

»‘thls theSIS were assoc1ated w1th pelv1c or cranlal elements-”‘ o

'.i30 1nd1v1duals (18 males,,12 females) were sexed on the ‘

: ' ;ba51s of pelv1c tra1ts and Zﬁ—ilo males, 16 females) on: the:‘

vﬁshOuld be noted that an: accuracy of 90% - 95% can be

«-ﬁbasls of cranlal morphology and metr1cal analys1s. b:tfh:"' o

1_'atta1ned u51ng pelv1c features (Brothwell,,1972 54) and

:’90581b1y of 90% us1ng cranlal characters (Anderson,*

'-.1969b 160) There were ll 1ndeterm1nab1e skeletons, these

‘"1ncluded both juvenlles and adults.

'_ The three rema1n1ng spec1mens cons1sted of two isolated -fu

~

f(male?) upper and lower jaws (Fe36#6003 and Fe36#7001,

| respectlvely),'and a gnathlc set that very probably belonged

y -

e .
“to (but was not def1n1te1y assoc1ated w1th) a female cranlum,j

L.

'(Fe62#63) The maxlllae and mandlble of Feature 36 are
;very 11kely to be male elements,,accordlng to Jackes (pers.r
_comm., 30/5/85) However, in the tables presented 1ﬁ each -

tooth class chapter, fxgures wh1ch 1nclude the doubtful male B

-~and female dentltlons w1ll be underllned (for the i fl”_u 'Q'v;v

wIE o

ﬂp.descrlpt1ve categorles affected)



CHAPTER 2. _f'.'._;-“
THEORETICAL BACKGROUND AND METHODOLOGY. o
B R T
, Z;l -Introductlon."g
In thlS chapter,-the general ratlonale for dental

"fxstudles in the context of phy91cal anthropology 1s glven,g-'

_fhand the method used in the,purSult of ‘the obJeCtlves:T~

outl1ned below.‘ A short sectlon deallng w1th the

o nomenclature employed in the text 1s also 1ncluded spjthat.”“;[“

R NN

yffthe ba51c terms are clearly-understood.'fy;-i: _" y~.(<fr"

The general ob3ect1ves of thls the81s are the,;';f E

?followlng

'(l)_ to descrlbe the varlatlons of d1fferentu%ra1ts that are'
S D ‘

" bel1eved to have d1scr1m1natory value ln&éental‘populat1on B

L~

;stud1es, 1j'v" . j'~ ._,f"_ o 1f< Afi'

'ih(2) to use the frequenc1es of the most rel1ab1e of these'

-

';-"tralts 1n a blolog1cal dlstance analysis of several

&

Iroqu01an nopulatlons,_spec1f1cally, those

'r; represented at the archaeologlcal s1tes of Grimsby,v
"Shaver Hlll, Garton, Klelnburg and Sopher.yfdﬂ*;tff
.13) to draw some general conclus1ons 1n regard to the |
niut111ty of dental morphological tralts for biological
hd'dlstance analysls, and the relat1ve utility of different

anatom1cal features.v;~§#.'”




‘“tool for studylng b1olog1cal relatlonshipe between skeietal

. populatlons,vand 1s also of value 1n anaiyz1n§ 1ntefgroup

' much morpholog1ca1 1nformat1on- there are numerous ;j”
'fapparently dlscrete tralts present on each tooth,_fh

Thpartlcularly in the case of premolars and molars GKtaus et

gdlfferences among 11v1ng peoples. Thls bellei 1s baé%d on} ;ﬁ

fthree ma1n factors.-v -"71._a'

. L o Cel i - -
. o . 3 C

( ' ‘ : ( "‘ - -5 ‘\.4- . "i' A N‘:‘o :"~‘- DO Y
Theoret1ca1 background to dental studles,”;vﬁf;a

" ,,.:

Y-

. jl) - mo skeletal un1ts of s1milar 51ze can y1eld_sé»"

©al., 1969:293; Taylor, 1978:353)- o j}.g‘?'3 :".Q‘

(2)' phenotype expre551on of many features seems to bey_

[

','largely determ1ned by genetlc factors (Kraus et al,

©1969:293- 296)

(3)' the tremendous durab111ty of the teeth-'at many

| ,archaeologlcal 51tes, dental elements are the only skeletal‘

zatparts found- 1n any abundance or preserved well enough for,- 3

: analy81s, e. 91 1n the Sopher ossQary, where the constltuent '

’:bones were very badly damaged by heavy water saturatlon of

" the. surround1ng earth (erght, 1974 66 206T

It should also be noted that dental casts can be taken‘

'of 11v1ng 1nd1v1duals, SO, that large samples drawn from

: extant populatlons can be studled (Scott and Dahlberg,

1982- Scott et al., 1983), thls is very d1ff1cult to do

(w1thout rad1ographs) for most cran1a1 and postcranlal

e dlscontlnuous-trarts.g Th1s factor has enabled some i



A e

e dental arcade 1nd1cated that the inherxtance 3!1hypodontiaf_f~

’ researchers to study the changes 1n gene or character.

;Iltls, 1948° Thomsen, 1952' Grahnén, 1956- 1957- Alvesalo

”:and Port1n, 1969 Woolf, I971)

- occurrence of misslng elemgnts from d1ffere£t parts of the;;%

gy

e 31:6:

frequenc1es that have occprred through tlme 1n some ”

microgeographlc populat1ons, e g. East Greenland Esk1mos.5fﬁ”

e (Pedersen, 1949) and Aleuts (Turner,»l967b)

‘ The ttansmlss1on of dental characters was or1g1nally |
stud1ed 1n the n1neteenth century, by means of genealoglcal
data, and the features cons1dered were those of ‘a f?f
consplcuous gid abnormal nature, such as hypodontla,'
hyperdontla and peg11ke or con01d elements (e g. McQulllen,:
‘ A 1886a) Wlth the redlscovery of Mendel s—Laws

-}ffy twentleth century, ‘the. analy31s of fam1ly

hlstorles becaﬁg.an 1mportant and w1despread method of
determlnlng the 1nher1tance of dental anomal1es,.
part1cular1y m1s81ng and con01d upper 1nclsors. ¥Lo
opposlng unlfaitorlal models based on ped1gree 1nformatlon'f‘

were commonly used to account for the assoc1ated agenes1s 'ﬂfﬁ'

s
Sy

':‘and peg-tooth PhenOtYPeS' an: autosomal receséﬁve-allele‘ P

\
hypothesfs and an autosomal dom1nant-allele hypothesis

(Thomas, 1926- Keeler, 1935- Datherg, 1937- Montagu, 1940~

N S

However, stud1es 1nvolv1ng statlstlcal analysis of the

;5qg¥¥f[,rf, ﬂf?.;hi

was‘much more complex'than prev1ously thought.s Several

e
wr Y

invest1gat10ns have established a hlghly-significant :




"t correlatlon'between the 1nc1dence for absence and reductlon
of spec1f1c anterlor and posterlor teeth and that forﬁ
multlple agene31s (e qg. Brekhus, Ollver and Montellus, 1944:h
Y-Grahnen,~l956° 1957- Garn et al., 1963- Le Bot and Salmon,i
1.977i.'._ Grahnén (1956, 1957) also. demonstrated that there -
was a 31gn1f1cantly hlgher frequency of m1551ng 1nc1sors and
orem 1ars in’ the parents and 51b11ngs of prop051t1 w1th
hypodontla than 1n the general populatlon.A Slm1lar results -
..b have been obtalned by other researchers (Garn et al.,.1963;'v
Le. Bot and Salmon, 1977) . " o R '
The reallzatlon that hypodont1a has a‘rather 1nvou5te h
L and manlfold nature has led to the gradual acceptance of
fmore complex~models of 1nher1tance.- a number of workers -
have noted that a polygenlc hypothe51s could igcount for
ithelr results as well as a monogenlc one (e.g. Grahnen,
1956- 1957- Alvesalo and Portln, l969-‘Woolf, 1971)-_ Wltkop

(1961) suggested that two separate loc1 are 1nvolved 1n }

1nc1sor reduct1on and absence' one controlllngbtlmlng of

L e

tooth—development and the other degree of tooth-suppre551on.‘
- Chung et al. (1972) supported a mult1factor1a1 mode of
transmlss1on anc, a qua51cont1nuous mode of expre531on for

. mlﬁgang and peg-shaped 1nc1sors._ Suarez and Spence (1974)

L demonstrated that a- 51mple Mendellan model could not f1t

0

&
the1r pedlgree data for agene51s, whlle a multlgenlc,

. ‘-‘ . . ‘g R .
-multlthreshold model could not be rejected. o '



: ¥

The ev1dence.for 1nher1tance of hyperdontla'ls not as
: substant1al as that for hypodontla. ‘Some workers have
iufsuggested that a s1ngle autosomal dom1nant ‘or reces51ve
:locus mlght be respon51ble for certaln cases of addltlonal

:-teeth (e g. Keeler, 1935- lewander and Sujaku, 1963)

+ e,.

_;Recently, ev1dence from famlly-hlstory and 1dent1ca1 twln :'“,f

7e‘stud1es has supported the 1dea that accessory elements area“

1e

ffherltable to some degree (Mercur1 and C)Nelll, 1980- Rub1nof’l

R

demonstrated stat13t1ca11y-$1gn1flcant assoc1at10ns of
'fhyperdontla w1th males and hypodont1a “(or. con01d 1nc1sors)

w1th females (e g ,lewander and Sujaku\\1963- Davxes,» .

g -:f'}1968c Chung et al., 1972 Brook, 1984). Brook ($984) has

% concluded that supernumerary teeth and m1531ng teeth are '
By

"4 probably manxfestatlons of the same polygen1c and

~ mu1t1threshold developmfntal complex.

,t”'et al., 1981- Zvolanek, 1981) Several 1nvest1gat10ns have e

Gross genetlc abnormal1t1es are in some: 1nstances T

W

;_r'~related to dental anomalies as well as to less strlklné

- varlatlons of the tooth crown.. Nasjl

.an extra chromosome 22 (formlng a'tr '®m1c mutant)

:rassoc;ated w1th a case of un1latera1.premolar genes1s.

"'Several unusual dental characters are commonly observed 1n

1nd1v1duals suffer1ng from Down s syndrome (trisomy of

S

*1nc1sors, reduced or mlsslng hypocone in the first and

-

. second upper molars, and occas1onally, peglike anter1orv~f'

i et al. (1966) found:

‘chromosome 21), these 1nc1ude shovel—shape form of - the upper’
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'elements (Cohen et al.;71970). ~Males”with A-superﬁumefa}yé

M:(Klrveskarl and Alvesalo, 1982)

.

/examlned the degree of concordance of seVeral dental

-chromosome (trlsomy XYY) man1fest a s1gn1f1cant1y stronger

A

»,‘ eXpresslﬁﬁwof the shovel-shape feature in the upper lateral

1nc1sor than do normal relatlves (K1rveskar1 and Alvesalo,f

— Fe

Al981). .In Turner s syndrome (monosomy for chromosome X),

>

‘ «,the affected females show a slgn1f1cantly weaker expres51on

of the shovel-shape phenotype in the upper lateral 1nc1sor

. and a 51gn1f1ca9\jy greater reductlon of the hypocone in the S

ol

flrst and second upper molars than do normal relat1ves b

e
I3

The associatlon of spec1f1c crown tralts w1th genetlc

;"factors goes back to the work of Black (1890 61' 1897 63)']3
h who' stated that the Carabe111 plt/tubercle complex was an-
-4hered1tary feature. Hrdllcka (1908) thought that the
,'barrel shaped 1nc1sor sometlmes found in Amerlndlans wasf
ltransmltted as a rac1al "spec1a11zatlon.._ His later work

(Hrdllcka, 1911* 1920) on the shovel shaped 1hc1sor

conv1nced him that thls partlcular character was of a rac1a1

»fand phylogenetlc nature. Hellmggg(l928) came to a srmllar

~ . .

conc1u31on regardlng the cusp andﬁgroove patterns fbund on - o
the lower.molars of modern man.‘ &

.However; the flrst major 1nvest1gatlon 1nto the .

-

fllnherltance of crown tralts was made by Korkhaus (1930) He

E

‘characters for each set of 48 monozygotlc (1dent1ca1) ‘twin®

pa1rs and 33 dzzygotlc (fraternal) ‘twin palrs. These5 »3”'

N

P . R » e e T



. . - ,_..\ ..

characters 1nc1uded shovel-shaped 1nc1sors, the Carabe111

'Icomplex and occlusal surface patterns of the 1ower molars.
‘Korkhaus fouhd that almost every crown feature was
t-concordantzfor the monozygotlc tw1n palrs, but thls‘was not
"the case for the dlzygotlc tw1n palrs. These results.v'

fsuggested that the features studled were to some degree K

;'genetlcally-controlled attrlbutes.

1 K T

ther research bas also 1nd1cated that 1dent1cal tw1ns S

»man1fest greater 1ntrapa1r concordance for dental var1at1ons

© 200

' than fraternal tw1ns._ Euler and R1tter (1940) showed thlS -

- was the case for the form and 51ze of the Cérabelll

| polymorphlsm. Kraus (1957) found a hlghly 81gn1f1cant ﬁfv

O
-edlfference between monozygotlc'tw1ns and d1zygot1c tw1ns in

v1ntrapa1r concordance for 16 lower f1rst emolar traits.,"

1UfEThe dlspar1ty between 1dent1cal tw1n concordance and _;ﬁ( '

nonrelated—palr concordance was also determlned to be hlghly
rSlgn1f1cant. A comparable 1nvest1gatlon by Ludw1g (1957)
1u51ng seven: lower second premolar characters ylelded 81m11ar
.Jresults.f A 51gn1f1cant dlfference 1n 1ntrapa1r concordance"
f;between monozygotlc twins and dlzygot1c tw1ns ahs been<ﬁ

demonstrated for as. many as 45 molar features,'lnclud1ng the

}fCarabelllvcomplex; cusp number and var1ous groove and strla o

"patternsA(Zoubov and N1k1tyuk,_l978)
"f Research by several workers ontthe determ1nat10nkof
,dtw1n and trlplet zygos1ty.has‘demonstrated that the results

obta1ned from 1ntraset céncordance analy81s using dental

-



S penetrance. An Amerlndlan llneage study by Dahlberg et al,

1fl‘(1956) supported the 1dea that a. mult1-alle1e, unlfactor;

'”._slgn1f1cant 1nterfam1lla1 var1at10n companed to

. . B : :
; P
e ‘ a

| '-‘9 e

- characters are in. strong agreement w1th those based on

"ﬂ;-'serology. Lundstrom (1963) was able to dlagnose 1dent1cal

'»y,tw1ns w1th an. accuracy of 90% - 95%, u31ng a comblnatlon of

A g

'lseveral featﬁres,.e g. fac1al rldglng of the anterlor teeth,l:;
; molar éﬁps number, groqve pattern, and crown-shape.. WOOd
Kand Green (1969) 1dent1f1ed monozygotlc tﬂuns w1th an:

- accuracy of almost 90% by employlng Ludw1g s premolarvl[fm'

qgvarlat1ons 1n the1r dental battery.v Kraus, W1se and Frel -

’ ,(1959) found that thelr clas51f1cat1on of a small group of

“.trlplets 1nto monovular, dlovular or trlovular categorles by.
means of an array of premolar tralts was 1n complete
ﬁ'gagreementjhlth the blood typ1ng analys1s j7~34‘ |

‘Kraus . (1951) made the flrst systemat1c ped1gree
,:analy51s of a regular crown feature,‘the Carabe111 complex,

T ih several Mex1can and Papago fam111es.' He found that his’

'dfresults could be explalned by the hypothes1s of a 51ngle

v"giautomosal gene w1th two codom1nant alleles. Tsujl (1958)

'undertook a slmllar 1nvestlgat1on of the same polymorphlsm ‘

”'nln 28 Japanese famllles and concluded that tra1m,presence e

.

,hwas determ1ned by a 31ngle domlnant allele w1th 1ncomplete =

“fiasystem controlled the shovel—shape expre831on. Menegaz-?Bo'ckfj

¢ —— [

"and Dahlberg (1960) demonstrated the occurrence of hlgzgy

",1ntrafam111al Varlatlon, 1n the fossa depth of the




.punlfactorial model.

fshaped 1nc1sors of Pima prop051t14~‘Otheriresearchtusingzi
'el*Amerindian pedigree data 1nd1cated that ‘a Mendelian dominant
;gene model w1th 1ncomplete penetrance was probably
f:respon51b1e for observed protostylid phenotypes (Dahlberg
’ ~and Fukuhara, 1964) ’ 'v’ '_, o |
| Portin and AlVesalo (1974) completed a major _;t‘f
7V¢genealoglcal study ‘on. the transmissnon of the shovel-shape-
: feature on the upper central 1nc1sor 1n a Finnlsh sample e
fifrom Hailuoto Island.: They determined that 51b11ngs of
i;yaffected prop051t1 showed a 31gn1f1cantly higher 1nc1dence {f"ﬁfﬂ
of the trait than 51b11ngs chosen at random from the general
'”;sample. Pedigree and population data supported an‘
”»1nher1tance model of one autosomal locus w1th two codominant
"falleles, but also fitted a mult1factor1a1 or milti-allele,‘
‘ B , e
. Recent 1nvestigations uSlng 11neage and family history .
‘i>ana1y51s have strongly suggested that dental traits are
' f?multifactorial and qua51cont1nuous 1n nature (e g. Sofaer et
cl,%l,,le?Za:v$oott,_1973 109-113~ 1974- Baume. 1975- Blanco/
';andﬁChakraborty,;1976~ Smith, 1977* Ber:y, 1978' Harris and
.¢55i1itj*i§§o- Kolakowski et al.,.1980~ Dahlberg et al”
"1982) In general, these studies ahve 1ndicated a-szj _ P
'g,relatively high and 51gn1f1cant degree of heritability for ];fj](j
:Qsome crown features but not others. According to Blanco and 5

duchakraborty (1976), almost 70% of the total variability

f observed 1n upper central 1ncisor shovel-shape can be

'_T.' . o




i’;attributed to'the additive'effect'of ‘several. loci. Harr1s

and Ba111t (1980) estfmafed the add1t1ve genetlc component”'rv

,,for dlstal flfth-cusp expre551on to be about 65% on the

Q.

xupper f1rst molar.p.-

Complex, mult1factor1a1 models of tralt 1nher1tance_;”‘

have only recently become popular among dental

3 anthropologlsts. In the four decades followlng Korkhaus

'1'sem1nal study, most adontologlsts proposed 81mple Mendel1an-

-

o gene hypothese to account for the phenotyplc var1at10n seen “:~-"d

in such features as the Carabelll-complex, the shovel—shape ”

icharacter, the w1ng11ke cond1t10n of the 1nc1sors, and the
‘-“protaéiyila polymonphlsm. These hypotheses generally |

;alnvolved domlnant or rece551ve autosomal alleles w1th
‘1ncomp1ete penetrance and manlfold expre851v1ty (e. g .
~.Korkhaus, 1930° Dletz; 1944~ Abrahams, 1949' TSUJJ, l95§;d

'Witkop, 1960,_Dah1berg and Fukuhara, 1964)

. -

Krbus (19519 1n1t%ally supported a codomlnant, 51ngle_;_y

'n]nautosomal locus mode of tranm1ss10n for the Carabe111 tralt,
}but found that a- mult1-a11ele, monogenlc hypothesrs was more
1fappropr1ate after further research (Kraus, 1959- Kraus et o
al., 1969 297) Dahlberg et al (1956) and Devoto et alr
"(1968) suggested that a 51m1lar multl-allele system mlght
_;control the expre881on of the shovel shape character on the

" a——

upper 1nc1sors. Other workers have proposed codomlnant,

| un1factor1a1 models to explaln the 1nher1tance of attrlbutes”f.s
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MJ1ke-the protostylld and shovel shape features (Devoto et v_' L
o '-.-;-f{f‘q" 1., 1972 Portln and Alvesalo, 1974) v " CE
ey v., -

ff}“vﬁ f, Turner (1967a b 9 10- 1969a), followlng Kruas (1951L

'11’-

proposed a model of two codom1na\t alleles at a s;néle

. g;-.. i

B
'“f'autosomal locus to accuont for the phenotyp1c varzatlon'seenﬂ’ RO

Sev
&

'r;Ffln several crown features, e g the shovel-shape character,

e T . + . ..,a

fghypocone reductlon, the Carabe111 c0mplex, and the Jff;.kf"‘

"

@'protostylld polymorphlsm. One allele would act ae a

?‘phenotype-lnten81f1er and the other as a’ phenotype-*"t ’#

»fffsuppressor, produc1ng three bas1c categorles of attrlbute'(

Kl

.f-man1festat1on- marked expressxon, 1ntermed1ate forms (the

heterozygous state) and trart'absence.- Turner applxed thls .

‘l,ddlnherltance modelnto*hls study populatlons,'vxz. skeletal ‘*fr,ﬁf
11v1ng Esklmo and Amer{ndlan groups,ifﬁﬂ* X Ahffp‘ -*ff f,}i

However, Turner d1d not use pedlgree data to establlgh | :;5

_?the mode of transm3381on of the feature used 1n hls analys1s ;.'QQ

'.of abor1g1na1 dent1t10ns{ﬁ{1nstead, he assumed that the

_ tra1ts under examlnatlon were 1n1t1a11y 1n a state of

'v“genetlc equ111br1um, 80 that expected allele frequences

b

could be determlnated fgr each character by applyxng the

xHardy-Welnberg Law. The phenotype frequEnc1es observed fo: ' ;;i
_each’ attrlbute 1n the study Populatlon were then tested ;l:fd’
;;aga1nst the expected Hardy-We1nberg dlstrlbution by means of
5;the X2 statlstic.E Because a’ slgnxficant difference was ;f‘fflf*;a

fvusually not found between observed and expected Values,k»’ff«:

= Turner concluded that the proposed codominant-allele




vuhypothes1s was a va11d one 1n most cases. bthériwarkérsf

"freported 81m1lar results, u51ng the same model and the same ,'}f.ﬁ"

method,,for the features con51dered 1n thelr study samples

"‘(Cadlen, 1966 Wlnton, 1966)

However, sp g r (1970) demons;rated that the procedure
I ; } ﬂ 4-

7“used by Turner and others was cr1t1cally flawed

' The use of

arb1trar11y-def1ned genotypes w1th the ﬂhrdthan berg Law 1s:

.v ) ‘ - K
_not a valld approach because the law can only be applled to_-

: known tra1t loc1 in cases where the relatlonshlps of

' 1nd1v1duals are uncerta1n. Thls condltlon was not met 1n4,'”

-any of the studles wh1ch used Turner s method of: test1hg the';

- codom1nant model and reported usccessful results (e.

' Cadlen, 1966- W1nton, 1966'-Turner, 1967a b 9 lO' 1969a,

o

Devoto et al.,41968 1972)

s

'lf The codomlnant, unlfactorlal hypothes1s has been proved”

- to be 1nadequate to account for the phenotyplc dlstrlbutlons'3pf

| »of dental features in samples where the relat10nsh1ps of

"1nd1v1duals were known.f Goodman (1965) demonstrated that U
,,-J'

v'Kraus (1959) Carabe111 complex data would not f1t h1s (1951);'-ﬁ

finherrtance model for-thls-tralt. Two major 1nvestlgat10ns
tested the’ Kraus-Turner hypothe81s, for the- Carabell1.f"
'complex in.a populatlon of 123 fam111es, and for'the shovels

L shape character, hypocone reductlon, and lower molar cusp-

_number and groove@pattern in a popul'
\b

i

ign of 100 fam111es

(Goose and Lee, 1971- Lee and Goose,'l
sdrawn from thls aesearch was that s1mple Mendellan models

AR

- W Ty

2) The conclu31on B



f,;fGoodman, 1965) Most odontologlsts now abcepﬁ a polygenlc,'

SRR B AR DL e T N
~1nvolv1ng dom1nant, recessave, or codomlnant alleles are not
.va11d for the commonly studled crown attrlbutes.,33 i

s

The use of compler developmental models to describe the
»;transm1551on and manlfes;atlonuof dental characters has
-'become prevalgnt only 1n the last two decades. A few of the

"earller workers proposed multlfactorlal hypotheses to

}

-_account for thelr »U“ervatlons on attr1butes such as the

"fCarabelll complex,iprotostylld polymorphlsm, entoconulld

-expre551on, and the shovel-shape feature (e g, Dlétz, 1944 g:*-” '

| 'Dahlberg, 1951--1962- Oschlnsky ana Smlthurst, 1960ﬁg‘,{.ﬁgf

‘-

o K

' qua51cont1nuous mode of 1nher1tapce fo i rown traits (e»g.

'Sofaer, 1970- Sofaer et al., 1972a b Scott, 19’

~~“19744 Ba111t et al., 1974- Berry, 1976->1978xfnarfis,r197é;f

Scott et al., 1983 Turner, 1985, Sofaer et al., i986)gﬂj

'7:2 3 Methodology for Gr1msby dental study T :;“y”f;,;fV
ﬂ ' Because one of the objectlves of thls thesls was to
‘g"compare the Grlmsby dentltlons W1th those from Shaver Hxll.

'Carton, Klelnburg and Sopher, 1t was necessary to make the

_methodology followed here as 91m11ar as poss1b1e to that ;;v,'»'n'*

uf_fol;owed by P.J._Wr1ght (1974) and K.E..Wrrght (1977) Bothfﬁﬁg“ff

";ﬂfused the photographs and def1n1t10ns of Kraus et aL”

(1969). as well as wrltten descriptlons of features wblch e

.'tuthey quoted or gave 1n the thesls text (erght, 1974 210-v--




S | T
*2'1:1-" »Wrig‘h‘t, 197746, 11)  These standards were accepted and = -
, used in thls work. | I '

The dental morphologlca; tra1ts con31dered here are

7;those belleved to be of some use in populatlon comparlsons o

:?at the m1crogeograph1c level. A number of the tra1ts ’”f R

'femployed by b, J. erght and K. E. Wr1ght were not used in

.,thls the51s because a lack of ratlng con81stency was,
.‘O

"aobserved 1n the samples that were scored for these featuresi

HOthers were so subjectlve that 1t seemed 1nappropr1ate to
5 fu8e them for any/sort of 1nterdem1c comparlsons.. Arcertarn,f’
ldegree of subject1v1ty 1s 1neV1table 1n morpﬁologlcal
5f'grad1ng and’descrlptlon,.however 1n the cases referred.to

-’above, the features were very subtle and the probablllty of

b~.'”gross 1nterobserver error appeared to be very’ great Other -

characters,,such as root number,'could not be recorded

%Zexcept 1n a:- very few cases where the gnathlc spec1men had
AVfbeen broken._t‘f g f b;fxl[f; ilv_y:if-'ﬁ;,?yli f{_mflf ‘e“"f;””
- _y The 1nd1v1dual count method was used for all traltsrj H

.con31dered in the thes1s.v Ind1v1dual genotypes are the real

'unlts constltutlng a populatlon, s1de and tooth counts may

“underestlmate gene frequen01es for a tralt by as much as 50% B

tor,

Y(Scott and Dahlberg,-L982) In practtce, howeVer, the three
;'procedures usually y1e1d closely comparable results,_' |
':accordlng to Scott (1980) ;f}_ fﬂ ' |
Observatlons were also glven by sex,:ln cases of large,‘_jff‘p
v'dlscrepanc1es 1n tralt frequenc1es between males and d

S . . . | - ) - S R .
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:females, X2 tests were ut111zed to determrne theuv
’ﬂSLgnlflcance of the dlfference._ Data were glven for left ,i??ﬁh;
:band rlght 51des for tra1ts that were also scored by P.J.'stify
_rwarlght and KEL erght. Both were dgal1ng w1th ossuary "j4y
a'populations, an so d1d not have the optlon of recordlng by‘ r
.1nd1v1dua§?count or establlshlng the sex of any of thelrv Aﬁ;_;
-;spe01mens._ They were forced to 1dent1fy 1nd1v1dua1 teeth 4
.jifaccurately as’ p0551b1e, u51ng Kraus et al. (1969) for ffﬂn yr:;{fdﬁ
';antlmere classzflcatlon.»?_v f'd 2?f1 a;5-.5ft '}U.I;{ﬂ?;f&'
The morphologlcal features of 1nterest 1n thls study“ N
) .b were 5cored w1th the a1d of a. magn1 fylng glass (1ox) and a’ \ ‘
frstrong llght (150 to 300 watts)’a The’ observatxons were i
; j_mrecorded for both 51des of every :,pecunen on the data |
:;sheets.; If the presence or absence of a. tra1t was not; yf

'?.determlnable for one or both s1des, the spec1f1c reason for

‘thls s1tuat10n was noted on the sheets.;f; ld.if;ﬁ'ﬂ“ia'”-ftijffif
dl_-Intra-observer error has 1ncrea31ngly been recognlzed
VVas a problem 1n studles of skeletal features (Molto, o
b"h71983 103 112) P.J._erght (1974 B-ll) d1d not conslder yb'”
‘:;:‘1ntra-observer error in h1s study, K.E, erght (1977:11) dld 'Cj[f?i
-i;not determ1ne 1t for 1ndrv1dual tralts, but est1mated her.f” &
‘a;"error to be ca. 15% overall. Scott (Scott and Dahlberg,
-i1982) noted that hls 1ntra-observer error varled with the:t
| ?’feature under cons1derat10n, from 3% to 10%.‘gyg.fifﬁdﬂt:;:fff:;gyﬁf

In thls study, standards were set up for every trait:;_tvfﬁ””

,“i'vé}sj.‘fs‘co.‘?.,ed,q and the more subjectlvely graded features. eg. s

S




f"commonly

'LShoyel—shaplhé, max1llary molar cusp-number,yCarabelll and

. protostylld tralts, were rated tw1ce for all spec1mens
i W1th1n a six month span.g Intra-observer error was found to?

'be between 5% and 10% Fepend1ng on the feature con31dered.

"~4 2 4 Termlnology for Grlmsby dental study

| The nomenclature and symbols employéﬁ 1n thls study are
',bas1cally those standardlzed by G V.. Black (1897 1x-xv11),
A'as rev1sed by Kraus et al. (1969 x111—xv) The most _f,{‘-'i, -f»,g

used of these terms are g1ven in the followlng _f . '_]7'1

‘ ¥
1llustrat10ns (see Flguré5 3a 3b 3c, pp.-31-33) - The upper

" and lower canlne have been de51gnated “Cl" and "Cl"'
J

‘:respect1ve1y, follow19g wh11e the prlmary molar cusps are

"referred to by the symbols “cl - c5 ,‘after Scott and

'.Dahlberg (l982),:or by the Grecised names coxned by H’F.l(pj

‘Osborn (1888- 1592 %90745,40-41 /63). S Ly
| Whlle the molar nomeﬂclature ‘has been w1dely accepted;-f

hthere has been marhed(dlsagréement regardlng how the

ijsbornlan labels should be applled to premolar cusps (seef'}

| Osborn, 1907 195 200u215 216 Gregory, 1922 103 104,513~ ‘

1_5l5“ Morr1s, 1965 33*39 51 58) Thls 1s part1cular1y the '

. case for the l1ngua1 nvex1t1es,‘for whlch w B. Scott

flntroduced the . termsV"deuterocone (upper blcuspld),, y@{i R

1‘f"deuterocon1d" and_ tetraconld" (lower b1cusp1d/ .;.v'ff'f

_tricuspld) The correct homologles for these elements are.

not certaln (see Flgure 3c1 p. 33) Therefore, ‘the srmple._




Figure 3a.. Terminology for dental orientation.
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'Figgife, _3b.-, Term1nology for dental anatomy- bas1c tooth
SRV B features. , :
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”V.-eXpressionSLfbuccal»cusp"fand "lingual cusp(s)" will be used -*

' here.

The trad1t10na1 way of numberlng'the f1rst and second
b1cusp1ds (v1z. -as P3 and P4) in the upper and lower Jaws
has been followed in the sect1on deallng ‘with, that class of
teeth The bellef that premolar loss occurred only at the
locus nearest the canlne goes back to~Gregory S. (1916 281
284) sémlnal‘work on prlmate dentltlon.' Thls i ea became

‘ w1des%§ead durlng the 1nterbellum perlod (Weldenrelch,b
1937a: 4) é%/,;s the common assumptlon today (Schwartz,‘1980
1982) | '

It should be noted however, that some workers do not

agree w1th the tradltlonal hypothes1s.' Weldenre1ch (1937a 4-'

“1945 :28, 43) had doubts about Gregory s the51s and referred to
' hom1n01d premolars as - Pl and pa2. - Schwartz (1980 1982) has
presented palaeontologlcal and embryolog1ca1 evrdence
aga1nst Gregory s presumed sequence of tooth loss.- He
belleves thd% cebo1d premolars,vfor 1nstance, should be
‘numbered-PZ, P4 and PS rather than‘PZ P3 and P4. However,
‘hJungers and G1nger1ch (1980) have concluded from studles of

3

supernumerary teeth 1n 11v1ng and extlnc prlmates that

Gnegory s or1g1nal 1nterpretatlon was the correct one.

Many»dental anthropolog1sts have 51mply 1gnored

. palaeontolog1cal conventlon and numbered the two b1cusp1ds:7

Y

. as Pl and P2 1n both Jaws. These 1nclude such workers as-' -

ySuzuk1 and Saka;-(l957):,Garn~et alr(l963); Baillt et al.

N

. L v“. N - ._'-. .
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Ni'(l968), Le Bot and’Salmon (1977}, Wa)eman and Levy (1970),3,wg

o Scott et al. (1983) Turner (1985- 1987) However,vuntll

ERELE

further reSearch elucldates the actual pattern of premolar: o

1oss and retenfTbn, 1t is probably less confu31ng to use’ the -

trad1t10nal way of de51gnat1ng these teeth

_____———

Another problem is the use of Osbornlan nomenclature to 2

label certaln accessory cusps, one of which sometlmes

appe‘ars on the anterlor margln of th.e upper molars, and the '

other of wh1ch is found w1th some frequency on’ the posterlor

margln of the same teeth. The former tubercle ahs been

i -

referred to as the protoconule" by some . workers (e grk

J@rgensen, 1956: 127 128; Lukacs, 1987) and the latter as the

metaconule"'by several 1nvestlgators (Jorgensen, 1956: 128-v

<l29), Harrls and Ba1l1t, 1980 Noss et al” 1983, Lukacs,
ﬂl987) However, research by Korenhof (1960 201 204 239)
\1nd1cates that the orlglnal prlmate protoconule and d
metaconule were probably 1ost early 1njhom1n01d<$volut1on._
Therefore, these two terms w1ll not be used to descrlbe |

anatomlcal featureahon human molars in this thesrs,




’ .-CHAPT 3- '

MAXILLARY AND’MANDIBULAR INCISORS.
“ d“‘.‘. .‘,. : L.
3. l Introduct1on ‘?h'f'yﬁ"‘-

Thls seq;r&n w1ll deal malnly w1th the anatomy, ,“%d

phylogeny, rac1al varlatlon and genetlc aspects of three

_f?)u dental attrlbutes._the ax1al rotatlon or, w1ng1ng feature,’u'

the shovelwshape character and the llngual tubercle'

expre351on.' These tralts have been w1de1y used 1n the last _’">'

half»century for the descrlpton of Amerlndlan dent1t1ons.: L

Mlnor anatom1cal varlatlons, v1z. l1nguocerv1cal grooves and"

lab1al 1nc1sor-form w111 also be cooiidered in thls chapterl;.

A hlgh 1nc1dence of strongly shovel shaped upper.ffj

Ty 1nclsors has tradltlonally been con51dered a d1agnost1c'
Ll ra1cal tralt.for Mongolld pOPulatlons (Hrdl1cka, 1920'{L}hﬁhlfi
Nelson, 1938- Goldste1n, 1948 Dahlberg, 1951, 1963) ‘ \2‘

Modern workers have con31stently used thls feature 1n

b1loglcal dlstance analyses 1nvolv1ng Amerandlan and

’w:

19767 Scott and Dahlberg,.l982 Turner, 1983- 1985s_,;ﬂ,

1987) The lab1al rldglng character,.wh1ch 1s ysually i;_!‘

%

assoc1ated w1th the shOVel shape expre551on,;w1ll be

» cons1dered 1n the,same subsectlon. It haS°been used

recently 1n several studles deallng w1th demlc comparlsons B

of Mon90101d peoples (e g. Turner, 1983~ 1985 1987)

Eura51an samples (e - Scott, 1973 128 l47°\Brewer-Car1as etﬂ;&’l



W1ngllke 1nc1sors and 11ngual tubercles have both o

”ngecome w1der used 1n blologlcal d1stance analyses of 't,f‘;1}

”'fAmerlnd1an and other Mong0101d populat;ons (e g. Turner,ii

;;'1983-.1985, 1987) Frequenbles of these features are

';usually glven for the upper anterlor teeth, as they are-much.
’“rless 1mportant for the lower anterlor elements.- The llngual
'“Jtubercle character 1s often assoc1ated w1th other c1ngular fﬁ{rﬁ
‘;vxexpre551ons, v1z. rldges, grooves and p1ts-’so all of thesev

L varlatlons w1ll be con31dered together in the same;(f,‘“

o

subsectlon.- - .

Mandlbular 1nc1sor tralts are not as. useful for
'”pblologlcal dlstance analyses as max1llary attrlbutes, but
ﬁfobservatlons on a: few of these characters w1ll be glven

l

fvhere The shover—shape varlatlon of the lowergrnc1sors has"

@been used as a descrlptlve and comparat1we feature by some

'ffworkers (e g. Morrls, 1965 46 Turner, l967b 25 35) Morrlse

'(1965 47) and Molto (1979 23 36) have noted the occurrence _"d

Qoand poss1b1e d1agnost1c 81gn1£1cance of axlally-rotated

v

‘central teeth._.
Mlnor anatom1cal var1at10ns w111 b%,consldered 1n a
'"separate subsection at’ the end of the ghapter. These

'fﬂ1nclude 11nguocerv1cal grooves and lablal shape of the upper c;

@i1nc1sors.t Both characters have been studied by a few f?’

ﬁ» workers (e g W1111ams, 1914 Turner, 198ﬁ) R (@ .
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nglhg trai% of maxlllary and mandlbular entral "fﬂf_’f-
¢1néisors?'$> L SIS éf?‘. == _S}._;g

e : T'.

'c3;2'1f Varlous aspe§t§ of\w1ngln9 tralt-»f .

The w1nglﬁg cond1tlon ("me51opalata1 tor51on )‘occurs3d*’
' when the me51al edge of a central 1nc1sor is dlrected op

?'"rotated";lnwards (or llngually) and sllghtly backwards,';°

-whale the dlstal edge is. "rotated;ZOUtwards and sllghtly

"'”n7forwards. ng1ng the tod?':a w1ngllke appearance (see Flgured;

4a 4b pp. 38 39) The‘counterw1nglng form 1s found when

th f"rotat;on" 1s 1n the opposlte d1rect10n, so that the
ﬂmes1al edge 1s d1rected Outwards relatlve to the dental ;’

4

Aarch. The w1nging and counterw1nglng expre551ons may . be d?

(

un1lateral or b11ateral, so that four types of 1nc1sor
B / .

S orlentatlon can be observed (Dahlberg et al., 1958 1959- '

. Dahlberg, 1963a) g ; T I UL L
: S PR : R
. R4 *
B '; The flrst worker to descr;be w1ngllke central 1nc1sors

, & o
’was Lelgh (1928), who noted thelrspresence 1n a pwehlstorlc,'

:lf-cranlal serles from Callfornla. Nelson (1938) fgﬁnd that

o b11atera1 mes1opa1ata1 tor31on occurred 1n 39% 65 the flrst
' ',/ '

.jupper teeth of his skeletal Pecos Pueblo pdgulation, and ;"'

.suggested that this feature mlght be’ qf,aarac1al and
¥ / : Js“"""

L heredltary nature.' erght (1941) rep?Ited an’ even hlgherh"h.

' 1nc1dence of b11atera1 11ngua1 rogﬁg%gn (46%) 1n the 11v1ng'e‘
2 il .
‘J1varo of Ecuador. However, the flrst ma]or comparatlve_
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- Flgure4a Wlnglng tralt of centra,l incisors: phenotyplc
L S ]x?larlatlgn (Adapted fm Tllmern 19671“ 373-{. CRNTRE

\milatare.l omtem.nginz'
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'[”rigﬁtQVwa, W;nqlng tra1t of central 1nc1sors- bllateral

- .Qﬂ..
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g'w1nglng - Grlmsby speCLmens.-‘ o

“u'alg'nt i‘om |

o,
A
Ve

bilateral vinging

‘Left 11 and Right 1! (Fe62#61: Lingual view)
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Mon90101d populatlons dlsplay reglonal patterns 1n’the?§ﬂ§1?
fn}occurrence of dlfferent forms of me51opalatal tors1on..; :f;akql!
fhnSmall South Amerlcan groups,‘pafnly from Braz1l, Chlle and f?T""
hﬁEcuador, apparently show tﬁ&ﬁh%ghest frequenc1es.of |
,{_bllateral w1ngllke 1nc1sors,‘ranglng§§rom ca.. 25%-65%,‘and’
5’;,averag1ng ca{ 55%,-e g the learo, Pewenche,'Xavante :hlwx."

'"(qglght,.194l~ lewander, 1967- Rothhammer et al., 1968-'

ugtampusano etoal p 1972- Brewer—Car1as et al., 1976- Turner,v_f=A

'r-fo1985)‘ Trlbal populatlons from the Amer1can Southwest also}ATtr

ddlsplay notable 1nc1dences of the bllateral w1ng1ng

nexpre351on, c a. 20% 40%,, nd generally somewhat lower f

Y

“ff_1nc1dences of the bllateral counterwlnglng condltlon, ca.;iff"

"5%130%, e g.'the Marlcopa, P1ma,»Yuma (Dahlberg et a1” }ffflgﬂed
1";1958 1959 Scott, 1973 159—160)

In contrast, Esklmo and northern 0r1ental samples (e«;sp.fg

-g;iChlnese, Japanese) tend to manlfest dlstlnctly lower,xf'"ﬂ" .

'f'proportlons of both bllateral 11ngual rotatlon,,ca.us% 20%,fﬁfpg

and the blla@eral countertor81“

ﬁarlatlon, ca. 0% 15%

_;'(Dahlberg et al., 19587 1959- fﬁrner, l967b 36 3o' 1983-' :

’1985) The w1ng1ng trult 1s also less commonly observed

""s)»among Southeast Aslan and Polynes1an peoples than ambng

‘-;the bllaterar wlng?ng phenotype and ca. 0%-5% for the

}Am6rlnd1an5-~ The former show frequenc1es of ca. 10% 35% forai””
~ﬁ?;!f?fi
;bllateral °°““ter"“"91n9 f°rm- e 9' Burmese, Japanese Ainu],*'“*
: nd Jomon, Easter Islanders Rrurner, 1979~ 1985' 1987'“"ffifﬁf?i

dfiTurner and Han1harap 1977- Turner and Scott, 1977)




'?Vnobserved only rarely 1n most non Mon90101d p°PU1at1°ns°*

‘j_iunusual 1n that they manlfest

LT L0

Mes1opalata1 tor51on of the upper central 1nc1sors 1s

K - .
'e'Euro—Amer1can samples dzspLay very low frequenc1es of - the
B . i n»--

;'LQ bltgteral wlnglng expre551on, ca. 3% 5% and: muc&nhlgber

v . B
P-3 L B

5 ?frequenc1es of un1lateral and bllateral coynf;erw1nga'in§h

vexpressu:ms,- ca. 15% 50% (Dahlberg et al., 1958-‘ 1959-- L

't3cott,-l973-159—160f Mayhall et al.{ 1982) The Jat cranla f7‘

2

*ldserles from northwestern Ind1a shows p0551bly the lowest :

l

l

-fmlnc1dence of b11atera1 11ngual rotatlon on record (2%), ande

B Yf_a complete lack of the other forms of ax1a1 rotat1on (Kaul

[and Prakash 1981) Some New h

"bllateral me51opalatal tor51on (ca. 20%),¢a;though the

4{un1lateral me51opalatal and countertor51on var1at10ns are
vﬁfvery seldom observed (Turner and Sw1nd1er, 1978) | |
Whlle the wlnglng tra1t has been used by several

workers 1n blologlcal dlstance cpmparlsons of varlous

1ta1n Melane31an groups are

elatlvely hlgh proportlons of -

T 4
‘ ‘:’: .3

»ﬁ-populatlons (e g Rothhammer et al., 1971-'Brewer-Car1as et S

Q'al ,,1976 Scott and Dahlberg,,l982 Turner“ 1983- 1985-'

'1987), very llttle research has been done on. the nature of TR

"?

'fylts 1nher1tance.d Wltkop (1960) suggested than an autosomal

;,domlnant hypothesis could account for the phenotypes‘_“"'

uwassoc1ated wlth ax1al rotat1on. The first large ped1gree g

-~

‘f'study 1ndicated an autosomal domlnant mode of transm1851on

-
-

,w1th 1ncomp1ete penetranpe and manlfold express1v1ty

“T(Escobar et al., 1976) However,’most dental



afﬁ;anthropologlst 'would support a polgenlc, qu351C°nt1nuoug PRI

“;ffmodel of 1nher1tance (Scott et al., 1983 Turner,,lQ!‘b

DU

ff“nisexual d1morphlsm has not been observed for centraL 1nclsor

'L,gffrotatlon (Turner,ll967n 36 Mayhall et al.;"1982)

qr‘,The assumptlon that a relatlvely h1"_
| s =
'j{bllateral w1nglng expresslon can be con51dered a diagnostlc

frequency of the fhthf
Lf;rac1a1 attrlbute\ls compllcated By the posszblllty that
;;5ar1al 1nc1sor rota\ion may 1nxolve two dlfferent factok "S;'jffff
,QA‘f'genetlc component reflectlng qugolold aff1n1t1es, and ani_it-l
| tr}1dlosyncrat1c component, reflectlng 1nd1vidual gnathlc ;u‘
growth problems and resultlng 1n *ne crowdlng of anter;or
- teeth‘v In the former 1nstance,*me51opalatal tor81on would 5
:f_be the.result ot socket formatlon at an angle to t 'normal,'
;curve of thé dental arch (Scott and Dahlberg, 1982) Thls
'-vt;appears to be the case 1n a study of over 1000 Japanese-’ -
d'fchlldren (Dahlberg et al., 1958 1959) in whlch nearly 10%
:pfof the subjects dlsplayed the bilateral w1nglng condit1on
>w1thout any“eV1dence of crowd1ng (see also Nelson,.1938)

However, there are many exampies of 1nc1sor rotatlon

to the phy31cal pressure of anterior tooth crowdlng-'

Ty .

' Jaw.r Scott et al.v(1983) have noted that the o
fscounter-w1nglng expre331on 1s usually assoc1ated with toothhfffﬂ

'3f;crowd1ng among Amerlcan Southwest trlbal groups._ Molto

. \‘(1979 2 36) remarked that mandlbular incisor rotation is_iffd

,Lconnected w1th tooth crowd1ng 1n proto-Iroquois populatious;lif;

'“¢f(e g. at Donaldson and Serpent Mounds), although he also




: Qbel1eved that th1s character reflects a genet1c relat1onsh1p

’u”fat the demlc leveldg

. o ]
‘f_category (Scott and Dahlberg,‘1982;“8cot%'%t al., 19§3,
o Turner,A1983- 1985) Th1s 1s done because bllateral

wl-mes1opalata1 tor51on seems to be 1nfluenced to oPly a mlnor g

,.-/—-———

ﬁjof ax1a1 rotatlon w1th tAe normﬁl state in the

'",who use 1nc1sor
, tudles 1s to utlllze

il

absenf

\

(A, R

»

accurate genotyplc 1nd1cator, of the several forms of

ﬁ.central inc1sor rotatlon._ It also appears that the ‘:q ”;,*

4
)

v_b1lateral wlnglng varlatlon occurs much more commpnly than-f

' the un1latera1 w1nglng and counterw1ng1ng\expre531ons 1n the-'

# .
Amerlndlan populatlons that have been stud1ed to date. S

: O
Scott et al (1983) have observed that the comblned

1nc1dences of the other types of rotatlon const1tute only a

mlnor proportlon (7%) of rotated central 1nc1sors 1n

'fjuncrowded»dent1t1on53‘°

-3 2 2 Methodology for wlng1ng tralt.

' w1ng1ng (left or rlght), normal state, un1lateral

IR

Central’1nc1sor rotat%on among the Grlmsby spec1mens> h;ff

"was class1f1ed acco dlng to the flve-fold d1v1s1on proposed_'l
jfby Dahlberg et al.,( 958) and 1llustrated by Turner

'f(l967b 37a,‘Flgure #3) bllateral w1nglng, un1lateral



counterw1ng1ng (left or rlght) and bllateral counterwlnglng B
categorles (see Flgure 4a, p.;38) All cases,where crowdlng

i occurred were noted, and the frequenc1es of each type of

- .
Lo o ¢

1nc1sor ro%stlon were calculated for both upper and lower

b 1nc1sors..w 'J;f1 ;’*’»TF‘;'
Empty sockets were 1gnored rn the tabulatlon of data .

'pv for left and rlght s1des,‘spec1mens wﬁth51socket on one_f‘
91de andssa rotated or. nonrotated tooth on t“he o\:her were not
.'-‘ ', [

f1ncluded in the 1nd1v1dual&&ount procedure.~ It was felt

that the determlnatlon of the w1nglng or nonw1ng1ng

condltlpn 1n the cas¢= of an empty socket@dl\:ld not be made

,: w1th any certahnty. The rather c1rcular shape of max1llary

*f ,central 1nc1sor»sockets made thls determlnatlon d1ff1cult if

A_npt‘inpossible;'whlle mandlbular 1nc1sor€iockets are rather

oblong”in.form,jsllght rotatlon of a tooth crown would st111

R 4

s be*dlfficultdto ascertalnnffz
‘*43 2 3 Observatlonsﬂon wrng1ngltra1t.
| ;: The observatlons on the Grlmsby specrmens are glvenllne;p
":ld}Tables la lb, pp. 44-46. In the upper 1nc1sors,'18 2% |
’*l(8/44) of the determ1nab1e spec1mens manlfested some degree
””;Xusually sllght) of un11aterab mes1opalatal tors1on, whlle
‘;?lonly two 1nd1v1duals (Fe62#37 and Fe62#61) dlsplayed the
"hdbllateral wlnglng expression (4.5%) and only one (FelS#l)
}the counter%lnglng var1atlon. Of the total number of cases f; N

’-.‘1$ :'

showlng 1nc1sor rotation, only 20 0% (2/10) d1splayed any i;fvf -
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TWINGING TRAJT OF CENTRAL INCISORS IN GRIMSBY
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o+ Counts only 1nc1ude spec1mensﬂ?;th both 51des scorable.f‘
- 15 . _

* Spec1men srowing winging. qucgyhterwlnglng expression on
* ‘one tooth" excluded from. count due to- absence gf opp051ng.
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e D . SR

. S . »
f:51gn1flcant 1nd1cat10n of crowdlng (v1z.‘Fe62#37 and

'Fe62#61);”thls was demonstrated by the rotatlon o£ lateral
' 1nc;sors or canlnes, or by ‘the occurrence of deeply concave
u1nterprox1mal wear facets on the anterlor teeth.; There was.

'some rnd:catlon_of_sexual.dlmorphlsm:'only 9;5%uof‘females_

Showed winglike'ce ral incisorsfcompared to'36.8%30f“males.
R o ‘

It 1s 1nterest1ng o'note that 1n the: mo -t crowded dentary

(Fe62 #20), there was no rotat1on of the central inc1sors~

c—~

11nstead, they were pushed dutwards or.. lablally from the rest

S . o
- of the arch. E » :

.’._

Me51opalata1 tor51on was much more commonly found 1n

. the mandlbular 1nc1sors. The un11ateral wlnglng expre5510n

voccurred 1n 19 O% (8/52) of the determlnable casts,_the,i_

Tb1lateral w1nglng varlatlon in- 19 O% (8/42) and the-

unllateral counterw'* 1ng form in 2 4% (1/42) Crowding was®

*evident 1n 70. 6%Jof a Ubase'»o'=rotatlon (12/17) _if all
'1nd1v1duals scorable on oneler oth 51des are con81dered

' the freq ency would rlse to. 75 O% (15/2Q, 1nclud1ng both

[

'Tcounterwl ged speC1mens) Of the 1nd1v1duals show1ng

crowded anter1 tﬁg 60 O% (9/15) dlsplayed rotatlon of

elther the '1,ncisor orﬁthe.canlne.J There was some
B '1 s ST . . .
tlndlcatlon of sexual a&morphism° 5&32 of ‘the females
L Y

: man%fested some tnpedof ax1al rotatlon, compangﬁ to. 22 2% @£‘~,

the males. . ;.a_“wj' S R P

PR N




‘ '3€3 ‘Shovelling trait ‘and’ lablal—rldglng character of EE
. _‘maxrllary and mandlbular 1nc1sors.v : PR

n3 3. l Anatomlcal descrlptlon and phylogeny of shOVelalng
o tra1t on max111ary 1nc1sors. S e ) I3

The most 1ntense1y studled 1nc1sor tralt has been the

shovel shape character.' The term refers to the presence of
‘strongly elevated rldges on.both me51al and d1stal marglns

'-of the llngual surface (see Flgures 5a,5b, pp 49 50) The

'»rldges, whlch are composed both enamel and deﬁtlne, glvéﬁ‘”"

.

‘\teeth of ‘this: klnd a scoop-llke appearance. ~A 11ngua1 fossa

i
rls formed beteen the two marglnal rldges, 1t should be notcd
:1that thls feature is not an actual depre351on 1n the surface

1

]'but occurs as- a result of;the bu11d-up of the rldges

(Weldenrelch, 1937a 22- Tratman, 1950a°'Mayhall, 1972)

P

Muhlreltef«was apparently the f1rst worker to descrlbe

3

hfllngually-rldged 1nc1sors as’ resembllng a: shovel (1n 1870,

3.

‘ c1ted by Hrd11cka,",1920) . However a'«Irirdllcka (1907' j'f. :
”,i 1908 124) popularlze he term “shovel-shapedrlnc1sors tandﬁ
'was the flrst to p01n vout 1ts 51gn1f1cance as a rac1al ‘fh'r'
7_tra1t-characterlst1c of Mongolold populatlons; espec1a11y
Orlentals and»Amer1nd1ans. He also—proposed (1920) a _
k.usablei_aibelt somewhat subjectlve scale, whlch ra;ed the
.idegree of shovel-shape expre551on accordlng to four grades-‘
nonshovel, trace shoveL,-semlshovel and shovel or full.;}

' shovesl (see Flgure Sa, p.'49) Strongly shovel-shaped

”f1nc1sors had pronounced r1dges and a “deep” llngual fossa-

L moderately shovel shaped teeth had much weaker ridges and a’



Grade O: ndn- ,
S shovel.-

Grade 3: full
uhovel.

" Pigure. Sa. Shovelllng tra1t of maxl,llary 1n"cisors>:‘__, ‘
- o ,'»z‘,; phenotyplc varlatlon. < -

Grade‘l: traoe Grado 2- semi-

Shovel. S A' Shovelo'v 5

. : .

'.U-

Grade 4: deep _
BRI shovel.

&

-

Sateral Tnsleors

Fay,

" Grade i . Grade 2  Grade 3. Grade 4 .

oAy
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~"f Lgure Sb. Sho(reihhé trait of méxlliaryu;lnélsdrs’* KRR
) barrel-shaped varlatlon - Grlmsby specnnens.

Full-shovel extimere.

. Quasibarrel '_érifﬁimefé--" Barrel-tom mﬁmr‘
T (compressed)




R

-,frev1ewed the data then avallable on llngual rldglng in

& 3 : .
and fossa formatlon were placed 1n the "nonshovel“'

: absent" category.

| The two max1llary 1nc1sors (Il and 12) usually manlfest

.dthe same degree of the shovelllng tra1t (Hrdllcka, 1920v

B

;»Carbonell, 1963)- 'However, Hrdllcka (1920) noted that 1n

’south central Orlental populatlons (Chlnese, Japanese) the

/

~central 1nc1sor had hlgher frequenc1es of marked shvell1ng,.m'~t'

L

'”;gwhlle in northern and Amerlcan Mon90101ds (Amerlndlans,r d”

Esklmos, Mongollans), thealateral tooth had hlgher

T ”“proportlons of the pronounced phenotype.» Dahlberg‘(1951)

l"'

.,idlfferent raé%al groups and came to the conclu51on that the

'“-gjcentral 1nc1§br.generally dlsplayed a greater 1nc1dence of

. 0

'fthe full shovel grade than the lateral element A decade orf.f7

N

“so later, Carbonell (1963) came to the opp051te conclu51on tt.

',after maklng a 51m11ar comp11at10n of studles.

.’)

More~recent research on MOngolld and non-Mon90101d

‘.peoples has not ylelded con31stent results.meIn Turner s _t

(1967b 25 29) analy81s of Arctlc Mongolo1d dentltlons, the

lateral 1nc1sor showed a dlstlnctly hlgh frequency of marked

shsgelllng than the central tooth HoweVer, Scott
_(1 @53 -156) found that the frrst 1nc1sor (11) con51stenly

;d1splayedua:hlgher 1ncrdence-—usually, tw1ce as great as. jhe‘



'_j‘ second 1nc1sor (12) 1nc1dence--of the stronger degrees of

’supports the same conclu51on.

L 11kely to appear more pronounced when the l1ngua1 rldges are

. actually of the same helght as 1n the wlder central element

’ tra1t than»the f1rst one, but the mean fossa depth,was

ﬂ dlstlnctly greater 1n the latter.. Scott et al.-(1983)

CF ¥ ;;-.f
shovelllng expre551on in 10 Amerlcan Southwest tr1bal L

populat1ons.f Rlchards and Telﬁer (1979) coﬁﬂaged 6

e

Australarlan groups and found that e1éhg& tooth could show

greater total tra1t occurrence (marked shovell1ng was. rarely

p

manlfested), depend1ng upon the group cons1dered.. Berry s_,~;"

61976) study of 8 skeletal and modern European samples

One of the problems in comparing the two teeth is that

/

shovel—shape e&pres31on in the narrower 1ateral 1ncisor is -

>‘ - .
R o t
RS T

(Moorrees, 1957 28 Bang and Hasund 1971) Accordlng to Vﬁlﬁiﬂ
K1rveskar1 s (1978) data, the second 1n01sor 1n hls Skolt -F‘jf
e,

' W.. R

Lapp sample dlsplayed a hlgher frequency of the shove111ng TN

STty

- . »'

solved the d1ff1¢ulty of ratlng erroy due to tdSth shape by

_t\shovel gr;de scales for ghe two‘

@ _"“.; R . _» . ', i SR “'_ : \',_' _:"l
Ba”el-shaped J,nc1sors have been 1mked tcf shove11-mg,,.,-,
X, ) ‘: Sy l‘.'

as the strongest express,ﬂ.on crf the tralt by & numbe‘rp

max1llary 1nc1sor

workers (e.g. Dahlberg, l951, Lasker and Lee,u1957k Turner,ff'ffﬂ“

- 1967b 24-26-- Bass, l971:216 235 Baume and Crawfdrd. 1978;

1980 Ke1ser and Preston, 1981 Scott et al., 1983) The

barrel form occurs when there is an 1ncisal‘"overgrowth" of.jf-'/



: 3

':the 11ngua1 c1ngu1um whlch meets the 11ngual "overgrowth" of';r |

b'the marg1na1 r1dges on both 51des to fornla more or less‘
'fcyllndrlcal tooth w1th a depresslon ln the centre (see
| Flgure Sb" p 50) : The c1ngular “overgrowth“ may reach two—‘"j

)

-thlrds the length of the crown or more, sometlmes extendlng

Mayhall, 1972) Maxlllary"l“f{z ? ’nc1sors are usually the

8

to the 1nc1sa1 edge (Dahlberg, 1951' Bass, 4971 216-‘_ ‘ﬂ.wff;f]

only anterlor teeth to dlspia,;$a;'&mrrel form, it 1s never ‘.”'

very common (generally under r0%5 and may occur unllaterally.

