DOT:10. 19800/ . coki. aps. 1958. 04. 008 °

B B4 T /l> L= Vol. 6, No. 4
1658 —"T—‘: 12 H ACTA PALAEONFOLOGICA SINICA Dec., 1958

TP R L ERIE— =M MRS

2 T ~

- O EFEReT AP AT

P HTE LA TN RO AREE I RY TR, H—, BHN=rhE

WE S ERAERTENEETEHEDY, MR E XN THESSTH MY , 451

s

RIREFEABTELRA R, B, EEHHBMREEYTZH a8 R LR

ﬁ?ﬁ%ﬁﬁaé’ﬁ%ﬁﬁﬁiﬁﬂﬂﬁﬂ LA RA EHFF R =M R A 22 T MR R F RO

B, PEET=MHRSSWERE—, FMEHBESAH RN Z , B S SRR

PRMA XS, EREEERETRME, HEEZ S HEZE, KBER,
[R] o B = o S B R R LA B R R, M= g 2 b R KB, B
FEFFEW,

i3

10.

11.

. Palacolenus deprazi Mansuy

HRRE =M RS d KBRS AR, EE-i*ﬁﬁEEPE’ﬁB'H‘%%, 7 LAY =+,

WEETHATT .

T x® X

A : I R, 1942
Pagetia(?) Sp. (G- EBERSY TR ME X el (A, 1942)

. Hebediscus orientalis Chang Ve B
Dipharus spinosus Chang  PEFMdem
Lusatiops sinensis Chang : FeHE
Wutingaspis intermedia Lu EFRERE (U -aph Bik3cat, 1953)
. Wutingia tingi Kobayashi FEHLR B (v kH—, 1944)
b x K ﬁE
Y Inouyia divi (Walcott) I Fuchouia manchuriensis (Walcott) eds, DAXTEER Amphoton deois

(Walcott) Wy — e AR R, o I R RE e (Walcort, 1913)

. Amphoton (Sunia) typica Kobayashi, Fe¥- |2

Amphoton (Fuchouia) manchurtenn: (Walcott) FitlFE E (ML E=% B/ H—, 1942)
Lt x B #

« Teinestion lansi Monke,

Drepanura Ketteleri Monke (DL bk —f#7=F 1%, %00, #F 8 (Monke, 1503)

- 5 Shantungia spinifera Walcots X Stephanocare richthofeni Monke St & gy —seih o1, = hES

VA% (Walcott, 1913)

« Hedinaspis regalis (Troedsson), F%%E‘ﬂ:kluwﬁ\iﬂ%%ﬁj Charchagia norini . ‘Troedsson FEFINik

FRINFIR LR (Ll L BEHh B Troedsson, 1937)

. Hedinaspis kueichouensis Lu P22, =x5 (51752 1954)

n B #8
Taihungshania sp. FEF-Vd)IRMEIL (/) bk—, 1951)
g -2 £

Tyhloproetus simicus Chang - pw4 R, Kakii (B, 1955)
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P SRR E OIS 1, K 5 LS R R0 32, 90 B R B M BLE R
BRE, FNTERERBIPRATHE, b RTS8 MRk g8 AN am, BB $hE
I BL5h B A R E I RS L R R AY, %%#ﬁﬁ"fﬂ, 8. ﬁ"E)’ﬂES{EﬁﬁﬁTﬁIEW:
Mo

L. Peychopuria szechuanensis Sun (ﬁlﬂj“ 5, 1939)

2. Redlichia intermedia Li (F5R7%%, 1940)

3. Redlichia chinensis Walcott (Kobayashi & Kato, 1951)

4. Blackwelderia quadrata Endo? (Endo, 1939)

U EmSR, iRy =E RAER, S=M 0T L=+ R, S il
T;._I‘Elmlﬁ%ﬁ)ff‘ '

A ICRLMHT R B — Aﬁ-ﬁ@_ﬂg—fﬁﬁﬂﬁﬁnHR’E#%QJ&E%%AZ{ﬁM%Wﬁ_‘
M, SEBT=M W ERN Parackangshania hsiaoshihensis Chien (B, T, AR %&b
RFAEEE LS 1950 ERALTRB/PIHZEY 15 BT, = F EERLK
RS IR T, HRERFABAMRE (EES, 1954) IR FAUBHEH

FT, U485, RLHFFERHEERAR TN THE 3 BEFR:

KigEgIlE:
7. RERBRERE KE, RECORERERH, LESSERLBHRE KBNSk, SRR 10—~
30 Elk, %84 Changshania conica Sun (BE 939) ......................................................... 2. 5,[&
6. Wik HBRE B EEE Chuangia batia (Walcatt) & (BE 937-938) «-e-eeeremiarnaccnencunenn. 1.5k
5. RKBEBRE KE MBIV S Chuangia batia (Walcott) & (BE 960)-rsereussrsrsenseenrcns 1 e
4. BROESBRBERAHRE KE S, Chuangia batia (Walcott) 4 (BE 936) --------------------- 1%
3. BREHEE KSR OE RIS n T ERMOE R
(1) Chuangia batia (Walcott) (BE 961) v

(2) Obolus (BE 962)

(3) Pseudagnostus cyclopygeformis (Sun) 4. (BE 968)
(4) Dikelocephalidae Ft=nj# (BE 967) ‘

(5) Parachangshania hsiaoshikensis Chien (B ,¥FFl)

Pseudagnostus chinensis (Dames) (BE 953) ............................................................ 2 ¥
2. BRAE L BAHRE KB Pseudagnostus chinensis(Dames) & (BE 955)c-eeremrensersorsasennes 1%
] e

BIARFREFGRBRETAEKEAN, REAFOOMELVFAE, BRARERRT,
B —FHAFE R LUSRZEREEHFENEMIN = AETE, HIMES B
FRFAYS R, AR TMERET RRRE, FESM.OCEEUE, LR LR R h
RIMAT M8, X— R TREF D REFHR, #H5wiRF RS, B3k sE
& BERHEEEMNE N, XE-RERFERE SR WA A,

INWFZE Parachangshania hsigoshihensis HIREREm, SH HIBARY, #ﬁ%ﬁ]ﬁ:ﬁﬁiﬁﬁ
WA, R s B, K —8RA Lacicker K (1935) YL #% db2arhs
A=t Blainia gregaria Walcott (?) MR E S, &5 J5 3k whittington K (1957)
HEREEL PR ERARR, Beik, 8 Parachangshania hsiaoshihensis RE BT AHEA L

1) /#k{—3\g Blackwelderia quadrata (Resser & Endo) sX/ANFhEYLER R4 BT A;mmacarz'llaﬁptycho-
paria, TR BB K parablackwelderia spectabilis (Resser & Endo) (Japanese Journ. Geol. Geogr. Vol
XVIII, No. 4, P. 210—-2_12, 1942)
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#&%&@ﬁ?ﬁ%%‘rﬁ%ﬁﬁ%&%,‘ﬁ)ﬁ, AP IR FHARBE Bk, R Sk 2 BB =T

SEENR, —BATFEH BRI RE SR =8, B0: (1) SUE R (Protaspid Stage) , (2)

rRAER (Meraspid Stage) #11 (3) B EEW] (Holaspid Stage), % 4 3 R o Fysh 4 R

SR A W A E S, - A RERE BRSO 18 #,
BYSTAEELI U M, ShEERR I 6 i, A 8 ANER 4R 3 HA,

E R
— K R F A

i8%}. Dikelocephalacea Richter 1932
#} Changshaniidae Hupo 1953
B Parachangshania Chien (Fi8)
JB® Parachangshania hsiaoshihensis Chien (i)

BN SLEETRHG, S L, ISR, ik, FEGISER , R = M s
A Bk i, TEYNE, BEESL B, SRR RSE, HERS, MUK, KM, MR
&, SRAMEBC, HAE, MR, HMRARER BB, BEEESK, R R T B BAR MR K
B2 AR R R A, R AR, AT SRR R, ARM e PER AT ATk
AR LB S, IRWE, B, BRRBK N, mEWAHEES, TS m
Iy I, SRTIIME R EEIR. TESEI, e, ARMYETT . WA, MBS, S
Fi AR R, B, P RAEK IR AR, 5 IEE AT IR A
TR TS, REAERER; sk, H-L B sk B 5 R0, L BA
X B s Ak R 2P AH T . '

Hﬁﬁ %ﬁs-—ﬁ,%ﬁrﬁ—% Changshania Sun qE*ﬁM; 45%%%&%%73“”%@; il
WRRE AT E RS B, MO, MRS, S LA, B
55 , AR RT3 A RTSE A Yo, R e ¢, R SR BTGl At e[,

