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Abstract

Molars of 35 skulls of Hystrix brachyura brachyura Linnaeus,

1758 have been studied. Problems with the currently used dental

nomenclature are discussed. A positional, numerical system for

the indication of occlusal elements, and a system of wear classes

for all the different occlusal patterns are presented. Dimensions

of the teeth in relation to wear are given, the variation in the

occlusal patterns is described and their changes with progressive

wear are discussed.

Résumé

Les molaires de 35 crânes de Hystrix brachyura brachyura Lin-

naeus, 1758 ont été étudiées. Les problèmes de la nomenclature

couramment appliquée sont discutés. Un système positionnel,

numérique, pour l’indication des éléments de la surface d’occlu-

sion, ainsi qu’unsystème de classes d’usure pour tous les patrons

d’occlusion, sont présentés. Les dimensions des dents enrelation

avec l’usure sont données, la variation des patrons d’occlusion

est décrite, et on discute la modification de ces patrons en rela-

tion avec l’usure progressive.

Introduction

Material and methods

Material

For this study 35 skulls of Hystrix brachyura brach-

yura Linnaeus, 1758 from Sumatra are used, 23 of

the Instituut voor Taxonomische Zoölogie, Zoö-

logisch Museum(ZMA) in Amsterdam and 12 from

the collections of the Rijksmuseum van Natuurlijke

Historie at Leiden. For more data about these

specimens, see Van Weers (1979: 221).

Measurements

As far as possible, the molars were taken from the

skulls and occlusal breadth, occlusal length and the
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The wide individual variation in dental patterns,

combinedwith the variation depending on the stage

of wear, makes that the characters of teeth are of

limited significance for distinguishing extant spe-

cies and generaof porcupines. Nevertheless occlu-

sal patterns have frequently been used as diagnostic

characters in descriptions of fossil species. There-

fore the aim of this study is to present a description

of dimensions and occlusal patterns in relation to

the stage of wear of one recent porcupine species.

The opportunity for this study was offered by the

availability of a relatively large sample of one spe-

cies, Hystrix brachyura Linnaeus, 1758.

The fossil record of the family Hystricidae is

poor, its phylogeny is still badly known and homol-

ogies in the morphology of the occlusal surface are

not quite clear. As a consequence the currently used

nomenclature is not always consistent, it is very

complicated and its application in this study would

yield unreadable descriptions. Therefore, a more

practical system is chosen for the present paper.
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height was measured with vernier callipers. In total

115upper and 111 lower molars could be measured.

No occlusal breadth measurements could be taken

from very young molars, and no breadthand length

measurementsof teeth with damaged occlusal sur-

face. No height measurements were possible with

teeth which could not be removed from the skull.

By "height", the distance is understood between

the plane of the occlusal surface and the plane

parallel with it through the opposite end of the

molaror the tips of the roots of a deciduousmolar.

When a molar has a curved form, as in the upper

ones, this is not the largest dimensionwhich can be

measured, but it is clearly definable and can be

measured easily.

Age-classes of the skulls

The skulls were divided into age-classes by the

degree in which the upper dentition has been de-

veloped:

I Only D4 above edge of alveole (« = 2);

II D4 present, Ml above edge of alveole (n = 2);

III D4 and Ml present, M2 above edge of alveole

(« = 7);

IV D4, Ml and M2 present, M3 above edge of al-

veole (n = 5);

V P4 has class of wear A or B (for definitions see

below), M3 present (n = 2);

VI P4 has at least class of wear C, M3 present

(«=14);

VII Ml and M2 have an advanced state of wear

with class H2 or H3 (n = 3).

The age-classes I to IV are considered "young",

class V is "subadult", VI "adult" and VII "old".

Problems with dental nomenclature

Stirton's (1935) tritubercular system for Tertiary

beavers was applied to porcupines by Hooijer

(1946), Bosma (1968), Van Weers (1985) and more

recently by Nikiforowa& Wangenheim (1988). This

system, however, appears to be less suited for por-

cupines. The complicated structure of the occlusal

surface of unworn porcupine molars apparently ac-

counts for the fact that, besides one lingual fold

recognised by all authors mentioned, Bosma (1968)

