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A I LK I YO8 E AT EEER > H 2 s s e Ry FEM 5 X1
THEENRER—HTRALDRATEINERAEZERNVNREY, BISNRER
BRIGEE M SR E 45—, MR B B R E R, HEFEEE, XS EiBRNE T x
o BFEAMARERNKNER T ENTRENE R ZEN KRR CMA S REMEE, S5
THRREENE TS EERATE—&, UK T &5 2% K I 5h ¥ 3 B i AR B2 o

DL, REHFERINWA S A — 454324 2% (Atheria or Nontheria, Protothe-
rians) A2 (Therians) FREEE (Clemens et al., 1979), R XFENIEERH L
RTR— R LEITHI 5T BPRE BR T F I RHE 250, el B b 1 7 m O IX B 1R E
RE K MkiE. RRBEXEAD WO ERM TEEEMT, H B2 5 RNy
By s AR S RS A MRS B Nt TEEENREN, H BN 2R e R4
B RN B S O BESNR T L AB e XRE, B MMIEE RS Y s B AL
B RERE S 0k 0 BE fo# iR SRR AE B TERR T 8BRS sk 22,1989 I 1, Xtk
D.E F1 G.H.),

RIS L, BT S R EE =SB H I, R — R S5
ARR RN, SRMANYREERWAIYEREB PN RKELZLIR T, &
EBRXMHAZDH, MHEHERSHE (morganucodontids) F|HBLM =Rk & %
(triconodontids,) BE#EM THEEERES, KRSMRENERNBK, EIAS LB
S CEREFAT IR 2O b, 6% B &R AL T B BB BT J7 , 3 B2 IR U BE pie R 43 o
R EM S EEASa T, $EHESRRRAREIAT Y KA T (Kielan-
Jaworowska et al., 1979, Clemens, 1979), thEL{GEE R F 5h H I8 HY, DA 1L L 2R 0
B FRUEG E L (Symmetrodonta) Mgty E 3 (Eupantotheria) B BT A MR
HIUE ?

Kermack(1963,1967, 1971) £1 Kielan-Jaworowska (1971) \44E & T4 R BT
Wik B RGP ERE RIS T, SRR ILEh A0k B E R R, X
BERE—FMERER, HARHETEYIERMEETHSERERE R, HARERRSE

) XiAEahERERETEENSARENEUAARIIXRESRE, BESH 9323,
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ERAWERPELEHAZ MR BCA TR WRHES B RBILNY (FHRERE
AR IO RIS B R IA G, IR A R IR B RN H BN B hEE
REBRHSERDYHRALE RO S, EATEEN, B2, mRARMNRIFXE, ANE
95 28 EL B W ) B B 2K M L Ah 4 R AL O AR B TR, 3R T AR S R R O L A o —
WA BRI RER TRAESELHASDW, HEUNGEINTNERBRROLER
BEARAER—HN, ZRERERBEXRHIADNVOE SRR TERIFESENEM
A A o TSR X PR LRI , W8 & 75 25 R FL s dE A R vh i 4 o M TR AR S 2k

SR 5 B A v B 3, T B ) AR X G R B W i B B R ] T I A K AL M o
SR, WUR JFUAR B 8 L) R M R U 2 TR AT B Fp AR T R A ROIE, R A B TEE B b
700 56 A —TF B 5k B 3 S 55 K0 L 50 Wy e TR PO B o (EL R A T TR O D5 AT g b
AR ERN, RA RGBSR AT E T T ERET, BIINAEE T B R
B9, ENTRSR B A B A ) RE M BT E & J5 5 6 75 21 L BB T , I 2 el 00 B2 94 Bo

