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Lagerstatte, yielding abundant fossils of embryonic and adult soft-bodied animals, small shelly fossils, and algae.
This biota serves as a crucial taphonomic window for unraveling the marine ecosystem during the very beginning of
the Cambrian Explosion. However, previous studies have primarily focused on well-known groups such as the cni-
darians represented by Olivooides and the ecdysozoans represented by scalidophorans (e.g., Eokinorhynchus), leav-
ing numerous enigmatic taxa of this fossil assemblage uninvestigated. This study reports a newly discovered enig-
matic fossil taxon, Linglongsphaera ornata n. gen. n. sp., from the Kuanchuanpu Biota. This taxon is characterized
by a spherical body with its diameter ranging from 544 to 1088 um. Its surface is ornamented with nodular projec-
tions, and its interior consists of cells with an average diameter of 24 pm. During different developmental stages,
Linglongsphaera ornata exhibits a variable number of chambers ranging from 8 to over 180. The volume of an in-
dividual chamber increases at the beginning and then gradually decreases as the overall number of chambers in-
creases. The chambers are distributed from the periphery to throughout the interior, with the total volume of cham-
bers being stabilized at approximately 36% of the total volume of the organism body. Based on available evidence,
we propose that Linglongsphaera ornata may represent an extinct multicellular eukaryote, with possible close af-
finity to multicellular algae. However, its precise classification and phylogenetic position remain uncertain. This
discovery contributes to a more comprehensive understanding of the diverse and enigmatic taxa of the Kuanchuanpu

Biota, and sheds light on the complex early Cambrian biosphere during the Cambrian Explosion.
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SYSTEMATIC PALEONTOLOGY
Kingdom Eukaryota
Phylum, Class, Order, ef Family Incertae sedis
Genus Linglongsphaera n. gen.
urn:1sid:zoobank.org:act: DA126062-9B6E-4A83-BF77-E95C8811780B
Etymology The generic name is combined from
‘Linglong’, Chinese, a kind of traditional Chinese hand-
icraft, which shares a resemblance with the fossils, and
‘sphaera’, Latin, referring to the spherical shape of the
fossils.
Type species Linglongsphaera ornata n. gen. n. sp.
Diagnosis Same as for the type species.

Linglongsphaera ornata n. gen. n. sp.
urn:lsid:zoobank.org:act:92A9A1D2-B211-42C3-BE9D-ADS57B7CFBC93
(Figs. 1-3)

Etymology The species epithet, ‘ornata’, Latin,
refers to the surface ornaments of the fossils.

Holotype Specimen NIGP 203476 is designated
as the holotype (Fig. 3-D), and NIGP 203465 (Fig. 1-E)
and NIGP 203471 (Fig. 2-C) are designated as the para-
types.

Diagnosis
from 544 to 1088 um (average 751 pum); intact surface
decorated with nodular protrusions. Eight to 180 internal
chambers slightly variable in size and morphology at
different developmental stages. Space outside of the
chambers occupied by thousands of small spherical
structures with an average diameter of 24 um.

Description Spherical body with diameter rang-
ing from 544 to 1088 pm (average 751 um); intact
specimen surface decorated with nodular protrusions
between 33 and 50 pum in diameter. Eight to over 180
internal chambers slightly variable in size and mor-

Spherical body with diameter ranging

Linglongsphaera ornata, developmental biology, Cambrian Fortunian, Kuanchuanpu Biota, X-ray mi-

phology at different developmental stages. Internal
space outside of the chambers occupied by thousands of
small spherical structures with an average diameter of
24 pm. Chambers of incomplete, naked specimens fully
exposed, forming circular depressions resembling a
traditional Chinese handicraft called “linglong ball”
(Fig. 1). In early developmental stages, fewer chambers
present and shallow or hemispherical depressions une-
venly distributed on peripheral margin. Each chamber
with only one large circular opening; some adjacent
chambers connected (Fig. 2). In later stages, number of
chambers increasing, with chambers gradually concen-
trating taking up a position at the core of the specimen.
At this stage, chambers approximately spherical, and
peripheral chambers connected to outside through 1 to 4
smaller circular openings, and some adjacent chambers
connected via channels (Fig. 3).

Remarks The current species is similar in size,

morphology, and surface ornamentation to the
co-occurring Archaeooides (Qian, 1977; Pyle et al.,
2006; Yin et al., 2018). However, the internal structures
of Archaeooides significantly differ from those of
Linglongsphaera (Yin et al., 2018). Bodies of Archaeo-
oides possess thick cysts without developed openings
and lack numerous internally partitioned chambers,
suggesting that a close affinity between Archaeooides
and Linglongsphaera is less likely.

Locality and horizon Hexi section, Xixiang
County, Shaanxi Province, China; Kuanchuanpu For-
mation (Fortunian, Cambrian). All the specimens exam-
ined in this study are housed in the Nanjing Institute of
Geology and Palacontology, Chinese Academy of Sci-

