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BE SHENEITEMESHS IR, NWERERBERRER, 2EEEMR, $REAH
W, BRI MR, MALRRBAE, B SR, MR SHETT, BAR, SHR
S5HEAERBRITRMABEN, T 5 50 RAHEH 16 W8 LB 0 E, B aTH RIS
i f& & A AR E, MR SRR ERENRAXEA. '

KER IEMERAEH, TR, 8RB ERER

PEZESES Q915873
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MEREESIYEENEETRZ —, BRI A B8 —, (8 H R R A
AW HEER SEHYHIEMBEEEaN I FEAR (B 1). 52 (PE: portio
externa) B L IE T FAT MM AR . P2 (PL portio interna) B 38 X A4 Fl AE 48 1%, 38 L
RyRAEZE ADD T b DARE I B M A T R . 3 T 1B 1C 0 4 o R A 9 B R HE D 5
FRAR, G YA MAMME TSN ZMER. 8K (pauciserial)? . B K
(uniserial) M £ & ({ & &, multiserial) (Korvenkontio, 1934; Wahlert, 1968; Martin,
1992,1993). BAENBEHRHMELEH, ENERENSFIRTEY, TEHANETH
A RPN RIFERO SRS, BRNERARENEEEEN MR, &
ATmBE RER MELMNERESWENY. £RNEREBE Y 3~7 MREESE,
AATHBFAMEERE THEAEA. Hl, iR MR AEHEREEERS
SRUENEEXWIEREZ —. :

F R (Zelomys) =T REPHHHMEPH —KWNE Y. XTEHRFKSHKM
B.FEARMEE AAKEITA LK BH (Sciuravidae) (F £ A 122 & M, 1990;
McKenna & Bell, 1997); A ANAK B B # BB (Eomyidae) (Korth, 1994; Chiment

1) FREBRPEMERE T EYESEALENEMBF RSN LEES T (RE.9708).

2) pauciserial B pauci JF 8 fy “/0” , (HE 48 3 X T pauciserial 0 & XH T A AL, B ALH, HIBEY
ER

Y H #8: 1998—03-25
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& Korth, 1996; EK4,1997), AT ZBHHEFEZH THE, UEEMRFES L
LB #H— WM EZHER, RN Zelomys #1715
FRZEMET U WL,

XHFRAMAEXMEMALEHORBEETERE
Wahlert (1968) #1 Martin (1992, 1993) 8. 3L W15 3h4 11 15
B Rl BT A S5 E R ARIESIR R .

FhAE (B3 R AE, prismas) : Eﬁﬁﬁﬁ@ﬁ%ﬁﬁﬁ'{aa,ﬂ
BUHT AR YD, Fo W iR B B A B,

il BT (enamel type) - BlFEELAH [F] 75 1 A R R L7

BT Rl B (radial enamel) : FliAE 35 T 47 HEB ) R o 26
L AU b2 R HES .

JE G BA 8% 47 (HSB: Hunter-Schreger bands) : Hy FliAE 40 3%,
MR, EN BOE LRI KT, S8 H— DSBS _Figl Cross section of incisor
. FEFR —H R, R BTAT AR FRMAEBRY g4 e 5 (Abbreviations): D,

EDJ

i1 MEsE
(4% Martin, 1992, #& %)

ERAEMEE, f& (dentine); EDJ, B t§ /R /&
Fb A 18] B (IPM: Interprismatic matrix): S FE FRAEBE X (enamel dentine junction); L,
FI IR A S, B —&H I, (BARHRFL AL . Y 22 (longitudinal section);
il BT 45 44 (Schmelzmuster) : i B2 %Y 49 = 4EHEF PE, 5}/ (portio externa); PL, A
i R R (SR AR 35 IR O R R, EDJ: enamel /2 (portio interna); T, 5% 4 I
dentine junction) : ZF t (Rl B A0 15 R 22 1] G SR 4% (tangent section)

TG 2 2 B (total enamel thickness) : B Fi 47 3R 7 T8 2 Fh R B 40 2 40 1 B9 T BB,

5T N B R BE (PI thickness) - M 15 5% 57 T 30 fl ST P8 L 412 570 T8 A9 (] BE.