distinguished three buccal folds in the uppermolars

of her Hystricidae material, Stehlin & Schaub

(1951) four, Sulimski (1960) five buccal and an an-

terior one, whereas in thepresent paper four buccal

and one posterior fold are distinguished. Stirton

(1935: 392, Fig. 8) recognised and named three

folds in upper as well as in lower molars. Hooijer

(1946) did not meet a problem because he studied

only lower molars, nor did Bosma (1968) for she did

not distinguish more than three folds in upper mo-

lars too. Stirton (1935: 392, Fig. 8) named the

folds in the upper molars of beavers para-, meso-,

and metaflexus, and Bosma used these names

for respectively the first, second, and third buc-

cal fold, as distinguished in the present paper, in

the porcupine upper molars she studied. How-

ever, it is not less likely that, judged on the mor-

phology and position of the folds in Stirton's

beavers, they are homologous with respectively

the second, third, and fourth buccal fold in por-

cupine molars. Another objection of Stirton's

nomenclature is the naming of all islands ("fos-

settes" and "fossettids") in connection with the

names of folds, which inevitably will lead to con-

fusion (e.g. Bosma, 1968: 339 footnote) because

the relation between folds and islands is not al-

ways the same.

A basis for a more appropriate nomenclature

could be looked for in Wood & Wilson's (1936)

widely accepted system for rodent teeth with cusps.

But there the anticlines (crests) have been named,

whereas molars of Hystricidae are hypsodont,

cusps are not developed and the naming of syn-

clines (folds) is more obvious. The cricetid type of

tooth presented in that study (389, Fig. laand 2a)

is five-crested with four synclines, and a basically

five-crested pattern for Hystricidae seems to be

generally accepted (Wood, 1974: 38). However, this

pattern can not convincingly be recognised in the

lower porcupine molars with only three folds and

obscure homologies, so Wood & Wilson's (1936)

nomenclaturedoes not offer a fully satisfying basis

for the lower porcupine teeth. But, whether there is

an adequate nomenclature or not, it is unpractical
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to describe the differences in occlusal patterns of a

large number of individualmolars, as is the aim of

this study, mainly by the application of morpho-

logical names. Therefore a positional, numerical

system for the indication of folds and islands is

chosen.

Applied dental nomenclature

For the lateral grooves which continue in the oc-

clusal surface of a molar, the terms "fold", "in-

flection", "enamel loop" and "re-entrant fold"

are used. Stehlin& Schaub (1950: 8) recommended

the term "Synklinale" instead of "fold" because

the latter could indicatean anticlineas well as a syn-

cline structure. For this paper the term "fold" is

chosen and used in the meaning of Stehlin &

Schaub's "Synklinale". These authors also criti-

cized the use of the terms "Schmelzinseln" and

"lakes", apparently from a three-dimensional

point of view, and they used "Trichter" or "pits"

for them. "Islands" are in fact the two-

dimensional appearance in the occlusal surface of

the funnel-likeenamel invaginations in axial direc-

tion, and for the present study arbitrarily the term

"island" is chosen.

For the symbols used in this paper, see Fig. 1 for

the upper and Fig. 2 for the lower molars. The

above-mentioned enamel invaginations are clearly

visible as flattened enamel tubes at the end of the

rudimentalmolars in Fig. 3. For a comparison with

the terms of other authors, see Table I. I have not

chosen for different symbols for upper and lower

molars, for from the context it will always be clear

whether an element of an upper or a lower tooth is

discussed.

The occlusal surface

To know the changes by wear in the occlusal surface

of a molar, it should be abraded as was done by

Bosma (1968) with one upper and one lower molar.

This procedure provides an objective series of suc-

cessive stages of wear, but it does not inform us

about the individual variationof the dentalpattern

Fig. 1. Review and enumeration of folds (I to VI) and loci of is-

lands (1 to 6) potentially present in upper molars of H.

brachyura. I = 1st bucc. f., II = 2nd bucc. f., III = 3rd bucc.

f., IV = 4th bucc. f., V = posterior f., VI = lingualf., 1 = 1st

bucc. isl., 2 = 2nd bucc. isl., 3 = 3rd bucc. isl., 4
= 4th bucc.

isl., 5 = posterior isl., 6 = lingual isl. Nrs. III and VI are actual

folds; I, II, IV, and V closed ones; nrs. 1, 2, and 4 are islands;

3, 5, and 6 loci of potential islands. The figure is based on M1

sin. of ZMA 6866.

Fig. 2. Review and enumeration of folds (I to IV) and loci of is-

lands (1 to 6) potentially present in lower molars of Hystrix

brachyura. I = 1st ling, f., II = 2nd ling, f., III = 3rd ling, f.,

IV = bucc. f., 1 = 1st ling, isl., 2 = anterior isl., 3 = 1st bucc.

isl., 4 = 2nd ling, isl., 5 = 3rd ling, isl., 6 = 2nd bucc. isl.