ences, Nanjing, Jiangsu Province, China.
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RS REE RN E LT MM A2k,
H1ZE /D 6 A LU YA 28 B0 I A AR AT — A B 1] I 253
(KDL MEFHET, 2014; KK A%, 2019). 7EFER
LRBRIG VAR, HEAR ERAHT]
— RS I, BT 1] SRR AR A AL
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AL il -Rh 8 BT BRI R B il R hi Al
W B 7 B B FE AL A 2 2 R R B —
ENSEVEGL g 2 S RN DN e 6 N
5, 2019) 0 H A FERAL A 55 24 I KR R B — S
RIEVZ FEER S, Oy 7 RAH IR A 581
AR IR 2 S R A S5 22t B AR MR e
WA Ak, B T IRIEA 2 112K/ 7L oh,
T H K B = AR B IR #h A DR AT PR B IR AR S Y B )
M H MG A (Bengtson and Yue, 1997; Han et al.,
2010, 2013; Dong et al., 2013, 2016; Liu et al., 2014,
2022; Steiner et al., 2014; Zhang et al., 2015; Duan
et al., 2017; Wang et al., 2020). Sigil-EH LB %
A VIRE 2 DR AT L R R IR R R AL AT AN R, 51
HAEPITE 2 ARAT K B MY BE bR A (Donoghue et
al., 2015; Bottjer et al., 2020), X AR F-H5W
AR E IR S B IR AR B AR AL R DA K SR
or 56 71y 4 7 A L BT A AH 5% B BB B R 4R 1 T
L TN A PRI T 1 o AAE R 58 )11 2 P B R AT
FERE ARSI A, JCHR BN Y IR IIG R
) ) Z1 ) (Bengtson and Yue, 1997; Dong et al.,
2013; Han et al., 2013, 2017; Duan et al., 2017). {H
e, 9 VA YRE ik R AP VE 2 E A B R
ZAYI(Liu et al., 2023), M2 T EAZRER
T BE LA o B 9 58 )1 B A 0 h B Ja A sh W 2 A
BRARE A, A T AV 2 RV K
AFBAEERE N, X AEERD KRR
S A 7 Pl 2 R R R LA AR A ) T A AR B B
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TR — 28 B A 3 T 2 4 A0 PN 58 45 4 B BB AR A

I 1 3 3 28 XOR 4 S0 A W )2 AR 5 AR (17 R S
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2 R 24 A W (Anabarites  trisulcatus—Protohertzina
anabarica Assemblage Zone), B HFER LA
35 22 3238 W (Steiner et al., 2014; Yin et al., 2018).
Pengs N\ /N se b 26717 AR e K20 532
—537 Ma (Peng et al., 2020), Steiner%5 25 H HIAt 1
4% N535 Ma (Steiner et al., 2014).

A SCHE TR B RER B BR PS4 1Y 2 2O
TS AT 5K S T, TN BRI P )
(B % £ %, 2021; Steiner ef al., 2014). Z%HH 5 )|
HIH )R 2922 m, Foa 1k B O POIRBE 5 S KA
A e ICE A = K Heh S AR VIR IS K N
58 N AR AR R 0 1 Z AL(Yin et al., 2018).

BRI b A ) A0 A AT T IR o i A
AT DA FH UK TR v v A B K A A BB 4
P2 Ak PR AT 1) B AR A FH 3 R S 4 R R A
BE(TESCAN Maiad)#E T M %2, T FAb A P 45
), A K X 2 B kT 2 AR BOR (R R BESE,
2018)E A [ 103 M br AR 1) = 42544 . 8 F 1 &
72 Zeiss Xradia 620 Versa. N3RS = BRI EE,
X4 TAE B 58 H50—80 kV, Xf B Th 2
NA—10 W B R A 148k, A
IARAE 2K/ N0.707—1.35 pm. FITf AR AR 4 358 45
PR A IR AR AR T 40 15K X BT 2R B . &FXF Y
PSS M R A B B A, N ORIE = 70 2 F BIR
TSR BA S EWR L, B — AR R L3201 5K XS 42
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FrA B R T 5 TR E 5 2] i Zeiss Deepre-
con AT MIER, SRAG 1 58 Al BEAN S i 70 HE R 1)
PG HERR . i RE ik T LE1803 LE2 B X 5
L DB BT LA G UG H BILSR ERAE AL D 5 o P A AR
(R $0dE 2% F VGstudio Max (2023 2 AS) b FE,
Girt o b o R BT A I RO L 4 bR A B
MBS MRS A b & 3145

AW KB P S o i AR, BRI AL
L A R A RACTHE R, B b E R
Bt R 5 7 AR I A P S B R 0 SE R

3 RGEEEME

AL T = E R, R H 10344
AT T = R XS W 2, EA T eI =
Y g5 K, JF R H w44 9 %E T 8 3 3K Linglong-
sphaera ornata n. gen. n. sp..

HiZEHA Kingdom Eukaryota
[TNE&KE Phylum, Class, Order, et Family

Incertae sedis
¥ITk/E Genus Linglongsphaera n. gen.
urn:lsid:zoobank.org:act:DA126062-9B6E-4A83-BF77-E95C8811780B

R “Linglong”, WIC<F IR, A E—
Mte g T2, M5 HANEML, “sphaera”, $i
T, RERARERIEIEE .

WM Linglongsphaera ornata n. gen. n. sp.

BIE BRIRILA, E12544—1088 um; 58 A5
AR BIRIR A R PR AN IR B 8EI 180K
MEE, AFRKE B BOR AR IE A2 RSP RE S
EBEAANE] % AR S BT T AR ES
KRR, /DRI EAR24 pm.

EURB IR (FRF)

gen. n. sp.
urn:Isid:zoobank.org:act:92A9A1D2-B211-42C3-BE9D-AD57B7CFBC93
(B1—3)

R “ornata”, $i T CCHEEM M, BT
FTHI IR IR FE AT B 1

BWRIRAR  ERFRANIGP203476 (K13-D); El
AR ASNIGP203465 (B 1-E). NIGP203471 (&2-C).

YFAE  [FJEAE.

Linglongsphaera ornata n.