WEB =0 PN S SR 1 1935 S WFRISTE Changshanocephalus &ﬁ&*ﬁ@l,ﬁ
A& BA B sk, IR vk A H AT R AT AR EAR AT,

HWHTB 5 Liopuria Lorenz 17 BeAu{LlZ AL , 8 X 5120 « Bif# #sk Bk , B @i Bt
B, P IM B, SHER B B B S B AR B AT B AT i BT A TR

Parachangshanic &5 Aphelaspis Resser F0 Pedinocephalus Ivshin ERATEe4gEl, BHEK
BUAET . Aphelaspis Resser FLA 8RS BE , 07 BT A0 18 48 R /P RORR -, TR RTSE 19 BT
BT Ko ¥ Parachangshania Y5 Pedinocephalus Ivshin BYBELARI o, HI FTRH BFH -
Pedinocephalus Ivshin EG Y4 AU SIETE 3k 85 , e T A0 V9 e Fnige /N RO AR H-

. BERRERHESE TTATARE EEREKIL#,
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Parachangshania hsiaoshihensis (5fJE ., §ifh)
(EmIE4, 79, 15)

W SREW A, B, OISR, FIHEE, e, =Sk i —
FHARAE , ARHER , (L2 Sk BT (0 o7 — SRS RO TR , 58 3B, (0 JE ALY BRI B, =
KT , 20 S B DR L, B AR R I B A, ELRAT, SE AT, BRI B
BRI R s B, SISO B, R S, IS, SRR, JLRE AR,

Sk R R—B ORI, B F B ERIR R RIS, HREE, TR,

TR B E AR AT A SR 2 2 0, L AT BT B, MBEN, RS
4 SO R RS L SR R S AN e B TUALARYS . L B EL T, b IR AT
W R SR, SR e, R R I, (TR A, B RIS R TS e
BRI AR S 2 4, AL O 7 , 10 PR R L4, R o, R AT, O sk e S S v =,
[ Fsk 22 AR BORE G 77 , AR PR 1 1528 , FR AR I AR B, JLAR i £, IRFFAES , 6 HR A B33
[ P9 BT 5 B, sk Bz RO RS, IREERIIHBCTTZR30, SR 10 Y6 TR PRRETE , LTSk SR ATHERT
B, BRIBRB, BIEZ AR, R S MR A B

T4 BTS2 AR & , (TR T, B RITSE ( AT 77 (0 25 AE A , ) 9 3 M R IR 2 80 A
T4 )5 32 1 Ja B R , B G 3 M K A0SR TSk AL RS #R IO B RS o .

¥ S L, A, R R T, SRR B, BLIE 3 50, 1) R AE M — K 35

BARK, G E, R R, SPEsh RN, BT OIS IRAT PR T, Rt
B, P EREN, BRI A IR TUTRIELE T 8 ﬁmuuwmq:m A3 E T
SR AT RIA, ,
 REERE, RS R IR M, R , FR R, 1 A, B
B2 THE , BRI, T IS R, BE R IR i, s S, 0 B s>
B H AR B—A kS, M 28, Il 6—7 X, B 8, I B

- =% A A
XM= S RERER TS IZANE . BIShER (PIQ_COSPid period) , FREEHY
(Meraspid period) ﬁlﬁ!’éiﬁﬁ,ﬂ (Holaspid period), TihERIFEHS IR, BIShFE

B (Anaprotospid stage) FNSHAEBRN (Metoprotaspid stage), Sk¥FNBIHILILB A FH M
i, RMVEEE N S E 51 , Sk SR BRI 4b0- T WITE I sh 2E e

(——3 ShfEH) (Protaspid period)
(1) $H4EFHEY (Anaprotaspid stage)
B oo— o®
(FER1E 1, la—lc, EKIE 1, la—1b) .
AKX —Fh &) dAR A vh B — R A , KRR 0.3¢ Bk B 0.34 R FHARAE
TWIEE, SUERE AT, BRI TR, SRR, Fofatie, R Raaa, E
PER Y REEIRF, Sk FEE PR IR S 1, FRTE S0, A BT S 2 ) Bk, BTN ST AR,



s £ ST L AR R BB S A R T a7

MG e B RN =S —, RERE N, 2R, & ARIRERMEE, e T B R
B, HAEANY TR, &ARMEH , /S FRIREEE, [P ERiRCE i, F BRI mR st
HT e R, SRER T, RTARETL, (RS B M, AR S R B AR, S e TS
A, ﬁ’ﬁlf)ﬁﬁﬂ%fﬁ%%%%i%‘o

(2) Sh5EmRHY (Metaprotaspid stage)
w7 o= M
(ERE 1| 2, 2a—2c; E K T H2, 2a—2b)

XE Metgprotaspid stage FPRUE—ARA, 1EEE, 649 0.37 2k, EH#Y0.36 kK,
BHIT—HEA TRAREMRK; £ GTNRELSZ A E —BMST LRSS
B BB, A SEARRRTETREN, RTER (BISLER) 4, BER (BHR) R/N, Mk X HMR S 2

(o]

SLERBEHERB K , IR, A, JEER I POCRBRIN HE,  SLBERR I A, A B T0
5, BB BT 28 , (5 ATESA R B , BN H T R S0, )R IR ZE B, IR — I8 T,
B Sy B — SR L B 0 Sk B R T B — e 2 K, (TR R B 48 , R AR
B, RERTESE S A0 T k0B o 85 XTBESE , PRGIRREE, 1 i iR R I 25 Bz , 10 Sk
AR AR AR, B PR B AR, SLERRTHG, WA ARS TR X Sk
i, BAESAETEAR, BEZR 4, RIS INIELE, BT 3 51 A M EE M —X 8% (Strand,
1927, H321, Storem, 1941, B 81)AHEL ;3 b B B0l 2 , B 2044 ST SR , 55
B —Xb Sk B9 D RARIE R o FEXFXT Sk Bt 22 B4 AR L — 1R 89 1375, BEIMIC , T4
SR, FE S —FA B AL BB Y, OB PRI, 39 SXP kBt i, Fak s
B, BRAEREH TR, SEERER B, Bk, FPIerE, R R, SHREE,E
XS 2 BB B, MR R AR, B RS 2 S X AR, IS
KRB T MR, (BRIt B, M TSk iE Y SE S i B, B S ARERAK
W, WR AR Sy AR, WIEEE AU S5 — AT A TR R T 184, JE RIS E St
AT B, Al 1B 2b,2c, EIRR I [ 2a,2b, BR, SEAFBRARERE, RALUE B, 1T
FEREERZ RN o 5L BRT IR ARBAEE , B S SHAR , PORURLIR , 150 SR 2RI JS Wi 2 S 2R, [
YT R BI . B AT SIEaEr 2 i, FRURRE, 515 dy AR, mtﬁmmmau
Fi R 3E B, MR REER AR B = 50 —AET 2K

BARARAN, B A ER T 22— VR ER, 0 — % 5 TF 10 F B 5 sk i R Rl
Wo mBEIR I B 2b, 2 RERRIL B 2b BiaR, R b, 6, s, %EUHFJ:
H L BE R = R

5 = :
(FER 1 [E3,3a—c; FIK 1T [ 3, 3a—3b)

XAEJBT Metaprotaspid stage HEMIRIShR , 488 55 —ii4a{Ll, 'fE.HSﬁﬁ—*%ﬁﬁ%fﬁ
KRIEBERIK, AR 0.42 22k, BHY 0.40 2k, AT ed 5 R &, /6 TV B 7%,
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SKEETES , BTS20, () RUERGY o, AREREEEARAT, JE AR R Mo, e, AR,
Bl Fe— XA W B — M, B S sk B, BB X R, — i — B, BNk
BRI T4, Sk T A R, B xR, REA TR, BEXEE, REEH,
SEER AR B, B TR, A/ 58 =Xt skt AR, SEAITEE, W, AR, BT
JG L, R SR R A B, RN, AL, TR TSRS d, B B, s
SO h , RBIEEER, AMUNE, M IRES R AT NTE . SR, MK, 1
3o (RIS o 2 I R B o '

REELER, BARBT A, R BMNE, KBRS, SRR E
CSlR. BNIRME, G,

g m #H
(ER1 @4, 4a—qc; FIR I E 4, 4a—9b)

TR BT, 2R, B RSN B B, 2549 0.46 2k, M 0.44 2K, HW
W, AmERGRENE, AEHREBH, pEME, MERLE, STHETHT, AR
XSG TS SRR SR E SN, S—xt, (IR,
PERER. B2 BENBUR, FE, BT, STkl BRI EhE, R
WY, MRTEEY A A TES, BEX BN BH#FMBE, B2 8 =Zx8Ak/hMe
181, 9 25 FER , B TSR BE R, T B A T IR, S5 shiemt B B4, sh
B, KREAT R, HFEMER, R, HnHEE, B0, HERETHA. 54
IRTBE, KRR, ATATEE, ARETTE, BAUERER TR, |ELE, HLH0
SkBER A TG, RUSE TS ARG 2R3, BT R SRR, B QU B b ab ts . SR
T RT—IARLL, (B AE TS d .