Nrs. II and IV are actual folds, I and III closed ones, 1 and 2 are

loci of potential islands in an actual double island, 3 to 6 loci of

potential islands. The figure is based on m² sin. of ZMA 6850.
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at different wear stages within a species. Abrading

a large number of molars has, insuperable, its own

objections. The alternative used here is the observa-

tion of a relatively large sample of skulls, arranged

in order of number of teeth present and to rough

degree of wear of the dentitions. On the basis of the

sequence of stages of wear in this series and on the

differences between subsequent molars in one den-

tition, classes of wear have been defined.

The overall tendency is that the numberof folds

decreases with increasing of wear until all folds

Table I. Review and comparison of terms and notations for folds and islands used for porcupine molars. Dash (-) = unnamed. See

also Figs. 1 and 2.

Fig. 3. Photographs of occlusal view (A) and opposite end (B)

of the rudimental M2 dex., and of occlusal view (C) and oppo-

site end (D) of the rudimental m2 sin., derived from closed alve-

oles of specimen ZMA 6863. In B class of wear G1, and in D

class T1 is reflected.

Present paper Bosma (1968) Stehlin & Schaub (1951) Wood & Wilson (1936),

fold posterior of:

UPPER MOLARS

I = 1st bucc. f. paraflexus Aussensynklinale I anteroloph

II = 2nd bucc. f. mesoflexus Aussensynklinale II protolophule

III = 3rd bucc. f. metaflexus Aussensynklinale III mesoloph

IV = 4th bucc. f. - Aussensynklinale IV metalophule

V = posterior f.
- - -

VI = lingual f. hypoflexus Innensynklinale protocone

1 = 1st bucc. isl. parafossette - -

2 = 2nd bucc. isl. mesofossette - -

3 = 3rd bucc. isl. metafossette 1 -
-

4
= 4th bucc. isl. metafossette 2 -

-

5 = posterior isl. - - -

6 = lingual isl. hypofossette -
-

LOWER MOLARS

I = 1st lingual f. paraflexid InnensynklinaleII anterolophid +

metalophulid?

II = 2nd lingual f. mesoflexid InnensynklinaleIII mesolophid

III = 3rd lingual f. metaflexid InnensynklinaleIV hypolophulid

IV = buccal fold hypoflexid Aussensynklinale protoconid

1
= 1st ling. isl. parafossettid 1? -

-

2 = anterior isl. parafossettid 1? - -

3 = 1st bucc. isl. parafossettid 2 - -

4
= 2nd ling. isl. mesofossettid

- -

5 = 3rd ling. isl. metafossettid -
-

6 = 2nd bucc. isl. hypofossettid - -
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have disappeared, and that in certain stages of wear

the first island appears, followed by more, reaching

a maximum. In older specimens, the number of is-

lands diminishes until the last one has disappeared

in a totally worn tooth. However, a fold in an in-

dividual case can be extremely deep and remain to

an advanced state of wear, and an island may ap-

pear in an unusual early stage of wear. Even a left

and right molarof one individualmay get different

wear classes, so the significance of a certain wear

class is not absolute. Although only one breadth,

length and height measurement of each pair of mo-

lars has been used, the occlusal patterns of both

teeth of a pair were determined. The occlusal sur-

face of molars which were too young to be meas-

ured, were observed as well.

An extremely large number of patterns is think-

able, but they will not all be realised in one species.

In the 128 upper molars studied, 39 more or less

different patterns have been recognised, divided

over 8 classes (A to H), presented in Table II and

partly figured in the Plates I and II. For the 116

lower molars studied, 6 classes (O to T) with subdi-

visions have been defined for a total of 33 different

patterns, presented in Table III and partly figured

in the Plates II and III. Because upper and lower

molars show different developments, a common

classification is not possible. Only the following

rough comparison will hold for most cases: A + B

= O, C = P, D = P + Q, E = P + Q + R, F =

Q + R + S, G = S + T and H = T. Certainly not all

possibilities occur in the sample studied and a new

specimen may show new patterns. But it is also cer-

tain that there is no simple and easy way to describe

the characteristics of the morphology of the molars

of a porcupine species or a higher taxon.

Description

Overall dimensions

In Table IV the dimensions of the measured upper

and lower molars, from young to nearly totally

worn, up to and including wear classes H2 and T6,

respectively, are presented. The D4 and M3 appear

to be clearly smaller than the remaining teeth. The

P4 is indeed only slightly broader and higher than

the Ml and M2 but it is clearly longer (mean length

P4 = 7.3 mm against 6.6 mm of both Ml and M2).

Thebreadth and height of the p4 do not differ from

those of the ml and m2 but this molar is certainly

longer (mean length p4 = 7.9 mm, against 6.7 and

7.0 mm of ml and m2). Because the Ml and M2 as

well as the ml and m2 do not show significant dif-

ferences, there is no objection to treat these teeth as

one sample (respectively Ml—2 and ml —2) as done

in Table V.