B LB R R IR G SR L B FLA0 4, — A B TR IER XA, EEhE
N (Gregory, 1947; Kuhne, 1973, 1977; Kemp, 1982, 1983; Archer et al., 1985;Miao
et al., 1986) A ENTRELWHDNMWALZANE LR R . EEEARAXBKHEG—
FERLAR, TR S FL 22 i I ) B 2 JB T IR B KW B B BUA0P, BB AT B9 14 /5
U BE#y B BR > R A3 $t A (lamina obturans), WHERVEBIEBHTH (anterior lamina of
petrosal), HEAE LB TNMUEN AT EH, M EEBFCE 0Bk, BETFESA
BT, R UR e L B’= (cavum epiptericum) B BiHET, SHEBRAEEE
B EOSNE , RE MBI BER A A B B4R IE, M T EE (postdentary bones) E.
SE BB I A, B R EEIM B Y, B EBITNEHRN T B O L%, Kemp
(1982, 1983) EfETIREFHISITANBIE, XEAFHHER, Archer er al (1985) XfBaFl
KW R E T BRI FCE TIRIE, INABRE 5 (Steropodon galmani)
R AT =83\ (Tribosphena) 1Y, 52 BRI FRHEIL, B LSO
B 72 P 2 1 o P O BE A T P 5 R 25 T o s () BE (OB B 51X R TR R B M B sh M O B AR
B> RIRRE RIS MR E R, HEBA LB E, C5IEEEHE
YN HEAR T, S EARN THEREZGE, MEBBRAEEE(EEINESIADN
ShE, B HBERESEASERHLKEE, 1979, E 10 F), XEIFRSE % A6
B ROME IR X —HFIEX T ERATE S 64 5 76 85 28 m FLah M MAR R i Rdb AL A2 h i B &
B ERE RE R

Jn R B AL S M FLADA B S PR IR S R sy (RE 2 T vl 35 2 i ot R o 280 28 Dk
BT BRI EOTE, IR B E S BT, BRREEREABEMADYINS LS
KD EELEZ P N T8 B A& LA R SRR, fTACH I
RITEIR , IS 8% B (T W Bl 5 T U5 6 7 21 BBl BB O R0 077, I HL B BSast OU B 410 g sk B

1) AXEEF—-REAMNENRZ LG 5P ERNEI Y &R K B THRE T HEIR FIF1985 )ig—
BB 4Y > WO TT I8 T RATE FL S R U2 B M 0y B A QR BE AT AR AL IR B M 3B 1Y AP R R MBhRETR RS
LR B RE T O X S R BRI Y B R B B IR A AR TR A A R LB
BB RN B2 RN A2 O SUPE T SR TR LB M S BRI
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DHE ARG IR I BE O R 4) , X — B RSN, EERA G HERE, HTIHELCKREL
ABER A GER AT A 5 A SR BB VR — i U R R

TR s Y g i A2, Bk ARy LR M AL, RO MDA = D5 sk i
R

1 FEE R ED MR R B & Lt SRR h, BN TR RIS R E R E B E L4, 1%
BEAO ARG RS e T RS A9 9™ A B P B 1 5 4 o

2 M EEREFIEPNRN ERREE, URESEERATLERN
(S i

3B SE NS BRI Y IT KK R

AT G U 2L AT B4 21 IS K AL B D e e R o BEE I R & » IR
BESRID T — AR SUAE AL, 22 3 30 e o 000 B 0 400 368 AR L, R 3K S 5 W B B LU BE A s 2 24
PSR I A BN B () — IR FLEh B, R AE 2 ok 5 000 B ) BE R X
REBEEE, £ EE & ZAERDORE SR > F, =S AREIIRITshim %
B R RS e o (U BE R NE S X AT BB A, XA R RS TSN E Rk By, BT K
BEMEERIM Bl = IRB(BIOM AN IR, FIER REERL, 100 EE fOIE B L
FEEHERR K > — R E RS . s R(BIOWMIAHY R, FHIETHE,
KR A T R B RY R R A RE AL A iR — B FE IR M B9 SK ST AR 4, B B
IR EE R B HoR T B &, ANEATHENS B SEMRR EEREBEL
WeE Ll 4y 170 7 £ 25 2 e L 2R TR AR B B 1o

ETHEASGBEZMSE, AT UAMKRLEFILICIT 24T etk i1
BEMERFERPOEREZDWITEBIR LT, MR85 T AT 2 5543k MR F X
RSB BAVBE T B B (RO B Y = B RIS B AT AR, R A B A & A
Wripde o PREEEBANLI, MS WML T, TS EEBBE M F 0B AR
R FLRTzi M, B 5RIEEERIL LT NERE R B ENTILEA M,
R e BRI 4 i et B0 B PR I TR B A R 0 R S B E A E S B TR T, X — AR
EIFER KW ERBENEE, BEAERRFELXEIDY NSRS REIY
A, E R B MG T E BB 577 % 2 H BB 8T 77 , 7 528 5w 0 B 59k 5 AR
o MERFUEER, RESEEETLAENL, BIEAWEM (the external adductor
muscle) BB ELRUEARID A, RGBT AERN, R 5 285 BURIENBS N EALR
Ko —BRARE, X RE R ABIS Es e i & EEFERNS MARE LT
FORE, MR KB B R R E XD, BIS A GNEREA AT, BRIk,
BISTEAZRMADER R —RIENEW,