IR B IRERA AR — O BEERE 2R E (B
1—3), ¥4 bRA i T 78 B R b S 5 R
AR TR AR T 45 Ky (BE12-D 1, 3-C1, 3-D 1Bl (K 1)
I ER ) B2 V5 B N 544—1088 pm, FHIERZN
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rov-Smirnovii %, p =0.54898).
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Perk. BRI O] WAE AR REIE LA, 2),
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Han et al., 2013; Steiner et al., 2014; Dong et al.,
2016; Wang et al., 2017). fRA75ERE MR TEBR bR A
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FIBEAFER/NLIER) BREEE N W, BE
933—50 pmo WAMCTHIRE BoR, NLAFZ BT
Jis 2= (B13), 559 e 00 B B 3RS T W 42 30 T 31—
o A T U R A I AR U R RS IR, S
B 3 R b Ay 35 15 00 7060 B % A AR A (96 MUK £
15), AEATYER AT DATE 74005 4 w00 5% 21 B 2 (1980 IR

BRCTEIEE ~, BENFR A P HTE 5 5 2 4h
e T /NEREE R (E2), AFEFRAS H/INER B2 Y
FEARAE17T—35 pm, “F¥J24 pm. PNERIEAF K E A Z
FE, #55 /NER AR AT 7 5 (KT 1-B2, 2-A3, 2-A4,
2-C3, 2-C5, 3-D3, 3-D8), 1M 548 783 17 4,
FOIE AT A P A R o v Wk S £ (181 2-A3,
2-B3, 2-C3, 3-A3, 3-E3)Ek i 5 7 % (R i s £
(K2-C5, 3-A3, 3-D3, 3-D8). RAFEUFHI/INERID 2%
TRAF T — 2 o R 25 7 (B 2-CS St i Sk BT ),
T SRR A W) 2 R AIE o T 50 23 /N BRI €80 500 % R AT
R — 2 S TR 5 B% JZ (coating) B A 4 (lining)
(F2-A4, 2-CS5, 3-D08).

PRAS 30 R B I = S B Bl R A L 7R ()RR AE AR
P B 2 T2 T 53 A B TR A5 AR 1 43 D B 3 A
WP A R R BRI B (R ). S Bk = 5
BRAD, BE NS4, I E B R A LA
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Pl Al o |l A P e A B8 B BR (Linglongsphaera ornata)br 7
Fig. 1 Linglongsphaera ornata from the early Cambrian Kuanchuanpu Biota

Al-H1. B3 CT HEERK, ErRMBERALRTEARANENEE, A-H AP EEEES BN 100 164 21, 264 34, 39, 130, 186. DI frA
TRAF T BB AR, FB T B IR i, TRAF T e RO BIFLR D (R (57 3k); A2-H2. 20008 A1-H1 [FRELONTHE B, SR bR A & 45 1 R AL,
Hoh A2, B2 hEE N AMERASE L, 0B Bl s, C2-H2. HAZ LA WA B Al =, D2 P& kI8 mim i e = M FLR ks 1, B ek
TR BB i = 2 1Al (R IE « A [ARA S NIGP203461; B i NIGP203462; C S4 NIGP203463; D A NIGP203464; E Jy NIGP203465 (BIkrA); F N
NIGP203466; G Jy NIGP203467; H y NIGP203468. {5l )X A 200 pm.

A1-H1. Micro-CT isosurface rendering showing specimens with varying numbers of chambers. The numbers of chambers in specimens A-H are 10, 16, 21,
26, 34, 39, 130, and 186, respectively. Specimen D1 preserves a partial envelope, with some chambers covered by the envelope, and exhibits circular
pore-like openings (indicated by green arrows). A2—-H2. Virtual cross-sectional images corresponding to A1-H1, revealing internal structures. In A2 and
B2, chambers are distributed at the periphery, while no chambers are at the center. The centers of specimens C2—H2 are occupied by chambers, with the
green arrow in D2 indicating a pore-like opening, and the orange arrows indicating channels between some chambers. Specimen numbers: A, NIGP203461;
B, NIGP203462; C, NIGP203463; D, NIGP203464; E, NIGP203465 (paratype); F, NIGP203466; G, NIGP203467; H, NIGP203468. Scale bars: 200 um.

MBI 10%—30% (Kl4-C), BEEIEE/RNBIXT  EiEd(E2-A2-2-D2). MR BB AREE
MPRBCEERR (BI2-A1-2-D1), A& oAfTElr BEME, &2 0215186/ (E4-B), HIEEMA
KANEG(E2, 4-B) FEAEMBEE IR AT, BEN— BN SIS Z PR 85 ARN 5E bR
AN RBTE H (E2), DEMHAMEEZmAE Ao EE3, 4-B). &M B E SRR Y
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Table 1 Features of Linglongsphaera ornata at different developmental stages
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SREHTKATR), H A AT IS R AR R R A (A
I EET L TR) .

Guit oM R, 1R A bR A AR AR K
NG R TE S 43 A (B 4-D) o Ji SRR B R £, B
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TFO S ISR (5) BN A P 2 s AR AR 1) B A R
HOAE I AN B R R — 3

Wie 5 FEBE 0L B & JE Archaeooides
(i, 1977)BA MR SF L T8 25 R0 3 1H 25 1

(Pyle et al., 2006; Yin et al., 2018) A it HERE T A
B 25 K FUA SOM BT S35 DX, B 1) )5 B 2 g
HAREIFN, WEHRARERZ 7R/ =
(Yin et al., 2018). [F Mt VA UEHE R B 5 BR & J@ 185
e BRJE 2 B AN K W] Re BUE HISRE R R .

FEHEAL  BRVEAE PE 2 B ORI TR P 5 ]
Ik S E T, FER R T HHA .