RERH B4, BRI F 48R, B JE T A R, P, iR =41k, RiTH=
2~ BERe A G — RS, RIBIE MR )G k. i i, R4, B B T vk,

B ) .1}
(WR I E 5, 5a—5c; ERRII & 5, 5a—5b)

AR TEETY, AR, hasE, SUSFHEER, 2EER, KW 0.48 %
K, A 04655 R . SBEFA R, HREE R, FIRTESARY™ e, o AL SRR , S Sk BRI
IR, RPN, RLIPTY, B R, FEINEIK, RIS 224 A0 s Y RN
BFiR, SETRHI B, BeRTI R, I, M AR IC AT R ER R, B B 3L, e Fofe
SRR YR, BRI SRS i, IRTRET TR 2 AR, SEs Ry SRR, 2R
KRECSRIAARZRAT , B Sk 82 B 0075 PRE 1R B BUAE b, IRER A, JE ISR 20 TR 25
1, TR, SAMUBERR ., MMBN, Ei2 A0 E BT AE PR RER,
G MR B, B S T T, S BT A B S B0 B TF , R =4 2 — 238, T4
HUBI AN 5 T o5 48 i |

RHRRAEEE, MBI HEMN, SAB2IRBEE, SERONIZ—, RUEK
e, B SE S, EARIE)E Wk, W B SR M A —, b — A BRE. B

T
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K ST W AT T R B 2 5 3 T

-
(8% 1 /8 6, 6a—6c; EIAG I1I FI6,6a—6b)

Fopk KA 0.35 2ok, B4 0.50 Bk, sh& i, WET, BB hkRRHER, %
S BERK ERIBIAS 3:1, Sk o A AU BUSARIRL, AKX —I%h ft RO BRATEL
K7, SRR dE R B,

BN T , B RISS Y , H drp S, K 40400 =4, B — T A, REMTE, 8
RN, OB, B, B R, FEE Ak IR =0, F ek,
B, B EMRN, S XTI BER R , PR EE, SRR W B A L 2
M2 A FARAR R, 5 XE By A T B, IR E POGUE B A b B

£ kM
(BRI R 7, 7o7d BRIV B 1, La—le)

X —Hyay 8k b $haE R 3 (Metaprotaspid stage) H‘J%E—‘ﬁ,ﬁo R 0.55 BEHk, ﬁ%‘]
0.51 Bk, 55 B EHTE, L IR4T, HREH bR AR, kM0 EHN=15.
RIS, SRR, N R ., LR B, AT M, B Bl & L B, AT

R BICRR R B, SERRERE, B—HRRAE, ERMRNE, SUR, P
N, R ENI TR, BN R, S, R, BEXNHE, R
B, H—xrklp R, MRS, BIX, EEA R, WEETHRT. HEEXEE b,
ERE K, ST, IR A, AR R, AR K S T . SRR, S
[ SSEER AR . SRR — I R TR , i R = AR R I, S5k R AR, 1
JE RIS WA BRI , MM AR =52 — B, MR X— AR —
KL, B TR0 , IR HIRTH | F—x kBt a0 S, BT T — Pk my2F
T , BEEDBTERRRAT R (Preocular lobe), JEHRILHE, ISR i , 245 BN RGIAII 52
= g R X e S A, I A B A £z — -5l (X S B R 7 sl o 4 BRI (TR 1 L
7b—7d, BRIV B 1a— o) 22 83K MISM O — B R T LI T 18 19 = s S B = S
BTSSRI, B 88— Sk B M 2 IE AR ORISR B SR ZEME, BhBI R IS, EARAEA
HBL, R[S FE O SR , B0 TSk 3 S BRI R BT 5 AT T3S BRI 2k , A9
SAR, AR T, WE IR Z SR IHE 153 BARSE. IR, 01 B, il
JEAS SRR AR , TR — XS Z AR R R U AE BT M, BB SL B
BRI, KU SRR MR IR AR, BRI, S, RAHE, Ml
FEF, hEME, SEIMEHEM. fBgoe, e AR, SR, hE)E T
W, N ET NSRS =T, S-SR S TR 5 oxe AR
SRHEE R, HETE— 58t 2, MRMES AT, HATREmREKmg, L
FR R E S A - B e T , AT T R AR 3 XTI e = A
1.
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(:> o # (Meraspid period)
) - S
| (FEHR T 8, 8a—8bs MR IV [ 2, 2a,)

I — B, PR B BN , TV M 5 b, 3 A IR LT Bl
T Sk L5 TP 2, sl bbb 23] (Meraspid period) FJBE 1A HIFF 45,

FEARMERTE , RRIZRE , Ry, MATH BB R K49 0.50 2k, FA9 0.63
TR, W UTEES, S X LN R AR TR, S AT EE R, B, HA
ZRAT M RER , AT 304, 0 Bt TR, R sk il B — X 0 B — S B
B, R EG , K MR B Sk S TR, RN E S SR A AR R
)R BRI, F—XES B R EARRI R, e A, XSS B, EEATE,
B TR ST AL, B, R R 1 R RS i, SEIRIR K, (HAR IS, M
HATELH , 6 5 140 R B, SR QIR B B e BSR4 SRR BB L 2 —,
YRR B, BRI, F AR S TS o A, T 1, B BT S R B — 1R, AR
FERI 2R, BB, JE I S, R T 2, B, B 3 — XSk BT 5
TR IKZEH 18, T G W2 0 ) SN R AT Mo, oot 5 — R EL IR A BR v A, 153078
e, 8, FERI A TSk SR AR 74, ()5 B 25 0, B ARMHJS R AL R AT A5 18 ek 2
B, TERH TN 0.004 Bok GuERR I, E 8; K Iv E2), BEMRT, BH% 0.005
Sk (AR L 8b; IRV B 20) o WA LT RO AR, (W T EHE
KT KRS OB AE FHRTER,

s A, W

(EMT B9, a1V [#3,3a)

Jg—kFIRA, KA 0.54 BER, T 0.65 Bk, X —HIARAR SR — B, BRR R M
HFXILFE: (1) kFA— BB EABEE M, () A8 E T L RAERT,
(3) IRE&E, IRk, (4 BREXOTRME, 55 EMmEE, MATABERY
R , T AT 3240 Tk 38 B AT M, RO 45° 2404, 1SS AR,

B+ W
(PENR X [€ 10, 10a; FEIRR IV [H 4, 42)

Sk 0.59 B, BAY 0.76 ZEK,FERTE , J5 2860 B BEA R RTER B 1S , Skite i
KT, HEM AT REEUTE, RRAFTH BEH , SCENERTIAR, e, THmE
Ao

B =R, BOIHEE, PR, AkEN M, §RENE, MEFTR, BEE
UG, P S, I T SR B TR R B B . RIS, R, B G AE AHAR IR,
B SR 89 R ER R AN, TS S BIA MR . BRI, M kB K M = 43
2o JERIM N, BRI B, WARRTR A, MR ., 1Tk EMRTHE; JBX®
48,5 F JE I , i BB T A8 A o
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s+ —
(PR T B 11; BRIV [ 5)

k3P AR, K40 0.7 S5k, B 1.08 Sk, Sk¥krh SR, IR B A B RE ,
BSH 2R , B BT 24T, PR IR, REIRT . ShB =0 55— XM , ISk B
AU 55 8 SXER B, B B, BIIEEEE, (USRI EE N, fEsL kPSR AR EL
. SBo YEMIVETIA, FRER I B i, SLBRRT I e, BE PRI 5 TR BRAR I T T oA B HAS
S LI, SNTEARILL, PR . SE M EETTA, Fo 0 ) )5 s B . SRR A, W IR, 19
TR B, B B, R I . EEIEE, i, AR, BT Sk B2 PR RR A IS 355
., MR ET, 5 SRR AT o HRAFERAY AT, 15 5 M2, R 32 Sk B b e il ,
G SMBITTRL, BEM AT K, B B, 1R S 41 U R, T 5 S B ZE 0 R B 1 B, Bk s
FTF RS, %ML M ET A2 KR, SRS, LBl Mo
RIASE, AR, SN ERTE S, Bk 8, B KR, ER S, AT R A, M
HEUETTHE , BLAR , BE B, BRIFRTR /I, B SCBERTIN S , [ S SR g K,