"ror bllaterally (Dahlberg, 1951- ‘scott, . 1973 153- 156)

There 1s some dlsagreement about the relatlonshlp |
__between shovel-shaped and barrel—shaped 1nc1sors. Mayhall
'(1979b) ‘was rather skept1ca1 about thls connectlon, and: ::‘

7‘nnoted the d1scont1nu1ty between full~shovel grade and

barrel type 1nc1sors 1n hlS Central Arctlc Esklmo sample.i

afrel form to be an

-

-AMorrls (1965 28 29) con51dered thnﬁ
,anomalous varlatlan, asﬁhave ogﬂ if (e g Goaz and
?;M111er, 1966, lewander, 1967; 'Chiihg 1., 1972-'Escobar

‘et al,,.1977- Mlzoguchl, 1985 4, lO}w“

A'However, barrel—shaped teeth are not found 1n
Tvpopulat1ons whlch lack or have very low frequenc1es (ca.';%)
7.of marked and 1ntense shovelllng on the lateral 1nc1sorshl'
'_ 'Thls has been demonstrated to be ehe case for a number of
'dlverse groups of Afr1can, European, Orlental and
J'nAustralaslan orlglng (Suzukl and Saka1,“1964- Turner, 19795a

'..fTurner and Hanlhara, 1977- Turner and Swlndler, 1978-

. 3
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o M"a’ynaniﬂet*a'l.’,- "1'982, Kleser, ,'»1'9'84')":" Mayhall s’ (1979b)

fEsklmo samples showed a low proportlon of marked shovelllng |
'(ca.-5% on the I ), no. eV1dence of 1ntense shove?llng, and
u‘;onLy rarely dlsplayed the barrel form (ca. L%)

Barrel type 1nc1sors occur much more commonl S%véf
_q\ | ,.\.'.

o 20%) 1n populat1ons manlfestlng hlgh frequenc1es of marked

<and 1ntense shove111ng (70% - 80%), e g. Kodlak Esk1mo,.3ﬂt_h _
, . ; A
.o“several Amerlcan SouthweSt trlbes (Indlan Knoll, Navajo,_hdpn”._4ﬁ

Lo
J;,‘v .

z_Papago, lea, Pueblo) and a number of South Amerlcan groups

m(Dahlberg,‘l951- Goaz and Mlller, 1966~ Turnerﬂ 1967b 34'
: R T — o
.'lewander, 1967-7§ofaer et al., 1972b- Scott, 1973 155~v

pKe1ser and Preston, 1981) Apparently, there ms SOme sort
;'of relatlonshlp between the proportlons of the stronger ;{2~V~
. Sy

svtralt expre531ons and the appearance of the barrel form _

'(Ep11ng and Dahlberg, 1956) A recent study 1ndicates that

- an almost coutlnuous range of var1atlon exlsts between ;?'”;"

IR Amerlndfhn demes (Scott et al., 1983)

' ﬁ-same phenotyplc contxnuum, 1. e.lthey belong to the same

"’fHowever, pedlgree analy51s and statiétlcal testing have:_

ignonshovel shaped 1ncxsors and barrel-form teeth 1n some af'ﬁﬁ5f57

‘ 3 .. - .
e

']d,““

‘ at

Some workers have suggested that the shovel shape form

..”tand the peglLke form (of 12) are at Opposxte ends of. the:{éffmﬁf”
dc'tralt complex (Klrveskarl, 1974 l7~'Mayha11, 1979b)

'f-demonstrated that con1cal elements are anogglous variations-”f; i

'fdgassoc1ated w1th congen;tal absence of teeth (Thomas, 1926-5‘

ff_fKeeler,‘1935-?Montagu, 1940- Grahnen, 1956, 1957-‘NisWander



L3

ff and Sujaku,‘l963- Al esalo and Port1n, 1969- wOolf 1971-

monkeys and apes (Hrdllcka, 1920) : The upper 1nc1sors of

whoanld evolutlon..-éev“

:rand 12) from East Afrlcan and South Afrlcan 31tes (e g

‘:shove111ng (Roblnson,

Chung et alu 1972 Le Bot and Salmon, 1977 Brook, 1984)

[4

There 1s no good ev1dence to support the notlon that pegllke 2:77

1nc1sors are related to the shovellxng tralt.4-n'¥

'?ﬂ The shovelllng tra1t has been found 1n seVeral jn§ﬂ5-gg$“

g

anthrop01d forms be31des man, 1nc1ud1ng some Old WOrld _g};”“

’ . n:"

the gorllla and orang show pronounced 11ngual marglnal

s

rldges,'whlle those of the chlmp manlfest only weak rldges._ffrfff

On the glbbon, the feature 1s v1rtually absent from the

The shovel-shape character appears qulte early in

et

3

,Hadar, Sterkfonteln,;S(i:tkrans) dlsplay weak or moderate
1

”‘5K1mbe1 et al.,11982- Mlzoguchl, 1985 46 47) The central and

@

T R

“:,show a- pronounced shovel-shape expressxonknWeldenrech,:

]

'7I9B7a 22 23,_b Plates l 2) The anterlor teeth of several

neanderthal cran1a show some . degree of llngual r1dglng,f

.'whlch varles from/sl1ght to robust,:e g Ehrlngsdorf

Krap1na, Le Moustler, La Qulna, V1nd1aa (Gorjanov1c—'_51“;f7

-

'anterlor teeth (Remane,_, 1960 783- 784) ':;,

australop1thec1ne specxmens (Il “ .

‘56 23=29, 34 Johansen et al., 1982-"

”frﬁlateral upper 1nclsors of the Choukoutlen plthecanthroplnes ,'ﬂ'

-.JKramberger, 1907 We1denre1ch,_1937a 23, b: Plate 3-5“p;' :kf{,t.;ﬁ

B

Mlzoguchl, 1985 43 46) Accordrng to Brabant s (1971) datapq_ffff

A

"”Llnthe 1nc1dence of marked shovell1ng was much hlgher on the-;l-ph



faand Megallth1c French and Sw1ss populatlons than in modern {fgfh”

'“:,upper 1nc1sor (espec1ally on IZ; ca.,lo% - 15%) 1n Neollth1cffni

>1Europeans.'h 3f1'@]taﬁ;"f',f=a';vff ff'

The funct10na1 51gn1f1cance of relnforced llngual

iéiwmarglnal rldges has been a matter of some debate., Hrdlldka';?a'd"

‘.'b“fkkl920) suggested that thls feature served to strengthen the

;g!anc1sor, thereby 1ncrea51ng 1ts durablllty.j Dahlberg

3:;(19ﬁ3b) has reported ev1dence whlch 1nd1cates that the fhf:,'ﬁ,f

".4_ L

,~_shove1-shape structure resists breakage due to crushxng or ;

L

'fachewlngf' Turner (1983 1985) proposed that the development

';nhof a number of "anodoﬁt" cha'hcters whlch 1ncrease tooth

o b1t1ng forces related to meat-eatlng hablts.

fagatomlcal features could Se‘ eiany cr1t1cal purpOse 1n the

9 human dengution. Both We1denre ch (I937a 160-161) and

éf,subject to selectlve pressu'esfi

-'{’mass (e g.;pronounced shovell1ng) was an adapt1ve response s

-?tgﬁthe hprsh dletary reglme that proto—mongolold populatlons;

N

3h&d to endure durlng the Plelstocene 1n morthern A91ap

g

-4
M%zoguchl (1985 110 113) concluded from an. extens1ve study

-A-,A, .

"jf that the shovel shape varlatlon was a component of the

#
%ngoloid fac1a1 structure which served to resxst strong

Otherﬁworkers regected theﬁhypothes1s that minor

S

:';Basker (&945) felt that crown Characters were not generally""f'

Many modern odontologests

s ,,_. ,q'_..,

.fhave a1‘so pecome skep’tlcal about the supp08ed ;unctional I

ﬂ




e B co 2 "' .‘\'. " ' ﬁ-‘: _A'\.. :- ‘ ,V:l."' ) . .-- L " 57 :
";ﬁﬁ,é;Z Rac1al and: geograph1c varlatlon of - shovelling tra1t)
LR on maxlllary 1nc1sors.‘-‘ o R _ﬂf;P,

s Several 1nvest1gat10ns_followed Hrdllcka s or1g1nal ”*:i'ﬂ

E '(1920) research and examlned'skeletal and l}Vlng

1. e y ."' :/

: aff1n1t1es. Amerlndlans and .xtaﬂv
, - o

dpophlatlons ‘of varlous gat

"ff0r1entals were found to‘have the hlghest frequenc1es of
, 5 .
,‘strongly shovel shaped 1nc1sors, by a large marglg, these

V:_ranged from ca. 70% to ca.,lOO% among Amerlndlans and from J

,‘;' s . PP

60% - ca. 80% among Mongollans, Chlnese and Japanese ﬁli PR
'(ﬁrdllcka; 1920 1931t W1ssler, 1931' Nelson, 1937- Lasker,i“ L
1945;. Goldsteln,.1948':Dahlberg, 1951) Esk1m01d ,'f [; : .!-”;-g

a,populatlons usually man1fested lower frequenc1es of strongly
'shovel—shaped 1nc1sors than Amerlndlans, Alaskan groups
showed 1nc1dences of 40% to 60%jdepend1.ng on whether Il or

iy

il

belng c0n51dered), East Greenland natlves ca. 85% and

,Aleuts cas 60% ? 65% (Hrdl1d&a,,1920- Pedersen, 1949 185

| ftmoorrees, 1957 24- 25) § ‘u-‘- }1 “'1:',"*,;jy'”;:“,3#1}5*

L

Heterogeneous groups, exn. Pawa11ans and Amer1can
.Ch1nese, had moderate frequenc1es (35% to 40% and ca. 20%)
" of strongly shovel shaped teeth (Hrd11cka, 1920- Lasker,'

":1945) 1 Amer1can Caucaso1d and Negrold populatlons had much @

4

'“lower 1nc1dences (0% to S%) of marked shovelllng (Hrdllcka,

0* L
However,,lt became obv1ous that many of these early

’: . ot o . . -

Studles were not closely'comparable,‘due to 1nd1v1dual L;J:f"

f1920 Koskl and Hautala,‘l952 Lasker and Lee, 1957)

Z:Stevenson (c1ted by

o

'dlfferences 1n morpholog;cal Jgdgment.

.:Lasker, 1945) reported an unusually ,w»value;for stronglyx



‘hshovel shaped 1nc1sors (8% gp%) among North Chlnese

)%,‘. ,

;,groups, although hls semishbvew category was rather large o
: \ : )

“»'(ca.‘ 50%) carr's. (1960) flg‘\u:

. Iy %
comparlsons were belng made w;th data frog dlfferent

‘_workers,‘so that 1nterobserver error mlght be reduced,‘

’ pwprocedure wh1ch has been followed by Oschlnsky and Smlthurst

';';(1960), Suzuk1 and Sakal, 1964-'Wajeman and Levy, l978:ﬁ{';'>‘
.kkKa1ser and Preston (1981) ‘ § | v

In an- attempt to create a. more obj‘ectrve gulde for
:shovel shape class1f1catlon, Dahlberg and Mlkkelson (1940)

| ,“used a mod1 fed Boley gauge to measure the depth of the o
.llngual fossa at 1ts percelved m1dp01nt a procedure later

'”’followed by Carbonell (1963) and Barner (1969), Klrveskarl,‘

S (1974 18) and’ M1zoguch1 (1985 16 17) In the m1d 1950 sﬁ*~_d"

, “:'Dahlberg and Zoller Laboratory produced the f1rst of a.

‘\7pser1es of standard plaster plaques,_the 1n1t1a1 dental

-plaque dep1cted the four grades of Hrdllcka 8 system,‘plusi .

]the deep shovelrshape form, u31ng casts of real spec1mens

"(Dahlberg, 1956)

CRS

Thls standard plaque has been w1de1y adopted 1n the
.; last three decades,,durlng whlch the amount of dental

aresearch has been greatly expanded., Carbonell (1963)



| :;i;d"’; 1rt_f ""itﬁ~y;.rsf;f}”t bul 5 g' SSA;‘f?

| publlshed a: study ofea number of . European, Indy-Arablc. Easthsfl”
Aslan ‘and Arctlc populatlons,vand gave a summary of the '

L:avallable data on: shovell1ng of the 1nc1sors. Brabant

(1971) has worked on Neollthlc and Megallthlc French- and :

Belglan-remalns; Mayhall et al. (1982) have examlned modern ‘rd”'

Canadlan Caucaso1ds. K1rveskar1 (1974) worte a the51s on .

o

the dentltlon of the Skolt Lapps of northern Flnland" i?ee

iand Goose (1972) studyed shovell1ng in a L1verpool Chlnese
' communlty, Barnes (1969) descrlbed the tra1t 1n the Ugandan

Teso tr1be and Kleser (1984a) in the South Afrlcan Gr1qua o
L :

Lo

' dentltlons.
Aslo-Indlan populat1ons, e. g the Bhutanese (Prakash et
1979)* d the Afghan Tajlk (Beynon, 1971) have also :

v

fgted for the shovel shape feature. Several fho’_f'

been 1nveb
: sdrfferent 'panese groups have been studled, in part1cu1ar
‘ ot omon (Turner, 1979), the modern Alnu (Turner
1977) and the modern Janpese (Suzuk1 and ' ‘ ,.<
Sakal, 1966),11n relatlon to 1n01sor shovell1ng,'and so have
extent Polyne51an and Melane51an peoples (Suzuk1 and Sakal,

1964 Turner and Sw1ndler, 1978)

A great amount of work has been done on Amerlcan

Mon90101d populatlons. Alaskan Esklmo groups ,.ve been

studled by Turner (1967b- 1969a--1983) and

L 4

ang and Hasund

s A

(1971) Aleutlan Islanders by ‘Turner . (1967b- 1969a, 1983)
and Central Esklmo remalns by Mayhall (l979a b), and flgures:ni

for shovel shape categorles publlshed in each case.

~



Shovelllng An northern Athapascan dentrtlons has been ,

llih:ﬂ 1nvest1gated by’Turner (1969a, 1983) A number of studles
o have been made on SouthwesternvAmer1nd1an groups (Morrls;lu
1965-- Scott, 1973, Scott and Dahlberg,b 1982 Scott et al.,‘ |
;;;l”' 1983) in whloh shovelllng frequenc1es have been glven._"
e Several dlfferent natlve trlbes of Central and South Amerlca'

have been examlned for the tra1t (Devoto and Arlas, 1967-

-

Kleser ‘and Preston,_l981) and values for a. “hybr1d" Chllean s

sample have also been reported (PlntO-Clsternas and
>j//'-‘AF1gueroa, 1968) SR RN

. A

These 1nvestlgat1ons have usually €ended to conf1rm the

studles of earller workers. Howeﬂer, sdme very low

o

'.AJ .
frequenc1es of strongly shovel shaped 1ncisors have. been

eCt). reported by Mayhall (1979b) for central Esklmos (5% to 10%)
| “and. some rather hlgh ones, for total 1nc1den¢e 1n a
Cauca501d sample (90% to 97%), by Sofaer et al.-(1986) ln
general, the results support the bellef that strongly

shovel—shaped 1nc1sors are very commonly found in- Orlental

;. and Amer1nd1%P populatlons (50% - 100%) and rather rarely 1n'lfﬁ
"modern Caucaso1d and Negrord groups (Q% - 5%) v

S g o A SRR
3 3.3 Lateral asymmetry and-genetlc aspects of shovell1ng
. tralt. o , . '

[

ﬂPrev1ous-to Harris' (1980)'study;7the'mede of =

1nher1tance of the shovel-shape tra1t was generally

‘_ con81dered to be autosomal. Tests for sexual dimorphism '

based on small or- medium-slzed pOpulations usually failed to PNEE



: ; 'f‘egree of dlfference Abrahams
f11949) found that - a recess1ve Mendel1an model wﬁs adequate

‘ ;to account for shovelllng varlatlo;‘on a present/absent ;'

. :ba51s, 1n h1s South Afrlcan Cape Malay populatlon | h_
’ ﬁf' Turner (1967b 27-29- 1969a) proposed that the three {y'.

".ba51c degrees of shovelllng could be accounted for. by a-
ycodomlnant (two) allele system, and found’ that the observed<
Jphenotyp1c frequenc1es for the upper 1nc1sors (espec1a11yv
‘I ) of hlS Arctlc Mongolb1d sample were not srgn1f1cant1y
t'dlfferent from the expected Hardy-We1nberg dlstrlbutlons.

':jDevoto et al. (1968) used a s1milar method to test the two-' i

allele hypothe51s agalnst thelr data from a northwestern . }

N Argent1n1an populat1on. They found that the actual ‘:jj°7;§i
phenotyplc proportlons d1d not agree w1th the predlcted |
- Hardy-Welnberg values, and concluded that a mu1t1 allele,‘e_ _(;,
-131ngle locus model mlght be more appropnlate for the tralt.v
However; tth approach has 51nce been demonstrated to be
1nvalld (Sofaer, 1970) yw gﬁiﬁ | | |
Many researchers now bel1eve that the mode of 'étj
1nher1tance of the shovel shape tralt 1s polygenlc.. Suzuki n
'_~and Saka1 (1966) stated that shovelled 1ncisors were |
: dprobably the end product of a very complex genetlc and
'u ontogenetlc lnteractlon. Portxn and Alvesalo (19%4)
tconcluded from the1r analy31s of a annlsh populatxon of
»knoyn 1nd1v1dual relatlonshlpsrthae-a«ptesence of absence of

llngual r1dg1ng on the upper central 1nc1sor could be



J'locus model~’or a codom1nant allele system., Scott X

3.

(1973 109 118) and ‘Harris (1976) have suggested that the

best explanatlcn for the phenotyplc dlstrlbutlons found 1n ?;.d
'vlntrafam111al and interdem1c studles would be prov1ded by a- |
' contlnous or.qua51cont1nuous polygenlc model w1th a 31ngle

‘g:phenotyplc threshold. Th1s now Qppears to be the general

o 'consensus of opinion (Scott et al., 1983) "_q .1T o

Research on sexual d1fferences 1n tra1t 1nc1dence has
5.

"suggested that strong shovelllng occurs more commonly in'.

“}males of partlcular populat1on (Hrdl1cka, 1931; Goldsteln,

: .showed no - cons1stent d1fferences betqpf
. Dahlberg s (1951) lea group and- Bar‘“ﬁ

'gexceptlonal in that females dlsplayed hlgher frequenc1es of e

R

et al., 1982-’Harr1s, 1980) K1ese;:~7

31948;~Moorrees, 1957; Turner, l967b, P1nto-Clsternas and

: 'Teso*’"’were

full-s el rade ‘teeth.. . A :
hgvel g , S O
However, Harris (1980) has demonstrated that upper

-

1nc1sor shovelllng (on a present/absent basls) generally has -l:z
fa hlgher 1nc1dence in £emales than malés. In the case.of
Jthe max1llary central tooth, females exhiblted h1gher:7f'
'frequencles than males in 28 out of the 38 populat1ons
'consldered (74%), whlle 12‘samp1es (32?) showed | "_ |

statlstlcally s1gn1f1cant sex dlfferences (at the xzp <0.05 =

- ._level).; When these populatxons were combined into six main

o
© . : . .

explalned by a. polygenlc hypothesxs-'a mu1t1-alle1e,,singleeff?f

*.'Figueroa,‘l968- Lee and Goose, 1972 Mayhall, 197Qb- Mayhall




B

AP,

‘ ‘3rac1al groups, v1z. Cauca801ds, Afro-Ameflcans, A31aps,._i~5'

'VfJPolyne51ans, Welane81ans,,and Amerlndlans, totalllng some

: Q5 ;}
! 719 OOO 1nd1v1duals,.slgn1f1cant sex dlfferences (at the sz .
. l-.:‘{‘ R ,.,., : B

”57<0 02 level) were found 1n all d1v1=1ons,‘except for the

.*iAfro—Amerlcan.: The degree of sexual dlmorphlsm was found to

U‘

% o -

::vary w1th the geograph1c5race under con51derat;0u. S1m11ar

briresults were obtalned: r tne maxlllary 1atera1 1nc1sor, _’flfﬁ

e

'"except that the degreeaof sexual dlmorphism was more fﬂ;fffgskj,ffﬂ
o s ) N :

N .‘. e L .

ﬁ_,yrﬂpronounced.= j~fﬁ*5; }ff ”;r..;Vr ﬁ:, o

A

Harr;s (1980) has recently proposed that 1nc1$or-ﬂv:fgf'
rldglng 1s controlled by severul X-llnked loc1r_ He also L

T‘;;;;suggests that the greatér shoJEl shape frequenc1es observed

o..'
,.

:_"‘~1n the fémales of several rac1a1 groups are the result of

. u t

tra1t enhancement‘due to the presenc of the double X &

rchroﬂbsome 1n déntal somatlc cells. ﬁ’ly

eVer, most workers

’

._';~,{cont1nue to regard the shovell1ng feature as an autosomal ‘ B

“, s L.

L.

L attrlbute (e g. Scott et;aI., 1983) ‘;T\hf”yg}-fﬁf:7u

:ib;fg.:, Lateral asymmetry 1n shovel-shape expres51on oﬁ,the
i v-_, ..‘_‘ . e '.4 R . .
“t?/7IuRPer 1nc1sors fs rare 1n all Punlatlons studled to date.»zi'

:ﬁfhj?Whenglt occurs,,lt 1s usually assoc1ated w1th the lateral

c

_;3- Carbonell' 1963-?:7

e

%ihnto-CQStFrnas and F1gueroa, 1968, Mayhall, 1979b) : Baume_ftp

"\

(1980) found that asymmetry frequenc1es were

genefaily under 5% for the flrst 1nc1sor and between 10% and

20% for the second one 1n the1r Mex1can and Bellzeah groups.;~"




Turner, 1967b.29, 32- K'E.‘erqht, 1977 34"40) The most

o commOn manlfestatxon 1s double marglnal—rldglng (of the

A as

KNS
v "’

33 4 Varlous“aépects of 1ab1al~r1d91ng\chanacter on

L teeth w1th promlnent mes1al and dlstal faclal rzdges were

frldglng occurs much less frequently,and to a much weaker

L% ?

ﬂrf“double sheVel") whlch 1s mos”’

"1;

maxlllary 1nc1sors.=Tﬁ

o L S
Lab1a1 1nc1sor rldglng was flrst noted by Muhlrelter

(1n 189 .- Clted bY Hrdllea. 1921) Strongly shovel shaped jﬁ;'ﬁx

orglanlly 111ustrated and descrlbed 1n Hrdllcka s (1920)
4-9

65) These were later

; referred to as "double-shovels"'by Dahlberg (1951) Slngleeﬁﬁﬁfgl

9

:f;f marg1n 1ab1a1 rldglng on shovelled 1n01sors hastbeen termed ;,*fﬂ

"threé-quarter shovell1ng“ by Turner (1967&*25) Fac1al

ro

degree'thanhlynqualf:howellxng (Hrdllcka, 1920' 1921

Moorrees, 1957 26 ‘én}der, L960t Turner, 1967b 25 29- K E.

. N

wmght, 1977 34 '40) » , L
: RS S T i
Lab1a1 r1dg1rtg 1s malnly found on t,he upper teéth of

ﬁong0101d populatlons and tends to be rare or abSent on the N

\

T Lower antlmeres (Moorrees, 1957 26* Suzuk1 and Sakal,i1966-f,ﬂyﬁﬂ

L

lfte*"d1sp1ayed\by the

centzal 1ncisors (sﬁYdef,¢
Esklmo grodps aYe exceptxonal 1n th‘wgif

‘ e ,,.

TN e




Figure : 6. Lab ial -r1 dg i ng : éharfé‘ct‘: é,r , of. ma.x"i.'l:ldty'f__ ine .‘i;;s"o‘fgg;.‘ :

RS

W

.-.Labial ridges abgents. - - ia S e

. . E 1'... - S o .

At B R v $-

. A .- . . L “r, ‘. ,_b . B : £

R : R

‘g o N ‘- . ‘

. - " ) Lo )

. ‘ N ’ R

‘ Y v N '

Les:.d 1a,b rldg;e N Mesn.al and dlstal labial
§ presen s ,v'- ridves presen‘b. S

S I . KA R o



'”gfulstofac1a1 shovelbing 1s rarely observed- 1t was noted
5»"

af{by Moorrees (1957 26) 1n h1s 11v1ng Aleut groups but was .

u;eabsent in all Turner s (l962b~29 32) skeletal samples Agzﬂ};q;f{fﬁ7

'(Aleut, Esklmo and Athapascan) Jomon and erqua dent1t10ns

v

'3,: dlspIay low 1n01dences'of double and me81al lablal ridglng,ﬁl_:“

"-Qbut not d1sta1 rldglng on elther upper 1nc1sor (Turner,

'?11979-7K1eser. 1984a) Double shovelllng occurs 1n much

?gfw hlgher frequenc1es 1n Amerlndlan groups (ca.,20% to 30%)

',yijgppulat1on. Moorrees (195
7.jfsamp1e there was no obv1ous~assoc1at10n between the

_f3]?ocourrence of facial rldglng an% the presence of Heep

.' -esuch a relamionsh1p in their study‘hﬁ modern Japanese.n;

‘than 1n Esklmo-Aleut groups (ca, 5% to'ﬂo%) on the central :_ngnﬁ

.tilnC1s°IS (Snyder,_1960 Turner, 1967b 33) e;xf‘gfs;ﬁ¥fa€:ufl' ;

T g

’I‘here has been some dlsagreement over the connection* »

ﬂibetween the frequ; ﬁ-. ¥

--;shove111nq most commo_~

40) remarkeq that 1n h1s Aleut"e‘ s

.. -

ﬁfull shovelllng.' However, Suzuk? and Sakai (19660 found

983,.: _1985, 1987) has



R

‘[; meas&rementg (Lasker, I950~

o 1nc1sors of Amer1nd1an and Arctlc populatlons under

1‘

7ﬂ dentally-demand1ng cond1t10ns (Dahlberg, 1963b- Turner,.

>

1985)

o onn T

'3 3 5 Varlous aspects of shovelllng tralt on mandlbular

C A

1nclsors. -
Shovel-shape expre551on 1s always much weaker ‘on. the

lower anter1or teeth (see F1gure 7 p..68) The full—shovel

grade is rarely observed, and never reaches the degree of

robust1c1ty found on: the upper 1nc1sors,,even 1n Amer1nd1an

:’ PR )

populatlons (Goaz and Mlller, 1966) Total tralt 1nc1dences
5 07’1’ o'.l,

for the central and lateral 1nc1sor for several;Am'r1can

-

Southwest trlbal‘groups range from 85% - 100% (

1973 156 1593“

RS o B »'. - N o . - : . ; ) : ‘ A , . N .
A T L PR . .

‘e

el

erght (1977) 1n thelf work On Iroqu01an dent1tion Were
con51dered 1n establishlnq’the methodology’used for the

Grlmsby sample._ I’Jr»erght s (l974¢l8—19) ratlng system

wa34very samllar bo Carbonell‘s (1963)L.both were based on_il

, ,L-,,u

. :
-,o.\.

ridges) ofteu 1nterfere w1th,bhe‘tak1ng of accurate fﬁb

R v

"Dahlber’g et al., ,1956-{'-'_5'“?"

?5_,vserved7;0~strengthen and prlong the crown ut111ty of the adf”dﬁT””

Ry

3e3 6 Methodology for shovbllinq tralt.,‘.“”?'” -'gyjiﬁ;f ":af

' Thﬂ/procedures followed by P.J. erght (1974) and K.E{»hf;f;ﬁ

of measurlng the“Wf

o




FIQUre 7 ShOVelllng o




“;ijﬁthat of J'T. Mayhall, an experlenced worke; 1n dental

>'1_itrad1t10nal scale-'deep-shovel grade 1nc1sors, peg and

ﬁ:i.

'~§tharbonell,_1963) Another dlfflculty 1s thatAthe presenau
filiof strong wear across the p01nts of measurement prevents theﬁr;if‘
'7eicorrect evaluatlon of fossa depth,Falthough unworn portlons ?Lffﬂ?
"h}of the llngual r1dges may clearly“lndlcate the degree of :

fﬁfshovelllng (Goaz and Mlller, 1966) It should be noted thatil

;“Tfplaque P#l_jwh1ch represented Hrdllcka s four degree system,

.';vanthropology (Their rat1ngs dlffered by a grade at the

' o S o
;“most) erght also added three categorles to the ,gf.-fub_ Tl

‘fScott (1973 23 24), Scott and Dahlberg (1982) and Scott et

'nand checked her scorlng for a smail tooth sample agalnst

K L

(1983) have abandoned the metr1c classrf1catlon1“fﬂ;eyfé”yfﬁ‘“

. J
-

technlque 1n favour of a un1form—1nterval elght~grade scale;fyf-v"
fdlsplayed on a standard plaster pIaque.':i ’

KLE. erght (1977 l4 15) ut111zed Dahlberg s standard

e

'-j;barrel shaped elements,'

o

P

?feupper central rncisors, the upper lateral antlmeres and the

(Faculty of Dentlstry) to be’ approxrmately correct :J”

The scorlng of the shovel—shape tra1t for the Gr1msby

Spec1mens was hampered by the fact that nelther the new
elght-grade plaque nor the old four-grade one was avallable ;*5?39

‘7-"7\

“*<at the Unlver51ty of Alberta. In thelr absence,\some of thé

o Grlmsby casts were set up as standards to mlnlmlze 1nbraw'f9fl
: gbserver error.‘ Separate.standards WEre utlllzed for the AN

féwer~teeth.¢uThese were later confirméd b”

@ g ',.,'..




"ff1nc1sore'wete cons1dereh to be nonéhovel;shaped teeth:;

f:f7ibe cdmpared The dlfferences 1n Judgment between Sperber

”'}Abas1ca11y that of Klrveska_;

‘“35'11977 15) Mes1al and dlstal fac1al ridgﬁf*w xﬂxscored as
S 3 R e

'Bw°nsa-mples of 15 to 20 1nd;viduals were rated by

)

.ﬁ,Sperber on two dlfferent occas1on? (May 2/1985°and May

Qﬁ7/1985), so*that shovel—grad;ng by Sperber and Ta1t could

‘iland Ta1tvamounted to”half a grade at the most (eg;,gtrace + :
i -. . ‘

. PIRER

hfIEhovei categorles 1n themuppeg teeth.h There were no ‘>"ji”5f}ff}1;%

'd1sgrepancies 1n the scorlng'of mandlbular 1nc1sor iﬂ,i"

A L

_ 'shovelling., ';'.:";_-1;_ =

—
.

In fegard toglabla"rldglngn the procedure followed Was'7g,fvﬂj

ff(_1974) and x E. erght ! ,.f'_;' x

t" when they were dlst1nctly more ﬂ%om1nent than the.:”

'f-fcentral lobe, so that the dlfference was apprec1ab1e to the zf;]”d"

K

ff;naked eye., Weak 1ab1al r1dges were placed in the "absent“

"ftfcategory- i’f 'Lifah.V:ZZif‘Vf:'” , ;'f
'-‘j3 3 7 Observat1ons on shovellzng traxt.i 5 8

ES

Observatlons for the Grlmsby epecimens are given in

; itETables 2a --4b (Pp- 71 76) The*maxillary 1ncxsors usually :

feﬂdleplayed the full-qhovel grade, the frequently.béing




f‘TAﬁLEQQa.

LINGUAL SHOVELLING OF. MAXILLARY INCISORS IN THE].,,;»«‘ :
LT GRIMSBYtSAMPLE OCCURRENCE BY/SIDE...- L

‘49_

' semi -

fall+

o . deep -
g B barrel

L 3!5: -
‘hone -
- traces. .,

Nowwne ]

-,total;u7

| ;f;asymmeffy}.-

FEMALE

" none’

;race -
'semi“'
fu11+

, deep
barrel

cCwoNnNOOo. .

B S N T

=
U

';total

. asymmetry ..

ALL ., . .
- pone”
_trace"
‘semji -
,.',fUIlf'
~ :.-deep
* barrel

-l

GwShro

e ' tﬁo‘t‘al E

T ‘ o v

L

L

yan

\ -

L e
Lot .

v e e

e,

Ne T
;hensra;uf

""Ag;adéjspec
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. TABLE 2b.

e

:LINGUAL SHOVEELING OF MAXILLARY INCISORS IN THE@T,;fj
| gﬂGRIMSBY SAMPLE: OCCURRENCE BY*INDIV{DUAL L

CSEX

1 CENTRAL INCISOR

INDIVIDUAL

A

LATERAL INCISOR

INDIVIDUAL

o+ ;»g;;_'“

v?;fMALE

none‘“'

trace

L. semi =7Qf-5
fu11+

deep
}uubarrel

-,

2 (13, 3)
0 (0.0)"
L ;13 (86 7)
‘ -f-;3 (20,0)

' ;OD(d;D).JTIfA‘.

total

>f“asymmetry ’

IV”iFEMALE
L none
trace
.semi .
full+

©: deép . .
bafrel%"“

‘715 (1007

0/15 f’;’"

.“. iavkloo),

J(27.8)
%(22.2)
(38, 9)
(5 6)

‘Rﬂahmw;ﬂ:

: ".'/: : o

l‘

A total
{Easymmetry

o ALL™
S none
7 ¥race”

. gemi:

fu11+1; ﬁ]"

e deep
*;\31 barrel

f;12 (109)

0/12

,'1f’8;_(100) —

‘;

2 (5 o)
10 ‘(254 0)
10 (25, 0)
15 (37, 5)

215 o)

3 (7 5)

total

f*”}'asymmetrYQ*ffl*1°

40 (100)

LY e T m
R A -

Nwee ke

. St
e 3

"'+ Category’ ncludes a1f¥ desp-ghovel grade specimens




e

- TABLE 3a. -LABIAL SHOVELLING OF MAXILLARY.INCISORS IN Tf

~ ~.GRIMSBY SAMPLE: OCCURRENCE BY SIDE.. -

. "LSIDE RSIDE ., L SIDE R SIDE
CSEX. ok IS L

Cmesial -2 2. 2. .1
“‘v',"t.ovtal. 13 - 12'}' ) ce : "14 - 14._ 5

. “'ai,s;ft}‘.él"‘_ 0 - 1 e S0 S

~total © 10 - s Q1.0 e 16 13 e
' mesial .1 = T 2 - 0o N N TR [
total . 10 .- .11 % .. .16 0 13

Ctotal ¢ 1101l 01900 17

'ff{ALL“'fl5 3  BR SR T F S
‘total 28 .- 27 . . 34 . 31 o

Ciaistal 0. 3o o 1

. wtotal 30 - 27 8 39 - 36




LABIAL SHOVELLING OF MANDIBULAR INCISORS IN THE
GRIMSBY SAMPLE OCCURRENCE BY INDIVIDUAL. .

. _" ; o T o~
N D o
Ay

'CENTRAL INCISOR - ' - LATERAL INCISOR -~

.. .. . ' INDIVIDUAL. . - -- INDIVIDUAL -~ -
S Y -
CMALE T L T L e e e
- mes1al oo o 2.(1403) 0 kD e 27 (11.8)
e total.,. - . 14.(100) - 0 017 (100).

dlstal.i'; 0 (6.7) T T 070.0)
total © - .1 o T o= 19 (100) - -

FEMALE .~ . . - o S
- mesial = ¢ ;2;(15 4} ”.‘_ S -27{1045)
- _‘total  ~ © *T13 (100). e 19 (100)

a2l

distaly “'24(15.4), X S 1(4.5)
©totalm - . 13°(100) .%o ».22_(100)
«Q mes;al o6 (18.2) 0 L T8 (15 0) g

total'-] .33 (100)' o ‘,fﬁ : 40 eyoqg‘

. kotal e 33 »<lod> Cw Goa
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 TABLE 4a. LINGUAL SHOVELLING OF MANDIBULAR INCISORS N THE L

GRIMSBY SAMPLE OCCURRENCE BY SIDE.- -

PR

sk ' L 'SIDE RjSIDE"f ““fi, L SIDE>aR-SLDE :

Cemarg s R T N
~.mone . 9 7 T "-\\
~trace. . 2. - 2
“semi. 1 1
| TTtotal 12 . 10 '
- asymmetry . .

" FEMALE _ )
~ none -4 .. . 6 T = F S 1 T S SR
i trace- 8 6 - & 9 0 .10 Sy

TG 3 2 T ——hTr—
-¢asymmetry S T T g "f-ﬁé'”, e e
gy e em o '
‘none 17 ~-"17:"-5‘~' R 16 R o
trace. 12° .10 7. oo 16 S S
: Semi~ 4 3 o4 R S R T

S total :33‘ , , 30 ‘ B . 37 ‘ — 35 - '
s&ymmetry DR - v R TP R B
q&fn_ﬁr : :

_ *Spec1men w1th trace/sem1 grade asymmetry present- others'”
: have absent/trace grade aeymmetry._ e :
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LINGUAL SHOVELLING OF MANDIBULAR INCISORS IN“
GRIMSBY SAMPLE OCCURRENCE BY INDIVIDUAL

gmj_,‘”

W

[:SEx’

St

CENTRAL INCISOR

. #

"_ INDIVIDUAL

(%)

INDIWEDUAL :'
| # (%),

: LATERAL INCISOR E

‘*

MALE

nonef" e
trace -

ﬂk:semi

)
!

r*w\o'_C.

175.0)
(16.7)

B

e

'f_j'iof(esg7)°
4 (26.7)

1 (6:7)

Eoﬁal

asymmetry'v

 FEMALE _
. none
traceﬂ-

isem1 .

o 2

. h‘mtn H

(166) h

(35.7)'11
(57.1) @

B

15 (100) ~

ii}t'

" 6 (30.0)

111 (55.0)

3.(15.0¥ 4.

A

T 14:

(100) —

L $10°) I

';18”(42ﬁ9)-'

19 (45. 2).f
;,sA(ll .9) 7

42’(100)

CTe

e




:f:.kthe\inc1dences for these two teeth w»(as found to be hlghly [_-':» o

-;s1gn1f1¢ant (xzp’— O 000) The lateral 1ncasor percentage}'

>

':bdld not 1ncrude Ehree 1nd1v1dua1s"17 5%) wh1ch had strongly *-.d.ﬁ

) '-hshovel shaped laterals on«one s1de and barrel shaped

antlmeres on th other. Barrel form teeth only occurred ‘on f?'f;.

the left s1de of the upper ]awrf Moderate shovelllng was

'~

 ‘.observed in 12 5 'of the central 1nc1sors and 25 O% of the

pflateraL_1nc1sorsp whlle rldge traces were found 1n 6 3% and

' ?5.0%, respectlﬁely,‘of these teeth.;, | =

| Llnguai r1dglng was sllghtly stronger 1n male*spec1mens'n

,':than female ones. Mhles had marked shovelllng on 86 7% of

. the central 1nc1sors (13/15) and 44 4% off;§e lateral

'f--1nc1sors (8/18) fhe 1nc1dence for females was not v'

vh51gn1ficantly dlfferent (10/l2°‘83 3% and 7/18' 38 9%)
'ﬁ Shovelllng was much 1ess robust 1n the mandlbular

a.inclsors.” Moderately shovel shaped centralCinc1sors

'f=occurred in 11.4% (4/35) of the Gr1msﬁ@ 1nd1v1duals, and ;4}1;“‘

moderately shovel—shaped 1aterals 1n 11 9% (5/42) e.c:vﬁ.

*fh_teeth of the rema1n1ng 1nd1v1duals were class1f1ed as trace’

.e(34 3% for the Il_ 45 2% for the rz) or nonshovel (54 3% for{h

the 11 a2 9% for the 12)

The 1nc1dences of moderate shovell1ng 1n the mandlbularh“'

rd

?f1nc1sors of males and females were 51m11ar*"”Sexua1

o absent categorles, but the dlst1nct10n between these two 'W
. -j ) PN . A’ K . '

. ' . R : N B s .. DN )



‘; weaker on the lateral 1nc1sors but occurre

&

'-classes is- ra‘her subtle.' Qherefore, dlsprepanc1es between

';the recor

A @
. Lateral grade asymmetry for the shovel shape fea ureV*N

“proportlons are unllkely to be 51gn1f1cant.,p'

was absent 1n the max1llary central 1nc1sors, but pre ent im oo
. * ' o '3 '
jg7 5% (3/40) of the upper lateral antlmeres.: The pattern was o

. i
‘:'51m11ar for the mandlbular 1nc1sors, w1th asymmetry present

in 2. 9% (1/35) of the central teeth and 9 5% (4/42) of the -

lgflateral teeth..;‘frj ; v;{. o _i“'}.:. '

-~

o Pr0m1nent lablal rrdges were observed on both ce%tral
‘:‘and lateral_;nc1sors (see Table #4, p. 59) Mes1ally—r1dged’
hcentral teeth were dlsplayed by 18 2% (6/33) of the Gr1Msby 1f
-hispec1mens wh1le dlstally-rldged central teeth were found 1n}af
:wonly 9. l% (3/33) A total of elght 1nd1v1dual§ manlfested

'ffac1al rldges of some klnd, 1nc1ud1ng one 1nstance of a -

udouble shovel (Fe9 #%GM RIl) Lab1a1 ridges were much
.

almost as

»o . Ll e

Q‘frequenﬁiieimanlfested on ‘seven 1nd1v1dual ) ’Mesialiy-'

“1;r1dged 1 al teeth were dlsplayed by 15. % (6/40) of the

Q-Grlmsby speclmens wh}le dlstally-rldged la eral teeth were

.found in'a mere 2 2% t9/45) Dlstofac1al gldges on, both

--central and lateraI‘1nc1sors were observed only on/the rlght

'51de of the Upper Jaw.v

Only very sllght 1ab1a1 rldges %ccurred on the

4 L
mandlbular 1nc1sors In three spec1f1c cases, thls rrdglng

'gwas notlceably stronger than 1n other 1nd1v1duals, and mlght

'be referred to as very weak meslal three-quarter shovelllng

. e



”»_ucentral lobe ‘in any of these spec1mens..m]s*(

_,.(;.

- fac1a1 rldges were not dlstlnctly more prom1nent than the

S

‘K . g S
3‘4 Llngual tubercles and other c1ngu1ar features of
o max1llary 1n01sors. IR f.> H.y'. o a,‘ 3

S

h3,4,lf Varlous aspects of 11ngual tubercles and other'.'

c1ngular features.

L]

The llngual tubercle or cdsp (see Flgure 8a,.p. 80) 1s

1

f’a rounded protuberance part1ally separated from the rest of

'rthe basal c1nguluﬂ'(and the l1ngual fossa) of the 1ncxsor"‘

ﬂ(or canlne) by a d1st1nct groove, furrow or gap (Barnes,.
'.1969 ‘Scott, 1973 27) It is usually a small nodule or uf"
ﬁ"bud" rather thanma cusp, however, in a very few cases it

: .takes the form of a large talon enunence that can reach the o

':1nc1sal edge of the crown (Hrdlicka, 1921- Pedersen,.

1949:Plate.. 30; oelfel, 1984: 233, 235). T%bercles ‘may be R

B2ul

~gs1ngle or palred, the apex may be . fused, partly or‘

*'completely free, and 91mple or d1v1ded in form (Hrdllcka.

ifﬂ1921< Turner, l967b'37)

' The l1ngual tubercle has often been assoc1ated w1th a

L]

: umber of other accessory features &rlslng from the cingulumA

" of the anterlor teeth (see Flgures 7b 7¢, pp 81 82)

| These

flnclude "flngerllke“ med1a1 enamel r1dges whlch extend well

'flnto the 11ngua1 fossa,,and much smal&er enamel extehsions
"for elevatlons (“welts ”"clngular bridqes cingular

1spurs“)r wh1ch are not clearly separated off from the,“~

’Tclngulumui The c1ngulum or- "basel heel“ may also vary

A
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Flgure 8a. —Clngular- featbres of - maxlllary 1nc1sors- 11nguaL
tubercle; ‘ o K




Cingular’ vfgaﬁdf'es .
ual ridges.
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. Figure 8c. ’ Cmgular features of max1llary 1nc1sors. sp B
R ' R and plts. S P N . ‘-\)Y N




’ﬁ“thlckenlng“ between the margfhal r;ﬁges\br ne;
. .}" “ a A
fu31on or extension of these rlggﬁsi'

. ,,»can vary from a very sllght swe11‘3 '
e to a pronounced tuber031ty (Hrd£§§%
"ffrWeldenrelch, l937a-18—21) The ﬁi

ﬁfby "notches" or plts at 1F§F$naﬁ&

'1952: 86.) dmned the*gti;%”%gfjw%“ AR 5;* e
.promlnent, rounded 31nq1 %gg

‘}the c1ngu1u$ﬁ6f an-ﬂncﬁso% ;,;

s,?“ﬂ’ o
e of om the shorter

:fnot clearly separate §ie l

“spurs or. "welbs

A’l_--' -
nqual cusp as a larQe

f* ﬁ Q&hﬁﬁg}gpecifgc

pﬂ,

g:27) g%riptlon or a'

‘vf”palpable t1p

A S “ R A ! .
h';v ~‘”';;‘-ff'>

répeal term "tuberculum

] : ‘ 'r 8 "e;j\’;f/ % (‘,‘E&eb
‘dentale"v("dental tuberé@? or,"tub ros1ty") 1nto the

sf{ ffEngl1sh 11terature has only served 59 further confuse the
eprsgguatlon in %egard to’ lingual tubercles angkassociated

fea@ﬁfegw De J°“9e‘c°hen (1926) and Weidenreifzﬁ

~
3 1



~

1 rldgesf C1ngular brldges llngual

s

"‘1nc1sors.t Hrdl;cka31192l) was the flrst to glve'“llngual

‘

cusps frequenc1es for Varlous rac1al grOups. ‘He found that

._ed.

o

there were ‘no- ma_ drscrepancies between Euro-Amerlcans,ﬁ

N
\ . 1 3

Afro—Amerlcans‘and Amerzndran samples, 1n whlch the tuberclef_

™ \ -..1. B

1ncrdence ranged from q? 2 5% 3a0%\for tha central teeth

and ca. 7 5% - 9 0% for the lateral anthfres. Carbonell

'S

(1963) presented statxst1cs for “dental tubercle

frequenc1es on the lateral\erements for 11 dlfferent (ma1n1§;

Old WOrld) populatlons,bwhrch 1nd1cated that most rac1a1

groups have low proportlons of tuberculated 1nc1sors (ca. 1%:“

o= 5%). Thls result 1s 1n general agreement w1th Hrdllcka s

S -
. Y.

8’4"

-



e of'uf“;v_;;l_”li :'Vﬂ;g"thi”yd:g ii%BS'SH;
flndlngs,'although’flgures from the two authors are_no\kgmg
str1ct1y comparable..’ | o MRS |
L However,bthere is good ev1dence that home modern
- ‘ AR
_ populatlonsfha\@uch hlgher 1nc1dences of the 11ngua1 cu3p ,;,5
than those usually reported e.., by Hrdllcka (1921) and i
" Carbonell (1963) The latter found three except10na1

o
- ‘9

, samples w1th valuee of ca. 20% East Greenland Esk1moe and
. two Mlddle Eaetern‘groups 1Pa1est1n1ans, Mesopotamlanshj-
Scott (1973 161 167) found low to moderate frequencrés (15%
"- 30%) of 11ngua1 tubercles on the lateral 1nc;;ors of‘h1s
’g‘southwestern Amerlndlan, Euro—Amerlcan and Easter Isiand
'p0pu1at10ns.. The marked dlscrepanc1es between W‘s flgures""i
for these groups and those of other workér for similar
rngroups empha51zes the 1mportance of establlsh1ng a standard
set of cr1ter1a for the‘evaluatron of anatom1ca1 features..'
Max111ary 1nc1sors dlsplay one llngual tubercle muchdy:

' more commonly than two (Hrdl1cka, 1920- Turner, 1967b 45-

§§Scott, 1973-164—167), and very rarely,.three &ay bj%

A

rman1fested (Pedersen, 1949 p1 #27- Kraus et al.,,1969 19»
3WOelfe1, 1984 233) Lateral ant1meres 1nvar1ab4w‘have a. 13*
'fmuch h1gher frequency of tubercles (ca.-3 0 - 6 0 t1mes f'}Af
greater) than the central elements (Hrdlicka, 1920- |
.‘:ZlPedersen, 1949 187- Turner,‘1967b 45) ' In many populat1ons,
-the latter (I ) may 1ack deflnlte tubercles,vwhxle the-' «

: former (12) may ‘have’ 51gn1f1cant incxdences (ca.,IO% - 35%)

jdof the feature,'e.g., Aleuts, Athapascans, Southwestern

R



R - \..

Amer1nd1ans, EunqrAmerlcans, Easter Islanders and Grlquas
(Turner, 1967b A&,_Scott, 1973 !61 167- K1eser, 1984a)

Generally,vllngual tubercles are. much mOre 11kely to be

g

alaterally rather than unllaterally expressed (Hrdllcka,

‘ Llngual tuberalesLand assoc1ated features do not seen‘
to be sexually dlmorphlc.- Hrdl1cka (1921) found that male f’ -
3and female 1nc1dences for "11n§u§1 cusps -were not markedly

“dlfferent'. Carbonell (1963) did not test her flgures for

ssexual dlfferences.@ Turner {1967b 39). found no s1gn1f1cant j(\

— L

‘dimorphism'invhis pooled - 'samgles ‘and Barnes (1969)

f&md none in his Ugand roups. - Scott (1973 161 -167)

#/tested seven Southwesté@n énéxlndlan trlbes and two Euro-

Lo

Amerlcan pOpulatlons, but d1d not f1nd ev1dence of

y

51gn1f1cant male—female dlfferences 1n tuberculated 1nc1sor

frequenc1es, neather d1d Turner (1979) for hls Japanese ) }j

‘w

N Jomon or Kleser (l984a) for hi his South Afrlcan Gr1qua

dent1t1ons.. B .

andlbular 1nc1sors dlsalay only 51ngle llngual
tubercles and only rarely man1fest ‘these features, in all
populat1ons so.far studled. These groups 1nclude. Euro—
Aperlcans, Qr;entals, Ease Greenland Esklmos, Southwesternw"
AnerindlanS’(HrdLicka,»1921- Weldenrelch, 1937a-24°'"”u |

‘.%edersen, 1949:18l;;Morris, 1965:265).v Scott (1977b) has

'r;emarked.that lingualdtubercles‘are‘not soundv1n.the lower .



{inoted that the two fe

7canine{iwhich iddicates'the low”frequenCY‘Of'thisfcharacter L 2
e - oL DR :
S on the anter or teeth in general._-Sk S t'a_V o

In re ent research/ thére 1s a tendency to assoc1atg\
Q‘1ngual tubercles and welts-thh med1a1 enamel rldges‘f as ‘

‘;related c1ngular manlfestatlons (Barnes, 1969 Scott,J

>'31973 25 26) Hrdllcka (1921)1“nd gsrner (1967b 44, 48) have’

'Ares are probably related, as-£;-\f$','

-
-

,'ﬁtubercles og:as1onally'have a “r1dge11ke form, but both

”'authors exam1ned them separately 1n the1r 1n1t1a1

e

publlcatlons.. Turner (1979--1983 1985 1987) has. recently ,

1nc1uded med1al r1dges in the “tuberculum dentale" COmplex."

L - ) L,

) :
,_aHowever,_noqe of the modern workers has con51dered the

: dlfferent degrees of development of the "basal heel" inr”
«?

"thelr morphologlcal and statxstlcal stud1es on'the

..,‘ ,ovl

el l

11nguocerv1cal reglon of anterlor teeth, although 1t seems

vvery llkely that the character is part of the same

'“polymorphlc“ contlnuum as’ llngual tubercles, c1ngular
brldges and medlan r1dges (Hrdblcka,_192l Weldenrelch,
1937a: 16 21) } R B

'located between the two margxnal crests (see Figure Bb, p. :

| -

81), they extend from the c1ngulua towards the 1nc1sa1 edge

‘for varylng d1stances (Hrdlicka, 1921- Turner, 1967b:44)

'Hrdl1cka (1921) noted that up to three med1al ridges mlght d .

be found on the upper 1nc1sor, but that a s1ng1e central one

»iwas most llkely to occur, and three r1dges were only rarelyt

v

o ' . o . B . - T b e ‘
s RN o b. . T ; . . . N L e

S T P LD N N R 87 -

nedlal 11ngual,r1dges are enamel elevat1ons whlch are mt



,man‘i-f'ested.‘ ’furner (1967b-4‘7 50) and Scott (1973 161 167)

- . .. .. ; ‘,.‘~\' P

. have recently conflrmed these observatlons 1n thelr - IR
*

fstatlstlcal studles, the 51ngle—r1dg% form was determlned to

~
o

'be thp most common’ overall and the three-rldge type was
. = ’- .
“>v1rtually absent on the IAteral 1nc1sors and only rarely

e

e ~

gijd1Splayed by—thzhzentral antimeres- (ca.}O%'— 5% except for

. the Easter-Island popu{;tlon,vglven as 'a. 10 )
) g?_. )

pd

?-;.f B Med1aﬁ r1dg1ng occ'rs much’ ‘more commonly on the central

‘ilnc1sors than the la Lral ones.‘ Esk1mo populat1ons dlsplay

. u‘

4 hfrequenc1es of car 80% on. the central teeth and ca. 70% on
- the lateral antlmeres; Aleuts (pooled samples) show ca. ZQ%
;and ca. 60%, respectlvely (Turner, ‘1967a: 47 50). “In seven

Southwestern trlbes, the 1no1dence of medial rldglng var1ed
ej;ﬁrom ca. 55% -.90% in the upper central 1nc1sors and from
15% - 35% 1n the upper lateral teeth. .For two Euro- ‘
1Amer1can populat1ons the f1gures were ca. - 65% and ca. 25%,
;w respectlvely, and for the Easter Island dent1tlons, they’.

d'weée 90% and 40%, respectlvely (Scott,_l973 161 167)

The frequenc1es of single and double medlal r1dglng
show dlfferent paqterns for the two upper 1nc1sors. Most

racxal groups examlned sO far dlsplay approx1mately equal

1nc1dences of 31ngle and‘double rldged central 1nc1sors, cayf

20% - 35% e. g., Aleuts (pooled samples), Southwestern ‘;

t» trlbes, Euro—Amerlcans (Turner, 1967b 50; Scott, 1973 161-
167). In a couple of cases (Esklmos, Easter Islanders) the
' . , : : T ® -



= ,1n thls regard (Turne;7\1967b :50; Scott, 1973 161 16]9 In

>

IS

‘ 3
le rldged form (50_'- 60%) s much‘%ore common than the’

.

NP

v;s1ngle r1dged type (20%'- 30%) Ve f

L e e

In the lateral antlmeres,ruﬁhevd& the 51ngle-rldged' "
. . \‘-v\

' gorm occurs much more often, (15% - 30%) th@n @he double-’v

r1dged~type (2% --10%).' Arctlc populatlons are exceptlonal

- v

’
’

r:’iEsk1mo groups, 51ngle-r1dged 1nc1sors are predoglnant but by’

a lesser margln than is usually found (ca. 40% ‘to ca.- 30%L

-

-pwhlle Aleut (pooled) samples mgre frequently dlsplay double—;

0y

Fy

ridged teeth (ca. 40% to. ca. 25%)

In general,imarked sexual drmorphlsm does not seem to

A L.

: ‘,,A: s
, xoccur for the medlal llngual rldge character. Barnes (1969),

—

‘_found a 51gn1f1eant sexual dlfferences (x p<GiHJ for the'f{

upper ceﬁtral 1nc1sors of hls Ugandan Teso group, w1th the

ffeature predomlnatlng in females.i Turner (1967b 47) tested
: o ¥
‘his pooled Arctlc samples and could not demonstrate

o
,'51gn1f1cant d1morphlsm, but noted that emales had sllghtly

jhlgher values than males. Scott (1973 161 167) d1d not )‘1‘
1Y R . “ i
_observe 51gn1f1cant dlscrepanc1es 1n male- female lnCldences;j'

‘of med1a1 rldglng for any of the 12 populatlons con81dered

L] RS R -0 . ’ \

in hls.the51s.

Medlal l1ngua1 r1dges are much less common and robust

*qon thetmandlbular 1nc1sors (Hrdl1cka, 1921, Turner,

1967b~44, 47), Double medlal rldging is

'ound only rarely S
v(O% - 4%) on the lower teeth and total med al-rrdging 1s |

. fgenérally.well'under’50%;. Medlal enambl rldges seem to be
SR B e e SR ey

R - . . '&L o



R 4

's1de gr1nd1ng or cuttlng pressures,_and that

itubercles and dehtal tuber051t1es acted as “buttresses

‘whlch relnforced the 1nc1sor (or canlne) aga1nst ‘side to

T T . : R . : : s
much more common on the lateral 1nc1sors (48%) than the.

T
central ones (14%) 1n Arct1c populatlons (Turneﬁ l967b 47)

& .-

, L1ngual tubercles,'med1al r1dges and related c1ngu1ar

. I

eratures may functlon as structural sﬁpports for the e
7anterior dental elements Hrdllcka (1921) thought that jf*

med1al rldges strengthened the lobes of the front teeth.

‘Weldenrelch (l937a 18 19, 26) belleved that llngual

'c1ngulotubercular bulk became reduced 1n the course of human -

:evolut1on as these forces decllned 1n strength. .

Turner (l967b 42 4%7 48) remarked that medlal r1dgeslﬁrf'¢

o

'and tubercles may funct1on to strength the 1nc1sors of f[,”V

populatlons w1th harsh d1etary regxmens.- He found that

, tubercles contrlbute 51gn1f1cantly to the total coronal

'ffmass, thereby 1ncrea51ng the utlllty span of the tooth. The o

‘rﬁrfeature mlght also serve to protect the upper anterlor

el

"fphglﬁglval tlssue by retardlng the vettrcal movement of«the

'lower 1nc1sors, 1n cases where the molar cusps are too badly

L L

.“- B

?~worn to serve thlS purpose.. f}f}ir‘;fq“*5,;~“';:jjff_jz'fh5j]j;

These funct1ons would be partlcularly 1mportant 1n ngn ??

'-_f Arctlc groups (e g Esklmos) where dental attrltlon was
':';rap1d and severe (Turner, 1967b 43,_48,,1985) It 1s Vv

g }hoteworthy that Esklmos have ‘some. of tHe h1ghest recorded

SN

i“.{':frequencies for tuberculated upper 1nc1sors (8% for I1 47%



o

f,for I ) and double medlally-rldged antlmeres (ca. 60% for

—

fll{-ca. 30% for 12) Aleut populatlons also have relat1vely
thrgh frequenc1es for these two\fbatures (Turner,»1967b 45,-

.\50)7

'fy3;4g2‘ Methodology for 11ngual tubercles and other c1ngular
o features.., A BT B H._;g#rf ,

-5,

. o1ngual tubercles_can be clas51f1ed accordlng to
Scott s (1973*26 27) elght-grade scalerbbut in the absence AR

of these plaster plaques, tubercles were s1mp1y marked as

d

'vﬂf"preseht"»orf"absent"‘ Clngular spurs,_ notches ‘and p1ts

hd

gf_were also recorded 1f observed.. No attempt was made to ]udge ,'

”:the dlfferent degrees‘pf “basal heel“ development, thls

f'would be a very sub]ectlve exerc1se,;1n whlch a large 1ntra-,”_.f

[-obserVer error would be eipected.' As Pedersen—(1949:l87), o

;fhas renarked. 1t 1s 1mp0551b1e rn many 1nstances to EPANE

k Bl

dgf‘drf erent1ate a very sllght tuber031ty from the basaLdi
, S , )
’ 'confluence of the usually robust llngual marglnal rldges.;j

Medlal llngual rldges are dlfficult to score because of

4'}the1r very low rellef.‘ Pedersen (1949 188) stated that 1t

2

- was not gos31ble to gave accurate frequenc1es for European e ;hi

\

5 and Esklmo populafions,_because many 1nc1sors dlsplayed onl,;f},f
:w?weak traces of the enamel rldges.n Turner (1967b: 47) L

-/remarked that medlal rxdges 1n Arctlc dent1tlons were'

> ~

:~hsubjected to early and severe wear by overb1t1ng, resultlng

.

"piln the obliteratlon or near—obllteﬁatron of these

C

'“structures.“ Therefore, he could use only a small portxon of



his”éample‘(%iszjuweniles and.young‘adults wiqh.slight.‘
::-attr1t1on) for countlng medlal llngual rldges. S ."_;f

B ]

In cons1derat10n of the problems noted above, 1t 1s
‘apparent that a. h1gh 1nterobserver error mlght occur in®
'scor1ng medlal llngual enamel rldges. For 1nstance,
'ﬁMoorrees (1957 26) stated that med1aL rldges Were. rare. 1nv"
.h 1v1ng Aleuts wh11e Turner (1967b 50) found them qulte ‘

' common in skeletal Aleuts.‘ In th1s study, only dlstlnCt ':;

r1dges separated by grooves or. furr®ws were recorded,‘on a

'n’present or. absent ba51s, followlng K E. Wr1ght s (1977 12

'13) procedu er[ Th1s method glves a conservat1ve 'value for._.'
med1al r1dg ng.frequenc1es, erght s' (1977 34, 40) flgures?:
. are rather low’ compared to those presented by other workers 8
i(7 2% for the Il, 0% for the other anterlor teeth) P. J.

‘_erght,s (1977 72 73, 82;;;) observatlons were not
r .
comparable, as he separated medlal rldges from c1ngular L

[ . ]

‘:Inc1sa1 prolongat;ons.

3.4.3 Observat1ons on. llngual tubercles and other c1ngularig
' features.~ : : , . :

The observatlons are g1ven in. Tables Sa Sb, (p. 93—94L
There was only a slngle (unllateral) case of a tuberculated
ﬁcentral 1nc1sor in the Grlmsby sample (2 3% n-43), and the

”eminence resembled an enlarged,_promlnent c1ngu1ar spur
. ) ' .
trathér than’a‘tYprcal tubercle;.as'def1ned.above..-The;

oppos1ng antxmere dlsplayed a c1ngular spur. These:spurs
'”fwere usually (4/5) un11ateral and occurred half as'



‘-TAQLEzSa;' CINGULAR FEATURES ON MAXILLARY INCISORS IN THE
- . .GRIMSBY SAMPLE: OCCURRENCE BY SIDE.