Dimensions in relation to class of wear

In Table V the dimensions of Ml-2and ml-2 in

relation to their class of wear are presented. Table

V shows that the breadth of the upper molars in-

creases with increasing attrition (mean breadth

from 5.3 mm in class B to 7.3 mm in H), clearly

illustrated by the relative breadth of Ml-2 in Fig.

4. This is caused partly by the fact that the molars

have their largest diameter at half the height of the

unworn tooth, and partly because the upper molars

are strongly curved in buccal direction. As a conse-

quence, the angle between the occlusal surface and

the longitudinal axis of the molar becomes larger

with increasing attrition. Sometimes a dispropor-

tionate broad occlusal surface with an extreme thin

buccal part is the result of that.

The occlusal length is not subject to this feature.

From class A to F the mean length changes scarcely,

and from class F to H, as contrasted with the

breadth measurements, there is rather a decrease of

the mean length from 7.3 to 5.2 mm.

From the means of the height measurements may

be read that most of the molars in class A and B are

growing still, that most molars have reached their

maximum height in C and D and that from E the

result of attrition is reflected in the diminishing

height. More clearly than by the absolute measure-

ments, this is illustrated by the relative height of

Ml—2 in Fig. 5, expressed with the ratio height/

occlusal breadth. Table V shows that the lower mo-

lars on an average have reached a full grown

breadth in class Q (mean breadth 6.8 mm) and do

not change much till an advanced state of wear
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Table II. Definitions and subdivisions of classes of wear in occlusal patterns ofupper molars with indication of folds in Roman types,

islands and loci of islands (loc.) in Arabic numerals, frequency of observed patterns (n), connections of folds and islands with hyphen (-).

A: Scarcely any wear, mostly enamel at occlusal surface, little or no dentine visible.

Al = 6 folds, most of them mutual connected, n = 4.

A2 = 6 folds, some marginal, most folds mutual connected, I situated anterior, n = 1.

B: Enamel shows wear, dentine visible, no islands formed yet.

B1 = 5 or 6 folds. Conn.: most of them mutual connected, n = 5.

B2 = 5 or 6 folds. Conn.: Ill—V, VI not connected with one of the folds I to V. n = 3.

B3 = 5 folds (II to VI, one may be marginal). Conn.: II— III—V, VI-loc. I. n = 1.

B4 = 4 folds (III to VI). Conn. = VI-loc. 1. n = 2.

B5 = 4 folds (I situated anterior, II, V and VI). Conn.: I—VI, VI-V possibly marginal, n = 1.

C: 1 island formed, 3 to 4 folds left.

Cl = Isl. 1; 4 folds (II, IV, V and VI). Conn.: V-loc. 3. n = 1.

C2 = Isl. 2; 4 folds (III, IV, V and VI). n = 1.

C3 = Isl. 1; 3 folds (II, III and VI). Conn.: Ill-loci 4 + 5. n = 1.

C4 = Isl. 2

C5 = Isl. 4

D: 2 islands formed, 2 to 4 folds left.

D1 = Isl. 1 and 4; 4 folds (II, III, V and VI). Conn.: II— VI and III—V. n = 1.

D2 = Like D1 but II and VI not connected, n = 1.

D3 = Isl. 2 and 4; 3 folds (II, V and VI). Conn.: VI-loc. 1. n = 1.

D4 = Isl. 1 and 4; 3 folds (III, V and VI). Conn.: V-loc. 4. n = 1.

D5 = Isl. 1 and 4; 3 folds (II, III and VI). Conn.: III-loc. 5. n = 3.

D6 = Isl. 2 and 4; 2 folds (V and VI). Conn.: V-loc. 3, VI-loc. 1. n = 1.

E: 3 islands formed, 2 or 3 folds left.

El
= Isl. 1, 2 and 4; 3 folds (III, V and VI). Conn.: III—V. n = 3.

E2 = Isl. 1, 2 and 5; 3 folds (III, IV and VI). n = 1.

E3 = Isl. 1, 2 and 4; 2 folds (III and VI). Conn.: III-loc. 5. n = 2.

E4 = Isl. 1, 2 and 4; 2 folds (V and VI). Conn.: V-loc. 3. n =
1.

E5 = Isl. 1, 3-5 and 4; 2 folds (II and VI). n = 2.

F: 3 to 5 islands present, only onefold left (VI).

Fl: 3 isl. (1, 2 and 3-4-5 or two of these), n = 3.

F2: 3 isl. (2, 3-5 and 4 or trace of it). Conn.: VI-loc. 1. n = 1.