#q o+ = H
(BRI P 12; FEIR TV 16 6)

sk 0.76 5k, LAY 1.15 ZEKk, BRAERETE . SLBERR 20 OE, RS A E L FEEI IR, B
TR A Sk, SEERPA R, rP AR, rR AR, S BRI, R RTER
AR, T BRI L S, PO B, B — 0 B (B Oy IR L A1 30
BB, KT I, HRAEAI B, B Sk BRI S BRI, IR, B H B I8, 3
KRR RBMZ0T T, B IR SME RS 0 P78 f R SR , HR% URITRL, SRR AR
CSERRYE, R RIS, FIAR BT SE R RTOROOCHE , TS SRR Al TR B A
I TLRRA A R, T 2 1 0 [0, ) I A LR |
' | o+ =
(PN T B 13; PRIV R 7) ) A

g — Sk FARAR, oA 0.90 EEK, Sk e, ) BIBRBROUC AR , RS ], K ik, H=.
St AT Sk 0 , S 7 AR S B, PR 2R, P AT7S i, SRBRAE , it
BTSRRI, PO BT A, SRR B, R B R BT,
BBRMARZE A, BRI, MATEEER, SABERMACH B, RERE
2, B SRz BTG 0 JE U7 ORI o ARV HRLA B3, B B0, B B 4, 1 R
AARBALAR IR AT, 4010 55 % Skt L IE KARKE S BITE y LG P, 0T Adk . JE B
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ONTOGENY OF A NEW UPPER CAMBRIAN TRILOBITE
FROM PENCHI, LIAONING

CuieN Yi1-yuan

(Institute of Paleontology, Academia Sinica)

The material dealt with in this paper was collected in 1950 by Y. Wang, Y, H. Lu, K. C.
Yang, A, T. Mu and C. J. Sheng of our Institute from the.lower part of the Peishan' Member
(Loweér Changshan Formation) at Shanchengtze, a village about 7.5 km south to Hsiao-shih, Pen-
chi of Liaoning Province, The faunal succession of the Peishan Member measured by Wang and
his party is as follows: .

Changshan Formation, 'Peishan Member:

7. Gra'y, Lhin-bf:ddcd and podular limestones interbedded with light red and light green shales, and with
three-layers of light red lenticular edgewise limestone conglomerates of about 10—3( cm thick, the upper

\part containing Changshania conica Sun (BE939) .. ......... R e 25 m
6. Pale grey to pink edgewise limestone conglomerates, with ripple marks on its surface, yielding Chuangia
batia (Walcotty (BE 937—938) ................iiinn. oo P AN 15 m
5. Dark grey thin-bedded limestones intercalated with gregn shales, containing Chuangia batiz . (Welcott),
(BE 0B0) «iiitmit it e e L 1m
4. Pale grey to white or pinkish edgewise limestone conglomerates, yielding Chuangia batia (Walcott) and
Lioparia sp. (BE 936) ... o e I I m

3. Dark grey, thin-bedded limestones interbedded with green calcareous shale, with five fossil horizons in
descending order:
(2) Chuangia batia (Walcotty (BE 961)
(b) Obolus (BE 962) )
(c) Pseudagnostus cyclopygiformis (Sun) (BE g68)
(d) Dikelocephalidae (BE 967)
(e) Pseudagnostus chinensis (Dames) !

4

Paraqhang:hania hsiaoshiensis Chien (gen, etsp. nov.) (BE 953) ........ ... . ... ............ 2 m
2. Pale grey to white edgewise limestone coflglomerate, containing Psewdagnostus chinensis (Dames)

(BE 955) . F e I m
1. Covered

From bed 3 a new trilobite Parachangshania hsiaoshihensis Chien (gen. et sp, nov,) has been
found in association with Pseudagnostus chinensis (Dames). The bulk of the material eonsists of
more than one hundred excellently preserved larval forms and some detached parts of the carapaces
of this species. On careful examination, six developmenta] stages are recognized: (1) anaprotaspid,
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with a subcircular outline, an undivided, conical axial lobe extending the full length of the sl;icld,
- and smooth, unfurrowed side lobes; (2) early metaprotaspid, with distinct protopygidium, tapering
ridges and rudimentary eye ridge; (3) late metaprotaspid, with subelliptical outline, free cheeks,
small palpebral lobes and a proparous facial suture; (4) early meraspid, with a subquadrangular
glabella, continuous transverse glabellar furrows and a gonatoparian facial suture, and with no
anterior border; (5) middle meraspid, with subrectangular glabella, large palpebral lobe, anterior
border, anterior limb and an opisthoparian facial suture; (6) late meraspid and holaspid, with
truncate-conical glabella, very short and obscure glabellar furrows, distinct brim and preglabella
field and bow-shaped eye lobe. '

In acknowledgement, the writer should like to express shis sincere thanks to Professor Y. H.
Lu for his supervision and valuable suggestions, to Professor Y. C, Sun for carefully reading of
the manuscript, to-Messrs, Y. Wang, K. C. Yang, A. T. Mu and J. C. Sheng for their generosity
in furnishing him their interesting and valuable material.

Superfamily Dikelocephaloidae Richter 1932
Family Changshaniidae Hupé 1953 -
Genus Parachangshania Chien(Gen. nov.)’
Genotype: Parachangshania hsiaoshihensis Chien(sp. pov.)

Diagnosis: Cranidium roughly subrectangular in outline. Glabella narrow, truncato-conical
with three pairs of faintly defined glabellar furrows. Occipital furrow shallow, broad, transverse.
Occipital ring ,uniform in brgadth. Brim broad, concave, sloping down forwards. Anterior border
comparatively narrow, upturned and arching forwards. ‘Marginal furrow vcry deep and broad.
Fixed cheek narrow, a little wider than one-half the width of the glabella between the palpebral
lobes, Preocular lobe flat and broad. Palpebral lobe crescentic, about two-thirds the ],engtl; of the
glabella, and situated at a little behind the middle length of the cranidium. Palpebral furrow
deep. Posterior limb slender, as wide as the base of the glabella. Anterior branch of the facial
sutures diverging forwards and cutting, the anterior margin in a semicircular cyrve. Free cheek
broad, convex; fharginal furrow deep and broad; border narrow, upiform in width, and extend-
ing into a long genal spine. Hypostoma subelliptical excluding the triangular antero-lateral wings,
central portion elongated ovate, separated from the posterior portion by a pair of deep furrows.
Posterior and lateral margin bounded. by a continuous elevated border.

Pygidium semicircular in outline. Axial lobe narrow, composed of seven to nine axial rings.
Pleural lobe broad, divided into seven to eight ribs by shallow furrows. Margina] border broad
and flat.

Comparisons: At.the first glance, the new genus resembles closely Changshania Sun
1924, however, the latter may be distinguished chiefly by the narrow and conical glabella, by the
wider fixed check, by much longer posterior limb, by the less divergent anterior branch of the
facial sutures and by the pygidium which is pointed laterally. It is also. similar to Changshanoce-
phalus Sun- 1935, but it differs in having a narrow and slender glabella, larger palpebral lobe, -and
in the strongly divergent anterior branch of the facial sutures.

This new genus is also closely related to Lioparia Lorenz 1906, but it may be distinguished
by the longer glabella, wider fixed cheek, narrower brim and by the large crescentic eye lobe, It
is also’ allied to Aphelaspis Resser 1935 and Pedinocephalus Ivshin 1956, but Aphelaspis has a
shorter glabella, wider fixed cheeck and frontal limb, smaller eye which is situated at the midway
of the glabella and less divergent anterior course of the facial suture. Pedinocephalus Tvshin 1956
differs in a’short and truncato-conical glabella, a broad brim, small eye lobes and in the large

L3
-
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triangular posterior limb.
Distributions: Upper Cambrian, Changshan Formation of Northeastern China.

Parachangshania hsiaoshihensis Chien (sp. nov.)
(Pl, 11, figs, 4, 7—9, 15.)