4 FRIERA K EEREMEG R A THE

FEUFS PR N — I8 H A JRIR RS 28 1 R BOIR
WA, WERA T KEERAE, REEFHEAS
S MYUIR 2T ER P I = R B AHURNIR S e 2
T PR BROIR A A 7E Btk R 20 B e AR ) (Xiao et
al., 2014)FNFE R 20 58 )1 4 A= W0 B K 3 [R) i b 2 o
(Pyle et al., 2006; Yin et al., 2018)¥1H KM, HE
SRE MK LR A NTIIAKERERAAFZ
ANTF IR 25 o Pl 0P W] L Bl B 110 2 i ] s S i )
TR AR 25 B o X IR 3 R R A 149 A 9t A 553 17 s [
T H AR 2 1, 75 3% 0l R B 0 B e AR W BE I S
PSP+ 205 WL (Yin et al., 2020), KEIEAEAR S
FTH MR IE SR B IR ISR K R

PR IR N ER I N ER I AR N R, N ER
AF N SRR B KA ). Fe E e 2, 1R%
/NER )10 2 B — JE I € 5 ROIR 45 0 1) 2R A1 B8] A
F(EI2-C5) 0 X Tl 5 B2 35— P BEIR 45 440 1) K FE ABLAE
TCTHIE 2 W6, BRE B XH 2R I 55,
& BT ) A ) 2 8 R Wl R AL S AR AE, B
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- i Py
B2 JEalad o |4 AR B2 I B2 3l 2R (Linglongsphaera ornata) R 3% & Wy Bbs A%
Fig. 2 Linglongsphaera ornata at early developmental stages from the early Cambrian Kuanchuanpu Biota
A1-D1. BUCTRIEERE, WonbrAk &8 ANRB IS, A-DIsA P S B 598, 9 120 14, [ERBURCUIRAT T 5 RDIR B i 15
A2-D273 ) A AL-D1 K E W VE G 18], B oR bR AR R 46 B0 CIE (o) Ml 3 (B (); A3-D3 773 I M A1-D1I VI TR B, B3 b 2 A 98 1) /N BROF 4 4 () s =
A4, B4. C4. C571J1°8A3. B3, C3. CIHISHERLE I RHBKR, Hrh A4RIBAS I e 225 i T AU ORAT (K /NER AN 2, C4JRRAR A 3R T 1Y) Fbk
RALLEN, CSIER L AR M/NER, ST L8R N BRI BUIR G . ARIAR A5 ANIGP203469; BJYNIGP203470; CHNIGP203471 (paratype);
DANIGP203472. LI R: A1-D1. A2-D2. A3-D3:4200 um; A4. B4. C4. C5H~40 um.
A1-D1. Micro-CT isosurface rendering showing specimens with different numbers of chambers. The chamber numbers in specimens A-D are 8, 9, 12, and
14, respectively. Note that B1 and C1 preserve envelopes with nodular decorations. A2-D2. Transparent rendering corresponding to A1-D1, displaying the
specimens’ outlines (blue) and chambers (yellow). A3—D3. Virtual cross-sectional images corresponding to A1-D1, revealing internal spheres and periph-
eral chambers. A4, B4, C4, C5. Enlargements of boxed areas in A3, B3, C3, C1, where A4 and B4 showcase spheres and chambers preserved in a hollow
form, C4 displays detailed nodular ornaments on the specimen surface, and C5 exhibits spheres with different preservation forms, with the green arrows
indicating the membrane-like structures of the spheres. Specimen numbers: A, NIGP203469; B, NIGP203470; C, NIGP203471 (paratype);
D, NIGP203472. Scale bars for A1-D1, A2-D2, A3-D3: 200 um; A4, B4, C4, C5: 40 pm.

DO T BB HER G VA R OYR (coating) PRI S Beat R iz 20 e AR Ve R OK R
o N 4f (lining) (B2-C5). &A1 14E AL 78 I €0 JEUIR 45 44 P2 6 A0 G DR AR A w0 &0 B 5 R 1 A A 2Lk
HIN M e E AR &, T8 T 8B 5 s A A5 . (Bottjer et al., 2020; Landon et al., 2019; Yin et al.,
HI T4 R A 2 60, BRI A SCHER <O Alg 2022), B8 )IVE A0 RE P A D i A thOR B T 36
TR (ORI IR T AR 5. Nekiix IU4H 45 #49(Yue and Bengtson, 1999). R4 /NEK
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B3 JEalad o )| 4 AL B 22 I B2 3l 2R (Linglongsphaera ornata) i3 % & Wy B b A%
Fig. 3 Linglongsphaera ornata at late developmental stages from the early Cambrian Kuanchuanpu Biota

