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Traumatocrinus F)5328 AL DA A 2400 T 44K

1 ARSIk

1.1 WFR##

EHEVIFRMRI P B SN OGS X (] 1) |E
SR GE A B A B R —IR AR TR A, e
HLHG S HRATA TR IR PR A, BB 58 24 Hh
J&E s NG AE B AR AR K B B, TR bRAR 4
TETF oM U 10

EHEVREE T 127 AR T R AR AR fi A
GA1002-5 HAEEHE T 52 M LE 4.1 ~52. 4 mm
1MA 45 GA1002-5-001 ~ GA1002-5-052 ; brAs
GA1002-6 LS T 15 SR 7E 26. 1~72.2 mm
FIMA 955l GA1002-6-053 ~ GA1002-6-067 ; F A
GA1002-11 FP3EE £ T 29 AN E 7E 10 ~90. 7 mm
(A SE AT 3 — 20 i 23 A, 455 1 GA1002-11-
068 ~ GA1002-11-096,, #rA< GA1002-3 Lk +% 1

22 NEETE 79. 4~231.9 mm AR GEAT E— A
T, 45 8 GA1002-3-097 ~ GA1002-3-118, #5:
A GA1002-X P AEZERE T 9 NI E 7E 122 ~ 206. 5
mm AR BEAT i — 25 5 53 17, 25 GA1002-
X-119~GA1002-X-127 .
1.2 MRFAE

IR TEA R & B B B, HOE BRI P e 2
KA S A K SR E &, RITIREAH R Y
R A NI = N I = S = g 7 N R 17 I NI T
(Blackstone, 1987) . Wang Chuanshang %5 (2011) 1A
N Traumatocrinus hsui 15K K B L H , L HRbE
KB B K 2R K R ARG, i A
ik 6 % LI I, Hagdorn 4§ (2015) ik K
Traumatocrinus ™A & & 401, i 10 % H 328 48
5 1 L 2 0/ 2 AR B o3 R 1R
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Fig. 1 Location map of the fossil crinoids occurrence
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B 2 Traumatocrinus hsui TR~ 2 (5 Hess 55,1999 B0)
Fig. 2 Sketch map of Traumatocrinus hsui
(after Hess et al. , 1999)

CRH— {5 ; CUH—# 5 ; COL—25 4 ; B—JIR Al ; R—4 Al ; IBr—
Vi) B 5 TA—— it 5 T A— 9 Jgi 5 T A— =i Cimt YA 5 ext
AMI) s IVA—DOZUBE(BE) o (a) SEHEFARZE ZEAR AT, 43
H3 %, (b) HARZE ZEMRIT MR, (o) mEHZE, ZERIEE
Bl —

CRH——crown height; CUH—cup height; COL—column length; B—
basal; R—radial; IBr—interbrachial ; TA—first-grade arm; II A—
second-grade arm; Il A—third-grade arm (int-inner arm; ext-outer
arm) ; IV A—fourth-grade arm (armlet). (a) proximal column,
obviously graded, the columnals classified into 3 grades. (b) middle
column, the columnals classified into 2 grades. (c¢) distal column,

graded uniformity

TCH L, — G =2 T A7 ) g A, 25 B R
T (05N % N Do SN SR A SR E AN g S &
B, Hir 704l H BURIR SORPIR e, — 2
YAl B RN 8] Y T e S

BT HT AR ik B S 2 R, 2B i
PR SEEHIE 25 5E 5 0 BT A 5 k%t T hsui 4>
WREHATUII  Ji HHWE MBS 5 #
AR GILARN B2, ABGIEAN a2 8 R
PRy e 1 103 23 B, 42 45 7€ & ( CRH = crown
height) 225 ( CUH = cup height) W82 ( ARG =
arm grade) DU BEECH ( IV ARN = number of fourth-
grade arms ), iT % #f 25 e 2 % ( PCG = proximal

column grade) 4G (K 2) , &SR A EGER
T. hsui DMRLEX L IEE, XF 127 A T, hsui FEAR
PEA I NG T, 38 2 X B 4 4 A, I T
hsui FEAA K B AN I 0100 e BRI 25 22 AR 1k

A7 AT FHAERE EOS 60D S AHHL (50 mm
EFERIK) . A EEE 5T PhotoShop B4 #E 17 #%
35 FIH Vectornator ,Corel DRAW S5k 4 17
T 4 DL R s 2 B/ A TR 28 D 4 3 43 ok
PixelStick ¥4, 48 11448 A FH Excel 43 AT 942 i 58
A,

2 & 55T
2.1 HRAHIE

FRA GA1002-5 (&l 3a) KK 6.3 m, %8 1.5
m, K A EENEYE T A (K5 4m, b
BEEAZ 0.4 m) , ZIFRA A 1000 SAE/NY
AMERBAL G TR ZE TR, MR &2 4
mm , HITEAE D) ZE P Je (B 3b) | S RAMAE =7 50
mm DAL TR 25 T 029 0.4 m &b, B
HZETHL 0. 3 m Ab, 2245 B3 S (0 eE 0 I it
(T TREEHR ) ZE3H AR A B /D 1 TR A4 (R
3¢), REFAMM R E 3~4 H, B/ DR
SYREE S G, BB oy SRR i, AT
s A AR B 4R (18] 3d) , HAEYIZE T4 E B4
R THYZE T e i AMA . MA& GA1002-5-001 ~
GA1002-5-052 M 5o T3 1,

A GA1002-6 (5] 3e) #EAKK 3.2 m, 58 1. 6
m, LA ZENEYZE T A (K 1.4 m,
BEEAR0.13 m) , ZAFRA 254 200 AR
MRS THEYZE T, SN R E A 2
20 mm, HINFEAEY) 2T &1 2% 5 e K E = 70 mm
Db, BT 2R T omAb 29 1 m AL E, 24K
AN A 2 5~ 6 G, FLIBEAY 43 XA AT 988 R ok sfil R
I BN Sk 2 4 G, AR T R A
PRZER A W35 2.5 m, ELAEM 251 W5 3 i A 425
KB K FHEYZE T h A&, A& GA1002-6-
053 ~ GA1002-6-067 5551 T3 2.,

