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Abstract The Cambrian Explosion represents an important geological period in which major metazoan phyla
appeared abruptly and the Earth’ s ecosystems underwent a significant shift. Since then, the marine ecosystem
on Earth has transitioned from a 2-trophic-level ecosystem during Precambrian to a 3-trophic-level ecosystem
driven by animal consumption. This transition has become a key area of research for understanding the early e-
volution of the Earth habitability during the Phanerozoic Eon. The Cambrian Explosion is also marked by the
sudden and rapid appearance of abundant bilateral animals with mineralized shells in the marine ecosystem.
These cap-shaped and tubular shell fossils mostly belong to lophotrochozoans with uncertain biological affini-
ties. Therefore, the origin and phylogenetic evolution of early Cambrian lophotrochozoans, especially those in
the early Cambrian, are of highly debated topics in paleobiology and even modern evolutionary biology. Bra-
chiopods are an important group of lophotrochozoans with rich fossil occurrences through the entire Phanerozo-
ic. They constitute a major component of the Cambrian evolutionary fauna, and thus have significant implica-
tions for our understanding of paleoecology, paleogeography, and macroevolution of animals on Earth. As for
the origin of Cambrian brachiopods, the Brachiopoda Fold Hypothesis (i. e. Halkieria model) , phoronid-like
animal hypothesis, tommotiids’ origin story, and the agglutinated tubular lophophorate hypothesis are pro-
posed, and await further testing by additional fossils. This paper focuses on the origin of Cambrian brachio-
pods, systematically discusses various hypotheses and comprehensively summarizes recent discoveries in fos-
sils, as well as explores the significant implications of the discovery of the earliest entoprocts, cage worms,
and segmented Wiwaxia, as well as the agglutinated Yuganotheca elegan for understanding the origin of brachi-
opods and their phylogenetic relationships and evolution within lophotrochozoans. Nevertheless, many ques-
tions regarding the issues on the brachiopods’ origins and Cambrian Explosion are yet to be resolved. There-
fore, it is crucial to integrate multiple preservation types of fossil lophotrochozoans, collected from various
types of depositional environments ( exceptional preservation in shales and small shelly fossils in carbonates) ,
so as to conduct comprehensive and comparative studies of the anatomies of soft bodied fossils and their relative
biomineralized shell valves. These comparative studies will play a key role in tracing the origin of brachiopods
and their phylogenetic relationship with other lophotrochozoans within all the metazoans.
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Fig.5 The hypothetical model of brachiopod origin from a sequence of gradual changes via annelid-like and

phoronid-like ancestors and the fossil discovery of the cage worm-like lotuba chengjiangensis in the

Chengjiang Fauna of China
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Fig. 7 Comparative studies of the sclerite-bearing Cotyledion tylodes from the Chengjiang

Lagerstiitte (]

TEVETLBIWIRE DT IS v, — b b I f 2 A9 A% 2
CRE AR AT PR Bk = W 9 10 A1 SN T 22 BA
FA A B B A, R 2 B, (HAEETE
T 11 M DX AR L) v 1 A A B i Fe v, fE—RE 1Y
JEL_E P BOR LR R kg D T
R . WA A B, X b A BAT B e 0 JE DU
ZEARAIRAE A , P25 b a2 T [ E T A5 1
WA . 2t KR A et A Blix 26 fh a7 B
PRIUSy, LR BB AS B O i E (valves) , 7c
A% i R PR R 4T collar) | w45 AT AH X 1
B AYHEE (conical tube) , ME T 3 Ay B HUAR B4 A
2 (pedicle) (DLIEN 8) o AR RYA S22 n] LA 2R
HATBEBR B A mEE ) o i SIRD B 4G i 7e ik
B, X AR P 2R T A A JRAS IR 2 S i
RGBT , 7o N AL O 1 47 B RS B

and the small shelly fossil Eccentrotheca

[134]

T i) , se iRl KA XN IR H 6,
T UFIMERS N B U BRI 18, HEE K o B A i
HUIRB A ZE 5 450 (DLIE 8) , T Ay ix 28k B3k
BRIP4 0E DU LA JE R 20 i /2 sl 1) R B R
ik KT, e A7 UL R R S3 53 A 6 W] S BT 4
AN A LS TR A2 AT N N N AW
BV BEIRES BT e A& TR E5 5 7 , Mot
117 5 AT Tk TR S R 448 10 e J UK, JX Ao e e
JE S AR & S YR AL, Z8 SEM
BSEM LAY R A TNT 2R 253 Br , A K
ELEIFWIL AR RS 5 Rh P BB, 3
HATA R 2 sy 1] #1528 FE 345 5¢ ((tom-
motiids ) it F5E Y . A7 73 FEHE 5T R W i L
AR A B R, I 45 ks 58 3T
I U1 ( Yuganotheca elegans) , LA20 & i JE sh )&