F3: 3 isl. (1, 2-3-5 and 4). n = 1.

F4: 4 isl. (1, 2, 3-5 and 4). n = 12.

F5: 5 isl. (1 to 5). n = 1).

G: 4 to 6 islands present, no fold left.

Gl = 5 isl. (1, 2, 3-5, 4 and 6). n = 7.

G2 = 4 isl. (1, 2-3-5, 4 and 6). n = 1.

G3 = 5 isl. (1, 2-3, 4, 5 and 6). n = 2.

G4 = 6 isl. (1 to 6). n = 4.

G5 =
4 isl. (1, 2, 3-5 and 6). n = 17.

G6 = 4 ial. (1, 2—3, 5 and 6). n = 1.

G7 = 5 isl. (1, 2, 3, 5 and 6). n = 21.

G8 = 4 isl. (apparently single ones), n = 8.

H: Advanced state of wear, 3 to zero islands left.
HI = 2 or 3 islands, n = 4.

H2 = 1 island left, n = 4.

H3 = totally worn tooth, not any island left, n = 2.
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(mean breath in T = 6.6 mm). The length of the

m 1-2 does not change from O to S but does dimin-

ish on an average in the last class T. Relativebreadth

of these lower molars is expressed in Fig.6 with the

ratio occlusal breadth/occlusal length and the rela-

tive height in Fig. 7 with height/occlusal breadth.

Changes in occlusal patterns by wear

The selection of the wear patterns for the represen-

tation in the Plates I to III was in the first place

based on the frequency of these patterns, but was

further arbitrary. In Al (Plate I, Fig. 1) fold I is

Table III. Definitions and subdivisions ofclasses of wear in occlusal patterns of lower molars with indication of folds in Roman types,

islands and loci of islands (loc.) in Arabic numerals, frequency of observed patterns (n), connections offolds and islands with hyphen (-).

O: Occlusal surface divided in several parts by the connection offolds. If dentine is visible, fieldsseparately ringed in by enamel. 0 to

2 islands present.

01 = At least 4 folds present, little dentine visible. Conn.: at least II—III—IV. n = 4.

02
= 4 folds (I, II, III and IV), dentine clearly visible. Conn.: III—IV. n = 2.

03 = 3 folds (I, II and IV), no islands formed yet. Conn.: II—IV or I-IV. n = 5.

04 = 2 folds (II and IV), no islands formed yet. Conn.: II—IV. n = 1.

05 = 2 or 3 folds present, 1 or 2 islands formed already. Conn.: II—IV. n = 1.

P: Occlusal surfacefor the greaterpart consistingofonedentine field with outer enamel ring ofoneunited whole. No islands formedyet.

PI = 3 folds. (1, II, IV). Conn.: I-loci 1 +2 and II-loc. 3. n =
2.

P2 = 2 folds. (II and IV). Conn.: II-loci 1 + 2 + 3. n = 2.

P3 = 3 folds (I, II and IV). Conn.: I—II-loci 1+2 + 3. n = 1.

Q: 2 or 3 folds present, one island present.

Q1 = 3 folds (I, II and IV), 1 island (5). Conn.: I-loci 1 +2 and II-loc. 3. n = 1.

Q2 = 2 folds (II and IV), 1 island (1-2). Conn.: II-loc. 3. n =8.

Q3 =
2 folds (II and IV), 1 threefold island (1-2-3). n = 1.

Q4 = 2 folds (II and IV), 1 island (1). Conn.: II-loci 2 + 3. n = 1.

Q5 = 2 folds (II and IV), 1 island (2). Conn.: II-loc. 1 + 3. n = 2.

R: 2 folds (11 and IV) and 2 or more islands present.

R1 = 2 islands (1-2 and 5). Conn.: II—IV (dividing occl. surface), n = 1.

R2 = 2 islands (1-2 and 5). Conn.: II-loc. 3. n = 6.

R3 = 3 islands (1-2, 3 and 5, or 2, 3, and 5). Conn.: II-loc. 3. n = 1.

R4 = 3 islands (1, 2 and 5). Conn.: II-loc. 3 . n = 1.

R5 = 2 islands (1 and 5). Conn.: II-loci 2+ 3. n = 1.

R6 = 2 islands (1-2-3 and 5). n = 1.

S: Only fold IV left, 2 or more islands.

51 =3 islands (1-2, 3 and 4). Conn.: IV-locus 5. n = 1.

52 = 4 islands (1 to 4). Conn.: VI-loc. 5. n = 1.

53 = 4 islands (three out of 1 to 4, and 5). Conn.: IV-loc. 6. n = 10.