PRAs GA1002-11 (& 3f) 31K K 3.5 m, %8 1. 7
m, H ORI W B A 2 A (K 2.8
m, P EARZ0. 14 m) , ZIFARA EEH 200 RA
BRI E G THRYZE T, Hhi/h g
AMETE AL 10 mm, HIESE TR ZE T 0 %%
BRI R 90 mm LA b HY 30T HE AR 4 25+ O
29 1.2 m &b B A3 A BL IR AR AR GA1002-6 FHALL;
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K 3 Traumatocrinus hsui Mu, 1949 FEARFRAS
Fig. 3 The clusters of Traumatocrinus hsui Mu, 1949
(a) FRAS GA1002-5 /R TE &L M5 T b BEE JEROR Rl /NI B AR 22 T Wi B4R EEIN = 1 m, (b) /NBUASRKE A=
T IR =10 mm, (¢) BERAGER; LHIN =10 mm. (d) NEADEREPLEZTFURAL; LA =10 mm. (o) #5A% GA1002-6; il =
Im, (f) b4 GAT002-11; IR =1 m

(a) schematic sketches of sample GA1002-5; countless various sized individuals attached to the plant stem, which the ends are the densest; scale

bar=1 m. (b) small individuals attached to the plant stem; scale bar=10 mm. (c) the larger crown; scale bar=10 mm. (d) small individuals

concentrated on stem end; scale bar=10 mm. (e) sample GA1002-6; scale bar=1 m. (f) sample GA1002-6; scale bar=1 m

FHYZET TR AR N N e ANZEHT AR K e s Wi 9% iRy LA 2 iR e, MRS KTk 6 m
. ANE GA1002-11-068 ~ GA1002-11-096 il 2 %% PUE 2R A, I iR AL 258 il . MR GA1002-

5 T3 3, 3-097 ~ GA1002-3-118 X451 T4 4,
PR GA1002-3 B4R K 2.7 m, 58 1. 6 m, H {4 FRAR GA1002-X A 10 m, 58 6 m, H FARAF

TR RIS M 250, A& 100 AHYZET A (K1.6m,50.4m), & 50 MEK
AR , e/ MY T = AL 80 mm, AR, S [ E TR ZE TP, Fe/h
BRI B 230 mm, KEBS DR 7~8 MRS A E 120 mm ; i KA R 200 mm L
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Table 1 Measurement data of sample GA1002-5 Table 2 Measurement data of sample GA1002-6
MRS st | sy Wity — ki = | TR MMEGR S ae | %TEJL Wity — R =Y | T
(Gatoo-| ;m) AR | | BEEDIS 2R (GAI002-| [ | TR | WP
5-) At | WEH | HE 6-) Bk MEE | HE
001 | 5.85 | 3.96 | 67.59% | 3 0 2 053 | 26.71] 9.79 | 36.65% | 5 6 4
002 | 6.33 | 3.89 | 61.47% | 3 0 ) 054 | 29.01| 9.04 | 31.15% | 5 6 3
003 | 9.14 | 4.08 | 44.66% | 4 1 ’ 055 |31.19] 9.13 | 29.29% | 5 8 4
004 | 11.73| 5.62 | 47.93% | 4 1 3 056 |32.13| 8.62 |26.81% | 5 7 4
005 | 10.95| 5.08 | 46.43% | 4 2 3 057 | 28.41| 8.26 | 29.07% | 5 7 4
006 | 9.64 | 4.23 | 43.83% | 4 1 3 058 | 29.60 | 9.45 | 31.93% | 5 7 3
007 | 4.29 | 2.38 | 55.40% | 3 0 2 059 |26.05|8.22 [31.55% | 5 8 4
008 | 4.06 | 2.64 | 65.00% | 3 0 2 060 | 26.05| 9.83 |37.74% | 4 6 3
009 | 8.08 | 3.95 | 48.95% | 4 1 3 061 | 33.30 | 10.15 | 30.48% | 5 8 4
010 | 8.97 | 4.32 | 48.13% | 4 1 3 062 | 39.53 | 11.94 | 30.20% | 5 10 4
011 | 12.28 | 4.63 | 37.71% | 4 ) 3 063 | 51.23|13.76 | 26.86% | 5 10 4
012 | 13.30 | 3.89 | 29.24% | 4 ) 3 064 |30.26 | 7.27 | 24.02% | 5 - 3
013 | 16.25| 5.83 | 35.85% | 4 3 ’ 065 | 26.48 | 7.76 | 29.30% | 4 5 3
014 | 14.27| 5.71 | 40.03% | 4 3 3 066 | 72.21|15.79 | 21.86% | 6 21 4
015 | 9.90 | 5.27 | 53.27% | 4 ’ ) 067 | 63.85|15.74 | 24.65% | 6 17 4
016 | 17.61] 6.19 | 35.15% | 4 4 2 VL SO | DU B B
017 | 10.63 | 4.99 | 46.920 | 4 I 3
(¥
oo |11 | oo |soem| 4 | 2 | 3 3 177 GAIO0Z-11 MR
020 8.46 | 4.72 | 55.73% 4 1 2 Table 3 Measurement data of sample GA1002-11
021 | 18.12| 8.42 | 46.46% | 4 4 2 P I R T R ey pre
022 | 23.68) 8.76 | 37.00% | 4 5 3 (GAT002- R | WE | zfmm st | i
023 18.14 | 7.42 | 40.91% | 4 5 3 1) (mm) | (mm) AL P WkCH | L
024 | 9.52 | 4.95 | 51.95% | 4 1 3 wss | 1005 | s 05 |40 s | 4 1 -
025 | 7.52 | 4.5 | 60.07% | 4 1 2 : ' :
026 | 12.52| 4.98 | 39.77% | 4 2 2 069 | 16.58 | 7.55 | 45.53% | 4 3 3
027 | 15.11] 5.78 | 38.28% | 4 4 3 070~ 116.20 | 6.50 | 40.09% | 4 3 3
028 | 14.87 | 6.33 | 42.61% | 4 3 3 071 124.58 | 9.33 | 37.97% | 4 5 3
020 | 10.54| 5.22 | 49.51% | 4 1 3 072 125.33 | 8.72 | 34.42% | 4 6 3
030 |26.03| 8.95 | 34.37% | 4 5 3 073 127.15 | 8.17 | 30.10% | 4 7 3
031 | 38.14|10.05|26.35% | 5 10 3 074 145,111 11.26 | 24.95% | 5 12 4
032 |37.01|11.12|30.04% | 6 9 3 075 127.72| 9.27 | 33.45% | 4 7 3
033 |38.90|12.52|32.20% | 5 8 3 g;;’ Z ZZ 181'0036 ;3 ?gz : Z ;
034 | 52.41|16.91|32.27% | 6 12 4 : : '
035 | 1480 | 6.44 | 43 24% | 4 ; 5 078 | 23.55| 8.65 | 36.73% | 4 5 3
036 | 5.57 | 3.01 | 54.02% | 3 0 2 079 1 15.90 | 6.31 | 39.68% | 4 3 3
037 | 16.94 | 7.03 | 41.47% | 4 4 3 080 | 16.31| 6.28 | 38.49% | 4 2 3
08 277 850 | 37435 | 4 . ) 081 | 40.83 | 11.94 | 29.24% | 5 10 4
00 | 2684l 003 | 3637% | 4 ) ) 082 |37.28 | 11.2230.00% | 5 8 4
040 | 23.74| 9.18 | 38.64% | 4 4 3 083 | 21.631 7.65 | 35.37% | 4 3 3
084 | 24.78 | 9.86 | 39.78% | 4 5 3
041 |31.20] 9.69 |31.06% | 5 8 3 oss | 2585 | 555 |20 67 | 4 . )
042 13565 1 10.48 1 29.39% | 5 8 3 086 |32.70| 9.17 | 28.03% | 5 7 4
8:2 191'9420 z 2§ zj ?éz : ; ; 087 | 74.10 | 19.00 | 25.65% | 7 19 4
: : % 088 | 47.07 | 12.34 | 26.22% | 6 12 4
045 | 10.48 3.74 | 35.68% | 4 2 3 089 |39.24 | 14.33 | 36.53% | 6 12 4
046 | 13.55 | 3.85 | 28.44% | 4 2 3 090 | 90.68 |22.22 | 24.50% | 6 21 4
047 | 17.87| 7.52 | 42.08% | 4 4 3 o1 17921 | 16.48 | 20.81% | 6 s .
048 | 20.25| 7.53 | 37.20% | 4 6 3 092 | 3438 | 945 | 27.49% | s 0 )
049 | 19.92| 6.56 | 32.92% | 4 4 2 093 |27.29 | 8.66 | 31.729% | 5 0 4
050 20.03 | 6.87 | 34.31% | 4 5 3 094 18.79 | 7.97 | 42.41% | 4 4 3
051 20.25 | 7.79 | 38.44% | 4 4 - 095 21.34 | 7.11 [33.31% | 4 5 3
052 21.68 | 9.31 | 42.97% 4 5 - 096 52.53 | 14.27 | 27.16% 6 14 4