' CENTRAL INCISOR LATERAL ‘INCISOR |

RIS L SIDE R SIDE - = L SIDE. R, SIDE
SEX - | " Sy S h [

- tubercles -0 R SR : S S 1

~otal 18 17 18 — 17

~spur/rdge. -
notches " =~ 1 ¥

: pits 0 0 -

7 trace - Tty

[ CHE,

oW
\

QOO0 W

FEMALES - . SR
.tuberclesu 0 00 L 21

total =1 15 . 1T

spur/rdg . 3
‘notches 1
pits 0

O ON
-~
= Oy

tubercles 0 -1 BRI - 4. 4

total }:-'35f‘ —37 4 __ 38

espur7rdg. a:‘13v'- 10 - ,:;.,:',t 7 o 3
notches - 2/ 2 o oo 1300 13
plts 0 0. b 1




CINGULAR FEATURES 'ON MAXILLARY INCISORS IN. THE

“ :TRBLE'Sb;.
o GRIMSBY SAMPLE OCCURRENCE BY INDIVIDUAL

N . 3 g Y
L. . R . . . L4

‘.CENTRAL_iNCLSOR']‘ LATERAL INCISOR

N

0" (0.0)

LR INDIVIDUAL. = * INDIVIDUAL
SEX ' # (%) S St ()
MALE 3 e
“tubercles: E 1 (5 3) f2‘(9.5)
total T3 (1007 —Z0 {1007 -
. asymmetry 1/1 v1/2; :
Spuz/rdg: 8 (42.1) 6 (28.6)
notches ‘ 2:(10.5) "8.(38.1)
~ FEMALE IR S
- tubercles -0 (0.0) oo . 2.(9.5)
—%total — 18§ (100) . a@h' 31T (100)
'-asymﬁetry T 0/0 o /2
'V-spur/rdg. 37(16-7) — 2 (9.5)
: notches 1 (5.6) "9 (42.9)
. j ) B N
tubercles 1 (2.3) - 6 (13.0)
total —Z3 (100) 46 (1007
asymmetry_ S V5 3/6
spur/tda. 15 (34.9) —IT (23 9)
notches 3 (7.0) 18 "(39. 1)
~ pits. 1 (2.2)




“7‘frequently (ll 6%) ‘as’ medlal enamel r1dges (23 3%), whlch‘d"
.were usually (7/10) bllateral.‘ Double medial r1dg1ng was}
_observed somewhat more often than s1ng1e-r1dg1ng - No
rdlscern1b1e sexual d1morphlsm was ev1dent for any of thee B
c1ngdﬁar @eatures ‘on the céntral 1nc1sor.3,

L1ngual tubercles occurred much more commonly'on‘thesr
:lateral incisor (13 O%, n»46) However, they were, often
:;mahifested unllaterally (at least 3/6, w1th one spec1men,w;””
-determlnable only for a- 31ngle 51de) It 1s notable that of o
wthe three un1laterally-tuberculated spec1mens, twO‘had
,helther a strong c1ngular spur or marked med1a1 rldge on theth
?opp051ng antlmere.i As a rule, tubercles were eas11y |
;d1st1ngu1shed from these othervfeatures.
| C1ngu1ar spurs and med1a1 enamel rldges‘were less. .
'»frequently ﬁound on the lateral.lnc1sorﬁthan on the central _"
.one, w1th 1nc1dences of/lo 9% and 13 0%, respectlvely (n= |

46) _spurs 1acked the b_lglng form of tubercles and were"

ffusually (4/5) unllatera ly dlsplayed.: Medlal llngual rldges

rq‘tended to be unllateral Y. exh1b1ted (5/6), double medlal-’_v"

'-rldglng was observed a

least as . often as srngle-ridglng
It was sometlmes dlff'cult to determlne.whether the '
o mani festatlon was a- pur or a med1al rldge. 'I‘here was no" T .
:d1scern1b1e sexual d'morph1sm ev1dent for any c1ngular |
""features on the lat ral anc1sor.<’7 . | |
dtﬁ; L1ngua1 tuber les were not observed On any of the lower

'1nClsors, and neltfer were c1ngu1ar spurs nor marked medial
, o ! o : oo S



:'ridges.' The c1ngulum of the anterlor mandlbular elements

-

was nearly always weakly developed._ C1ngular manifestatlonsl‘ e

do not seem to. be pert1cu1arly useful as d1agnost1c traits
for these teeth. f' = "1,‘5 U N Lo~

-

. 3.5 M1scellaneous morphologlcal features of max1llary
’ 1nc1sors. : 2 . L ,-"*, o .

.3.5.1° Varlous aspects of llnguocerv1ca1 grooves and lablal
‘vshape.', } o M__,. S~

L1nguocerv1cal grooves occur on the c1ngulum and basal'
"‘root port1on of maxlllary 1nc1sors (see Flguré\9, p. 97)
They have been called a varlety of dlfferent names in the

47'past- l1nguoglng1val f1ssures or sulc1 (Black, 1890 24 28~

‘j, 1897 :26- 30 Hrdllcka, 1920- Zelsz and Nuckolls, 1949 44,

63), llngual developmental or segmental grooves (Dlamond,d
) ( oL a#

©1929:45-46; 1952 857 Wheeler, 1940 131, 140, 1437 1974 146-

149, 154), 11ngual marglnal grooves (Kraus et al., 1969 21— ~f1”‘ﬁ

22),'1nterrupt1on grooves (Turner, l967b 231 234- 1979- v
1983), coronal radlcular grooves (Brabant, 1971) and ”
palatal-g1ng1va1 grooves (Woelfel, 1984 292) A - groove may
cut the c1ngulum near 1ts centre,;or, much more - frequently,.
:1t will cut elther the me81a1 or dlstal marg1nal rldges\
(rarely both) and extend 1nto the cementum of the root
(Black, 1890 28 1897 30: Hrdlléka, 1920) . L1nguocerv1ca1 .
grooves are- very 1nfrequently observed on the mandlbular

1ncrsors,(Black,11890 31, 1897 33 Wheeler, l974,l57).

a4
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‘maxxllary 1ncasors.

‘Labial view .

Lingual ‘view =

Mlscellaneous morpholog1cal features of

L ‘Pev-sha.ped la‘beral_
incisor. (Adapted
_.from Woelfel, 1984:
.--227, Fln'ure 12, 1.)-

-Dlstal 11nguocerv1cal

'pgroove.ll- ‘
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o Labial
| square  } (Adap &
o, | villtems,.

- 71914.)
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Mes1al and dlstal llnguocerv1cal grooves mark the"

fjunctlon of the spatuate, zrllobed portlon of the 1nc1sor

w1th the basal c1ngu1um, whlch forms at a later stage i jthﬁ-‘
1

development of the anterlor tooth (Black, 1890 24- 1897 f% /‘

'__Hrdllcka, 1920- 1921) Dur1ng the ca1c1f1catlon of the'

: ‘1nc1sora‘, ‘}oth grooves can be obllterated,- or one may rem.alvn
.as ‘a. dlstlnct feature, whlle the other is. very falnt or
Almperceptlble. Both grooves are seldom manlfested on the
hsame gooth (Hrdllcka, 1920). Several workers.(Dlamond,;‘
1929:46; 1552.85r>Wheeler, 1940%140, i43f 1974:148%14Q;*"
_Turner, 1979) have noted that the d1stolingual groove is
more common than ‘the me51ollngua1 type, whlle thev, .
'med1011ngual varlatzon is rare. .

A The 11m1ted research done S% f’kguocerv1ca1 grooves
1nd1cates that these 1mpre351ons are manlfested much more :
frequently on ‘the lateral 1ncisors. Hrdllcka (1920) was’

' perhaps the flrst to. observe thls fact, and recent S
.stat1st1cal studles have supported 1t.~ Accordlng to
Brabant s (1971) table,.the grooves occur two to four t1mes'
more commonly on the lateral 1nc1sors of hls prehlstorlc
‘;French, Swlss and Belglan populatlons‘ “Turner's. (1979) data
1nd1cate that the 1ateral 1nc1sor groove-lnc1dence was four.
t1mes greater than the central 1nc1sor groove-1nc1dence for
hls ‘Jomon sarnple.~ ' S ’

Only a few stud1es have glven statlstlcs on the
occurrence of l1nguocerv1ca1 grooves. Brabant (1971) found

o

o

—



frequencxes in’ hls west-&uropean Neollthlc and Megal1th1c

H‘dent1t1ons ‘to be ca.,2% - 7% for the central incisor and ca.’t e

6% - 14% for the lateral element. Tunner (1979) found that
the Japanese Jomon had groove-1nc1dences‘of 16% for the —
;central incisor and 66% for the 1atera1 one.; Llnguocerv;cal
;grooves also occur very commonly in: the anterlor teeth of
Esklmo -Aleut’ (66% on the 12), K’hapascan (GL% on the 12) and
ijarlous Amerlndlan (50% on the 12) populatlons (Turner,_
,-.1983) : R |

Turner (1979 1983, 1987) has used lateral incisor e
frequenc1es for llnguocerv1ca1 grooves 1n 1ntergroup -
Nrcompar1sons, but other workers hag., Scott and Dahlberg,
I‘z1982 ‘Scott et alu 1983) have notm Brabant (1971) has
remarked ‘that the 51gn1f1cance of the feature is not know at.
dh;the present t1me.j Wheeler (1974 147, 154) consldered the
f_character to be an. "uncommon varlatlon“ or genetlc anomaly,a
.as does Sperber (pers. comm.{ 29/5/1985) «
. The shape of the fac1a1 outllne of the central upper
‘"1nc1sor waﬁ used by W1111ams (1914 1928) to categorlze the ::"
:dent1t1on of modern Cauca801ds (Europeans) and other racial ih
<groups, and even that of the apes. There are three basic~¢;¥;
'-types of 1nc1sor 1n hlS class1f1cat10n- taperlng, in which
hthe mes1al and - dlstal marg1ns converge towards the cervix or

rown base ovoid, in wh1ch the mes1a1 margln 1s more or

less stra1ght wh11e the dzstal is curved outward, in. convex

fashlon, and square,:ln wh1ch the two margins are roughly -




?%~%eu;z,f R ’»»éb i”'_,=_ 100
, parallel (see Flgure 9. p 97) A'williams also’noted'theA»':'Q*

-doccurrence of a number of comb1nat1ons of these ba51c shapes_ .

-, among the populatlons that were examlned.

D1amond (1929 219 220-'1952 176<l77) p01nted out .that

. W1111ams did not take 1nto con51derat10n the effects of

":_1@c1sa1 and nﬁtétprox1mal wear 1n hls 1n1t1al study.‘ These

- B

factors could certalnly alter t or1g1na1 fac1al form of an

o 1nc1sor, strong 1nc1sal wear ‘mi ht remove the upper one- -
thlrd of the crown, so that _ n ovoid out11ne would be

»1ndlst1ngulshable from a sq ’re'one.‘ However, hls problemv.

f,can be ellmlnated 1f the only teeth con31dered are e1ther
“unl orn or only sllghtly ‘Worn on the inc1sal surface
Lab1a1 1nc1sor form has not been commonly used as a

‘descrlptlve tra1t in the last 40 years,_p0551bly because of

: the roblem of ay trltlon mentloned by Dlamond (1929- 1952)
P

i and the hlgh probablllty that thls varlatlon has a very

. complex genetic background.» Taylor (1978 344 345, 350) has;;

Arecently stated that these fac1al—shape categor1es are of
1 * .
value 1n the descrlptlon of max111ary central inc1sors, and

'-Kraus et al. (1969 16 17) have also used them.v g few

K -

'workers have glven frequenc1es of the feature for Afrlcan,
_Caucas1an and 0cean1c populatlons (Stewart, 1931- Kletz,

1944; Relsenfeld, 1956). Gregory 61922 314) suggested that‘
J
,lablal 1ﬂc1sor shape mlght have some use 1n racial

-fcomparlsons, but very 11ttle research has been done w1th

_th1s character.,

’.'. ‘,_.‘_ o
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'3.5.2.. Methodology for l1ngucerv1cal grooves ahd lablal
' : shape._ . o 4’,,

© K.E.. erght (1977:13~ 14) recorded'the bresence of o di,h
: me51al and dlstal llnguocerv1ca1 grooves on both upberj{-f'
o 1nc1sors, ‘a procedure followed here.r She scored only-
;_grooves wh1ch extended 1nto the cementum and "could be felt
by a frngerna11“'4 For the purposes of thls study,,ill

dlstlnct coronal—radlcular grooves were counted., P.J.
-~

'-Wr1ght (1974 18 23) d1d not con51der thls character.f

Only central 1nc1sors were scored for lablal shape (see
\

- Flgure 5, P 35), u31ng a c1a551f1cdtlon based on that of

le liams (1914) and 1llustrated by Taylor (1978 345, F1gure

10. 2) The only teeth con31dered were those that showed ‘
~ . .

11ttle or no 1n01sal wear. The degree of attrltlon was_n
. N ~
judged by the amount of exposed dentlne, only spec1mens with .

m rsmall spots or very narrow "llnes were categorlzed ' The

N

. me51a1 and d1stal surfaces of the usable antlmeres were- ‘also .
S carefully examlned tq.ensure that 31gn1f1cant intetprox1mal o
wear- had not occurred.' In cases where there was some doubt |
hregard1ng the Bhape of the.anc1sor, measurements were taken o
Y o

. 'w1th a Boley gauge at d1fferent hexghts on the fac1a1

“surface¢
L o

35 3 Observatlons on l1nguocerv1ca1 grooves and labzal
v!shape. - :

L1nguolerv1cal grooves occurred much commonly on thf

1atera1 1nc1sors (57 1%, n=14) than on the central ant1meres



)

, :; J\_ . j. : . oot 'I.”y‘v’, :b.- _'._‘1 102‘

N :
(6 7%, n= 15) Dlstal 11nguocerv1cal grooves occurred tw1ce

"

as frequently as meslal grooves, wh1ch appeared more often_

hthan the medlal type.- The greove was manlfested bllaterallyl

as often as . unllaterally, there @g@ no ev1dence of marked

d1screpanc1es between male and female 1nc1dences.

a ‘ § *
T The maxlllary central 1nc1sors were 1nvar1ably of the

square form, w1th some taperlng tendency in thelr fac1al

outllne (100%, 22/22). No sexuaiqdlmorphlsm was ev1dent,

v

and lateral asymmetry d1d not ocgur. Interprox1mal wear was

not a 51gn1f1cant_factor-1n the casts chosen for

¢

classification.

e

¥

sv'q;



(. CHAPTER 4, . . g . s7e

 MAXILLARY AND MANDIBULAR CANINES.

._.4,1 Introductlon ‘ Sl ir“'»'ﬂ.kif e

-

Thls sectlon w1ll focus on two—anatomlcal characters-

. s, -
the llngual tuberd{e and dlstal accessory rldge. The former

1

feature is found almost exclu51ve1y on the upzjr cuspld. It

- was used by Suzukl ‘and Saka1 (1966) 1n€the1r tudy of a

'FJapanese pOpulaclon from.the Chubu dlstrlct. Klrveskarl
- (1974:15- 21,_26 28) determlned the 1nc1dence of the canlneb

f'"tuberculum dentale tralt for h1s three Skolt Lapp groups._—

'Turner (1979) and Kleser (1984a) have recently examlned thls
'character in Jomon and Grlqua dentltlons. Scott (1971,‘

-;1973 167~ 169) has found that tuberculated,(upper) canine ,
: VI
vprOportlons are partlcularly useful 1n 1nterdem1c Lo

L4
/e

'comparlsons.,_ SR AU S ;.u

» ?he/;econd tra1t con51dered 1n deta1l here is - the
.1ngual dlstal access.m‘dge, exhlblted by both upper and‘.

.lower cusplds.- This’ was: used by Morris (1965 244 282) in

1is’study _f Papago—Pecos Pueblo relat;onshlps. Howevgr

9-174y 1977a) was the flrst to- thoroughly

k] . '

Siott (1973-
1nvest1gate thellmportance of distal rldge frequencies as’

~ 0

\\aiagnostlc chara 1ers for compar1ng dlfferent populatlons,f
e. g Southwestern tr1bes, Athapascans, Euro-Americans.;ﬂ*"
Turner (1985) has found the tra1t useful for d1fferentgat1ng'

"~Mon90101d and‘non—Mon90101d groups.- -

T
-

2

. 103. ‘n,' . : ‘ ."’ ' .‘ ':



lviisf: Another ‘!ntal attrlbute sometames used :

'«descraptlon of canlne anatomy 1s t'

ki
. e

found on the upper canlnes as wel&)as on the upper 1nc1sors

[

o',

5 ovell1ng tra1t., R

.’

'»L1ngual marglnal r1dg1ng occurs on both upper and lower.

VfiCUSpldS, although the presence of a.dlstlnct medlal r1dge T

.

:pftends to obllterate the llngual fossa. However,\the shovel—A',hﬁ'”

> ' v 1.

'shape character w1ll be con51dered in a mlscellaneous

e morphofbglcal features subsectlon at the end of the chapter.]'

Tt mlght also be noted that some of these tralts are. ofp

h_.phylogenetlc 1mportance.; Scott (1977b) has observed

\*J

fdc1ngular rldges on the can1nes of Ramap1thecus. Weldenrelch:

T Y

'(l937a 27 30, b Plate 5) noted the occurrence of tubercles
vdand shovelllng on the upper cuspldsqff the Choukoumen

,fiplthecanthroplnes .. L1ngua1 tubercles and marglnal r1dg1ng

.a

"“have also been noted on australoplthec1ne spec1mens from

‘ \

'East and South Afrlca (ROblnson, 1956 110 Joh nson et al.._*.‘:““

I

o - A S - . S
4.2. L1ngual tubercles and other c1ngular features on
_.max1llary and mand1bular canlnes._ "“

'54 2 1 ’V%rlous aspects of lingual tubercles and other.'

cqngulaf featutes.a¢_’,“ e
' s EREDR
Llngual tubercles and assoc1ated rldges and "spurs refv-'

N

s

Ksee Flgure 10,Q> 105),:usually only a 51ngle cuspule 1s:

iobserved (Black, 1890 10 20 35= 36 1897 7 25 38), Hrdl1¥ka,

s &

'(.."

- 1921, Turner, 1967b 37 45 Klrveskarl, 1974 26 28, 83). 'f'Th‘e'\"__'-v

“fv1feature can vary from a small, dlstlnct “bud“ w1th a groove L

3



Lingual tubercles and c':Aingu"ljar__—f'é'_atu;riés..'.of'
. ;Canines —Gr]_msby spec]_mens. R LR A




"-f’cusp (wlndle and Humph eys, 1887 Pedersen, 1949 174)

-'on one 91de to a very large, robust tubercle wlth a free ‘_ij
iﬂ.apex (Scott, 1973 27- Scott ‘and. Dahlberg, 1982) In some

' cases, t has been reported to reach ‘the’ 51ze of broad talon h-f

.~

Oply rough comparlsOns between flgures presented by
25:d1fferent workers can be made because of the varlable

h,fdeflnltlons used for thls character v The term "Ilngual'

‘;1nc1sors,'1 ce. as ‘a dlstlnct,rrounded basal ﬂromlnence

@ R ' - SR

"partlally separated off from the rest of tife c1ngulum by a

"}dlstlnct qroove,vfurrow or gap (Barnes,v‘ 9- Scott, .

">1973 27) . Some/authors (e g: K1rveskar1, 1974 28 K1e5er,“-:*ri"

DY

-1984a) haVe 1ncluded medlél llngual )1dges and c1ngular

"{7br1dges in thelr 11ngua1 tubercle or "tuberculum dentale

'h[ﬁcomplex, wh11e others (e g. Turner, 1967b 39) have only

E3counted "llngual cusps";wlth free or nearly free aplces

) A number of stud;es.have c0n51dered the canlne llnguai
h{tubencle as 'a part1cu1ar1y 1mportant feature 1n 1nterdemlc -

“,'dcompar1sons.: Morrls (1965 33 244 282) compared “tubercumum

’dentale" frequenc1es for: 11v1ng Papago and extlnct Pecos ‘
‘7Pueblo samples Turner (l967b 45) compared several skeletal

‘h Arctic populatlons (Aleuts, Esklmos' Athapascans), and

,determlned that tuberculated cuspld 1nc1dences ranged frOm

C 5% (Aleuts) to ca. 20% (Esklmos) and ca. 30%-”

'(Athapascans) K1rveskar1 (1974 27) found that three Skolt

';Lapp-populatlons had proportlons of ca. 50% for the

) ']-,40'_6 .

tubercle “is. deflned here 1n the same way as- 1t was for the L



o107

"tuberculum dentale" feature, wh11e marked or mult1p1e
-.expre551ons ("11ngual cusps“) averaged ca.»10%., Turner s

(1979) statlstlcs yleld a flgure of ca. 55% for hls Jomon?

'tf:dent1t1ons, but he d1d not glve a def1n1t10n of hls‘ﬂ

_ RS L
‘"tuberculum dentale" category ' According to Kleser -
i(1984a) study, ca. 20% of Gr1qua canlnes showed “trace or
' "moderate" degrees of the "tuberculum dentale tralt, but no_}-

af“llngual cusps" were. observed. h«

PR Scott (19 l 1973 167 169) found that canlne llngual
. o

"‘_tubercle frequenc1es ranged from a low of ca. 50% - 60% 1n

‘:170% and the “best range“ be1ng 65% - 85%. Most tubercles-:g

thrctlc (Eskmo, Aleut) and A51o-Ind1an groups,'to a h1gh of
_.ca. -80% - 90% 1n Afr1can and Oceanlc (Yap, Easter Island)
- populatlons.‘ He determlned that 10 Southwestern samples,"""

v,representlng seven tr1bes,‘hadﬁproport10ns of tuberculated

"_cusplds varylng from ca. 50% - 90%,-w1th the mode belng ca. Q'ﬂ}

':'were small to moderate 1n slze.’ The two Euro-Amer1can

populatlons examlned had 1nc1dences of 70% - 75% for the:k
feature. j;.‘ sl Sl
The 11ngual tubercle 1s'rare or absent on. the lower
'.canlne, according ‘to stud1es done so far on a number of
;populatlons, e. g European and-bmer1can Cauca801ds,‘5

2

| fOrlentals, Popago and Pecos Pueblo (Black, 1890:3§-;&§§1341-

3ii'ﬁe1denre1ch, 1937 32 34* Morrls, 1965 269) (scott (1977a)

'has stated that the tra1t only occurs on the upper eye-teeth

o



_ 1n modern man._ Other c1ngular features, e. g. accessory

rldges,_spurs and p1ts, are also seldom observed.?;

o\ i
Y o .

to be autosomal and polygen1c. Turner (1967b:39) found that

,imales 1n hlS pooled Arctlc é&mples had a sllghtly lower1
’tlnc1dence (by ca._S%) than females. Accord1ng to Kleser s -
(1984a) frgures, xactly the opp031te was true for hrs
Grlqua dentltlons.b In nelther case was the d1fferenceﬁ‘
tstatlstlcally 31gn1f1c5nt (at x2 p<0 05 level), and th1s
-lresult holds true for other populatlons tested for sexual
ifdlmorphlsm, e. g. Amer1can SouthWest trlbes (w1th a. 31ngle
’exceptlon), Skolt Lapps, Jomons,,leas (Scott, 1973 +56- 57~
K1rveskar1,.l974 28 Turner, 1979 Scott et al., 1983)

Scott (1971) 1n1t1ally proposed a codomlnant,‘two

L ":'1'08 ..'_ o

f The mode of 1nher1tance of the llngual tubercle appears

-‘fallele model for the llngual tubercle tralt, thls was found

to f1t the data for 14 fam111es studled,&:d also that for

N of 12 populatlons tested for concordance. The two. weakest

10

,.classes of hls (1971) 51x-grade scale were consldered to be

‘heterozygous 1n th1s model. However, Scott has lately

"changed hls op1n10n on the matter, after further research,

and now. supports a polygenlc mode of 1nher1tance (Scott and

B Dahlberg, 1982 Scott et al., 1983).

4.2.2. Methodology for 11ngua1 tubercles and other c1ngula
' features. : .

| Scott s (1973 27) recent elght-grade plaque was not:"f

: ,ava1lable at the Un1vers1ty of Alberta, therefore, a_”""

r.



e

‘rcomparable ratlng of dlfferentﬁﬂegrees of canlne
;tuberculatlon &as not. poss1ble.' Kirveskarx (1974 27-28)
e;used a seven-class scale, based on s1ze (small or large) and
g.type (51ngle, double, multlple), but thls 1nc1uded medlal
{llngual rldges in the small tubercle category In~th1s
. study, K E. erght s. (1977 12 l3) def1n1t10n of a tubercle.
Pwas accepted (follow1ng Barnes. 1969) { Llngual tubercles @-.

‘ were 1nt1ally cla951f1ed accordlng to 51ze (small or. 1arge), ;f

FERRN

: apex type (fused or free),‘and number manlfested on a single

\'tooth (51ngle, double, multlple)_

Alower cusp;ds»a_

& ;
The occurrence of

clngular p1ts and spurs was also noted, for both upper and

w.

4,2.3' Observatlons on 11ngua1 tubercles.-'

' Observatlons are glven in Tables 6a 6b (pp. 110 lll)

'fvThe upper can1nes more c@mmonly d1splayed 11ngual tubercles.f

";-were cuspules constltutlng only a small fract1on of the

i 4

&* g

~ (30. 6%,_n—36) than the twofinclsors (Il_and Iz) of the same f

"ajaw.l No large talon cusps were found- all manlfestatlons'p.*

'ljcrown mass.f The proportxons of tubercles with fused (5/11) {

_;,and free (6/11) apxces were approx1mately the same.,"”

t Tubercles tended to be b11atera1 1n the1r occurrence (at
"least 54 5% of 11 recorded examples), there belng only one 3

'.'def1n1t1e un11ateral case (9 1%) The 1nc1dence of the f

ftralt seems to be sex dependent 1n the Grimsby population ,ff

“,(x p-O 007), the male frequency was much higher (50 0%,

R A : :
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" _TABLE Ga.‘ LINGUAL TUBERCLE AND CINGULAR FEQ?URES ON CANINES
Lo IN THE GRIMSBY SAMPLE OCCURRENCE BY SIDE-; -
VoL : e .

- MAXTLLARY CANINE ~7;ﬂ’QMANﬁiBbLAR.CANINE;-'
R " LsmE RSIDE - . LSIDE .RSIDE
SER e e P T e eyt

- MALE - : . ) o R A SSO IE
- free apex’ - .03 4 -0 o e 0
: tubercles+ R IR S e S0

, ~total . 13 13 | — 14 14 °
_asymmetry SR S - - . e T
- spurs . -

- pits

'him p

W
.o
o

FEMALE o
free apex
) tuberclesf

O
o
o

total .~ 14 12 13 - - 13~
Casymmetry . . ; SRR

spursi 4 o B e T 0 S

pits. .~ .0 . o2 0 T 0

ALL SRR S
' :free apex . 4. . .5 0. 0
-;tubercles+g‘jg ST o100 ¢ ~‘,f:?0‘j" -0

~Yotal . 31 . 27 —31 . 3L .,

. asymmetry' - : e‘,ﬂl‘tv.v‘.C'v“: ..flj,‘lﬁﬂl HCf_vviqﬁ]

" spurs . . 1l 3 s o o
pits 4 .5 0 0

_1 + Category 1nc1udues tubercles wlth both free and qued
. aplcesr T , ) L : o . Lo

P



 TABLE.6b. .

LINGUAL TUBERCLE AND CINGULAR FERTURES ‘ON CANIHES’Q
_;IN THE GRIMSBY SAMPLE OCCURRENCE BY INDIVIDUAL._

s

"5_111’

SEX.*

- MAXILLARY. CANINE
- INDIVIDUAL. = -

" MANDIBULAR CANINE
~ INDIVIDUAL .
Rreto

;o

MALE
fred: apex
tubercles+
/ .

s (27.8)
9. (50:0)

o (0. o
0°(0.0) -

: total
asymmetry

: spur/tub ++-;

"“spurs’

FEMALE .
- free apex .-

"plts -

tubercles+'

—18(100)

279

,f.7.(3é.§)“;
4 (22,2)

0 (0.0)

1 (6.7)

‘ :]116 (1001”"»4
_5.(0;0)_
0 (0.0)

QOO
o

o
~

'.fﬁﬁf

’vtotal'

aSymmetry.'

'spUr/tub;f+'

- spurs
pits

L

T

s

fre Vapexﬁ
tub rcles+_."

15 {100)

To/1.

. 0/1 . o
7 (46. 7)”fu
2(13.3)

.;aef(ié;7)E; :
11 (30.6)

ST total

asymmetry

. _spur/tub. ++”
rs "

T _spur
] pltvS'

“2/11 7

‘[714 (38. 9)

8 (22 2)

'Set(ioO)-ta
/11

+ Category 1ncludes tubercles w1th both free and\guaed?;'

aplces.'.:

_—

-y++ Category 1ncludes ‘cases where r1dges are assocxated with
‘tubercles e1ther on . the same tooth or- on the oppos1ng B

ant1mere§




= fseen on. the lower one. CaT S ST e

- N
. ‘ -
{ ]

7n-18) than the female one (6 7%, n 15) Clngular spurs and~}f':””

: arldges w,re,also observed on the upper cuspld but were not

A - A'Tu ;'-; .. 4

*

—

4.3 Dlstal accessory rldge of maxlllary and mandlbylar
canines. - o R S ’ . :
' - ’ ‘ . S : . & L - ‘._

4.3.1f Varlous aspects of the dlstal accessorﬁrrldge.;’ﬂ

9.'

Weldenrelch (1937 28) noted the presence of a ol
fdrstomed1a1 11ngua1 r1dge on the human max1llary canlhe .
.fseveral decades ago.. Morrls (1965 244 282) was probably the“;ugg

zliflrst worker to use: tra1t 1nc1dences (for both upper . and -

n_lower cusplds) 1n an 1ntergroup comparlson between Papago R

and Pecos populatlons. However, the character was not well

descrlbed or 1ts varlatlon clearly deflned by any of these'e
v:authors. ‘ ’
Scott (1973 27 169 174 l977a) produced a standard

vplaque to cla351fy the d1fferent degrees of dlstal accessory

:rldge expreSSIOn (see Flgure 11a llb, pp. 113- 114) and was
,dthe first. odontographer to empha51ze the 1;portance of the
.tra1t in the anvestlgatlon of 1ntergroup relat10nsh1ps.y~ﬁe.:f
;:found that dlstal rldge frequenc1es ﬁ?nged from 70% - 95% B
‘:for the upper cusp1@ 1n seven Southwestern trlbes (ten ";” ?rn.

‘_ samples) and were ca.. 85% - 90% for the two Euro—Amerlcan'

f;ipopulatlons.- xhe modal category for degree of expre551on was e

' between: class 2 and class 3*"Y”e. on the low 51de of the

‘51x-grade scale.y



" 'Figure 1Ia}‘

o

sttal accessory rldges of canines:

morphology-- (Adapted fro? Scott, 19773.

accessory

rid;q

P distal
;“4 accceaory

ViiSth/f o

':?[Jij;j

ba$1c ;> 
Fi;ure l.)_
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Figure 11b. Distal accesscry r,i'dge*off'ca"ﬁ'ihes: phenoty. ic
.7 variation. (Adapted frod Scett, 1977a: Figure 2.) . .

ol

_'_'G'x"ade 1

Grade 5
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The dlstal accessory rldge was less’ commonly observed

“on the lower can1ne, but showed greater 1ntergroup varlatlon

th1s tooth (Scott, 1973 169 174 l977a).’ Southwestern

tr1bes dlsplayed frequenc1es of 35% - 75%, wlth Athapascan

‘rég?populatlons ranglng from 35% - 50% whlle non-Athapascan
'f’populatlons (w1th one borderllne exceptlon) varled from 55%

- - 75% in tralt 1nc1dence. Euro—Amerlcan and As1o—Ind1an

sipples exh1b1ted the dlstal accessory rldge 51gn1f1cantly
1ess often (ca. 20% - 25%) than most Amer1nd1an grdhps.. The

modal category for degree of expre531on was. between qlass -1

;‘and class 2, so that rldge manlfestatlon was weaker than on

‘the upper cuspld.

Ih the last decade,_a number of research papers have

'conflrmed the usefulness of the canine’ dlstal accessory
, rldge for 1ntergroup varlatlon studles. Scott and hls eo-
r_workers (Scott and Dahlberg, 1982' Scott et al., 1983) have

.cont1nued the1r 1nvestlgatlons of Southwestern Amerin&!an

GA

E dedtal morphology, u31ng thls feature (among others) KauI'

and Prakash (1981) have presented f1gures on cusg;d dlstafjf

r1dg1ng for an A31an Jat pqpulatlon. Kleser (1984a‘ K1eser

j'and Preston,_1981) has glven r1dge frequenc1es for the South

'o..'

}”Afrlcan Gr1qna dent1tlons and the Paraguayan Lengua trlbe.g,‘\

Turner and hls coWorkers have determ1ned the trait y

1}

-}f1nctdence (for Cl) 1n 15 different “pOpulaixons of varying
magn1tudes, 1nc1ud1ng Mongolo1d and - non-Mon90101d (e.g.--

,V‘Scandlnav1an) Holarctlc samples, Oriental and 0ceanic groups o



N

":stronger degree jix

and numerous Amerlndlan tr1bes (Turner, 1979; 1985; ‘lurner
and Han1hara, 1977- Turner and Swlndler, 1978) Turnerf

belleves that dlstal accessory rldglng is one of a complex )

,Of characters (eug. shovell1ng, lab1a1 rldglng, c1ngular

-'tuberculation) that strengthen and prolong the utility of

tHe canlne crown by addlng mass . to 1t, espec1ally w1th the

expre551on;_wThese features were

o

p0551bly selected for during 1ate Plelstocene temes in:

northeastern A51a, under'"dentallyﬂdemandlng,_Arctlc—llke4

L'cond1t10ns (Turner. 1985)

Research done on falrly large samples has con51stently

i :‘.ated the presendé\of marked sexual dlmorphlsm in the '

(1373 169) found that the modal class 1n trslt expre351on
forrmales was usu*lly -a grade h1gher than that for the
tghales, 1n both upper and lower cusplds., He also determinedf

that most Amer1nd1an samples dlsplayed slgnlflcant sexual

. ) ) .
d1fferences in the 1nc1dence of dlstal r:dging for the upper

‘cuspld and a few showed these for the lower cusp1d (Scott,

1973: 56 -60; 1977a) Male—female dlfferences 1n the grade of 1
dlstal r1dg1ng were: more pronounced in the max1llary canlne

wh11e the frequency d1fferences were greater in the

"‘.mandlbular eye-tooth. ".v oo '¥§§:

,' |

Subsequent work has tended to con 1rm Scott s. (197? 56-

' 60; 1977a) 1n1t1a1 proposals. Statlsthglly 51gn1f1cant

sexual dxfferences 1n canlne dlstal r1dge 1nc1dence have

s ’ : -



. .A\

4. 3 2 Methodology for the d1stal accessory rldge..’

-Un1vers1ty of Alberta,~only a very approxlmate

"varlatlon 1n express1on found in’ the d1stal rldge tralt.

Lgcnn WMF el Ve s ~-— C——————y = a ra - -

'Paraguayan Lengua, Qmerlcan leas (Kaul and Prakash, 1981-
I‘Kleser and Preston, 1981 Scott et al., 1983) Jomon and

i Grlque dentltlons did not show marked sexual d1morphlsm forf'f

SN '

T fthe tfalt, but sample sexes were rather small in both cases f

'”(Turner, 1979- Kleser, l984a)

The- mode oﬂ\lnherltance of the canlne dlstal accessory.
rldge 1s presently uncerta1n, 1t 1s p0351b1e that the tra1tﬁ

is. llnked to the X-chromosome and llkely that 1t 1s

polygenlc and qua51cont1nuous in. nature (Scott, 1977a- Scott
et al., 1983) There is a s1gn1f1cant p051t1ve assoc1atlon
'ibetween dlstal rldging on the upper and %ower cusplds. vThe f‘

| feature usually occurs bllaterally 1n both jaws, ‘with a’

presence-absence,asymmetry of ca. 5%;3_

:'ﬁl
As. Scott s (1973 27; 1977a) six-grade plaques for ‘£§

max1llary and mandlbular canlnes were not avallable at the

'cla531f1cat10n system could be used to categorlze the

~

"’j_The r1dge manlfestat1ons were scored as elther weak (grades .

1~ 3) or strong (grades 4—5), accordlng to a baslc sub- . h

d1v131on of Scott 's scale (see Flgure llb, p. 114) Tﬁo'v

'g.casts were used as standards, one fdt each jaw,"hese

B represented the. max1mum degree of weak distal ridg1ng.,“”f



o ‘1nc1dence between males (60 O%,_n~10) and females (12 5%, e

= n—16)

1f;4af E R R © Y- SR
Spme problems were ant1c1pated in’ regard to scorlng the

maxlllary cahlne These teeth are apparently sub]ect to T-TQT

"frap1d wear,jresultlng 1n a greatly reduced sample 51ze‘f’l‘

(Kléser and Preston, 1981), and are not as uSeful 1n‘.f 3

determ1n1ng 1ntergroup relat1onsh1ps as the mandlbular

"%'cusplds (Scott, 1973 169- 1977a- Scott and Dahlberg, 1982) AR
However, both teeth (Cl and Cl) were examlned for the dlstal

ridge'tralt'1nﬁallyqr1msby.jaws;:.:
4 3 3 Observatlons on the dlstal accessory rldge.,.

| he observations are g1ven in Tables 7a 7b (pp 119—1
120) The frequency for the dlstal accessory r1dge for the-;
' lower canlne ‘was- determlned to be 29 0% (unwelghted, n 31%)
or: 36. 3% (welghted for Sexual dlmorphlsm), the feature was
q"rexpressed bllaterally 1n all detefhlnable cases. However,ij
| 1t was only weakly manlfested by the Grlmsby pOpulatlon‘ the .
strongest expre581on (approachlng a class 3 level) be1ng

| found 1n a (probable) male spec1men. A statlst1cally

s1gn1f1cant dlffernce (x =0. Oll) ‘was found 1n tralt

The dlstal accessory rldge occurred more commonly on v?g

the upper cuspld (85 O%,'n 20) than ‘in the lower one. Male%{’
I '-
drsplayed a- ﬁrequency of 100 0% (n—7) for the trazt, wh11e

o 7

the female 1nc1dence (70% n-lO) was markedly but not

E »sxgn;flcantlyzlowars‘ The dlstal r1dge character was usu "ly'



" TABLE 7a. DISTAL ACCESSORY RIDGE OF CANINES IN THE GRIMSBY
© . 5 SAMPLE: OCCURRENCE BY SIDE.,’ :

':. P -
o s

Ca 4 s

MAXILLARY CANINEufj*,’“MANDfBUﬂARfCANiNE

‘L SIDE. R SIDE;:,; AR A

Tidge . . o8 6 o 5T 6

'FEMALE D T T R e A
'ridge\ S T S 2 _';' .2

eGT o4 1z .13
© ridge’ . .15 0 11 oo 0T -

—%otal 19 . 1z — 33 27

”t# Average welghted for sexual dlmorphlsm (male/female
frequenc1es) is. 36 3. 2 .



" FEMALE

ﬂ»TABLE-7b;. DISTAL ACCESSORY RIDGE OF CANINES IN- THE GRIMSBY o
o mCSAMPLE OCCURRENCE ‘BY. INDIVIDUAL..' R

- MAXILLARY cANI&E”C o MANDIBULAR CANINE
e INDIVIDUAL . . INDIVIDUAL
Cex o wm o r)

‘g MAﬁE:"”,J:_ L o i ' I L : o S .
: ridge . 7 (100)- o © 1 6,(60.0) ..

ERRNTE 'to£él S - 7 (100) o . .10 (ioo):
.. asymmetry . o 1/7 : o _'f.*_=_0/10-

-*riage‘_ - 7 (7040),' L 22y

—fotaT 10 {100y 16 (100)
asymmetry . .. 1/10 R 0/16

AL SR - TRt
o rldgejv - .17 (85.0)--. - - 4,'9'(29-0)f+

- FotaT —30 (1007 . 3L (1007
,.;asymmetry‘- e ﬁ2/l7',- SRRV 0/31 ‘

*»++ Average welghted for sexual dlmorphlsm (male/female
frequenc1es) 1s 36 3%, ‘ ,



1 R Sl . : ‘_ ,‘£L . :‘_ T

bllaterally man1fested-ethef¥ were two posslble cases~bf‘.vh '{
f: unllateral occurrence, but lnlboth specrmens,_wear was :t' é
4 evaéent onfthe canlne crowns. The strongest\express;pn ijphtlgt.i
(ap;ro;chlng a class 3 1evel) was found “in a ma&e spec1méhrf'.
‘Weat- greatly reduced the usable sample size for both g
'._'uppe}.and lower canlnes. In the case of the max1llary | -
' teeth, Zd‘spec1mens showed marked ‘wear, so that the distal
FEEE R
'1f'r1dge tralt could not be scored for one (7) Q both (13)

s1des. . n the mandlbular cusplds, 30 casts d1splayed marked
wear, so that dlstal r1dg1ng could not be determ1ned for one ,";f

(9) or both (21) 51des. Females exh1b1ted strong bllateral f$t;'

': attrrtlon more often (9/13 )aws) mn the upper can1nes whlle
: ;e
males‘showed 1t more commonly (14/21 Jaws) 1n the lowér

" teethv. o P ,1 R
‘, . . . T e o R L. o . .“. %
4. 4 Mlscellaneous morphologlcal features of max1llary and g
p mandlbular canlnes.;x -,ﬁ; S R v,,v?‘:p
L1ngual marglnal r1dg1ng 1n the upper cusp1d (see .
s Flgure lO, p._105) 1s usually not as; marked or as common as

e N

' ’popuIaE1ons\stud1ep

qroups, Jomon, Gr1qua (Pedersen, 1949 177- Dahlberq, 1951-,;

? Turner, 1979- K1eser, l984a) Canxne shovelllng 1ncidences
have rarely been g1ven 1n the 11terature, except1ons be1ng T

Tdrner s (1979) paper on the JomOn (100% for all classes on

,”

Il and 12 and ca. 70% on Cl) and Kieser s (1984a) study of

the Grlqua dent1t1ons (100% for all classes on I1 and 12 and

. s . PR R T A SR b



‘,fcaffgo% on Cl) An 1mportant problem 1n gradlng the feature |
-‘1§ caused by the frequent occurrence of a pronounced ﬂf‘, -"'
'v’medlol1ngual rldge, whlch may largely obllterate the llngual .
1lfossa (Pedersen, 1949 174‘ Moorrees, 1957 23-€K1rveskar1,xiz’

1974 16) g I

Marglnal r1dg1ngm}n the lower cusp1ds is generally not

”as robust as 1n the ﬁpp!r ones, at least for EunowAmerlcan

!.and Esklmo dentltlons (Black, 890 39- 1897: 4l,ﬁ01amond,

31929 91- 1952 120- Pedersen, 1949 174 175) Hoﬁeve;; in:fr\
Amerlndlan teeth, the mandlbular can1nes usually d1splay
.\stronger shovelllng than the 1ncxsors in the same jaW'[
;(Dahlberg, 1951) The ‘trait has been used 1n__rif;;
'1nterpopulat10n comparlsons of two Squthwestern hmerlndlan
‘tribes‘(Morrls, 1965 244 282) and three Skolt Lapp groups
h(Klrveskarl,'l974w15 21) In the last case, the marglnal—b.
'r1dg1ng 1nc1dence (ba91cally,'of the "trace" grade) was ff
*,roughly the same - for both cusplds and 1nc1sors,'rang1ng from
20% - 45%, dependlng on the group under con91derat10n
" Sexual dlmorphlsm does not seem to be a factor 1n
11ngual marglnal r1dg1ng frequenc1es for cusplds.‘ Moorreesi
(1957: 26) remarked that 1n 11v1ng Aleut populatlons, malesA.”
fcon51stently dlsplayed hlgher proport1ons of the stronZer
“degrees of canine - shovelllng than females, but d1d not glve L
Jflgures or do stat1st1cal tests.f In td%’of K1rveskar1 s |
(1974) Lapp groups females had greater shovell1ng 1nc1dencesv'

(by ca. 5%‘— 20%, forﬁ% ),,whlle Kleser s (1984a) Gr1qua o

s
.



Iil(for Cl):

_fsample showeﬂ the same tendency‘(female frequencxesﬂ#é%V”
. fv. 2

’ predomlnatlng by ca. 20%, fon Cl). although males had a

‘( .

.fhlgher proportlon of strong marg1nal r1dg1ng (ca.»70% to ca.j;;:;‘

’.}

'were found 1n either papps or Griquas,_nor d1d Turner (1979)

~f1nd 51gn1f1cant sexual d1morphlsm,1n hls Jomon dent1t1ons

“\‘ :

7_standards for the shdvelllng feature 1n the canlnes.,'Oniyj

marked degfees of r1dge and fossa fOrmat1on were recurded as o

»'present- i e. those cases where the marglnal crests

chusplds."' ' |
Marked shove111ng was rare (12 O%, 3/25) 1n’th§]upper’
A

can1ne, because of the common occurrence of a robust

"medlollngual rxdge. The lower cuspids generally dlsplayed i?fﬂ.w

»3very weak rldge and fossa formatlons, wh1ch usually fell

tfbetween the trace and absent grades. The dlstal aarginal o

A
s

,rldge tended to be more pronounced than the mesial one.h “"”

» TShovell1ng was b11atera11y manifested and slgnlficant sexual

j'dlfferences 1n tra1t 1nc1dence was not found,»»

.,
- B

ﬁf,so%) No 51gn1f1cant d1fferences¢1n male-female frequenc1es_’l

P



CHAPTER 5.;, ‘
MAXILLARY AND MANDIBULAR PREMOLARS.:
..:;‘,'ta\“ ..‘ '} : . -
*r5tl'l1ntroductlon.

. n thls sect1on, attentlon w1ll be focused on four

: anatomlcal characters.lcusp number, ecclusal surface:

pattern, transverse rldge form and occlusal accessory rldge o

number . The flrst two features are a55001ated to some'
degree and w1ll be con51dered togethe; for the two;;'lﬁ
mana1bular premolars (P3 and P4) Transversevr1dge torm and
occlusal rldge number are also related, as both contrmbute

to the total occlusal rldge number- these two tra1ts wlll be

d1scussed 1n the same subsectlon for both lower b1cusp1ds.;j'.“"

Intergroup compar1sons u51ng premolar tralts are-a o

f_rather recent occurrence ‘in dental anthropology Kraus and ._;

Furr (1953) p01nted out the potentlal value of several f;.."
h':characters on the flrst lower b1cusp1d,‘and Ludwlg (1957)
o made s1m11ar remarks y1th regard to features on the second.
p mandabular‘ premolar. Morrls (1965 51 53,,244 282) used many
of these suggested tralts in- hlS examlnatlon of the' '
.relat1onsh1ps of 11v1ng and skeletal Amerlcan Southwest
trlbal populatlons., Scott (1973 27 28 32-33, l74 177 189- |
196) employed pre-molar cusp nbmber and occlusal rldglng 1n
hls comparlson of several Southwest natlve and wh1te

populat1ons. Scott and Dahlberg (1982) and Turner (1983{

v-1985 1987) have used llngual cusp-number frequenc1es 1n,-
- . L ., N "', ‘.
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:_thelr studles of Amerlndlan, A51at1c and European groups.'

‘rMayhall et al. (on P4) (1982) have examlned both cusP number:p.‘_p.

»&fand surface pattern 1n modern Euro-Amerlcan dentxtlons.~u.*

Another feature belleved to have some d1scr1m1natory

» ‘value at the dem1c and rac1a1 1eve1 is the occlusal

‘ﬂftubercle"'or'"axlal core adontome“ whlch is: con81dered by
. i .

:?lsome workers to be a dlagnostlc Mon90101d tralt (see Tratman ”

,1949 Lau, 1955; Merrlll, 1964-'Mayhall, 1979b) Turner

i
o -

4(1985 1987) has recently used the frequency of:thls

.‘character on both max1llafy and mandlbular premolars 1n hls SR

-vcomparatlve analy51s of Amer1nd1an and Orlental populat1onsrh'
’ In th1s the51s, both lower: blcusplds were examlned for the
’ :presence of the occlusal tubercle, and teh relevant data is
:glven 1n a. "Mlscellaneous morphologlcal features subsectxon--
lpat the end of the chapber. '_3_- -r-;%gla | 3 B
Maxlllary premolars tend to be regular 1n thelr

g ,occlusal grOOVe pattern and general crown anatomy (Kraus et

al., 1969 :57- 61) : In most populatlons examlned so far, theyuf :

,have been cons1stently blcuspld, e g. East Greenland Esklmo, f
o Jomon, Euro-Amerlcan,.Gr1qua“Pedersen, 1949 129- Turner,f
1979- Mayhall,'et al.,‘ q82, K1eser, 1984a) Some t

observat1ons on maxlllary premolar morphology werm made, and

& )I

'upper b1cusp1d crowns were examined for the presence of

- premolar occlusal tubercles. hls data is presented in the

3

“ri"Mlscellaneous morphologxcal features subsectlon. o

e



”._,:12,6,*'
’;5-2 Cusp number and occlusal surface patterns of the
mandlbular premolars. _

&QQl Var1ous aspects of cusp number and occlusal surface
o patterns. i . ‘_\A : R -

B The flrst premolars.of hom1n1d forms -are generally
.b1cusp1d although thls has not always been XEK\/ e past
v-_(Leonard and Hegman,,l987) Kraus et al. (1969 7l) have

;descrlbed three d1fferent types of lower f1rst premolar
| Ancrown, to. wh1ch two others have been added here (see Flgure :

| 12a, p. 126) Th1s system was based loosely on buccal cusp
“£s1ze and transverse Eldge form | | L o
A major problem w1th cusp countlng for the anterlor
jb1cusp1d is that supernumerary llngual elements are‘:sually.
small nodules rather than‘EEIl deflned cusps (Scott, S
'p_l973 32- 33, Scott and Dahlberé? 1982) These t1ny tubercles
‘vfare often 1nc1dental to the maln pattern of multlple llngual

A‘cusp manlfestatlon and may)reflect random secondary eventsxb\'j
1[ durlng tooth formatlon (Scott, l973.32.33;‘Scott and .
fyDahlberg; 1982- Scott et al o 1983) 1'This~51tuat10n-alsO"
exxsts for the posterlor'ﬁremblar, but to a ‘minor degree,
W‘:because d1st1nct 11ngual cus’qiln thls tooth are larger and

Vmuch more commonly obse Oed (Pedersen,il949 L29 162 165

' Moorrees,41957 31~”Scott and Dahiberg,il982) )

. The second mandlbular premolar 13 usually blcuspld or

J

"tr1¢usp1d, rarely quadr1cus"1d, %1th the number’ of llngual
AR :
<

'velements vary1ng from onh ‘to three (see Flgure 12b p- 127)

-.4The buccal cusp 1s markedly larger than the llngual ones,, f s

-‘.) o



Figure 12a. Occlusal form of mandlbular pr

P r‘molar types. (Mﬂpted frem. Kraus e\‘. &l 34,195%71.) :i .

AN

Type: MAM .




‘Eigu:e 12b. -

£

o

. Type "H" form and varistion.' .

Occlusal form of mandlbular premolars--second ;;
premolar ' types: (fdapted from Zed.s: and Nuckolls, o
19491172, Figures 155-157.) T |

‘Type *U" form and variatien.. ‘_"' e n

' Typé "Y® form and variation. |

.
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";_the latter, the m%51011ngual element 1s usuélly larger than

the dlstollngual when both are man1fested (Kraus et al”

-

'1969 69~ 70~ Mayhall et al., 1982- Scott and Dahlberg, 1982)

e,,The dlstol1ngual cusp or cusps range from a state of absence

S ’far demonstrated that the occurrence (percentage) of thls

'to a tubercle wh1ch may (very rarely) be larger than the
:me51ollngualyelementv(Scott,;l973.32-33; Scott e!.al”
| 1983). - - |
| - Research 1nvolv1ng the 11ngual multlcusp‘traltﬁhas‘so
'character does not separate the major geographlc races
’(Turner. l967b 53; 1985).“ Varlous Caucasoid pOpulatlons fQ_
.have been found to vary from ca.’ 15%<to ca;:65% 1n trlcuspld
vfusecond premolar frequenc1es (Pedersen, 1949 162J'Ludw1g,.
B 1957; Scott and Dahlberg, 1982- Mayhall et al . 1982j;g
r.:Woelfél wl984 ll9~ Turner, 1985), whlle the 1npidence_for
4one Negr01d group was reported to be ca. 40% (Ludw1g, 1957)
The proport1ons “of mult1cusped premolars 1n peop'es of f'
Mongolold aff1n\1t1es range from a'low of c,,a 15% 1n the Hopl i %
trlbe to 3 h1gh of ca._85% 1n northeast a%ﬁ southeast A81ans’.
3(Scott and Dahlberg,.1982 Turner,,l%BS) g_.?ku'
» However, Mong0101d populatlons.do seem to show some
‘ev1dence of mlcrogeographlc pattern1ng of tr1cusp1d premolar

»

'[frequenc1es.5 Amer1can Arctgé groups (Esh}mo, Aleut,
: ‘,g,},’...'.‘l“

t_ Athapascan) v%ry frbﬂ ca. 30% to ca. 50% (Pedersen,

‘il949‘129° nurner, l967b 57 1983, 1985) w1th the s1ng1e

' _except1on of Moorrees (1957 30) p0391b1y hybrid Aleut ‘

!



, ;~,. K :fh i I 130 .
~\sample (ca. 20%) Amerlcan Southwest tr1bes have an - | a
1nc1dence range of ca._15% to ca. 30% for mult1cusped f
'premolars, e. g. H0p1, Apache, lea, Navajo,\PapagQ, Yuma,:-
hiéunlf Mohave (Scott and Dahlberg, 1982~ Scott et'al., 1983L
,A51an Arctlc populat1ons dlsplay ‘even’ hlgher proportlons of
'thls feature (ca 45% - 85%) than Amerlcan Arctic groups,' |
ae.g. northeastern S;ber1ans, Ket, Amur Basln dwellers,
':northeastern As1ans Mult1cusped premolars are ‘most
commonly ‘observed (ca. 653 - 85%) in southeastern As1an
'peoples,j-.ge Balinese, Jomon, other “Sunda" groups (Jacob,
1967; Turner, 1979, '1985 - -1987) R B
_ Groove pattern frequenc1es have not.been ‘as: w1de1y‘
'1nvestlgate@ or. reported as cusp-number 1nc1dence. Black =
_(1890 54- 55-°1897 :56- 57) descr1bed the three ba81c occlusal—vv
surface types; i.e. the "H", '"U"Iand-"Y" var1at10ns,_for the7
second premolar (see Flgure 12b, p 127), but these were noto
actually labelled as such untll some t1me 1ater (Zelsz and -

! :
%flls,_1949 161, 175) ‘ The flrst two conf1gurat10ns are’

, 1ated w1th b1cusp1d teeth, while the.last is 1nvar1ably.

:gfound on trlcuspld ant1meres. Kraus et‘al (1569-69 73—74)‘

‘have remarked that the. “Y" pattern 1s usually obserVed in
the second preméiars of Amerlcan (whlte?) populatlons.b

-,However, Mayhall et ail. (1982) found that ‘in thelr'Euro—ﬁu

-

Amerlcan sample, the "H" conflguratlon was the most common
.gone (ca. 50%), whlle the "Y" and "u" types (ca .35% and ca.

15%, fespectlvely) were 1ess often encountered.

N
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’~date, e -g- Aleut, Esklmo, Athapascan,,Jomon,f

not sexually dlmorph1c,1n the;r Euro-Amerlcandsample.

131
CuSp”and groove. pattern;frequencies:apparently do not

dlsplay sexual d1morph1sm Statistically signfficantﬁ”

dlfferences for male—female 1nc1dences of multlcusped

premol\a'ryhave not been found in populatlons §_m1ned to

ro-American,

» P1ma éMoorrees,.1957 30~ 31- Turnef,'1967br51—52~-197941a

: Mayhall et al” l982 Scott et al” 1983) Mayhall et al

(1982) determlned that occlusal surface conflguratlons were
e

S

s, 2 2 ethodology for occlusal surface patterns.p

In scor1ng cusp number, any element w1th a completely .

'1ndependent apex was recorded as a cusp, An- accordance w1th .

-the def1n1t1on uSed by P. J.Ierght (1974 38) 4nd K.E erght

(1977 25). However,'a dlstlnct groove between~the llngual

N elements was also requlred 1n(3rde for a thlrd cusp to be,i

-clearly recogn1zed-“wh11e thls was pot spec1f1cally

: mentloned by P. J. erght or KtE. erght, 1t is. clearly
ev1dent 1n the 111ustrat10ns glven by thelr standard sourceﬂ
/(Kraus et al.,-1969 t71- 74):v Occlusal surface patterns were

1den&1f1ed as "H2“' "U2“ or "Y3“ ror var1at1ons of these

R

(see Flgure 12b, p.ﬂ127) fqr the posterlor bicuspzd, exceptz

7

for unusual or 1rregularAgrooveqconflguratlons,-whlch were ';
P T . .
N . -

~ .

placed in a fourth categ?ryg? '

3 r, he occlusal surface

— -

In regard to the firs§%

-9 - v
types 1llustrated51n F;gurew v, l 6) were used for N



: _cla551frcatlon‘purposes Also[jthe helghﬁuadvantage of the ;:':if
.buccal cuSp over the llngual element was used to f .
_1ndependently place each tooth 1n a metrlc categoryb Theseff;:'“

l;categorles were..Q -2 mm, 2 3 mm, and 3 4 mm.‘ff;~vfl.,f"f3\.‘;;f~

P S T R —
;’5;2}3 Observatlonﬁzon occlusal surface patterns h

| The observat1ons are glven in. Tables 8a 8b pp. 134_ﬂ'
135;, The dom1nant occlusal surface pattern in the anterlor

premolars was the-"D" type (44 9%), w1th the "A" and "C"

“,‘types also belng of ‘some s1gn1f1cance (18 4% and 16, 3%,

5ifrespect1vely) 'he “D" type premolars manlfested a
ftremendous range in occlusal outllne,slnclud1ng subcercular,
eoval, subtrape201d, lent1cular, p1r1form, and 10ps1ded

f forms, as’ d1d the’“E" type, but to a lesser degree ' the."A"”

and "D" type b1cusp1ds fell 1nto the lowest metr1c class or;e g

",buccal cusp superlorlty (0~ 2 mm) W1th very few exceptlons 7f21;f‘

“Spec1mens belonglng to the FB? and "C“"types generally fell

o

‘,Jlnto hlghest—metr1c class (3 4 mm) wh1le those belonglng to

6 - €

? “{the small'“E“ category fell 1nto all three metrxc classes.‘ ;"

N

' Usually, two dlstlnct cusps were manlfested 1n the case

"of the anterlor premolars. However, Fe27#345 showed only a s
-sllght llngual bulge where the cusp would generalfy have
‘been found, whlle Fe27#34 lacked the llngual element

vv/entlrely Fel#27 dlsplayed only two small cuspules on the -

marglnal palatal margln of a large con01d buccal element..v'
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';'ngBLE?eags OCCLUSAL SURFACE FORM OF. MANDIBdLAR PREMOLARS IN
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 _TABLE SanOCCLUSAL SURFACE FORM OF . MANDIBULAR RREMOLARS IN
. ?:THE GRIMSBY SAMPLE SECOND PREMOLAR TYPES.T_

KRR | . SJDE } R SIDE . INDIVIDUAL
csgx ot L b O

. H2 S 6 SRR SR (35.0)" -

vz 5 (25.0)-.
-,;HZ/uz | S (5.0) e
LuU2/Yy 1 Ss.0) 2

SRR

total 17 .,fxﬁ;-;tx;;"'zo;ﬁ(loo);, T e

jFEMALE B EIE ¥ S TERR U AN T T

#:7(20.8)

(12.5) -
(29.2)
(.0.0) o
( 4. 2)* P

7
Y3 S 3
‘misc.=2 6.
H2/02: 0
U2/Y3. 1

RO NWWL®

~ total . .20 . 20 . ‘24.3(100)
. ALL A - L e RS C /,w.
2ot o el 13,0 0 16 (33, 3)
v2s .0 B e T 100 (20.8)
Voo sl s e sk
‘misc.-2 . 10 o 120 E 12“*(25 o)«;,w,
H2/U2 L2 2. o2 % P
20 2 b 9.“

v2/¥3
7_tot31.;g;_:f;l4;;,;3;gfs::,140{»» T 433}(;005
: . ’ . - . . - 5.‘;/”/ ?J v h

R . B Lo PO s . . . )
R N 4 .‘,.“ . . - .
> . R L , . _,.b,

*’[Speclmen actual’ly shows."YB" n LP4 and "Ué’“ on. RP4. IR
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i%,number or the occlusal surface var1atrons.
_;w1th the “2" conflguratlon and 1ts var1at10ns formlng the "
‘.largest-groupsﬂ(’m
i cusped) and
' The tr1cusp1d fj

flateral asymmetry (v1z. HZ/UZ or UZZYB comb1nat1ons of

'*Telther cusp number of . the occlusal surface var1at10ns.:“

'if'usually crossed by a dlst1nct transverse (buccollngual)

‘;transverse crest (Kraus and Furr, 1953- Kraus, l957b‘Ludw1g,t

',1957- Kraus et al., 1969 71- 74 293-294). f,, "f_r__f

;1ntergroup comparisons. Kraus (1957) found that Euro-m_

'n;Amerlcans generally had only one (30%) or two (46%) r1dges*g"y;f

e

jNo marked sexual dlmorphlsm was observed for elther‘cusp R )

T~

~ The- b1cusp1d types were domlnant }n the ermsby sampl'un

€

»j%fA —48), followed by the 1rregular (2—‘-“

.

‘(b,egorles (25 0% and 20 S%a resPeCtlvely)

pfrequenqy was reﬁatlvely low (12 B%Lsg,,pffmv

":ﬁThere were also four 1nd1v1duals (8.3%) who dlsplayed

?1/ . .

‘“'patterns) No marked sexual d1m0rphlsm was observed for_,afiyf"ﬂ

s BRSO
. o .' ;! R SN
- : ~ . ; ! e ,r,'

,’5{3h Occlusal transverse rldges on the mandibular premolars

'dS.B,l* Varlous aspects of occlusal transverse rldges.

!.‘.'_

, The occlusal surface of the mandlbular premolars is i &

l',

f_r1dge Th1s r1dge lles across the central port1on of the:

"‘surface and may be 51mple or blfurcated 1n form (see Flgure

. 3
?

13, A136) There may also be meslal or dlstal accessory

’.

irldges runn1ng more or less parallel to the prlmary “f-;97"

v

L Occlusal r1dge tralts have not been wldely used 1n

-on’ thelr flrst lower b1cusp1ds, wh1le Ch1nese populatxons as
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 Figure 13. -'_oécslus'al' tf.éns_vex:.s‘e ridgésf o_ri},'maridi'_b;jlgr |
e _@premolars. . . 00T
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8  2accessoryridges . 3 accessory ridges
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'hhfbften as not had three (50%), and teh Ar1zona Papago had a
»Jrelatlvely h1gh 1nc1dence (32%) of four rldged teeth.