54 = 5 or 6 islands, n = 3.

55 = 3 islands (two out of 1 to 4, and 5). Conn.: IV-loc. 6. n - 4.

56 = 2 islands (5 and 3 or 4). n = 1.

57 = 2 islands (2 out of 1 to 5 or double ones), n = 1.

77 No folds, only islands left.

Tl: 5 islands (1 or 2 or 1-2, 3, 4, 5 and 6). n = 19.

T2: 6 islands (1 to 6). n = 6.

T3: 4 islands, n = 10.

T4: 3 islands (3, 4 and 6). n = 6.

T5: 2 islands (3 and 6). n = 4.

T6: 1 island or a trace of it left, n = 4.

T7: totally worn, no trace of any island, n = 1.
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clearly present. In A2 and B5 it seems to be lacking,

but there the anterior fold is supposed to be

homologous with fold I. In B3 that fold is closed al-

ready, but island 1 has not yet been developed be-

cause fold VI is still in connection with that locus.

The fact that locus 1 can be in connection with fold

VI (Bl) as well as with fold I (B2), illustrates that

it is arbitrary to derive the name of an island from

that of a certain fold. Fold II can be connected with

fold VI (Bl), be isolated rather early (B2) or be con-

nected with III and V (B3). Fold III is in many cases

connected with fold V (B4, C5, El). Folds IV and

V have not been separately named by previous

authors, bu they are clearly present: IV pictured in

Al, B2, B3, C4, and V pictured in Al, A2, Bl-4,

C5, D2, D4. As far as observed, fold VI is always

the last one that disappears. In class Gl (Fig. 3B

and Plate I, Fig. 20) the enamel "tubes" 3 and 5 are

still connected, but in a further state of wear (G4 in

Plate II, Fig. 1) they separate and a stage with 6 is-

lands appears. In stage G5 the double island 3-5

has not yet split, but island 4 has already disap-

peared. G7 is the most frequent pattern in the sam-

ple studied. There the islands 1, 2, 3, 5, and 6 can

be easily identified.From G8 to H2 that is no more

possible.

In thepresent study in the lower molars three lin-

gual and one buccal fold are recognised. Not quite

clearly in Ol (Plate II, Fig. 5) but certainly in 02,

all four folds can be indicated. Fold III is of less

Linnaeus, 1758 from Sumatra, in mm with

range, mean, number of specimens (n) and standard deviation (s).

H. b. brachyuraTable IV. Overall molar dimensions from measurements of 35 specimens of

UPPER

MOLARS D4 P4 Ml M2 M3

4.6-6.7 5.6-8.5 5.0-8.2 4.8-8.5 4.9-7.5

occlusal 5.7 7.0 6.7 6.4 5.8

breadth n =
15 n =

16 n = 30 n = 28 n =
19

s = 0.6 s = 0.8 s = 0.9 s = 0.9 s = 0.7

5.3-7.4 qoo1m«/-> 4.7-7.9 4.9-7.7 5.2-7.3

occlusal 6.7 7.3 6.6 6.6 6.2

length n = 15 n = 19 n = 30 n = 28 n = 19

s = 0.6 s = 0.6 s = 0.8 s = 0.7 s = 0.5

9.1-18.3 6.9-17.8 6.9-17.1 7.6-13.1

height 9.2 14.1 13.3 12.9 10.7

n = 1 n =
14 n = 27 n 26 n = 16

s = 2.8 s = 2.9 s = 2.5 s = 1.4

LOWER

MOLARS d4 p4 ml m2 m3

4.2-6.1 4.7-7.1 5.1-7.5 4.4-7.6 4.7-6.1

occlusal 5.1 6.2 6.3 6.2 5.4

breadth n = 14 n = 16 n = 29 n = 27 n = 19

s = 0.5 s = 0.7 s = 0.5 s = 0.8 s = 0.4

6.6-8.2 6.4-9.0 5.0-8.5 4.6-8.2 5.5-7.4

occlusal 7.6 7.9 6.7 7.0 6.5

lenght n = 13 n = 18 n = 28 « = 28 n = 19

s = 0.4 s = 0.7 s = 0.9 s = 0.7 s = 0.5

10.8-14.7 8.3-18.9 7.4-18.1 8.6-18.4 7.5-13.2

height 12.3 14.4 13.4 14.1 10.4

n = 3 n = 17 n = 22 « = 21 n = 16

s = 2.7 s = 2.8 s = 2.6 s = 1.5
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Fig. 4. Relative breadth of M1-2,expressed as the ratio occlusal

breadth/occlusal length for the indicated stages of wear, with

range, mean and frequency (n). For classes of wear see Table II.