T — B =G0 iR H B A,

T — B =G0 IR H B A
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Table 4 Measurement data of sample GA1002-3

MERS | | e | EE — Y | IR
TEE | e AR 115 I . ) e
(GA1002- () | o) 7 56 5 - Ji - Pag | ZEMR
3-) H L WiEH | 93
097  [133.18]24.24 | 18.20% | 7 28 4
098  [120.06]20.77 | 17.30% | 7 26 4
099  [127.86]25.45 | 19.90% | 8 25 4
100 |151.80| 28.21 | 18.59% | 7 28 4
101 168.09| 33.84 | 20.13% | 8 25 4
102 [116.20]24.77 | 21.32% | 7 21 4
103 79.74 1 20.52 | 25.74% | 7 21 4
104 95.85 | 22.91 [ 23.90% | 6 20 4
105 108.85| 27.53 | 25.29% | 7 23 4
106 |148.58(28.00 | 18.84% | 7 29 4
107 [107.33]25.85 | 24.08% | 7 21 4
108 [140.48|34.41 | 24.49% | 7 28 4
109 90.11 | 18.92 | 21.00% | 7 20 4
110 [101.82]20.43 | 20.06% | 7 21 4
111 121.51| 19.80 | 16.29% | 7 25 4
112 |139.44| 24.25 [ 17.39% | 7 - 4
113 98.12 | 16.03 | 16.34% | 7 21 4
114 [112.91]22.83 | 20.22% | 7 24 4
115 [170.11]32.44 | 19.07% | 7 25 4
116 |184.98|37.88 | 20.48% | 8 29 4
117 |164.98(32.77 | 19.86% | 7 26 4
118 [231.94|48.00 | 20.70% | 8 29 4

T — B =G R E B A

& 5 tRA GA1002-X I E 17
Table 5 Measurement data of sample GA1002-X

— A= | TR

ARG 5

— . =]

(GA1002- R | B PR =1 Eﬁi; Wi - pugk | ZEAR
x| O e | P e | o
119 181.27| 38.63 | 21.31% - 30 4
120 206.541] 39.02 | 18.89% - 29 4
121 194.92| 43.09 | 22. 10% - 29 4
122 150. 12| 30.27 | 20. 16% 7 27 4
123 162.46| 29.62 | 18.23% 7 30 4
124 125.291 27.61 | 22.04% 7 24 4
125 122.00| 30.36 | 24.88% 6 23 4
126 124.84 | 27.27 | 21.84% 6 23 4
127 160.90| 29.06 | 18.06% 7 29 4

by KA E T G, DI AR 6 B,
()53 AL Z2 AR kS, AR 2588 rh B 2 0 e
B, 2R K ATIAE] 10 m LA, MK GA1002-X-
119~ GA1002-X-127 B X5 T2 5,
2.2 HESW

A A 5328 FEEARYE L E IR A 2
A [ g , e i) o B X, 25 2 LA R RIS 1)
fIEAE, I XTI 400 AR HEA | K B FRRRAE

[FIEE A RN — 8 R, AR RN JRRIE 25 5
KRl — P FEA R BOEAS 2R,
2.2.1 EF(CUH)

T. hsui WAL/ iR, 2580 2 1 3 3 i ik
JRZ R, S DA NIER,S NEMR,S A58
M, 10 4~ (5 31) — gt , 80 4~ (10 1)) — it X
TR BRI, BT =R AR, 5
EERENRES . SRR T, hswi R A 2. 38
mm , 1K 48 mm, 555 U 28 B A e g 1 BSOS R
(P da) , L7 g R0 ek i B4 H AP B 2 e v 0 3 i i AN
W /N2 4 TR (&L 4b) o