Fi TSN R R (PE thickness) : AR M. 412 R E B MR R INE5 HE R ] EE.

Fli R AH 2 R BE HE 3 (external index) : fFRSNEEE MR BIREZ .

Tt P BH 55 3% (band width) : ZEAYI T LR &M RE. EREARLY
P LA RREL EHESNMENERETEY.

G FS B % 5 89 5 24 B (inclination of bands): E%\ﬁ]ﬁiﬁﬁﬁ%ﬂ“%'ﬁ*ﬁfﬁﬁﬁﬁ%
HELR A JEA .

Tofh A W) B 4P )2 (PLEX: prismless external layer): Fi i 80 & 712, o AE, £ #B th fb
o [6] 3 # 38 F -5 T B

2 MR

H T Zelomys BB RARD, T EA T RSB E MdbnaE, RIORAMET
ER LTI, MR RERTSHER (Zelomys orientalis) V8799 G433k B L. Bir4
FRERERAERAEERYFARMBIET WA aAS ZEHER. RN
BATTRBE —BR, 5 AREsE, REE LM LNy ER e, EARTE, A M 5
ENPHE, A =ZEH %M, 5 0. Imol BEM MK S0 BEAL, B ETEHEE. &
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JETE ISM-6100 I BT M. RN RAER SRR 22 BT AT M.
Wk, . BLEE, RSN EH .

3 Zelomys [ 1B EW

Zelomys W LTI E A2 0WER, BEERT. f5E SR &AM E B
1/4 &b, JUFAHE A MIE . B3RS TR K00 A9 9\ 1 80, (5 o B B 80 M BBk .

Zelomys LI TEMBMYIE (AR I) MREEERYS, RREB/MIME ERI,
D. BT RE I, AT EE8RE, REE AR, &R A AT B/ MR E R
MEMAFEW., FIREREFEBLOMENHALSHLFEBMBILERI,2).
EHFARERNRASEZIA. MEDRIFR, ARFHENRELHERE. HENRTRS
HEE RIS, RN 1~3 MR, HESNHFOMENZAET 90°. JMNE2HMEY
HEZWEE, HRBASHEREEE. MERRAT, MR NS EEE. ERET
0 = A E R B R EE MW (BRR 1.3). MREWHES NN SNFR, 5K B
REA— BTHENALIAE, KEEEBRMH TN 1~3 8. AEHEVEEHE
B, REMMEA, JgBRENMERREE. L RERRENBTESANTEE
X, HZEBHARERNEHNMYEEMNEDE, MIARSHMHAZWED T, B
BB R R IR IR 1E

Zelomys EITEMAAEIE (B I) RFENAEELR Sy, HHREHEHRH
B. WEEA 62p, EKHARFRRERE, AR FHERABHN. A &Rk 6K A
KUARER, FREEHAERE, BUFH 2~ 3 WMEHRE. HPEMEREA S
65%;> 1~ 2 FIAETEH R 13%, 2 MM E F 13%, 2~ 3 M REE N 4.5%, 3 WEAERE N
4.5%, MBAENERASXAR. ARAFRFEHES LER ST LORFCESH
FER, 5 ERURML, 2~ 3 WAMETE LLRSRA RN, W AR T H LRA L.
HERERESRE G2 i 50%, MARRM 1~ 2BREEZMEE 80% £4. WK
BB AR EARLE R 0°~5°, MEBRERRASL, fhikEARE, B, R0
6 SR EAT. SNERMFIEYS dou, HEFE RN 37%. MM/, HAaRk. AEHN
[ Sh B W3 K, ZEL SN E AL L S5AME AT, HA T 40° 3% 20 80°. Rk R
RE.BE., RS MILEENREERE, A LPETE. THENRIIEHRHE.
GEXRE, Zelomys NHHM AL HWE R LR, BRELE, 1T R IEATE b #UR w8
HERETEES,