Morr1s (1965 244 282) used occlusal rldge number on both

= _premolars 1n hls comparlson of 11v1ng Papago and skeletal

L P_ecos,~_ samples. B e & :

.:3,3 2 Methodology for occlusal transver‘r rldges.a1~

Morrls (1965 53) ande.Iﬂ erght (1974 38—39) gave
.flgurg for prlmary transverse-rldge form (31mple or ,"

“_blfurcated) and also for total occlusal rldge number.;ﬂFar“

'vl otal rldge counts, the prlhary crests were lumped together

.;w1th atcessory r1dges- the former were con31dered as two :

-~r1dges when b1furcated (followzng Kraus and Furr, l953,_and

fKraus et al., 1969 289) Kraus et al. (1969 289) llsted the

o :
- prlmary rldge form as a tra1t separate from accessory rldge fﬁ
;number, although‘they 1ncluded both pr1mary and accessory
crests 1n thelr occlusal rIdge counts., The procedure | -
,followed;yere was s1m11ar to that accepted by KEL;wright :

'_(1977;26">who presented separate stat1st1cs for the form of

'”‘tdge number.fl_ﬁf»

'as 3 3 Observatlons on‘occlusal transverse rldges.t:l

= The observatlons are glven 1n Table 9a 9b, pp. 138 139

) _The prbportlons of sh%ple and b1furcated r1dges were very |
__91m11ar for both mand1bular premolars, w1th the simple type :ﬁ

predom1nat1ng by a rat1o of about three to one (1n P3.

e T




a Oacc rdg.- B

‘, TQ§LE:9a;J OCCLUSAL TRANSVERSE RIﬁGﬁS:ON X
L PREMOLARS maia"grg GRIMSBY sa;wm: od'qUR
SIDEk\w T

| FIRST PREMOLAR .IJSECOND PREMOLAR .
..« 'L SIDE. R:SIDE .~ L'SIDE R SIDE .
CsEx o E s S

'MALE

'jvprlm..rdg,‘ 1” “f SR S T ;b,.;qw¢$pf.'

- ‘simple
"_blfurcated '

Lo
=
N O
hv]

'iOacc rdg

lacc.rdg.
© . 2acc.rdg.
. 3acc.rdg.

oo,
O N W
oo v ol

. T totar =2 18 16/ 15
CAsymmetry s & .o oo et

FEMALE -

prim. rdg. AER

. gimple - 13 .o 71
b1furcated' 6

S
<N
(9,

~ lacc.rdg.
. -2acc.rdg.
3acc.rdg.. .

SOFCRV-RE R
O ® o R

T oe

L %etar 19 18 15 . 20
Casymmeétry . 0 oo :

@ e

. prim. rdg. oo o I

. simple . S35 35 31 0320
-blfurcated; 9. 6 .. B R A

lace. rdg 1. . 16 - 12 T4

. 2acc.rdg. .11 - .. 13- . 11 <715 )
u 3acc rdg. - -1 o -0 oL o0

- totalv :;} 44,_  f4ivfﬂ ——— 395 .39

[ ] Presence-absence trait asymmetry j': RN
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4'v~1acc rdg L 95 (40 9)

';";IADLET9b OCCLUSAL TRANSVERSE RIDGES ON MANDIBULAR
.~ * - PREMOLARS IN THE GRIMSBY SAMPLE.‘ OCCURRENCE BY
a_ﬁlNDIVIDUAL RTIRENEEREE 4 ' :

p—

INDIVIDUAL INDIVIDUAL e

3'sEX ;“;I; ;;ﬁiﬁvf £l 'QiIf;f,{_ 3] I'///ﬁﬁ?"

CUMALE G e T e e

"prlm. rdg.'.,‘, o ol jf\g o o : b ,
. gimple - 119 (86.4) \\ '
»blfurc?qu*.‘ o 3 (13 6)

- Dace. rdg. fi"‘ .3 (13 6)u-v

(sg.2)
;(v fg)';fd R

.1
(42.1) -
(31.6) . .~
(45'3)’ “ v

S

i‘3aCC rdg._J".gkiCC 0" (0 0) . R

oo

. total ooy 18 (I00)

. FEMALE.

'*'5139ff~

7.

prim. rdéﬁ*i
, "~ simple
: ]ﬁblfurcatedﬁ

14 (66.7) .
7 (33 3)

o

(73.§)fC
(26?1)f'

 'Oacc rdgsy. o
" Yatc.rdg. I

- 2aCc'rdg. o

'~£3acc rdg

7 (33 3)

“9-(42. 9)"“:*

& (19 0)

(4 8);:7 o

3500

-9 :.,-4’_ o
5 (2147) Cam
9+(39.1) - 8

0 (0.0)

2T total T

. prim, rdg. -
oo simple.
~-b1furcated?

C"zl (lOQ)
Lou3/21

._-357‘179.75. o
.’ﬁlQi‘?LD3)

a.:3g(100)-'I
o 4/23 .

35 (76.1)
L 11(23.9)

-_Oacc rdg..i_

u;,IiU(25355"I*
7187 (38.3):
. 1€ .(34.0)

17(2.1)

—T147(30.4)
15 (32.6) -
16 (34.8)

oL(2.2)

—27 $100) s E——
.. 10/47 (63 o

7}467(100)'?{ﬁ~
7/46 31 -




- 78. 7% to 21 3%,_n 47-*1n P4;

r N S S . e T

178 1%« to 23.9%, n= _16). v'rn‘bo't'h_"_ -

‘”teeth,yone or: two accessory rxdges were usually found (38 3%}”

“and 34. 0% for P3,vn =47; 132.6%3:and 34.8% for 94,' n=46).

. Three accessory r1dges j\re only rarely observed (ca. 2%) onff

: -4

;;premolar sample (25 5% for the o

, found in- elther tooth. '

iand promlnence, and also 1n or1entat1on ‘on the occluspl

'surface | In many cases, accessory rldges lay garallel to

U »

' the lower bIcusplds._ Accessory occlusal transverse rldges

30 4%

"‘were absent Ln a sxgn1£1cant fraqtlon of t ; Grlmsby

s

i&uend}es weﬁg\gc

Some d1ff1cu1ty was encountered 1n'§cor1ng occlusal

; rldge number.. Accessory rldges vayléd markedly 1n length

v A S

e -

BRI
the prlmary transverse crest however, in several 1nstances,
e R :

Vthey ran at an acute angle to the latter featureg Accessory"

-1 - ﬁ

' nr1dges were counted as “transverse" elements when_thexr l*“

major dlrectlon was buccollngual rather than mesrodlstal.

‘In regard to pr1mary rldge asymmetry, females were more
R

;lllkely to dlsplay 51mple/b1furcated COmb1nat10ns (scored as‘.
‘“b1fQ§cate") thah males,.on both the f1rs& (2/7 blfurcated

: ‘spec1mens) and second (3/6 bifurcated spec1mens) premolars.qg
y;The males d1d not show lateral tralt asymmetry for elther'i}’

fpremolar.' Overall tra1t asymmetry was 20 0% (2/10) for .

© el

' 5,b1furcated flrSt premolars and 36. 4% (4/11) for brfurcated

'secondrpremolars,é,;l

"



bfmypremolars:

s
For the accessory rldge tralt, males showed nearly o
o tw1ce the asymmetry frequency of females (27 3% or 6/2% to
14.3% or 3/21) for the f1rst blcuspld.ﬁ However, males |
vshowe}only about half the female 1nc“idence for‘the second -
"tooth (10. 5% or 2/19 to 17 4% or 4/23) kE The overall tralt
”asymmetry was somewhat hlgher 1n the flrst premolar (21 3%.
or 10/47) than i? the second—element (15 2%, or 7/46)

Antlmerlc dlscordance was only a s1ngle grade for boéh

- 5. 4 Mlscella%eous morphologlcal features of maX111!ry and o
' ' mandlbular premolars.,,' E% L : . .

Thegmaxlllary premolars were strongly blcuspld ande
“fv1rtually 1dent1cal 1n shape The 51ngle exceptlon was a ,>
ff'barrel" rlght second'premolaz in one female spec1men f, |
V(Fe62#61) The unusual shape of thls tooth‘was apparently

';due‘ib crowdlng dur1ng crown format1on,{the %Qboslng o
fantlmere was reguf’r in 1ts morphology;
| Premolar occlusal tubercles are protuberances occurrrng -

. T o
"'more or less in the central portlon of the occlusal surfacet

”v{:These features cons1st of enamel, dentlne and generally,v

h'pulp chamber (Lau,‘l955- Ochlers,.1956- MayhaII’“l’72).-~>

0

;Accord1ng to Mayhall (1979b), tuberculated/b;cusplds vary 1n

'__thelr occurrence from 0% (Sadlermlut Eskimos) to 38%

(Koyukon Amer1nd1ans) among Mongolord populatlons.; The :

3

cjtra1t 1s rare or absent in - other rac1a1 groups (Lau,' 955-

:.Mayhall et al., f982) - The Grlmsby spe01mens were examined

.1\"



for occlusal tubercles, but none were found on elther the
. maxxllary premolars (P3 h-56 P4 ‘n—56) or the mandlbular

ones’ (P3 n 51 P4 n= 51)
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naspec c‘of these features.» CLSp number is closely

1occ1usal ‘g:

rrtasrefore

57Crawford, 1980), af%hough occas10na}}y mlscellaneous mlnori_

= >
CHAPTER 6.

: MAXILLARY MOLARgS;

Introductlon. : f‘if'vbf__‘igfj '

JvThis.sectlon W1ll focus ma1n1y on cusp number and

"3;:essory lateral tubercles, and w1ll 1nclude a dlscu531onld

the anatomy,hphylogeny, rac1a1 varlatlon and genetlc

..‘. E

‘assoc1ated»ylth several other characters,'namelygyxpocone

'flreductlop, J;stal tubercle expre591on, and’ supernumerary

[

:nts« These tralts and modlflcatlons w111

fcon51dered together.

The best known accessory element 1s the Carabe111 L

o . 3 .
tubercle,_the strongest expre531on of a rather varlable "&*f

-

ntralt. Thls 1s probably the most 1ntensxve1y 1nvestlgated

,anatomlcal character 1n the dental llterature. In contrast,

paramolar and other ektra cusps have seldom been stud1ed.,lt

Research papers in. dental anthropology have usually

- dealt only w1th cusp number (or hypocone reductlon) and the'

v

'45Carabe111 tralt when conslderlng the upper molars (e g. fa°'

'chDahlberg, 1951- 1963a, Moorrees, 1957 32 41 Turner, 1969a-

T

Sofaer et al., 1972b- K1rveskar1, 1974 29 38- Baume and

Lok 9V ‘.
.’(ﬁBrns, 1965:244-282).

fthe last two decades,1seq§ra1 authors have inclgﬁﬁdﬂdlstal

’itudres (Turner,




’;967bg96-102} 1979; 1983; 1985;.19875-scott,.1973 186- 189-

: .144- o

Scott”and Dahlberg,'léBZt SCOtt et al.,. 1983). - Recent

1nvestlgat10ns 1nto the manlfestatlon and rac1a1 oCcurrence

‘of the upper paramolar tubercles have largely been carrled

6.2 Occlusal surface features of max1llary molars.

o Pout by two 1nd1v1dual workers (Kustaloglu, 1962' and Turner,

‘1967b=96-102;~1983;,1985; 1987): S ‘L,n_p

s

hypocone expre551on and dlstal tubercle character

‘
s

6,2.1h Anatomical descr1pt10n and phylogeny of hypocone.p
' expre551on.,-,_- Cos

The hypocone is. the most recent (fourth)a%usp to be

‘added 1n the evolution of the upper prlmate dentltlon, and ,f-'

‘1t is generally the lagt to appear embryonlc&lly (Kraus and o -

'Jordan, l965:121-122; Kraus et al . 1969 83 85 297 298-

.KirVeskari,’1974-29-30) ' Dental anatomlsts~have noted (1n R

‘77r Hellman, 19?8- wheela

posterlor toohh s usuaé%y;

s

studles of Caucaso1d populat1ons) that hypocone reductlon ‘

tends to 1ncrease from\the flrst molartx>the last, 1n the

tsame’1nd1v1dua1 (Black, 1890 :65, 68 1897.67,70; 1894 :67- 68,,-

'-;949,217; 1974~246‘Dahlberg,

.-anterlor element
N

l963a, Kraus et a1.,_1969‘72.

almost 1nvar1ably has four well—ﬂegeloped cusps (1 e. 1s

a

"fully" quadrlcuspldL,the m1ddle one most commonly dlsplays

some 51gn1flcant degreef ,;ypocone reductlon, wh1le the
i 9oy
rlcuspicfl or tr1cusp1d with a

small dlstollngual cuspulvaﬁéb F1gure lﬂa b, c, pp. 145- .

L ‘”.’,.J"
Q% . :



- ‘Figure l4a. Occlusal surface features of maxillary molarss:
Tt basic morphology. (Adapted from Dahlberg, 1951:168.) -

S
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figﬁre. J;}4’b.»
B ;.hYpOcone expre551on- (Adapted frea, Dahlherg, 1951'

L . T :
.

Occlusal surface features of manllary molars.

Q Fi‘u_rg 6). AR

A

4 = pattérn' .
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“ Lo . :

. Peg-llke b1cusp1d. 3
’(Based on Fe9#9 = LM )

Un1 cusped peg.

‘Based.on Fel#27 -

;

':jfigufefi@c.f Occlusal surface features of max111arY molars.
I reduced teeth-- Grlmsby spec1mens-._.j~

RM3

N




o : N
‘i,,'h Thls pattern of 1ncreas1ng hypocone d1m1nutlon from’ ,—*
= ).‘:ont ‘to back has a long hlstory w1th1n the Homlnldae and is

¥

'Wn.a«é oo
B @F alsb found 1n recent ponglds (Kelth, 1913- Schuman and

‘Prace, 1954) It-1 ﬂ%}splayed by South Afrlcan australof;

?%@;?;' p1thec1ne dent1t1onsj(of both grac1le and. robust types),

| ",,although tr1cusp1d molars are not observed (Roblnson,-
1956 87 96) and fourth cusp reductlon 1s usually relatlve'

”gjf. (to the total occlusal surface area) rather than absolute i

(Sperber, 1975‘62 76 89) The hypocone 1s also reduced 1nl T

Orlental plthecanthroplnes, espec1ally in the thlrd molars” e

fourth cusp d1m1nlshment in. the two posterlor molars (Bayp'
1958- Dahlberg, 1962) The modern pattern of hypocone 2”“
“; reductlon 1s also clearly expressed Ln Neollth1c and
’1 Meqallthlc French, Belglan'and Sw1ss populatlons, although a
e 51gn1f1cant leﬁsenlng of cusp number has occurred in western
Europeans durlng the last several mlllenla (Brabant, 1971)

5;2,2 ‘1llRac1a1 and geographlc varlatlonlln hypocone
expre531on. { § R e L T
: The pattern of hypocone d1m1nutron.seen in modern
(auca901ds ha; also been observed for other rac1al groups.
Stud1es of fourth-cusp reductlon 1n all three molars have'_,
been made for Ame:;ndlan populatlons,.e.g. Pecos Pueblo,
i prehrstorlc Texan lea, northern Athapascan (Nelson, 1938-
B 'Goig;gg%h,,194a- Dahlberg, 1951- Turner, 1967b:61, 65) and N

Z: Esk1m01d groups, e. g.-samples from Greenland Labrador,_,:

‘a4 . [ N L : BV



| RIER
:}éaaiefmiu; lsléffArctlc'Coast;gAlaska, Kodlak Isle,oAleutlanp fddiﬁ
_nIslandsl(Hellman; l9284 Pedersen,_l949 129 130; Dahlberg,l_;jflfi
".1951- 1963a,_Moorrees, 1957:32£34- Turneru l967b“61 65) -

4 The same type of hypocone dlmlnlshment from tiﬁggnterlor
e a '

”;molar to posterlor one has been found intapme Orlental

t,jpeoples, =R g. Ballnese, Joman (Jacob,_1967- Turner, 1979)

'5;added an 1ntermed1ate (3+ or. 4= ) category (e g. Hellman,

.'fand Melanes1an Islanders (Dahlberg, l945b) d<'_'ef-‘n's;j.:f
| ._;- The 1ack of a 51ngle, w1dely accepted multxorade scale
‘w1th standardlzed categorles makes the older studles of
f'hypocone d1m1nut1on of l1m1ted value for comparatlve‘
'npurposes._ Many gorkers s1mply c1a531f1ed upper molars as
’tr1cusp1d or’ quadrlcuspld,:eag. Goldsteln (1948), Pedersen
(1949 129 130); Moorrees (1957 32- 34) : Some attempted to

3 estlmate ‘the’ degree of d1st011ngual element reduct1on, and ";'a

©1928; NeISOn, 1937- Dahlberg, 1945b) Both Moorrees ?ijf~t;V' w

-

| (1957 35) and K1rveskar1 (1974 32) have. noted'the problems L .l;ﬁ

_slnvolved 1n comparxng Investlgatlons whlch used dlfﬁerent
= ‘ (,‘u_-fuﬁm
K ¢

B
’ Recent papers deallng w1, hypocone reductlon ha{e *:_

- cla351f1catory systems.-

s

KS

' igenerally used Dahlberg s, (1951’ scale and the Zollgr

‘.~-
.

”'NLaboratory (1956) plaques P#9 g?d P#ll, and are cyhparable.l~;f55‘

. with due regard for 1nterob§erver error (K1rveskar1,;g”;ﬁ”3{"gQg
. L .v.‘. o
e G
1974 30 31) Some modern authors, however, haVe chOsen to R,
, . n) ,.' ;
_'1l two or more categories together (e g.'rurner,¢1983a-j‘“'

Lt
NN

‘1985 1987' Scott and Dahlberg, 1982) Sofaer et al

L
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':(1972b) s1mply scored the fourth cusp as present or.: absent,_

hBrabant (1971) d1d not spec1fy what svéndards he used.:

Hypocone reductlon in the f1rst u er molar-does not -

';serve to dlstlngulsh the dlfferent geog ic races. Amer—vf'
‘;1nd1an, Esk1m01d and Orlental populai‘ons Show very hlgh
‘.vpr¢Dort10pS of ca. 60% - lOO% for the full-quadrlcuspld

grade,'whlle Cauca501d samples show lower but overlapplng

gfrequenc1es of ca. 55% - 80% (Eahlberg, 1951- l°63a, Jacob,'

Tff it al.; 1969~

'-;1967 Turner, 1967b 65- 1979; fi'

K1rveskar1, 1974 30- Scott andnbaﬁ berg, l982° Scott et alq'
vl983) Trlcuspld and near-trlcuspld (3+) categorles total

under 5% for all groups except the Kaguyak Esklmo (Dahlberg,‘

.,'1963a)

A 51m11ar overlap of" hypocone grade proportrons for the
, major rac1al d1v1slons 1s ev1dent in the upper second molar;’

etThe fourth cusp 1s usually 51gn1f1cantly or markedly

educed, w1th 4- grade frequenc1es generally predomlnatlng

ca. 30% - 70%) }n Amerlndlan andr‘vt'”

3+ grade frequencles (ca.aeo% - ﬂOQf:. 'krm01d groups

.(Dahlberg, 1951 1963a, Jacob,_196;” o _i, 1967b 65;

.1969a- 1979 Snyder et al., 1969 Scott,et al., 1983)

"jCauca901d samples show no con31stent tendency, 1th 4- gradeh
,proporezlns ranging from ca. 10% - 45% and/S+ grade -_J

iy proportlons from ca. 15% - 55% (Dahlberg, 1963a° K1rveskar1[
'1974 :30; Mayhall et al., 1982) Among Amer1nd1ans, the ,

‘1nc1dence of trlcuspld molars (10% - 45%) is 1nvar1ab1y

>



'samples (Turner,‘l967b 61 65) o l‘";;'i;';"'.f!5]%ff p‘

‘1n populat1on comparlsons at any level. Among Caucasoid
,'4‘groups, 1t may be absent, present but unerupted, or vary in

'form from a small, 31ngle cuSped "peg"‘to a masslve, eight-

| ‘,54,7.;. _ZH,:'v"j{f" ‘f:i‘;v’l:. R ﬁ:;_ ;Tﬂf ?‘itelﬁirfffffﬁ
ST ' : ’ oy A : S
o hlgher than that for full-quadrlcuspld teeth (ca. 0% —-20§),"

'_:whlle'Euro-Amerlcan sampﬁﬁs show the op9051te tendency,vwlthiuﬂn.

¥

:_full-quadr1cusp1d)proportlons (ca 25% - 50%) belng greater o

o than trlcuspld frequenc1es (ca.~15% - 35%)

e
The hypocone reductlon tra1t of the Upper molars

(partlcularly M2) seems to be of most value for m1cro—

geographlc rac1al comparlsons. Slgnlflcant dlfferen-es 1n

5}

';the pattern of hypocone reductlon (us1ng all four gra es of .

““Dahlberg s scale) have been found between two Alask?n Esklmo#

{

"fjpopulat1qns (Bang and Hasund, 1973) and two Flnnlsh Lapp

‘szamples (K1rveskar1, 1974 31 32) for the second molar but

.

'not ‘the other two.; A

gumber of- studles have used only the‘i.

. second molar for compar1ng or descrlblnﬂ closely related
,;Amerlcan aborlglnal groups, e g. 11v1ng and extlnct Konlag,_f

*;411v1ng and extlnct Hop1 (Turner, l969a), Papago, P1ma and

Zun1 (Sofaer et al.,:1972b) Marked dlfferences have been-:h '

. “

fobserved 1n fourth-cuap grade—frequenc1es between 11v1ng
'veastern and western Aleuts (Moorrees, 1957 32 34) ando

'“:‘fbskeletal eastern and western Aleuts, and several Esklmo '

The th1rd upper molar 1s extremely varlable and idlo-'f.i--'

o syncratlc in 1ts morphology,‘and probably of 11m1ted valueoié‘f:}p

AT cusped element (Black, 1890 75- 1897:77- Kra@s et al., R

. ) -
M e . L A . R . N T '
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o

'11969 94) Kraus etval. (1969 .)) hav remarked that.ln
7.wh1te samples the th1rd molar dlsplays much less regularlty‘

an-stru ure and development than in "pr1m1t1ve peoples of »%3g{’5¥
-nthe wo:iz?\ However,:Pedersen (1949 82- 84 126 129) found fi_ikiﬁ{f
‘ that thls tooth also showed great var1ab111ty in- the East _i,4?t:;
' Greenland Esklmo, ranglng from a peg form to a largez f1ve p,d;,*
%por 51x—cusped spec1men. Data" from Dahlberg (1951) and “j*aﬁ.;#'

)
, Turner (1983,_1985) 1nd1cate that the: poster}or upper molar

-can show marked var1at1on in: shape and 51ze 1n some~;,

RN I

-Amer1nd1an and Or1ental groups.v> VA'A' h “ﬁ? : ;;fﬁnuf{ SR s
The most common. "aberrant“ form of Mongolold thlrd iv "41(;5
,molar is probably the un1cusp1d "peg“ element (see Flgure ‘:-‘i\.‘

14c, pP. 147) Pedersen (1949 84,128) remarked that "real

vestlg1al spec1mens" occurred more - often 1n modern Esklmost;:fﬁ B

: than wh1tes Accord1ng ﬁurner s (1983) study,‘Aleut-':

?-Esklmo populatlons had an average peg 1nc1dence of 8 2% Qf'ffdfgf
“whlle Athapascan and assorted non-Athapascan groups had
ixﬂrsomewhat lower proportlons (2 4% and 3 8%, respectlvely)
hfunDahlberg (1951) recorded frequenc1es of 8, 3% for a northwest

:Esklmo cran1a1 serles and 4.0% for a. lea sample. Turner '
.j1983- 1985- 1987) belleves that peg 1ﬂc1dences (and

¢

,assoc1ated th1rd molar agenesis proportlons) are of value 1n
'1nter~populat10n analyses and compar1sons.” o

Recent studles 1nd1cate that’ the third molars of -
T . t - S

‘Mong0101ds and Caucasoids have generally undergone marked

reduct10n,_w1th the 3+ and 3 grade form1ng the domlnant

T



tl;-75% (Jacob, 1967 Turner, 1&79) and for a Euro-Amerlcan

f~1fpopulatlon,:ca._45% (Dahlberg, l963a) Trlcuspld

fflS%) However, thlsograde—type predom1nates 1n Bushmen

IRAPRE

'5.categor1es. The cuspule-hypocone frequenc1es.of‘d1fferent

s,raCL@I groups overlap con51derably,:the 1nc1dence-range fae{;;v

';Aleut-Esklmo 1s ca. 0% - 65% for P1ma and Athapascan Amer~:f‘yg
°>:-v1nd1ans, ca. 10% - 50% (Dahlberg, 1951~'Turner, l967b:65),,ro;;t

hlfor some Or1ental samples, e. g. Bal1nese, Jomon,.ca.'30% oi's

) *;ffproport1ons showed a s1m11ar overlap among the dlfferent

o>

for some Amerrndlans,_ca.,hO% -:50% for two Orlental samples S

3 ~
';.'~.. g

Full-quadrlcuspld tee h (M3) are found only 1n very low

L , ) R

| frequenc1es 1n Mongolo1ds (ca, Oi'— 10%) and Cauca501ds (ca;‘

“ui(Drenqpn, l929) and Austra101ds (Abrahams, 1950 Ba111t et’

.’i~a1., &968) A51de from théée two groups, 1t seems to be

¢

: uncoé&on 1n5modern man (Kirveskar1, 1974 33)

. 'Y.v:,..

Ve
. 4

e '6.2_32 Lateral asymmetry and genetlc aspects, of hypocone

'3 express1on.-.-v;,;~

- Lateral asymmetry 1n‘hypocone grade—expf’881on seems to yt

o ;Jvary w1dely, ﬁlth the pophlat1on uﬁder con81derat1on.ﬂpf'fﬁi

“3fHowever, Baume and crawford (1980), using the same

‘””_'standards. v1z. Dahlberg 8- (1956) plaque and scakpv qbserved,v_

;Turnez (19675:60'61) found lateral grade-asymmetry for the

- two posteriopﬂmolars (and by imp11catlon, the more stable

'.r‘" q’

} .'i
.1\.‘

[
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::a much hlgher 1nc1dence of lateral asymmetry for four A' - e

b

l;Mexlcan (predomlnantly Amerlndlan) groups- ca. 6% - ll% forv-~“7

(the f1rst molar and ca. 10% - 17% for the second one‘ ThelE),.“

-'hybrld Carzb and Creole populat1ons also showed hlgher ',Zfsis g

Affrequenc1es of grade—asymmetry (ca lO% - 15%) for the two

;'anterlor mqlars. The degree bf dlscordance was usually low,»
5 /
E ' - - l} e

"i.e. 'one or: two ranks._'—»:’_é,,
: |

A

_ Most populatlons examlnedfto date man1fest ll&tle or nol“
sexual d1morphlsm in hypocone grade frequenc1es.a Females (
.‘generally show a greater reductlon 1n hypocone 51ze and cusp'ﬂ
.number for the anterlor molars (Ml and sz, e gj amongaféia:v;
'A11v1ng Aleuts, Sadlermlut and west Greenland Esk1mos,r

'.Mestlzos and Tarahumara, Skolt Lapps, Euro-Amerlcans and i

'nyder et

-' Pimas: (Moorrees, 1957 33 35 Turner, l967b 65
f%fL; l969° Klrveskarl, 1974 31 32- Mayhall et:al., 1982:{ Yo
. »1/ o (
”Scottfet al., 1983) ‘ However, 1nJa few groups, males {'ﬁ;?”

h

greater d1m1nut10n of the fourth cusp, espec1ally '
’for the f1rst molar, e g among Arct1c Coast Esklmos, ff’;
'skeletal Aleuts, two small/Athapascan samples (Turner,'ﬁ&f/sr'

1967b 65) and several Amerlcan Southwest tr1bes (Scott and o
‘VDahlberg, 1982) , »Qlf . "._;j3“ﬁ L fg;?“$ﬁ

Slgn1f1cant sex dlfferences in grade frequency pattern

' have been found 1n the flrst molar of some (pooled) Amer1can g
',Arctlc populatlons (Turner, 1967b 58 60), in the second o
.:molar of Mesglzo and Tarahumara groups (Snyder et al., 1969),
;and in both teeth in a large P1ma sample (Scott et al" _;}h”&”

H L .
e T P . . X . ,.',,



RETEES whlle in: the southern groups,.tﬁ

. :/ ‘.

'ftendency. No 51gn1f1cant dlmgr«
'samples, Jomon dentltlons, 11v1n
':Bang and Hasund, 1973).

'Jreductlon tra1t is not sex—llnked.

RS
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1983) It 1s noteworthy that 1n the northern populatlons,

'the males show 51gn1f1cangby greater fourth-cusp reduct1on, '

females dlsplay thls

o

ﬁ;m has been found for

'5'th1rd molar hypocone-class préporf'ons,,e g.'aupng Arctlc‘

L 4

”stra101ds and’ Alaskan7"-

_ _Esklmos (Turner,‘l967b 58 -60;. 1915‘”':ilitletfal;;'lgﬁs;ff'

“In light of the above, it appea 'atithe”hyp0cone; o

S NS )

_'l969a) proposed that a model of two codomlnant autosomal
f_alleles could explaln ‘the’ observed class—frequency

. dlstrlbutlon (for Mz and M3), assumlng the Hardy—welnberg

"

equ1l1br1um was 1n effect. The predlcted results fltted theh

"data from hls pooled—Arct1c samples ‘and a PeruV1an cranlal
‘serles (wlnton, 1966),vand also that from 11V1ng and ?-f;.

,skeletal Hop1 and skeletal (but not 11v1ng) Konlag

B

populatlons.""

' However, thls parad1gm has not surv1ved further

vhscrut1ny. Sofaer (1970) p01nted out that the assumptlon of
_fHardy—We1nberg equ1l1br1um was not va11d in the afore-. ;’eﬁﬂ.f
Vo'mentloned studles,'and Lee and Goose‘TI97IT_found that |
13Turner s model was not compat1ble w1th 1nformat1on drawn

from the genetlc pedlgrees of the1r leerpool Chinese groupsr-"

j_The current consensus 1s that fourth-cusp d1minut1on (a

- ;qu331cont1nuous character) has a polygenic mode of

Vi
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"lnheritahce;(scott ahd.Dahlberg,“1982;ﬂscottjet al;; 1983;

/"Turmer,dl985)g D

'M76 2.4 Anatom1cal descr1pt10n and phylogeny of the
dlstal tubercle character. oo

The assessment of hypocone reductlon ls”compllcated by -
-the occurrence of supernumerary elements on the occlusal

'surface of the upper molars (see Flgure lSa b, pp. 157 158)‘4
The most 1mportant-of these 1s the dlstal tubercle-or "flfth’,

) cuSp' thls OCCurs on “the dlstal aspect of . the metacone

it apparently arlset), adjacent to the hypodbne

(from wh1ch
'(Harrls an’.B 111t, 1980) The tubercle. varles from a’
rather m1nor'blement, whlch ‘has 11tt1e effect on hypocone‘«r
_size, to the small cusp fofm, that deflects the distal -
'marglnal groove markedly toward the llngual, thereby
h-reduc1ng hypocone bulk. | -

| The dl‘Fal tubercle has a - 1ong hlstory w1th1n the

»_anthropoid border, and apparently occurs 1n some foss1l 0

{and_liying n—hom1n1d anthrop01ds,,e g dryop1thec1nes,-:-

ramapitheci " ceblds, glbbons (Gregory, 1922 :455; - Harrls

and - Bailit; 1980). In regard to extlnct hom1n1ds, the flfth'

'fucusp has been‘observed in grac1le and p bust”South African
australop1thec1nes (Roblnson, 1956 83, 8: 97),yorieht51,
p1thecanthrop1nes and’ European neantherthals (Weldenrelch,
l937b° Plates 15 16) In australo—p1thec1nes, the tubercle

. tends to 1ncrease in frequency and 51ze from the anter1or



- - T1s7
o _.Figixré. 15a.. .;Accessory occlusal elements of maxlllary s
% g ‘molars: distal tubercle and other extra cusps. :
o7 (antd frem: Turnc', 19678897, Figure 9-) : :




.

E.‘"fg{;r"e. 15b.
e " S )

Accéssory "o:i:»c'_li;'sal" elements of maxi llary

- molars; distal tubercle variation. (Adapted

.. from- . Harris and Bailit, -1980: 351, '
“Figure'l.) . . o g



:molar to thesrposter1or one,' and may reach the bulk of the
' ﬁmetacone and hypocone 1n the latter tooth (Roblnson,“

- 1956: 89-91, 94, 97)

')

The modern human pattern of flfth cusp variatlon 1s"l

»( somewhat dlfferent from that of the australoplthecines.f

Stud1es of large samples have demonstrated that the flrst
molar generally dlsplays the h1ghest 1nc1dence of the
character, wh11e the second molar exhlblts the lowest

(Harrls .and- Balllt, 1980) The average s1ze of the d’stal

"\

,;ftubercle 1ncreases from the - anterlor molar’ to the posterlor k
”=Ione, but it only rarely equals the hypocone 1n bulk. In the
flrst two molars, the weakest grade 1s generally observed

v'(Ib1d” ‘Scott et al., 1983)-'1n the last tooth, .a sllghtly

”'.stronger man1festat10n, viz.. grade 2, usually occurs (see ci

Flgure'15b._p, 158) Var1ab111ty 1n the degree of expre931on5‘f
,also-ihcreases‘markedly_from.front-to_back‘(Harrls_and;

' Bailit, 1980).

"f6;2.5'_Rac1al and geographlc varlatlon o§
' tubercie character.. :

Invest1gat1ons conducted on small o‘f,“‘,;:-81zed
samples have sometlmes produced observatrons COnfllcting
w1th the ﬁgheral 1nc1dence pattern given above. For -'9 ;ﬁ::°
example, the hlghest dlstal tubercle frequency was Eound on

'the third molar 1n Pecos Pueblo crania (Nelson, 1938), Aleut

Zand Arctlc Coast Esklmo groups (Turner, 1967b:102), and

Melanes1an Nas1o1 and S1meku populat10ns (Harris and Ballit,-

P



ffallow close (gradé by grade) comparlsons of the various""‘

<3stud1es.' On a 31mple presehce-gbsence bas1s, Melane51an and

e

f'w:—r30§9 Amer1nd1an populatlons dlsp‘_ o

‘_
and comparlsons (Harrls and Balllt, 1980)

. T PRI ol S PR : R ° . ae

1600

o

";d1980) The f1fth gusp was most often seen’ on the second

u',

.fjmolar (and least often on . Ml) 1n one Athapascan samplerr

‘fHowever,_west Greenland Esklmo and Jomon groups dlsplayed

the “typ1ca1“3pattern (Turner, 1967b 102‘ 1979)

".

]

Dlstal tubercle frequenc1es for 11v1ng populatlons haVe

'11on1 been determlned 1n t e last two decade 'orten, onl
L& ¥ Y

(1982), urner (1983- 1985- 1987) HoweVer, the use of

o . I Q’*"'M . .
_-d1fferent scorlng prodedures by dlf?erent workers does not

'southern Or1ental samples appegr to have the hlghést (Ml)
‘th1fth cusp proportlons (ca. 30%'- 50%),.those for northern

.Orlental_and Esklmold groups tend to be much lower (ca. 10%

the wldest range

AF

'“ﬁi(ca. 5% - 30%) of dlstal tuhercle qncldence (Turner, 1979,,

-

Q“Dahlberg, 1982- Scott et al., 1983) The flfth cusp tra1t

.

N

',

»
IS 1\ -.'

(. s i . P . - B v o BRATH R i E

P SN T 2 O S B T S T : o
.'- sraf A . . e ..' Lo . . ERR Y3

%&2 6 Lateral asymmetTy and genet1c,aspects bf thé
dlstal tuberple character. _nw . o

lard to the dlstal tubercle expres51on, the f1rst

wL e A \.

HR R

.'n57the f1rst molar i ce is é1ven,-erg. Scott and bahlberg

[

a -
T3
I

.""1.“1,.983.- 1935. 1987"’ Harrls an;i Ball‘1t, , 1980 Scott and ‘5'."‘ |

e

»7jseems to be most useful for m1cro—geograph1c §amp1e analyses

':ifmolar shoys the strongest hered1tary 1nf1uence (estlmated at

ijca. 65%) and the lowest env1ronmental 1nfluence, wh1chrmakes‘"’
: e

Tlt'&he<nost sultable one for the detefmlnat1on of

RTINS ' ) R oo :



»

o

| v T e e e
'frequenC1es to be used.}n 1"terPOPUIat’-O“ °°mpar19°ns'{:J

ff;(Harrls and Bar}lt,ll980) Thls tooth generally exhlbxts

i
' .

o

t{the hlghest 1nc1aence and the least varlaéion of the flfth

'1cusp, nd has the largest "add1t1ve genetlc component“'rry“”'i°"

‘f;der1vab1e from frfth cusp proportlons. Also, the lateral

p

;}(24% and 29% for M2 and M3 ~respect1ve1y)

s

P

2

f*the eccurrence of sexual d1morph15m 1n dlstal‘tubercle ,_7

’.h‘-l

frequencaes.g Slgn1f1cant male-female dlffegpnces have not
been foundf ffor any of the three mol.ars 1n gooied Arctlc
v 3 "’1 ¢

samples'or_Japaneée domon cranla (Turner, 1967b 98 1979)

La large lea populatlon (Scott, 19#3 56 57- SCQtt and ?ﬁ

o Dahl,berg,_l982 Scott et a1.,,1983)

LN

However, Harr1s and Ba111t (1980) found 91gn1f1cant

T v i

"-sexual dlmorphlsm 1n all £1ve of their Melane51an samplea

oo

v'o’ el

(for one or mor‘e of . Ml, M2 and M3 ) whloh wer”e larger tha}‘

most of the populatlons examlned by Scott and Turner.‘ The

femakee generally displayéd the higherllotaxﬁtrait inéidenbe

. and 1nd1v1dua1 grade 1nc1dence. The posdlblklty that &ifth

-

cusp expres31on 1s related to the x chromosome 1s further

(o

strengthened by the relatlvely hlgh?‘eritabilxty estimate
. . »
derlved from female 31b data.f Whlle autoeomal inheritance

Y

-
4l e

Cew
8. '

een glven for the two anter1or molars ;_3

(Ml nd Mz) 1n several Anerlcan Southwest trlbes and aleo ing:

~Qa5ymmetry for dlstal tubercle expre331on tralt 1s distlnctlyf, |

'._l

“f*lower for the anterlor molar (16%) than for the,other two

leferent stndles glve confllctlng ev1dence concern1ng f@f"




g ) o fiéz;ﬁf,f
ff 1s therefore uncertaln,'most workers agree that the dlstal
N 9 2 N R
tubercle character 1s a qua51cont1nuous tralt w1th a o
,g.. ‘ + R * o N P x' . B

polygenlc mode of 1nher1tance (Harr1s and Ba111t, 1980-

.~*Scott et als, 1983 Turner, 1985) Vﬁhf;/{ fi"" o

Pl :upJ.,r;-_‘, e DRI e T T AL O
ST e e T e
e ST K S S - : : T
.6,2,7:‘A3 Methodolog ,{or occlusal surface features.;_n ,'f"?fp'a

W o

In scorlng hypocone express1on, Dahlberg{s (1951) four-'

5grade scale was followed (see Figure l4b, pr 6)p as. thls'

’ffwas the standard used by P J. erght (1974 26 27,78, 80) and
IQE. erght (1977 18 36 38) A more prec1se s1x—classlf |

,;_system has been proposed by Scott (1973 29 30) and accepted i

2

y some workers {e. g Turner, 1979- 1983 1985 Scott et

al., 1983), but th1s could ‘hot be Esed here, as the
correspond1ng plaster plaque was not avallable at the ‘
Un1ver31ty of Alberta., Whlle Dahlberg S (1956) plaques P#9
and P#ll could not be 3?ta1ned e1ther, 1t was felt that

spec1men casts approxlmately»matchlng hrs (1251, Elgure 6)
111ustrat10ns would suff1ce for the purposes of B v,;iﬁl ?\5‘

~

standardrzatron 1n thls thes1s.

Three add1t10na1 categorles (4+ 2/1, m1scellaneous)

" were intrgduced to accommodate varlatlon resultzng from L

supernhmerary scclusal elements, hypotrqphy and unusual ‘foau“w
‘:"v ." e ~ . N .

‘; form. The 4+ class 1ncluded molarsuof regular occlugal

LA 4 - | v ";"-= 4"""

_} type, wh1dh manlfested a f1fth cusp of‘“moderate or “large
4'.'s1ze,1.e. grades 3 5 (see Figure 16b, p. 158) D1stal
. P
tubercles of small s1ze, 1.e. grades 1 2 were s1mply AR

oot




‘2{w1th pr0m1nent flfth element was con31dered a “4+" ’ Hfj"‘;,ff*f

jlgnored when scorlng for occlusal pattern.. Irregular molarszf

'fwlth jour or f1ve occlusal convexltles were placed 1n the

:‘;jm1scellaneous category, the 3*+ type (cuspule-hypocone form ff;,}

s

v

Vﬁrdyexpre531on.~ Greatly reduced teeth (e g..b1cusp1d and peg

l'ffﬂ;except that the weaker expressxons (grades*l-

b"thogether, as were the_m

‘ 'ielements were asslgned to the 2/1 class (see Flgure 14c,,p.‘

Y

K.E. erght (1977 18,36 38) also used extra gnades

(L e 4+/5 2) to descrmbe obseﬂ’bd upper molar } f~xy»'5ﬂﬁ.i?f

,:varlat1on P.J.;erght (1974 26 27 78-81) apparently di//

“fnot flnd unusual types in any of hls three Iroquoian

o

bj-fsamples. Whlle the f1fst author con31dered all three 'j H“;ffut;ft

"fjmolars, the second ex oster1or tooth from hlstfl

S In thls the31s, _ olars were examlned and
s~.,n. S S Sy S
;observat10ns taken on both 51des of each cast,"

o Ty
‘ Wland 1nd1v1dua1 counts could be made. In cases of lateral

3 . e B e
. ®o e

v,

ssigned to the higher class.f When one antlmere displayed

‘an unusual occlusal pattern, and the other a regular type,":ég

-'the 1nd1v1dual was placed in the m1scellaneous category.

bl

2)' wer :

-"\
éaer




‘Harrxs

T o

Vthese elements strlctly 1nto one category w1th confldence.

N

fet al. (1983) Scott (1973 31) used a four—class scheme,

‘but, thls d1d not encompass the full range of flfth cusp

l;zyvar1at1on. Turnau (1983-’1985~ 1987) has also followed a

’11terature, K E. erght (1977 18 36 39) d1d not

[ ' o T

spec1flcally 1nvest1gate d15ta1 tubercle expressron- P Je

ferght (1974 26- 27 78 81) gave statlstlcs for the‘"dlstal

fmarginal tubercle but the relatlonshlp of thlS feature to"i

the f1fth cusp 1s uncertaln. fg o ,v<f:[l

e .. ~

Observatlons were also made on two other supernumerary

2 N L o
g .
! i

'occlusal elements whlch occa51onally occur on the max111ary

'ijmolars. the mes1al "51xth cusp“ and the medlobuccal "seventh

“;vHowever,>the nature of hlsp“ eventh cusp" 1s not clear from ' fhﬁ

i,cusp (see Flgure 15a, p.157)

4ﬁF1gure 10) desiggaklon Df the former is. accepted here.a,f

L ~l.

-,dﬂf'hls diagram.' It appears to“be an occlusal element, but 1s

<

'referred to<1n the text ‘as ' a fac1al or paramolar entity ; As

,the med10bucca1 p091tion 1s not the most common one for a Q_

L

'_J'_',paramolar tubercle (Bolk,‘-‘1916-' Pedersen, 1949 134-136-__'_.- B

"Kustaloglu, 1962), the term seventh-cusp" W1ll be used;toff_ﬁf

:“label the medzobHCCa' occlusal element sometxmes observed 1n;’W

e S A
e N .

Ba1l1t s standard has also been accepted by Scott»5175f3

' 51x gradg system, but has not deflned’thls in the avallable xfx~7'”

FRER



628 Observatlons on’ occlusal surface features. R
The general trend of hypocone reduct1on from anterlor’?
| to posterlor molar was reflected in the upper teeth of the
.;H*-Grlmsby sample (see Tables 10a,10b, pp 165 167)‘ﬁ The first e
| molars fell w1th1n the 4 or 4— categorles (56 7% and 4l 7%,_l_.\
respectlvely, ﬁ. 60) wlth a: 51ngle (4+) exceptlon.v:?hejsfi“
:f-second molars usually dlsplayed the 4— pattern (70 9t,an =I

55), but a notable prOportlon (18 2%) were' of the 3+ type.

/- ’ largest clas" 2 . 'artd 39 0%, respectlvely,‘ = 41)

‘ 1ndlv1duals) to the uspld or piﬁ type 1n }

There was alSo a notable 1nc1dence of 1rregul&rf o °F |
Cusped elements (14,6%) In one 1ndeterm§nable caae (Fe“?tp-'}

e 9#9),‘ the left b1cusp1d ant1mere resem'_“" da. glant" o "

cyllndracal peg, w?ule thé rlght had a‘._r"‘ :'. ul r but ‘
"l‘he'\peg-tooth anomaly may be affe’cted ‘by sefual Neh ’

iy

dlmorphlsnj‘ ’The thr‘%&spécimens 1n thé observed sample with
- . '.~ . ‘4" -
C fpeg teet;z wer‘e Fel#27 (female,‘M ), Fe20#1 (male, RM ), and e

' "-'QFe27#3 (male, RM3), _ Jackes (m press) noted the

.' crania (Fel?#ly . mqle, M3l ~ " 7‘“' : . ‘ S ,', S O:
T oppqs:.ng (M3) a?timere was not:p'resent._'-in any of th’e abovea LE
O BRI \ : £ i K s I : '
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“ZJTABLE 10b.  OCCLUSAL SURFACE’ PATTERNS OF. MAxILLARY MQLARS InJa

0
: I
IR T R L 11) (42 3 ) "" 'P o ZQ "*v
*',3+'“’,9'3" 0 (0% 0),?”Y_@“l} 4"
' f3/2+"v' 0, (0 0);1j5~3 ~0: (O 0) -
) -‘2/1 .C;x,_Q'(Ocd),i*jf 0(0.0) .. ._,1.; ' (10.5) - .
mise. T (0000 1 (3:8) :=4'v2-$10f5)~"’

v,;~1tota1 ,_gﬁ@ 7% (100)77j:{ 26 ooy~ 19 TI007
a mfasym. ‘;?: ff'3[2§-g~7ﬁ;v.fgy K 1/26 “‘H'f'-f'Ia' 1/19

--V”tOtal '?IlI',24t<l0°7':”?ﬂ*f;;f‘ '(100) 7fgf7;1
. asym. % %/24:*“}] e 3/24 C

"'asym- i /60 j-_‘;'_f,,tp4/55';,,:-,3.=-~

OCCURRENCE BY INDIVIDUAL;

THE GRIMSBY SAMPLE"

I*I" FIRST MOLAR SECOND MOLAR THIRD MbLAR'
INDIVIDUAL INDIVIDUAL INDIVIDUAL ¥
- (3), N ¥ (%) e e

K . L e . ot '~'.)..v'“,_ - . a . RN ‘;
v, .-’- ‘“._,,1,, ) e T T e v’r:_ ‘_. . A : »

15, 4J

t12. 5)*
(0.0)
(62.5) .
-(20. 8)
(0.0) -
(0.0)
(4 2)

oo anvmwooo |

Cawl 1,
4 . 34.(5
- ;?5:(
3+ 0

(0
(

. 2/1;:-t.,ﬁMO?

'-G*épédeéhsjéi;hﬂﬁfIfhatﬁein-inéiuaédfiﬁJfIgpr§:cj;{;['}wva“;?g;ff

: ’ e e e R S _\‘ Do .
R B VG :
. - Y .



P .

'molars exh1b1ted no. unusual occlusal

Tk‘varlatlons (O%, n = 601, 1rregular teeth were found among ~..jf3’

: ']'la

'the second molars (7 3%f n"= 55) and espec1ally, the thlrd

o

Wones (14 6%, ‘é 41) The-3++ type was only man1fested by

',lthe secbnd molars (bllaterally, wlth med1um—s$zed dlstal

: the mandlbularl“Y4" and "X4" patterns)

:”joccurred b1laterally, 1n low frequenc1es, on. both the mlddl

"\In all cases, both metacone and hypocone were reduced 1n

}5i ,Thenseventhrcusn.was_observed,in onlYchreefsv'

‘molar (3 6%, n = 55) and the posterlor tooth (2 4%,.n'—-4

'"and was always much smaller than the protocone'ﬁhd paraco

'-s1ze,_w1th the latter taklng the form of a. cuspule.

5tubercles) 1n two female 1nd1y1duals (3.6%,}n =, 55)

/.’

=Several aberrant forms occurred only amOng the last molars.h
-""AIn terms of éusg number, these dpuld'be cla551f1e‘d 1nto the : -
"4+ 4, 3++ and 3 grades,,but all dlSp ayed unusual cusp

,;proportlons and groove conflguratlons (e g. a. few resembled

two males (Fe52#1, Fe62#82) and one female (Fe46#1}§$ It ':.-'l
S Y.

T

Only sllght dlfferences an male and female grade ff”

. Ty ,'ff. l:

-

.--frequenc1es were observed for\pyggp,ne expres51on, there was J‘

Q*no good evxdence Eor sexual d1morphlsm an th1s tralt for the

fﬂGrlmsby pOpulatlon. The males showed a SOmewhat greater

':{reductxon in the anterlor molar, and the females 1n the two

"bxcuapxd or unxcuspld third molars (on one or both sxdes)

v

- M fl
.posterxor teeth (for the standard classes) However, male~"

fixndividuals displayed greatly reduced bicuapid, near—’tffhmj'f

€

l .
9
e% ., ) ‘S PR S0

1,{; cT
. ; Do ® . N Ty L . LA . 4 I . . 4
M Yo . . R T .. .. . [
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::y.gasymmetry took the form of a trlcuspld or near trlcuspld

_aﬂelement (3/3+) on one 31de and a b1cu3prd-tf'

twlce as often as female 1nd1v1duals (1 e. 31x cases to

'jthree cases)

The genet1c 1nstab111ty of the th1rd molar was L

areflected.1n the frequenc1es of lateral grade asymmetry ft‘"
_:‘(6 7%, o= 60 for Ml 7 3%, 55 for Mz' and %4 6%, n . 41
'?lfor M3), but the probablllty values for the dlfferences y'v'“
(i;oetween the molars were no 51gn1f1cant._ Asymmetry was _
'always of the 4/4 k1nd 1r7\é f’1rst molar and the,.4 ,;3+

»yj”pattern 1n the second.‘ In /the 1as molar, standarﬂ—graﬁﬁ,fff

+ o r

""?t-ooth (2/2+) on the other (9 8%, x’-i 41) There were also a,

”lregular antlmere (3+/3) and one aberrant type /}4/3++ cusp

"7if1rst and last ones (7 8%; 51 and.S“l%,l

N
/"\ . .

»".

o
R

The pattern of dlstal tubercle frequen 1°s was rather 57“

”’ﬂhfunusual (See Table 11, p.yl?O), 1n that thﬁfsecond molar

'”1T"60uple of female spec1mens (4 9%) whlch dlsplayed one :"Q*;pg

near-bicusp1df5%m

)

,':-_;1 69 .

B

,had the hlghest 1nc1dence (13 0%,'n:- 4?), followed by the _?7l

] 39:

‘.respect1ve1y) The mxddle mdlar als* had the,highest

~,pro§o tion ogjlarge (2.2%)wand moper te (4 3_) fifth cusp

"ythe metaconule in all thr'”*"

”“sfexpressed bllatf

‘foccurrencez femg e 1ndividuals generally displayed—a'higher

| '?@classes. The cuspule type was the dominant lanifeetation of

_“ara. The fift'vcusp was

;fely in‘all deterninabie caaea of §,;g§¢ff*d
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DISTAL TUBERCLE CHARACTER OF,MAXILLARY MOLARS IN
@“\ THE GRIMSBY SAMPLE OCCURRENCE BY INDIVIDUAL

FIRST MOLAR_,,

(%)

~ SECOND

‘%)C;". C.,'#'j

CMOLART‘.
(8) o
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e

e
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1nc1dence of the feature, but sample 51ze was rather small f;fr.f

for testlng the 51gnrf1cance oﬁ sexual dlfferences.'

~f1fth cusps/characterlstlcally found in the 3++

‘e 5051tlon.: In one 1nd1v1dual (Fel#l?), the left g

fdlmlnlshed fourth cusp, the 1mpress1on of a " pllt-hypocone

. 'was produced. However, the r1ght tooth dlsplayed a dlstal

&

- %"’ ' DR

C tubercle of the same 51ze 1n the normal 51tuat10n._ In the_ﬁ”'
,'other case (Fe9#45). both antlmeres showed the - "sp11t—f;5’:;.'

'hypocone expres31on. It is possible that thls unusual

"“f1fth cusp“ manlfestat%?n represenus a dlfferent character‘ffuﬁ
) /TR ’
o }thah the dlstal tuberclé}character, however, the example of

cast Fel#l7 would argue therwlse,fand the "spllt-hypocone
L & ' :
-;pattern ﬂs accepted here as a distal tubercle variatxon.

The me51al 31xth cusp was always a very mlnor element

“in the occlusal surface, and was usually blLaterally k

'.expressed. There was ?ne case observed“for« he f1rst molar,

lfthree cases - for the second,»and four for the tﬁard.nul o
‘would appear that s1xth cusp frequency 1ncreases along an
ranter1or to posterxor grad1ent- however, because of 1ts

frather small s1ze and the hlgh probabllity of eradiction by

feven Sllght wear, accurate pfbport1ons (and lateral

‘mmetry percentages) cannot be given with confidence for'f;ﬂ'

. -

feature.ﬁl." --ul-{fi'fzsij;"'

w

oo e



',most studled dental characte

cin the same place (Black,‘1890 61-'1897 637

| s ey

f6 3 Carabe111 tralt of th%@maxlllary molars. Ca T A

”6 3 1 Anatomlcal descrlptlon and phylogeny -of Carabe111

tralt.

The Carabell1 tra1t has been: known, J,n one form or

- another, for more ' than 150 years,,and 1s probably the s1ngle ,n

'(Korenhof, 1960 25f\257)

\

% Irst noted by Rousseau 1n\1827,
Az

The cuspllke expre581on wa

~'but: the type descrlptlon was glven by Carabe111 in 1842

. (c1ted by Korenhof, 1960 251) The feature descr1bed was a f

o

'Lpromlnent "free-standlng"'tubercle (w1th a dlstlnct furrow),r
'1nvar1ab1y 51tuated on the llngual surface of the . protocone

"of the upper learstinrgensen, 1956 132 133- Korenhof

'1960 253 254) Hohever, by the end of ‘the. late nlneteenth j'”
.’ century, 1t had become apparent?%'that thls compound S
} ”p051t1ve" structure could be assoc1ated W1th 51mp1e

'"negatlve structures,'l.e.,grooves or plts, whlch occurred L

F,'_.

: atuJeff,31896).

As 1mp11ed above, the Carabe111 trarf'
ﬂi

uq;1;hdeman 1ts~pheﬁ0typ1c character (see Flgures 16a,16b,

pp..173rl74). Negatlve expres31ons take the form of 31ngler

o:~double“grOOVes, furrows or p1ts of different shapes.:f“a

’";P051t1ve structures range from a dlstlnct swell1ng or bulges

'jof extra tooth substance whlch lacks clearly-deflned

.4

"de11m1t1ng furrows to a cusp11ke emrnence wlth a fused apex

“o\a“large and more-Or less “freeﬁ'tubercle' 31ngle or

,"double vertxcal ridges may also be 1nc1uded here (Kraus,

R

’ _1959r\Dah1berg, 1963a- K;rveskarx, 1974 36—37 Scott, 1980;'



l/A, y :v.:} ',& '1; | ifi E e  _}(¢
F1gure 16a\_wCarabe111 trait of maxlllary molars. negatlve f.f
expre551ons._- : _ : :

.~

o ..' Grade L o (hmdogi '
e (trait absence) oL e (groove with snnll pit)

S . Grade 2
( 2 pit-)

. !‘r ¢




7 Flgurg_le.a” abelii tralt of max111ary molars- pOSIt1Ve‘
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ﬂaMayhall et al.{ 1982).. The weakest expré351on may be S
;descrlbed as~a vert1tal r1dge (Dletz, 1944) or a, furrow

_1330)

"tuberc e, whlch ’FY reach or even exceed the 51ze of the

ZT;=,'major occlusal cusps (Zelsz and Nuckolls, 1949 193; Kraus et e

ale; 1969 87 296- xlrveskatx, 1974 34, 37) r;“ _fé-' *,5?3; )

' It 1s now generally accepted_that the qPrabelll»-~

PR

| character orlglnates in the llngual c1ngulum (Klrveskar1,_vt?-"

1974 34 Scott, 1980 Saka1, 1982 Scott et aln 1983)
H

~jbeczslve 1nfluences in, thls regard have been Korenhof s -

JLEspeCLally) Kraus 1nVestlgatlons 1nto dental embryology
lmi(Kraus and Jordan,_l965 178= 189' Kraus et al., 1969 297—

'298) The former showed that the weaker enamel cusp11ke

S 2

'structure often corresponded to a c1ngular dentlne swelllng

a,\'
or c1ngu1ar dentlne remnant,.the‘latter demonstrated that

_',-_hdpos1t1ve Carabe111 manlfestatlonﬁ arlse out of the
"developmental c1ngulum“.and that negatlve ones only‘occurn
in the absence of tH&\\?ental zone.. It might be hoted that -

:, many of the earller workers’ also assoc1ated the Carabe111
Abtralt w1fh the llngual c1ngu1um (e\g. W1ndle and |
':Humphrey, 1887- Cope, 1889) "~/

There has been some dlSCUS‘SIOD on. the nature.of the |

‘hfgrooves observed on. the llngual protoconal surface (see

oFlgure 16a, p. l73) It is generatly aqreed that the 51ngle"vh

o N N ...' ) ‘

o oy



e Tl
Ty »:

7:"Carabe111 groove" found 1n”the mes\ollngual reglon-';

‘trepresents the mes;al portlon of the Carabelll furrow. Whlch

‘f[when fully developed takes on a characterlstlc sem1c1rcu1ar

|-.
shape and separates the Carabell1 tubercle frOm the

' t_protocone (Shapqu, 1949- Korenhof,’1960 255 256 287-
"K1rveskar1, 1974 36) In thé case of the double groove

';’form, or'“negatlve cusp—outllne { the dlstal flssure

-

“ f“grepresents the dlstal portlon of the Carabe111 furrow ----

"(Shaplro, 1949, K1rveskar1, 1974 36) :f~h,;;; ;f

The “Y-shaped furrow" (whlch sometlmes lacks the stem

portlon) has a me51a1 and a dlstal branch, the latter belng

- R ¥
v

'assoc1ated w1th the 51ngle Carabe111 groove (Korenhof,

1r‘1§60 287 288 306- K1rveskarrs 1974 36) The mes1a1 arm has

";been 1dent1f1ed w1th Korenhof s (1960 256 288 307)
g"c1ngu1um groove ; whlth arlses from the mes1ol1ngual

'7c1ngulum and 1s orlented 1n a me51o—occlusal d1rect1on.v

. Jd rgensen (1956 133 134) referred to the same negat1ve
. >

\

'”structure as the "protoconule groove however, the name 1s

5r:,not va11d because bf the great 1mprobab111ty that a

; .
' protoconule remnant exlsts in modern man (Korenhof,,

’"1960 256). ',f;ﬁ} o . e

¢

“The occurrence of a thlrd “occlusal groove in—the'same )

"general meslollngual area as the other two has resulted'ln

o some confuslon and dlsagreement.' Thls groove courses over

fthe mes1a1 marginal rldge, 1n a mesiolingual dlrectxon, onto

gthe me51al protoconal surface (Snyder et al.,,1§B9)

B S

LG

«



'1.'c1ngulum groove does\hot reacn the d?c{ﬁsal plane, except 1n

@

,rR!rveskarl (1974 34 36) 1dent1f1ed the c1ngulum groove wlth\h;"

LN 'f‘ A .
’ the me51ol1ngual occlusal groove, as well -as: w1th the mes1a1vf

‘,molars show1ng~some degree of attrltlon ﬁtrthermore, the

< - "ht"‘

o . - .
r Y Lo . L e
. o .

-branch of the Y shaped furrow.-}‘_‘%@5‘ﬂ=, 5

However, Korenhof (1960 28;,288) remarked that the

\

mes1a1 arm of the Y-shaped furrow clearly does\not f@aeh theh,

1o occlusal border 1n 111u§trat10ns glven for thls

mah&festatlon (e.g Korenhof, 1960 283- Dahlberg, 1963a,'

-

Turner, 1967b 67 F1gure 7-"t, 1980+ Flgure 1) I't:_'

':alpears, then, that the c1ngu1um groove is a separate entlty

e

slte where the c1ngulum groove would meet the Carabe111

4t
. s !"“

from the occlusal groove.g

Fas A Carabelll p1t generally takes the form of‘a dlstlnctr7d

B and relat1vély deep round or. ov01d enamel 1ndentat§on,;wh1ch

I . . 'Zi

may occir at two lool in the central th1rd of the lx‘ngual
protoconal surface (Turner, 1967b 67 Flgure 7°'K1rveskar1,-

9

1974 37) “The me51a1 p1t 1s supposedly manlfested af ‘the -

TUEE

v

furrow, and may occur together w1th the Carabe111 groove ‘
(J?rgensen,_1956 134- Korenhof, 1960 255 256) The dlsta1 35
plteapparently marks the dlstal port1on of the fully- j |
d@veloped furrow (Korenhof, 1960 306 307).