A1-El. REVERE, SRR 76N RASENEEME NGB NEE, A-DisAPEELRES S5, 21, 37, 65, 71. BIMCIKAMLBLR
177 ARG, A2-E2. 735 N A1-B1REHE S B, BoRbn AR B (I () RS 2 7E I E R ), RN IE B HE I 2 5F ) DUAE bR A AL T
A3-E3. 2 HNAL-ENVNITE, Sox/MERAKEEE; B4, BS. 70 0FRABH PIAN I 3 S FO RIUTTH, Jior s Z 0T D RUE I B4 D4-DT ke A
DR = S S VI THI, s T 1 AT ESE B A0 D8AD3 Jay B IEOK, Ji 7 ANBRA IS 35 4 BE ) N A (B (L /i 3K); CARCTRERBOR, IR IEEITH
AR AR R R . 2RO H SR FIT 1, B Ok fa o I FE AL . ARARA S ANIGP203473; BJY NIGP203474; CJANIGP203475; DAY
NIGP203476 (IEfFRA); EANIGP203477, ELfIR: A1-D1. A2-D2. A3-D35200 um; A4, B4. C4. C5H50 ums
A1-E1. Micro-CT isosurface rendering showing specimens with different numbers of chambers and relatively complete envelopes. The chamber numbers
in specimens A-D are 15, 21, 37, 65, and 71, respectively. The envelopes of B1 and C1 preserve nodular ornaments. A2—E2. Transparent renderings cor-
responding to A1-E1, displaying the specimens’ outlines (blue) and some chambers (yellow), showing an increase in chamber numbers. A3-E3. Virtual
cross-section images corresponding to A1-El, revealing spheres and chambers. B4, B5. Two chambers in specimen B and their corresponding
cross-sections, showing the openings and connection channel of the two chambers. D4-D7. Chambers in specimen D and their corresponding
cross-sections, displaying openings and connection channels between them. D8. Enlargement of D3, showing spheres and mineral lining on the inner wall
of the chambers (indicated by yellow arrow). C4. Enlargement of C1, showing chamber openings and nodular ornaments on the specimen surface. The
green arrow indicates chamber openings, and the orange arrow indicates chamber connection channels. Specimen numbers: A, NIGP203473;
B, NIGP203474; C, NIGP203475; D, NIGP203476 (holotype); E, NIGP203477. Scale bars for A1-D1, A2-D2, A3-D3: 200 pm; A4, B4, C4, C5: 50 um.
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A. Histogram and fitted normal distribution curve of diameter distribution; B. Bar chart illustrating the number of chambers in different specimens;
C. Scatter plot depicting the relationship between total chamber volume and the number of chambers; D. Violin plot and scatter plot demonstrating the
relationship between individual chamber volume and the number of chambers.

BB . ROFIORAFRFAE, 2838 K FLORe 2 i 45
o DL B ERAMAT R AR R A, i A 2
ML . HT IRAFA S I RObR A, A 4
M RSP R A # L — 2, DR el DLHEBR 34 32
BRAT A A o0 AL AT E

Al 2 A F B R bR A BLAR BT B A2 1
(K4-A), HNER4HH RN R A A2,
el EHE . KN TRRFEAIARE . 2T H Tk
IS P BRI AS ) = HE LS MHSAE, BB E T
—MXES R E P AI(ES): BRBERE i
GO a6 D R GUIRPI A IE =, e s ARG
KNIEHEAR, | ﬁi‘éxleﬁﬂij@ﬂ*mlﬁﬁfé%h
AR (E4-C), (B2 A AR (KI3-A-3-E,

4-D). BN KA EEHREZ
= AR e 1 K5 (E4-D).
MR bk 56 Tk B Ik AR AR AR Y,
Z E"%’f%EE‘ZHM?ZIKFWZ%?E%QHE@E‘JiJD%
, B ERARARE B R R R =2
ﬁﬂiﬁﬁiﬁ’ﬁﬂ}é‘? 5 18 B 40 M RS A R A AR A,

iz, B

HEANEERIRE T RARASMOIT O, 2235 HE
JiiE % A RE A B He BRGE I 170 R SR AN L 1T 32 i

B X — E T AR T AE R B %= 3 4y
AAEAEJE % VRHIE . £ 8 I B, FrASi)
A% O A I T, I S (1) 41 M AR mT
RE A2 10 I i 2 2 TR ) S 0l T 22 0 A ) i e

FETBCRI PRI o B TR A A () 4t B AR T e B A 2 AuL



~L,
180 I 7/
©©% o 4 o ° | —3) °©°
Ooogogo Oooooo\i/ 00 ©° ol o
o o O O o o) oo ©O0
OOOoOooOOoo OOOOOOOOO e o © 0o
0° o0 0 09 o d %05 o 0 0 o ) 0% 600 ® o @8
%0 o0 0,0 % 00 0 "0 050 ° o0 % o o0 ©° oo
000° 5 o ,° 00° ©0 %0 o %00 00 95 o5 ,© 00°
OOOO @] OOOOO OOOO 0°0°% 0 0© o A o o ® o ®
© 00 0° 0 0 O 0000900g o © 000° o
0.0 gy 0.0 0 0,0 o o O A o o
© "% o % o OOO O %0 o %0 OOOOO o Oooooo %O
S%. 00,°0% o oooo%O ©6% o " 00,90% 0°
° OOOO 0% o o © " P0o% 00 /&80 00
o o o
e © °° 0O /“ ) © O o
o o 0/s © ° ©0\
o
50! S )
? /6\ ( \U o _0
H o | [e) ‘O / o o
0 < \__ o ‘/\( O | o
< \ooo o) © \ o ® of
‘ ', 0 o % o eJ)
6000 o (566°9 S o o
00 OOOoUwOJ o o © 10) o
0 09 I \9 o o 9/ N o )O 0 o
009 . ¢} O 0000 0o o o
° )\, 29 o\ 4 {° ©°
/\( ) o
® U\‘ ) © )Jo ©6 9 o 0 _0O0 o o0 00
) 1) o~~O o o 0 o
o o/‘\ o o o
<__Jo~ %0 [ ‘ o o
o/o 090, of ©) o
? Qoo \%\_Je : O( © )%\ ©
? \O \OO\'O/(\OOO \'JOOO o) -O
o‘/o\‘o\j b 0 00 o
= < °

Bl s PerpBRif AL JE R

Fig. 5 Putative life cycle of Linglongsphaera ornata

B BT T I Th e, I PR BRI AT PRI B
75 300 2R, XAHEDN AT A5 LA 7 2 AR
WSCHE . RIS 2, RAE ST N E Rk
P A T i RO 22 B 8 25 O A I R TR S, B
F I3 T v HE B M = 00 R 2 5 4 O T (R
AT SEH