4 XT Zelomys WKL E

FHERL Zelomys £ XA A FZEH H (1990) 1145 78 5 Mg e Sk 24 b BT = i bR Ak
BIYK, ZBRIEBERADM. KT P MR (Zelomys orientalis) M1 45 4 % B B (Zelomys
gracilis). HEMMRAEZERTHEMT Y, RA—REF LGNS LE. %E
BT E AT Btk BT A 5 56 4 BB (Sciuravidae) 89 56 18 B (Sciuravus) F 46 BB
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(Eomyidae) ) Namatomys W& #RM AL ML EBHEWE. BREHNERBEROLE
B iR wE R, 4 BB Sk B AR BB, T Namatomys RAR ¥8 AN B I U5 B ST 09, AR
KREES. EXMELRT, BEE FBERELEEE® Zlomys AANT Scivravidae. HE
Xk, HYEHEY ¥ (Korth, 1994; Chiment & Korth, 1996; Bk, 1997) 1B Zelomys
ETBNEE LS Namatomys WHRL, INA Zelomys BiVIA Eomyidae.

B EEE R T LIRS, Zelomys MTTHMRMBEMALEHBERR. NBaTEM8IE
i R 3% 40 %5 ¥ B, Sciuravidae B9 B 40117 %5 #F )& 8 &, T Eomyidae B % # & (Wahlert,
1968; Wahlert & Koenigswald, 1985). B RMAREE RS MR, B b BR LTk
#J (Wahlert, 1968, Koenigswald, 1985; Martin, 1992,1993). BT Zelomys 5 Eomyidae
A W R R RS D B AR TE, T Zelomys 55 Sciuravidae #8988 6 %54 3L & o ¢
IR 46 WL A4 AE, TRV BB Zelomys 5 Eomyidae BB X &,

TERBRM A S5 me i 2, T RIBRAEN 0 U R SRR XA
HIA R s BRE A BIE B M2 (Boyde, 1978; Wahlert & Koenigswald, 1985). 7E#A B
BA T, A S MK RAEET R, MALE RS ST, ERBANSREAS, M
SR A EASL, ARG SMAERE. S5IKFER, Wahlert f Koenigswald (1985) %
E M Eomyidae BRI H#4T T € 1IB%E. 11 % 3L Eomyidae #1745 % B
MEEHRERIR. 5HAMM G RRAR, SRR AR I wE84, B A F T4
HZRE. HARMRSH BN RERAL. AR RER A REL. FinEam
2, MK TNEARABYERABERSKE, MEE2 N M. REWK,
Eomyidae % JF 46 KRR, Eomys zitteli W) 17185 P9 /2 9. S8 89 Bl AR #9518 L B9 22 RABARD,
i B, Eomyidae #_E Tt 6 56 FC B W #5075 S 88 1 HEB, P9 2 P S A R A Ao SRR (L2
BRI, RATAE= 235 BT Rt PR RS0 A, T 40 1 B4 i B B I 2 el A 1) B 8 4k
HKeiy. AT EE BETRA W RRS5H R By BB 2 R 4k 3R A (Wahlert & Koenigswald,

1985, p.11). #RW, Martin(1992, p.29) BI#i#8 i, B FAT TRl 69 R FUR R 0 A R

(A RE) BB BR EEHARM, T H LR R H FRENMER RN AR (BUER) WER
4. XA IR RAMRE W Z BT TR AL R M A R HEAL ORI,

Zelomys I HIRI B A S MR BRI AR, EHBKRARE L SMERR
T H, MR ] R e AL, SR FAT, 518 BB Paradjiaomo &I BRI, R R
JRaRLE, X5 SEERY, Zelomys WERTTEERMBRR. BB eomyid B 115 34k
ATREMERFER. Xt —BIBIET Martin (1992) ##iL.

RIE,EREILFEEBAERAT —BR Zlomys MWK, HTBKS Zelomys B
RAERL ATIAAZR. K EBIRRE Eomyidae 8, 1 5 Sciuravidae B X BB G, XE#HE
B, Zelomys 4 VI BEJ& Eomyidae T A& Sciuravidae. {HE, Zelomys BT TR RIL B SEW
BRI, MR K EIIA Eomyidae, EBRNERFHBH—%., BEAEHTHENT
U A A, 5T SVEME, XEEHEZATTRAR T EHH Eomyinae, EEPRESH
ATE 11 Eomyinae ANE M XK.