In add1t10n to the p1t form, less pronounced negatrve
structures are also fOUnd assoc1ated w1th the. Carabe111
tralt (see ‘Ibure 16a, p. 173) A‘weak, trlangular depreSslonig;

cap occur 1n the crotch of the Y-shaped furrow (Korenhof



: e . : BN
‘a‘§1960 288°VK1rveskar1, 1974 36) A 51m1lar shallqw

>,1ndentatlon 1s occa51ona11y seen at the occlusal end of the
;aclngulum groove.,and may represent the last trace of that {ff
5groove whén it appears w1thout the latter ?Korenhof? |

: Al ‘_,__. o
960 288 28§ Plate L7 Flgures 10 11 and Plate 10,3Fz;un};J;'

*.,a_3{ Agso,:a dlstlnct subocclusal p1t,&po551b£xfnark1ng thehl:h
: fcrest"~of the ?ar Ffll1 furrowc‘ls‘sometlmes observed°on |
) ﬁ;he llngual protoconal face (Shaplrb,‘1949) These sllghtenihl
manlfestatlons have been confused,\ln‘a few cases, w1th the-f*’l

<

Carabe111 p1t as deflned above.n
5 5 ,
Invest1gat1?ns 1nto the 1nternal ahatomy and ontogenyr

of the upper molars have supported the bellef that negat1veﬁ"

Carabell} structures and poslt&ve ones belong to the same

v

tralt complex, an assumptlon whlch has been dnsputed by 'd?

Dahlberg (1951){ Kallay (19573;1966) and Hanlhara (1963)

4 9

-AvInstead,.the endocasthnih‘"
;Hdeizty, i.e. a dlstlnct

.i 1960 30 305) Dentlne pits
he "developmental cingulum |

hf early calc1f1cation phasef;g

haVe been observed even in

. % . "ﬁJ. :.. : o



- L
»

~t.man1fested at&an egually early embryologlcal stage (Kraus

_~and Jordan,

.“f

T T P TS CRER T I -
KA 2 e "4 | . t : . . ".‘."'\ - . )

"1965 188- 189; Kraus- et a‘@, 1969: 297 298)

A posltlve Carabell1 struct represents a bulldup of L

Sy e :

enamel and dentlne. Korenhof (1960 301~ 303) has\~f |

.‘de*fnstrated that endocasts of most molars w1th §1zab1e

i

'~l‘external tubercles show cusps on the dentlne surfaq@ as

‘4'“enamehlconvex1t1es., In the case of a small, weakly-deflned

,‘wel;, whxch are’ proportlonately as Iarge as the overlylng'~

dlggﬁaylng a prOminent tubercle w1th

@

* .
. '/

protubera?ce, the corraspondlng 1n§ernal manlfestatlon 1s

i -

r

‘;slmply a dentlne swelllng of the c1ngZEum., In spec1mens

' ’ﬂendocast exhibits a‘sllghtly grooved emlnence or at least a.

Yoo e ~

c1ngular remnant.- ‘There is also some ev1dence that pulp

¥

?;mater1al may compose part of the cusp format1on (Od1o de

Pl

i :
_Granda, 1927‘-Kallay, 1957- 1966 Korenhof,_l960 262) L

' There has beén some dlsagreement 1n the 11terature over

',_the nature*of the double groove and Y shaped furrOW'; .

< -

,“Zvarlat1ons. In cases where these phenotypes occur, the.

*,enc1reled protoconal area may be sllghtly protuberant

(Klrveskarl, 1974 37) : HOwever, because thése “negatlve :

>'fcusp—out11nes are- 1ndentat1ons in the noqmally convex

b

l1ngua1 surface, a supposeg'pIOmlnence may be more apparent
'-than real.; A number of workers have con51dered the double o

”'groove or Y—shaped furrow or. both to be tubercular forms,

)

e.g. Suzuk1 an& Saka1 (1957). Tsujl (1958), Dahlberg (l963a)

Vs

. '#nd Garm. et al (%966c)‘:;aﬂd also, seemirigly, Moorrees
] U“‘ . - . N

¥

fused apex, the_;ﬁ,‘ ;‘



oo N

Sy CoR
R O
. el J : ", R ,,'

.jHowever, the tegdency 1n recent years«

i"expre551ons (e g. K1rveskar1, 1974n36.37

1975- Scott, 1980-'K1eser, 1984a b),;

- F o
f/ﬁf_,be followed here.,

o ; SR
' \-f;: ' The expre331on Qf the Carabe111 featu&g%ﬁgg

£

L. character1st1c pattern an modern 1nd1v16u$§e§$§'3 

\%:H
T

-fmolar usually drspiays'the strongest ﬁqr

ﬁ[,Moorrees, 1957~35)
7 J»'

'>poster10r one (Dahlbérg, 1963a g@pﬁﬁ_w
','I\'al., 1982) oy -
= T 8
‘ " The h1ghest 1ncfdénce of

CH ARt
A

: C 'V Ty
SRS whlle the lowest 1nc1dence 1s most often_f?u?ééggathe _ B
S T, . : . SRR S o ‘ui - _Y.'
jfib. poster1o;7;§?TK£a 1951- Lask ﬁ‘ ~Lidey %ﬁgﬁMooirees, o
SIGT S -1,°z :“wr-t'_ J R Lol
_ 5 o : o

o

I8 A%
? “
s

'ffm enetgképirob ﬂ;;

central Arctlc Esklmos.” yhall, 1979b);#1ndiaq,Knoll -wtvfﬂ
G Ny g S e

.« ' R S et SR
: T




535‘1982) and a. m‘*ed Amerli?n (Negrold ;Q?;‘

o

,;D1etz, 1944) .In a few cases,'e gy-ww .

errant., Only the

"as the latter.;T*”"“

It seems llker that T“rner s “hlgh<cone represemts L

.""J

'] ﬁéntomolar" cuspkwhlch is sometlmes §ound at

. the Carabe111 locus on the. last molar (see“sdbsectlon 6. 4]4
C \- L vY- e . ‘.
"'",pp.)207 216)-{Th1s varlatlon has a fused or separate room o

. .\ R

5e1ement, occasxonally, two small tubercles are Seen ;nstead

I . ‘_ e ‘./ . A\o

"of one. 1 \ge‘emlnence.” The entomolar protuberance may

"‘\\

. A ‘ -
”belong to the carabe111 complex, but most workers cons1der

: . . .~ . . o v
! B RN . A
PR . s bR



:;1t to be a separate character (Turner, 1967b 96 98- Taylor,'“

;"1978 252-253 275 285 334 33;) .

f . v", L. ' ' AT \" .

" The pattern of Carabe111 phenotypes dlsplayed by the

ﬂoldest hom1n1ds is apparently the reverse of that seen 1n

g

:fmoder |an.' Tralt expre551on is most frequeht and most

'f‘;pronounced on’ the thlrd molar. and the least frequent and

o weakest.on the flrst one (Sperber, 1975 §6 67 78 93 94)

, Carabelll man1festatlons were generally stronger in the

ear11er, grac1le australop1thec1ne (at Sterkfonteln) than 1n

3 .

'i*the later robust type.(Swartkrans) some ::Ecxmens ofwthe i
D )

former exh1b1t a tubercle as much as 2 5 . w1decn1the \}

'.lé%t molar. ThlS tendency has been suggested by at least 3?
i two major works on- australoplthec1ne dental morphology

(Ibid.; Roblnson, 1956:82—86 89—91 944.6)
The Carabelll,feature has been observed in fOSSll

C — v'-"

’,hom1n1e dentltlons, but the ev1dence 1s scarce and 1ts
»,’. n

nterpretatlon affected by the pOSSlblllty of marked
"geographlc varlatlon (Jorgensen, 1956 132 133) 0r1enta1
hp1thecanthrop1nes rarely show the tralt and weaker | | 3, (
:ﬂexpress1ons ‘are. usually seen, e g. plts and grooves;::~‘;&if

';although one spec1men from Java dlsplayed a promlnent

"ntubercle fWeldenrelch, 1937a:75, 166: Korenhof, 1960:295- o

”' 297) ' The Mouétenlan and Krapxna neanderthals ma1nly

4

';jexh1b1ted negatlve phenotypes,;e g. small p1ts and grooves

‘ (Adroff, l907° dorjanovic-Kramberger, 1907 Gregory,_

3

’iwl922 454) | Clalms of cuspllke eminences on’ the Krapna SR

Coa



BT 11”&@?

e recent 1emurs and other pr0s1m1ans (7*4

.1974;35): Negatlve phenotypes are ;:

= extant proafmlans‘(Weldenrelch, 1937a 77-

S I ST ;"\} L ;‘~_>:1835-
€ T Lo - SRR

dental elements are coptrover51al (Weldenrelch,_l937a 75-

3.

Jorgensen, 1956 135),»a1though Korenhof (1960 297T'noted the N

prefence oi at least one dlg!lnct tubercle._ The modern
'nl.'i, S ¢ S
patterw of Carabe111 phenotypes may have occurred 1n the

A

‘ Kraplna populatgon, the tralt 1s manlfested on all

-

i determ1nable flrst molars, but 1s 1less frequent on the other'

--a:"‘ \""A el

posterlor teeth. Zi.py_f;’”

N ,;

,17;111 Tﬂe Carabe111 tralt has an antlent and w1despread

_. . ‘\

- hlstory w;thln the pr1mate order. The cusp gorm or .

"protostyle“ (Osborh 1907 158 159) occurs in twa Eocene
tarsioads (Jorgensen, 1956 120- Sakaxi 1982), as well as. 1n

‘u1889 Odlo de'

vGranda, 1927‘ weldeanICh' 19373 74f , ‘%Veskari;"gfm

- Wy

nd in foss1l and

- -

orenhof,

1960 263 265) Extlnct catarrhlnes (eqp Pl1op1thecus)

dlsplay mesial grooves (Korenhof, 1960-266) whlle 11v1ng

‘4

baboons and other cercop1thec1d monkeys occasaonally exh1b1t

a pronouncedvemlnence (Batu]eff, 1896- ‘Odio de Granda, 1927)

Tubercles are se dom seen in modeﬁe glbbons and the .

f -

great apes (Gregory, 1922 377 454-'weldenre1ch, 1937af76);h“'.
Accordlng to Korenhof s (1960 273 280,283 284) data,'
frequenc1es are 3.0% for the gorllla, 0. 6% for the ch1mp and
0 O% -~ 2.3% for the orang. Negatlve phenotypes reach o
s1gn1f1cant proportlons only for the orang (ca.,GS% - 95%)

" s e

P1ts ‘and furrows (rarely cusps) have been found in tﬁ

BT

i‘ \"';o‘,, '



tt'Dryoplthecus and-Glgantoplthecus (Ibld..267 270 307) R

")1966- Scott, 1979)

o dentltlons gf Neogene\’"ponglds“,, ‘e.(;.',.:' '~Sivapi4tbe'cus,.

Y

~was develop1ng a large €“berc1e 1n

'”demonstrated that a negatlve assoc1a510n exlsts between‘,

';Shell, 1959)

L -

Some workers belleve that the stronger Carabeill

'ph'potypes mlght serve a useful purpose in. mod%rn thlnlds. C

" Schwarz (1927a b) thought that the cusp—form functloned as

- an. extra anchorage" in the ch_glng act1v1tlgs of the flrst e

upper and lower molars. * This protuberance ould f1t 1nto

.

:the 11ngua1 notch between\the metaconld and entoconrd.'

‘ e

E A mofe widely held theory pre

A3

'osed that the’fxrst molar E

rder to coﬂpensate for

the loss of occlusal area resultlng from the reduct1on of

the other max1llary molars (eng Batujeff 1896' ‘de- Terré/

-

m‘.1905 162- Hrrsch, c1ted_by Korenhof, 1960 259- Brockman,»f

f1938a,b, Dahlberg, 1963a) However, a'number of studles

have 1nd1cated~that Carabell1.cusp expre531on and hypoconel

“reductlon or absence are opposlng tendenc1es (Jorgensen,A

L

1956: 139- Moorrees, 1957 40 41) and statlst1ca1 tests have ?;'

i ' i > "\' ~c

these two characterlstics (Keene, 1965; Hanullk et alq

,It should also be noted tha’r1n many'

-;cases the mastlcat?ry advantage galned by a large Carabelli

element is offset by a d1m1nlshed protocone (Dahlberg, 1951-‘.

. . V '., &l L :
T There is ev1dence, though, that the more prom1nent

-

'Carabel}l convex1t1es serve an, 1mportant function 1n the'

»chewxng act1v1t1es of some\rac1a1 groups._ A pronounced

-



. . . . . ‘ ‘, - l.'. . . ""n.. R . A : - ; L
- @5 5 tubercle reachlng or appro?hlng thq occlusal surface may be S
N i found in notable proport1ons (ca.,7% = 10%) in European—'””

derlved'samples and in 51gn1f1cant frequenc1es (ca.»4% -’ 6%1‘5f

'1n a few Afclcan and Ocean1c populatlons, v1z, Bahtu, ,"5 }f

Bushmen, Melanesians, Polynes1ans (Scott{ 1980) It mlght

be noted that the largest molar (M2) in the gorilla is
exposed to the greatest g?THHTng pressure and alsp most-

often shows the Carabe111 cusp,'an

“~

hat th1s 81tuatlor\_).a:.

corresponds to that fgé the f1rst ‘m lar in modern manm

PR

Qay (Korenhof, 1960~309—310)

Begg (1954)—demonstrated t"t an uneven pattern of-‘v~"”

s Y e :
e~ dental attrltlon can produce greater llngual wear tha may

br1ng a promlnent Carabelll‘protuberance into the occlusal
plane, thereby 1ncreas}ng the mast1catory surface.’ Korenhof

(1960 300) 6bserved several Malay51an spec1mens in whlch

-thls had apparently occurred : Under these condltlons, the'

LN
e,

tubercle w1ll 1nteract w1th the seventh cusp of the Opp051ng

3 w ‘

fOund a 51gn1f1cant_poslt1ve assocratlonhbetween these.two, .

-«
-

,; . 'features (on;MlAand_gi)'among the Ugahdan,Teso,:

CN .. - } o . . s X
A . . . . W .

6 3 2 Rac1al and geographlc var1at1on of Carabe111 tralt

- \
Slnce the Late n1neteenth centusy, dental anatom15t1s“
| .have‘ﬁﬁﬁbd that the Carabe111 tubercle was. more commonly
observed in some rac1a1 grbups than others (e g. Batujeff"'

1896; de Terra,» 1905 157, 296) The ‘work of Tratman (_1939_,‘



S dlspfayed low and MelanesLan samples lntermedlate

’v *, o . .'  . . ,' : .

frequency was characterlstlc of A31at1c Mon§2r01d ané

—

e gsk1m01d populatloﬂs, . whlle a dlstlnctly hg.@her’lnc1dené§e '

.

.. was genera%ﬁy found among Cauca501d peoples (tf Lasker,’gl

1950~ Dahlberg, 1051f Kraus,sl951° J?!gensgn, 1956—132-

:'Lasker and Lee, 1957) ; Accordlﬁ\\¢o bhe rare studles done ‘;

.'\ . . a ﬁ)
by the earller authors, Negr01d and Austra101d samples ‘

’ .

e

proportIOns for the pos1t1ve Carabellx exPreSSLans (see

Pl@ersen, 1949 96 97-'Lasker, 1950 Dahloerg/?1951) :f"'

ﬂ’wever, stud1es made by dlfferent workers,ln the late Y

n1neteenth and early twentleth centurles are of duﬁfb
N

S

. values for comparatlve purposes.f De Terra (1905 162 Frgure,

21) apparently confused the Carabe111 cusp w1th the

Sl

‘- paramolar tubercle (see also Korenhof 1960 261%._ Many of
the earller workersﬂ(e.g Bolk, QQprell, Ch1ava o,

H1rakawa, Hjelmman, Vram) d1d not clearly define: hat they

K
Jorgensen(,1956 137 138 Korenhof, 1960 256* K1rveskar1,v

BAN

_1974:38), andxne1ther have 'some more recent authors (e g.-;,

v ST R |
Lasker, 1950, Moorrees. 1957 38-4 “bant, 971) e

In some cases cla551f1cat10n ystems were exp11citly

'outllned, bdf'oﬁly a port1on of the range
' . -
express1ons nght be consldered.‘ Nelson (1937),

(1951) and Lasker and Lee (1957).on1y counted dlstinc S

of Carabe111

Dahlberg

N

acCepted as~Carabellr var1at1ons (see Pedersen,_1949-96h97;h(‘

8

g



)

:°cusps, whlle Suzuk1 and Saka1 (1957), Tsujr (1958), P1nto—':ﬁtf‘;

‘fCIsternas and Flgueroa (1968) and Beynon (1971) 1gnored

-

negatlve phenotypes 1n hlS flgures for the Carabelll tralt-'

' ;Turner (1983 1985- 1987) excluded 51ngle furrows from h1s E

fstatlstlcs for.dlfferent populatlons

Bven wh@h a system adequate for documentlng all known L

3uforms of the Carabe111 tra1t 1s used, e g Dahlberg s,

3 v
‘¢

'7degree of expre551on,‘espec1ally for the cuspllke phenotypes.

vKorenhof (1960 256) cr1t1c1zeﬁ the subjectlve\use of

ad]ectlves such as’ weak, strong,'normal,»small large,

etc;"’to descrlbe the appearance of Carabell1 structures.

iv Howevér, thlS dlfflculty has been greatly reduced by the -

w1despread use of Dahlberg.s (1956) standard plaques, wh1ch

“i.

' prov1de a three-dlmen51onal reference system for clas51fy1ng'

e

' Carabelll varlatlons.-

e

B4

be enough by 1tse1f to ensure minimum. 4nterdbserver error.

For~1nstance, Dahlherg (l963a) found an - 1nc1dence of ca. 90%'

'._ for the Carabelll tra1t among a lea grOup represented by

‘ stone casts, whlle Sofaer et al. (l972b) gave a frequency ot'

'gca; 50% for the same populatlon, u51ng the same mater1al and‘~

the same c1a851flcat10n scheme (although not the standard

S . ~

, plaques) Th1s gross error between the two studles (ca.,-

40%) was presumably due to the d1fference 1n observatlonal

-

Lt mlght be noted that Dahlberg s (1963a) scale may not f

:bw51ngle grooves and p1ts Barnes (1969) d1d not 1nc1ude;:ff,"ﬂ

.'r(1963a) scheme, there is, stlll a problem in classlfylng theiif' '



o 1nvolved in. judglng the promlnence and nature of the

:experlence,hespec1ally 1n regard,!b the presence of the ;f

7‘weakest Carabell1 expre531ons.
. P

»f Cr1t1c1sms of the comparablllty of Carabell1 tralt

iproportlons presented by dlfferenb w0rkers have been made by -

-

;'a number of modern authors (e g. Laskem and nee, 1957‘“

1

'lfKraus, 1959 Korenhof, 1960~308 309- Kraus and Jordan,

1965 l78° Turner; 1367b 66' Scott,71980) Taylor (1978 336}

.

”even states that “so-called statlstlcs concernlng 1ts

occurrence ‘are worthless,f because of the subjectl\utymr;n

\"

;manlfestatlons. However,‘he apparently belleves that the
,lstandard plaques are useful for cla331fy1ng morpholog1cal

vfeatures (Taylord 1978 338)

Scott (1980) observed that dlst1nct1ve patterns of

R
Carabe111 manlfestatlon were characterlsblc of d1fferent

e ) 0 1‘

.ra01al groups.. He found that bot\"OCean1c (Hawallan, o

“l Melanes1an) and Arctlc LAleut-Esklmo) samples ehowed?

'comparatlvely low tra1t frequenc1es (ﬁa*°*4%; ‘47%), but the _

;former had: relatlvely hlgh frequenc1es (Ca. 16%'— 26%) of

B the cusp01d phenotypes whlle the latter had extremely 1ow

\ frequenc1es (ca. l%? As1o-Ind1an and Bantu populatlons ;:
.exh*bited dntermedrate proportlons ofntotal tra1t ' |
L man1festat1on (caf 62% and ca.‘73%, respectively) and
;'tubercular forms (ca.- % - l;%) 1;buthwestern trlbe_ hd

7Bushmen also dlsplayed 1ntermed1ate 1nc1dences of trart

llnpresence (ca, 67% - 70%),“but convex structures were rather

s Sl . - . . . PR

C e
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‘rare among the former (ca. 5%) and relatively common (ca. -
R 17%9'amon9 the Jatter.r‘ ' o h"Q

Scott (1980) found that Cauca501d (Amerlcan, South .

-

.:Afrlcan) samp/fs showed the hlghest overall tralt

frequenc1es (ca. 75% - 85%) and cusp frequenc1es (ca. 24%

'~'33%) Other workers have reported s1m11ar results for

'varlous European-derlved populatlons,'e g” Oth whltes, :~'ﬁ
Halluoto Flnns, Ontarlo whltes.' Total tra1t pr0portlons o
ranged from ca 70% - 90% and tubercle proportlons from ca.*;7

. 20% —'46% (Garn et aln 19669, Alvesalo et alq 1975-’

,Mayhall et al  1982; Saunders and Mayhall 1982) ,“fsfaf;f'

RN

Only a few studles have been done on . natlve sub Saharan_{“;

’upeoples.: Barnes (1969) Ugandan Teso d1sp1ayed an 1nc1dencei

of ca. 10% for convex Ca abellk.expre551ons, a flgure wh1ch

o happroxlmates that glven by Scott (1980) for South Afrlcan

s

<fBantu (ca._12%); However, Hassanall (1982) presents a much -
| T»:h:Lgher cusp-statlst}c for Kenyan neg s.(ca. 23%), althoughd
hjtotal trait presence among hls subjezfz (ca. 67%) is. 51m11ar
"to that man1fested by Scott 's groups (ca, 73%) It seems |
‘llkely that cusp frequenc1es dlffer markedly among dlverse
'Afrlcan tr1bes. _
Austra101d-popuiations*apparently_eXhibit the greatest
var1at10n in Carabe111 phenotypes.v Studles of several
‘groups 1nd1cate that overall traltbproportlons range from g
: fca. 42% - 90% and tubercle proportlons,,from 0% - 27%. .

| ',::;There also seems to be a- gtadlent of tralt express1on, with



L)

”J'ﬂthe 1n1and tr1bes showlng hlgher frequenc1es (ca.v70§3?W§O$Y

anthan the coastal trlbes (Rlchards and Telfer, 1979 T0wnsend
'Tt'and Braﬁh, 1981) Ty "

- Mon90101d groups are characterlsed by a- relatlvely.low
%~:1nc1dence (ca..O%.- 5%) of the convex Carabe111 phenotypes,

' conf1rm1ng the earller conclu51ons of Pedersen (1949 96 98)

"and Tratman (1950a b) : Arctlc samples (e g. Aleut—Esklmo,

”e'and Athapascan) and Southeast A51an peoples (e g. Japanese

“*'Jomon) also have 1ow total tralt frequenc1es of ca. 20% -

| 750% (Turner, 1967b 169, 75; 1979-'Scott,.1980) Amerlcan
.Southwest trlbes generally have 1ntermed1ate totaI tra1t
o . s -
ﬁ-frequenc1es; ranglng from a low of ca.'Sg% for the

'Athapascan-derlved Apache to a h1gh of ca. 80% for the Hop1

_ (Scott and Dahlberg, 1982; Scott et alw 1983)

Snyder~et al (1969) have reported a couple of p0951b1e_~

exceptlons to thls general pattern. The Tarahumara and
'hybrld Mest1zo of northwestern Mexlco sbow extremely hlgh
3 ilnc1dences for pxotuberant phenotypes (ca. 61% - 63%) and

t

total tra1t presence:(ca. 95% - 98%) However, it 1s l1ke1y

cthat Snyder and hls co-workers 1ncluded negatlve cusp— R ":'

o outllnes 1n thelr-coqnts of tubercular manlfestatlons (cf

Dahlberg,;1963a),~

f6JL3; Lateral asymmetry and genetlc aspects of Carabe111 be_h

tralt.

“._The flrst worker to regard the Carabelll cusp asg

: here 1tary (espec1ally on’ the Ml) was G v.valack (1890:61-7:f

(I

v
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.”1“ \:--: :;g .7;=:411 .. ~“>_' ;-‘-le'lgr__'

1897 63[. who also remarked that 1t was’"always b1lateral._;
Thls op1n1on was shared by many dental anatomlsts,'; B
’1nclud1ng Dlamond (1929 :78;" 1952 109), Wheeler (1940 219-
1974: 238) and Bourdelle (c1ted by Kraus, 1959) _In*'
'contrast, Odlo de Granda (1927) found that the “tubencle
‘was bllgﬁeral 1n only "two-thlrds“ of the 1nd1v1duals rn h1§.:
~t study group Whlch showed the feature' however, he only - ‘

i.con51dered "negat1ve cusp-outllnes"‘and Carabell1 K

7convex1t1es in h1s 1nvest1gat1on.'

The most comprehen31ve recent 1nvestlgatlon of lateral

uasymmetry (on Ml) byta_slngle worker was»made by G.R. ‘Scott

(1980) -His study-samples wereJdrawn.from North’AneriCa

..

(Aleut Esk1mo, Southwesté¥n Amer1nd1ans), Oceania
_(Hawalrans, Easter and Solomon islanders), the Ihdian sub—~f
continent‘(A51o—Ind1ans), southern Afrlca (Bantu, 'shmen),f
_and also 1ncluded European—derlved populatlons (South
‘rAfrlcan and North Amer1can wh1tes) Scott (1980) adopted an‘
‘elght—class system based on Dahlberg s (1963a) scale and

' scored" his mater1a1 us1ng Dahlberg s (1956) standard plaque

» ‘_p#le.__

Accordlng to thls study, the largeSt proportion of

asymmetr1c 1nd1v1duals in each populatlon were those in V-
: ; , .

';'whlch the contralateral molars dlffered by only -a s1ngle

: r
»category of the Carabe111 tra1t scale, the exceptlonal

s LI

'-tsamples belng the Hawallans and Amér1can whltes, where two-'
‘rank asymmetry was-most-qommonly ﬁound.' Ajhlgh degree;of

W



‘antimeric (M ) dlscordance (three or more classes) was - .

: nrarely observed ;n any of the groups exam1ned the

frequencles for thlS type ‘of - asymmetry were 1nvar1ably undergre

'/Sgt The mean for one—grade asymmetry was ll 2% for two—
f;crade and multzgrade asymmetry, 1t -was. 7. 2% and 2. 2%
respect1ve1y : ”l;_hf;.»fmd5_ ‘,‘“,_.3,~%

| Most samples had 'y grade asymmetry (all types) of ca.-“
':20%~- 25% Exceptlonal qroups were the Aleut—Esklmo (9%).
tthe Bushmen (ll%), ana the Hawa11ans (14%) Presenceehf
-Aabsence asymmetry was much lower 1m all populatlons,‘rang1ng

: 7
. from under 2%. (Aleut-Esklmo, Amerlcan wh1tes) to ca. 8%

"y(Bantu), and averaglng ‘S, 5% (Scott, 1980)

“_;lowest frequencles of grade asymmetry (9%) and presence-b

Amer1can aborlglnal groups dlsplay two dlfferent ;ﬂ
apatterns of asymmetry ' The Arctlc samples, which have the
‘lowest 1nc1dence of the Carabe111 traLt also have the

- -

, absence asym etry (1. 5%7‘ +The SouthwEStern tr1beshxwh1cn
T ’ . ‘ e ‘tl
o have 1ntermed1ate 1ncidences of the tra1t, also have

~”1ntermed1at frequencles of grade asymmetry Cil%) and

_presence-ab ence asymmetry (6%) There seems to be a L t;g
_correlat1o‘ between the proportlons of asymmetry and trait

Qpresence, t least for New wOrld Mon90101d pOpulatlons‘T

: (Scott, 1_80) T =

-samples~using the same class1fication scheme and

standar 8. Ke1ser s (1984b) South Afrlcan white population S

-

oy



.

v‘.dlsplayed frequenc1es of grade and pres nce—absence |

"asymmetry (ca. 20% and ca. 2%, respectlv ly) sxmalar to -

'those of Scott s (1980) two whlte groups. However,_
B1ggerstaff s (1973) data on Amerlcan (Lexlngton) whrtes»

= '~y1er1ded a much hlgher flgure of 51% (mean for four sub-

groups for grade asymmetry) ' |

Garn et al. (1966c) and Townsend and Brown (1981)

collapsed the e1ght class Dahlberg scale 1nto three

'_ categorles- smooth- concav1ty,,and convexlty (although Garn S

R 1

et al._comblned the smooth and 51ngle-groove forms and.’

"e11m1nated the "h1gh cone- type). nhe former found perfectr

rank-concordance for the1r Amerlcan (Dayton/Ge‘s) wh1te
o sample wh1le the . latter recorded grade and presence absence

asymmetry proportlons of ca. 8% and 6%, reSpectlvely, for‘

193

their Yuendumu Australo1d sample. Turner 11967b 8 66) also

- used a reduced ver51on of Dahlberg s scale, and concluded
that Arctlc groups (Aleut-Esklmo, Athapascan) manlfested
less than 5% grade asymmetry ‘:.
Other workers have uSed dlfferent c1a351f1catlon
systems w1th f1ve categorles, and have therefore presented
'results (for Ml) wh1ch are- only roughly comparable to |-
Scott s (L980) f1gures.v Baume. and - Crawford (1980) examlned.
.several hybrld (three) and abor1g1na1 (three) groups, wh1ch
ranged from '16%. (Creoles) to 29% (Saltlllo Amer1nd1ans) in

grade asymmetry,.these values approx1mate the mean fnequency

given by Scott (1980) for several southwestern trlbes.

% .
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Dletz (1944) and Alvesalo et aI. (1975) 1nvestlgated

;Gu:aratx H1ndu ch1ldr

: other was Smooth were very rarely observed in. any of the~

5§‘1980°~Townsend and Brown, 1981)

LA

'“]19495

Amer1can (whlte and black males) and European (Halluoto

Finn) populatlons, respect1vely,'and fou_g very low

v

_ proportlons of grade asymmetry (ca. 8% - 9%) and presence—';ll

absence asymmetry (ca. O% -~ 2%) Josh1 (1975) recorded an.

1nc1dence

grade asymmetry for a sample oﬁ

Srmple four—rank cla551f1cat1ons have not been commonlyh-

‘used and Y1e1d the least prec1se results.. TSUJl (1958)
h_'recorded proportlons of'ca. 9% and 7% for grade and ’

,'presence-absencefasymmetry,{respectlvely,.foryhls_pre;v,’if

_adolescentxJapanese pOpnlation€.these'9alnes approximate

'-_flgures glven for northern Mon90101d peoples (e g. Aleut—

Esklmo) by other workers. . In contrast, Meredlth and Hlxon 8-

d.(l954) paper on a sample of American (Iowa Clty) wh1te |

chlldren presented frequenc1es'of 443 for grade asymmetry y

';and 13% for presence—absence.asymmetry (w1th the smooth and v

’

1_51ngle p1t/groove phenotypes lumped together),_wh1ch are S

i unusually high for any racial grOUP- It Bhould be: “°ted o

that cases where one ant1mere had ‘a. Carabelll cusp and the

o

w,raforementloned studlé' (e g.uAlvesalo et al., 1975~ Scott,

°

Only a few stud1es have tested the dlfferences 1n male ?

'and female 1nc1dences'of f1rst molar asymmetry. Scott
¥ _ :
=%
' (1980) found no s1gnificant presence-absence dimorphism in

. 2 o . 0

s !
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195
i any of the f1ve oroupsbexamlned for sex dlscordance 1n o
'masymmetry Baume and Crawford (1980) stated that sex
‘drfferences 1n asymmetry proportlons were con51stently ;J
3'nons1gn1f1cant for all 51x of thelr Mex*can samples.i'
, Blggerstaff S (1973) American wh1te ‘and Townsend and Brown sv
(1981) ;uendumu Austra101d populatlons also d1d not show
>'31gn1f1cant Sexual dlfferences for antlmerlc dlscordance.;h
.Overall, there appears to be’ llttle ev1dence for sexual
dlmorphlsm 1n asymmetry frequenc1es for the Carabelll tra1t
I The Carabellr sralt seems to be autosomal in nature,i
v_although there is ev1dence of low but per51stent’§exua1 o
1nfluence.; Among European or European—derlved peoples,

' males almost 1nvar1ably‘have a dlstlnctly hlgher proportlon

of Carabell1 convex1t1es than females, and usually have the

,hlgher total tra1t 1nc1dence.~ Populatlons ofﬂtiwf ‘sort.
1nclude those from L1verpool, England (Goose -and Lee, 19?1){‘
‘ {.eastern Europe (Hanullk et al.,-1966), northern Flnland
(K1rveskar1, 1974 37 38), South Afrlca (Scott, 1980- Kleser,.i'
:rl984b),4Iowa C1ty and Burl1ngton, North Amer1ca (Meredlth |
~and H1xon,,l954 Mayhall et al., 1982) | ’h"
- v However, these dxfferences in frequency are not
signlflcant (;fe..pr < 0.0S),;on e;therva-grade or
préSence-absencerbaSis.vﬁExceptions are thelLiyerpooi'(GoOse
and . Lee, 1971) and hybr1d 5kolt Lapp groups (K1rveskar1,
1974:37- 38) | It mlght ‘be noted that 1n three of the samples”‘

*bstudied, the total male 1nc1dence was: less than the total

-



4

4groups exh1b1ted approx1mately equal proportlons of . _;»

.;_female 1nc1dence, v1z. Ch1cago whltes (Dahlberg, l963a),‘
'thlo whltes (Garn et al., 1966g3 anq Halluoto F1nns-;>

;.(Alvesalo et al‘, 1975)

Relatlvely few stud1es of non—European Old Werd

peoples have been made. An examlnatlon of the South Afrlcan

_Grlqua (a rather heterogenous group) showed that female o

'dent1tlons had the hlgher overall tra1t frequency (no cusps

were. recorded), but the dlfference was not 51gn1f1cant

- '1-\ .

.TKleser, 1984a) How@ver, Teso (Uganda) boys d1splayed a: _1

51gn1f1cantly hlgher 1nc1dence (sz < 0 01) of CuSp and

1,"bulge" expre551ons than Teso glrls (Barnes, 1969) L e _
Among As1an populations,.Haryana Jat (Kaul and Prakash,,‘

:t>1981) and @gndu GUJarat (Joshi et al., 1972) males dlsplayed

91gn1f1cantly hlgher frequenc1e5’than thé‘%emales.._Inﬁ

contrast, males and’ females of Scott s (1980) Asxo—Ind1an_'.

aCarabelll convex1t1es and total tra1t presence. A Japanese (

sample showed a male predomlnance 1nldoub1e gnoove/cusp

1nc1dence, although the sexual dlfference was not

—

_s%" £1cant (Tsujl, 1958) Yuendumu (Australo1d) males do’ ?f

n.j‘show a slgn1f1cant1y dffferent patte\\f(wzth hlghet grade’-[}ﬂ
“presence frequenc1es) of tra1t manzfes at1on,:over three
classes,vthan Yuendumu females (Townsend and Brown, 1981)

It seems, therefore, that among Old erld peoples, males

— ) 7

,'genetally show a preponderance of the stronger Carabelli

vexpress1ons._

A
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The pattern~of expre851onf1s less clear among the
;Amerlcan abor1g1nes~_ L1v1ng Aleut males are llkely to.’v
'dlsplay a greater tra1t qnc1dence than liv1ng Aleut females_
w,(h}g;rees, 1957:38-39), but skeletal Arctlc populatzons
'_(Aleut—Esklmo, Athépascan) show the oppos1te tendency"

"(Turner, 1967b:66)7. In both cases, the dlfferences are not

. . P . : L K - ’
statistically important. 'Pimajmales;eXhibitahigher

K:,'. _‘_}— .

t

'~man1fest a 51gn1f1cantly dlfferent pattern %2p = CLOOOI)'of

:'express1on, over f1ve classes, than P1ma f‘ialesv(scott et

al., 1983- cf. Dahlberg, l963a) Howeve , 1nda’combined

..sample of sevgral other Southwest tr1bes, the females had‘
the la;ger pro ort1on of tra1t presence, wh1le the .v
dlfferences weje statlst1cally unlmportant (Scott, '1980).

In regard to Central aqd South Amer1can populatlons,d,
"males cf bdth the” Tarahumara (northwest Mex1co) and Lengua
'(Paraguay) trlbes show greatel‘frequenc1es of Carabell1
bconvex1t1es and tralt presence than the females of these
groups_(Snyder‘et al., 19@9-‘K1eser and Preston, 1981)
‘_both_Cases, there:are‘signlfrcantfsexual d;fferences in.
trait expression,).Overall, AmericanfMongoloidspare_rather

~diverse in both degree of sexual dimorphism exhibited for

the Carabelli feature and tendency touards male or female

1 ‘ i

trait predomlnance.

Szmple Mendellan (autosomal) models were orlginally .
% :

f thought to g1ve the most satlsfactory explanatlon for

frgﬁughcies of Carabelli convexities and'traitfpresence,’andfT"



B ev1dence to support ‘this paradlgm,_as grade and tra1t T

f' %} .yf.~ o o ft,: ‘ 198

observed Carabelll phenotypes (see Lasker, 1950)f :Kbrkhaﬁs,.au
- 3 -

(1930) was apparently the first to propose a Mendellad\\~

'dom1nant model, based on hls ;\ﬁopean tw1n studges. . Dietz’ su;

-

‘(1944) examlnatlon of Amerlcan army personnel produced some
& L

A _1nc1dences seemed to reflect Mendellan ratlos (although the

>

',author did not bel1eve th1s was ‘the best 1nterpretat10n of

hls»results) Tsu31 (6958) stated that a s1mple domlnance
: . _
J,model w1th 1ﬁcomp1ete penetrance prov1ded the bes§ f1t for

A .
the data (1nclud1ng pedlgrees) recorded for his Japanese '_
'populatlon. Hanlhara (l9631_7aeched a 91m11ar conclu31on 1n',

- hls 1nvestlgat1on of the Carabe111 cusp frequencies found 1n

-

several "homogemeous (Japanese, Euro-Amerlcan,‘Afro-

Amerlcan) samples and hybrid Japanese-Amer1can samples.

Kraus (1951) proposed a codomlnant, autosomal allele _*”b
-

model on the ba51s of‘h1s ana1y51s of elght Mexlcan and B
,Papago ped1grees. Turner (19614/ 1967b 68 l969a) accepted
'_thls mode and found no 51gn1f1caht dlfferences between f ]fﬁ’ji
“observed and expected values in- his study of sevbral Arctlc

l?,.

' gfoups (v1z. Aleut—Esklmo, skeletal and l1v1ng'Kon1ag,

h Athapascans) However, hls,samples were small and the f1t o
with hls results 1mperfect (see also Cad1en, 19%6)

In opp081tion’to thls theory, Kraus (1959) and Goodman
. :
(1965) concluded that the’ codOmlnant paradigm could not /;
account for many of - thexr'observations.. Also, Sofaer (1970) '

"proved that the methods}used by Hanihara (1963) and Turner

!



“~6;3:4 MethodologY*for‘Carahelli Trait. -

B g(P#lZA, P#lZB, P#14) were avallable at the Unlver31ty of

~. a

B A S £ T

"(1967a, l967b 68- 1969a) ‘were 1nva11d. Lastly, Goose and

R Lee (1971) demonstrated that none of the three poss1ble two- _

aklele models could generate a Hardy-Weinberg dlstrlbutlon

¥

"f of values adequately descrlblng the frequency and pedlgree

ata recorded for their leerpool populatlon.~

] S

Dietz. (1944)- suggested that ‘a multlfactorLal model

& prov1ded the. best explanatlon for observat1ons made ‘on the

'b [}

C s Carabe111 traltr Kraus (1959) came tO'a~s1mllar conclu51on,ﬁ

H'On‘the baSis of his'work‘on Amerindian sampleq,band'a'number

RO
*

: o% other authors have expressed the same be11ef (e. gf,'

Dahlberg, 1963a, Goodman, 1965 Goose-and Lee, 971)
1

‘ Sofaer (1970) stated that the tra1t was probably qua51-~

'-cont1nﬁ6us in nature, an oplnlon shafed by Ba1Iit et al

V(1974), Harris (1976),.Townsend and Brown_(l981)x and Scott

and Dahlﬁerg 1982) This_modelp mhich:postulatesApolygenic

inheritance and quasicontinous phenotypic expression,'iS'now

, .

the most widely accepted one (Klrveskarl, 1974:35;'Scott et

T  e—

103, 7' W

Dahlberg s (1963a) e1ght~grade scale, w&th_Mayhall's
(l979b) and Scott s (1980) mod1f1cat10ns, was-used tthcore
thg Carabe111 polymorph1sm (see Flgures 16a,16b,.pp l73f.7
.174).\_Th1s was the cla531f1cat1on followed by K.E~ Wright;

(1977:19-20) Wh1le none of the Zoller Laboratory plaques

S,

[4

P Xt



'“Alberta,'it was felt that specimen casts approximating"

"Dahlberg s (1963a~'Table 1)-and Scott s (1980 Flgure 49

~

_1llustrat1ons would sufflce for the purposes of

';standardlzatlon in thls thesls.

P.J. erght (1974 27) adopted a flve-rank scheme,'based

" on Kraus' (1959) ratlng system.. ‘This . system COn31sted of"-
s,

-the fe@low1ng categorles- (l)vimooth-*(Z) one or two plts,
(3) ‘one or two grooves- (4) weak tubercle w1th a. fused ap
"a%dl(s).pronounced tubercle_w1th.a free apex. Dah%berg s{\

_scale*was'used in preferenceito'Kragp' scheme because the

-former was much more comprehenszve and prec1se in 1ts

cla551f1cat1od of Carabe111 varlatlons, and could also be
collapséd'xnto fewer categorles to fac111tate comparlsons

1

wlth other gradlng standards. h;

Observatlons were taken on both 51des of each cast, so -

o
H

that 51de and 1nd1v1dua1 counts could be made. In" caseS'ofv

-lateral grade asymmetry (for the. 1nd1V1dua1 count), the"
3
spec1men was assrgned to the hlgh

’

wass. All t:hree mqlars -t
E. Wright (1977 36 38) "_‘

,also'examlned all three teeth whlle P J. erght (1974 78 81)

.4were con91dered in thls study,‘K

vonly dealt w1th the f1_st two (M} and Mz) _;’ »«J“} _ﬁ-;%:fl

in, regard to scorlng a few of th)e S

pr—

SR Someproblemsaros

<

,Carabelll man1festat10ns._ S Klrveskari (1974 37) has °

'noted, the\‘Bsence of groove around the ”bulge” type of

— ~ o~

-convexlty can - make it dlfflcult to. dlscern a sllght

o

promlnence, for procedural purposes, only a distinctlve

-
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protuberance was accepted for thls categdry' Also, a very

tdf careful examlnatlon was made of the occlusai and

me51ollngual surfaces of ‘the protocone, to ensure that the.'f’rf
mesrollngual occlusal grood! was not rated as a. Carabell1t
f“.c fuvrqhh 1 e that all" Carabe111 1ndentat10ns ended

d1st1nct1y below (cerv1ca1 to)- the mes1al marglnal r1dge.

?;1:‘ Flrally, the shallgw, subocclusal, tr1angular depf%551ons__ T
_ somet1mes occurrlng rg the me51011ngual atea were recordedf}*#LVﬂ

' " ,as Carabe111 var1at1ons (see Flgure l6a, p. 172)

’ .‘ B ] \ o T v .. .. v’, .

’6.3;5 Observatlons ‘on Carabelll tra1t..,, .-ﬁ;

e ‘J

z;": The general pattern of Carabell1 manlfestatlon was
,f:reflected in: thewupper teeth ofsthe Gr1msby sample (see '
Tables 12a 12b, pp.‘202 203) " The flrst molar showed thehA
hlghest 1n01dence of the tra1t (68 5%- nq54), mlua.the ;.
ecoﬁd and third elements d1spla¥1ng much smaller ‘
proportlons (7 5% n = 53 and 5. 1% n = 39 respectlvely) “fﬁ'./,
1;;' The f1rst holar also exh1b1ted the only tubercular , i
| 'express1ons of the Carabell1 feature (S 6%), whlch took the
form- of a “broad (p031t1Ve) cusp—outllne and weakndf,f'
| convexltles,vand the only "negatlve cusp-outllne phénbﬁypés}?
(3 7%), 1nc1ud1ng both the double groove varlatlon and the :;:
Y—shaped furrow (two spec1mens) Therefore, both tra1t |
frequghcy and 1nten31ty decreased posterlorly (from Ml to

3) for thls Neutral populat1on.», e CDTT



J';ffTABhE 12a. 'CARABELLI TRAIT OF MAXIELARY MOLARS IN THE
- Ul GRIMSBY SAMPLE OCCURRENCE BY SIDE.“

THIRD MOLAR . -
L R
“'SIDE- SIDE

~ FIRST MOLAR .
L cR- .
~ SIDE .SIDE

. MALE .-~ - .. L R
os0 6 8T 220 23
L k=24e s (120 )d,;; BEETES S |

v?;3 4++ ‘_f _1;7/(~O'_.i;}ﬂ i-rfO"”"O :

15 6+++ ; IO B ¢ B 01

o ®oow |-
S

5 total ~Te 20 23 28
- L/-ﬁ_._‘ - LT

FEMKLE

//i 2+,'ffﬂfi 3
/3 -44+ . o 0
C5=6+++ . 0

00w~
OO+
OO W .

o
”H;:y .y:"."
(S

‘oo M® -

v ‘;étalaﬁy”'lé._f;Zl CCCTM»C_”CIBFC»'zzfx. : 14

‘aLL oy S e

S0l 14 170 0 42 4
'_Ll 2+ L L .25 :28‘4 R g i

Seetb 2030

oo w
OO Wo -
‘";’é**“

| totaig'v.j44~f;_$owl:':fm,lj'451'; 39 24 30,i,'.'

S S

R Category 1ncludes 81ngle rldges, SinglejgrooyeEjandf??.7:
: 51ngle or multlple pits.v “; . ij‘_-~~f4j;3 “'L D
o ++ Category 1ncludes negat1ve cusp outllnes, 1.e. double
' grooves, Y%grooves.” L : : -

_ . L . Lo wis
-ﬂ+++ Category 1ncludes strong p051t1ve structures,'_.e;}
. cusps, Cuspllke emlnences.‘r T n R
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} TABLE'lzb};"CABABELLI TRAIT OF MAXTLLARY. MOLARS .IN THE
e . GRIMSBY SAMPLE:  OCCURRENCE BY' INDIVIDUAL., f

D —

FIRST MOLAR . SECOND MOLAR THIRD MOLAR

ALL.

1”$Ex~$t

INDIVIDUAL
()

»INDIVIDUAL

(%)

INDIVIDUAL

£ ()

.MALE . .
R
Cle24
C O 3-4++
5-6+++

.6 {27.3)
15 (68.2). -
1v"0'(0q0)'
1. (4.5)

25_(96.2)

1 (3:8)"

0 (0.0) -

0 ¢0.0)

16 (94.1)

1 (5.9)
- 0:(0.0)

”QT(O*QY L

. total
- asyn.

»'FEMALEﬁt

0

12+
L 3=4++
5=6+++ .

5T

10 (43.5)
" 13 (56.5),
"0, (0.0) -

0 (0.0)

———E (1657

1/ 0]

217 (91.3)
-0.(0.0)

0 (0.0)"

— 17i(lbd):‘ E
oL to]

19 (95.0) -
71 (5.0)

0 (0.0)
(0.0)

‘total
. .asym.

0

Co1-2+
U 3-4+¥+
t5_6+++

23°(100) .
T

17 (31.5)
32 (59.3)"
T2 (3.7).

33 {1007

‘ o/2;[0]

2.

oopo*

(
{
(
(0

OO\Jxo
‘(E*"m

<5
. o n
. 0

37 (94.9) .
2 (5.1) ..
0.(0.0)
0 (0.0)

total S

541007
12/40 55}

"53 (100),‘
2/ ]

39 (100}

‘20/2_;01'

++ Category includes negatlve cusp outllnes,

‘grooves, Y-grooves.»--

cuspﬁ,

' + Category 1ncludes 51ngle r1dges,
" single or multlple p1ts

single'grooves and

[

ey Category. 1ncludes strong p051t1ve structures, i.e.
cuspl1ke emlnences.

L1 Number of specimens’ show1ng weak express1on (1) on one'
' 51de and absence (0) on the other.v*‘ - :

e
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3 Ti\; -'broad cusp-outllne" grade (see Flgure 16b, p- '174) ,
v" .' . )
,l‘was originally deflned by Scott (1973 30 31) as.a form R

”1ntermed1ate between the Y-shaped furrow and the Carabe111 e

T . .

'tubercle, hut was later placed 1n the second category

(Scott,p1980) ‘ It ‘was descrlbed as a'“large but falnt Cuspr :

Y &

J_voutline.fv The Gr1msby spec1men (Fe9#15 sex unknown) put ;’{'

'u:1nto thls class showed a: weak but dlstrnct llhgual (M )

"promlnence, del1m1ted me51ally and dlstally-by two. dlstlnct -

-grooves.

Wh1le the observat1ons~were or1glnally made us1ng‘a
r_mod1f1ed ver51on of Dahlberg s e1ght-rank system,vthe final -.
h'statlstlcs w%re glven 1n a condensed four dlvxslon format,

v-after the style of Alvesalo et al. (1975) and Kleser'

Kl984a) The four hlghest categorles of Carabe111

.M anlfestatlon (excludlng “hlgh cones,v whlch were not-‘
- found), were SO small in s1ze* totalllng Just f1ve
' .spec1mens, that it was more practlcal to comblne them 1nto
two larger groups,.v1z.lstrong negat1ve express1ons (grades
; p, : : .

-4) and strong p051t1ve expre551ons (grades 5-6) The :

_l-two weakest phenotypes (classes 1 2) often occurred on the'

v_';f1rst molar (59.3%) and were clearly the predomlnant

: ~Carabelli forms on all upper molars. However, half of all_'

l-the asymmetrlc cases -on the flrst molar (6/12) rnvolved a .

—

T‘»"groove" On one srde and a "plt-depresslon" on the other.”*ﬁ .

'7”suggesﬂ1ng that the tWO var1at1bns are closely related.

o . _ ] .

=



;Z?‘:v_:' . p t,pt.‘i,,: v20§:
.There was also a "morphologlcal contlnuum between- |
'_these two negatlve structures. The. characterlstlc phenotype -~
ffwas that of a short (c1ngulum?) groove w1th a trlangular (or
sometlmes c1rcular) 1ndentat10n at the occlusal end (see .
F1gure 16a, p._173) In class l varlatlons, the groove was
the domlnant expresslon, and the p1ts were*mlnute, whlle.rn‘
class 2,_the brlangular depre551on was g@% domlnant | |
express1on, although 1t was Stlll rather small._ In some ’
cases from the latter group, thls trlangular form lacked a
dvgroove on ‘one flrst molar, but not on the contralateral
There were Just a few erceptrons to the general form of
th‘ "p1t".express1on descr1bed ab0ve.' Only one spec1men
(Fe9#43, LM2) showed ‘a typlcal Carabell1 p1t,’as deflned
prev1ously (see pp 175 l7§), on the 11ngual protoconal
face- thls was . assoc1ated w1th a m1nute accessory(plt (see
| Flgure 16a, p.'l73); Dahlberg s (1956) smal subocclusal
p1t manlfestatlon was also observed, in sev;:;E’1nd1v1duals
(e.qg.. Fe7#1, RMl Fe9#22, RM ) Isolated, minute pi:;'were'
found in two cases (Fe9#42 RM3 Fe46#1,VLM.), whlle 31m11ar
'1ndentatlons occurred (unllaterally) w1th grooves, as |
| accessory and adjagent va;rat1ons on two casts (three |
teeth) | | ‘
In regard to.p051t1ve expre551ons, the‘nost‘conmon

klnds weﬁe weak, r1dge11ke elevatlons.’ These structures‘

were generally found assoc1ated with grooves (as anc1llary ‘
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K forms), espec1ally on the f1rst molars,:and nearly always
occurred as® class 1 manlfestatlons.: They were recorded as
1solated (unllateral) varlatlons in only tﬁo cases (on M1

,and M ),‘and were: not observed on the th1rd molars. Asv |

-

: noted above, dlstlnct Carabell1 protuberances were rarely :

-

“.seen 1n ehe Grrmsby sample- there were: no examples of the -

i."bulge" phenotype that 1acked de11m1t1ng furrows.ie

R X
. There was no ev1dence of strong sexual d1morph1sm for

v"the Carabe111 feature 1n the study populatlon.! The male _

| tra1t 1nc1dence (72 7%) was dlstlnctly hlgher than the

_.female 1nc1dence (56 5%) on.the flrst molar' tralt -
'l_._"'_proport1ons were too low on the other two teeti?h (M agd M )

for any conc1u31ons to be drawn regard1ng thnse elements.}f

The stronger p031t1ve expre551ons were also‘mgre commonly

: ,found 1n male dent1tlons (4 5%) than female dentltlons'

(0. 0%) v However; these dlfferences in txalt and grade
;(tubercular) frequenc1es were not s1gn1£1cant.rvz flhjff'~";i

There were 12,casts 1n the Gr1m@by sample Whlch,l]
dlsplayed some form of asymmetry (o%éthe Ml) for the_f

fCarabell1 tra1t. However, as prev1ously noted, half of

fthese cases belonged to the rank l/rank 2 klnd discordance,.“jd“

';fThe other asymmetrlc spec1mens were generally of the'
smooth/31ngle groove type, the only exceptiﬂn bezng a male.

771nd1v1dual (Fe9#42), w1th a negatlve cusp-outllne on one

""antlmere and ahweak conVex1ty .on the other. Overall

'“-“presence-absence asymmetry was therefore only 9 3% (5/54),£f5ff*

J .
gl
L

et



| | v
-‘whlle total gYade asymmetry was 30. 0% (12/40), using the
f.e1ght class system and 15 0% (6/40), u51ng the four dlvlslonmfd
'scale., There was no ev1dence of strong sexual d1morph1sm 1ns
,,,e1ther presence-absence ‘or grade dlscordance, although male <

values.were slxghtly»hlgher,‘”

o LT c o TR VP

'6 4 Lateral cusps on . the max1llary molars.

L

6,4;1' Varlous aspects of lateral cusps.~

Lateral cusps are accessory elements wh1ch occur on thef,,*i

\sl"51des"'of molar crowns, and only rarely reach~¥he occlusal
plane.' They con51st“of'two ma1n types. paramolar tubercles,
j,wh1ch are found On the buccal surface, and entomolar .
“‘tubercles, whlch appear on the llngual aspeCt (see Flgure
f.7 :p. 208) The Carabe111 cusp can be 1nc1uded w1th the
"S\_ entomolar tubercles- however, un11ke these 1nc1dental ;-
features, 1t 1s not ‘an anomaly, butrither a common tralt _

’form, and has therefore been cons1dered separately.

. Paramolar tubercles were flrst descr1bed by Wlndle and »

# Humphreys (1887), but the term "tuberculum paramolare was'"
FX\ ",cornedpbvaolk (l914-*1916) and used 1n hlS semlhal papers
\y' 5on”these'lateral convexltles. They may occur at var1ous
N

\\51tes on the paracone, as*well as on the metacone or in the
N _ :
no;jh between these two occlusal cusps. Occa31onally, two

-ac essory (usually, me51obuccal and d1stobuccal) elements can ';

be ob erved on the same tooth- in. very rare cases,,three or

: fac1al convexltles have been found on a 31ngle

: .41. eVenvfo



'F‘igqrf‘e:l?\. ' Latefavl’il_cﬁsps‘qn_‘ maxillary molars. R R

e ®

. -m‘:one .

protocohe_ |

3

Var;ous poa:l.tione (a-r) at which lat.cml

cuops lidtt. occur. o o o



fmolar (Korenhof, . 1960:315-326; Kustaloguly, 1962; Woelfel,

R S

1984 225) Paramolar tubercles are generally cone-shaped or ffﬂ

—_—

‘.cuspllke formatlons,_large forms are sometlmes associated

‘with a separate or part1ally-fused radlcle (Bolk 1914-' S ,l

| 1916“ Pedersen, 1949: 134,137). B '7"jy 4 ;?,:-5“?:]la

. .d,A .
S P

Entomolar tubercles also occur at several dlfferent‘-f,

rloc1 ‘on the upper molars. It should be noted that a large
:convex1tv (sometlmes, two small protuberancesf w1th a root“i
growth may occa51onally be found at the Carabelll s1te on’ “
“the third molar (Turner,. l967b 196~ 97- Taylor, 1978 252-}

.253 275-285).. Accessory palatal structures have also been.

found on the dlstollngual aSpect~of §:i~protocone, ‘on. the

"‘hypocone, and in. the notch between these two occlusal cusps.:

oEntomolar tubercles are generally 51ngle (sometlmes double)
'cone—shaped or cuspllke formatlons, whlch rarely manlfest a.
';free or part1ally-fused radlcle (Pedersen, 1949 134 137-
1;'Ka11ay, 1966--Taylor, 1978; 272,275)

Large entomolar and paramolar structures are composed

niof enamel and dentlne, and may have a pulp chamber, and also '

.:a canal when a separate root 1s present (Kallay, 1958-.
1966) These large formatlons are most llkely to occur on_
“the me51obuccal or dlstol&ngual surfaces (rarely, both |
f,aspects) of the- upper molars, and geperally have ‘a free apex
: (Bolk, 1914 1916) Sllght convexltles composed only of

~~.enamel are also found' these -are assoc1ated w1th weak,

-51ngle grooves or. pits (Kallay, l958~ 1966)



haEEIdL Cusps. are gcucxa.L.L_y MEL1ISVEU LU allise - Livm  Lue o
& . :

;basal c1ngulum (Dahlberg, 1945a; J?rgensen, 1956:72-74-

'ﬁ_Korenhof 1960 326 329--Kustaloglu, 1962) - However, Kallay

:fd(l958' 1966) contends thaé the large, pulpal paramolar _1'

tubercles are. formed by the fusion of separate'"dentlcles”

1th the protocone, a be11ef eV1dently derlved from Bolk s

) crngulum.f Whlle most contemperary authors would \

<

5 rt’ Korenhof”s V1ew (e g Saka1; 1982), Taylor

o ] N " .
(§§78 248 278 335) apparently holds an op1nion s1milar to B

.oy . .
. . -«

"that expressed bx\Kallay}‘}ﬁfifl'
% N

e
A 2

Whlle late;al cusps

;fiest known from human"'

5;edent1t£bns (among pr1mates). they@have also been noted on .
“'modern anthropgld teeth.: Medlollngual tubercles have been
.‘found in the upﬁer molars’ of baboons and capuéh1n monkeys'
d:'(W1ndle and Humphreys, 1887- We1deﬁ&e1ch, 19373.76) Afﬁ
nﬂ'small convexlty sometlmes occurs in a sxmllar positzon on C

o the . second.molar of thejdorlllajfln assoc1at10n with the |

:V;,Carabellll“cone" (Korenhofﬁﬁ1960 272 273) Paramolar )
:'tubercles have been observed in a few bagbon, spider monkey
'and macaque teeth (W1mdle and Humphreys, 1887- Odio de f7d~“”dh

:"Granda, 1927- Korehof, 1960 323), and they oecur very rarelye'
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may occa51ona11y show p1ts or weak grooves ‘on thé buccal
il”cusps of the two anterlor molars (Korenhof, 1960 322)

| There has been some dlsagreement over the phylogenet1c
“51gn1f1cance of lateral cusps, whlch malnly concerns;the
‘pfac1al types, lthough Saka1 (1982) found an extra
vdlstollngual element on an’ Eocene tar5101d tooth.. Dahlberg
(194§£T/app11ed the term "parastyle" (borrowed from "
'hpalaeontology) to the me51obuccal tubercles of human upper
;molars Kustaloglu (1962) accepted thlS nomenclature, and
also equated the pr1m1t1ve eutherlan "metastyle w1th the

'accessory dlstobuccal conveX1t1es sometlmes seen in modern‘

man. Paramolar cusps were therefore glven some 1mportance as

,ancestral prlmate features, as both the parastyle and

'_.metastyle occur {Q the upper dentltlon of Pafeocene and
‘Eocene ple31adap01ds, lemur01ds and tars101ds (J?rgensen,

| 1956 120 Korenhof, 1960 318~ 319 Sakal, 1982)

However, these v1ews have been serlously questloned by

»other‘workers. J?rgensen (1956 121 152~ 154) .and Korenhof

'.(1960 329) have demonstrated that me31a1 paramolar cusps are

'~not homologous w1th the anc1ent pr1mate parastyle,cbecause
these tubercles are v1rtually always separated from the
typlcal parastyle locus by a’ curved or. semllunate furrow.;

Korenﬁnf (1960:329) has also stated that in hls endocasts, a

”,d1st1nct vestlge of unmod1f1ed c1ngulum occurs between the

Aarea.of,paramolar manlfestgfion-and the usual s1te;of.the o
. R . . w__ . . - . ) - :

e



.