MBI, B 2, BRI, INEE S AR W RO E M B 2, iifb (braini-
zation) FRE#&, ENAKEFLRER, FEESEIIVMRNWATRE RR EHEHE
F AL PR, AT E RN — R R B H kB EA LB T, AW
AR E R EAS W ROF LS, AE AR BRI AR, IR A 9FEH
HJR, BB E A ALK SRSETEREEH. XMOEBHLERSR (neoteny) HIA]
AEHBRPFEHRE (De Beer,1958), FA LEkMBHRAETE, EHEREHN
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KL, W E B AR & A, R FRRE VIS4 R BRI KR4 T A aetE, BT hgERE
W, AEBEEAONEE RER, XSS TSRS 4 3 % (functional
sets, Cheverud, 1982)o BRnsk /G iy JLRE LA @ & £ —k, BV B, X5HE%
HIBHAROFTEBMANHEE X, SENEEEULPEREOETRASE—IE,
SNHAR. #EBIEHBRSEEXABNRES, XNRBERSERILLES L
HOBELB I B AT — e, I RT BB R 40Tt AR TR R B WE R 0 — R B, 5 1 R R 48
RMAEHBRIYOFENTFREBRE(RMDEREMNAL E (T EESE LY
MR IXFERD), XFT A B E SRR R AR RERKS, METEEERK
KERERENESTENMAR BRI NER, BTHRSERLN SR EL, 8
FEGERES L, X ELNER, EH B ER T AN, REMELERE RS
HERT, AASBEREC B TOESRET,

RATANE kB RO KR DLRE T AT, SkAUE & 3 2 A R A R R BRI B,
DLRAERKT ARAAN, WRSROXRT LB, EMEBEMRZ R ETES, K
MERET RS ENNIED ST, RSN T A B, TRy
Y DRA T LR o, L SR RO R B8 B, AR RSB b R R B B R R R
BEE (Moore, 1981), BIRBBMAA KM M PR MEB)RERAL B MR, H
&> B TR E IR Al (basicranial axis) ZHSMNG, RAMRFELE LF, BEIE
HHEE RN AN (Jarvik, 1980), HARTXR A UFEDRMEHNERE T REN, IR
HIRRERE TN, EAINERE EERBR EORRHTESE, HEEINE
WRENEZ R, MURHERERE—F, SITNEREERENE TN L8R, £ A
J7A BRI DT BRI RR (Hoyte, 1973), XHREAERIYS RO BTN BR2HE
R, XML ALY B E BB , T A A RSk B R B KR Ho

FE T AU Rl B AR BB IR, (8 TR B S S S U A B L e B R BB AR 5, B R
JRTE BORL B AR — R AR 1A Fe s O ok 0 O 1 BE SR X A RT B BR B3 R T o (LA T Il
THT A 88 By R A () 151 0 55 o o ) T O BE PR 5 — R [ BB B, BRGNS B AN B =
ARAWRNESELFMNT, BRSNERET N Lk, EK AR, B R
HIRTE R A, XHEBE I QB B TR0, E B REATRE), AT THENAS
MR BB AN T, RS HABER, £ LRNAZREE L, REL
WARK AT SR A fE A AT,

BRI BRI — TR R S8 R E AW RO Rk (b . FEE R
BB RIS N E R HEREE, BORM T AR BRIEN BB —HS0NT &, B
TR E A, 2 E N BTNV, R EA I B-F BRGNS e B
KRRETHH EFENLET, BREH NN K, SBOTBRONERE, AT
PIRBRTT B ERE (postquadrate tympanum) [HBIB Y, 5EKMA T T HAY
KA BAR TR T 445 TEATE PRI TS B - R 7T B MR R A TR %, LA
LAY R AR E - B AR R B e, TR, RSB BN E R
BHXTRERREEE—PHINE, S EFNETURS B, X—iT 20 52 ZH K
RS R, B HIX B SR AYRR U AL B 4% 2 SR AL B R AW, NENE—S 2%, B3
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RARTHIM K, FEBNES ZEMN, DXL, e EE EERNEN,