B EAXRBEABVTEESR4H AXBHRR TR, REEX THLIHAT
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INCISOR ENAMEL MICROSTRUCTURE AND
PHYLOGENETIC POSITION OF ZELOMYS

WANG Ban—Yue OUYANG Lian

(Institute of Vertebrate Paleontology and Paleoanthropology, Chinese Academy of Sciences Beijing 100044)

Key words enamel microstructure, Middle Eocene, Eomyidae, Sciuravidae
Summary

Zelomys, known from Middle Eocene of China, was first referred to the
Sciuravidae (Wang and Li, 1990). The main reason of the above referral was that it
had a protrogomorphous skull, although the lower cheek teeth were similar to both
Sciuravus (Sciuravidae) and Namatomys (Eomyidae). Recently Zelomys has been
suggested to belong to the Eomyidae (Korth, 1994; Chiment and Korth, 1996;. Tong,
1997) based on the similarities of the lower cheek teeth between Zelomys and
Namatomys. To know more precisely the phylogenetic position of Zelomys among
Rodentia, we examined its incisor enamel structure.

We sectioned only the upper incisors of Zelomys orientalis because the material
of Zelomys was rare. The upper incisors are from V8799 (part of skull) from Middle
Eocene Huadian Formation, Huadian County, Jilin Province, China.

We . observed the cross section of the left upper incisor after abrading and
polishing. Meantime, we cut a segment of the right upper incisor. It was imbedded in
artificial resin, then abraded, polished and etched briefly with 0.1mol phosphoric acid.
After rinsing and drying, the specimen was coated with gold, and examined with a
scanning electronic microscope (JSM—-6100).

The upper incisor is oval in cross section, with a slightly flat labial side. The
enamel covers the labial side and 1/4 labial part of the lateral side, but does not
extend to the medial side. The buccal surface has fine dendritic veins but no distinct
groove or ridge.

The incisor enamel consists of two layers: an inner portion (PI portio interna) and
an outer portion (PE:portio externa).

For some reason, in the cross section the picture of the enamel microstructure is
not very clear, especially in the straight labial part, where it looks rather obscure.
However, a careful observation revealed that the enamel included two layers, with an
obscure boundary (Pl. I, 2). In PI the Hunter—Schreger bands (HSB) are clear, and
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1~3 prisms wide. In adjacent bands they decussate at nearly 90°. In PE the prisms
are oval in section, with major axis perpendicular to the external surface. The
developed IPM crystallites are almost perpendicular to the external surface. In the
lateral part of the labial side and the labial part of the lateral side the picture of the
microstructure is clearer. The boundary of the two layers is distinct. However, the
boundary of the HSB in PI is blurred. The width of the HSB varies from one to
three prisms. The prisms of PE are oval in section and surrounded by thick
interprismatic matrix (IPM). They are of radial enamel type.

In the longitudinal section the total thickness is about 98u. Two layers of the
enamel are distinct. The PI thickness is about 62u, The HSB are distinct, but
irregular in shape, and variable in width. The band is usually 1 or 1~2 prism wide
(near 80%), occasionally 1~3 or 3 prisms wide (near 20%). Most of them are one
prism wide (50%~ 65%). Occasionally a forked band can be observed. The bands are
nearly perpendicular to the enamel dentine junction (EDJ), with 0° ~ 5° inclination.
The prisms are irregular in shape. The IPM is distinct, and surrounds the prisms. The
IPM crystallites run paréllel to the prisms. The PE is nearly 36p thick. The radial
enamel is composed of small prisms, which run nearly parallel to each other, but the
inclinations increase from near the boundary between the PI and PE (near 40°) to the
most outer side (near 80°) gradually. The IPM is very developed and thick. The IPM
crystallites run perpendicularly to the EDJ. It seems that the enamel microstructure of
Zelomys belongs to uniserial type, but represents a relatively primitive stage (see
below for further discussion).