R =5 i e 3 A OB DG 3R, mT Doy s /T
26 mm, e 5 26~ 130 mm , 55 = K F 130 mm, 3 ~48
FEIX ], e 26 mm AR R4 IX [8) , Fifi 2 76 g 488 K,
CUH/CRH fH M\ 0. 68 TR FE 2 0. 3, S Bt e i B
S e R, HE A KR,
15 1) ARt /N, 8 BH AR DX TR) AR 11 225 1 5 5
AR S S A KRR BB ) A K R R
A% TR AERK AT, & 26 ~130 mm Y
X Ja], B %5 e = 44k, CUH/CRH M 0. 3 28 [k &
0.2 Zifi, RBETX—MrBE T hsui #5556 @40
A —E WS A R AR I A AR K R
1 T8 AN e 5, A R B 22 W W/, KT
130 mm [ X [], Fifi %5 7 = 4 K, CUH/CRH {H 22 1k
RURE RZARFEE 0.2 o4, R T e KT
130 mm B}, 7. hsui /1A ) 32350 R0 5 350 05 A B S )
SR AR RRIE R0 0 A K R B R 5 AN
) A B AR AR Y
2.2.2 MZEEEH (IVARN)

T. hsui B0 V22 AR ZH A, 5 3 S A A3
F—Wi (5 A) MR EESF 5B — 208 (10 4>) Fi
SRME(20 ) SR R e, o — i, —
G A AN RETE oI (%) [ 2 g, — i S DA B3R 43 oM T
B, R 0 b = SN AR A DU 2 i LB, A8
FEARRT ARG H g S ) A= U 9 s 1 — N, K 22 Y
G 0 A= T AE B — i BE 3R 4 X AR Ak, 2D
AT AHBR 3 855 X AR A 5 Rl 10 5% g 0 A R, R
LA R B = 2 ST 12 WAL | 2 i A=
TAHRE 11 8¢ 13 X itk Al o e AR )0 iy 2% s %5
HE R AR Z  IFE 2 1~2 4, ASCRERE U2
i . 5 ) B — ), B £ g %k B 4 2 i — R A T
Gt (W 4c) , K BUBE A e = B 38, DY 25 i %k H %
ks TR E B2 30 1,

M DU i () % B G PR 55 8 5 Sy el
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K 4 Traumatocrinus hsui FEAR & S HUH & HUS K

Fig. 4 Scatter plot of Traumatocrinus hsui samples

(a) " 55 (CUH 5 CRH) ARG (b) 555 Moew ) 555 (CUH/CRH 5 CRH) SE R HUR KL, (o) MUSMEEL H 5 g
(IVARN/CRH) KRR (d) BEMBREC SR (ARG/CRH) XRBULE, (o) T MZEMRPEL 55 (PCG/CRH) XRHUAIE
(a) scatter plot shows the relationship between the cup height and the crown height. (b) scatter plot shows the relationship between the cup height

to crown height ratios and the crown height. (c¢) scatter plot shows the relationship between the number of fourth-grade arms and the crown height.

(d) scatter plot shows the relationship between the arm grade and the crown height. (e) scatter plot shows the relationship between the proximal

column grade and the crown height
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Kl 5 Traumatocrinus hsui i3 X AL 7R & F
Fig. 5 Schematic sketches of the bifurcation
of Traumatocrinus hsui
(a) A XALIER, (b) 43 UEHIERMAE . (¢) 43 AL H AR
M
(a) the swell brachial at the bifurcation. (b) tumor-like protrusions

at the bifurcation. (c¢) thorn-like protrusions at the bifurcation

B/t 7 mm,fﬁ%} 7~26 mm,ﬁ% 26~80 mm,ﬁ%
80~130 mm, 5 & 130 mm LA | 4 DIXJE], &5 7
mm DL, PO ik H R 0, S ke st B B Y ¢
WA AE . T 7 ~26 mm 9 XA S B T
19 mm, PUZL % H R H# 3 1T 5 4>, i im 26 ~ 80
mm B XA TSN T 54 mm, PUZ% i 4% B 450t
WS 3BT 20 4>, i 80~ 130 mm Y X [H], i
G T 50 mm, PUZ % B A2 b A 20 5] T
30 4>, R 130 mm LA B IXJE], DU i 40 B 4 5
FE 30 NAEA

2.2.3 BEHIZRE(ARG)

F s AR R, — AR T, hswi MAPA
I 600 B, 33X 2 38 o N W A e 0 1
TERL I G, & PR e e A, i A
& QU N TSy 3 0 s S S LU T 9
DL b i 53 2 IR — R g ), A U4 25t R K (]
5a) JER AL (] Sh) st (B Se) .

HR A W8 43 B 1 o o B, T 4y R e e T T
mm,f'?r_f[%} 7 ~26 mm,ﬁ% 26 ~ 40 mm,fﬁ% 40 ~ 80
mm , 75 80 ~ 130 mm, 7 = KT 130 mm, 7S P2E 1k
XTa], eEier 7 mm DA 09 X0 B 9 0 e 2080 3
% AP, TR 7 ~26 mm X E], =2
g 0 o s DY 9% g, 43 A g A R K, e R 26 ~ 40
mm DX ] DUZR RS 53 (4 — 0, A5 4 /> DU 2% fi
FEUR AL LG, DY 2 i ) ) 43 1 — SRS 3 A4
DU LR B TF 46 534t 2R, L3 AR 35 SR R T ke
(El 6a, a’) , M BIE AT T =i, e 40~
80 mm 9 X [R] , [R] V5 DU 25 i o0 4 1) g, bl —
TR (8 6b, b ), o AN A Rl ER R Y
A 5 B AR | 3 SR A8 R T A R S S
I8, AR o A AR 2 0 e S Tt 1) g 3 S A AR Sk IR

PRI AL, SO B3 S PSR B A AT, e
80~ 130 mm [ X [ia] , [] Y5 o 45 Ji 43 A 1 B4 7S 2 S,
TSR L (B 6, ), ar XA Z R
PR Bl B PR Y, = A RS AT, K
T 130 mm (X 8], RIS B 404 B -E 9 i, T
M — 3223 S A\ (K 6d, d°) 43 XAb £ Rk
M, PO AT
2.2.4 IREIMERRE(PCG)