S 3 R TR R A B A i 1 K A R
A E AN B AT, AR B
i, EEREN SN, BEANMESHEREE N X
ot B G AR e B 2308 5 A B R T 7 A o PRI 2
AR, E A S A OB RO R, 3 BBk A E Y
2 AE R MR T AT P R M E AL
AFRA T 240 2 2 BRI BAR B2 [ AN LB, X —
FRAESCHRF T IX MRS . H BT 2 IR B ER A P51
i (FEIS) 2 75 O ER B R 1) B 28 AR Y B, BT
BUAT (V0 BtR AR MEAS B DD (0 4518 o (BAE BT BT b A
RO OLT, BH BT IO =R EE &L
200 IAR A CL 8 B AL i 25 R B Bl

R R, HERR IR A (K5)
RO THREENRENE, T8I RRE L
FEAVEE A SR, k= REMELE,
QR T A B A0 KK e G LA R A ) A
BRI R Sh A 7> 242 FL A A oy 2 15 AR AR

ANHE K1 43 B4R S (RIAN AR TE 1 0 3 24 3o 72 A
BUAAR, gy, 40 M R RN ) S5 452
XERAE B R ERRRINEZ K E B AR A
JE T REEEIE K.

gx bRk, PP ER B A R AN R 2
YN M5 R, I 4 AR A R A B A G
BT E RN B G X S E 3R P S B R 2 — b
BAZ MR G W B B ALY S8 T AR HA% AR
VIR - 1 RGOk AL BRI LA £
R EAZ ARG 2 A Y. —
B A 5 2E 2% (Lane and Archibald, 2008; Adl et al.,
2012; Katz, 2012). FHH A AR A H 3 G182 T
B EHISMIE R KBS, WEBRIRFEEX
2R, HAWREYRRET8TERa, Fit
B Euak 5 B A EY RS R R . 554
VAL, B ERER = A AR 38 B AR, H A
WA A _ BRIk, RS ATBE S IS AR S,
S F PR (15 4 M 55 ) 5 rp i i 6 B 2 i
IR 24P AT DL B (Yin et al., 2019, 2022). K
PR (L B A A ) B v i 2 BRI A
KA S (Lee, 2018), .28 75 FN 2T 15 45 LR 5
SKAE BE A 104248 (R Am 20 5 HH B T 55 2% 11 22 4
tk.(Butterfield et al., 2009; Tang et al., 2020). %5 &



247 XA FERZCEIZ IR Pa AL LA S BEEK; Liu ef al: Developmental biology of a problematic fossil from Cambrian 181

FIMR BB, JCH ARG DUR E 7 e 1 () FE e,
A Z MR B B B, il R A 1 7 U5
BAETH, SR PUERII R G 0% R MR IR I TIBAER)
ESEROE

5 4 w

ASCHRIE T FE AL I8 W ) A B —
BT R I 1 B VR 2K A e A B2 3 BR (Linglong-
sphaera ornata n. gen. n. sp.). EE KH B D HHE L
MCTH AR FE G |7 H =4E851), RILEMAA W=
MEE AN EL A Z R LR, e W ERR B A E AR
EHERAEY . e B G, BEEN T
PP BRI R B B B o B 3 BRAR w] R Ik A e 2 R
JRANE A% B AL B N IR 5, I 58 B AR PR
JH. BT O RGN EE, B N Pk —Fb
CaRANA Z MM B EAZEY), 5543
V). AIREYECE R RGO RBOR, MA RS H
BIERWPEG R R . 998, H i EdE Ak
[F32578° SLFL//ISE it iR IR AP SRR TS
B AN elE B & EmR R EAARA BT RA
B, 158 AR RHTAR A 1) R AT 55 o

P 3t BRAE Jy 28wl e )1Vl A= W0 3 v o8 A 30 1)
Z MM EARZ AW, SO AR B ) A R A
HAE TR TR EE, R oy se sl R
HB RIS AN A 2 R R BRI T
HIE IR o IR TR A B I 7= o ) [ AR DA A s
S A, Bl IR YA Y 2 R T
JIHEE AT T, EAS AR LA E 5EE

BOS RO R B R RS R T 7T
J 25 [ R 0F 90 53RN B 4 PP o S8R H ) BB K
SR UL R R 2 B T ML AR AT U S B
HhLs SR 3R P B 78 BRCT S A % A1 4, R ok
gt

ZE @k (References)

B, 1977. Herp it Rg X R FER I MER A B (0 30 R0 R ek A
HAEYEER, 116: 255-275.

REM, BORE, INER, B2 2, REB, 2018, =4 X HL R
HARE/NHFEA =S PR RG. SR, 57

157-167.

FRME, FFHET, 2014, FERARBRMBIRG R, hEF: HER
R, 44: 1155-1170.

BEZ, BURE, Wiz, FER, 2021, R FIHI 75 R
MR A B ME ARG R X EEY AR, 60: 124-137.

RIRA, BITE, BUERE, WS, ERE, 2019, b ER L8
KRBT B SRR, hERE HERRLE, 49: 1455-1490.