The known enamel microstructures of Sciuravidae are all of pauciserial and those
of Eomyidae are of wuniserial. The wuniserial is known to be derived from the
pauciserial and represent a more advanced enamel type than the latter (Wahlert, 1968;
Koenigswald, 1985, Martin, 1992, 1993). Thus, we infer that Zelomys has closer
relationship with the Eomyidae than with the Sciuravidae.

The uniserial is known to be divided into two subtypes: sciurid type and
myomorph type (Boyde, 1978; Wahlert and Koenigswald, 1985). In the former the
HSB are perpendicular to the EDJ and the IPM crystallites are parallel to the prisms
in the PI;, whereas in the latter the HSB is inclined to the EDJ and the IPM
crystallites run across the prisms at 90°. Wahlert and Koenigswald (1985) stated that
the eomyid enamel was very special: the PI enamel was divided into two parts, the
HSB in the outer part of PI were longitudinal rather than transverse as is common in
rodents, the PI outer part was similar to the uniserial bands in sciurids, and the PI
inner part resembled those in myomorphs. They supposed “the special eomyid
Schmelzmuster is derived from the myomorph type of uniserial enamel.” However, in

the same paper they described two specimens. One was the lower incisor of Fomys
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zitteli, in which the orientation of the longitudinal HSB between the inner and outer
parts of PI showed no difference in cross section. Another was the upper incisor of
Paradjidaumo, of which the HSB were oriented transversely and inclined apically, and
the difference between the inner and outer parts of PI was showed only in the
different relationships of matrix to prisms. In the outer part crystallitess of both IMP
and prisms were parallel. In the inner part crystallites of IMP radiated from the EDJ,
whereas prisms and their crystallites ascended apically and those of adjacent bands
decussated. Thus the crystallites of IPM were across the prisins in acute angle. Both
specimens show more primitive cases of the eomyid enamel. Martin (1992) believed
that the uniserial enamel of sciurid type was directly derived from the pauciserial
enamel and more primitive than those of myomorph type. It seems that the three
layers of the enamel of the eomyid uniserial can derived from two layers of the
sciurid type uniserial. ‘

The uniserial enamel of Zelomys is similar to that of Paradjidaumo, but more
primitive. Possibly the special enamel of eomyid uniserial can be derived from that of
Zelomys.

Recently some Zelomys—like rodents have been discovered in the Middle Eocene
of Liyang County, Jiangsu Province, China. The lower cheek teeth are similar to

those of Zelomys and the upper ones resemble those of the Eomyidae and differ from
those of the Sciuravidae. This indicates that probably Zelomys belongs to the
Eomyidae rather than the Sciuravidae. As mentioned above, Zelomys possesses some
primitive features, more primitive incisor enamel structure and protrogomorphous skull.
Zelomys may represent a primitive taxon if it is referred to the Eomyidae. In addition,
Zelomys is also different from the Eomyinae in having transverse hypolophid joining
the ectolophid in the lower cheek teeth. It appears that Zelomys may represent a
primitive lineage distinct from the Eomyinae.
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ERR %A (Explanations of plates)
B 1(Plate T)

HIT G RER (v8799) £ LI R U1 [Cross section of left upper incisor of Zelomys orientalis (V8799))

1. A BT SR 0 TR R, 3645 B BT WL 25 &9 I AN 45 W B9 4 B (Cross section showing the position of two parts ~
observed): a: /B P HHAL (straight part of labial side); b. JEMSFEE (lateral part of labial side), X 35

2. IBHF B AR (la) M BB M 4E M (microstructure of ta), X 1000

3. BRISNER (10) B R 48 25 (microstructure of 1b), X 1000

ERR 11(Plate 1)

FRI7 R RER (V8799) A7 £ (11 A 5T T 1% 40 £ # (Microstructure of longitudinal section of right upper incisor of
Zelomys orientalis (V8799)] 1. x 500; 2. Hl 1 BI¥B4MHOK (part of fig. 1) X 1600, B XFHE (Abbreviations):
D, 15 i (dentine); EDJ, # 1§ i # (enamel dentine junction); IPM, #i#k /8] B (interprismatic matrix); P, B 4%
(prismas); PE, M2 (portio externa); Pl, PIJZ (portio interna); PLEX, FoMitEByEL4ME (prismless external layer)
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