M T. hsui MEZE S LI EZEMERNZ W E
) , BCAE A AR Y 258 25 BE AR, A Y 25 BLARBORHL IT 25
KAL 2~3 m, 47 B ZE ELAR 4 T 254 Tk 10 49K,
AR HLZEI R S 25 R A K, (HU AT DA 2o ZE AR A JE 3
KA R E SR i s HL A T ity (I 2 ) 2R HRGA S I
Uiig (L) 25, T 2R RS A B, H 2 R
WEHES I =CmT 20k 4 (L 7d) o 1) F DU 254
2, 25000 3 (I Te) . IRMRERZEM HArh 2
GL(E Th) L AR A ZEARE B — (] Ta) .
HFAEAT T, hsui 35 Ui 25 M PR B 5 ek s 1) 38 K
g, BRI mZ N 4 H (Kl de),

HR A 30T it 25 A G BIOR e e 1) O 2 o LR A 4
O3, A4 3 AN B, SR 7 mm PATR TR
PR 2 H, HAHES A 1,21, R 7~26
mm , TR HE N 3 G, HHES R . 1,3,
2,3,1, WEEKT 26 mm, FEEEFRERGEH I N 4 K
HHH 7 H:1,4,3,4,2,4,3 4,1,
2.2.5 ZZhRm R E Rt 454

BEE T. hsui ™MEMER RS, KRB R
RAAR [ Az i 2 (K 8) . it 5 mm (&
8a) MAMA, 90 AN 1 B AR 2251 | 52 Uil
W — Wiz [0 A — 3R — Rl itk , 2 20
¥, e 11 mm (& 8b) 17 mm (¥ 8c) AMAE I,
b 26 mm (&l 8d) AYMA TG00 ER 2 Yt
G f5e O MR S DY AR R B R R ik
W s — i Z IR T — AR — Rl il , /1) s
M0 2 R 5 i AR Ak 5 2 i A L2 [
T — RO itk 565 45 mm (&l 8e)
AR 90 i T 3 2 B b BR8], fe B TR 2
PUSHIE |5 — B b 2 e ; — i 2 e pR 7 —4
BRI — GBI, /I [ Jgi Al 384 22 28— 9% J 555 Bk
R AL 3 — 2 oy S22 f) BT — AN K B 4k ]
JAs , 3 5 B/ al AR . 7 63 mm (1] 8f) B4
M LR S 2 Bl B S0 —
Z RN e e A 22 | H 1) b i AR /N AR
Jigi =22 161) %) ) J M 4 22 28 = 9 g FL B4k 5 8 75 95 mm
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(I 8g) 120 mm( [ 8h) 151 mm( &l 8i) Ay A, 3
YRR =ARICAS , Bk i A
ARl AR , B T A — AR, 2% [a) i b
K, EEAHIN 22T | 1) b ) i A 2 A /N AR
R H: 2 s I ) S A 1 485 R A, T o e e
/NT 26 mm i 26 ~80 mm i KT 80 mm 3 4
X[, & e/ T 26 mm, “ZBARE T 1 ik
LV, 83— i 2 AT 1 AN KA — 4]
ik, S22, T AE 26~ 80 mm [X [A] , — 2 iR
(R 2 AR RS s — R B2 R 1 AR —
G la AR , A5/ AR 2 M 43 S22 [ H B )
TR , PhAa 2/ NE AR . 68 KT 80 mm, —4¢
FUAR ) 5 3 A AR B8 — L2 R 1 AR

& 6 Traumatocrinus hsui LR 2 K]
Fig. 6 Schematic sketches of the arms
of Traumatocrinus hsui

(a) GA1002-11-82 55 37 mm, BB ZE 5 %, (b) GA1002-
11-87, 5 78 mm, B ZE 6 9%, (c) GA1002-11-98,5& 120
mm, BiAZE 7 %, (d) GA1002-11-101, 58 & 168 mm, Ji 73 4%
ES8H, (a)~ (d) HHIR=30mm, (a’) A RER,
(b”) ANEWELSHIRERE, () LHRMLEHRERE, (d7) A
FILEHRER . (2°) ~ (7)) KR =20 mm
(a) GA1002-11-82, crown height is 37 mm, the arms bifurcate to
grade 5. (b) GA1002-11-87, crown height is 78 mm, the arms
bifurcate to grade 6. (c¢) GA1002-11-98, crown height is 120 mm,
the arms bifurcate to grade 7. (d) GA1002-11-101, crown height is
168 mm, the arms bifurcate to grade 8. (a) ~ (d) scale bar =30
mm. (a’) schematic sketches of fifth-grade arms. (b’ ) schematic
sketches of sixth-grade arms. (¢’ ) schematic sketches of seventh-

grade arms. (d’ ) schematic sketches of eighth-grade arms. (a’ ) ~

(d’) scale bar=20 mm

(b) (@
Bl 7 Traumatocrinus hsui 250532 2 F
Fig. 7 Schematic sketches of the columnals

of Traumatocrinus hsui
(a) ZEMRIBZEER—, (b) ZEWRPEIT R 2 W, (c) MPETH
39, (d) WPHITH 4%
(a) the columnal thickness is uniform. (b) the columnals are
classified into 2 grades. (c¢) the columnals are classified into 3

grades. (d) the columnals are classified into 4 grades

1 — G ] J AR, 5 /I AR A 22 — S T 5 —
P oy LA 1 ABR ) G iR, 25+ /]
A SE it 52 = 2R I REAL .

3 i

3.1 MEREMEXSY

AR S I X 5 e/ 4 mm, B K IS 200 mm
(9127 A A A B AT 3R W0 &, 4 T B 5 T
Traumatocrinus hsui W NRE T, INHHEE T. hsui
WA T, e e B s AR o, T o e 7
18 L 28 T N s — 20T T = A AR AR A AR
16, WA KB BiAR 2] = 2K I7E IR
UCHES , 2 i v 8 20 W 4 v, O3 ek AN T i — 2
i\ =2 i = TR Fg TR Jgi AR R 7 L 5 = 4 i A e
HEA T A=t DU 2R, PR = 90 i 22 RN 43t 30
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secondary brachials

> |2 D

brachials

o | AR

22578/ T 46 AN Wi oA, mT LA
A 3X — B Bk o S 5 v AU g
A I G 32 538 11 20 AR I O v
130 mm DA BB T, hsui AT AL
R R RN i 1 AN R
B 1 e AR AR, X — B B
T hsui DRI T AR B4R
MK,