Fig. 5. Relative height of M1-2, expressed as the ratio height/

occlusal breadth for the indicated stages of wear, with
range,

mean and frequency (n). For classes of wear see Table II.

Table V. Occlusal breadth, occlusal length and height in relation to classes of wear (A to H) of M1-2 and m1-2 (O to T) in mm with

range, mean, frequency (n) and standard deviation (s).

Ml—2 ml-2

class breadth length height class breadth length height

A 5.6 7.3 17.1 O 4.4-6.0 6.1-8.2 13.6-18.4

n = 1 « = 1 5.4 7.4 16.6

B 4.8-5.7 6.1-7.7 11.7-16.5
« = 6 n = 1 « = 4

5.3 7.1 14.8 P 5.2-6.4 7.0-8.4 15.0-18.1

n = 6 « = 6 n =
6 5.7 7.6 16.6

C 5.5-5.9 7.3-7.5 15.5-16.5
« = 3 rt = 3 n = 3

5.7 7.4 16.0 Q 5.1-6.7 7.2-8.1 13.1-17.0

n = 2 n = 2 n = 2 6.8 7.5 15.4

D 5.5-6.4

5.8

6.7-7.5

7.2

14.2-17.8

16.1

n = 10

s = 0.5

n = 9

s = 0.3

n = 9

s = 1.2

n = 5 n = 5 n = 5 R 5.3-6.8 7.4-8.5 13.7-16.3

E 5.3-6.8

6.1

7.0-7.9

7.2

13.5-16.4

14.9

6.3

n = 6

7.8

n = 6

15.5

n = 6

n = 6 /I = 6 n = 6 S 6.0-6.9 7.3-7.5 12.6-15.5

F 5.0-7.1

6.4

6.2-7.7

7.3

12.0-15.9

14.6

6.5

n = 5

7.4

n = 5

13.9

/? = 5

n = 8 n = 8 « = 8 T 5.6-7.6 4.6-7.4 7.4-13.8

G 4.8-8.5

7.1

n = 25

4.9-6.9

6.2

n = 25

9.0-14.4

11.2

« = 23

6.6

n = 26

s = 0.5

6.3

n -
26

s = 0.7

10.8

« = 16

s = 1.5

s = 0.7 s = 0.5 s = 1.4
O-T 4.4-7.6 4.6-8.5 7.4-18 .4

H 6.3-8.1 4.7-5.7 6.9-10.5 6.3 7.0 13.0

7.3 5.2 8.1 n =
56 n = 56 « = 43

n = 6 n = 6 n = 5 s = 0.6 s =
0.8 s = 2.7

I1< 4.8-8.5

6.5

n = 59

s = 0.9

4.7-7.9

6.6

n = 59

s = 0.8

6.9-17.8

12.9

n = 56

s = 2.8
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practical significance because it disappears nearly

always in a very early state, but in02 it is connected

with fold IV. Fold I sometimes disappears early

(03-05) or stays longer (Ql). In the classes of

wear P1-P3 folds II and IV are separated, but in

a single case it is possible that the connection still

exists when already two islands have been formed

(Rl). By the closure of fold IV, island 5 is formed,

sometimesrather early (Ql) but sometimes very late

when already four islands have been formed (S2 in

Plate III, Fig. 5). In S3 at the loci 1 and 2, one island

is visible which is split in the separate islands 1 and

2 in S4. In T1 island 6 has been formedby the nearly

full disappearance of fold IV, and the identity of

the islands 1 to 4 can no more be established with

certainty. The state of wear with five islands may be

an earlier one than that with six islands when two

enamel tubes are still connected as in Fig. 3D, but

in Plate III, Figs. 10 and 11, T2 could present a

younger stage than the pictured Tl.

Conclusions and discussion

The numbers of molars are not evenly distributed

over the wear classes and occlusal patterns as de-

fined in Tables II and III. The 6 categories A to F

contain 28 more or less different occlusal patterns

with 57 molars, whereas in only one class G with 8

occlusal patterns 61 teeth are enclosed. This is ap-

parently caused by the fact that in the first traject

of attritionof an unworn molar the top region with

a very complicated structure is concerned. There

the replacement of occlusal patterns will be the

result of relatively small amounts of attrition,

whereas further down in a larger stretch ofattrition

fewer changes may occur. This is reflected in the

measurements in Table V where the full-grown

M1-2 teeth have a mean height of 16.1 mm (class

D). In class F this is diminishedto a mean height of

14.6mm, being an attrition of less than 10% of the

mean full-grown height. Only one class further, in

G, the mean height is 11.2 mm, being a diminution

of 30% of the mean full-grown height. Comparable

conclusions may be drawn from the lower molar

patterns in Table III where the largest frequency is

found in pattern Tl. In the lower molars in Table

V too, the strongest decrease in height is found in

the more advanced stages of wear from class S to T.