Description: Cranidium subrectangular in outline, Glabella truncato-conical, slightly rounded
in front, longer than wide at the base, moderaiely convex, sloping laterally to form-a low longi-
tudinal ridge extending from the anterior margin of the glabella to the occipital furrow, with three
pairs of very shallow glabellar furrows: first pair very s\hort, second pair longer, oblique backwards
:and inwards, postegior ones long, but narrow, running backwards from the dorsa] furrows inwards
and backwards and disappearing at a gshort distance from the middle, Occipital furrow nearly
transverse, shallow at the center, gradually deepening laterally. Occipital ring slightly elevated,
uniform in width. Dorsal furrows deep and narrow at the sides of glabella, shallowing anteriorly.
Brim slightly concave, about same width of the anterior border. Between the posterior patt of

“limb and the ocular ridges there are pair of subtrapezoidal, flat preocular lobes which are con-

nected with each other by a narrow preglabellar field in front of the glabella,. Marginal furrow
very deep and broad, and slightly curving forwards. Anterior border upturned, broad at the
middle and gradually narrowing towards both extremities. Fixed cheek narrow, a little wider than
one-half the width of the glabella between the cye lobes, and slightly sloping from eye lobe in-
wards to the dorsal furrows. Eye lobe large, crescentic, about tivo-thirds the length of glabella,
and situated posterior to the glabella, Palpebral furrow deep and wide, curving. outwards. Eye
ridge weakly marked, extending obliquely from the anterior extremity of eye lobe slightly for-
wards to the dorsal furrow at a short distance from the antero-lateral corner of glabella. Posterior
*limb clongated subtriangular, extending outwards and slightly backwards. Anterior branches of
the facial sutures comparatively long, running from anterior ends of the eye lobes divergent for-
wards to cut the anterior border in a rounded semicircular curve; posterior branches bending out-
wards and backwards to cut the posterior margm at a distance equal to the basal width of the
glabella from the dorsal furrow. -

Free cheek broad; cheek body convex; margxml furrow deep and broad; border prominent,
uniferm in width and extending directly backwards into a long genal spine.

Associated hypostoma elongated, subelliptical in outline excluding the triangular aptero-lateral
wings; central portion ovate, strongly convex, divided from the posterior lobe by a pair of decp
and oblique lateral furrows; Posterior and lateral marginal border very narrow and strongly con-
vex, separated from the central and posterior portions by a sharply defined marginal furrow.

Pygidium roughly semicircular in outline, with a relatively broad and rather flat border.
Axial lobe narrow, convex, about onesixth the widih of the pygidium in front, slightly contracted
at two-thirds the length from the anterior margin and divided by six transverse furrows into
six rings and a terminal section. Pleural lobe broad, gently convex, marked by 6—7 shallow and
rather broad pleural-furrows.

Tuae LarvaL DEevELOPMENT

The terms Protaspid, Metaspid and Holaspid are adapted here for the larval development of
Parachangshania hsiaoshihensis. The protaspid period of development is subdivided into two stages:
the anaprotaspid and, the metaprotaspid, of which "the anaprotaspid is characterized by lack of
any definition of cephalon and protopygidium, and the metaprotaspid has a cephalon and a pro-
topygidium separated by a transverse furrow.



448 BTE: AT SRR EERAE— B SR T 469

1. ProTaspIp PERIOD
A, Anaprotaspid stage. T
Stage 1. . ‘
(Pl 1, figs, 1, la—c; P, NI, figs, 1, la—b)

The smallest specimen is measured 0.31 mm in length and 0.34 mm in width. Exoskeleton
subcircular in outline, convex from back 1o front and from side to side, sloping rather rapidly in
the posterior portion. Axial lobe weakly defined, only discernible under strong oblique light,
tapering gradually posteriorly and extending throughout the entire length, with broad anterior ¢nd
which is about equal width to the side lobe. No traces of transverse furrows discernible both on
the axial portion and on the side lobes. Dorsal furrow feebly marked, rather well developed near
the anterior and posterior ends of the axial lobe.

B. Metaprotaspid stages

Stage II,
(Pi_ 1, figs, 2, 2a—; Pl IIT, figs, 2, 2a—b)

The first metaprotaspid stage is represented by a carapace measuring 0.37 mm Jlong, and
0.36 mm wide. Shield subcircujar, convex transversely and longitudinally, arched downwards
near the posterior portion, faintly divided by a weak, transverse furrow into a large cephalon and
a small protopygidium. Axial lobe narrow, slightly tapering backwards, well defined by dofsal
furrows and moderately vaulted above the cheeks. Axis of cephalon divided by three faint and
transverse furrows into four lobes of which thedast one is considered as the occipital ring. Anterior
furrow very faint, visible only under strong oblique light. Anterior glabellar lobe large, long,
~ with a length equal to the succeeding two lobes, and projecting laterally from the antero-lateral
end into a pair of small, slightly elevated tapering ridges (Strand, 1927, p. 321; Stormer, 1941,
p. 81). Second and third glabellar lobes somewhat alike, rectangular in outline, and on the con-
nection of these two lobes with one shallow, elongated axial depression. Occipital ring small,
quadratic in outline, convex. Dorsal furrow shallow in middle portion, well marked anteriorly
and posteriorly. Cheeks smooth, broad, about two times the width of the glabella across the middle
part of the dorsal shield, slightly elevated in front to form 4 transverse ridge and strongly bending
down laterally an postero-lateraly as illustrated in Pl I, figs, 2b—c; PI. I1I, figs, 2a—b. Between
the tapering ridge and the frontal part of the checks, a pair of faint frontal furrows present,
which extend from anterior portion of dorsal furrows to the anterolateral margin and merge to
the ventral side of the carapace. . ’

Protopygidium small, subsemicircular, less than onefifth the total length of the carapace,
separated from the cephalon by a weakly defined transverse suture and bending down almost
vertically as indicated in Pl I, figs. 2b—c and Pl III, fig. 2b. Axial lobe elongated trxangular
smooth, strongly convex and narrowing rapldly backwards.

Stage III,
(Pl 1, figs, 3, 3a—c; Pl III, figs, 3, 3a—b)

The more developed early metaprotaspid stage is represented by a dorsal shield with a length
of 0.42 mm and width of 0.40 mm. Shield rather convex, subcircular in outline with comparatively
broad anterior portion. Glabella limited by distinct dorsal furrow, slightly expanding forwards,
flattened in front and elevated in posterior portion, divided by two weak transverse furrows into



470 - 6%

three glabellar lobes of whlch the. anterior one is the largest and longest Occipital ring distinctly
. marked, elevated, quadrangular in outline. Cheeks strongly convex, broad, much wider than axial
lobe. Tapering ridges distinctly marked by frontal furrows, extending postero-laterally along the
antero-lateral margin and merging ventrally at the antero-lateral side of the cephalon. Pro-
topygidium larger than the preceding stage, separated from the cephalon by a forwardly arched
suture. Axial lobe moderately convex, smooth, without any trace of segmentation. Side lobes sub-
triangular, flattened, smooth.

Stage IV,
(P, 1, figs, 4, 4a—; Pl 1II, figs 4, 4a—b) -

Shell subcircular in outline, measuring 0.46 mm in léngth and 0.44 mm in width, strongly
couvex transversely and longitudinally, bending down postero-laterally. Dorsal furrow deep and
broad, expanding gradually forwards. Glabella gently convex, reaching to the anterior bordgr,
marked by three transverse glabellar furrows of which the first one is the faintest. Anterior
glabellac lobe slightly broader than the succeeding lobes, with a width greater than length, Second
and third lobes almost -equal in size, rectangular in outline, marked by a shallow* lengitudinal
axial depression; fourth lobe well defined, gently convex, longer than wide. Occipital ring well
marked, strongly elevated; occipital furrow deep and straight. Tapering ridge weakly defined by
the broad .and shallow frontal furrow. Cheek smooth, broad, about twice the width of the
glabella in the middle portion of the cephalon, no indication of pleural furrows. present.

Protopygidium distinctly separated from the cepbalon by deep transverse furrow, subfusiform
in. outline; axial lobe convex, triangular in outline, with a shallow transverse furrow ar the
anterior third and extending directly to the posterior ‘'margin. Pleural lobe apparently smooth.