DLEAR T8 & MBI ah R, SLELLRITE—D % R & 2 LUERRI T X MAT
B, MERMUBESES FRFESE %D, RnSEnT. EEEERE—~
FI TR 5, o B BB M5 PN 0 i O R B9 e B L 0 S5 B8 s 0 , UL 53X R B XS 13 5 1R X
YERBEEE BRI, E OB EEERNT LN, 855 WM & & KA X2 R T TEE A
WAL LE, BATRER S B Ed KL M. BRIEGRATERSE SR, S8 e
BE&RMAER, TR T8 &8 R U EEg B NE, ARXABELT,H
WP ERARRE LEMRHIEERSRAKFEL W L, Xk 20 R EH T4 g
PRFF BRI 2T R, TN —BEAS I RAEEN. FAS B DIEE &R, T
ZEEYREN L TES), &5 ToEsWEINERIBNA LSRR ETHRNS
B RIE#ZRE LR SBBERAIHaD, RSG5k E e in A 2 ks ag p
x, BB ANAFER TEGENER, SHESNHESRTEE S mHEY A, B
HIEBFLA G B FL RS IR E S B N I E , T R RT3 RO I REGL T IR A Ar B
R B A AR 2 U B 2R S W B B R TR RT RS 50

Boonstra(1938) iCiREIKE (Bauria cynops) —XFpgiERE 5 b, BB Erm
BRBINT RERENERE, XE2—REBNIR, EERMNEN. HIBHYL, BIIE
AENEE R K ELTIEE KRB P EE MARBRENEL, KAEEWAS YR
WRERE XL, SIREOSE A RS RATE S 688 B il in A B R
WEBEFT T T BB, £ ATTEILE L, HERAERERANER Z HMEE—ABL
XA B AL BN SR B TR 2SI AT, 8% B R A0 A BB BE 3 E1 738 4 i s O B i M B
BRAT BT REHe RANDLE 4 SR I B B R B AR A B I B th 22 | 728 B4 B
Fes I BE B9 YR AR MO BB BUTE, IR BB TN R R CE B E-F 25D In A s e, 3
FREmR, RRASRESL)WNSEE, MEBILZ TSI 85 N E T8k, B
EITEHERLER. GRIENAEEFE, ABBNNBATHEZ , SEAEE®
ERLRELR, IMIEEFEREESRERIVNEEETAR, NELBARBIE
BENET, SfEHENMANBE T, X—ARAYGREEHAY HEEERAER
BRI EROHRCSEDR, X R AENTC A ERHWIEH, FXEE RN, HTH’
LB R B30 2 5 OO S R, Mgk BB B O, B SR R D RO SR T . DA MM T
ZIHPET R AR, XA 8B TR R A RIS EE , H 5 K H m B8 B4 vk A ik
e U EE OB SRR Qi T %tk BHEITHE R IMAKESMEE 2 f5, BE#E BT B
HUZE, S B TR B B8 R A B BR, B I BRI @Y R, f 5 SR RS/, 3
BEE—R, G HEEEMEE, AT, 0k F 5 Szl 55 265 70 A fo s () e sk
HET,

DI EREZFRE NS RMIASWHSHE LSO TR N, T UM A&
BRMAGDRIEA B LR E, TEBEDY (Bl HEREE o 2
(Thyng, 1906) i, k& & LHE I, S &AL THEAIMUSE LA, & H 88 ki

1) & Hopson, J.A. and Rougier, G.W. (1993) Vinecelestes neuquenianus HI8% B FF 15 B M I 5 fu 5
IR,
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BRI Hk. BEERSMT e TNEEHEER U TEINSERXNERK,
EHREHRBECNEENT RN XN BFERSE LTNRENS% 2 BFLERKHREE,
R4 S B BN I B 0 2 9T R T S RIS SRR ek, HERKA T8
FHROTRIMED MR, 258K, RIEH4(the margo tympanicus, Henle), ELIGH
ABELEH, X—-REREFENHTAT I RIIMENOEE. $EERXNMNRES
F>ATERSFNETEERRENARRACIE R EEELB B,

NS EERPANE, $EZMUEERRABREGIIMASLEXWHLD D
1 S & A AL (heterotopy ) —— MIE BB G 5 F B AT 7 , 3¢ H I A R UEE 28 24 3a /i
ML H AR Y » B R R, BUE oo ok & 4, AT A, BIM SN A 2124
fatkee BOMINELEBEG RSN REEELTXG, ME—EBE LEBRTHAR W
FEHREL, A —EFAELEEFYT, R ENEN RN ZRBEART. REREER
HREDFEARRE, I H RO FUEIRE RRORNEFHRETIL, ki
BRMAWEFRULR LT SOMRPGEE BE  KRBBRES)EEFE TRE, SIFfKE
FERIAER L B R DU S, R RIBEAL T, AR i AR R I = R LB R B BBE R WE R
WAL T, HEA BB LIERE, X MR B T &4, B RM
SPERBERESRERMET &