Adl S M, Simpson A G B, Lane C E, Lukes J, Bass D, Bowser S S,
Brown M W, Burki F, Dunthorn M, Hampl V, Heiss A, Hop-
penrath M, Lara E, le Gall L, Lynn D H, McManus H, Mitchell E
A D, Mozley-Stanridge S E, Parfrey L W, Pawlowski J, Rueckert
S, Shadwick L, Schoch C L, Smirnov A, Spiegel F W, 2012. The
revised classification of eukaryotes. Journal of Eukaryotic Micro-
biology, 59: 429-514. DOI: 10.1111/j.1550-7408.2012.00644.x

Bengtson S, Yue Zhao, 1997. Fossilized metazoan embryos from the
earliest Cambrian. Science, 277: 1645-1648. DOI: 10.112
6/science.277.5332.1645

Bottjer D J, Yin Zong-jun, Zhao Fang-chen, Zhu Mao-yan, 2020.
Comparative taphonomy and phylogenetic signal of phosphatized
Weng’an and Kuanchuanpu Biotas. Precambrian Research, 349:
105408. DOI: 10.1016/j.precamres.2019.105408

Butterfield N J, 2008. Modes of pre-Ediacaran multicellularity. Pre-
cambrian Research, 173: 201-211. DOI: 10.1016/j.precamres.
2009.01.008

Dong Xi-ping, Cunningham J A, Bengtson S, Thomas C W, Liu
Jian-bo, Stampanoni M, Donoghue P C J, 2013. Embryos, polyps
and medusae of the Early Cambrian scyphozoan Olivooides. Pro-
ceedings of the Royal Society B: Biological Sciences, 280:
20130071. DOI: 10.1098/rspb.2013.0071

Dong Xi-ping, Vargas K, Cunningham J A, Zhang Hua-qiao, Liu Teng,
Chen Fang, Liu Jian-bo, Bengtson S, Donoghue P C J, 2016. De-
velopmental biology of the early Cambrian cnidarian Olivooides.
Palaeontology, 59: 387—407. DOI: 10.1111/pala.12231

Donoghue P C J, Cunningham J A, Dong Xi-ping, Bengtson S, 2015.
Embryology in deep time. Evolutionary Developmental Biology
of Invertebrates 1. Vienna: Springer. 45-63. DOI: 10.1007/978-3-
7091-1862-7_3

Duan Bai-chuan, Dong Xi-ping, Porras L, Vargas K, Cunningham J A,
Donoghue P C J, 2017. The early Cambrian fossil embryo
Pseudooidesis a direct-developing cnidarian, not an early ecdyso-
zoan. Proceedings of the Royal Society B: Biological Sciences,
284:20172188. DOI: 10.1098/rspb.2017.2188

Han Jian, Kubota S, Li Guo-xiang, Yao Xiao-yong, Yang Xiao-guang,
Shu De-gan, Li Yong, Kinoshita S, Sasaki O, Komiya T, Yan
Gang, 2013. Early Cambrian pentamerous cubozoan embryos
from South China. PLoS One, 8: ¢70741. DOI: 10.1371/journal.
pone.0070741

Han Jian, Kubota S, Uchida H O, Stanley G D, Yao Xiao-yong, Shu
De-gan, Li Yong, Yasui K, 2010. Tiny sea Anemone from the
lower Cambrian of China. PLoS One, 5: ¢13276. DOI:
10.1371/journal.pone.0013276

Han Jian, Li Guo-xiang, Wang Xing, Yang Xiao-guang, Guo Jun-feng,
Sasaki O, Komiya T, 2017. Olivooides-like tube aperture in Early

Cambrian Carinachitids (Medusozoa, Cnidaria). Journal of Pa-



182 A

2

¥ R 63 %

leontology, 92: 3—13. DOI: 10.1017/jpa.2017.10

Katz L A, 2012. Origin and diversification of eukaryotes. Annual Re-
view of Microbiology, 66: 411-427. DOI: 10.1146 /annure
v-micro-090110-102808

Landon E N U, Liu Peng-ju, Yin Zong-jun, Sun Wei-chen, Shang
Xiao-dong, Donoghue P C J, 2019. Cellular preservation of
excysting developmental stages of new eukaryotes from the early
Ediacaran Weng’an Biota. Palacoworld, 28: 461-468. DOLI:
10.1016/j.palwor.2019.05.005

Lane C E, Archibald J M, 2008. The eukaryotic tree of life: endosym-
biosis takes its TOL. Trends in Ecology & Evolution, 23:
268-275. DOI: 10.1016/j.tree.2008.02.004

Lee R E, 2018. Phycology. Cambridge: Cambridge University Press.
DOI: 10.1017/9781316407219

Liu Wei, Yin Zong-jun, Pan Bing, Shen Bing, Dong Lin, Li Guo-xiang,
2023. Germ-soma differentiation and reproduction in a new spe-
cies of early Cambrian acritarch. Palaeontology, 66: e12687. DOI:
10.1111/pala.12687

Liu Yun-huan, Xiao Shu-hai, Shao Tie-quan, Broce J, Zhang Hua-qiao,
2014. The oldest known priapulid-like scalidophoran animal and
its implications for the early evolution of cycloneuralians and ec-
dysozoans. Evolution & Development, 16: 155-165. DOI:
10.1111/ede.12076

Liu Yun-huan, Carlisle E, Zhang Hua-qiao, Yang Ben, Steiner M, Shao
Tie-quan, Duan Bai-chuan, Marone F, Xiao Shu-hai, Donoghue P
C J, 2022. Saccorhytus is an early ecdysozoan and not the earliest
deuterostome. Nature, 609: 541-546. DOI: 10.1038/s41586-022-
05107-z

Peng Shan-chi, Babcock L, Cooper R, 2012. The Cambrian Period. In:
Gradstein F M, Ogg J G, Schmitz M D, Ogg G M (eds.), The Geo-
ologic Time Scale 2020. Amsterdam: Elsevier BV. 437-488. DOI:
10.1016/B978-0-444-59425-9.00019-6