Stage V,
(Pl 1, figs, 5, Sa—c; PI, 11, figs, 5, 5a—b)

Shell subellipitical in outline, with a length of abour 0.48 mm and a width of 046 mm.
Cephalon strongly vaulted. Dorsal furrow broad, deep in posterior portion, shallowing anteriorly.
Glabella ‘moderately convex, slightly expanding forwards, weakly divided by three transverse glabel-
lar furrows into four subrectangular glabellar lobes of which the posterior one is more prominent.
Occipital ring distinet, semielliptical in outline, strongly elevated. Tapering ridge observable,
flattened, slightly elevated above the- cheek lobe. Indication of eye ridges present, weakly marked,
located immediately behind the tapering ridge, and extending from the anterior end of the dorsal
furrow opposite the antero-lateral corner of the glabella outwards and slightly backwards. Check
like that of the preceding stage but a little narrower, and bending strongly downward around
the margin which is concealed in the rock matrix. -Posterior marginal border present, narrow,
uniform in width, divided from the cheek by a shallow but distinct posterior furrow parallel ‘to
the transverse suture, ~

Protopygidium subsemicircular in outline, with frontal margin slightly arched forward, occupy-
ing abour one-fourth the total length of the dorsal shield. Axial lobe ;lightly elevated,. a little
less than one-faurth the greatest width of (he pygidium, and faintly marked by a shallow trans-
verse furrow into a short anterior segment and an elongated, narrow terminal lobe. Pleural lobe
grooved by a shallow and short pleural furrow subparallel to the anterior margin of the pyg1dxum

Stage VI. : !
(PI. 1, figs. 6, 6a—c; PI, I, figs, 6, 6a—b)

Shicld gently convex, subcircular in outline, measuring about 0.53 mm long and 0.50 mm in
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wide. The length ratio of the cephalon to the protopygidium being about 3:1.
The chief characters of the cephalon are similar to those of the preceding stage, except the

~eye ridge which extends less oblique from the dorsal furrow and the posterior marginal furrow

is much prominent in the present stage. Pm{opygidium subelliptical, pointed laterally, with a
trissgmented axial lobe separated trapsversely by furrows. Pleura] lobes evenly convex, marked
by two pairs of faint pleural furrows in inner portion and disappearing near the margin.

: Stage VIIL
(Pl 1, figs, 7, 7a—d; Pl 1V, figs, 1, la—c)

The specimen, with a length of 0.55 mm and a width of 0.51 mm, represents probably the
last stage of the meteprotaspid in our collection.

Shield vaulted, subcircular in outline, with subparallel lateral sides. Dorsal furrow gradually
shallowing from the posterior portion to anterior portion. Glabella convex, very slightly expanded
forwards and extending to the anterior margin, separated by three transverse glabellar furrows into
four lobes of which the anterior one is the largest; first two glabellar furrows rather weakly
marked, posterior one more deep and distinct. Occipital furrow™ deeply marked. Occipital ring
distinctly defined by deep and straight occipital furrow, strongly convex, rectangular in outline.

* Posterior marginal border as wide as the occipital ring. Tapering ridge shortdr but stronger than
_that of stage VI, and connected with the anterior lobe of the glabella without any interruption,

and representing the preocular lobe in later stages. Cheeks gently convex, bcnding down abruptly
in the lateral side. *

In lateral view (Pl 1, figs. 7b & 7d Pl IV, figs. la—c), a narrow, subtnangular depres-
sion is present. The depression representing the free cheek is separated from the main cheek body
by an oblique suture (the facial suture) which extends from the palpebral lobe rearwards and
slightly outwards to cut the lateral margin of the cephalon at a short distince from the posterior
margina]l border. w

Frontal furrows slightly depressed, triangular in outline, and widening laterally. Eye ridge
distinctly elevated, extending from the anterior end of the dorsal furrow obliquely outwards and
backwards and continuous posteriorly adjacent to the facial sutures towards the palpebral lobe.
Posterior border narrow, uniform in width.

Protopygidium semicircular, moderately convex, separated from the cephalon by a_distinct,
nearly transverse furrow. Axial lobe prominent, convex, subtriangular, divided by deep and wide
furrows into three segments, and extending 1o the posterior margin of the pygidium. Pleural lobe
subtriangular, a little more than twice the width of the axis in front and separated by two incom-
plete pleural furrows into three ribs.

1. Mgzraseip Periop.

- Stage VIII,
(P11, figs, 8, 8a—b; Pl IV, figs, 2, 2a)

A more.advanced stage is represented by a nearly complete cephalon, probably belonging to
the early meraspid period.

Cephalon trapezoidal in' outline, convex from side to side, rather gentle from back to front,
measuring ca, 0.50 mm in length (dorsal projection), and 0.63 mm in width at the base. Anterior
margin straight. Glabella rectangular, vaulted, distinctly defined by deep and subparallel dorsal

* furrows, extending to the anterior margin, divided by three continuous glabellar furrows into a

large, elongate anterior lobe and three rectangular posterior lobes of about equal size. Anterior
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glabellar furrow shallow, weakly defined, second and third furrows rather deep. Occipital ring
well limited "by deep and broad transverse 6ccipita1 furrow, semielliptical in outline, about ope-
seventh the length of glabella in dorsal projection. Fixed cheek strongly convex, broad, about one
and half the width of the glabella in dorsal view measuring at the base. Preocular lobe flat, narrow
and transverse. Eye ridges slightly elevated, running directly outward then slight backward from
“the dorsal furrow at a short distance from the frontal margin of the cephalon, and.apparently
merge into the small elliptical eye labes. Facial sutures proparian in appearance in dorsal view,
gonatoparian in character in side view, with the posterior course cutting the genal angle in a

smooth curve. ) : '

Stage 1X.
(P, I, figs. 9, 9a; P. IV, figs, 3, 3a)

A cranidium probably belonging to the present species has a length of 0.54 mm (dorsal pro-
jection), and a width of 0.65 mm._ The cranidium bears characteristics somewhat similar to
those of the preceding stage, but differs in (1) having a comparatively narrower glabella and a
broader fixed cheek; (2) a shorter but wider preocular lobe; (3) a shorter eye ridge and much
larger palpebral lobe; (4) Posterior conrse of facial sutures running in a strongly curve to cut
the posterior margin from the dorsal furrow at a distance a little less than twice the basal width
of the glabella. Anterior course of facial sutures converging forward to cut the froptal margin
at an angle about 45°. Free cheeks unknown. ) ’

M

Stage X,
(Pl 1, figs 10, /10a; Pl IV, .figs, 4, 4a)

A ‘cranidium, Length 0.59 mm; width 0.76 mm. Cranidium subtrapezoidal in outline, with
a-breadth at the base abou: twice the breadth in front! Glabella rectangular, with a length a little
more than twice the breath, convex from back to front and from side to side, reaching to the
frontal margin. Three pairs of discontinuous glabellar furrows present, strongly depressed on
_ sides, separated the glabella into four subequal lobes. Dorsal furrows very‘ deep and wide, sub-
paralle]. Fixed cheek smooth, gently convex, and little narrower than the glabella between the’
palpebral lobe. Eye ridges distinctly: marked, running in narrow elevations opposite the middle
- of the anterior glabellar lobe, then extending obliquely backwards to merge into a large and long
eye - lobe, which is about two-thirds the length of glabella. Posterior limb a little narrower than
that of preceding stage. Anterior branches of facial sutures short, slightly diverging forward, cut-
ting the anterior margin in a rounded curve; posterior branches comparatively longer, cutting the
posterior limb'in a rounded angle, -

Stage XI. '
(Pl 1, fig, 11: P11V, fig, 5)

Cranidium moderately convex, wider than long, measuring 0.7 mm fong in dorsal projection
and about 1.08 mm wide. Glabella well-defined by deep and broad dorsal furrow, strongly
elevated, cylindrical in outline, and marked by three pairs of glabetlar furrows; the anterior pair
almost obscure, represented only by a pair of shallow pits Tocated at the lateral side of the glabella;
second and third pairs very shallow, faintly defined, met at the central part of the glabella. 'An-
terior glabellar lobe large, subsquare, slightly sloping down forwards. Occipital furrow deep,
narrow and slightly curving backwards. Occipital ﬁng convex, broad in center, narrowing
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laterally, Fixed cheek gently convex, a little_ narrower than the breadth. of the glabella between
the posterior end of the eye lobes, Eye ridge slightly elevated. Palpebral lobe large and long,
extending slightly oblique outward then directly backwards, and ending at a short distance from
the postero-marginal furrow at a distance from the dorsal furrow equal to the basal width of the
glabella. Posterior margin border elevatéd, gradually widening outwards, and marked from the
posterior limb by the deep, broad posterior furrow. Anterior border distinctly defined, but much
narrower than those of later stages, slightly clevated, transverse and uniform in width. Anterior
limb deep and very narrow in front of the glabella. Preocular lobe small, extending from dorsal
furrows opposite the antero-lateral sides of glabella and slightly widening outward.