&

: dlstal paramolar struptures and the ﬂetastyle (Jordensen,

1956 123 134). '"v'i_ ST T

-

'Sevef -uthors concludeﬂthat.lateral cusps.lack,any E

1gn1f1cance and are merely fortultous o

phyiogenet1ch

,

’Q varlatlons result1ng from ontogenetlc acc1dents (Jorgensen,‘

1956 72-74 orenhof,,1960 329- Taylor, 1978 254)
Jorgensen (1956 73) remarked that upper paramoﬂar

convex1t1es are not known for any, extlnct prlmate forms

, whlle Korenhof‘%lQGO 318 321) falled to find any max1llary

fac1a1 tubercles in hls exam1nat1on of fdssll pr031m1an and

hom1n01d teeth,_or in h1s survey of foss11 hom1n1d

B dentltlons (Korenhof, 1960-324—325) , Roblnson (1956 84—"

85 89 ao, 96)‘observed Small me51obuccal protuberances on’ a?

u.B

few grac11e australop1thec1ne molars, but these expressrons
are apparently true parastyles and not paramolar elements
(see Korenhof, 1960 324) _ “.f (_'; '“kh,-_f-éj_ae

There is some ev1dence that the me51obuccal tubercle

feature 1s not'an anomaly,_but actually a polymorph1c

. *.

character like the Carabellx tralt._ Kustaloglu (1962) noted.

the very rare occurrence of a short grgpve w1th8ut a

z

‘ W
protuberance on the paraconal surface, and proposed the )

. exlstence of an “upper paramolar complex,* compr1sing

s -

negatxve and poslt1ve var1at1ons. The formef would include

-

grooves and probably plts, the latter would consist of weak’

~ »‘_"’\,J. - w

or small convexltles, mediumhs1zed cones ot cusps with a'



' on thls antlmere:

j1949 133, 136;

.F‘ilipﬁ"‘ Hawaiians,v"'Negroes"_.‘,‘ "Whites". Other_noﬁ-;.'f,'

;(Ibid.:-Jorgensen,,1956-153r Korenhof4 1960-316-317- Kallay,

; 966) Turner (1985 1987) has adopted a s1m11ar v1ew and

outllned a 51x—rank scale to descrlbe me51a1 paramolar '..

phenotypes.'g ,‘: A_ .o

Modern human dentltlons dlsplay a pattern of 1ncrea51ng“‘

1nc1dence of paramolar man1festatlon from the flrst upper

= molar to the 1ast_pne (Korenhpf 1960.326- Kostaloglu, 1962-

_Turner, 1967h.99,102) Budcal'tubercles are so rare on the E
fanterior molar that earlier workersA oncluded they d1d not.:

’ - - B . o : . . . : K L .‘
“oécur-on this tooth (e‘gQ‘Bolk, 1914‘-1916-.Odio'de Granda,

.1927) However,‘a few)authors have reported thelr presence

(Windle and Humphf\gs, 1887° Pedersen,-

1{‘L9392 Kustaloglu, 1962; Kallay,‘1966)

bAccordlng tO»Kustﬁloglu's‘(l962) flgures;.the overall dental‘
s_proportlons forggﬁcessory fac1al cusps (comb1n1ng all ‘nine h;
‘ s . 0  a
study groups) were the follow1ng- 0.1% (on the Ml), 2 8% (on ‘

'the M2),’and 4?9% (on the M3) | Most of these paramolar‘

expre531ons ‘are. paraconal element5° 1ntermed1ate and
, -

metaconal convex1t1es are found much less frequently (Bolk,

}914 1916 Korenhof, 1960'326' Kustaloglu, 1962)

aKustaloglu (1962) was apparently the flrst worker to

,undertake a survey of paramolar cusp 1n01dence among several

—-

-dlfferent groups. Four of h1s<n1ne,populatrons dldwnot'

R -

Ty

?manifesthfaCial tubercles on anyvof”the.upperdmolarf‘(viz.'

3
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Melanesians).on»the thirdfone;‘American aborigines'(ancie;t;
Peruv1ans, Northwest and Southwest Amerlcan trlbes) o
‘showed the hlghest proportlons of buccal tubercles on these.‘f
:two teeth car4% ‘5% - (on the M2) and ca~7% - 12% (on _ f'%z
fthe M3y, ' o SR
| Turner s. (1985) study 1nvolved a number of Amer1can‘and

'nEurasian populatlons of whlch\ten samples scored for the =
v_me51al paramolar feature’(on M3) were large enough for‘
'purposes(g% comparlson., Arctlc Mong0101ds dlsplayed the
'fhlghest frequenc1es (ca. 6% - 9%) for th1s character (v1z;
"-Aleuts, Esklmos and northeast A51ans), whlle South Amer1can I
.fnatlves showed an 1ntermed1ate ﬁnc1dence (6%) and North
'Amerlcan abor1q1nes exh1b1ted the lowest proportlons (ca. 3%
f 4%) among New World peoples. Southeast A51ans
'("Sundadonts") and Europeans (Scand1nav1ans) were. least
‘llkely to manlfest me51obuccal tubercles (l 3% and 1s 4%
f:respectlvely) : It appears,»therefore, that Mon90101d (and
part1cu1arly Esk1m01d) groups dlsplay the hlghest frequencies
'of paramolar cusps, a suggestlon made prev1ously by Pedersen g
i,(194g-136-137) ,,t o ivhgl;,:_ﬂ'?v- .? i:‘_v{pj;n
'5‘; “The:’ h1gh 1ncldence o pperlparamolar cusps found in.
- jnorthern Mongolo1d samples has led Turner (1985) to include
J o

thls feature 1n hls "Slnodont" complex. Mesiobuccal

tuberclbs and other Slnodont tralts are thought to have,'

.'T"A



f{strengthened the cheek teeth of'ancestral Amerlndlan and
“'Esk1m01d populatlons 1n northeast A51a, by the addltlon of
-*_751gn1f1cant mass to'fhe molar crowns. Thls would 1ncr§ase
lthe "dental llfe“dof the maJor grlndlng elements,‘under the‘y
h,harsh dletary condltlons endured by proto-Mongolo1ds 1n the 5,; .
ylate Plelstocener; However, other workers (e g.- Korenhof,l
T%&11960 329) belleve that accessory fac1al convexrtles lack anyj

sort of'functlonal 31gn1f1cance.

D

)

L ;3 L1ttle work has been done on the aspects of asymmetry
‘jand genetlcs 1n regard to paramolar features. Buccal
-tuoercles are usually un11atera1 on the first and second

._pmolars, but have an approx1mately equal chance of be1ng
‘lbllateral on the last tod/h (Ole de granda, 1927-"'
::Pedersen, 1949 133 ‘35' Kustaloglu, 1962) éexual yhff. .

.';dlmorphlsm is not ev1dent from Pedersen s (1949 134-135) °
';flgures Turner (1967b 98) found no 51gn1f1cant dlfferencej~

:fbetween male and female paramolar frequenc1es 1n h‘s pan—i'

-jArctlc cranlal sample. It seems, therefore, that fac1a1—f“-"

! . : - : v

[

S .cusp characters are autosomal in_ nature and have an._
'1ncreased tendency towards b11atera11ty on the thlrd molar. S
/* ;_{{‘~' Entomolar features appear to be anomalous var1at1ons.f; _””

They are generally much less common than paramolar cusps and
are usually found in the dlstollngual p051t1on. Accessory .

palatal tubercles occur most often on the posterlor molar,‘.
o8
g 2

probably because thls tooth is the one most 11able to

qntogenetlc acc1dents (Bolk, 1914- 1916- Pedersen, 1949 134,_sf-f
E | ' ' e Tmu;'u:f '1. . _ou_f
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'136) 5 Entomolar convex1t1es are very rarely seen on the

flrst molar, and only a’ few ekamples have been noted for the

- : : ' - :

second one (Pe(dersen, 1949 134- Kallay, 1966) Turner s
[ (1967b 99 102) pan-Arctlc samples dlsplayed an’ 1nc1dence of

'_‘_only O 7% (on the M3) for mes1ollngual tubercles (and 0% on

i the Ml and M2) ' Pedersen s (1949 134 137) Esk1mo skull =T

.. series showed unusually hlgh dental proportlons of 2% (on

" the M2) and 4% (On the M3) for accessory palatal cusps, o

'. suggestlng tl'rat- some populatlons may be - more prone to

odontolog1cal '_'acc1.dents" than othe_rs. _ R i -

‘6.4.',2. Observatlons on lateral cusps. -

: vThe Grlmsby populat1on showed the expected pattern of

e fupper paramolar manlfestatlon, w1th 1. 8% (n 55) dlsplaylngv B

, jlthe character on the second molar and 5 l% on the thlrd one.“ :
'The feature was, located on the paracone 1n all three )
‘cases, w1th the t1p always belng well below the occlusal
'-.surface. In the mngle male example (Fe36#6003 LM2), , 1t g

"t‘:ook the form of a small fac1a1 convexlty w1th a broken '

' :(fused?) apex.v . A t1ny accessory cuSpule w1th a- separate t1p3_"‘~:

. was fOlmd ln one female 1nd1v1dual (Fe9#5 LM3), ‘on the P

o .'me51obuccal corner of the last tooth.. The sole 1nstance of
‘bllateral expre351on occurred m another female specxmen'

,iv'(Fel7#4, M3), where the left antlmere exh1b1ted a - A T
' "protrudlng, med1um-s1zed fac1a1 tubercle and the r1ght I

',element'," a: s'mall,‘ fu-sed"‘cone“ at its -me-slobucca_l,corner. R
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Accbrdxng to the data glven above, the'paranolar "traitw;is

- much more strongly manlfested on the left 51de than the,'
' L : .

rlght..'; S A

Dlstlnctlve llngual tubercles were. not observed 1n the-

hvérrmsby sample._ However, a 51ngle female 1nd1v1dual
.'(Fe46#1) dlsplayed a weak, grooved emlnence (assoc1ated w1th
;Severai mlnute p1ts) on the hypocone of the rlght posterlor'
4molar,v and tow. tlny p1ts on the same c'usp of the |

“contnalateral tooth These expre531ons are apparently'

'ﬂcomparable to dlstal entomolar convex1t1es.

-,



CHAPTER 7

o MmDIBULAR MOLARS.. Ly

v » . i ' R ,\.J-‘ ;
7.1 Introduct10n0'1;: L fﬁ- PRI
- ‘ ,f“ *7_\\M; R R
Thls sectldh w1ll deal malnly wlth the anatomy,

. L 0. N \
vphylogeny, racia& war1at10n and genetlc aspects of f1ve

[ 2%

H'dental characters- the hypoc0nu11d ("flfth cusp"), ”;_t,f
nentoconulld (“31rth‘cusp") an eti:onulld (“seventh cusp"),
-the occlusal groove pattern ("Y" A“AZ"X" types) and the
'protostylld (me81al paramqlar) pqumorphlsm., Ig.add1t1on,fi;h
the deflectlng wrlnkle tralt, assoc1ated w1th the Y- flssure.
:conflguratlon, WIIl be dlscussed here. M1nor features, v1z.
'supernumerary occlusal and 1ateral convex1t1es w111 also be;v ;
fcon51dered 1n thls dhapter. o "“”";f_ pfa;}}fk;ft“gl?jtr‘
~ Cusp number,_groove conflguragron and the deflectlng‘ ,y:'-

: wr1nk1e character w1ll be dlscusse together 1n the same

}\

:‘subsectlon.‘ Proport1ons of the several cusp and groove.

Q‘forms const1tute the most w1de1y reported data for thei'
: p ‘

‘ mandlbular dentltlon (Morrls[ 1970) A number of 1mportant

X

S L

‘jstudles on Amer1can Southwest tr1bes haVe con81dered

:the frequenc1es of occurrence of’ the dr(ferent f1ssure;

‘}:patterns and the varlable occlusal cones (viz;"c5,.c6, c7)
Mto be dlagnostlc of rac1a1 aff1n1t1es, qu. Neison (1938),~>

Goldsteln (1948), Dahlberg (1951- 1963a), Morrls (1965:58-+

g 60), qutt (1973 33 -38,196~ 213, Scott and Dahlberg (1982)



e

'f*these features

';iMoorrees (1957{ L-

SNy

: Several major papers on Esklmo1d groups have also exam1ned

'e.g_ Pedersen (1949 116 117, 129 132), o

46), Turner (l967b 76 86 96 183' 1983)

‘A few workers be11eve that the deflecting wrlnkle fi.‘.

"‘1nc1dence 1s also of some ut111ty in. populatlon compar1sons,.

‘:(1983-'1985)., Supernumerary occldﬁ

'morphological interest.'n v o T:f" gf v'nﬂ-3'

'"marker tralt" for Mon90101d samples when 1t occurs in hlgh '

.<frequenc1es, and has been examlned 1n several studles of

"}and have presented stat1st1cs on-this trait for natlve T
’{Amer1can peoples. These 1nclude Morrls (197 ), Scott

'(1973 35, 200- 202), Scott and Dahlberg (1982) and Turner T

AR

alxelements w111 also be '
R : ,

dealt with in thls:subchapter, as a matter of 1nc1dental

. The protostylld polymorphlsm and varlous fortu1tou§= Q.—~“

"ilateral cusps w1ll be dlscussed in a second segment of thls

‘ chapter. ~The former character is commonly con91dered a

.
K v B
P

:Amerlcan aborlglnal dentltlons,fe g. Dahlberg (1951-

1963a), Morrls (1965 60), Turner (1967b 87 95-- 1983), Scbtt

f(1973 36-37 205 208), Scott and Dahlberg (1982) Lateral
n”tubercles 1nc1ude dlstal paramolar elements (and llngual
A;_convex1t1es), but these appear to be anomalous features,'and

Cwill be dealt w1th here only as. man1festatlons of m1nor

B N

'

anatomlcal.concern.
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B 7.2 Occlusal surface features on the mand1bular molars. ﬁL‘ .

v,?.zll Anatomlcal descrlptlon and phylogeny of oqclusal ,
: surface features. o o L iz

K
e

' S B
Hom1n1d and pongld molars are.. essentlally qulnque— '
tubercular" 1n structure (see F1gure 18a bw»pp. 221 222), ;ffh .

con51st1ng .of the remnant of the pr1m1t1ve eutherlan
; tr;gonld;hzlz. the protoconld and metacon;d. and the talonld
| ("heel") elements, viz.: the hypoconld, entoconldJ and
hypoconul1d (Cope,-1886b- Gregory,_1922 362 37? Fflsch
1965 79 80) Onl} the most pg%m1t1ve early 011gocené
catarrhlnes (e g. AE1dium) showvthe.or1g1na1 meslollngual'
# .cusp- (the paraconld) It 1s not‘found in fossil or 11v1ng7'

CE'COplthECOldS, where the molars are bllophodont and
' §

bas1cally quadrlcuspld in. form (Gregory, 1922 290 298 299-J:d

Slmons, 19640 The paraconld was also lost early 1n‘.

edy L

hom1n01d evolutlon,_by the presumed Ollgocene ancestors

(e g. Proplloplthecus) of the dryop1thec1nes and i1v1ng apes;*t}

(Gregory, 1922 286 287 5l§r517) 4“ " o
: The last cusps to be added to the talon1d are also the'
most varlable 1n the human molars. The hypoconulld (c5) 1s
: often greatly reduced ‘or absent (espec1a11y in the“Mz),,lt
| -was. the flnal major cone to arise from the protopr1mate
| crown. and is the last to appear 1n the embryonlc developmenti_y
"vof modern man (Gregory,‘l922 379 475 513 515 Kraue et |
al., 1969 110- 112 296 30\4\ | 'I‘he entoconld (cg) precedes

the formatlon of the flfth cusp in both the phylogenetic\and7v‘
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“Figureflaa. Qcclusal surface features of - mand1bu1ar moIars.
o dryop1thec1ne pattern. (Adapt,ed fron Morris, 1970.)

—pogterior
furrow

. entoconid




. 222
o F_iguré l8b Occlusal. surface features of mandlbular molats.""‘ﬂ_'
o : cusp and.groove patterns (Adapt,ad n-om Jor;msun,

19553197, Fi‘\u'ﬁ 1.) )

X5 pattern
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’molars were clearly descrlbed

ontogenetlc sequence, and may also'be-greatly’diminished'or-
_even lost 1n contemporary homlnxd dent1t1ons (Kraus et : aln

;1969 111 113) However, teeth lack1ng the fourth .cone are -

so rare that they have only a mipQr effect on cusp-.number’

'stat1st1cs (Beynon, 19{1- Braba&{\;lé?l).

'I‘he ba51c cusp and groove;?/ern found o,ﬂ the lower

Black (1890 77-80, 87- 89

‘1897 79-= 82 88 -89), "in the’ late nlneteenth centuﬁ} but were ;
_'flrst glven partlcular de51gnatlons and phylogenetlc : N

v's1gn1f1cancetby Gregory (1916 257 293- 294- 1922 :328, 379) and

‘.Hellman g1928) : In1t1ally, four types were deflned: the

p. 222).

"YS" nse, "+4"."andf "Y4" configurations (see Figure 18b,

—

khe YS conformatlon predomlnates on the f1rst molar and

'"'*the +4 kind on the second, wh1le the l?stﬁgpoth is rather

varlable 1n occlusal surface form (Gregory, 1922 504~

1'He11man, :1928; Kraus et al.,,1969 llO }ll) Jorgensen (1955f

1ntroduced the."XS" and “X4" conflguratnons, whlch

-are most often seen on the posterlor molar and least often

&
J,

'on the anterlor one;?th1s trend is thefefore the opp051te of
the pattern observed for the Y- groove types.. He also noted

-"that the Y flssure systems found on tﬂe two posterlor teeth '

.\"

ftend to appro ch the +-flssure form,.whlle a‘Fronounced

'X-f1ssure contact was most often manlfested on the last

element. . R S T
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The X—groove conformatlon uas orlg1n 1ly - descrxv
complex ofﬂflve cusps wlth me51od15ta1 and buccol1ngual
fflssures, as well -as the anterlor-and posterlor fovea

}(Gregory, 1916 293 294 1922 328) It has been deflned

s mply as the conflguratlon whlch results from the contact o

between the hypoconld (c3) and the metaconld (c2) by a: |
-j,number ‘of authors e g.yDahlberg, l945b, J?rgensen, 1955-
"Turner,'l967b 81- Klrveskarl, 1974 43), but strlctly
lspeaking,gshould also 1nclude the relat1ve pos1tlons of the

'l."

Vzmes1obucca1 and llngual grooves. In the standard YS type,
"the former would clearly be ‘mesial. to the latter, on an"
"occlusal surface formed by f1ve’"cones" (Gregory, 1934: 69°

 Frisch, 1965:95; Morris, 1970). e '

- The YS class*flcat1on of cusp‘and groove patterns-Xsl.

‘compllcated by the occurrence of the “deflecting wrinkle"

| (see Flgure 18a, p; 221), espec1allg/on the f1rst molar and f

'rarely on’ the second (Scott et al., 1983) Thls enamel

- feature-was or1g1nally descrlbed 1n f0531l hom1n01ds as a‘

dge located on the metaconld, whlch causes the dlstal

ens1on of that element (Weldenrelch, 1945:71 72 88)

.'Ialso results in the d1stal deflectlon of the 11ngua1 groove

:ij(Morr1s, 1970) If the wr1nkle 1s strongly developed,_f‘*/

"spec1mens in. whlch the mes'obuccal and lingual grooves are r'
aligned at the lateral edges w111 st1ll show the hypoconld-(;d

_metaconid contaCt- As Morris (1970) has noted, such ‘a “-"’
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f-ratlon represents a “spurlous“ YS pattern, ag the

Ti-j@sflssure would form the “+" type of occlusal surface in the
absence of deflectlng wr1nkle ‘ ) B

'1 ({ ‘f . The utll1ty of the YS c1a551f1catlon as a descrlptlve_
ol category has also been reduced by the usage °f unorthodox'

yer51ons.” Some authors have 51mply labelled the wrong set‘

of flssures as representlng the Y5 pattern (e.g S1mons,,

P e

1964-'see also Roblnson and. All1n, 1966) Others have
| :f confused the Y-groove form w1th +—groove and X-groove‘v“
.rconflgurat1ons (e g. Anderson,ll969b 94° Bass, 1971 230)
'In one case,'the Y-groove category ‘'was even appl1ed to the h-
b»upper molars (Popham, 1956) EEEE
The’ i—groove type was. orlglnally descrlbed by Gregory"
‘(l916;257;_l922;379) as a. cross- llke f1ssure arrangement, |

‘but was used by Hellman (1928) as’ somethlng of a

"wastebasket"fcategory, ‘to 1nclude all ‘more or less regular
occlusal conflguratlonslwhlch would not f1t 1nto the Y—
groove class (see’ Flgure 18b, p.. 222) Jbrgensen (1955

A 1956 :65~ 66) redef1ned the +—groove patter1 as a cruc1form.

A f._.

" variation in wh1ch ‘a central ‘b01nt shaped" contact occurs
. T . .

[ RN,

between all four main cusps,_so that no two seem to have a
& E S i K
wlder basal juncture. He also 1ntroduced a. new flssure .

~ ,
type, the “x-groove class, to label conf%rmatlons 1n wh1ch

“the protoconld (Cl) is clearly contlguous with the entoconld

- v

(c4), whlle the hypoconld and metacon1daare clearly

- A
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/ R T
eparated (cf. Black 890 89- 1897 88- Weldenrelch,’ R

~

1937a 93 96) R : T
3here are at 1east\two klnds of "trans;tlonal“ or

'-“borderllne“ conf1gurations whlch mlght be placed 1n e1ther

"'the +-groove or’ Y-groove categorles (see Flgure 18b, Ps 222)

.Jorgensen (1956 :65- 66) noted ‘the occurrence - of an occlusal

form (“varlatlon A") in whlch the me51obuccal flssurei

clearly lies anterlor to the llngual fissure. (as 1n the Y—

\ groove arrangement), but the basal contact is. p01nt shaped"'

’(as in the +-groove arrangement), aue to strong development
~of ‘the accessory ridges of the protoconld and entoconld.
['Weldenr1ch (1937a 80 88-92) descrlbes several cases

("varlatlon B") where the fassure pattern was’ of a cruc1form

type, but» the hypoconld and metaconld were connected by a.

r

:;lobe or: "narrow wrlnkle" extend1ng from the former cusp (cf

“Morrls, 1970* K1rveskgr1, 1974~43 45) i

Groove patterns,are determ1ned by two bas1c factors.;;

. relatlve cusp size and the me31al sh1ft1ng of the 11ngua1’
oy .
cusps (Klrveskarl, 1974 39) When.the metaconld greatiy

: e | :
exceeds the protoconld 1n 31ze, 1t w111 tend*to have §§~

o

e

:dlstlnctly greater mes1odlsta1 length, wh1ch w111 create a

' Y—groove conflgurat1on. However, if the ggotoconxd is much o

. . ;y E
laréer than the metacon1d, a x—groove arrangement w111 be

",formed- thls w1ll be espec1ally pronoun'eg when the'

o entocon1d is also a comparatlvely larq@_cusp. 'In cases_¢
e A .
.where the two occlusal eiements are about the same size,ﬂh

"'» .

=



+-groove type will generally,result; althoughvthis/gan be'
'altered somewhat by the presence of. the deflectlng wr1nkle

~

_ or the hypoconld lobe (Weldenrelch l937a 78 80 93)
| ;{! The same changes in ﬁlssure pattern may also be‘
prodpced by a shlftlng forward o; the metacon1d and
entoconldﬁcompanled vby the d1m1nutlon of the former and
he expanslon of the latter (Frlsch, 1965 95 104 llO
' ‘Skaryd 1971) . Thls mes1al shlftlng of the metacon1d is
related “to the loss of the paraconrdvﬁy the proto-anthrop01d f
stock in the mld-Tertlary, the f1rst molar 1s the’most |
conservatlve in th1s regard._'While dryOpithecine molars
generally dlspla2>only a mlnor degree of anterior metaconld
dlslocatlon, modern chlmp and gor1lla teeth exhibit a marked”
Adegree of dlsplacement, 'so that the metacon1d 1s often
ymes1al to the protoconld %}rgsch 1965-79-84.140- Skaryd,
| 1971). Homlnld molars also show thlS tendency to some |

'7_extent, although the f05511 ev1dence is scarce (Fr1sch,

11965:85-86) .

' Two majogl ds'are‘involyed in the transformation Of

hominoid mola pm the prlmary dryop1thec1ne state to the

secondary cruclform.condltlon.vthe mod;frcat1on.of the ~

occlusal.surface'(as noted above)gand‘the reduction;anddloss.
y?of‘the‘hypoconulid <cfeg¢ry,‘les;279; 1922?379 475,504) . '

Accordlng to Hellman (l928),.the sequence of stages in th1s

process was'-'YS - ¥4 - +5 - +4. However, Dahlberg (1951)

| proposed that the evolutlonary pathway was e1ther - Y5 - Y4

.
PR

.
N . [ix} » p
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Lo +4 or (much more frequently) - Y5 - +5 - +4, because 1t

cusp number._ In fact, later research proved that the

.

‘~)g oppos1te was true,,groove conflguratlon was much more

1as c" than flfth—cusp man1festat10n (J?rgensen,11955~"

B 4 M rees, 1957:42- 44 Frlsch, 1965-102-103-) Erdbrlnk s f

(1965 1967) plan1metr1c studles have demonstrated that the
'actual order of structural phases was probably ~ Y5 - +5 -‘

X5 - X4 - +4 - Y4 so that the Y4 would be the most evolved
_ The modern apes and their ex{/nct relat1ves show the -
two ma1n trends glven above to var1ous degrees., The Y5 |
pattern is found on the lower molars of early -

protohom1n01ds, viz. Propllop1thecus and Aegyptog;thecus,.m

and all dryop1thec1ne genera, e.g. Proconsul, Dryop1thecus,

R

Slvaplthecus, and Glgantoplthecus. HOWever, the +5»

conflguratlon has been observed on the posterlor tooth of o

’.

some lenoplthecus spec1es (Frlseh, 1965 :95- 99 Skaryd,

“’ - . o .
The 51amang and orang have the most conservat1ve teeth

¢
- of 11v1ng 51m1an forms, w1th the Y5 arrangement occurrlng on

all three lower molars, glbbon and gorilla dentltlons rarely

exh1b1t the +5 occlusal type (under 5%), and 3nly on. the .

1ast element (Weldenrelch, 1937a 85 95 Frlseh, 1965 96 98-

by _
Skaryd, 1971) Chlmp molars dlsplayfﬁﬁe great}st

was. unllkely that flssure patterns would be more stable ghan, o
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th1rd tooth,’where'the”+5 clase‘constitutes the largest'
o category (ca, 45% - 75%) and the +4 varlatlon the second

i largest (ca 20% - 25%) : Even the second molar shows_:

e

'fh-notable proport1ons (ca. 109 - 75%) of the +5 k1nd of (/ o

i surface (Schuman and Brace, 1954 Skaryd 1971) The major"V

factor 1nvolved in the alteratlon of the bas1c hom1n01d cusp

and groove pattern appears to be the reductlon (rather than T

|

the mes1al shlftlng) of the metaconld relatlve to the:
#: protoconld (Frlsch, 1965 84 Q@ 99 104) )

v Homlnlds show the same é&olutlonary trends as ponglds,
;although to. avgreater degree, v1z. the mod1f1cat1on of the_ 8

Y—flssure pattern towards the o groove conf1gurat10n

' (1nvolv1ng malnly the d1m1nut10n of c2'relat1ve to. cl) and -

,queduct1on or loss cf the hypoconulld (Gregory,_1916 279-'
«1922 374 , 475, 504 Weldenrelch, l937a 87 88 94 96 Frlsch

1965 102 104 110 111) Both grac1le and robust

v,

australop1thec1nes show the Y5 pattern (somet1mes Y6 if c6"

present) on the f1rst molar and (w1th a s1ngle except1on) on

v
v

;thewsecond molar; However, these teeth are usually B

'7v»tranSformed'towards the - +5/+6 conflguratlon, espec1ally in o

the smaller form, where the fxrst molar characterlstlcallyﬁ'

.-

displays the deflect1ng wrlnkle (Roblnson, 1956 118 121{

: Sperber, 1973 153 166) The 1ast molar, even at thls

stage, exh1b1ts notable proportlons of the +5 type (ca. 20% .

for Sterkfonteln and ca. 15% for Swartkrans spec1mens) and:

Y
4



"many of the YS arrangements are affected by the deflectlng v

':f has proceeded further 1n the fos51l homlnlnes.! The ;"

- wrlnkle (Sperber, 1973 181 182)

The transformatlon of the cheek tooth occlusal surface

[ .

o—“.‘

1Choukout1en plthecanthroplnes generally show a YS/YG pattern -

C

'T:'w1th a deflectlng wrlnxle on the flrst two molars and the +5'

R,

'for (occa51onally) the XS conf1gurat1on on the last tooth

. (Weldenrelch 1937a 78 79 93 1945 84 88) : The anterlor

and m1ddle molars of the Mauer Jawbone and several

'(”-,Neanderthal dent1t1ons (v1z.-Ehr1ngsdorf, Glbraltar,

vyKrap1na,.LeMoust1er) dlsplay an occlusal form approachlng

the +5 condltlon (v1z._the "variatlon B" type), except the"

o
- Krap1na second molars, of wh1ch nearlyehalf (ca. 45%) have'”

ost the f1fth cusp and exh1b1t the +4 arrangement

’ r-(We1denre1ch, l937a 88 92) The ¥5 conflguratlon 1s 1east

F

1fmod1f1ed on the flrst molar (Bay, 1958; Dahlberg, 1962).

el

The ‘X5 pattern is observed on the posterlor tooth of theb.j;f*

Mauer. anduTernlflne (#2) mandlbles and in one or ‘two Kraplnau'

¥

Aabspec1mens (Frlsch, 1965 100 101) The Y4 type 1s apparently g

V.not found 1n ext1nct hom1n1d forms.v'*V.V

'7, The prevxously ment1oned "51xth cusp“ or "entoconu11d"

: may be ‘ound ‘in recent as well as ﬁo331l hom1n1ds (see

i

7F1gure 19, p 231) Als feature is a dlstollngual accessory»

R

R
element, 51tuated between the entoconld apd the hypoconulmd,v

Jana e

" and can (aPParently) ‘be. derlved from either of these S

;convex1t1es or.. (usually) from the d1§tal»marg1nal r1dge



Figure 19.. Accessory” occlusal elements of mandibular -
: molars (Adapt.ed from Tu.rncr, l967b 97, F‘:L;ure 9.) '

L




“?ﬂ_than the hypoconulld (Gregory, 1922 378 379 Weldenrelch,;"

N
'between them. The 31xth cusp Varles 1n size from a sl1ght j75njff”
_ G

"rldge ("wrlnkle") or nodule to a tubercle dlstlnctly larger

f]-1937a 78-79,84-85; Jorgensen,Al956 36-39; Scott and . ,
afLDahlberg, 1982) The entoconulﬁérmay be slmply an enamel o l}){;
'helevatlon 1f weakly.expressed, or 1t may 1nvolve a- dentlne ; ‘
"_formatlon if strongly manlfested‘(Turner, 1967b 77?

The saxth cusp qccurs ”'ﬂ u}onally 1n several

dryop1thec1ne genera, e g ,D“ i hecus, Slvaplthecus and
——— Wor

A Glgantop1thecus,'as well as in: the three 11v1ng ponglds

"(Gregory, 1922 365 366 378- 379- Weldenre1ch, 1931a 84 85- o gw/
(‘ -"‘.,_ LR :

71945 82 87 88) It 1s found only in 1ow proportlons (ca.‘ﬂ;

',j3%) on the pdsterwor tooth of the gorllla Some ch1mp

o 'of the robust“type), but 1ncreases 1n frequency distalwards}xi,ﬁ

~

N et

samples lack the feature entlrely, ‘but others (e 9-;- f;w;.‘*f;?jl
: L1ber1an populatlon) show relatlvely h1gh frequ¢n01es,

_yw."
| espec1a11y on:. the flrst molar (ca..30%) and the second one
‘(25%), whlle ‘the loWest 1nc1dence (5%) is dlsplayed by the aff{' B
'last tooth (Schuman and Brace, 1954 Skar}h 1971) |
The earllest hom1n1ds dlsplay a s1xth cusp patternvft;fla';
,'opp051te to that seen in the L1ber1an chlmps. The feature;
~h1s apparently mlss1ng from the f1rst molar of the grac1le'5
‘ﬂaustraloplthec1ne (although present on ca. 35% of the Ml '\i'
o 1n both fbrms to a level of ca. 50% = 65% on the posterlor

'tooth (Sperber, 1973% 152 162 180) - The entoconulid is

' also seen 1n the dent1t1ons of Orlental pithecanthropines ‘

T S



. cons1dered the weaker man1festat1ons) “have - demonstrated that T

| Mayhall,‘l982) 3 :;,..fv'

Sakai, 1973 KLrveskarl, 1974 47 48, 88 Saunders and

v 233

. R PRI . ct . o . . ;

(Sanglran #5 Mandlbles B and ngseveral Choukoutlen

'speclmens) and” 1n some Ne&hd@rthal 1nd1v1duals, e. g.,f

A

o & S
»G1bfaltar, Le Moustler (We1denre1ch,,l937a 78 90 91;. Lo

v . A :
E 0. SRR e -

A

1945 42 }8@,82)
IQ dodern man, the hlghest 1nc1dence and greatest
degree of s1xth+cusp expmessmeé is usually found on the’*"“'

f
thlrd molar (as in the australOpltHec1nes) Hellman (1928)

céncLuded that the frequency of¢occurrenCe 1ncreased from the~"

oo 4

'anter1or molar to. the posterlor one : H0wever, recent

o e
1nvest1gators us1ng expandéd gradlng schemes (whlch -

1"

th@ fmrst molars genera}iy dlsplay a larger percentage ‘of

.rthe featqre than the second,,w1th the last tooth show1ng the

.on

"hlghest proport1on (Tdrner, 1967b 77 78 82 Suzukl and

n

4

f ‘
' 4

'_ The "seventh cusp of; metaconul1d" 1s.anotherﬂkme§iof: ;
11ngual) accessory occlusal element wrth phylogenet1c

~

31gn1f1canCe (see F1gure 19 p 231) : It is s1tuated between

-

- -l

f;the metaconld and entoconld, and in man 1s ‘usually derlved

’

.ﬂfrom the dlstal margln of the former, but may also be formed

from the me31al border of the 1atter (Weldenrelch 1945 72'-f;

'.fs73 Suzukl and Saka1, 1973 Klrveskarl, 1974: 46) The

"seventh cuSp ranges in size from an enamel nodule or weak

:r1dge ("wrlnkle") W1th a- vertlcal furrow 1y1ng me51al and

- parallel to the 11ngual groove, to a relat1vely large wedge—

Q .

PO 5



“shaped'tubercle‘(With'somé'dentine invblvement);’which'iS'

subequal to the major occlusal convexltles (Weldenrelch,vfn

)

. :1945 72- 73-J Jorgensen, 1956 40 Turner, 1979 Scott et al.,

The seventh cusp occurs 1n a number of dryop1thec1ne

i

Vlgenera, e g. Dryoplthecus, Slvaplthecus and G1gantop1thecus

Q

o 238

(weldenr91°h' 1945 82, 37 88). It has. also beegtobsefved 1n ;l}fy

‘“the 1esser apes (s1amang) and the ponglds (od&ngu gor1r1a,

ethlmp) Among the latter,:the flrst molar cons1stentl
-1dlsplays the lowest frequenc1es of the feature, however, thef

e n
‘«1nc1dence of occurrd‘be 1ncreases d1stalwards in’ the gor1lla;j

"(to 35% on M3), wh11e the secoad molar show§ the hlghest

,proport1ons (10% and 35%) in the chlmps and orang

. . !
3 | B - : i

‘(Weldenrelch, 1945 82 83)

Extlnct hom1n1d spec1es also d1splay the seventh cu3p

Among South Afzis:
ﬂfeature on the flrst molar (ca. % -.10%) and. 1t increases
in frequency dlstalwards, to reach the hxghest level (ca.\’
15% —-35%) on the pos -erior tooth (Sperber,_ 973 152 153,‘
'166 181) The metaconul1d has been observed 1n the dental
u;elements of Or1enta1 plthecanthroplnes (Sanglron #5, three

: & L
: .Choukoutlen specimens), inthough only 1n a weak,”

'form (Weldenrelch, 1945 59 73) It can be seen,“asiwell,z

et -

in some Neanderthal teeth (Bay, 1958)"
_ In modern man, the hlghest rncidence and greatest

‘“degree of metaconu11d expre331on 1s$gsually found on the»‘r
IR DL -'gi-‘f' o , S
) \" ) N

L S : RN

an australop1thec1nes, both types show the"5'



. flrst molaﬁ (1 e. the OppOSlte ‘of the australop1thec1ne }'u}f"

2357 ..

Ahhcondltlon) Recent research haé'éisiﬁéémS%Et?§£é§"tﬁ€% thp""‘ii
o A A e
‘ii.secoﬂ’molar is :Qnore llkely to,dlspl% au’lower frecyfr;c? of {@*{5
ithlS feature than the last tooth. However, the patterngof . .?»:
?hmanlfestatlon varles in th1s regard from populatlon to p;;f? :;i

i-:populatlon (Suzuk1 and Saka1, 1973; K1rveskar1, 1974 49 89

- Mayhall, l979b~ Saunders and Mayhall 1982)

o TB’ select1ve advan1ages conferred by the varlable .
e .

o occlusal convex1t1es are not def1n1tely known.» Severalﬁj”59v%'f

"studles have demonstrated that flve-cusped molars are

- presence of the 51xth and seventh tuoercles, especrally the

,31gn1f1cantly larger (1n m°s1odlstal length) than four-;

‘ i_cusped teeth (e. -g- Dahlberg, 9'l; Garn et al 1966b d),
.tso that loss of the flfth element (espec1ally on the Mz)
"jwould reduce ‘the surface area avallable for mastlcatlon.'

fTherefore, the recent trend toward hypoconul1d reductlon and

"fabsence would appear to be maladapclve. Turner (1985) has

proposed, 1n regard to Slnodont populatlons, that the

:> .o

'stronger manlfestatlons, had the effect of 1ncrea51ng tooth— j .

"‘longev1ty under dentally-harsh condltlons by the addltlon of B

' fadvantage over another (Turner, 1985) However,<Morr1s

"gcentral occlusal pit, thereby 1ncrea81ng the surface enamel

a7

: apprec1ab1e mass to the molar crowns;

' One groove pattern does not have any obv1ous funct1onal.*~

(1970) has suggested that the deflect1ng wrlnkle (often e
o

assoc1ated with Y-flssure systems) serves to plug up thef



exposed to the gr1nd1ng actlon of the upper molar elements
(v1z. the protocone) ' The hypoconld lobe would also have

' this effect when strongly developed. ‘ R

o 7 2 2 Rac1a1 and geograph1c varlatlon of clusal surface
E features._:j; Lo - _,. S .

The cusp-formulae and groove-patterns found in human

dent1tlons have long been exam1ned by dental _"lb:_pﬁi

Q B . \

'manthropologls S, Hellman (1928) belng the flrst to con51derf_;“

both characté[s 1n a gystematlc way for several dlfferent L
. POPulatlons. According ‘to hls flgures,bflssure lyfy_;;*fu
"conflguratlon 1s not as useful for rac1a1 dlscrlmlnatlonnasgfb'

3

w“fcusp number, on any of the molars,.and later investlgat1onsi:-i
'1;“(by other workers) 1néreasedbthe amount of overlap 1n_:,~
' groove—category 1nc1dences between the major geographlc
;v:stocks (J?rgensen, 1955- Dahlberg, 1963a, Klrveskarl,_
,ﬂ}1974 41) However,.1t can. be concluded that wh1hes commonly__

. )

““dlsplay somewhat hlgher proporthns of the +-groove fgh

”,”varlatlon than nonwh1tes, on all three teeth, and that the

- Y-flssure phenotype is usually found 1n frequenc1es of over

g %
‘-,l-60% on the anterlor molar and under 20% on the other two tﬁ?

| elements, for manklnd 1n general (J?rgensen, 1955 Dahlberg,'p

':,1963a->Suzuk1 and Saka1,.l973)

: ‘ '. Fifth-cusp mai"

;statlon has trad1tiona11y been _}vau
éﬁi{*agnostlc character (Hrdllcka, 1911-,

fﬂ.oHellman, 1928;. Golditeln, 1931 Dahlberg,,1945b,¢l951-v

Accord1ng to Hellman 8- {l928) f1gures, European-gy#

a,.



£os

*e765%) and tended to be qu1nquetubercg§ar

” groups (ca. éf% - 85%)

'mand modern Frenchﬂen (Ibld )

ﬂdlfferent geographlc stocks.vg

')1nc1dence of . almost 90% for thl

"derlved peoples are most clearly separa}ed from non—

'Europeans by the dlstlnctly greater absence,of the

A

‘hypoconul@d. Four—cusped flrst molars oocurred with a
frequency of ca. 10%5- 20% in: hlS whlte samples and ca. O% -.
: 5% in h1s non\wh1te populat1ons--1n regard to four cusped

| second molars, the proportlons were ca. 85% - 100% for the f

.

'.rformer and ca 50% - 80% for the latter. The last tooth was

usually "quadr1tubercular" in Cauca501d groupsL:'?'(ca.- GO%E

Receﬁt research has demonstrated that these#'acu,al ,
N ey oy
Wy .

",d1fferences are not as substant1al as prev1ously thought,’

o

‘and a notable overlap 1n f;fth-cusp 1hc1dence may occur._lf

f

h;'For 1nstance, the Sakhal1n A1nu show a 10% flgure for four—'

Tcusped f1rst molars (Suzuk1 and Sakal, 1957), whlle several’

t

'skeletal European ser1es dlsplay a frequency of under 5% for
:thls tooth class,' g Med1eval Danes, two Megal1th1c:
"French populatlons (Jorgensen, 1955 Brabant,'l97l) : Four4

','cusped th1rd molars occur in relatlvely low proportlons (ca.?’

'Danes and modern Qutchmen, two Megallth1c groups, Medleval

R S

In- regand to "quadrltubercular second molars, there

_f_ls some 1ntergradat1on between populatlons belonglng to j'

’neslans exh1b1t an

‘tooth_class, whlle some'L

‘:,“on—Cauca i; o
e Py ‘a P »o: >

R

p40% - 50%) 1n a number of Cauca51an samples, e. g. Med1eva1 o



e

. "‘_—s‘.._'.‘_'

:_Caucaso1d groups dlsplay proportlons of ca. 80% (Dahlberg,'

:[1945b* Erdbrlnk, 1965) Turner (1985) recorded a. flgure of

60% for a northwest European sample (scored us1ng an .
expanded grade scale), but thls result cannot really bé’

compared to data glven by other authors.» It should be noted .

'71that Mong0101d peoplgs (espec1ally Amerlndlans) show a great'

"¥U3range in- quadr1cusp1d frequenc1es, partlcularly for.the

1]

B g cks (Turner, l967b 79 80)

e
second molar, where 1ntrarac1al var1at1on 1s greater than -

. ~

1nterrac1al dlfferences w1th the Cauca501d and Negro1d
: p , :

A major quest1on in rac1al stud1es has been the degreeg_

of comparabllltf'of the cusp-number Statl§fj3f presented by”'

u dlfferent workers (Goldsteln, 1931- Jorgensen&%lSSS-

. K1rveskar1,‘1974 41) %he usefulness of cusp-formulae fbr-d

L4

! \thls purpose was l1m1ted by the lack of standard deflnltlons

R

.:and scorlng procedmres for“hypoconulld expre831on, and by

,the presence of occlusal wear, espec1ally on the d1sta1 half
of the molar (J?rgiysen, 1955 Turner,kl967b 77 Morrls,’
1970) . Ih some cases,wthls has resulted 1n anomalously low

frequenc1es for f1fth-cusp man1festat10n° e g a f1rst-molar_

1nc1dence of ca. SQ% was glven for a Mesopotamlan Klsh

o sample (see Dahlbreg, 1963a), whrle the f1gures presented byf

Pother authors for varlous populatlons range from ca. 70% -i d

'100% (Erdbrlnk, 1965 Suzukl and Sakax, 1973) : Turner has' -

'”,recently produced a 31x-c1ass standard plaque for scoring

thpoconulld varlatlon (see Scott et al., 1983), prev1ously,




ﬁﬂthere has been some qgﬁficulty in evaluatlng the 51ze of
th1s element (Dav1es, l968a) R

-

4 Jorgqnsen (1955) felt that groove conf1gurat1ons were"
more usable for rac1al d1fferent1at¢on than f1fth—cusp
i:man1festatron; because the former are_more~reslstant to
'wear obllteratlon than the latter.} HOwever;fthel&?7
‘iﬁnt1f1catlon of dlfferent f1ssure patterns 1s complrggted
by the.occurrence of the deflectlng wr1nk1e, hypoconulld
. lobe, and varlous accesiorv rldges, and by the - fact that
some workers cla551fy qqoove systems accordlng to the form \:
of basagkcusp contact whlle others empha51ze the relat1ve o
pos1t10ns of the me51obuccal and llngual grooves (Jor;ensenf
1956:65- 66; Morris, '1970; Kirveskari, 1974:41, 45,55). ”The‘.‘:
presence of caries or f1111ngs 1n the crlélcal area of the
tooth 1s another problem encountered when scor1ng f1ssure-\
type (K1rveskar1, 1974-43). Blggerstaff (1968) has even

suggested that groove-o%asses should be abandoned as

descrlptlve categorles. - »'?‘, o o R

gP

. These factors have occa51ona11y led to marked

-
dlscrepanc1es among the: results glven by.. varlous authors.

“T

Aberrantly-low flgures for the Y-flssure class on’ the Flrst-
molar have beer: found for Aleuts (ca. 40%), Mesopotamlan
: K1sh (ca..ls%) and Amerlcan whites (ca. 30%); the general
range for this category on the antefgo;\{goth~1s ca. 65% -,
?5% (Moorreec 1957n42 44; Dahlberg, l963a, Suzkl and Saka1;
1973)1” The most useful appllcatlon of groove—system (and

[3)] )



cusp-formula) stat&stlcs seems to be i comparlsons of

closely-reldtedxpopulat1on:Iby a sxngle worker (e g.v.

'~Goldste1n, 1931,vPederse ’1949 116 117 129 131 Moor s,

1957:42-46; Turnérg 196_b “-35; KIrveSkarl, 1974 42543, 87;

,‘Scott and Dahlberg' o f; Q;j, -
Seet | | g

Interobserver error‘is also a factor in- statlsglcs :fﬂ_ "
g‘reported for 51xth and seventh cusp frequenc1es,~espec1a11y r.
'.between the flgiggs glven by earller workers before standard

plaques were avallableiand those presented by later authors,

in the post 1960 eraf{ 'l'he ﬁormer apparently 1ncluded only
o ¥ : . '
H(:;,large convex1t1es in. thelr cusp—counts,'and e1ther 1gnored

L “2-8 i . .

jthe weaker nodular formb’ﬁ“ﬁe K1rveskar1, 1974 47) or

dategory (e g. Pedersen,v

g”&

f1949 116~ ll7 131§& In some cases, 1t was not made clear

”’fplaced them in, a dlffer

;whether the accessory element observed was’ the entoconulld
7or metaconulld (e g Kajava, c1ted by Klrveskarl7/1974 47

49; K1r1no and Nakamura, C1ted by Suzukl and Saka1, 1957)

'Modern 1nvest1gators have used the expanded phenotype-scales
&

and plaster plaques of Hanlhara (1960) and Turner (1970) for
:both tubercles. G1ven these conslderations, Mayhall (197Bb)
’has remarked~that 1t 1s'“pract1cally 1mposs1b1e to make B
val1d compar1sons between the older data and more recent
h1nformat1on.'_ B ”i:”-.o fﬁt; ; ':*-i{;‘tlﬁilfltiéw

A few generallzatlons about ﬁtcra; variation (on the

: _.‘Ml) can’ Be made on- the bas:.s of stat;stics repo{&é@ by .' e

. xe -.3’
'”bontemporary dental anthropolog1sts. usxng the standard
_.:.,' 5 " - Co . 7.’ "‘ ’ ‘ ' ’;v‘_ L | L e R




‘ _Suzukl and Sakal, 1973)

5ca.'5% - 35%; South Afrlcan negros and Bushm

'wrinkle’feature (Morris, 1970 Scotui

" “Purner, :976;.1983 1985).;_i

vvvvvv B Lt ] L"“"“ﬂ""" S ANrem e v mressrr  esmges mem T emees— — — e

{
thefsiXth cusp, ranglng from ca.‘25%»-h60%, with.two"

exceptlons (Mohave trlbe, ca. 10% Igooiik'EskimO‘ca.‘80%).f.

-;whlle Cauca501ds dlsplay much 1ower proportlons, varylng _dw
‘ »nfrom ca.HS% - 10%. In regard to seventh cusp- 1nc1dence,
:recen* 1nvest1gat10ns have demonstrated that there is a

.”substantlal overlap between the Mon90101d stock »whlch

7’

ranges from ca{ 5% - 35% (except for the central Arctlc

Esk1mo, ca 80% - 90%) and the Cauca501d stock, whlch varles.

\'c}ffrom ca. 5% - 25% (Suzukl and Sakal, 1973-'K1rveskar;,ft’
;f1974 48- 49 88 89; Mayhall, 1979b- Mayhall et al., 1982:f.
"-tScott-et‘al.,'l982- Turner, 1976; 1983; 1985; 1987) Tﬂ%é%’

flgures are much—hlgher than those glven by earller workers,dl

for closely related populatlons on the same tooth (see e

I
Déflectlng wrlnkle frequenc1es on the anterlor molar~

. were f1rst recorded for several dlfferent groups by Morrls
{(1970). The highest. proportlons of thls character have been
~found in the Mongoloxd-stock- ca. 55% - 80% for Aleut-Esklmo ’

'and:north.esian samples, ca. 25% - 90% for varlousv

Amerindian'trihes, and ca. 50% - 55% f 'undadont peoples. ,i

The tra1t 1nc1dence for Cauca301d populatﬁon

,/"

ifrequenc1es of ‘ca. 45% and ca. 80% respectlveiy, for the

o 3 Dahlberg. 1982-

o .
A



-
L

rae

features. _ o
The relatlonshlp between cusp number (v1z. c5.-
man1festat10n) and groove system has only been clearly =
understood 1n the last three decades Whlle both Gregory i

(1916- 257 279-v1922 379 475) and Hellman (1928)

o ___-——'-

con51dered these two characters to be more ?r less separate

features, other workers belleved that the structural

' comblnatlons were plelomorphlc attrlbutes- i.e. one allele B

produced the Y5 surface, another +X5, and a th1rd, Y4/+x4

(e g.-Dahlber@,_1945b) ' The b1nary patterns became

: convenlent labels, de51gnat1ng stages of crown: mod1f1cat10n

. 71' )

]

“1n the evolutlon from the pr1m1tive dryop1thec1ne stite, and

) were used by early twentletﬁ—century authors to compare the

1

degree of dental “advancement"‘of the dlfferent races (e g. N

Nelson, 938 Pedersen, 1949 130 l31-~Dahlberg, 1951)
| Jprgensen (1955) demonstrated graphlcally for a number'

of rac1al groups that cuSp formula was markedly more

-

conservatlve than the Y-groove system, espec1ally on the :f‘

LN

second and th1rd molars, and concluded ‘that hypoconuild-

'manlfestatlon and occlusal groove form should be treated as
: 1ndependent polxmorphlsms.» Thls assertlon was suppor@id by
'Garn et al. (1966a b) who found no 91gn1f1cant correlatlon"

nbetween flssure conflguratlon and cusp number on the stable B

first molar., However, the val1d1ty of . thls result wasi;h”."

e weaxened somewhat by the1r fa1lure to con51der the presence

of the deflectlng wrxnkle and hypoconld lobe and (posslbly)
, o o v ST R R
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f by the 1nclus1on of both the YS and Y4 varlatlons in the
. ’
Y-groove category.' Most modern authors now cla551fy flfth

cusp-presence separately from flssure type (e g. - Sco*t and
A : 7‘~'-
Dahlberg, 1982- Turner,V1983-”1985- 1987) »»',_,;;;;M

ﬂ_A
It should be noted that the empha51s 1n rac1al

: odontology has chana d' the last few decades. Thea :?4‘

earller workens were concerned w1th postulatlng d1achron1c

g‘ relatlgﬁshlps for the major stocks, 1n the context of . broad

1 ot

eVolutlonary change. However,‘contemporary authors stress

synchronlc estlmatlons of 1ntergroup d1fference by means of

blologlcal dlstance formulae, Wthh requlre'the

-~

con31derat10n of lnd1v1dual tra1ts»rather than compoS1te

features (e g._Sofaer et al., l972b Berry, 1978 Scott and

- Dahlberg,_l982~ Turner, 1983-'1985' 1987)

The mode of. 1nher1tance of - the varlable cusps (v1z.

cg,'c6, c7) is hot def1n1tely establlshed.- Whlle the fifth»

d;; cusp 1s a. prlmary element, ‘the - 51xth and seventh tubercles
have somet1mes been con31dered developmental "acc1dents

v"although Korkhaus (1930) regarded them as herltablevd:d

characters.» Dahlberg (1951) was apparently the f1rst to
ﬁ .

s regard hypoconulld var1at1on as mult1factor1al 1n nature.

The general op1n10n among modern workers 1s that these

elements are qua51cont1nuous features w1th polygenlc modes
g

- 1' S
o..of 1nher1tance (Dahlberg, 1971' Sofaer et al.,_1972a b

'w. Berry,JLgZﬁ* 1978*qHarrls, 1976 Baume and Crawford, 1980-

I-—-\
Uy

Scott et al.,,1983- Turner, 1985).

~ e
RS
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2 . - 4‘,- »

' KrauS‘et'al._(l969 297) remarked that groove pattern'_

'—,probably had a multlfactorlal ba51s, and the work of

Yay

-[Blggerstaff (1970) and Lee and. Goose (1972) seems to rule’;fM

:-,out 51mp1e Mendel1an 1nher1tance., B1ggerstaff (1968) hast'ij"h

3

".;ﬁ-cases, these dlfferences were s;gn1f1cant, for the

'tmalnly the result of "hlghly varlable env1ronmenta1

dDahlberg, 1971) ‘ A recent tw1n study 1nd1cated that

_iocclusal groove—type 1s herltable to a 51an1f1cant degree

:Klrveskarl, 1974 87 89- Scott et al., 1983) f In a;fq

even suggested that d1fferent f1ssure conflguratlons are

e agenc1es,_but it is more llkely that these are essent1ally

) i)

- formed by the genetlcally-controlled enzymes ‘res pon81b1e for

.flnal enamel depos1tlon (Kraus et al., 1969 297 302

o 1l

»(Zoubov and N1k1tyuk, 1978) The current consensus 1s that
~the varlous flssure systems are quaslcont1nuous characters

V'w1th ‘a polygen1c§¢ature (Dahlberg, 1971, Sofaer et al.,.

/

1972a,b: Berry,‘l976 1978; Baume and Crawford, 1980; Scott e

et al., 1983 Turner, 1985)

’ . - _.‘

The ev1dence for sexual d1morph18m 1n cusp number 1s

' inconclusive. Males more often d1splay the hlgher frequency

vG.

ffor the var1ab1e élements on all three molars, accordlng to_

recent. studles on several rac1al groups,’v1z.,Amer1nd1ans,'

B

northern Mong0101ds,vEuro-Amerlcans and East Afrlcans

(Suzuk1 and Saka1, 1956~ Turner, 1967a 77 78 Bd;nes, 1969- .

i

‘s‘hypoconulld on the flrst or second molar or both’(e g..

-'11v1ng Aleuts. Australlan Whltes, Mestlzo, Tarahumara and



Tk

. Q

3
¥
u
!

?eso) and«for the éhtoconulld or metaconulld (e g Teso,; -

ST T Tt L ST ' : -
VAR Tl Tyl e T o e
A e e L . - . s . C : ; . |
s BV ..\ IO L 245 ¢
RN | - oA

q" . J
omon and P1ma)‘8n %he anterlor tooth (Moorrees, 1957 43 45--

Daw1es, 1968b Snyder et al 1969 Barnes, 1969 Turner,;“ -

1979/¢Scott et al.g41983) Turner 8 (1967b 77 78) skeletal

Arctlc populat}qms ;re unusual in that the males show a

«nt‘lyw,hrg’her 1nc1dence of 51xth cusp on the o
[ ‘ ‘ '
postexlor eleqsnu S

- %w-«' S
‘W? Therge: are ‘a few cases where overall male predomlnanceb_

~,’.

’1n the varlable cusps 1s not clearly manlfested (Suzukl and '

Sakal, 1973°'Mayha11,,1979b- MayhaL& et al 1982) In most

Lo

' cases, dlscrepanc1es between male and female proportlons L

-'(for c5, C6 and c7) are not statlstlcally 1mportant

'(Jorgensen, 1955- Suzukl and Sakal, 1956 1973 Turner,

"\/ ¢
1967b 77 .78, 98 l985°’K1rveskar1, 1974:43,47f49;'Mayha11

- 1979b- ’unders and Mayhall,v 1982- 'S'cott and D’a“nlberg', 1982)

BN

'It can therefoas ‘be . concluded that the loc1 reSpon51b1e for

[
KX

the presence 6f the f1fth,_51xth and, seventh occlusal .

felements are probably autosogal in nature.f R

Sexual dlmorphlsm in- groove conf;guratlon 1s elther

"»sllght or 1ncon31stent for Caucascld and Mon90101d groups.‘.;

i

>:D1fferences between male and femaie frequenc1es for - the-'\

‘.4‘.

'Vdvfﬁerent f1ssure types are not statlstlcal&y 51gn1f1cant in

”‘any of the molars for the populatlons tested (Jprqensen,-f‘\\;y

’:1955a Suzukl and Sakai, 1956 Turner,.1967b 83; 1979--1985r'a

‘”'Scott et al., 1983) and are- low for populatlons not tested ’

. .f

W(Moorreesg 1957;43-44;_Snyder‘et;al., 1969 sUzukl and



ﬂ,Sakal, 1973- Klrveskagi,\1974 43, 87) | Comparable data for ‘“lgf

.Negr01d samples is largely lacklng. The loc1 respon51b1e

PR X

ffor various groove patterns seem to be autosomal 1n nature..*'

Lateral asymmetry is usually very low 1n the flrst two o

‘v~molars (and relatlvely hlgh in the 1ast toothly for Sﬁth f' Q Q

“-’a .

groove pattern and hypoconulld manlfestatlon.' Garn et al. R

o

g4(1966a f) reported & 3% - 4% dlscordance for cusp numbersin
‘the first and second molars,‘whlle groove-system dlscordance

?was 3% 1n ‘the anterlor tooth and 20% 1n the m1dd1e one.

.‘Baume and Crawford (1980) ﬁound ca.- 2% - 8% asymmetry 1n‘?" ’

.groove form (Y type versus +/X-type) in the flrst molar;'
'f(except for the San Pablo group, ca.. 12%) and ca.‘O% - 6%

i,asymmetry 1n the second tooth. Generally,.the Y-flssure

5conflguratlon 1s the most stablg oﬁéT’Tf the flfth cusp is

o

,present, espec1ally in- the flrst molar, whlch shows very low

-,antlmerlc dlscordance (O% - 2%) In contrast, the +-flssure

) s

'conf1gurat10n 1s 1nvolved in most (ca. 70%) of the

° dlscordance dxsplayed by the second tooth, whlch often

. asymmetry are: uncommon (Baume and Crawford, 1980)

',exh1b1ts a Y—flssure type on one ant1mere and a +-flssure '?“ 3

'presence = absence asymmetry (usually ca._S% -335%)

(Dahlberg, 1945b- Garn et al., 1966a f)

v:' L. ‘, v O

The major accessory elements (c6 and c7) qpow higher d@-”’

: ‘than the flfth cusp (Turner, 1967b:80 103 Mayhall, 1979b)

b3 | .
A

. raE
However, 51gn1f1cant dlfferences between sides in tuhgfgﬂﬁ;_ S

x"v" «



et al., 1982) P0551ble except1ons, 1nvolv1ng seventh cusp v_,V

b"hlgher proportlons of 1ateral dlscordance than females

‘7(Mayha11 1979b) “3,fv | f e

':l7 2.4 Methodology for occlusal features.

e

Y

'afrequenc1es have not been found for tested samples (Mayhall -

\

.'ielncldence on the posterlor tooth,_may be found in two

‘ ”Central Arctlc Esklmo groups (both d1splay1ng over 20%
'lateral dlscordance for M3) _ In these populatlons,-the e

7df1rst two molars (Ml and Mo} exh1b1t the hlghest 1ateral‘

'Jasymmetry for the 51xth tubercle and the last two (M ch:

"f;M3), for the seventh one.- Males appear to have somewhat

-

4 -

VR

’ The deflectlng wrlnkle character has alsdf“'e »gxamlned'

(malnly 1n M ) £ r sexual d1morph1sm and lamﬁ
1 Q

'The feature is generally b1laterally expressed'(Morrls,
411970) Slgn1f1cant dlfferences in male and femalev
lfrequenc1es are usually not observed (Morr1s, 1970 Turner,_ﬁ
:'1979 Scott and Dahlberg,-l982- Scott et al., 1983) It can

o therefore be concluded that the loc1 respons1ble for the

” “wrlnkle trait are probably autosomal in nature.'

‘

Jprgensen s (1955) cla551f1cat10n o&\the dgffer:

i

regular groove systems was used 1n thls study (d sp

reservatlons expressed above), 1n order to brlng t

;,procedure employed here 1nto llne w1th that followed by P. J&

erght (1974 41—42) and K E. Wrrght (1977 31- 32) The

ot

yY—fldsure type was scored as present if a def1n1te or obvlous

N s

e mancend . a



e o

_metaconld-hypoconld (c2/c3) contact occurred, whlle the

protocon1d-entocon1d (cl/c4) contact was found.. An occlusal.

',(w1th the aid of the 10X magn1fy1n

%.Turner,-l9§7b;81, 83 Sofaer et al.,_l972b, Kirveskarl,

\

<

i “A > e ,
: ;pattern ‘was- cbns:.dered a +—groove form 1\#Zbasal po:.nt-'

KA Ly

"5contact was observed or the pattern could notrbe clearly

“determlned to be e1ther of the other two conflguratlons

(after Jorgensen, 1955) 'T;ii.'. | , .’;t. c

A number of extr1n51c varlables affect the scorlng ofaf

‘l‘groove systems.s?K1rveskar1.(l974z43—44),remarked«that the e

presence of mlnute a1r bubbles 1n hls cast materlal ~at the

o

o o

288 .
) 3

's1te of the central occlusal p1t,}reduced the preclslonfof‘ |

cusp-contact determlnatron. Thls was also a problem 1n-the'u'

‘. - "W‘y 4 L]

Grlmsby samples and 1n several cases expanded the 11m1t.forl

contact determln&tlon, wh1ch var1ed from ca.;O 2 - 0 5 mm.

. '_1_ P

é
Tgss), 1.e. somewhat

7

above Jorgensen s (1955) mlnlmum length for f1ssure‘

. | : s . i

,clas51f1cat10n (O 2 mm. ) Furthermore, in. some Grlmsby

-vspeClmens, excess cast mater1a1 in the cr1t1oa1 area ?"'“

S

",'obscured the groove arrangement. Car1es and attrltlon _ﬂ’

- tb
. \

I have been noted as destructlve agenc1es, 1n regard to

occlusal conflguratlon (Moorrees, 1957 42;. Suzuk1 and Sakalg

PO

‘ latter 1n the Gr1meby populat1on. Hypoplastic and restored

.