The comparison of Bosma's (1968) description

with our results, shows differences as well as simi-

larities. Her hypothethical stage "Al" (op. cit.:

338, Fig. 1)of an upper molar, fits in our wear class

B, but is not represented in one of theocclusal pat-

terns of that class. Her "A2" with 3 folds but

withoutislands, and her "A3" with2 folds and one

island, do not fit in one of our defined classes.

Threereasons may explain this. It is of course possi-

ble that a new specimen, even of the same species,

Fig. 6. Relative breadth ofm1-2, expressed as theratio occlusal

breadth/occlusal length for the indicated stages of wear, with

range, mean and frequency (n). For classes of wear see Table III.

Fig. 7. Relative height of m 1-2, expressed as the ratio height/

occlusal breadth for the indicated stages of wear, with range,

mean and frequency (n). For classes of wear see Table III.

Plate I. Occlusal view of upper molars with indication of class of wear. Figs. 1, 3, 4, 7, 9, 17, 20 = M2; Figs. 2, 5, 10-16, 19 = M1;

Fig. 6 = M3; Figs. 8, 18 = D4. All specimens are sinistral ones. All Figures x 4.
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shows morphological variation not met before. A

second consideration is that Bosma's result is de-

rived by abrasion of a molar instead of by natural

wear, which may produce different results. Fur-

ther, Bosma (op. cit.: 337) allocatedthe two abrad-

ed Pleistocene molars to “Acanthion brachyurus

cf. javanicum Cuvier". Van Weers (1985: 116—

117, Figs. 5, 6) has shown that Bosma's Sangiran

material has clearly smaller dimensions than Hys-

trix brachyura Linnaeus and Hystrix javanica

(Cuvier), so we probably have to do with a species

that differs from the recent species. The differences

between Bosnia's teeth and our material are not es-

sential. Bosma's stages of attrition "A4", "A5",

and "A6" agree with our respective classes Fl, F4,

and Gl. Most of her patterns of the lower molars

fit quite well with our wear stages: "Bl" = 01,

"B2" = 03, "B3" = 04, "B4" = P2, "B5" is sim-

ilar to SI, "B6" = SI, "B7" = S3 and "B8" =

Tl. Further study of the Sangiran molars is needed

Plate III. Occlusal view of lower molars with indication of class of wear. Figs. 1, 2 = m1; Figs. 3, 4, 6, 7, 11 = m2; Figs. 5, 8, 9, 10

= p4; Fig. 12 = d4. All specimens are figured as sinistral ones. All Figures x 4.

Plate II. Occlusal view of upper molars (Figs. 1-4) and lower molars (Figs. 5-20) with indication of class of wear. Figs. 1, 3 = M2;

Fig. 2 = M1; Fig. 4 = P4; Figs. 5, 6, 12 = m3; Figs. 7, 8 = d4; Figs. 9, 10, 13, 14, 17, 19, 20 = m1; Figs. 11, 15, 16, 18 = m2. All

specimens are figurd as sinistral ones. All Figures x 4.
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in order to evaluate the morphological similarity or

difference with the recent forms.

Sulimski (1960) based the occurrence of five buc-

cal folds on Hystrix material from the Pliocene of

Weze in Poland. The folds "IV" and "V" in his

Fig. 1 (1960: 321) are bordering a small "dentine

islet", fusing medially, and this peculiarity is re-

peated in the other molars of that specimen. It may

well be possible that we have to do here with an

example of individual variationand that these two

folds may be homologous with our fold IV. The

dentalpattern of the p4 of this Pliocene sample can

not be allocated to one of the wear classes of the

present study, but its occlusal structure is not essen-

tially different from that of our species studied. The

ml in that mandiblefits the wear class T1 with the

islands 2 to 6, and the m2 fits in class T2 with the

islands 1 to 6. Sulimski (op. cit., Fig. 2) figured a

series of six successive stages of the P4 in his ma-

terial. These are neither based on serial sections nor

on the observation of a larger series of molars,

but represent hypothetical reconstructions. Some

stages of this series do not fit in our results, and in-

dividual variation or the way this series was ob-

tained may be due to this fact.

Probably the determination of structural para-

meters such as structural density or indentation

(Schmidt-Kittler, 1984), in combination with con-

ventional measuring of molar dimensions, will en-

large the possibilities for analysis of the occlusal

patterns of porcupine molars. Facilities for this

type of analysis were not available up to now, but

when possible it will be applied in continued study.
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