Stage XII.
(P11, fig, 12; P 1V, fig, 6)

Cranidium with length of 0.76 mm (dorsal projection) and width 115 mm. Glabella
strongly convex, cylindrical in outline, rounded in fronr, faintly marked by three pairs of short,
oblique glabellar furrows. Oeccipital ring well defined by deep and broad occipital furrow,
moderately convex, slightly "arched backward, and broad in middle portion, Fixed cheek gently
convex, a little wider than the glabella between the eyes. Anterior limb slightly concave, nar-
rower than the border in front of the glabella. Anterior border elevated, straight, uniform in width.
Eye ridges extending slightly oblique backward to unite with the eye lobes, with a length about
two-thirds_the width of glabella. Eye lobes bow--shaped, distinctly_elevated above the cheeks, run-
ning from the eye ridge firstly outwards and backwards then turning inwards from the middle
portion. Anterior branches of the facial sutures very slightly converging forwards, then curving
strongly oblique inwards to cut the anterior border; posterior branches almost transversely out-
wards, then strongly bending back to cut the posterior marginal border in a right angle.

- Stage XIIL
- (P11, fig, 13; P11V, fig, 7)

Cranidium 0.90 mm in length, Glabella convex, narrowing very gradually forwards,
rounded in the front and marked by three.pairs of very short and slightly oblique glabellar
furrows. Occipital furrow very deep, straight in central portion, bending forward laterally, Occi-
pital ring convex, wide at the middle and rapidly narrowing toward both sides. Anterior limb flat,
a little narrower than the anterior border in front of glabella, Anterior border convex, sharply
"defined by distinct marginal furrow, slightly bending back laterally, Fixed cheek convex, slightly
sloping down forwards, as wide as the glabella between the eyes. Eye ridges distinctly elevated and
extending laterally into the palpebral lobe without any interruption, Palpebral lobe comparatively
shorter than that of the preceding stage. Anterior branches of the facial sutures subparallel and
cutting the anterior méargin in.a strong inwardly curve; posterior branches cutting the posters mar- -
ginal border directly backwards and slightly outwards,

Stage XIV.
(PL 1, fig, 14; PI. 11, fig, 7)

v

A cranidium, measuring 0.95 mm in length and ca. 1.24 mm in width, It is quite similar
to the cranidium of the preceding stage, The chief characters in which the present specimen dijffer
from those of the preceding stage are that it has a wider anterior limb, slightly divergent an-

terior branches of facial sutures, comparatively shorter and elevated palpebral lobe and weakly
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defined eye ridges which are differentiated from the palpebral lobe only by their low convexity,
Stage XV.
¢l 1, fig, 1) ]

The incomplete cranidium which measures about 2 mm long and about 3 mm wide between

" the eye lobes probably represents the late meraspid or early holaspid stages in the present collection.
Glabella truncato-conical, gradually narrowing forwards, strongly convex, with three pairs of

very faint glabellar furrows, Occipital furrow weakly marked, almost transverse. Occipital ring

incompletely preserved, uniform in width. .Fixed cheek about one-half the width of glabella

between the eye lobes, inclined towards the dorsal. furrows. Anterior limb much- broader than that-

of preceding stage, slightly concave. Anterior border narrow at sides, elevated, slightly arching for-

wards, and about one-half the width of the anterior limb in the middle portion. . Eye lobes crescentic,

very strong, about seven-gighth the length of glabclla in lateral projection, sharply defined by deep

palpebral furrows. Eye ridge very weak, low. Anterior branches of the facial sutures diverging

.

forwards, made an angle about 45° to the axis; posterior branches unknown.

II. Horaspip Periop
Stage XVI,
(P I, fig. 2)

~ The cranidium measuring 3.6 mm in length,*has many features similar to those of the adult
forms, and i is regarded as the first holaspid stage in the larval development. Glabella truncato-
conical, straight in front and rounded anterolaterally, faintly marked by three pairs of very shallow
glabellar furrows, and with a length and basa] width ratio about '8:7. Occipital ring moderately
convex, uniform in width, separated from the glabella by a wvery shallow and almost straight
occipital - furrow. Anterior limb neatly flattened, separated from the anterior border by a wvery
deep and broad marginal furrow, and differentiated into a wide preglabellar field and a narrow
brim by a low but distinct elevation running parallel to the marginal furrow, Anterior border
slightly turning ;upward, broad.at the middle and. rapidly narrowing toward the both
sides. Fixed cheek gently convex, narrow, about one-half the width of the glabella between
the eyes. Palpebral lobe crescentic, a little shorter than that of the precéding stage, with its pos-
terior end éxtending backwards and inwards at a distance equal to one fourth the basal width of
the glabella from the dorsal furrow. Posterior horder widening laterally, about two-thirds the width
of the occipital ring.

- Stage XVII.
(Pl 11, fig, 3)

A cranidium, about 8.2 mm in length and 108 mm in width, subtrapezoidal in outline,
more or less angulate in front, Glabella elevated, truncato-conical, marked by three pairs of short,
obsucre glabellar furrows; anterior pair almost obsolete, second and third pairs faintly defined, .
running obliquely inwards and backwards, not reached to the middle portion, with a low longitu-
dinal median ridge extending from the anterior margin of the glabella to the front of occipital
furrow., Occipital furrow very shallow but distinct: occipital ring retaining about the same width
from side to side, Dorsal furrows deep on side, gradually shallowiné forwards around
the front of glabella. Brim slightly concave, as wide as the anterior border in front of
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_glabella, separated from the preglabellar field by a low transverse elevation. Preglabellar
field concave, narrow in .front of glabella, widening laterally inte the perocular lobes
which are trapezoidal in outline and are bbunded by the low eye ridges in their posterior margin.
Anterior border highly uptursed, much broad at the middle and rapidly narrowing towards both
sides. Marginal furrow broad and deep, slightly elevated at the median portion. Fixed cheek

" mnarrow, about one-half the width of glabella, rapidly elevated from the dorsal furrow to the cye
lobe. Eye lobe bow-shaped, about two-thirds the length of the glabella, well defined by very deep
and broad palpebral furrow, Posterior limb narrow, extending outwards and slightly backwards,
separated from the posterior marginal border by a shallow marginal furrow. Facial sutures with
the anterior branches diverging forwards almost perpendicular to the anterior margin of the cranidium
and cutting the anterior border in a rounded angle; posterior branches running from the palpebral
lobe outwards and slightly backwards, then turning obhquely backwards to cut the posterior

border in an angle about 70—80

SummMArRy AND CONCLUSION

1. The anaprotaspid and the metaprotaspids of Parachangshania hsiaoshihensis are all less
than 1 mm in length and are of subcircular to subelliptical in outline, The anaprotaspid mea-
sures only 0.31 mm long. It appears to be one of the smallest lgrval forms in the ontogenetic
developments of the trilobites, In the anaprotaspid stage, the axis is weakly outlined, with slightly
expanded front and pointed terminal end, and it is characterized by lack of any trace of tranverse
furrows. In the metaprotaspid period, the axis is somewhat of the same shape as in the anapro-
taspid stage, and three transverse furrows on the axis first appear in the earlier two stages (Stages
2 & 3). A protopygidium is then separated by the posterior transverse suture from the cephalon.
in the succeeding stages (Stages 4—7), one furrow is added to the cephalon and two are added
10 the protaspygidium. The frontal lobe is longer than the others in all the metaprotaspid stages,
especially in Stages 2 and Stage 3. In the meraspid period, the two sides of axis are nearly parallel
with each other in stage 8 to stage 13; in stages 14 and 15; the axis is gradually tapering forwards,
From stages 11 to stage 17, the axis grew short, and at the same time, an anterior border and an
anterior limb appeared, the furrows on the glabella’ gradually become oblique, shallow and short.
Finally, in stage 17, the glabella and the posterior limb have the same shape as the adult.