’“tcrowns have caused dszlcultles 1n some study groups (see

; 2

’”’}h1973), the former was a far more 1mportant factor than the"”

c 4 =
: X—flssure type was counted as present 1f a deflnlte or obv1ous'



X

,feature was: not. con51dered further.

2R absent (see Flgure 18b, p- 222) : In contrast, P J. erght ;:

”»Turner s recently developed 31x—grade plaque (see Scott

’“tlexpre351on was accepted as the weakest man1festat1on of the

249

5f197ﬁi43),»butithese_conditionshdid nottoccur»among’the~ﬁ

‘ :f;Grimsbyfpeople;. ';);, [ ;:. L

ffThe deflectingﬁwrink e;was‘also'ekamined *becausesof

1ts relatlon ‘to- the Y—groove pattern, although ne1ther P J.

'Wr1ght ‘hor K E. Wr1ght was concerned w1th the character.

' iTurner (1979) developed a four-class scale for scor1ng thls x
tra1t, but ‘here 1t was s1mply marked present or absent, as n,
'f'the scale was not avallable., A d1st1nct hypocon1d lobe or

o wrlnkle rarely occurred in. the Gr1msby sample, =1o) that the g

EY

i The f1fth cusp was 51mp1y descrlbed as, belng present or '

g 61974 :42) and K.E. erght (1977 27) rated dlfferent
'manlfestatlons of the hypoconulld. However, as Dav1es N

_(1968a) and K1rveskar1 (1974 :42, 44)‘have noted the”siée‘ofa

this element 1s very d1ff1cult to est1mate, eSpec1ally »

w1thout the appropr1ate plaster standar: nfortunately,,f

£

' al., 19Q§) was not avallable at the Unlverslty of Alberta.,,-

The hypoconulld was‘con31dered to be present when a ;ﬁﬁ

T e .

4‘

'~dlst1nct rldge Qr nodular elevatlon (or some stronger‘

var1at1on) occurred 1n the typ1ca1 p031t10n and was clearly 2

.o-..",

‘_sepasated by grooves from the other‘occlusal convex1t1es

(follow1ng Klrveskarl, 1974 42) Ne1ther PaJ. Wr1ght'

'“_,»(1974 42) nor K. E erght (1977 26 27) stated prec1se1y what

LY



| =f¥250'1f
.iflfth cusp.. However, the1r standard reference (v1z. Morrls, A
Tl965 60) 1nd1cated the ex1stence of the sllghter forms of
thlS element = | | R '
In regard to the metaconulld and entoconulld, the
'ftweakest expre551ons of Turner s (1970) scaIes were
‘Lﬁ;accepted -as present 1n thls study, 1 e*, secondary rldges _
‘rassoc1ated w1th mlnor grooves (see Flgure 19, p. 231) ST
'j.iK E erght (1977 27-29) consldered the same’ var1at1ons -f”“
if%ﬂj;t:‘fOllOW1ng K1rveskar1, 1974 47-48) as tubercular_ﬂs |
l; maprfestatlons.g P J erght (1974 42 43) d1d not clearly
“5*1 ¥

LR
1¢ate 1f'the~weak rldge—llke forms were counted as szxth
t

or,se%enth chsps, but only scored "present“ and "absent“~
-

.,

A ‘@ht or1es\~fﬁowever, the notabﬂe proportlons glven for both
a -.9 x, ! @B wh

_“ Behéﬁts (Wrrght, 1974 89 91) 1mply that these forms were

:'1nc1uded in hls stat1st1cs.' K E._erght (1977 27 29) rated

’ 4

o~

"\ " ".i‘ P a‘ : v, e _-
LTl dlfferent tubercular phenotypes 1n a ;ather subjectlv°
. 1*’7*fa3h;on, but the aé!essory cusps were simply c1a831f1ed as

'f;ﬁ-fi present or absent sn thls study, as. nexgher Hanlhara s **]_f-‘“

-

7fy, (1960) nor Turner 3’(1973) mhltlgrade plaques were avallable if

for use.

A ek \#.J
v,
e

e :

;,f~genf; In addltlon tz the abo#e, other Supernumerary Occlusal o
.iée:f; elements (Cg and Cg) were noted hen th?Y occurred, as

. J'.‘.' s

atters of m1nor aﬁatomléalslnterest (see Flgure 19, p._231)§j

'(‘

The numberlng of accessory éonvexlties generally followed




w"nlnth cusp ’ rather than the dlstal paramolar elevatlon""

-

”(cons1dered in Subsect1on 7 3 1). ThlS nlnth cusp 1s

“var1ab1e 1n 51ze, but was s1mply scored .as. present or

2

absent.v3

-
i

Ind1v1dual and 31de counts were made for all features

.On'each spec1men All lower molars were’ examlned, as_was

-

e | e
-the case in K.E. Wflght 's’ (1977 42 45) thesls.“ P.J, Wright °

. .

(1974 89 92) con31dered only the f1rst two eeth (Ml and

oM.

e

'77.2555 Observatlons on occlusal featugés. - -‘@ f, _ ”,’.%’

P

: The observat1ons for groove system and cusp formula are’.

‘-

w.wpreseﬁted 1n comblned form (see Tables l3a b pP. 252 253),

except for the seventh tubercle, wh1ch was found only in. 1ts‘“

'?d weakest'expre551on. Whlle 1t is recognlzed that these two

'characters are separate tra1ts, t e tradltlonal crown
: "‘g,,.r s
‘.patterns are a uaeful way of summarlzlng morphologlcal

v'1nformat1on, and-contrnue to be employed by a number of

son (e g Suzuk1 and Sakél, 1957 1973-

PEe

~fauthors for thls 5
Dahlberg,‘l963a,.Goaz and Mlller, 1966‘ Brabant, 1971-

| Sperber, 1973:28,30; K1rveskar1, 1974 87; Baume and

4 xiCrawford, 1978 1980 Wajeman and Levy, 1979 Hasund and
;'f Bang, 1985) qeparate statlstlcs are glven for the varlable»j,,
occl usal convex1t1es (see Tables 14a b, pp. 254 255), as‘

'fthexe were several cases where cusp number was determlnable‘f

.‘wh1le flssure arrangement was not. The opp031te 51tuat1on
. B N /r/ P " 1 : ., ¢

' ‘ _ _ .f.'v



- TABLE 13a.’ OCCLUSAL SURFACE_PATTERNS OF MANDIBULAR MOLARS -
s : IN THE GRIMSBY SAMPLE: OCCURRENCE BY SIDE:

Ne .
’ . S . . s

,‘"» ‘; :
L"SIDE R SIDE 'L SIDE R SIDE. * ,IDE R SIDE:

. "FIRST MOLAR- - . SECOND MOLAR . v . HIRD MOLAR -
I Eo TRy

| £

:

EAY
Loyl
-

e

T Y:’S\

® o +6,%X6
& X5
SRR

*
e
.“""’

Y w,
e

..

OO N0 ‘ v
< O MO =IO Q.|

coooOorF®W
cooocorVw |-
CowrRUMEOoO |

misc. .7

v .’ Yotal 12

L
'—l
W
e
N
=
o

© . 7 FEMALE _
7 Y6,
S S 'YS 1
- f X6
e L
B N CO

T

o Y4
_ misc. -

orwHAaOFO |
coaor~o000 | M.

000000 WYOo,

. O00O0O0O0OFN

O AW RO

[
wm
[
[
W
[
[

ftotai ‘13

0

v

e T 44 4.}-—“_.
-

. .";’_.i 'ALL

QW

Y6 o
- yY5 24 2
L +6,X6 1%, ‘
_ +5,X5 3
. +4 0
. X4 0.
0
0

Y4
S omisc. -

oOrNNO RO [
NODHOoOWO OO
f

»
womondoo | .

OO0 ON

‘o

Total 33 V3L

w

~
N

o

-9
)
o
™
o

.. * Specimen with "+" occlusal pattern present.. .



TABLE 13b.

OCCLUSAL SURFACE‘/PATTERNS OF MANDIBULAR MOLARS .
IN THE GRIMSBY SAMPLE OCCURRENCE BY INDIVIDUAL

\
FIRST MOLAR. . = SECOND MOLAR - THIRD MOLAR
"INDIVIDUAL - : ,INDIVIDUAL =~ ° INDIVIDUAL
# (%) (8. . . # (%)
. MALE R T R .

Y6 37(21.4) . 0 (0.0) 0 (0.0) -

s Y5 10 (71.4) 0 (0.0) -0 {0.0).
+6,X6 1 (7. 1)*- _ -1 (5.9) 0 (0.0)

X5 0-(0.0). 7 (41.2) -2 (12.5) .

+4 - 0(0.0) 2 .(11.8). 0 (0.0).

X4 -0 (0.0) - 3 (17.6) -4 (25.0)
Y4 0 (0.0) .0 (0.0) 0 (0.0): -
asym. 0 (0.0) -4 (23.5) 20 (12,5)** -
misc. ~0-(0.0) o (0.0) - 8 (50.0) ©
total — 14 (100) 17 (100) . 16 (100)
FEMALE o - R e
L~ Y6 -2 (14.3) 0 (0.0) 0 (0.0)

Y5 12 (85.7) 0 (0.0) - - 0-(0.0)

X6 “ .0 (0.0) 1 (6.3) < "0-°(0.0)7

X5 0 (0.0) 5°(31.3) 1 (6.7).

) +4 -0 (0.0) 3.(18.8) ‘0 (0.0)"

L. X4 -0 (0.0) 4 (25.0) .~ -6 (40.0)

Y4 0 (0.0) .- 1 (6.3) ® - 0. (0.0)

asym. - 0 (0.0) 2 (12.5) -0 (0.0)
‘misc. “Q (0.0) .0 (0.0) 8. (53.3)
total 14 (100) 16 (100) . - 15.(1007
ALL R . o : Yo }
Y6 .5 (13.2)* (2.6)* - vfk~-0'(o.0)-

© Y5, . 29 (76.3)* (0.0)* \ 4,0 .(0.0)
+6,X6 - 17°(2.6)* (5.0)* . ‘0 (0.0) .
#5,X5 3 (7.9) (33 3)* j - 3.(9.7)

+4 -0 (0.0) (15.4).. .~ 0°(0.0),

- X4 0.(0.0) (20.5) + 10 {32.3).

'y4 0 (0.0) & (2.6) - 0%0.0)
_asym. .- .0 (0.0) " 8. (20.5)** - - 27(6.5)**
_misc. 0 (0.0) (0.0) 16 (51.6)

total - 38 (100) . 39 (100) - 31 (100) .

S

,ff]Specimen’Qith he occlusal‘pattérn.preéent.;

%+ gpecimen with "+6/+5"

or "xﬁ/xSf cuSp_aSymme£ry

pr«:-:s',erlt:'.f':-"a



SEX . #

total 16 14 17

6 6 4 ... 5+

CTetal 32 32 3T T3 % 5

 TABLE 14a. CUSPS FRIVE, SIX AND SEVEN OF MANDIBULAR.MOLARS

IN THE GRIMSBY SAMPLE: OCCURRENCE By SIDE.

e T -
" FIRST MOLAR '’  SECOND MOLAR™ " -THIRD MOLAR .
" L SIDE "R SIDE =~ L SIDE R $IDE . L SIDE .R SIDE
‘ : S . # e I

e — .

-7 AR SRR I ¥ S VA — 0 0O

L Ttar B3 ¥ 1 4. 13 15

(8]

’—l

o
o

-
~3 o
s -

e5. W6 .14 0 7
c6 2 0 3

e g
|
ok~ oom~oO

= o o0 16 1z . 0 -

Total, 1T 1T —Te 1z 13 " 0

ALL R o ‘ A
6 6 ¢qj -4 . 5%, . .3. . 1. . 0
5. 32. - = 34 o012 0 14 37 4+
4 - 0 0 18 16 : 9 .9

total 38 38 - 35 33 13 13

c5. .38 . 38 17 1 | :
A

cF Speciméh:with +6/+5_a§ymmé£ryupr§§eh§ (253?}5n=42Y.
" * gpecimen with XG/Xﬁ'aSYmmetgy;present'(6,1%, n?L$),;;' r'H:

- . B g‘:f s ) S
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R N . T R

IN THE GRIMSBY SAMPLE OCCURRENCE BY INDIVIDUAL

I

R a—

 FIRST MOLAR
INDIVIDUAL ..~
# () -

\.SECOND MGLAR
INDIVIDUAL .

#

,(,.%) ‘ o # (8)

" THIRD MOLAR
- INDIVIDUAL
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“ﬁdtal
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BN oY

15 (100) '

6
38
0

(13.6)

(86.4)

(0.0)

17

7

- 15
20

T100)

14 (100)‘

(16.7)+ 1.6, 7y
(35.7) . . 3 (20.0)
(47.6) .° " 11 (73 3)

total
c5
c6

. 44

44
.6

(100)
{-100) .
(13.6)

42

22

7

(1007 — 15 (100)
(52.4) " "4 (26.7)

(16.7) 1‘(6'7)*;

- e7

4 (10. 07

A |

Z6y . 07(0.0)

total

_]40 ?*007’; =

39

,(100)"A7 —

31 (100)

) + Spec1men
o Spec1men

with +6/+5 asymmetry
w1th X6/X5 asymmetry

presemtm(2.4%,'m¥42)f
present:(G.?%, n=15).

*

‘(1?.5)*; :



M) .
- » The f1rst molarwlnvarlable manlfested the hypoconulld
 (100%,fn 44) and also showed notable proportlons of the ;f
' entoconul1d (13 6%), whlle the second dlsplayed a much -““
Asmaller 1nc1dence of the former (52 4%, n = 42) and a .
'sllghtly hlgher 1no1dence of. the'latter (16 7%) The 1aé£‘d

tooth exhlblted much 1ower frequenc1es of both the flfth and
“s1xth cusps (26 7% and 6 7%, respectlvely, n = 15) The
Tfmgures glven for the posterlor element take 1nto account
" only the typl.cal crown conflguratlons. ‘

8 Anomalous thlrd molars showed four to-six occlusal
'._convex1t1es, but these were 1rregularly arrangedﬁand var1ed
s '1n 51ze from a small, nodular elevat1on to an enlarged and

.bulg1ng protuberance.. Aberrant antlmeres were.often |
v:as;mmetr cal 1n cusp number, whlle only one Lndetermlnable

-1nd1v1dua1 (Fee#ll, 2) and a 31ngle male case (Fe18#l

M3) d1sp1ayed dlscordance in a standard crown pattern.»ﬂiﬂv
. -

: These showed +6/+5 and XG/XS comblnatlons,.respectl
The metaconulld dlspléyed the characterlst1c pat :
cbmanlfestatlon, although only the sllghtest expression';‘
\ observed- i. e., a d1stal rldge and furrow on . the metaconld.
\ The tra1t occurred most often on the flrst molar (10 O%
40), rarely oB, the second one (2 6%, n.= 39) and was abSent
1" on the last tooth (0 0%, n = 31) “The seventh cusp was o

0
b11atera1 in the few cases where this waa dsterm1nab1e on‘¢



uw \."', A
"

wfjgf,fﬁﬂ;pr<:r;jff~ j; .;i'g.-';~ J257°.
A[both sides., 1t should be noted that there were. several
v:ifspec1mens (scored as lacklng 077,’n wh1ch the flrst molarffaﬂrd'“"

I'-showed - minor furrow paralle} to the 11ngual groove, butgf

... \. N

- thls feature term1nated somewhat below«the occlusal surface,- j g

' and there was no ev1cence of an aSSOC1ated elevatlon on thé’

«3id1stal portlon of the metaconﬁd

)

Two other tubercles w'"e examrned 1n the Grlmsby

pOpulatlon.,‘The erghth cusp was found 1n a few spec1mens,‘ftf;{'

-

but sometlmes two or three anterlor mod lar elevat1ons wé{e
‘ . v, o . ' ‘o- . é . v .

observed 1nstead,‘and mes1al wear prevented %he comp1lat10n

: of accurate statlstlcs._ The nlnth cusp was a much more
”'Vlmportant feature, and was: found in ‘a notable prOportlon '
L ‘ - .
(lé 4%, = 31) of all th1rd molars (on two males and four

.,:

females).~ It was bllaterally'expressed when determlnable on

both 51des,,and var1ed 1n 51ze from a small glement to a

(2N - 1 A

'-large tubercle, subequal to the ma]or occlusal convexltles.

S The Grlmsby populat;on dlsplayed the usual patterns of
* % . :

groov§ man1festat1ozf The Y fissure arrangement

pred?mlnated on the f;rst molar (89 5%,.n = 38),fwas rareLy

- Qo

.f

seen on the secona (5 1%, n = 39), and Was absent .on the

-f{v thlrd (O O%, I éa 31) The X—flssure s;stem showed the e
S oppcklte tendency. 1t was~se1dom obserVed on the‘anterlor ;{f;' -
p tooth (z 9%),,wa; much more\frequent ‘on the dedle one fuf;;i
jﬁﬁ 4%), and was found.on the posteraor element 1n all ot

| .1ndxv1du81; (1n£}ud1ng one asymmerrlc“+4/x4 spec1nen) W1th

regular occlusal confu

ations (roos,.n 15) The +-;"ﬂ

.. .‘-;"




proportlons of 2. 6%, 17 9% and’ 0.0% (excludmg the

"‘&" . . L

egroove type was the least common kLnd,band occurred lnf;“" A

ff?asymmetrlc cases) on the three molars (Ml' Mz,- ndgM3;‘F’fht
‘.respectlvely)

The character of the Y-f&ssure.system observed on f1ve,ﬁn
g i”or s1x-cu5ped teeth (1 e.f:cs present) dlfferedfln someihays

"f from that seen on four cuSped elements. The Y5 and Y6

.; conflgurat1ons were 1nvar1ab1y bllaterai .on bothﬁthe flrst

. nd second molars, whlle the Y4 varlatlon was most often f.QP ;
asymmetruc (2/3 cases “on’ the MzJ,,there belng only onéﬁti“;v;;;,
(female) spec1men (Fe45#15) 1n the Gr1msby sample w1th a o

S concordant antlmerlc expre551on for thls crown type (2 6%, ,. {;a

39) Also,vthe deflectlng wrlnkle was found

(b11aterally) 1n a m1nor1ty of 1nd1v1duals (32 4%, n 347
-‘\“A" S
_w1th Y5, or ‘Y6 arrangements on the flrst molar, and 1n the T

'51ng1e case dlsplay1ng the Yﬁ‘fozm;on'the second tooth.;;L_;;ﬂ

ontrastiwfour-cusped elements d1 not show the wrlnkle

n’;'tralt Add1t10na11y, 1t mlght be noted that 1n the one

lf?(lndetermlnable) cast (Fe9#46, Ml) exhlbltlng a btrong

v

'”5_thpoc0n1dvlobe, ‘in a YS pattern,,the standard basal (c2/c3)

A feature.v‘.jj“ijf‘;ffh'- flﬁg;gf'-;““jf“» qﬁ,.”Li:-;ﬁ_;gfﬂ

.f;contact would be ma1ntalned even 1n the abignce of the lobehehTJ
. . X X " ’* .

.‘,"’:

Asymmetry 1n the regular grOove conflgurataons waa mostf;ff
'-ﬂ-prohounced 1n the second molar (17 9%{




'ythe last tooth in one male 1nd1v1dual manlfested a +4/X4
__cond1t10n.(6.7%, n = 15); “.. ':rffa Q;'

A

: exhiblted a srx—cusped antlmere on. one s1de,_w1th a qua51-x-'7‘

g.plaoed in the 1rregular crown category, even though one'_:”

,to the other aberrant occlusal forms, 1nclud1ng a few'h

ltooth dlsplayed a standard pattern. 'f; ;3‘E'.f°:.'» :dﬁ;"

g .

s'males dlsplayed a +5/X5 assoc1atlon. The f1rst molar d1d

sw

:gbnot exh1b1t antlmerlc d1scordance 1n flssure pattern,.whlle

;
e

~ R

An@ma!ous conflgurations occurred only orr the thlrd

.

- molar, but more than half the sample (51 6%,. 31)

“belonged to thlS croun class. However,.several of these

S E

-

.1.1rre§ular spec1mens (6/16) ghohei essent1ally X4 or X5

patterns, w1th the add1t1on of t‘e n1nth cusp._ As noted

4 »o U .
V‘above, th1s tubercle was expressed bllaterally In regard T

'51mllar to the X-flssure type, the two buccal convex1t1es

A L]

were often uncommonly large, be1ng much greater 1n 31ze thanﬁ*”
g :

L]
[ -

the llngual elements, espéc1ally thé entoconld whlch was R

'.usualry rather small.. One male 1nd1V1dua1 (FelS#l) CLen

<. r

groove system (of the k1nd Just descr1bed), and a XS

<«

v;.arrangement on the otherw Comb1nat10ns of thls sort were L

'.. xg .

-
..q._‘_,,

The Grlmsby populablon was also examlned for poss;ble

. dlscrepanc1es between* uégs and seXes 1n tralt frequenc1es.

t4.

o~ T o -

_3f‘statlst1cally 1mportant. L1kew1se, there was no ev1dence

?_,_v‘; ,'-‘ " N Y .“__ .
fbr sign1f1cant d1morphlsm in male and female proportlons
- : SR

e, R A R L R U Ll Towy

‘25954

g

‘ However, lateral dlfferences for the major features were not -



".fﬁ* L -h, - ".r;j‘”rf“-h.dfg;}ﬁf;!fik 7‘f.;:72€°5:(
for the various characters (although oy was. abSent in ST
- females) o S

v

":“7 3.4 Protbstylld tralt and 1atera1 cusps on the mandlbular

i molars. L e e o
7 3.1 Varlous aspects of protostylld tralt and lateral
,‘cusps.;};~. ‘ (, o u;»;,..

The protostylld polymorphlsm occurs onr the buccal
Hprotoconrd surfacesof the 1ower molars, and 1nc1udes both
“‘ neqatlve (groove, Blt) and p051t1ve cxngular varlatlons (see.r-”
' Flgures 20a,20b, pp.;261 262) ' The latter were f1rst .lﬂ_
'7: 1nten31vely studled.by Bolk (1914--1916),vwho placed them 1n |
5 hls "paramolar cusp“ category,ftogether w1th robust but |
| anomalous fac1a1 projectlons.i The term “protostylld" was
r.,.used by Dahlberg (1945a, 1950~ 1963a)‘;o refer to spec1flc ,‘
A paramolar structures that occurred bzlaterally-vhad a knownéf'r

¥ -
phylogenetlc_hlstory,,and exhlblted 3 gularxty of,]

: form. The characterlstlc manlfestatlon "l'o_iggq¢e';j. .

runnzng in a’ mesio— cclusal d1rect10n from the cerv1ca1 end :

i

of the protoconld—hypoconid groove, Wthh somet1mes lacks a:“if

def1n1ng “c1ngu1ar furrow (Snyder et al,, 19699,Mayh311,
_ - 1979b) ' The most pronounced protosty11d express}on¢1s a )
large, subocclusal.convexlty with & rree apex' thisﬁ IVEQ;WQ‘Q

}Q,s phenotype appears,[very rarely, 0n the posterldr tOOth

(Kraus et al.,,1969-114) and never reaches the maximum_eize ﬁff
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’ :_'Ffig‘u'fe }'.2:05. _ ﬁrotostylld trait of mandlbular molars..
S negatzve expresmons.. : S

© Gradé o . Gradel | o
(trait absenco) [ (hr;e buccal-groove plt ) A

Gradez R R Graiez L
(deflected buccal poove) (vcrticle wri.nkle)

Sosl
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I?.iédré 20b Protostylld trait of mandlbular molars*-
e .. h positive expre551ons.: : »
- U Adapted rre-‘rum 196 Figur

REI -“.J-‘-'Kragg et al., '{14, 1gure 93190 )

2620

(partul cusp, AT
- o apqx};. S

g Grade 5 T ~ .. : , : Grra.de 6 :
'“(nodarate cusp) L] (large cusp)
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Dahlberg (1950 1951) expanded the known phenotypxc -
’f”\Fange of protostylld var1at1on by 1nclud1ng several negatlveq ,f

& i

'f_manlfestatlons,”ln partlculizf the d1sta1 deflectlon of the
nd’ the p1t at the end of thls f“

protoconld-hypoconld groove
groove (see Flgure 19, p 231) The’"deflectlon"‘occurs 1n 3
“the cerv1ca1 portlon of the. groove, and supposedly
rebresents the last vestlge of a promlnent buccal c1nguiun';»ful.
Y-;7: on. the protoconld (Dahlberg, 1950' 1951- Roblnson,fﬁ' /
| 1956 120) . Irregularltles on the fac1al surface of thlS hhl.g
f‘ cusp also seem. “to belong to ‘the protostylld polymorphlsmsu' ;,:;

tﬁése are usually small 1ndentat1ons or Sllght vertlcal

'fQ furrows (Lasker, 1950 Klrveskarl, 1974 53), ‘but . the feature 7; .
may also take the form of a vertlcal “wrlnkle" or rldge o

(Spyder et 'Ff; 1969) The short furrow expre551on may

51mply be a remnant of the characterlstlc lunate or 51gm01da1

clngular fUrrow descrlbed by Jorgensen (1956 74), wh1ch can‘

4

occur in the absence of a tubercle..,ti;h’

v

S
There 1s some quest1on about the legltlggfy of R

- 1ncluding the buccal-groove deflect1on and term1na1 p1t 1rf ‘

the protosty11d polymorphlsm. Kraus et al..(1969 110 111)~f

-

treated the 1ndented and tubercular expre551ons as separatel¢'_g“

'??ﬁi-'characters., The p1t form tends to be relatlvely common 1n”} o
., o, '19

': most popu1§t1ons, 1s apparently not'lnd1cat1ve of any

";0 partlcular racfgl stock, and shOws proportions wh1ch are jbf5'f3

seem1ngly 1ndependent of the other phenotype frequenc1es

i
AT F
5H\ (Klrveskarl, 1979 52)..,Also, 1t 1s found 1n ‘a relat1vely'
J‘. ...,’r ‘ "". \,’ R - ST T 10 g e "., -:“. e _'f._' ,'_ :. _."’-_‘;9., .‘_ i .'.‘!.c__ ,-\<‘ I'\



.:‘.

Z}ff. and accordlng to some statlStlﬁal tests occurs 1ndependently
of the latter (Mayhall, 1979b) The buocal-gﬁoove deflectlon

d mlght alsoxbe

?

same reasons.: Some workers have counted only p031tive”~;fw3i}1:

'qr' . J ’ : R .".‘

Afa manlfestatlons 1n compxlxné'statrstlcs for this attrlbute,1¥¢5%h

although the h1gh 1nc1dence of facxal-groove fllllngs 1n };f;?f;
e - (:' T, el . ey o '. o
the1r s%udy groups was certalnly an 1mportant factorgln B

thelr procedures (e g 3,£cott'and Dahlberg; 1982 Scott et
R 1 1983)3 N

It should be noted that the anterlor faclal groove pitsf.;”
. @ 35‘ i -
may vary greatly 1n size, from m1nute 1ndentat}ons to

,-.’*A-_'.'_:,,,

elongated depress1ons to largeh deep, oblong or c1rcular

P B y

concav1t1es (Jorgensen, 1956 69 70‘ Kraus et ai., 1969 llD-

.,'/,

lll) B The concav1t1es (ﬁorambna caecaj are ca._l -'2 mm. ‘in

dlameter-. Accordlng to Pedersen (1949 1 Bf';thﬁse large,x

deep forms oft%n penetrate to the dentln ”layer._ Foramlna

(acaeca are rather common 1n some Mon90101d'groups (e g.,_;@,-d

f Greenland Eskimos, Apaches, Pueblos) and very rE re in

Caucasoxd samples (Pederseh, 1949 118-'Dahlberg. 1950, l95ff
J@rgensen, 1956 69-70) Roblnson (1956 120) felt that the.*””

small p1t type and the pronounced 1nVaginatron Were not

‘ . ) ‘. ‘

,d;. homolOQOus structures. It 18 Possible th‘t the gene

,-7'




-,-;26'5‘?]' |

There has been some confus1on regardlng protostyl1d A

.convexltles and anomalbus cusps whlch occupy the same

p051t10n on the second and th1rd molar, but are not found on
the more stable f1rst one (see pp..271 273 )“ Dahlberg

(1945a) 1n1t1ally lumped all o§ Bolk s lower paramolarfiﬁijx3; -
.. VRN ,‘2 . .
B formatlons 1nto the protostylld category, however most of

these expre551ons were robust, prOJectlng tubercles, that S0
B . "‘.u N, e : "
never seemed to occur on thigf erlor molar (Bolk, 1914- TR

,i'@ _
'f 1916) _ Accordlng to Kal aW (1966),,these stronger SRS

<? : N . o:

manlfestatxons are str ctures composed of enamel dEntlne — '

; and pulp layers._ In contrast, the much weaker protostylld

3

varlatlons are apparent;y 51mple enamel ﬁ%omlnences o

..W

o

;(Dahlberg,vl950 Suzukl and ‘Sakai, 1954; 1957; Kallay,dzh
.1‘, ¢0 '4.. B -
1966)r Howéver,'several of the bllateral 1ntermed1ate types

descrrbedwby Kallay (1966) as enamel and dentlne elevatlons ﬁ.&;
are 51m11ar 1n 81ze and shape to the largest protosty11d
phenotype. 8 | AN :

: As noted above; me51al paramolar structures are thought ;_
Eo be der1ved from the buccal c1nguium, an op1n1on thCh wasi'”
.flrst held by some of the older workers (e g., We1denre1ch,""

1937a :77, 86 93- see Kustaloglu, 1962) In: contrast“ Bolk

(1914 1916) and deo de Granda (1927) supporﬁe Var1at10ns

,»of;the concresence orﬂ"dentxcle-fu31on" theory of lateral

14

cusp ﬁormatxon.. Kallay (1966) asserted that th1s theory was

correct xn reéard to the large, prOJectlng convsiftles,.but
/ -

the weaker protostylxd phenotypes were canular



-,adevelopments. However ﬂE?rgensen (1956 73:}5) ha descrlbed"

‘;several 1ntermed1ate stages wh1ch seem ko Stldge the

*_:fmorphologlcal gaps between the two levels of expre951on and

'f he‘"typ1cal c1ngulum 3 Modern authors accept the g

-{fcontentlon that the protostylld and other fac1al tubercles

© °

"are c1ngu1ar “spec1a11zat1ons (Dahlberg,Al945a- 1950-h?,h}h;
thorgensen, 1956:72 73 Kustaloglu, 1962 Klrveskarl,u | o
7f 1974 51- Scott and Dahlberg,_1982 Scott et al., 1983), w1th hﬁv.
:(ffl-the apparent exceptlon of Taylor (1978 248 277-278), whose
g opc“.elements are remlnlscent of Bolk s paramolarv,
,dentlcles. h':;*;' _ . . “ .

The pattern of protostyl1d manlfeetatlon 1s not éfra }'~
fh51mple nature. When only the cusp-llke varlatlon; are’

R ounted, the feaeure is: generally the most strongly and

:,frequently exPressed on the posterlor tooth,'and weakest andi:ﬂ
v'.rarest on the anterlor molar (Dahlberg, 1945b- 1963a,v1

hBrabant, 1971 Turner, 1979 Mayhall et al., 1982--Saunders Cd
~wfand Mayha@l, 1982) However, 1n some groups, the tubercularaa--

v_forms are foand most often on the fxrst molar and 1east e

| ften on the last one, e g. Japanese, Sakha11n A1nu, P1masr' i
I.V?Suzukl and Saka1, 1954° 1957 Dahlberg, 1957) When allir::‘"
vv;,phenotypes are’ consrdered. tqgahighest hncidence occurs on??,;;j

'f:fgthe anterior molar andothe Iowest on.the postetior elementfﬁl~'ﬁ

w;'in séme populations, e.g., Chicago whites. Skolt Lapps,

jJapanese Jomon (Dahlberg,_1963a; Kirveskari. 1974:51, Turner,nny

”fg;‘1979), In other sanples, the second or thirdwuolar shows




"the largest proport1ons, e‘g.,»nodern Dutchmen,'Arctic-“

267

& - -

bt

a:dentltlons, prehlstorlc and medleval French and Belglanv'

if;cranla, Burllngton whltes (Jorgensen, 1956 75 Turner,

';‘1967b 89-90, 94~ -95; Brabant, 1971-‘Mayha11 et al., 19827.

Saunders and Mayhall, 1982)

The ancestral pattern of protostylld manlfestatlon .

‘Vappears to be that proposed by Dahlberg (l963a) Accdrdlng
Ato Sperber s (1975 154 167 182) statlstlcs, the grac1le ﬁ

v';australoplthe01nes (Sterkfonte1n aﬁa Makapan f0551ls) show

v';-the highest frequency on the flrst molar (ca. 90%) and a-

'l dlst1nctly lower 1nc1dence on the thlrd one (ca. 70%)

However, robust (Swartkrans) dent1t1ons d1splay the opp051te-

-

'7tendency,'w1th proportlons of ca. 30% on ‘the anterlor molar

",'and ca. 50% on the posterlor element.‘ The*strongest g_'v

var1at10ns are found on the flrst molar in both prehom1n1ne_

types, and range 1n size from a sl1ght fac1al bulge to a

'*fj 1009 (5 - 6 mm. ) but narrow prom1nence~ the last tooth

‘exh1b1ts mazked asymmetry of expre351on 1n the robust form‘””'

fDeep buccal-groove p1ts have also been observed in. some

'j”Swartkrans spec1mens and small 1ndentat10ns are commonly'

78,86

.'present (Roblnson.'l956 120)

’v, 4"

The protostylld feature has also been found in. the

lower: dentxtions of fossll homanlnes. Werdenrezch (1937a 77{ﬂ_

¢a§ (1945 84) descnbed the presence of a "bulbous

ﬂ?i;neatéd by a s1gmo1dal furrow (and typically

B . Hy'l :
y,- .

LN -



V"molars of the Choukoutlen plthecanthroplnes.» Slm11ar but.j ,uﬂ‘

,bweaker c1ngu1ar expre551ons were. noted by thls authorl{
vpg(Ibldem-:41-42- 58 59) in two Javanese jaws-'Mandlble "D"d
"T(RMl)manq_Sanglran'%§u(RMZ); Strlatlons -or "glne o

denticuiationS“'hé o

jn seen as well, ‘on the buccal ‘
@3 protoconld surfac_

ﬂ"% 1937a: 77 78 9L}
'_"ﬂb,

"_expﬁgﬁggdssvk'

e

;se occur“onrthe Ehrlngsdorf and Taubach
*nlp'neanderthai'tb_ t(Ibldem- 91 Bay, 1958)

._ The value of the protostylld tra1t as a dlagnostlc
'htrrac1al feature is not clear.‘ ﬁ§91hara (1963,-1966) proposed
.*b that hlgh frequenc1es of the tralt were typlcaﬂ of the :
”‘.Mongolold stock,»but some groups of A51an or1gln apparently

lack 1t entlrely, e.g- 11v1ng Aleuts,tégllnese Gllimanuk

'(Moorrees, 1957 48 49 Jacob, 1967), ile others show»a'

:;’very low 1nc1dence of ca. O% - 5%, e. g., Papago and Zun1 3
”'i(Sofaer et al., 1972b)ﬁ§ Caucasoid sampf@s rarely dlsplay “_~»_d
‘the wmaracter,‘on any of the molars, according to some

'histud1es (Brabant, 1971 Mayhall et al., 1982 Saundets'and }f

' ‘Mayhall 1982) Inc contrast, Dahlberg s @&963a) Chlcago 47

"f whlte populatlon exh1b1ted propo&tloné of ca. 40% - 80% on'°

'l:the three molars, and about half (ca. 45%) the poaterior fffj

|

teeth of J?rgensen s (1956 75) modern Dutch serles V;);).‘.
s manxfeﬂted ‘some. protostylld form. o - '

g .

1 should be nottd that 1n most cases the statistics gt”k

r”x°”' g1ven by varxous workers are not’btrictly comparable. ;In-& o

e : K



;';,, LT 269

';vr__'some 1nstances, dlfferent gradlng schemes were employed

(e g. Jorgensen, 1956 74 75- Brabant, 1971{; plaster—plaque
standards were not used (e g” Sofaer et al.,,1972b), or

only posltlve c1ngular expre551ons were counted (e g Scott

‘f and Dahlberg, 1982- Scott et al., 1983) Other authors

1.51mp1y excluded protoconld furrows or p1ts (eqp‘Dahlberg,

1963a, Turner, 1967b 87 88 1979)

Turner (1985) has made the most comprghensive survey of .

y«l,

protostylld frequenc1es 1n dlfferent populatlons by any

e

31ng1e worker, u51ng a nlne—grade scale 1nclud1ng all known

' express1ons of the feature. He found that proportlons of .

rj Slnodont groups varled from ca. 15% - 40%,_averag1ng ca.:.

o 1ncreased tooth-longev1ty

Y

35%, whlle Sundadont and Scandlnéblan samples dlsplayed

e

hlgher average 1nc1dence observed for S1nadont—peoples wa's

&

frequenc1es of ca. 30% and ca. 20%, respectlvflywi

: thought to’ be related to the dentally harsh cond1t1ons undt"'”

whlch‘khelr'A51an ancestbrs 11ved in the lnte Plelstocene,;‘vrf~

*whlch-favoured traltS'that added,mass.to,the molar crown,
e

o Sefﬁar dldephTE%r nd lateral asymmetry 1n protostylld

express1on have also been 1nvesthated.' Stat1st1cally

»ylmportant'dlfferences have not been found between opp051ng

: - ‘
sxdes or antlmeres (Snyder et al., 1969- Mayhall et al,

1982) ' In most studles, d1screpanc1es between male and

"h emale tra1t frequenc1es ‘are not sxgnlficant (Snyder et al”

1969: erveskar1, 1974 54 Turner, 1979, Maﬁpall et alq -fu7"

sy



'_attr1bute.

'domag?nt’modeégf tra

Turner (1967a, sz"“

gigj”proportions

‘ A T e o h'__:. f{\v'_.*ZTQ'_‘

U,A1982 Saunders and Mayhall, l982;‘éeott and'bahlberdg 1982)
'The male 1nc1dence tends to be somewhat hlgher than the E
_female incidence (Turner, 1967b 87- 89; Mayhall, 19’bh3
\?Mayhall et~ al 1982- ‘Scott . and Dahlberg, 1982) However,*'

‘the lea are exceptlonal 1n thls regard, as the feature f

"“,occurs 51gn1f1cantly more often on the flrst molar'- i

(x2p<o 05). irr males than females (Scott et al., 1983) " The .

»dlfference 1n proportlons approaches a statlstzcally

O 1mportant level for the second molar (sz = 0 07), th1s is
illkew1se true for the flrst molar o% Turner s . (1967b 87 89%

g Arctlc cran1a1 serles (x2 ;».05 -,.08) On the whole, the f

l3protosty11d‘charactergdoes;not'seem,to¢be;a sex—lxnxed,

I

The protostylld feature aQSears to have a- complex,.f'
h\

vautosomal mode of 1nher1tance - Dahlberg (1950 1951) was"

-

. the f1rst to suggest that thls was multrfactorlal 1n natuﬁ?;,

'%v.;A ped1gree study by Dahlberg and Fukuhara (1964) 1nd1cated a:;=

1 .
high deqree of tralt her1tab1l1ty and supported an autosomaly

nsm1551on w1th 1ncomp1ete penetrance..

=et(al. (1972)ﬂtested a co- 5'}

dzm1nant, tﬁo-&f ng.that the Hardy-

Welnberg Lawﬁj ir study populatlons.

They demorns ed tesults (1nc1uding .

observa t) were notq e
'E;Sithfieantl:' L o Factual data (egtept for. thefh

;1nffurner>s-6ianial~serles).- However, as -



N

-n“Ot be ValldrY applled 1n elther of these 1nvestlgatlons.xd'"

’qua31cont1nu

. o -

e,

‘.

NN
Sofaer (1970) has po1nted out,ithe Hardy-Welnberg Law could

‘

»The protosty_ld character 1s now generally bel1eved to be a\'

.q__. [

RNy - L.
. ~ \ . [

'“1974 51 52 ‘Berry, 1978 Scott et al., 1983)

\

As mentloned previously, anomalous convexptles also -

uoccur on the fac1al aspect of the lower molars (see Flgure w?
j‘21 p 272) Roblnsoh (1956 119 120) ogiected to the
: assert1on that protostyl1d structures -are essentially

1d1fferent from other c1ngular expre331ons,'foundbon the

yoo e

rmes1a1 protocon1d and the hypoconld. However, 1rregu1ar T

R

tubercular features do not occur on theCIlrst molar but are

) -t.;restrlcted to the less stable teetﬁ (Mz and M3), are usually

~"t:fs1949 134 135) They may be cusp-lxke in shape, but’ oftenl"';s»-

: '_'surface (Bolk, 19145 19167 Kallay, 19667

~take the form of a robust dem1cone

“ad]acent nodules), merged to some degree w1th the buccal ‘“‘

,or buccal lOCl (Ibid )' they may 3180 bé °b3f;

*unllaterally man1fested, and frequently surmount a fused or

separate accessory radlcle (Bolk, 1914 1916 Pedersen,

It Lo
f}sometlmes tWO or more

Taylor, 1978:307

'1173f.;.f7§' {,vf’fflf*slt ‘;5“”',ff“f,fn§a ff’ufﬁf,“féi'f.f27iff*°”’

s attrlbute w1th a polygenlc basls (Snyder et fﬂf

"; -al._ 1969 Dahlberg, 1971-'Sofaer et al., l972b- Klrveskarl, lft?

309, 313) Whlle these varlatlons are?usually found on the e

b}

ved elsewhere

‘ on the latter element alone, or between the hypoconxd and

»iprotoconld in several p031t10ns,'e g.iat mesial, mes1obucca1 Ry
©oon. the fac1al surface,‘between the protoconld and hypocon1d,e,y“=

"5fhypoconu11d (Kallay, 1966 Turner, 1967b:96-971;.;i,:,*_: Q,; o



-,ul’

'5Var1ous pos1t10ns f (a-f) thax lateral cusps may occur’

.. on mandibular molars; locus a would ‘be the typlCal Bolk's

paramolar tubercle, whlle locus f would be the dlstal molar
tubercle.

- e ~ . 3 . n

>
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Only a few authors‘ﬂhve made stat1st1cal stud1es onq;he 0

presence of anomalous fac1a1 cusps. Turner (1967b:99 100) 7‘§fﬁf3

o

found only a 51ngle unulateral case of a: dlstobuccal

o Pedersen s (1949 133 135}\@ata glven paramolar\f equenc1es

\ﬂ;, entocpnld face, may surmount a. fused or separate super--

;,"tubechg (on the M3) in hls Arct1c cran;al ser1ej<éfg 133)
;.of ca._2%/and~car,6% (on Mz and M3,.respect1ve1y) for hls’l.'
| skeletal Eskggo sample (n 52) and ca. l% and ca. 3% (on Mz.
.fiand M3, respect1ve1y) for hls modern Esklmo populatlon (n = ‘ff_f?
'7340) ' The paramolar emlnence was generally a small to 1arge
:ﬂ me51al (sometlmes central) formatlon,‘Whlch was usually '
- un1laterally expressed (4/5 on M2 and 10/12 on M3) ' Bolk s.”'“hp
: (1914 1916) f1gures 1nd1cate a'very 1ow 1nc1dence ( '
fractlon of 1%) of mes1ofac1al convexltles for hls Dutch
'spec1mens. Odlo de Granda £ (1927) skull collectlon .
'"(representlng mostly nOn-Orlental groups) showed a:

B} slmllarly small proportlon of these varlatlons.- The divers;p:
"f1nc1dental paramolarityp;s may occur more commonly ln' 3
‘Mon90101d peoples than int Europeans (Pedersen, 1949 136—' Mf\
Anomalous cusps also occur\hrarely) on the lingual
'tf,aspect of the second and th1rd 1ower molars (see Eigure éO,

Y

L p 262) These are generally manlfegted on the posterior"
»numefary radlcle, and were referred to by Bolk (1914- 1916{-*"
"dlstomolar“ tubercles (cf. Taylor, 1978:312) ; However[Jf'ftﬂ

a 51ngle (b11atera1) case of a small*accessory prominence e



-ffparamolar st

!

','on the palatal metaconld surface was reported by Pedersen

/

.J(1949 135) foy hls modern Greenland Esklmo sample (n = 340)
l entomolar foi%atlons afe mudh less commonly observed than'

tures Pedersen (1949 133 137) found

ot

woo

-serles (on M2 and M3, n = 52) and a 51ngle 1nd1v1dua1 in‘

v

';hls modern sample (on M3, n = 340), these were large,.rooted

“varlatlons, whlch were more 11kefy to “be un1latera11y than |
| _ .’__ ) }
‘“Tbllaterally expressed.- Entomolar*%eatures may p0381bly

,;occur mone often 1n Mongolo1d peoples than 1n Europeansu'f

- C. ','\

7. 3 2 Methodology for prOtostylld tra1t and lateral cusps.::
o Dahlberg s (1956- l963a) cla831f1cat10n of dlfferent

: protostylld var1at1ons —:as mod1f1ed by Klrveskarl (1974 53)

v3- was accepted 1n thls study for pre11m1nary observatlonal o
-purposes (see Flgure 20a, bi pp 261r262) Unfortunately, _
hne1ther of Dahlberg s plaster standards (f#13 and f#l4) was h
ghavallable for use.[ K" E erght (1977 29 30) followed ‘

' \.

;essentlally the same tra1t scale._ P.J. erght s (1974 43)

agrad1ng scheme was s1mp1er and less prec1se,,and 1ncluded

“dlStONOlar promlnences 1n oniy a. 31ngle skull 1n h1s cranlalvyy'“"

',the follow1ng phenotypes. smooth surface- protoconld furrowshif_l:”

[4

and pltS' the me81obuccal prom1nence (w1th or w;thout
d;deflnlng groqvec) and the tubercle with a free apex., These.hf
f,categorles, though, can be made reasonably con31stent w1th

'hddthe Dahlberg-K1rveskar1 system by comb1n1ng classes 5 6 and o



Jﬂw_regardlng the buccal-groove varlatlons / Dahlberg and ﬁ:

“4K1rveskar1 botﬁ~1ncorporated the buccal-groove p1t and

h{dlstal deflectlon 1n éyelr protostylld tra1t compleX.;'g:J.ﬁfm
'\'erght (1974 43 44) codsidered the former express1on to be'_u' A

~  an 1ndependen; Eeature, and dld not mentlon the 1atter *;vu" "fﬁfyﬁ
e i S e T
. . r(l .4 o L
v'modlflcat1on,3poss1b1y because 1t was not observed 1n h1s A

small samples‘due to rarnty of occurrence. K E erght ~}‘ﬁ f.,[gf

",,:_;(,1977 29-30) excluded the termlnal plt, but mcluded the

roove defl?&ilod in her gradlng scheme._‘ln thls study, the‘fV%*

caecum was accepted, prov1s1onally; as a R

'}Xmesial forajé¢7
' ; and assxgned fb the f1rst rank of f
fifestatlon.- Small or m1nute p1ts were not
of t?e dlfflculty in determlnlng the1r ;.;'V

te end of the anterlor faclal flssure, at ";&‘f?)f

:itlcal area.' The deflected-groove phenotype' ;ﬁ+{vw3

-

;tcla931f1cat10n pxoblem, as d1st1nct

: :"surface 1rregu1ar1t1es ) Kirveskarl (1974353) remarked that «._tfl
L gy 3 RO
L these expresslons were usual}y small furrows and plts in the

' protoconld face._ P J._Wright (1974 43) put the furrOWS and {?f;;

IR the p1ts 1nto two separate grades. while K E. Wr1ght

(1977 29—30) added another, rather vague cateqory for slight
. ! L -
', meslobuccal deformxtles. Presumabiy, that category 1nc1uded jujﬁ"
.".‘ - L Lo P “ ) . R b N . . ; . a s . Coes T e
at '




B Bt SN

';’ ment1oned by Snydir et al.;(1969) These var1at1ons wetei’h
o apparently not observ a bylP J.,Wr1ght,.as no reference-ls
_madé” to them. In thgz/study, protoconld furroWs and plts,
'h'as well as vertlcal wrlnkles and slrg?t'%eformltles, were ﬂ
‘ "lumped together 1nto ‘a s1ngle ranked group » .
e Ind1v1)5al and side- co&nts were made for~the¥:‘ |
protostylld feature on.each'spec1men.“ All 1ower molars were

‘ B

;77 42 45)

exam1ned, as was the case 1n K.E. erght s ('

B the51s.l P-J. Wrzght (1974 89 92) consxdered on . the f1rst

-

two seeth (Ml and Mz) Also, anomalous buccal and lapgual ngg

tubercles were noted where they occurred asﬁmatters oﬁ_;wj__”_'
) minor, anatom1cal 1nterest.u . »~§yu i oo T

'._ L LT e L (; X

’7 8 3 Observatlons on protostylld tralt an' lateral cusps.»~-z,‘
CE The observat1ons for the protostyllﬁ polymorphlsm were .

. 'u : f' '. .
condensed 1nto a four—category system (see Tables 15a b,'

: L% pp. 277 278) As noted above, the %arge p1t phenotype
const1tuted the flrst grade, wh11e the deflected groove form ' o
dad not occur, so that the "surf1c1al 1rregularL¢1es group

was . asslgned to the second rank of presence. Thetth;rd-w

o class represented only the fac1al promlnence which was
! T . o

T VSV L
S

i~delqneated by a c1ngular furrow, as_the k1nd lacklng“fhe
J .

furrow was. not found.f Robust tubercular express1ons were‘

also not " observed in the study sample.g_"f IR 7L;
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: potail 33;

+ Categ%gy only 1ncludes*large/ﬁuccal-groove p1ts.

bﬁ}+ Categéty 1nc1udes c1ngu1ar furrows, ﬁﬁall plts and
q@rtlcal wr1nkles. L s




PROTOSTYLID TRAIT OF DIBULAR MOLARS - IN THE '
,.GRIMSBY SAMPLE: OCCUR c% BY INDIV IAL. :

- .

4

FIRST'MOLAR . ' SECOND MOLAR ~ - - THIRD MOLAR .
INDIVIDUAL . INDIVIDUAL ~ = INDIVIDUAL
S (%)

14 (77.8). . © 8
.37(16.7) ¥y 1
. .1 (5.6) .~ .. 4
- .0 (0.0 - T .0
“4 (22.2) 1 5
18 (100) 1
/4 oo a

i‘Oc».. :
. \ . -
J) ~~

(78.7) - . - .10 (83.3) .~
(21.1) -~ 0.(0.0)"
:(5~3)AT‘ Too 21647,
(0.0) AN 0. (0.0)
(26, 3) B 2 (16.7) .

;(100) g .-12”(100)

8 (72.0)"

: B . 1-(4,0)_-

(7.3) . - . 6 (24:0)
0 (0.0)

7 (28&0)

fotal 38 (100) ———3T (025 (1007
asymm. ! 2/6 ?zuz' Y2 SRS V)

et ST : . . . K
N - “ o, k : . . B . o o -




——

. ‘found._ Robust tubercular express1ons were also not obServed

"'.: in the study @le. SRR o

Z?pattern of protostylld manlfestatlon. The second molar :

A}

'5d1splayed a. moderately h1gh 1nc1dence of the feature (26 8%
1ftn —\41), malnly because of the relatlvely lQrge proportlon

7:(19.5%) of the foramen caecum phenotype. The last ooth

o jshowed the greatest frequency for the tra1t (28 0%, n’-u25),_

s _whlle the flrst molar presented the lowest f1gure (15 8%,-

PN

38) When the large p1t category ‘was excluded from

*cons1derat10n, the posterlor element again d1sp1ayed the '

\

fﬁ‘_ hlghest 1nc1dence (24 0%),?wh11e the two anteﬁ%or molarS'

3 both showed much lower proportlons (5. 2% for Ml and 7 3% for

~'M2) ' However, a. strong protostylld exPress1on was only

”:found on the flrst _molar- thls was the characterlstlc *-

-~

: meslobuccal prom1nence,‘def1ned by a c1ngular groove.»‘A'

It 1s notable that the weak surflcial expressions

(é,

: (grades 1- 2) 1ncreased dlstally 1n frequency, from 2 6% (on,
f "Ml) ‘to, 7. 3% (on Mz) to 24. 0% (on M3) These were usually AR
ftlny p1ts on the posterlbr tooth (M3), wh1le only short

'].furrows and "vert1cal wrlnkles were found on the two .

s -

'ylanterlor molars (Ml and Mz) The" wrinkle“‘type was a

N_fslender, curved, r1dge11ke form (sOmet1mes, two small

B

Vrugae), occurr1ng on the protoconld face, along with a

‘,sllght deform1ty 1n the area of the buccal groove'*

terminatlon. In two cases, the wrinkle was seen on one side



-

'.whlle a part1af'&angular furrow was observed~on the other. -

S

;_The p1t and furrow var1at1ons could also be manlfested

igtogether or on opp081ng antlmeres.'

anterlor aﬁd poster

RS I

.

“ ’

There was no consxstent ev1dence fon sexual dlmorpyl\

in the protostylld £ "&_e. Whlle male frequenc1es ‘on the
% .

ars were two or more t1mes female -

.frequencles, the f_ﬁ Y c1dence for the tralt was s

o " &
*dxstlnctly greater on tﬂ% middle tooth. Fufthermore,

r,

specimens dlsplaylng protostylld varlatlons were so few that

def1n1te conc1u51ons could not be made regardxng the

B observed sexual dlfferences in attr1bute pr0port10ns.jf‘

: Gross dlscrepanc1es 1n antlmerlc tralt expre551on were

ar

'jnot found, con31der1ng the problem of small sample 51ze,.

'rThe f1rst molar showedwfhe h1ghest rank d1scordance (2/6)

.9-

»

fjln regard to protostyl1d man1festat10n~ th1s occurred ‘on the -

preSence/absence level for the large p1t category. The”
other two molars exh1b1ted a reasonablx small degree of

.

lateral asymmetry'(Z/ll for'M2 and 1/7 for M3) the large

———

- pit category was 1nvolved in one case (on Mz) : 97-

. Grimsby populatlon, only‘a si

L Dlstobuccal tubercles we e rar y observed‘in the -
1e female 1nd1v1dua1 showed
o .

(unllaterally) a "cusp~lake“ var1at1on. ThlS case

represented 3. 8%‘- 5.6% of . the determ;nable sample,_ ,\'n

_dependlng on whether,con81derat1bn Was glven to both s1des .

Do e
.be1ng scorable (n:s 18) or -at least one 51de belng scorable '

(n 3;26). The spec1men (Fe28#52 RM3) dlsplayed a small,

P D N : . T . . . : e

"’

a



scale-llke emlnence, w1th a free ap’xiu itnated<‘

EL N
B A

‘s
: surface, and the enlnence was dellneated by a weak furrow on-
,f.“ . - ' x. . . i

:Athe'hypoconld face.»';g_vu i o ,'; PR N

> .

I\.

D1stollngual tubercles were ;bmewhat more commonly
SRS

_observe? than fac1al types, occurrlng 1n 6 7% - 10 0% of the h*

fdete;mlnable Grlmey sample (n = 20 when both 51des.

*fscorable~-i.f'30 when at least one 31de Was scoréb”e)
e Both recorded cusps ’were observed (unilaterally) on the " ‘".?_,*
. SR A T

thlrd molars of male spec1mens.- In one case (Fe6#38

:eRMg). the accessory structzie‘was a small, weak style-llke 4

ém1nence w1th a fpsed apex, on the palatal surface of the :

' r,entoconld. In the other exampLﬂ'(Fe62#69 LM3),{1t was a . § ‘..

- Y

| Vhsgall,-scale-llke convex1ty wlth a free apex that was well '4\;

'f-béiow the occlusal surface.. Thls convexlty w%s separated by‘
) _a strong groove from the dlstsllngual corner&of the o

'entoconld.\ P



8.1 Introduct1¥n.~

h'blologlcal dlstancedanalv81s of several Iroqu01an

’ CHAPTER 8: & )
T o COMPARISOA JOF ONTARIO IRoouo{s—JmpULATlons..,

A

ﬁ T

'-apd frequené1es of phenotyplc varlatlons in the d1fferent

tralts, with attentlon belng focused on the Grlmsby'sample.

'tHowever, another major purpose of thxs 1nvest1gatlon was to o

N

use the most dlagnostlc of these dental features in a-

y Lo “.~\.
l

.populat1ons, v1z._Gr1msby, Shaver Hlll Carton, Klelnburg and

'_'Sopher. A related and sequent objectlve 1nvolved the

S;z} Tooth trait categorles used for blologlcal dlstance .t

*rformulatbon of several general conclus1ons regardlng ‘the

'.utlllty of odontologlcal characters for such an ana1y51s.af

"/." '

analysls._ " s B -

.Twenty todth-trait categories-were used 'in the™

?hiologicaltdiséance analeisvoffthe fi&e Iroquoian 5keleta1“
v“groups.r The six. tralts selected for ‘the upper dent1t1on
,were.lshovelllng (on 1l and 12),‘1ab1a1 rldglng (on Il ; nd
‘T2) incisor anq"canlne tuberculatryn (on 12 ana Cl),

'.hypocone varlatxan (fu11-51zed c4 on Ml and Mz)- and the

’

. the lower dentit1on were: accessory gone or two) llngual

cusp man1festat1on (o% P4), groove-pattern (+ flssure type‘

e

I . - @\ o ) R
P o X : S . . R . .’\ N S vv
L - . '1}: e 4"@, .. S ) Lot

: . sy K]
I . . . .9 L.

if- _ The previous several chapters hdye dealt w1th the-formsir’”;

. N
‘. C

-

\ H : .
T 'Carabelll complexs(On M1 and M2) 1 Those 31x.selected-f;l—-:~“#
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'.;i»on Mr, Y- flssure type on" Mz), hypocondlld expressxon (on”

Mz), entoconulld and metaconul‘d occurrence (on Ml and M2) 4fm,]:;
:“and the protostylld polymgrphlsm (on ML and M2) The Rl o

~.7groove'and Y—groove forms were selected because thelr rarlty RN

A . . o < . B ] . 3» }.v‘_.“
':‘,(on_Ml and Mz,'respectlvely) wasxfhgnght to make them bettet ;jfl_
sample d1scr1m1nators.' Mamnllary and mandlbular tﬁ1rd g»;éy?;lgf.

i

.molars were not used 1n the analys1s,vbecause of the genetrb,,f?

: and morphologlcal 1nstab111ty of these elements.f f. R '; o

changes to the, sample s1zes and tra1t proportlons g1ven

f .
At le

for two of the aforementloned ch:racters (four categorles) -:"“

‘Jhad to be made for reasons of 1nt r51te comparab111ty and

. ~ :
.\Tg

~rat1ng cons1s€\hcy Mesqobuccal-groove p1ts were excludqd
'from the flgures for the protostylld feature (on Ml and Mz).

°

y'as data for the large, deép form was not avallable from the

statlstlcs glven by P.J. erght and K. E erght,_and p1t

typES may not belong to the tralt complex. Also, f1ve~ o

-

“;#cusped maxlllary molars were subtracted from the samples '

n\add1t1onal large~convex1ty (dlstal tu.ercle) markedly L ',,'g'lj
affected the s1ze of - the fourth element and apparently d1d iwy'f
' ot oCCugvto any prom1nent degree ln the four ossuaty

npopulat1w

.

The dental characters used for the statlst1cal o

comparnson of the f1ve Iroqu01an samples showed a reasonably IR
& S

'hlow 1ntra-observer error in. repeated scoring trials ' "_3@5 o

-(geﬂerally, % - 10%) he two features causinq greatest



'-'mclasses on I

.,,d1ffrcu1ty were (1) shovelllng (v1z strong versus moderate

L and I ) and (2) hypocone manlfestatlon (v1z.‘41

f*versus 4- categorles on Ml and Mz), these var1ed 1n a rather SRR

".7gradual and contlnuous manner from a state of pronounced )

v

,expre551on to one of absence.; The second attempt ‘at ranklngj

v'each of-these tralts, u51ng an enlarged‘serles Ofvpﬁﬁandird"fn
r_casts for phenotype comparisony restlted iniafdiscrepancyfofpr*
some 15% -.20%~(fbr both cases) between the two evaluat1ons'
'.gA th1rd rat1ng exerc1se was undertaken,vspeclflcally for §he
.sﬁovel shape and hypocone attrlbutes, aga1n u51ng the.'f :‘pV
venlarged cast ser1es, and thls pnocedure reduced lhe |
vd1nterse551onal grad1ng 1naccuracy to ca. 5% - .10%. |
o Problems in rank1ng shovel-shape form and hypocone 31ze"
f;have also been mentloned by Scott et al. (1983) and Greene
‘(1967 11- 12), respectlvely It should be noted that K.E.
erght s (1977 ll)‘"overall repeatablllty rn;scorlng,was.
A fca; 85%, although she ugfortunately falled to determ1ne her"" A
';ratrn; conslstency for the 1nd1v1dual tra1ts.t P. Jl erght ;fpr
d1d not conduct multlple gradlng se351ons, but because hls
'i'experlence 1n dental morphology was at least equal to K. E
'i:erght s,“lt can be aSSumed that h1s 1ntra-observer error‘fu'*%
for the same features would havq about the same magnltude.-l'
| The selected tralts had to have genetlc qualltles
su1tab1e for blologlcal dlstance analysms. All these L
J:features were‘of a stable nature, hav;ng a traceable
’:phylogenetlc hlstory,_whlch 1n some cases (e -g. the vfj,

-



'h.{carabelll cusp) was of great duratlon gas well as anf

p’lapparently hlgh degree of her1tab111ty, as determlned by

,,tw1n and aff1ne-resemblance studaexsﬁ.‘f1 Flrst 1nc1sor and

'_fherltab1l1ty than second 1nc1sor and second molar

;icomb1ned sample (ca. 10, OOO -.29 000 1nd1v1dﬁals) was-underf-.:"

l'1nc1sor (I )ff.