F6 M

SR A FE AL S IR SR e 3 i AR AL - 869 -

A RFT B L A S R A A P A2 SIS
HFFRITE TR 77 . EFFRE LA FER
LRI A S Y L SR I 2 A AL, (HH TSI
HMEAG FERLE T I DUAN/ N DL AL 1 7 (A 25
AT, B AR DL AR RS ke W Y
B AR, DA S AT HEAE (ILIET 8) o NI, 7
TLARA P B FEIE DA AT Wi 2 sh ) L 39
FFESERF e L R, s T BT Z ALY
JFARRRIE ™ o A7 3R Gt 9 3 W J A2 30 4 VT i
AL T — TG (¥ 5 A 0 14 I A T 4 1)
Z A ACHIME R AR b 5 3, M kR T
W rF R iy BE i, B Halkieria AR B4 %G o

( (b)

[ Py PERE I O T FF P DUAC S e A2 sh
IR A A, B SR A B A g R A D
“U R e L ST O AU T HRGE R
6 93 s A Sh R IR hy A e B Y RS A )
SRRy e v A S 1 R U RN A )
Yotk 4 A LA K 5 2K 3 ) ( Lophotrochozoa )
ZIM R G R RS T HER ARG . Bl
TBENL R o R 9 [ BB R 2 1 b Graham
Budd 4583 MR T L T PEIE ™ 33
TR H FROMEAS AR i AL Sh ke DR e AT T e,
FERZE N U B BE

¥ (a) ELI-BLW-0091 ; (b) ELI-JS 0141A; (¢) ELI-EJ 0473 A ; (d) ¥ 2 T4 01 g4k /7 S ;
(e)ELI-EJ 0580B; (f) ELI-EJ 0483A; (g) ELI-JS 0475A
8 TETLAG AR ™ ARG 56 R ET 487 DL

Fig. 8 Yuganotheca elegans from the Chengjiang Lagerstiitte

EEFREIE UL BRI 4 TRME IR A2 3h
AR UL P AT 2] 1 [ N Sbai 3 AROR R,
FHAE E PR3 1 ol A i v 2t i — S b R 5|
FAU R RO E B 2 R
FERERAEZ MM IRAAT? o FoEH A
BULAHEZE S T B TR S R L T
B R B T R RIE B AE A9 410 2017 4F

Moysiuk 2 N %) 4k Babeock 1 Robison " J5 F-k
IIE T ORATAE A R T 307 DU R G R U IR
Haplophrentis carinatus , 5 7ij 3] i) i 18 A [6) 1) 2
Moysiuk 25 A K BT MR F R AF 1 22 0K fih 57 o 57 i
B 5 106 A2 S 2 ALY fish T (lophophore ) o 78
B2 AR R M A2 2l 0 e A ) R L, T
SR A AEAE AR S0 L BT IE ) FE SRR 525 Mic-



. 870 - VUL R 2F 240 HARBRE AR

%53 %

vina DL SAE 55 T EFIEIE DL, ELA % s O RE AR, o
Z A RS B R IS B AR 1 5 =, I Moysiuk
i NN AT W LU S 1R B i
FEsh ) —n XK X -LKhZHH
(multi-scleritome ) 1 & & B i A% A9 filk T 72 3h )
Wi, Sun 25 A 2018 4F E HETT T AETE T
YR HAE RS —— R IR, A
FHEAE BRI A v R A A0 2 B ) PR ZE A
B HoAw 24 0 o rE R 2R R T — 218 E T HGE
WA A e i 2 Sl 2 b T B, A A2 B
WIS ISRE , I AR S BT 90 B 2 e T M
TEME e S i (RIS I A 15 3
SRR SR T AR A W o
SEPEHE Y 224018, Ja 2 5 T4 A ) 2 A
FEIREF AE L5 22 B UE S A TR O 1 R 8502 fi
FEEh Y B AR