2. The cheek in the early stages of protaspid period is very broad and slightly convex. It
diminishes its size with the increase of the axial lobe in the succeeding stages. In the last metapro-
taspid stage (stage 7), the cheek bends strongly downwards on the sides, and is'-firstly separated
on the dorsa] surface by an oblique suture (the facial suture) into two parts: a broad fixed
<heek and a narrow free cheek; the latter is elongate, subtriangular in shape in lateral view. Since
the facial suture in this stage cuts the margin of the mephalon in front of the genal angle, the
proparian character is exhibited. In stage 8 (first meraspid stage), the free cheeks.reach the genal -
angles but not beyond the posterolateral corners of the cranidium. Posterior branch of facial suture
shifts now backwards to cut across the genal angle, thus exhibiting the gonatoparous condition.
In thé later meraspid stages, the suture migrates farther inward behind the genal angle on the
dorsal side, and the free cheeks probably take the same form as in the adult. At the same time,
with the increase of the size of the larval forms, the anterior branches of facial sutures at first
converge forwards to the margin, becoming divergent later through growth,

3. No indication of the preocular lobe has been seen in the anaprotaspid period. The preo-
cular lobe in the metaprotaspid period is represented by a pair of tapering ridges which extend
. from the antero-lateral corners of the glabella outwards to a narrow band with pointed lateral ends.
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The change of these narrow ridges from the early metaprotaspid to the late metaprotaspid stage
is very gradual, although the appearance of the palpebral lobe and the eye ridges closely behind
these in the transiion between the middle to the late metaprotaspid stages is remarkabie.
In the early meraspid stage, with the disappearance of the tapering ridges, a depressed area in
front of the eye ridges is formed, it increases its size longitudinally and finally becomes a sub-
trapezoidal preocular lobe. The anterior border and anterior limb are entirely absent in the protaspid
period and in the first three stages of the meraspid period (Stage 8—Stage 10). The border begins to )
appear in the middle meraspid stage (Stage 11) as a very narrow, convex band separated from the
glabella by a frontal furrow (the rudimentary frontal limb), It is straight and almost uniform
in width from stage 11 to stage 13, but. tapers rapidly laterally in late meraspid stage and finally
attains a broad subtriangular outline in adult. In accompanying with the growth of the anterior
border, the anterior limb widens longitudinally from the middle to the late meraspid stages, it
is divided in the early holaspid stage by a transverse low ridge into a narrow brim and a broad
preglabellar field. As the size of the trilobite increase, the brim grows rapidly, occupying a length
(sagittal) about one-seventh the total length of the cranidium in adult, and the preglabellar field
diminishes to form a narrow area in front of the glabella,

4. The palpebral lobe first appeared in the last metaprotaspid stage (stage 7) is very small,
oval in shape, situated at the lateral side. of the cranidium and far from the glabella. It is prolonged
and enlarged from an elongate smooth curve in the early meraspid stage to crescentic in the
late meraspid with its posterior end gradually migrated inward. In the holospid stages, the palpebral
lobe becomes a bow-shaped are and it movés more and more close 1o the glabella through growth.
The eye ridge issues apparently from the point opposite the anterolatera] side of glabella behind the
tapering ridge in stage 5. It is undifferentiated from the palpebral lobe until it reaches the late me-
raspid stage (stage 14). In the holaspid stages, the eye ridge is represented only by a low thin ridge
and the change of its relative length from late meraspid stage to the adult is very gradual.

5. The protopygidium appears first in the early metaprotaspid stage, being poorly defined by
a transverse furrow from the cephalon. It is distinctly trilobed by dorsal furrows into a narrow
axial and two broad pleural lobes. The axis and pleurae are both bisegmented in the middle meta-
protaspid stage and tri-scgmented in the later metaprotaspid stages. Through successive growth,
the form of the pygidium in the meraspid and holaspid stages is not significantly changed from
that of the late metaprotaspid, except the addition of new segments and the formation of a flat
marginal borer, ‘

6. The developments of free cheeks and the eyes has long been a subject discussed by maay
authors. Beecher points out that the free cheek and the eyes in the larval stages migrate from
the ventral side first forwards to margin and then backward cver the cephalon to their adult
position. The assumption appears to be purely hypothetical, and there is no direct evidence at
his.time supporting this view. In 1935, based on the descriptions of a series of larval stages probably
belonging to the species Blainia gregaria Walcott, Lalicker arrives at a conclusion differing from
previous writers in the trilobite ontogeny that the eyes appear later than facial suture, palpebral
lobes and free cheeks, and that instead of migrating over the margin from the ventral side, they
are formed on the free cheeks during some moult. This conclusion has later been met with criii-
cisms. Whitington (1957) on re-examining Lalicker’s original specimens claims that “the pro-
taspids of Blainia gregaria? do not have eye ridge, palpebral lobe, and dorsal facial sutures in
the “position Lalicker portrayed them. :

In the anaprotaspid and early and middle metaprotaspxd stages of Pamc}mng.flmma hsiaoshi-
hensis the course of the facial suture is unknown, but it seems that the facial sutures occur on
the ventral side. As soon as the size of the shield increased in the late metaprotaspid stage, a
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proparous facial suture was clearly demonstrated and during the further growth stages it passes.
through from gonatoparous in early meraspid to opisthoparous in the middle meraspids and in
the adult. Following the stages backwards it seems quite possible that the early protaspid with
its subcircular outline had a proparous facial suture on the wentra] side, as it has been recognized
by Palmer (1958) in the ventral aspect of the North American Lower Cambrian trilobite
Crassifimbra walcotti (Resser). '

EXPLANATION OF PLATE

All specimens ‘described in this paper are kept in the Institute of Palacontology, Aca-
demia Sinica. All illustrations on Plates I and II have been whitened and are photographed
by Mr. M. F. Pang. while the figure on Plates IIl and IV are the camer-lucida drawings
made by the writer.

Explanation of Plate 1

Parachangshania hsiaoghihensis Chien (gen. et sp. nov)
Figs, 1, la—Ic: Anaprotaspid, X 35 (sec Pl, III, figs. 1, la—ib),

1, dorsal view; la, anterior view; 1b, side wview; lc, posterior Cat, No, 9662, .
Figs. 2, 2a—3c:; Early metaprotaspid with tapering’ ridge, occipital rmg and pro(opyguilum X 35 (see Pl III,

-figs, 2, 2a, 2b),

2, dorsal view; 2a, anterior “view; 2b, side view; 2c, posterior view, Cat, No, 9663,
Figs, 3, 3a—3c; Early metaprotaspid “with distinct™tapering ridges " (see Pl III, figs, 3, 3a, 3b),

3, domsal view; 3a, anterior view; 3b, side view; 3¢, posterior view, Cat No, 9664,
Figs, 4, 4a—4c; Middle metaprotaspid with four faint axial lobes, )X 35 (see Pl III, figs, 4c 4a, 4b),

4, dorsal view; 4a, anterior view; 4b, lateral view; 4c, posterior view, Cat, No, 9665,

- Figs, 5, 5a~5¢c; Middle metaprotaspid with obscure eye ndges and distinct posterior margmal border, X 35, (sce
Pl, 111, figs, §, 5a, 5b),
5, dorsal view; 5a, anterior view; 5b, side view; 5S¢, posterior vxcw Cit, No, 9666,
Figs, 6, 6a——6c; Middle metaprotaspid with distinct eye ridges and three axial lobcs on protopygidium, X 35.
(see PI_III, figs, 6, 6a, 6b).
6, dorsal view; 6a, anterior view; 6b, side view; 6c, posterior view, Cat, No, 9667.
Figs, 7, 7a—7d: ZLate metaprotaspid with rudimentary free cheek and facial sutures. X 35, (see Pl IV, figs.
1, 13, 1o, :
7, dorsal view; 7a, antérior view; 7b, lateral view of right side; 7¢c, posterior view; 7d, lateral \uew of
lefe side, Cat, No, 9668, .
Figs, 8, 8a, 8b; Early meraspld with remarkable anterior hmb preocular lobes, free cheeks and facial sutures.
X 30, (see Pl 1v, figs, 2, 2a),
8, dorsal view; 8a, antcnor view; 8b, side view. Cat, No, 9669,
Figs. 9, 9a; Early meraspid cranidium, X 30 (see PL IV, figs, 3, 3a),
9, dorsal view; 9a, side view, Cat, No, 9670,
Figs, 10, 10a: Early meraspid cranidium X 30, (see Pl IV, figs, 4, 4a),
10, dorsal view; 10a, side view, Cat, No, 9671.
Fig 11: Middle meraspid cranidium, X 30, (see Pl IV fig. 5). Cat No 9672,
Fig. 12: Middle meraspid cranidium, X 30, (see PL IV, fig, ¢), Cat. No: 9673.
Fig. 13: Middlé meraspid cranidium, X 30, (see PL JV, fig 7). Cat. No. 9674,
Fig. 14; Middle meraspid cranidium, X 30, (see PL 1II, fig. 7).- Car. No, 9675.
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B|1, la;—c.
2, 2a—2c.
3. 3a—3c,
4. 4a—4c
5. 5a—5c.

6. ba—6c.

7. 7a—7d.

8. 8a—8b.

10. 10a.

11.
12,
13.

14.

Parachangshania hsiaoshihensis Chien ($iR,Z#)
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