. Q

flrst molar characters dlsplay a- higher degree of

characters- however, the dxfferences in values are not

: 51gn1f1cant (Sofaer et al., 1972a)

None of these dental features showed con31stent sexual;:"'

lemorphlsm, wuth the exceptlon of shovell1ng on the central’

‘.

'nd th1s was only true when a very large,_

2oy
B on

' con31deratlon (see Harrxs, 1980) It should be noted that o

k)

'5,be seyed and consequently, tralt frequenc1es ésuld not be

-awelghted to compensate for male-female d1fferences."

the sEEletal mater1al from the four ossuary 31tes could not‘f

Therefore,.the selected attr1butes had to have an autosomal“

.~ . . Ta

-mode of transm1551on. :f-f
. g . , ;
'-_5' A potent1a1 problem aff!ctlng the use of dental_‘fg.

ad

'A‘f;féhtures 1n a b1010g1cal dlstance formula is- the poss1b111t

'of 1ntertooth tra1t correlatlon, wh1ch 1mplies that the sam

?genetlc complex controls a spec1f1c character (or

Lo

' characters)'on seVeral dlffarent elements.. If more than on

'of these elements 1s 1ncluded 1n the formula, there w111 be

'a certaln redundancy (and‘therefore, an imbalance) in the Zf“

A

b*flnformatlon ut1llzed dlscrxmlnate between populations.-'

'fTh1s concept of -a "sphere of 1nf1uence" or. "developmental

- P . _

y

e:J,V“'

e



f1eld“ governlng several attrlbutes found on ad]acent teeth‘

of the same class was 1ntroduced by Butler (1939) ..
Dahlberg (l945b- 1951) applled the concept of v;,}ju'!!j

'Q"developmental fields" to the human dent1t1on to account for;

4\grad1ents of expre351on found in . dlfferent tooth dlstrlcts.

: s e

lfHe suggefted that ‘the four dental classes = 1nc1sors,

'remolars and molars 3 were each governed by

canlnes,
useparate morphogenet1c "spheres of 1nfluence -.w1th the
fmaxllla.y spheres poss1bly be1ng d1st1nct from the
'mand;bular_ones.f The features controlled by ‘each sphere h’
',wouldbe,moststronglirmanlfestedonthevphylogenetlcally.

'stableA"key-tooth"‘at one"pole,”and weakeSt'at thevother o

».'extremlty of the fleld-‘e .g. the Carabe111 cusP was most

‘“frequently and 1ntensely expressed on the flrst upper molar,v
and was rarest and smallest on the 1ast one.f .
-However,'as noted above 1n the relevant parts éf‘this“

the31s, the morphogenetlc spheres are. ratherrunstable for
rnearly all the tralts con31dered here. %Some populatlons.
,dlsplayed a frequency gradient hag. on" Ml, M2 M3) for*
:some dental characters (e g the protostyl;g) exactly
opp031te to that expected on. the bas1s of the f1e1d theory;'7't'
.‘Wh1le many exh1b1ted the 1owest proportlons of ‘a’ feature onhzw
fran 1ntermed1ate tooth (e J;-on M2) Only the very anc1ent p.
N Carabelli complex con81stently showed agreement w1th f1e1d;

<N\

, predlctlons among the numerous dlfferent rac1a1 or

geograph1c groups exam1ned, although even 1n thls case,.

N

Coee



'Wgthere were st111 a couple of apparent exeeptlons._ The
f;l1m1ted data avallable for australop1thec1ne teeth suggests .

i_that Dahlberg s developmental f1elds were much stronger in_l'-

the older hom1nids than 1n recent man, Nho seems to manlfest T
‘_greater dental varlatlon, perhaps due to the reductlon of "f S
- selectlve prespures.

AB

» ' Several stat1st1cal 1nvest1gat1ons have been made to
o _

.idetermlne the degree of tra1t assoc1at10n that exlsts‘
::?between dlfferent teeth supposedly belonglng to the same

' ;fleld A number of studles have demonstratéd a hlghly
'.ﬂ51gn1f1cant correlatlon between the shovel shape expre3810n:;

. 1
on’ the f1rst maxlllary 1ncisor, and that ‘on the second (e g«

“>Carbonell, 1963 Suzukl,and Sakal, 1966 Sofaer et alrl
"“1972a, Scott,_l973 66-69; Berry,,l976) A con31stent R _“wfiifh”
grelatlonsh1p between shovell1ng and 1ab1a1 r1dg1ng (on both -
lfll and 12) has been found for some ra01allgroups (Suzuk1 and gﬁa
- Sakal, 1966 Kleser and Preston, 1981) but not for : v |
fothers (Moorrees, 1957 26 K1eser, 1984a) It shouid also
'ibe noted that the.shovell1ng character may be controlled by
‘gthe same: genetlc complex in both upper and lower ]aws ;"Ai .
_(Suzuk1 ‘and Sakal, 19667 Scott, 1973166~ 69 1975)
. Some studles have suggested that the degree of ::”‘l"; -
';shovelllng On the upper inc1sors could ‘be’ related to the
1[4,:development of: l1ngual cusgs on’ these two elements. Suzuki ..i5§-ff'
and Saka1 (1966) demonstrated th1s to be true for thg&r ::’ e

=

.Ap)ropos1t1, but only ‘for® prominent first incisor ‘nvexitief




Berry (1976) found a 51gn1f1cant 1nterdependence between
"'shovelllng on the central 1nc1sor and "01ngular nodules on
'°the lateral tooth, and a few of Scott s populatlons showed a .
‘i s1m11ar correlatlon (between Il shovelllng and I1 |
‘}tuberculatlon) However, Moorrees (1957 26) and d‘.
"Carbonell S (1963)Lsamples d1d not dlsplay any coh51stent!
linkage between these two features (on the 12) and nglther
B did- most of Scott 'S (1973 167,69~ 72) natlve groups, on the ;
central‘lnc1sor.' None of ‘the 1at§ﬁl&a§31b1ted a
."ﬁ tatlstlcally 1mportant connectlon between shovelilng (on
e1ther Il or 12) and the tuberculum dentale on the second'
anc1sor, however the tubercle character on that tooth was'
51gn1f1cantly assoc1ated. more often than not, w1th the same;u
_ attr1bute ‘on the f1rst 1nc1sor.”,‘ i |
-Several 1nvestlgatlons have 1nd1cated that the upper
canlne probably belongs to the 1nc1sor f1e1d and others,”
that it may be affected, as well by the premolar sphere of;
hlnfluence’(e .g. Turner, 1969b Berry, 1976) One study
‘fsupportrgg the fbrmer pr0p051tron found that shovelllng on c
”Tthe maxlllary 1nc1sors was strongly correlatedkjrth l1ngual

-

'and 1ab1a1 marglnal rldglng, and w1th the basal tubercle on'

‘-the max111ary canine (Suzuk1 and Sakal, 1966) ; In Scétt s
f}1973 67 69 72) aborlglnal populatlons, shovelllng on the"‘
,upper central (but not the upper lateral) 1nc1sor was also
vfound, ‘in-a few cases, to be s1gn1ficantly a53001ated w1th

the llngual cusp of the ‘upper canlne.: However, in the - P;~p

.



- : _ | 'Hléé§ff o
- S S R L R
,:majority of Scott s samples, the two features (on I1 and Cl)

".were expressed 1ndependent1y of each other.: Addltlonally..

‘.was hlghly correlajed (for all groups considered) with that

thei"c1ngular nodule character occurrlng on the flrst
"_;1nclsor has been shown to be statlstlcally-llnked - 1n mostv

~of Scott s (1977b) groups - to that manlfested on the canlne;;f;ff-:
hhut the same relatlon does not generally occur between the -
second tooth and the canlne (cf Berry, 1976) ;h‘

. In regard to the anterlor cheek dentltion, Berryls ‘d?
(1976) 1nvest1gat10n demonstrated the occurrence of a hijtd f['fﬂK
;statlstlcal;y 1mportant correlatlon, for some populatlons, -
:“hetween dlngual occlusal tubercles and occlusal p1ts on. the
hzloéer second premolar.A PaLatal cusp number 1n the flrst ‘Tﬁf
}_premolar (P3) was smgnlflcantly,assoc1ated w1th that 1n the N
_1second (P4) 1n most of Scott 'S (1973 67 77 78) study dj ‘

groups.' However, of t~e aforementloned tralts, only the last

: v1nters1te sample anal 81s..'
The most 1mport nt upper molar features used as’
pOpulatlon-dlscr1m1n tors are hypocone varlatlon and the .

L

‘?:Carabell1 complex.i Hypocone expre831on 1n the flrst molar
“1n the second, acc rdlng to one study (8cott, 1973:67 72-.
'l74), and cusp num er 1n the second tooth to that in the

-last. accordlng o another (SOfaer et al., 1972a) However,hlfil””

:isGreene (1967:24725 35) demonstrated for hls cranial serles o
: that hypocone reductlon in the anterlor molar was .izi‘-' o i.7%*

g‘, ila*.;,"V""fji'
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———

1nd/pendent of that 1n the mlddle one. Carabelll_
man1festat1on on the former element (Ml) was shown to be
statlst1cally l1nked to that on the 1a£ter (Mz) in most of
the samples tested by Scott (1973 67,72~ 74) R |
Both Keene (1965- 1968) and Scott (1973 167, 72 74-

‘1979) found that a strong assoc1at10n occurred rn the1r
populatlons between hypocone development and the Carabelll
polymorphlsm (on Ml and M2 espec1ally the former)

Hogever, other 1nvest1gat10ns have 1nd1cated that these twohp
dental characters are autonomous attrlbutes (Greene,ug |
1967 25 35 Sofaer et al., 1972a'.Berry, 1976) It mlght.
be noted though, ‘that Berry (1976) has demonstrated that

S the metaconule tralt (1n its larger forms) and the Carabell1_

[N

-'cusp are 1nterdependent ‘on- the anter1or morar in one of. her‘
two tested samples."' | . k
- The tralts of 1nterest on the lower molars are.groove'
system, hypoconulld man1festatlon,laccessory occlusal
elements (c6 and c7) and the protosty11d complex.' Accord1ng
to several 1nvest1gat10ns (e g. Jorgensen, 1955 Garn, Lo
1966 Garn et.- al., 1966a b; - Greene, " 1967:25 27 35- Berryl;
1976), f‘tsure pattern (on Ml and Mz) 1s 1ndependent of cusp

| number (1 e.,:cs presence),(Sofaer et al. s (1972a) study 1s
exceptlonal in thls regard The latter also found a h1gh
correlat1on for groove conf1gurat10n on the anter1or and “}.
m1ddle molars, and cusp number on these two elements, but _ , ‘

most research has 1nd1cated that both features aref' _‘g;l'"

P



'j,;] The seventh cusp showed a 31gn1flcant assoc1atlon on e

cow

very strong negat1ve correlatlon between the YS pattern and

autonomously expressed on each of these teeth (Greene, _f?’»f,
1967 27~ 29 35; Berrxr 1976). T

'

the f1rst and second lower molars 1n a few tested samples as'

d1d the 31xth CUSp, although 1n the case of the latter, most s

groups d1d not manlfest such a relat10nsh1p (Scott, 1973 67 ey

77-79)" Thls tubercle (c6) has been stat1st1cally llnked to
the hypoconulld (c5) by one worker (Turner, l967b 76~ 78),‘

but not by other authors (3cott and Dahlberg; 1982 Scott et

'H'

'fa ;; 1983) 3 Also, Goaz and Mlller (1966) demonstrated a

the protostylld complex on the anterlor molar° thls result,fl'

},3 however; has not been dupllcated in other 1nvestigat10ns

(e g Scott and Dahlberg,:l982 Scott et al., 1983)

: There has been a certa1n degree of amb1gu1ty regardlng.
the 1ndependence of the upper and 1ower molar flelds.
Dahlberg (1951, F1gure 4) 1mp11ed that the two ]aws were
controlled by autonomous spheres of 1nfluence Whl%) f’

Butler (1961) has suggested that some tra1ts at least arev

:3_ determlned 1n both dentarles by a s1ngle genet1c complex.

Ev1dence can be prov1ded to support elther poslt1on._

number of studles have found a hlgh corfelatlon between the

Carabe111 polymorphlsm (on Ml) and the protostylid character (j

(on Ml)' 1n several dlfferent samples (Suzuki and Sakai,u'

K -1954~-Scott, 1973:67, 75—76°'1975 1978) Barnes (1969) /{ "

found a sign1f1cant assoc1at10n between the-Carabelli tubercle

N

- *‘*;_'771: ;j/) 29




h‘et al., 19660‘ Sofaer et al., 1972a- Berry, 1976) ' Greene

_and the seventh cusp 1n his - study group.' Also, Sofaer et
~al. (1972a) found that the hxpocone and hypoconulld features

o’were statistlcally llnked on the upper and lower molars (M2 i

e

' andSMz), and so were hypocone expre5s1on and flssure

_conflguratlon LMz and M3 w1th My and Mz)

S

In contrast, several 1nvestlgat10ns have 1nd1cated a

.lgenet1c autonomy for max1llary and mandlbular dental

characters.. The Carabell1 tralt?'on Ml and M2) has been ;

:shown to be 1ndependent ef—bogh'flfth—cusp expre331on and

—

‘groove pattern (on Ml and M2) by ‘a number of workers (Garn

’(1967 29 32, 65) and Berry (1976) foahd that for thelr-

u_skeletal and&11v1ng populatlons, hypocone development was

~l

4;”statlstically unrelated (for all tested molar samples) to
:cusp number (1 e. cs presence) and flssure system.;

»-Furthermore, Goaz and Mlller (1966) demonstrated that the.

. Carabelll polymorphlsm (on Ml) and the protostylld feature

‘group.

,dlstance formula and ‘were’ examlned in thls seétlon generally

(on Ml) were: not 51gn1f1cantly correlated ‘in the1r study

The dental attrlbutes wﬁlch were used 1n the blologlcal -f. |

0

.;showed only a»sllght-or-1ncon51stent assoc1at10n w1th each

'other. The two exceptlons to thls conclu51on were

shovelllng on the two upper 1nc1sors (Il*and I ) and the

..Carabelll complex on the flrst two upper molars:(Mlqug‘Mz

fThe maxrllary shovelllng trait especxally manlfested a

- R .
.En . o . .o
it X . .

v‘__
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fstrong correlatlon between the central and Iateral elements e
E 1n several exten51ve 1nvest1gatlons.~ However,.as Moorrees ""a7'§“lﬂi
-7(1957 28) has noted, the narrower form of “the second 1nc1sor

7‘may often cause an error in asse531ng the degree of

. -

shovelllng (on 12 relatlve to Il),'and Scott et al. (1983) s

Iy

"_have produced a separate scale for ratlng the character on

thls tooth, essentlally treatlng 1t as a separate feature.

——

The Carabe111 phenotypes manlfested on the flrst two
hu»upper molars have been found to be hlghly correlated Ln two
' -

‘”TStudles (Sofaer etval., 1972a- Scott,_l973.67,72—74).

[0

ShOUld e noted, thbugh,jthat'in Scott‘s'morefeite"lve: o

1nvest1gatlon (which tested f1ve .rather than two samples),v
-the groups examlned showed as cons1stent an associat1on - = rifdﬁﬁ
f'fbetweenwthe Carabelll polymorph1sm and the protostylld o
v_.complex (on M1 ahd M, ) as between Carabe111 trait expressxon
.ljon the flrst molar and that on the second one. It.seens |

'rather odd that the (genet1c?) linkage between two'

;apparently separate features in- two dlfferent 3aws should

b-be just as strong as that between a spec1f1c character On.h‘

' one tooth and the same character on an’ adjacent element. rh

-real s1gn1f1cance of such statlst1ca1 relationshlps is a"

Qmatter of some dlspute (see Molto, 1983 171*173)

- A number of poss1b1e ep1genetic linkages have been 3

)

'{1nd1cated for tra1ts located 1n d1fferent fields. Labial‘

: shape (of 11) and the shovel-form and cingular nodule (on‘._.c;u
"- I ) have all been shown to be correlated w1th Carabelli _fi.;n'
l X . 5 B

e




.
\

'tra1t development on. the f1rs
(Dletz, 1944 Sofaer et al.,

wnodules (on Il and 12) h

-‘>jR§D L 7 S

.molar, injsome’populatiOns

19725¢ Berry, 1 976). Clngular

e also been statlstlcally

.

connected t?aiégéssory bu cal cusps on the lower and upper

Ae—

second premolars, respectlvely (Berry, 1976) : Some

o 1qterdependency has been demonstrated for shovelllng (on I )

T~
and-the hypoconu11d (Sofaer et-al., l972a) : Lastly,~the-

canlne (cl ) tubercle has been found‘Eo Qe s1gn1f1cantly

7

A'assoc1ated wlﬂk hypocone express1on in a m1nor1ty of samples
tested by Scott (1973:67 74~76), on the anterlor max1llary

' molar, and in most of h1s groups on tﬁe -middle tooth. These '

- relatlonshlps are not well understood and are probably of

Scott and Datherg, 1997)

dublous vaIuem modern workers“tend to 1gnore<them (e.gr

+

0p1n10ns vagy 1n regard to deallng w1th the problem of

correlated dental or skeletal characters._ Sofaer et al.
’ r
(l972b) remarked that tra;t autoﬁomy was of ‘minor: lmportanCe

-
-

when only relatlve dlfferences between groups were belng
con81dered.v Sjovold (1977) recommended treatlng recognlzed

attrlbutes as 1ndependent, even 'if some were stat1st1cally

kllnked, because the overall pattern of assoc1at10n was

generally rather low, so that "serlous d1stort1on" would not

5.

OCCUPWIH the resulting distance value. Thls approach

_increaSes the number of features that can be used‘ln’the

= .

ana1y31s. and therefore has the advazéage of reduc1ng the

efﬁect of random factors (e ‘g~ geneti dr1ft) on the flnal
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calculatlon. However, some workers have adopted other

~ S
\

’ _procedures jor handllng the&dlff1culty posed by p1e1ogen1c fh

"fthat none of hls 24 dlscontlnuous cran1a1 characters were

‘-

'determlne trait autonomy, v12.‘the X

1976){ or a mod1f1ed ver51on of th1s parameter whlch ‘-

»complexes (see Molto, 1983 171~ 173) ;‘ o
Flnally, it should be emphasrsed that v1rtually all the,v

'%tudles cited - above have used the wrong statlstlc to :

L Y

2 function . Ae. q.-Berry,

Qt

accounts for sample size d1spar1t1es (e g Scott, 1973 64-‘~4>

66) As Molto (1983 Y34 136) has noted, the X2 technlque o

h‘,'actually estlmates the homogenerty\2£§izfldence in two .

,dlfferent samples (51des, sexes, etc ): the-phl-coefflcientt?-;‘

1s\the correct formula for tesﬁlngithe 1ndependence of

occurrence oﬁ a feature —on-a lateral or ser1a1 ba31s (1 e..
PR —

l'on»d1fferent ant1meres ‘or dlfferent teeth) Molto found

1) -

'?correlated accord1ng to the ‘phi- coeff1c1ent trrals, but 2&

,were 51gn1f1qgnt1y assoc1ated accordlng to the X2 analys1s.:'

LA .
The x2 measure is therefore llkely to glve an exaggerated

» 1mpre551on of the real degree of linkage between varlous‘

.

j‘attrlbutes, and also to make several spurlous stat1stical

’cpnnectlons. e .v” T

N .
+ "

8 3. Con31deratlon of/blologlcal distance formulae..y \}“f4

The d1stance stat1st1c chosen here was the Grewal-Smithv'

(1962) Mean Noqsure oﬁ’vaergence (MMD), hich is presently‘i.

con51dered thea%est formula for comparisons using

. .o

-



'(scott and Dahlberg, 1982) . The MMD does not prOV1de-the’.

qual1tat1ve morphologlcal data’(SJovold, 1977 Molto,

1983 14 180), such as quaslcontlnuous dental characters

s
RS

o ,graphlc deplctlons (of phenetic: relat10nsh1ps) available for

P

more than three simples with the Harpendlng—Jenklns

LT T aee

PRI

L -

vCoeff1c1ent of K1nsh1p (Scott et. al., 1983) However, it.'";f”

g o

“does not requ1re that genetic drlftgbe the-agent prlmarily,

- of seleptlve

. ooy L .
responsible for intergroup- variance, a dubious assumpti@n:
: s e ' T ST

"rs on human dentltlons (Dahlberg, 1951-

: ].963a b: Beynon, 1671 Turner, 1983- 1985) “The. MMD als_o

:vor1glnally des1gned to handle. _ R

.=

“does not assume that the proport1ons of complex dental

..”

tralts can be substltuted for the frequenc1es of 51mple 4:ff‘

Mendellan genes, wh1ch the Coefflclent of K1nsh1p was.
al

The MMD statlst1c’offers seyeral advantages over other

d1stance formulae used ‘in the past. ‘'For instance, 1t ’

_corrects for’ large dlsparltles in group- 51ze, unllke -

-

'aCCording“to;several authors,.Who'have emphaSized the effect('ﬁ,

Pearson.s_Coeff1c1ent of Racial leeness and;Sanghvrzs'G test

' (Rad,-l&SS? Scott and Dahiberg,il982)\' Also, it accurateiy =

nreflects (1n terh%ioftpercentage varlance) the dlfferences

[

@

Ry F“’ e

between samples - w1t3310w'tramt proportlons, relatlve to

those betweewghamp1§§?WIt£‘High proportlons, unlee

el -

Sanghv1 5 G testig%mxmefly, Samghvl s x ), which exaggerates'

the former compared to the latter. Furthermore, it is

’ poss1b1e.to determlne the sggnlflcance of.the-MMD-vaers '

-
! «

R '-,

7



vof the d1951m11ar1ty between each - «S3bvold

*

L (1982), Sofaer et al. (1986) . In each case, there has-been'

s _'7 o T 297

AT e C _1 CoLe

calculated for seVeral populatlons, as we{l as the magnltude SR :

1973),'wh1ch LT

cannot be done for t‘e X2 or Sanghv1 R G technlques (P J. .

.

' The MMD' has been the preferred stat1st1c in several

A erght, 1974 221 K n.}erght, 1977 63)

e

jdental studles, e g. Berry (1976), Scott and_Dahlberg

good general agreement 1n regard to 1htergroup afflnitles

x'ﬂﬁth est1mates based on gene frequency data.v It should also

s

be mentloned that K. E\/erght (1977 Sl 53,60= 66) appl1ed

'the MMD to her ana bf&four ossuary samples,'and found =

'.,(1)~'trait

’1t.more useful-'overall, than the Sanghv1 s G test.. N ~~f5gw-

' here are flve condltlons necessary for the u%e of

-

B dental haracters in the MMD - equatlon, for the purposes of

_1nterpopul tlonganalys;s (Berry, 1976) These are,

mJ?£;$Stqti°n is largely‘genetlcally control}ed4

(2) tra;t;occ‘rrence'isvnot 1nf1uenced by sexual d1morphlsm-'

; - (3) traitfobchrrence'is‘not 1nfluenced by age related - .-\_’i:)A
.factors- S e fti‘;‘i;aZTMtl;h;‘; a,' -0
(4) tra1ts are 1ndependen§1y expressed-‘and _’l.f‘-

-

-XSJ" no one tralt dlsproportxonately 1nf1uences the f1na1

? . T

dcalculatlon. :

:f“The reV1ew of" the éeatures employed 1n the MMD stat1st1c

~

e'1ndicates that the'flrst four regu1rements are likely to

A
apply 1n thls study,-except for age—related factora (e,g.

wear)”whxch were-not‘spec1fically discussed,r However,,therea
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\‘:'

.j-:vls no ev1dence to 1nd1cate that these factors Played o

uslgnlfzcant role 1n b1a51ng the scorable Samplé ,_wh.
B&-reqard to the last condltlon, Scott (1973 127 131-3

,133) %bund that c1ngular'tra1ts and sUpernumerary cusps

#:aa~h.contr1buted sllghtly more than expected to the total

'U.Sanghv1»s G values, for each 1ntergroup comparlson In Loy

--'cqntrast, the r1dge tralts (e g shovelllng) added less

“na

u".than expected to the dlfferences between study populatlons,

:.but the dlscrepanc1es were genegaliy rather small.t Many ofi

o EELER

i the same features wereaused 1n thls analyszs of’Iroquo1an

:samples (1n fact, Only 1ab1a1 rldglng was not con51dered by'

;Scott), and it - seems llkely that thelr contrlbutlons to thej' *de

t;zai MMD value would also be equ1valent ﬁpr each 1nter51te :
dlstance ctlculatlon. ‘ | |
iv."

',?9-:5 The ba51c equatlon glven by Grewal Smlth (1962) for the

'h' dlstance between two populatlons 1s the follow1ng-

o A f,ﬂ.l 2"7".‘ 1 i V. i B
MMD = E (e, &) = ( 1/n, + L/n, ), ’ L
A= N T o
where: : o : S
N '=the number of tra1ts con31dered ‘in the ana1y51s,f
E = the sym of all ‘MMD values for the N traits :
o 'con51dered° . e.,.traltl traltz, tra1t3.;.-tra1tN*_
i ="the varlable ‘representing any specific trfait; -
'@, “= the transformed 1nc1dence-fract10n of trait #1 }n
S }populatlon #1; 0T o
,9: = the transformed 1nc1dence fractlon of tra1t #1 1n,:

- ,v..populatlon #2;. . S U
4;n; = the number of observatlons (1 e. antlmeres,,-“'
_— . teeth, 1nd1v1duals) 1n populatlon #1 taken for
Ut traig #ip . e
o 'n_l—‘the fumber of observatlons (1 e. ant1meres,-_;.;“
. teeth@ 1nd1v1duals) ‘in populatlon #2 taken for tra1t _
#1- & . .&' : . oL , . : oL
s 2 : \ : . - . S

¢ R . } S o 2N



The computatlon of the MMD inltlally nequlres the
]transformatlon of the or1g1nal 1nc1dence fractlons or

*L'proportlons of each tra1t 1nto angular values (e) _It“_u

' should be noted that transformatlon formulae generally

vlrrequlre that these 1nc1dences be expressed as fract1ons or .

'fproportlons, and not"as percentages.v The transformatlon L
statlstlc used here 1s the Freeman—Tukey (1950) equatlon,,s-'

':because 1t 1s the best at correctlng the varlance error.
v'?lnvolved w1th very low tralt proportions, and also
vcompensates for dev1at10ns resultlng from small sample”
i's1zes (Green and Suchey, 1976 Molto, 1983 182—183)
The Freeman-Tukey (1950) transformatlon takes the o

i.followlng éorm-ﬁ

—/1/2 arcsxn (l 2k) + 1/2 arcs1n (1 -2 (k+l)),

g (n-l) o f‘ (n+l)
-where k/n = the observed tralt proportlon. Th1s - ?“". 3

transformatlon requlres the substltutlon of “1 + 0 5 and n2
4 1 ’
r+ 0 5 for n1 and nz, reupect1ve1y, to remove the error o

‘ resultlng from random sample fluctuatlon, so that the =

'comp'ete equatron 1s the one. glven below-b “w~;,

MMD-=\E.

_(ei'-'e;d)z ( l/(n * 0 5) + 1/ (n + 0.5) )

i



u,]thonght to g1ve a moré accurate represe"f

h bfor frequenc1es of lOO%, the proport1ons for the shovelllng

Y3000
»p8 4 Results and dlscu851on of MMD analysls. 3
: Thethetavaluesforleftandrlght31deswerepooled

for use 1n the MMD equatlon (see Tables 16a b c, pp. 301-? =

____.

5?303) In1t1ally, only the values for the left s1de wqte

,gused, but the analyses w1th one—31de and two-81de data :
S o - - o
,.'y1elded approxlmately the same results, and the 1atter is =

e

atlon of 1ntergroup
\:lafflnltles (Green et al.,il979- Ossen u} 1981)~ It should

;dalso be noted that because theta values cannot be calculated

"',feature (On Il and 12) were glven 1n.terms of tralt absence
rather than tra1t presence.- BartlEtt s adjustment was usedj_e‘

for all dental characters w1th an 1ncidence ‘of 0 or 1 (see

il

*ijpvold '1973)

The results of the MMD analy51s are g1ven in Table 17
v(p. 304) All 1ntergroup d1fferences are s1gn1f1cant,.‘

. r. P o
» except for the Shaver Hlll-Carton comparlson, wh1ch ylelded_

a somewhat amb1guous negatlve value.‘ Several otherj; o
observattons are ev1dent from thls table-' |

(l)A the Shaver H111 and Carton populat1ons are the closest”:
groups, by a w1de margln, ? T lib" ‘; fSA. _h, i.

f(2) the Shaver Hill ‘and Carton populatlons (espec1ally the.d

| former) are’ much closer to the Sopher group than to the

'Grlmsby ot Klelnburg samples-
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| Kleimburg 1 - 6 . - B 2o

_ BT . ek i '%'E“g~-;“J”';J”c;*}fQ,n?;;’394-lj”
. TABLE 17, MMD AND ASSOCIATED STATISTICAL PARAMETERS =
. RESULTS OF ANALYSIS._ - KRR :

. _Grimébe%Sha&ér7ﬁiiijwdaréenf prherx,Kieineurd'

‘- Shaver H111,~ ;614(*’1:gf';-ﬁaﬁ_;;f_g;4bgt. 64893‘vf1i5667;”.

carton o w0z - 1dos 17sel
Sopher f:' .f,.blé_d;,"_;QZQ(_,f:;;rmoéi :.),.f(’e;é;3i2i.::f5'
Klelnburg..f%rkoosa)ﬂﬁifi-O;l_d;:‘E ';Oié’:~..011"1¥)ﬁr ,%

i o . S o o S S e S e e S et e e Tt T A e e S e e o e T o s e S T s e At T e S e o e e e e S e bt e ot e e
- -t -t ittt ittt - 1 7 T T SN

carton -4 10 - 3.063 3.3

Total Ramk . 15 . .32 © 27 227 ';;;;;43

‘The first matrix'preSedts the MMD’ (above) and s’ (below); the
- . second matrix presents the degree of 1solat1on (above) and :T‘
" the- rank order- (below) S o R

N
oo

'(The degree of 1solat10n (DI) 1s glven by ‘the . formula-

- .DI = (MMD + 2) - 2s, (after Jackes, in press) . Values less ‘ o

':thaHZZhQ%are not - sxgnificadt (*).

-~



*."d1stantly related of any two samples-””

'h{B);che Shaver H111 and Carton populatlons are distlnctly
,i;closer to. the Gr1msby sample (espe01ally the former) than to
ih'the Klelnburg group,_p"”

(4) the Sopher populat1on is- somewhat closer to the Gr1msby
'sample than to the Klelnburg group,:pv | |

.- , e
-_(5) the Gr1msby and Klelnburg'populatlons are the most

5 o Cooe -
',f(6) “the. Klelnburg populatlon appears to be the most “Z

t.'dlstlnct group, whlle the Shaver Hlll, Carton and Sopher

”samples cluster together.: L , _
These results are generally 51M1lar to thogemgiven by

'P J erght (1974 203 204) Hls cumulatlve Xéfana1y31s '

| y1nd1cated that the Shaver Hlll and Carton (Neutral)

C

p'populat1ons were the most strongly related groups, and also-

hdthat the Shaver Hlll populatlon was closer to the Sopher

W

‘Hi(Huron) sample than the Carton populatlon.- None of these
v'51te d1fferences were found to be 81gn1ficant; they may have |
‘:fbeen underestimated because erght was forced to use .

adjusted x2 values for mOSt of the ossuary tra1t comparisons

;‘(due to-small tooth-sample s1zes), and thls particular

Vystat1st1cal technique m1n1m1zes the dlss1m1lar1ty between

'any two populatlons. '

" K.E. erght (1977 65-66 69=71) ‘found"a‘ﬁ'strong "aff’i*n‘ity_

4“,among the Shaver Hlll,‘Cartonqand Sopher samples, and a

°~f31gn1fgcant dlfferenqe between these three samples and the

T LW
j‘_Klelnburg;materlal,A This was not exoected, because the

l3ﬁ5;§Tﬁ-”



i

s S i L VR : A . R D

.,aKle1nburg remains were thought?to represent é Huron
. S 5 t

'“populatlon by some workers, and therefore should<have bgen e L 2uy
' o 'is‘}. . s a r
demonstrably rerated to the Sopher group.» erght%explalf:'“ ’

f-_a351gned date (AD 1600), or the tralts chosen for the ,‘"

',r,_,<

4
® VA

dlstance analys1s d1d not adequately refleCt 1nterdem1c gene;“'

m_ 9

' dlfferences. ‘*f:
Thls 51tuat10n was further compllcated when a

comparlson of the four Iroqu01an ossuarles wlth a Burllngtonf

_(whlte) cast serles 1ndlcated that the Klelnburg people were"_s‘
_1ntermed1ate between the other three groups and the urban
whltes. However, conclu51ons drawn"from th1s 1ast analy51s

are- rather dublous,_as two dlfferent klnds of samples were

.treated .as equ1valent in nature.A %he Burllngton populatlon
. was comprxsed of famllles from'several d1fferent European

reglons, and conslsted of known’ 1nd1v1duals.. In contrast,
Y

) the ossuary remalns represented demes from one area, and the-
' dentltlons could not be accurately sexed or aged,por even

pa551gned to separate skeletons (P J. erght,_ 1974 69 70

3
A

 205- 208)‘ ' S
. S o o o
A matter of some concern is the fallure to flnd

"s1gn1f1cant dlfferences between the Sopher materlal and the
‘Q'Shaver H111_--Carton groups. K.E. erght (1977 48- 68) used ,

'both‘the MMD and the Sanghv1 8 G test for her ana1y51s, and



o f'*stated that the two techn1ques gave s1m11ar estlmates of 'td: ﬁ;;‘

" ek

_ be noted that the appllcatlon of the latter formula to |

;'ossuarles (n‘; c

Z,populatlons..,; . .[ ~, : J"'- .. ‘vv_; o ';} :} : :1t s .
2,58) in her 1ntergrou% Lomparlsons were generally the same as'i
nfxthose used here**except that four of her features and 10
e tralt caQegorles were not con51dered.; L1ngual tubercl s on
: and prone to dlfferlng 1nterobserver 1nterpretatlon and {».j_li
, 1ab1a1 rldglng on the 1ower 1nc1sors (Il and 12) were Judged
- requ1red the ratlng of Very subtle degrees of tra it
.fpresence, as. only weak eievatlons occurred on theatwo teeth. i

o component and the1r ut111ty 1n brological distance

o -

T

relatlve b1010g1ca1 dlstance (erght, 1977 71) It should

S compare the medlum-51zed Kleinburg samples (n:?-ca} 100 --Zf”

350) to the small or very small samples from the other

R
§ 10 - 60) 1s a rather dublous statlstlcal

'vprocedure, £or the reasons outllned above (Subsectlon 8 3)

%

used by anht wer@ good dlscnmlnators for Iroqu01an
2 _ - o _ N S

: The dental attr1butes emp&oyed by K E erght (1977 55*11:,;f“

‘a4

. R L
l! -“.-.

the centralm&nc1sor (I ) were found to be relatively rare
'scorlng results. For the same reasons,:shovelling and

to. be unsatlsfactory for MMD analys1s- these charagters

4.

.Anterlor transverse crests on the upper premolars (P3 and

.;P4) and molars (Ml.and M2) quxte possxbly have a low genetic

i

‘.estxmatlon remalns to be demonstrated. Wright also incLude‘:v“

CmedEea

-
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]-l1ngua1 tubercle frequenc1es on the anterlor premolar (P3)
}1n her evaluat1on, but many of these elements-afe llkely -to f‘

_'be fortultous 1n nature (Scott et al., 1983)

However, both erght s ana1y51s and the one presented

A

here agree & tha the posltlon of the Sopher populatlon 1s
rather anomalous, as 1t is surprlslngly close to the Shaver

4H111 and Carton grOUps and uneipectedly dlstant from the

.,fxlelnburg sample._ Th1s may ‘be partly'due to the nature of 4

tvery experlenced workers (Taylor, 1978 290~ 294 317- 322)

the Sopher rema1n5° these cons1st malnly of loose teeth gﬂpt

~had to be 1dent1f1ed as correctly as p0551bly u51ng

morpholog1cal cr1ter1a (P J erght, r974 206 -207). -It

should be noted that thls 1s often amdlfilcult e‘frc1se.
'-espec1ally in regard to- multl—element classes (e g.

fmolars), and 13 prone to a certaln degree of error,,even for

i

7 In fact,:Korenhof (1960 326) could not make an aucurate.

'v'serlal determ1nat10n of the upper molars 1n hlS Malayan

collectlon.' It is p0331b1e, then, that mistakes in. tooth-

'1dent1f1cat10n_b1ased the tra1t proportlons glven by Wr1ght [ :

vffor tis Sopher ossuary mater1al.

In contrast to the Sopher materlal, most of the teeth

9

pfrom the Shaver H111 and Carton sites were apparently

.. . . ‘ ,@

~:recovered in the form of partlal or omplete dental arcades

(P J. Wr1ght, 1974 69 205 206) ' The bulk of the material

[

from.Klelnburg that was actuadly analyzed also conslsted of

\ a

-Aelementsrfoundyrn maxil%aryor'mandlbular fragments (ca.

@:97"

’

gy - - R i . S e -

o ’3‘08_;



'"3L'4% of the entire"assemblage)7”>HoweVer,~there'isfsome?'”

question about how many of the accurately 1dent1f1ed"“

’ antimeres (if any) were in a dissoc1ated cond1tion (K E.'
Wright, 1977 33) It can be assumed,,though,_that tooth-.f’
_,51de ‘and ser1al p051t10n were correctly determined in. the
47;vast ma]ority of cases for the Shaver Hlll Carton and 3

'Klelnburg spec1mens.

The most 1mportant source of b1as in: biologlcal
L 4

‘dlstance est1matlon 1s that contributed by 1nterobserver

”error.'1In the case of the Iroqu01an ossuary analy51s Sl e

-

presented here, the clustering of the Shaver Hlll, ﬁarton '

”}fnd‘Sopher populations may . be due tg\rhe fact that all these
AR Wl »
' groups were scored by the same 1nvest1gator. The variance

'exhibited among this" group cluster, the Klelnburg sample and ;;ff
rthe Grimsby sample mighté;herefore be the result of three
h sets of material being scored by three different

'.ind1v1duals;- | | .é'b “"," o

Unfortunately, 1t was not p0881ble ?o conduct

Sl
f V,‘hv .

’f,comparative scoring sessions with either P J Wright or. K E.
iWright. P J. wright 1s now the regional archaeologist for
southeastern Ontario and has apparently not looked at a

-‘tooth 1n over a decade (B M. Newton, Archaeological Survefv"

.-of Alberta, pers.'comm., 29/4/1986) K E. Wright is

.;presently d01ng research 1n the field of immunology,'and hasdkl'

‘1‘not recently worked on dental morphology (ﬂ.J E. Szathmary,

'McMaster~Un1yersxty, ers. comm., 22/1/1987) The problem )
| ‘fh’.f' ft;'<"t:7 RO ‘rn'r';-"-ﬁ-.f‘ ”"j R BRI



':of standardi,atlon ‘was aggravated by the fact that g*f‘4_'¥}
;fDahlberg s‘(1956) and Turner s (1970) referenCe plaques wereﬁ
~ not avallable to-any of the 1nveSt1gators who worked on .

vlroqu01an dental morphology,.wlth ‘the exceptlon of P#l (used o

fby erght, 1977:14-15). o

Nlchol and Td;\ér (1986) examlned 1nterobserver scorlng”-

N
I S
"?yrlance for a number (45) of ranked and dlscrete tooth ‘W“

ypharacters,,us1ng standard reference plaques.» Wh1le ratlng—

»

dlscordance between the two workers was rather frequent for |
' ,Pdsome tralts in the1r study sample,fa statlstlcal analy51s :
¥ demonstrated.that-these.dlscrepancles werergenerally randonﬂl
in dlrectlon and tended to cancel out.r Thé’éﬁthdré e |
concluded that most of - the dental attr1butes cons;dered
could be graded w1th “adequate 1nterobserver rellab111ty'
Howekér, there were 10 exceptlonal tra1t categorles, three ;
pfxwhlch were used in- the (1985) MMD estlmatlon doﬂe for"
:thls study. 11ngual tubercles on qﬁ&»anterlor teeth (v1z. 12
and Cl) and Y—groove pattern on the Qecond molar (Mz).
Dlsparltles in scorlng these variationk were prone . to a .
stat1st1cally slgn1f1cant degree of d1rectlonal b1as,' " h‘*"
although it should be noted that other 1nvest1gators would
\ :

11kely have problems w1th different features.
. J

An 1ntergroup comparlson of theta values, on a tra1t by
Y
. tralt ba51s, glves an approxlmate 1dea of the effects of

1nterworker scor1ng varlance (see Table 18 ps - 311) If
the- qu,;esults 51mp1y reflect observer scorlng tendenc1es,».

b4
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,'then the theta'val_és of the Shaver Hlll, Carton and Sopher :
1populat1ons should con51stently cluster together, wh1le

i _ v ‘

"y~those of thL Grlmsby and Klelnburg samples should generally

't7fa11 in the medlal“ "“d15tant"'categor1es.~ However,

FfGr1msby sample values occur~1n the "trlnal cluster class”

i.ﬂlalmost as often as Shaver Hlll and Carton and more often

' than Sopher sample values, and the Grlmsby values are found S
‘,comb1ned w1th two of the latter (Shaver Hlll, Carton or ’
"iSopher) nearly tw1ce as often as the pred1cted occurrence of

: the Shaver Hlll - Carton - Sopher assoclat1on. The data

f}”ﬁpresented 1n the table also 1nd1cate that 1ntergroup

7[}prox1m1ty

o flatter were rather widely dlstrlbuted 1n space and tlme.'

I Y
]"Thls 1nvestlgat10n d1d hot conslder the Grlmsby, Shaver Hall

- " R. -
»relationshlps are . not 51mply a reflectlon of geograph1c

»

D1scont1nuous cranlal tra1ts have also been used 1n MMD

N

. comparlsons of Iroqu01an populatlons. Molto (1983 212 222)
- pfound that Carton, Garland and Klelnburg clustered together,"

'"rrelatlve to the other 31te samples examlned however the f?'

'?-tm
'f'and Sopher groups. Jackes (1n press) analy51s of f1ve :_.
o samples 1nd1cated that 51gn1f1cant d1fferences occurred 'df ;;ﬂ
V?,?between any two qroups,land that the Gr1msby and KlEI urgé/ ;
populatlons were t;e most d1stantly related (except for e
”f much older and geograph1ca11y removed Serpent Mounds f;;
ftpfmaterlal)._ Data from four of these s1tes (1nclud1n/;’,‘an:vty.‘ﬁl

'and Tabor Hlll) were taken from_ Molto s study,,}ﬁf th1s

S



- ‘tralts.}

‘twould not explaln the great dlsparlty between the Grlmsby

'and Klelnburg samples.uwvu | | ‘

_';8 5 Conclu51ons for MMD analy51s of flve Iroqu01an samples._?“
 (1)‘ The Shaver H111 and Carton populatlons are the two most
-'closely related groups;

Ai;(Z) The re1at1ve1y great blologlcal dlstance found between

'f,the Gr1msby and Klelnburg populatlons 1s not ap art1fact of
Jlnterobserver scorlng varlance, as. a 31m11ar result was

»

’.yglven by another study whlch used dlscontlnuous cran1a1

)

'25(3)' The p051t10n of the Sopher populat1on is amb1guous- itsh_”:ff

r“3apparent relatlonshlp w1th the Shaver Hlll - Carton group [

| h=cran1al features. ;f DR

fﬂcluster may be the result -of several factors, 1nc1ud1ng gene
.flow w1th the 1atter and perhaps 1nterobserver scor1nq |
lerror. y;.;hi:.' ‘. | , | |

'~(4) The Klelnburg populatron 1s the most ﬁlstinct gtodp,:n)

T

fthls 1s 1nd1cated by MMD estlmates u51ng both dental and

.(5) An 1ntergroup compar1son of the theta values;”on a
- tralt by'tralt ba81s, demonstrates that the MMD results of
'nthe present study cannot be explalned s1mply by
h,1nterobserver scoring varlance ar’ by geographic proximlty of

:the samples con81dered.v sj»{';p_-‘;Ti'j-"';‘



vCHAPTER 9 o

N SUMMARY AND CONCLUSIONS

~

Thls the51s was prrmarlly concerned w1th the- dental
dh’morphology of the Grlmsby people. The major objectlve was
therefore to determlne the frequenc1es and phenotyplc
“expre531ons of certaln tooth characters,_namely,'those that
ivhave been W1de1y used in descrlblng human teeth and,
vd1fferent1at1ng closely or. dlstantly related groups in
:]odontographlc stud1es.‘ The the51s body (Chapters 3 - 7)
dealt w1th thrs—objectTVe’by carefully presentlng the
‘methodology‘used and the observatrons recorded;ﬁor the}
'didrimshy-cast sample, | - B | |
Additdonaliyﬁ it?wasfnecessary'tovconsider the Selé??#d-d
![hfeAQurés ih'terms of theirfstructurailand,surficialhanatony,
:-phylogenet1c background, raclal and geographlc varlatlon,
7_1ateral asymmetry, 90351b1e sexualzdlmorphlsm and mode of
1nher1tance, in order to galn some 1dea of thelr su1tab111ty
for the stated aim (as well as those objectlves gmven
. N .
_below) A summary of some aspects of the nature of these
attr1butes is glven 1n Table 19 (p 315) The tralts." :
’»exam1ned were generally found to be more or. less bllaterally

‘ manlfested and apparently transmltted Dy autosomal

chromosomes, and therefore Qf use. in- blologlcal dlstance

fanalyses of ossuary populatlons. o

314
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The other two objectrves 1nvolved the use’ oﬁ the 'most
'"d1agnost1c" or'”mos@yreliable features 1n tﬁe blolog1cal
fd1stance ana1y51s'off1ﬂve skeletal Iroqu01an'groups from

southern Ontar1o (1nc1ud1ng the Grlmsby samgléﬁw ann

. 316

o ut111ty of these attr1butes for this type-of gomparison (see{

. rr'
Table 19, p.- 315) . The dlstance formula applled Was the

Grewal Sm1th Mean Measure of Dlvergence,‘whlch was
ncons1dered to be the best statlstlcal functlon for the

':vrequlred purpOSe.e There was also a dlscu551on of the

‘-'practlcal problems (e g. 1nterobserver scorlng varlance) and',vf

~’.v'theoretlcal d1ffacu1t1es ée +g. deve10pmental spheres of

'fflnfluence") 1nvolved in employ1ng the selected dental

-characters 1n dlstance studles (Chapter 8)

. .
An attempt was made to measure the 1nfluence of
h,1nterworker error on the MMD results; by exam1natlon of the
'tralt theta flgures for dlfferent groups.v This analvsls"

revealed that some - theta values reflected 1nterobserver

' scorlng varlance more than others, v1z. those for hypocone"

Xhanlfestatlon (Ml), and expre331on of the f1fth cuspﬁ(Mz), i

31xth cusp (Ml and M2) and seventh cusp (Ml) Other featureVI

'values suggested the, expected patteth accordlng to

'geographlc prOleltyﬁ%nd presumed cultural aff1l1at10n, viz.

:those for lab1a1 r1dglng (12), hypocone manlfestatlon (MZ),,

/'the Y—groove conflgufat1on (Mz),_the protostylld complex o

(Mz), and (poss1bhk) seventh cusp expres31on (M2) However'h_

_the overall 1ntergroup dlstance est1mat1ons cpuld not be»
o , oo -



’;Q;S°1ely the result oﬁ elther 1nterobserVer error, or of fff~h;rv'”

vethnogeographlc factors, but was probably affected by bOth‘i”

1;v:dfactors.~Indepé%dent cranlal study c0ﬂf1rmed the relative ;“

» o,

e Y.

llsolatlon of the Klelnburg populat1on and the marked

Z“dlsparlty between;thegﬁlelnburg and Grlmsby samples._lf‘

. One of the major problems 1n u31hg dentalscharacters.;f"

f

for blologlcal d1stance computatlons is evaluatlng the {11;'

l X ,~~°

.:._effect of developmental f1elds on tra1t lndepe"de.ce,”pln“e

B the Grlmsby sample, the upper anter1or eletents showed some ij,i

oy e T
K .

ev1d=nce of the 1nfluence of f1e1d8u Mark-d'shovelllng

. -':a .

-second (37. 5%) to the canlne (12 0%), whlle 11ngual f"

s

tuberculatlon manlfested the opposlte trend, 1ncreas;ng
dlstalwards from the central tooth (2 3% on I 13 O% on 12 ;la

L

l;30 6% on Cl) However,‘ln the case of both tra1ts, there
"fwas/a notable dlfference 1n var1ant frequency between the
’_two 1nc1sors, and also between the last 1nc1sor and,can1ne.;'

;'The lower anter1or dent1t1on d1d not clearly exh1b1t similar'afﬁitb

1t1nc1dence gradlents, €. g.lshovell1ng proportlpns rose from ﬂ'f i

-l:'the flrst 1nc1sor (45 7%) to the second (57 l%), but

o _can1ne.,3~*

o dlstlnot rldging expresslons decllned from the latter 6b the7

1

4
b

In regard to the upper cheek dentltlon, hypocone size
{‘;_greatly d1m1nlshed from the anterior molar to the posterior
hhone, w1th the proportlon of the full eized form (class 4)
“-b_\;decl.lnlng £rom. s8. 3% (Ml) to 10. 9% (Mz) to 2 4% (M3) | The L
: N ve"}:h v SR .




flfth cusp character d1d not manlfest a s1m11ar trend (7 8% ‘.xw}557

on Ml 13 O% on M2 5’1% on M3) : However,‘fhe C/rabelll

polymorphlsm showed a decrea51ng 1nc1dence and degree of

eXpre551on from the flrst molar (69 l%) to the second (7 5%)hm

to the last (5

var1ant frequency between the two anter1or teeth (Ml and M2)¢._f'

l%) | There was ‘a marked d1fference 1n

for both hypocone reductlon and the Carabell1 tra1t.

o Some ev1dence of " pheres of 1nfluence" Was also found

for the lower cheek dent1tlon._ -The Y-groove conflguratlon iffv7ﬁ9;

L decreased abruptly from the flrst molar (89 5%) to the f N

e

- second (5. l%) to the last (O 0%),<1n contrast, the X-groove ;;5"‘

conf1gurat1on rose sharply dlstalward (7 9% on Ml' 56 4% on

" My; 1008 on M3)

't un1directlonal

Whlle the f1fth cusp does not manlfest a,'

trend in frequency of occurrence 1n most
RS CCR :

‘:f populatlons',lt did- show such a grad1ent 1n the Grlmsby

-h sample, decllnlng from the anterlor molar to the poster1or

. one when only regular crown forms were cons1dered (100% on”‘“

| ',Ml, 52 4% on Mz, 26 7% on M3) The seventh cusp exh\bqted-uf,

the same tendency (10 O% on M1:v2 6% on Mz, O O% on M3)

Thé protostylld complex dlsplayed the opp051te 1nc1dence

pattern (15 8%
-the sixth'cusp
molar (16, 7%),

;g on Ml and 6 7%

on Ml; 26" 8% on. M2, 28. 0% on M3) However,..f].jh»~

was most commonly observed on the second

and less often on. the other two teeth (13 6% f7'_¢;f7

on M3) The effects of the posterlor &,-‘

developmental f1elds are therefore complex and rather }

1nconsxstent."’“

I

. el v. A , ‘;i .‘



S _319,":1 .

.
i

,Con51der1ng both the tra1t theta analy31s and potentral
he best dental attrlbutes for ”ifsﬂi;ﬁ

al-‘-

V:-morphogenetlc fleld effects,
use 1n b101%g1cal d1stance comparlsons are- the lab1

rldglng character (12)5 hypocone manlfesta*lon (Mz),

~_IY—groove conflguratlonu(Mz), the protostylld complex (Mz)
and seventh-cuSp expre351on (M2) It should be noted thatfglﬂ
evaluat1on of the 1ab1a1—r1dglng character (on both I1 d’.

2) suffers from a certaln degree of 1ntraobserver error,

and the character should therefore be excluded from the llst

on thls ba51s. Other features whrgh do not seem to be

1nfluenced by d1rect1ona1 scorlng bnas among d1fferent

workers, and are therefo;§ of. some ut111ty 1n populatlon
. j- .

comparlsons, are. the shovel shape varlatlon (Il» I )

»o

Cl), Carabe111

lingual tubercle development (I
polymorphism (M1 Mz),llinQual-cusp man1festat1on (PlL

+—groove pattern (Ml)' protostyl1d polymorphlsm (Ml) and

seventh—cusp expre331on (M2 o |
the Gr1_sby and

Accordlng\to the MMD calculatlons,

Klelnburg populatlons were the farthest apart,
Shaver Hill; Carton and Sopher samples clustered together.

¢

Th1s result suggests that a rather unusual pattern of gene
flow mlght have occurred, between the Neutral people of the

E Shaver H1ll and Carton sltes and the Hurons of Sopher
'%1llage. In contrast.
o seemzngly had relatlvely l1m1ted contract“ However, these

1nterpretatlons can be viewed only as feasible

by
-

the ermsby and Kleinburg groups Ll



7_ therefore have.had some genetlc 1nterchange w1th Huron

‘ 320 .
approx1mat10ns,_because of the potentlallghglgnlflcant

' effect of 1nterobserver error. ”\_*Ef> g,\gﬁ\;7

L1tt1e 1s known about the prehlstorlc 'nd-historic.
ot i c T

(Vfrelatlonshlps of the Neutral Iroqu01s w1th the aborlglnal 3
'groups of ad]acent reglons.j There was an econOmlc

‘_relatlonshlp w1th the Petun and Huron to the north, and some
. : a 0 LT

(ev1dence of close soc1al and klnshlp t1es between the

Neutrals and the Pgtun (Nobl%g 1978) The Neutral v111ages'
' Ve

| most llkely to be closely 1nvolved wrth the Petun and Huron,.' o

‘h‘elther 1n 1nterrarr1age or 1ntrad1ng assoc1at10ns, were
-*those lylng 1n northern hfutralla and belonglng to the
; { i

fAnnochlaronon (e g Carltbn) and Otontarounon (e g. Shaver

l B

H111L ,Local populat1on§ of these two tr1bes mlght
£

demes, whlch would accouhtagor the seem1ngly closef

\

!relatlonshlp of the Carton and SHaver H1ll samples w1th the ;-~
“Sopher group. . y: : 7'1- | |

The Sopher remalns»presumably represent 1nd1v1duals of e

'“the Arendaronnon or “ﬁﬁck/ rlbeT (Noble, 1971), whlch‘entered

"eastern Huronla ca.v1590 1600 (There 1s some ev1dence that
.0 .

.thls trlbe orlglnally occup1ed the Kawartha Lakes reglon oF

ffcentral Ontar1o, but moved~}est in response to the attacks

r“of the Onopdaga Iroqu01s (Heldenrelch, 1971 25 86 87) If :

- the Sopher/ossuary does 1n fact)represent a Rock tr1be_
populatlon, then 1t 1s likely to date to: the 1600 1610 span,-"

‘rather than to the 1580 1610 perlod oruglnally suggested by
, : N ‘



o SR : o “321
-{Noble (1971) Thls would make the Sopher sample
rcontemporary w1th the Shaver Hlll group (dated ca. 1600-ht;'7

l1620), but}older than the Grlmsby group (dated ca. 1620-f' |

R

The Klelnburg skeletal populat1on remalns somethlng of

”“,a mystery ' Accordlng to the MMD analy31s done for thls T

wthESIS,‘lt 1s sxgn1f1cant1y dlfferent from both Grlmsby and
' fthe Shaver H111—Carton—Sopher cluster. Klelnburg ‘lies " i;ﬂo,‘.

‘7'somewhat outs1de hlstorlc Neutral1a (thte, 1972- Noble,;'

: , ’. ‘
' 1978) and has been con51dered a Huron populatlon. However,

=

g1t is 11ke1y Ehat Huron v1llages establlshed on the north

P

"shore of Lake Ontarlo were abandoned by early contact times," . Nx

‘lbrprobably before 1600 LHeldenrelch, 1971:87-88, Maps

f 17 19 22) Klelnburg ossurary may therefore?be older thanﬂ'

_~.1ts presumed date of ca. 1600+15., If so, 1t mlght representi

v

‘a more homogenous p0pulat1on than Grlmsby and other "late"’ﬁhh

Neutral v1llages, some of whlch are known to have

——

j1ncorporated refugees from other destroyed Iroquoian

hdnatlons, e.g. the Wenro (Noble, 1978) Th1s mlght partially :

.9

;exp1a1n the relatlvely great blologlcal dlstance between thed""“

‘Grlmsby and Klelnburg samples.'df ;‘*v,' f./”f j; o
| | Ti

The Gr1msby people are more likely to have had close dg,'k '

"1th-Neutra1 allles and trading partnLrs to ﬁhe
\ i)

s o \\ .ﬁa . e
:south than%w1th more~northern groups 11ke the Hﬁrpntand-e., B
. R e

".,Retun. There mlght also haVe been some degree of gene from ; L

. COntact

dexchange thh certaln Algonquin tribes in southeastern

.J
i -




ad

"Michiéfn, v1z.'the'MasCoutinsu(“Fire Nation“) The Neutral?g 3

;'Béivn

cantons - part1cularly those of southern Neutral1a - were o

. ina state of perpetual warfare with the F1re Natlon, and
I 4

t on some occas1ons are’ known to have taken severaiwhundred
prlsoners in ‘a 51ngle ra1d on the latter tr1be (Noble,
1978) : Many of these 1nd1v1duals were tortured and kllledf
but 1f the rest were adeted and 1ncorporated 1nto the

trxbe, wh1ch was the custom among the F1ve Natlons (Hunt,-

1940 97 98), then thls would explaln to some extent th%

| d1fferences found between the Grlmsby sample and the Shaver.

: H111 and Carton samples. L "'h - g-;d ,I.’

»

The results of the MMD analys1s of f1ve Iroqu01an

9.

populat1ons suggests the poss1b111ty that s1gn1f1cant genel,

flow m1ght have occurred between the Neutral samples at'

Shaver Hlll and Carton,'and Huron groups related to the IT-QG'

AL

G I

Sopher populatlon. The anaiysTs 1s also 1mportant 1n that?“””

4
an a35001ated tralt-theta examlnatlon 1nd1cated that certaln

‘~, . .

features ate much less affected by 1ntraobserver error than
others, and therefore much more useful 1n 1nterdem1c
,comparlsons. Finally, the the91s presents ‘a careful and

detalled study of the dental morphology of the Grrmsby
-..0

E

.Neutral Iroqu01s.,’7 ' - i 5f, o

¥
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| APPE§DIX_&a., DENTAL METRICS - OF GR&MSBY‘SAMPLE- % e
SR o MAXIMUM BUCCOLINGUAL MEAS RWNTS FOR MALES.

S~

L : STANDARD : T*.Jv N e
- TOOTH '~ MEAN DEVIATION . NUMBER* - INDIVIDUALS

®MAX RM2 . 11.71 - - 0.52° .84 - 1 .14 o
© MAX RM1 . 11.80 ~ . :0.35 P - S R
'MAX'RP1 .. 9.70° 4 = 0.49 ‘84 14

. MAX LPL ~.9.65 . ©.0.58 .%o 15 .0
"* MAX LP2- - - 9.51L . 0.44 . - . 90 . . - 15% .
. 'MAX LMl ~11.88 - 0.40 . 96 RS |- U
- MAX LM2 - 11.76 . .0.58 - .. 84 . o LA e
;.;MAx.LM3~ 10,56 ~  0.65 e 84 . CEag Ly

. MND RM3. - 10.3% fj_/O;69,:'qg”:- 48‘M. DR - S

. MND RM2 = 10.48 - 0.8 . .84 ., . - Il 9.
. MND RM1  11.20° . 0.42 . 42 . o3l
"MND RP2 . 8.25 - . 0.42 . - 42 . TR A
MNDRP1 .- 7.81 - 0.59. o 84[;‘«;.13_,1u514;¢1, St

MND LP1 . 7.99 0.64 .90, Tioec 0018 AL
~ MND LP2 - 8.42 7 0.40. . - 90 S5 7

'~ MND LMl - 10.96 . <0.43 - 54 ..o L -
MND LM2'  10.77 . °  0.64 4g 4 .t
. MND LM3 ©  10.22° - 1,01 _ - 48 ey

_ _ —
- * Number = number of,meaSuremen;%gﬁ§~gerﬂznd;&%dual);

.
cohn . .
R . R . ) L R . [N s R . Foeels mg st Ty




_ MND RM1 . - 11.12  © "0.32

- APPENDIX 1b. - DENTAL METRICS OF  GRIMSBY SAMPLE: e
it  MAXIMUM BUCCOLINGUAL Mﬁ.sUREMENTs FOR FEMALES. ;

 §OOTH =~ ~MEAN - .~ DEVIATION f-TNUMBER*j ~ INDIVIDUALS .

MAX ‘RM3 . 10.46 'Ou85 .
. MAX.RM2. " 11.53 - - 0.63.

MAX RM1I ~ 11.65 . . 0.48 ..
" MAX RP2 - - 9.24 . .0.85
".MAX RPl ¢’ 9181 . 0.44

““MAX LP1 . 9.72 .~ 0.50. 66 11
:MAX LP2 . . 9:45 .0.53 . 66 - . o011
' MAX LMl . - 11.65:' . -0.50 547 . .9
© MAX IM2 . 11.48 ° 0.49 - 48 BT
MAX LM3 - 10.75 -~ 0.53.. . 48 ... . " -8

. MND RM3  ©10.36 . 0.46
MND RM2 - 10.63 . 0.29

 MND RP2  B.24 .~ 0.45
MND.RPL- 7.85 0,49

LO~NUo.

~MND-LP1. - 7.96 . - . -0:39.
.MND LP2 - .8.23° . 0.35:
- MND LM1.  10.98 = - 0.3% T ¥°
. MND LM2 ~ 10.72 . 7 0.38.7 - iy~
. MND LM3  10.33° 0.19.

no Yo

" * Number = number of measurements (6 per individual).