Wang Chuanshang %% (2011) A
AT BB T, hsui AR (9 RFAE
A RS AR R A AR R AR
XFRRSE , AR 1 T 5 DU 25 ) KK
A T hsui D14 1R0 53 4 2 4 1
I ~IV 4 4B B, b g4 1 e
AN 53t VY 2, A 4F 3 I
PUZR I 40 4>, 247300 A 73 i1 U 2%
ittt 60~ 80 A4, 4 4E I IV M 43 i
Ui 100 >, A SRR 43 1Y 44
4 AE [A] Wang Chuanshang &
(2011) FEAKA L, 15 AR AR s
= EatREMI o3t 30 NS
DU 2% i, i VO 2% i 5 5 R g, DU g
B8 %, WA SOR I 2 5 00

interbrachials

Kl 8 Traumatocrinus hsui — 2% Gt B (8] iR 4544 7~ 2 &

Fig. 8 Sketch map of secondary brachials and interbrachials of Traumatocrinus hsui

VUK il T, hsui SHAEWI%) 2 K 4

— o J— AU FIL
(a) GA1002-5-1,5& % 5 mm, (b) GA1002-5-5,5E /% 11 mm, (c¢) GA1002-5-37, 75 17 mm, ﬁi,ﬂ}q I N H W | BJI'EXO

(d) GA1002-6-59, 71526 mm, (e) GA1002-11-74 515 45 mm, (f) GA1002-6-67, 75 63

Hagdorn 4§ (2015) #F 5% T

mm, (g) GA1002-3-104,%& 5 95 mm, (h) GA1002-3-98, % 120 mm, (i) GA1002-3-100, Traumatocrinis E"J/I\M:ZV%T%: Tj\j? Fﬁ
9

seEE 151 mm, FEBIR =5 mm

(a) GA1002-5-1, crown height is 5 mm. (b) GA1002-5-5, crown height is 11 mm. (c¢)

HER AL TEAMWARHE, — il it

GA1002-5-37, crown height is 17 mm. (d) GA1002-6-59, crown height is 26 mm. (e) GA1002- S MIGE A% H 09 77 28 i {5 & P i

11-74, crown height is 45 mm. (f) GA1002-6-67, crown height is 63 mm. (g) GA1002-3-104, E’J{’(Eit]n ,:IE*H [:[::ng/l\ﬁ%ﬁ ,
e ~ h TN IR v ST /N IR HA

crown height is 95 mm. (h) GA1002-3-98, crown height is 120 mm. (i) GA1002-3-100, crown ﬁjﬁﬁ’jﬁfﬁr%ﬁmd\ }JF)I& H A

height is 151 mm. scale bar=5 mm

A= TR — %t =G i1 UG g SS BE 43, el
Gy EEJE AN 43— 22 1 ~2 A~ DU 2 5 DY 2% g A St
SXURBEIRE, B AR NGB, 3 XA 2 BT
A, SRR, S 78 AR R ™ A AR e 5 S
ZEMIRZ N 4 G, i BAEH, K RN T
26 mm [ T. hsui MA , HACITTEAEAR 2 80 5 96 55
KT 26 mm (A RAETE T 22 53 B4, 3 3k UE B
LR /INT 26 mm (AR R Ak T — AN R & B
B ARl LIRS R 1 g X R S A R R L
K153 R IRIG % 8 58 B, AR AR K BSR4 el e
E 26 ~ 130 mm /A, G2 R 5 o Sl A o

R E S EAE], AR, B ATE ]

AT 913X PO A~ B39 &0 4R JH A4
U5 S 50 AN n 20 45 3104 U 258 T 2 2 SC
H 3 SR S ST B AR SN ARTE I AR B T
AR NS, ARSI AR B =R AR /N i L [ S 3
TR R TR] AR AR IR R i W
KRR, 23 551N 4 Hagdorn FT 3R B Traumatocrinus
BISA T. hsui, Hagdorn %5 (2015) Fr X 43 i)/ 4E 3 |
P ST B A DX 3] g i 2 SR Sy e bR A S AR
B TSR bR R N R R SR R R E
& YR JE T NGl AR B AR ) IR RS oA
SN Hagdorn FiF &) 73 1) A48 3 S JCAFE 3> 4
WL JE T DA AR IR RS T hsui /AR
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Zaw B BN | D || T 1=

LA VA IR A SO T, hswi B9MA R T R4
R=ASEHHARABBC AL V1) AT
I S

YA ARE N e m /T 26 mm, 25K AE 10~
80 mm Ay, /N, BYE R ERECR Bk, 2905
TR =2 B =2 — 2l A
IR, FH—Sepit 2K A, L —Yehit 2 =
FAIE , RS AR A K i, — i T A — A
Fpi Al S DU I 5, A AR A — B2 A 1 A3
KW —2im) it M B B A 5 4, K4S
T—Ha B, RN T T mm BRI =R
F 7 mm B T R S AR B DA R S B R )
BOANIA], BOLRDR G AR 1) 53O 2 B B 91 4F 1)
I 4, 9 T e 7 mm DUR (] 9a)
b 2, MiREZ0E R =%,k
EERZEMECH 2 Y, HAEW .5 7 ~ 26 mm
(E 9b) , 2w b m th b B2 =5y 22— B 2
FeE UYL, U R H 0~ 5 A4S, I ERZE AR K
39,

AR IR A VF IR LR B A AR 4 SR RRAE
A ., — 2 R) A () iR 3 22 i o L2
(i), 4 BT T i A, 25 4 &0y A 01 43 G A U 4,
AR T E S 26 ~40 mm, B S L R =
32— 9c) , 2 Jgi T HB A Wi AR 51 5 i i %
IR L, oy AR R B B AR T AR AT
F =i ; — i 2 18] 1) (B i AR e 4l A G T
TRz 1A PR AR, AR I e 30 ~ 75
mm , 5 G S R AT 2 — (B 9d) | Wi 2 4)
BCEANG M PHEEATOE  B AR 1 H—20h
B 2R i 4y XAk 22 [ ) ) B Al 5 R 34 Por s, /b
AEMATN . 57 75 ~ 130 mm, EEFR G 5w B 2 2 Ty
Z— (Kl 9e) Witk Zimti LR/, AE5, 53 Lhk
KB BRI Ak 5 i oy AR PRk
s 7S i oy SUAR A RS, Bb b T 3
AR LS e SR S I, TS R AR
BIUNIE,