Pyle L J, Narbonne G M, Nowlan G S, Xiao Shu-hai, James N P, 2006.
Early Cambrian metazoan eggs, embryos, and phosphatic micro-
fossils from northwestern Canada. Journal of Paleontology, 80:
811-825. DOI: 10.1666/0022-3360(2006)80[811: ecmeea]2.0.co;2

Qian Yi, 1977. Hyolitha and some problematica from the Lower Cam-
brian Meishucunian Stage in central and southwestern China. Acta
Palaeontologica Sinica, 16: 255-275 (in Chinese with English ab-
stract). DOI: 10.19800/j.cnki.aps.1977.02.007

Steiner M, Qian Yi, Li Guo-xiang, Hagadorn J W, Zhu Mao-yan, 2014.
The developmental cycles of early Cambrian Olivooidae fam. nov.
(? Cycloneuralia) from the Yangtze Platform (China). Palacoge-
ography, Palaeoclimatology, Palaecoecology, 398: 97-124. DOL:
10.1016/j.palac0.2013.08.016

Tang Qing, Pang Ke, Yuan Xun-lai, Xiao Shu-hai, 2020. A
one-billion-year-old multicellular chlorophyte. Nature Ecology &
Evolution, 4: 543-549. DOI: 10.1038/s41559-020-1122-9

Wang Xing, Han Jian, Vannier J, Ou Qiang, Yang Xiao-guang, Uesugi
K, Sasaki O, Komiya T, 2017. Anatomy and affinities of a new
535-million-year-old medusozoan from the Kuanchuanpu For-

South China. 60: 853-867. DOI:

mation, Palaeontology,

10.1111/pala.12320

Wang Xing, Vannier J, Yang Xiao-guang, Kubota S, Ou Qiang, Yao
Xiao-yong, Uesugi K, Sasaki O, Komiya T, Han Jian, 2020. An

type of medusa from the
Kuanchuanpu Formation, South China.
775-789. DOLI: 10.1111/pala.12483

Wang Xing, Vannier J, Yang Xiao-guang, Leclére L, Ou Qiang, Song

Cambrian
63:

intermediate early

Palaeontology,

Xi-kun, Komiya T, Han Jian, 2022. Muscle systems and motility
of early animals highlighted by cnidarians from the basal Cam-
brian. eLife, 11: 74716. DOI: 10.7554/¢life. 74716

Wu Su-ping, Yin Zong-jun, Sun Wei-chen, Zhao Duo-duo, Wu Ruo-lin,
2018. High-resolution tomography of millimeter-to centime-
ter-sized fossils using three-dimensional X-ray microscopy. Acta
Palaeontologica Sinica, 57: 157-167 (in Chinese with English ab-
stract). DOI: 10.19800/j.cnki.aps.2018.02.002

Xiao Shu-hai, Zhou Chuan-ming, Liu Peng-ju, Wang Dan, Yuan Xun-lai,
2014. Phosphatized acanthomorphic acritarchs and related microfos-
sils from the Ediacaran Doushantuo Formation at Weng’an (South
China) and their implications for biostratigraphic correlation. Journal
of Paleontology, 88: 1-67. DOI: 10.1666/12-157r

Yin Zong-jun, Sun Wei-chen, Reitner J, Zhu Mao-yan, 2022. New
holozoans with cellular resolution from the early Ediacaran
Weng’an Biota, SW China. Journal of the Geological Society, 179:
jgs2021-061. DOIL: 10.1144/jgs2021-061

Yin Zong-jun, Vargas K, Cunningham J, Bengtson S, Zhu Mao-yan,
Marone F, Donoghue P, 2019. The early Ediacaran caveasphaera
foreshadows the evolutionary origin of animal-like embryology.
Current Biology, 29: 4307-4314.e2. DOIL: 10.1016/j.cub.2019.
10.057

Yin Zong-jun, Zhao Duo-duo, Pan Bing, Zhao Fang-chen, Zeng Han,
Li Guo-xiang, Bottjer D J, Zhu Mao-yan, 2018. Early Cambrian
animal diapause embryos revealed by X-ray tomography. Geology,
46: 387-390. DOI: 10.1130/g40081.1

Yue Zhao, Bengtson S, 1999. Embryonic and post-embryonic devel-
opment of the Early Cambrian cnidarian Olivooides. Lethaia, 32:
181-195. DOI: 10.1111/j.1502-3931.1999.tb00538.x

Zhang Hua-qiao, Xiao Shu-hai, Liu Yun-huan, Yuan Xun-lai, Wan Bin,
Muscente A D, Shao Tie-quan, Gong Hao, Cao Guo-hua, 2015.
Armored kinorhynch-like scalidophoran animals from the early
Cambrian. Scientific Reports, 5: 16521. DOI: 10.1038/srep16521

Zhang Xing-liang, Shu De-gan, 2014.Causes and consequences of the
Cambrian explosion. Scientia Sinica: Terrae, 44: 1155-1170 (in
Chinese). DOI: 10.1360/zd-2014-44-6-1155

Zhao Duo-duo, Yin Zong-jun, Chen Jun-yuan, Li Guo-xiang, 2021. The
embryonic development of the early Cambrian Quadrapyrgites and
its phylogenetic implication. Acta Palaeontologica Sinica, 60:
124-137 (in Chinese with English abstract). DOIL: 10.19800/j.cnki.
aps.2020058

Zhu Mao-yan, Zhao Fang-chen, Yin Zong-jun, Zeng Han, Li
Guo-xiang, 2019. The Cambrian explosion: Advances and per-
spectives from China. Science China Earth Sciences, 49:

1455-1490 (in Chinese). DOI: 10.1007/s11430-019-9508-4

(GUERF BT : MPE)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