AICFRT 1987 F 5%, BN LEORERSEAEED, (B IR R R
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A HYPOTHESIS ON THE EVOLUTIONARY ORIGIN OF
THE SQUAMOSAL BONE IN THE THERIAN MAMMALS

Zhang Fakui

(Institute of Vertebraie Paleontology and Paleoanthropology,

Academia Sinica, Beijing 100044)
Key words Mammalia; squamosum; evolution

Summary

In the structure of the sidewall of braincase of mammals, the advanced therians
(Metatheria and Eutheria) are characterized by their peculiar property of the squa-
mosal, which is located in the front of the petrosal and takes part in the construc-
tion of the side wall of the braincase, but all the rest of the mammals have a squa-
mosal, which is located in the back of the petrosal without taking part in the
construction of the sidewall of the braincase.

The atherians and the thertans have both inherited the squamosal from the cyno-
dontid ancestry, the primitive property of the squamosal in the atherian lineage
have been maintained from the beginning (the Late Triassic, Morganucodontids) to
the end (Cretaceous, Triconodontids). In the therian lineage, the lower therians
have the same squamosal as the atherians, however, the higher therians havea
peculiar squamosal, so, the change of the property of the squamosal may take place
in the evolutionary phase from the lower therian mammals (Symmetrodonta, Eupan-
totheria, Multituberculata and Monotremata) to the advanced therian mammals
(Metatheria, Eutheria and their direct common ancestry).

The causes of the emerging of the peculiar property of the squamosal in the
evolutionary course of the therian lineage may be as follows:

1. The expanding of the brain during the evolutionary course of the therian
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lineage caused the sidewall of the braincase to reform.

2. The growth of the various parts of the skull is of the allometry and hetero-
chrony. In the development of the embryo the vault and the base of the braincase
grow in accordance with two different fashions (the neural and somatic patterns) of
growth respectively.

3. The development of the audition in the evolutionary course of the therian
lineage results in advancing of the squamosal in morphology.

In the evolutionary course of the therian mammals, the articular malleus broke
away from the mandible, reduced in size, became as one of the auditory ossicles in
the middle ear cavity, and turned into auditory function only, and lost the function
of supporting the mandible simultaneously. In the same time the posterior flange
supporting the incus (quadrate in reptiles) of the lower part of the squamosal lost
its function of the supensorium and degenerated, and consequently the posterior part
{mastoid) of the petrosal exposed on the lateral surface of the skull; while the
antero-lateral flange articulating with the mandible (dentary in reptiles) of the lower
part of the squamosal augmented. But the upper part of the squamosal expanded
greatly under the musculus temporalis and tookpart in the construction of the side-
wall of the braincase.

Two main patterns of growth appear to occur typically in the mammalian body.
The central neurons system and its adnexa grow rapidly during the prenatal and the
early postnatal life and accomplish most of their growth well before the rest of the
body; the main bulk of body follows a more protracted development. As the brain
grows too fast a large gap appears on the lateral side of the embryonic braincase
between the parietal and the squamosal, this facilitated the squamosal expanding,
moving and taking part in the construction of the sidewall of the braincase.

The zygomatic arch consisting of the jugal and the jugal process of the squa-
mosal is conservative in the phylogenic development since the therapsids occurred,
but its ossification takes place early in the embryonic development in mammals.
Because the time of development of the skull in the advanced therians has been
prolonged, the braincase still grows further after the zygomatic arch ossified, parti-
cularly the growth of the basicranial axis progresses obviously in the anteroposterior
length.

That zygomatic arch grows slowly in the later period of the embryonic develo-
pment and its growth can not catch up with that of braincase results in the moving
of the squamosal forward relatively to the braincase. After passing through a long
run of generations in the evolutionary course, the squamosal has extended and rea-
ched to the front of the petrosal.

The lamina obturans (the anterior lamina of the petrosal) occurred later in the
phylogenetic development and also ossified later in the development of embryo.
When the squamosal occupied the position in front of the petrosal the lamina obtu-
rans was segregated from the petrosal, with the result that the lamina obturans
united with the squamosal. In this way the transformation of the sidewall of brai-
ncase in the therian lineage was accomplished.