AR T, hsui AATEFREEA, 20 55 e = 1)
BEH AT B 5 A KR, X — B B
T. hsui AR TPE AR BUAE IS4, AR
SR 130 mm LA_E (& Of) | 3538 5 e B Lu /N, 29 R
HorZ—kA . S AR R RN, S R,
10 ~(591) — 2 (it ) i, 80 A~(10 51)) 2 (K
Az ) Wit B A 1 Tl e Al 20 B, R A~ 9 T 3 =4

TR R S — RN R TITIE , 1 4 DRSS 5
XA, TR E AR ZIE P A th =28, P2
BAAE 30 Nt 2 7R R 8 9, A MUHE™N
EVAT, T ARZEAR ST N 4 9, ) ZEARE B 3
B—,
3.2 EMRAWTE

HHEOLT , PR AATBRAF 8 AT AR R —
MERE AR B IR A XA 5 2R — A b
AN [R5 B B B Ry B AR AR R AR AS A SR A [
Fhgh B, OG04 Hb X ) B FLEH A A Mu An-Tze
(1949) Frfi R ) T. hsui. T. hsui enormis. T.
kueichouensis \T. uniformis X— AR EFN T. sp. , My
LA (2000) AT B9 T, guanlingensis A1 E A
SF(2002) &#SLHY T. winpuensis, FA% 55 (2003) ,
TEBIIXAE (20034, 2006) A 12 8L 2 T 4 ik 19 61 £L
(S IE < S s N LN S T D WL 3 T NP
(2000) , FEH1HE % (2002) iF €S (RS R A T
hsui ZH, 22T H A SR R/ B 5 S ZE R AIE Y
28 57 WA [l — ARl A A R B BIAS [ B B, 4R i H0
SARA WA, AR E L B e 5t
T TR PO IARAR A A B0 T B3 T AR A
Pk 1 ik — WA

Mu An-Tze (1949) JF iR (%) T. hsui enormis , H:
FRAAL YL — A58 B (1) S F1 19 2540, B8 T hsui B
[ £ M Al 1) i A %) 5 B R HE B AN B8 0 Al i b
M TR 2 ~ 3 REEMOH, 485 2 B/ ML B
.o T. kueichouensis Mu, 1949 ) T. uniformis Mu,
1949 WASFh &AL ZEFR , 250000 =2, B =2
BRARE. 254 , 58 = ZCEARAR T ; J5 5 L — 2L Jgi Al
R, RS 2, BRI AS Y ZEHUAH A5 | T Al
ST T AT R A, ARG, T sp AU ZE
T, AR 2y — AR S i R bR AL I
FIXF T, NN T, hsui enormis DMESE R T, hsui
AR PRl =2 i B4, NSRBI O AR B
IR —Br B T. kueichouensis 5 T. uniformis SZK T.
hsui DRBY TR G54, BTH N T, hsui 2558 P BEA
TSR T, hsui ZEFR%E T 18 3 (19 2548, HH 3L
A e 0 IS g AT S B AR U R T RS A 5 T, sp.
A T. hsui TEymZEFRAIEEH

22545 (2000) T EESL W T, guanlingensis >
PR T, hsui BEAFPI, H =20 73 #IPIAEL 22~ 30
VBT, hsui 19 10~20 D2, H T. guanlingensis 11
A A 2 WU T T, hsui AT, TAIHESE (2002)
FITEENT W) T. xinpuensis SRS T. guanlingensis | T.



Fig. 9 Crowns of Traumatocrinus hsui at different stages of ontogeny
(a) ZHARI T RYSERR, (b) AR I RYSERR, (o) DM T RTERE, (d) DEWLRER, (e) DHEMMAER, (1) BAEPIRER,
(a) IR =5 mm, (b) ~(d) AR =10 mm, (e)~(f) AR =50 mm
(a) the crown of infancy individual in stage I . (b) the crown of infancy individual in stage Il. (c) the crown of the juvenile individual in stage
I. (d) the crown of the juvenile individual in stage II. (e) the crown of the juvenile individual in stage lll. (f) the crown of an adult individual.

(a) scale bar=5 mm. (b)~(d) scale bar=10 mm. (e) ~ (f) scale bar=50 mm

hsui F<, A8 G BiARk 100 A PR T4 =4 80 > ZUBiAR, 5 — MBI B (N RS 5 B R
W, IR 3 BBk il 1 AR TR Wi A b SR 3 R 4 ASHUPIRT R, 43T FR 4 Bt 4>
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AP T winpuensis 5 T. guanlingensis I |
HPPIBCREEAR 2 PIBC B, TR AT 3 AR,
M T, hsui R ESHPIBCES, BRI, B 3E
2 v , PR R 3 W, hERTCH . T. winpuensis T
EARZEMRRE L 3 o TR, G S Ak, 2R AR ]
Z W T. hsui M1 T. guanlingensis T 5382543 Ry VY
9%, FHIHEAE (2002) A0 22 24 (2000) #IL N =
g LA A PIRE, S o = i b A= A IR
— 2RI ( EAL A, 2003)  RIPOZEEE ., EAAHE A&
GRAFE (2002) AR T, xinpuensis B9 i 100
A, AT RE A = bR R AR B AR 21 1 T SR,
e T. xinpuensis W] RESEIAIFE 4 i AR 53 13 5 — A~
PUg i, 1 HLSEPR b T, xinpuensis T e # B9 254 H
DLEN 53R UL AY , R WA o3 Ry TR ZEAR, AR 4
PR 2R 5 925, 0 S vl 25 AR A HES O X S
T. hsui F1 T. guanlingensis 564 H[A] , BR 2 L8
IXBEORTA], EAHE | AR R A (2002) B PP R IR Y T
xinpuensis G2 25 TG AR ) T, guanlingensis 1F
AMERIN BIC SRR EFEAKAL, AL T, hsui B Hx
RZE 5 9 BT 2 A DU 8 73 S Ui st e B 1 3
AR AR A SR e o0 BB T, hsui 94
KEHE, HMUGW o SO, B E KT — R,
o3 ALYy o BN, HL3 SRl ) R Kk e 3] 98
AR R 5 AR g IR R, B SCIA O T hsui
enormis . T. kueichouensis . T. uniformis, T. sp. . T.
guanlingensis | T. xinpuensis PIN AR T, hsui , 5 PU4
H Tk = SERGERR A, A RE I oA R — & B B
B B R Z SR T, hsui NR/DAFE SRR
WA, T. guanlingensis . T. xinpuensis WA T. hsui i
AEIMARRIIERS