TESE VR IR S A2 # XoF bl 5 1, Li 2 07 %
FER AT I (AR R I2 H S5 HAAIRE) A
ARSI 0 FE RE AN 2540 55 0 W 2 kA T 1RG4
ST, 25 R B R R ) e R 5 ik sh i B A
LAY AE B A2 TR0 (S A A ol 20 45 R 8 Sk s S0 40
BOAR) | LIR854k 58 PR R A 46 /% T 48R 1%
SRR A I RS & T AR L 3
Yy, EREEMIE, BT R T = 2 ( Triplica-
tella) (A7 19 % BUE— B ESE T 80 8RR T
i FoE S MR S THE . AR TR
& 0 il TR AR AR 25 ), REH: 9 B B B 2 B AL
B E A TR X R T A 78 135 A s
FATE N AN B E . 6 i TR S T
S (WEsh Y B e R ) PRSE AR AF
A% 27 B4 4 (lophophore) , JEZS F AT IR
THEPIREE R R R TAE . b TEsh
W (B SR S ) B AT B B S R A
il FARIRE AT, BRI TVIR, £F BERE E M 7E A
b T BB RRAELT B, th 4T B T
Pl i g X, U BRI R AEE R B R, U
i T A0 A 5 TR 2 ANE s AT IR, T A
W R RELH T e 4 i T 0 g ] DAAE TS i
4 AT UL B (L8] 9,10) . [AI A, Liu 4
S T A A AV R BT S A 4
U ZEAN AT T RIS S b, iR B 2R 4
FIRIIE S Iy MESE A S 5% B A0 38 4018 H 8] BRI T A
RARIRH A, I, B 125148 8 T Tl sh i
RHEUL RACER e b 5 2 s Ak f v

HYSERP MR T BE S , 0 HCAE R 58 A i
{37 B N%AL T A S B SETR o 5 ST A
T2 S5 MR L B JRAIE 92 T 45 AR o el
PR g |10 I g ST g YT
H , 230/ MA R U , %4 8 AL B RS H
R RRCR IR E U S R S R B
A Sy W S ik e R

B T AR X A AR A A 5 R T e
B, LA A A R0 2 Sh e R A 5 o M3 , 2
B e BB X 5 — 2 e FE R A0 A 25 2 i &
B [ 2 s 1 S ARG AT HEAT TR AR
PR IR IR ARG L S04 I T A4
TEW AL EL B X FE 1R I ST AL IR e )2 1Y
Ve SFOR D v S BRI A R MR IR A
fA—W e /N A OF W B ( Yanjiahella
biscarpa) " (L 11) o A4 B AL A 5 3
WAy, LA T s R, R
S TR AR, BT A — % il TR 2 4, BRI
KA HIRG AR E RS i R
G A RIS S BN 5] 5 b T 5 3l 9
TG K2R, BZE TR SRS . /NG Z
BRI R, He A B BB R SS H A
R FHYII 43 FRAE , T R I S 5 0 1O ) %
b TFE IR A . RO IR IS O S
LR ST TR RS B R R T
A B T4 TR 30 ) A A7 10 SR 28 20
LT 74, F W B A B R 2 1 Ak U AR T
T % R Sl , L T S 0 R 110 K g 780 75
PR, 7538 1L b B T 45 B AR, B S ]
(R IE AR L T B B AL A e

2 HREABAERTFOEE THRE
REfRELE

A KT WL SR A BLe A A iRk 2
oK FRE SRR AL A1 2, Ho LR [ T S
N E L AATADEER 57 v, AR 401y
FAEREC 5 o LI R DR 2 sh ik i), w]
DA B AL N 28 B A B F A TE N 2
MRS , S 6 0E i A2 sl P e U 1 22 Ao i i S 436
THE A R RS Ok B R
T 540 A R PO e A A PR A R LR
ERBRE Bz 5 B sh Py o 32, Thi AR B Y
AL B ARSI e 5 S AR A A 1



R, A5 TE A SR IR S R Sh i A A - 871 -

B (a) (b)) ITAEYRET Triplicatella opimus'™*'™)  ELI H-113 |ELL H-129A; (¢) . (d) ¢ 111 4= Yk
¢ Linevitus’ malongensis'') | WD-SJJ-584 , WD-SJJO64 A ; (e) . (£) 4% CT Y50 47 B Mae i Doliuthe-
ca orientalis fRAFAR A IR BB 4544 , ELI QJP-SP-H-CTO001 5 (g) ~ (q) A AEYEER Doliutheca oriental-
is BHRARAFRI SR TR 5, (g) ELI-QJP-SP-H-SSF-81A2001 ; (h) ELI-QJP-SP-H-SSF-81A4001 ;
(i) ELI-QJP-SP-H-SSF-81D7001; (j) ELI-QJP-SP-H-SSF-81A16001 ; ( k ) ELI-QJP-SP-H-SSF-0781039 ;
(1) ELI-QJP-SP-H-SSF-61016 ; ( m ) ELI-QJP-SP-H-SSF-816027 ; ( n) ELI-QJP-SP-H-SSF-816045 ; (o) ELI-
QJP-SP-H-SSF-8110124 ; ( p) ELI-QJP-SP-H-SSF-811067 ; ( ¢ ) ELI-QJP-SP-H-SSF-61021 ,
9 JERZE B TLBIWEFIOC L B AR A TR AT 1) LA T R b ) e AR 3k B A

Fig.9 Early Cambrian hyoliths collected from the Chengjiang and Guanshan faunas in eastern Yunnan and

some skeletal fossils acid-etched from the interbeded carbonates in Shipai fauna in western Hubei

province of South China
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