BT EIRANA BB RRE T, hsud WRRMIEJERE QN
T OERBOR, ESETE, B AGR, EEEYN, i
R EE A RN 2B T2 — A5 i 5 DA
BN, 5 S IEAR, 5 A R4S, 10 4> (5 91)) —
(IR Wi, 80 A~ (10 F1)) — 9 (AR ) Wi B Ay
IR A, O . 5 5 R RO SO L, LR
P, OB, BRI F =it
A WA S I . = 20 A, BEARSS A AL
B, 1T =GR A 1) T — A A S —SPIAE, He A B
A 5 [l — 2 b AH SR A~ = 2 i =[] H 1 [ i
MAR % T o3 85 o [RIIR — X = 28 i 52 #4311 v
S, 0G5 g1 AR S LA S8 U % g P B
TUTEERH DU S o — 00T = o U 2=
XF BEARAR AE A 5 — AN DU R, S O o — 1 T = 2

J 65— 2 DU i Al Ak A K AR — AN U 2 i,
IR D] 3] S X A A K T — PO M, G S A f A e
AR, WA =G 5 U i ik 30 4>, UK
S o S DU A DO 28 i - 46 R R R
A 53— S = DU R B8 T U 404, 43 XA H SRR
KeE B AR SR MR, R R T s =+ 2
=P N LI S E VA L T S R OE S NTE U
fLo ZER, JoE ks, HAR 25l /i [ i v b 25 4R
JEMA— 2B = A A A, UL 1,4,3,4,2,4,3,
4,1 (7 =CHES , 25 A5 T 2 RV B AR A A
PG 10 22 E >, L 1,3,2,3,1 197 X HE
G, % TR 1,2,1 B RHES v 25 S
— T VA (B R A B A NI S A

4 g

A A WG FIE 28 1 o A PR i
XF T, hsui ML F WIEFT THTSE, A5 LT PSIA
W

(1) Traumatocrinus hsui WEKR B B B 7
AL, 275 HAD RRIE T LK FAMA & & R 53
HHFEHCT ) AR DD S,

O AREN, W 1l m /N T 7
mm , 25 T Y A T AR 3 O, IR
AR AN 2 PG AT e 7 ~26 mm ZJA],
EE b R N B RCE 4 O TR EE AR
WREITN 3 P

QDA AR AR AR T R 26 ~ 40
mm , 255 5 0 =0 iR R S A 1 AR
TR EORPR RS T R 2R AR R R oA 4 9 DA I
I - 55 40 ~ 80 mm , 0555 o5 5 =i A9 DU 73 22—, i
2 6 20, A 2 HARRPIREORR MR, 3= =5 e s
530 4 9 DAL 80~ 130 mm, 55 i i i
T2 —, BB E 7 9, A 3 HERR SRR ™
TR AR S 4 2

QA AR, 6 KT 130 mm, 285
TR T2 — BB 8 2, A 4 HERPIRBNR
P AR A AR R 4

(2) BT R SEWIARAS E 4 K 52 I 54k 23 A
AR ICIN A Traumatocrinus hsui enormis Mu, 1949
1949 |

Traumatocrinus uniformis Mu, 1949 | Traumantocrinas

Traumatocrinus kueichouensis Mu,
sp. Mu, 1949 Traumatocrinus guanlingensis Yu et

al. , 2000 Fl Traumatocrinus xinpuensis Wang et al. ,

2002 ¥ N H A Traumatocrinus  hsui, H
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Traumatocrinus hsui Mu, 1949 R PR A B A % F
IAEMIAMKRBYIERS | T. guanlingensis 1 T. xinpuensis
N T, hsui AEIAMARIER

Bt : A SCHOBFFTARAS Hh 52 4 S 19 ) 1 42
it W SORSGE AR TP AR B BN R BRI 1 2
A RHE T TR — PR R0 B
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Quantitative morphological analysis and ontogeny of Traumatocrinus hsui

YU Yinyin" , HE Xiao” , QIN Yanjiao” , Shi Zhenhua® , RAN Weiyu'? |
Li Bingxia” , LUO Yongming” , YU Meiyi'*
1) College of Resources and Environment Engineering, Guizhou University, Guiyang, 550025
2) Geological Museum of Guizhou, Guiyang, 550081 ;
3) Guizhou Geological Survey, Guiyang, 550005

Objectives: Traumatocrinus hsui is an indispensable part of Guanling Biota. Traumatocrinus hsui with various
sizes from the black—dark gray argillaceous limestone of the Wayao Member of the Upper Triassic Falang Formation
in Guanling County ( South China, Guizhou Province ) were discovered, indicating changes of characters in
Traumatocrinus hsut from different periods.

Methods: Morphological observation and quantitative morphological analysis were conducted in the ontogeny
of Traumatocrinus hsui. Different forms of Traumatocrinus hsui were observed and compared in morphological
observation, and traditional morphometry was performed in quantitative morphological analysis, in which scatterplot
linear regression analysis was principally applied.

Results; With crown height increasing, the ratio of cup height to crown height continuously decreased and
finally stabilized. Each third-grade arm branches into about 30 fourth-grade arms, some of which even branch to
eighth-grade arms. The proximal columns grades increasingly and 4 grades was counted at most.

Conclusions: (1) There are three ontogenetic stages during the ontogeny of Traumatocrinus hsui including
infancy, juvenile, and adult. Infancy can be divided into two stages: 1 and I and juvenile can be divided into
three stages: 1, II, and Il. (2) Traumatocrinus hsui enormis Mu, 1949, Traumatocrinus kueichouensis Mu,
1949, Traumatocrinus uniformis Mu, 1949, Traumatocrinus sp. Mu, 1949, Traumatocrinus guanlingensis Yu et
al. , 2000 and Traumatocrinus xinpuensis Wang et al. , 2002 all should be treated as synonyms for Traumatocrinus
hsui Mu, 1949.

Keywords: Traumatocrinus hsut; quantitative analysis; ontogeny; Triassic
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