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Fig. 1 Fossil localities of early veriebrates in northwestern Zhejiang, China

RAUIMHE—R A5 (B DER—TCIRA RS H o BT a AR R i, 2 3
BAML B E . 2004 4FE, EE BUOORIZM K RELD LR —RNET, &=
NEE N BRI —HTE  BUS IR A LR I T .

A TV TR

Z BT % Galeaspida Tarlo, 1967
H Z ¥ fa B Eugaleaspiformes (Liu, 1965) Liu, 1980

REE(HE) Anjiaspis gen . nov.
(E2~5)

wiE  MFEHL, Anji T2, aspis (Gr.)JEF .

BRER PR EHEAGHE FF) Anjiaspis reticularis gen. et sp. nov.

B TEB/NEZT A, ITFEREN =AY, AK2HEER AMABAEER
F, 2R FEAZARIORKIL, fiimfide, B Sk W 8, Ja s B 4G, W 840 F
WIHE FLHT %R Z 80 IEFL B/ A B 43 FR i 3k B AP 4R SR IR B Sk R B0 BEFLRTIX.
K FREAE X MR R FHIELTOELR L, REEREEHMRSA, T 4 %
I TE IREENMETE . MO EHNEE M P ERKEEHN AR E M Eo
X, B R 57 43 A B 4R /N RLIR T AR

EBg5iTiE HRUAKKFEFAL EETAAMNERGESFREREMAARLE
B H (AR, 1992; B ,2005) . HIBIEFLE/DN, B B EFELF DL XAUY
HZEFaHHEMEMHEX S, ETIERTE, B ST EE LA L heny
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B2 FIREE SRR FF)KH (IVPP V 143321, ERARA), LLAIR =2 mm
Fig. 2 The cephalic shield of Anjiaspis reticularis gen. et sp. nov. (IVPP V 14332.1, Holotype)
scale bar = 2 mm
4 5% 1588 Abbreviations: brc. branchial chamber 8838 ; ¢. comer A ; ic. inner comer WA
md.o. median dorsal opening I L ; orb. orbital opening BE¥FL; pi. pineal opening 4R {L

47 (* Sinogaleaspis’ xikengensis Pan et Wang, 1980) R AN HE , WEBM RN =/AE , BXH A
GEESRNEERAECRBEENEFAR AR P EBEFA"HLPAZTERE
R),BFBRHANNALRN BEHR, MERENATNAABBREET. AP FLKE
RANMBILWMNEN S, FB S PEREF A ERHEM, Z—ERNP T AYE G RE
G RTSMASRMKTE, BERMMIERL S ERZREAE —RE®., “HFNXAETER
‘P a" P EARESREYE, MFR T EANITRA X FYRLERRIEHN
—BIEE., FEHLAKPELEFRMRIBLMEE, SRS YE, 55 PIELL
WEERF TV, SHFBROBESR S, EMRAMCEFE,FHB A PEEF A" KR
RAKRBA FRIEFL R OELK B, TE S 1L & A H 7L KBS 7 HE LI J5 2% 2%
FFo

REAFHESHBENS  FRRALF L SEEP A HS XM LINRE, 03k Pk
HEMERR,EFLMERELFPRE, XL ERF7E 5 2 # B B K JE A ( Dayongaspis
hunanensis Pan et Zeng, 1985) Rl FEFE7E, AT BE AL tH AR .

EREEAREITH FREAFNABTFALRSRAOWARANESR. HRXPHE
AR 4LAFLFRATTERS KEZHBENBITE (B 3B, 4.5), 4 XRUTTHE
S EAMER A, SMIE 2 0 IE T RN, BE T B 7 BT 48 2 o W FLATR ; A
DA BESEEF AR EHENIELE FELERPEENRY BEFRT3IEH
REARGBE—RN, FRANTFRCARALR, BIBREEFE,HEUKE RS HH
BASSEFALXNEMBBHEER 4. EEARWEFEXDT, LOFERETH
( Sinogaleaspis shankouensis Pan et Wang, 1980) M BB A E R B BN REBEM, A 3 %o
BEFRED  PREEEHNRENLES K R TEAEUBSZXNE 3 KLU, EFHR



168 & ¥ K 3 Y ¥ M 3%

B3y MREFGFR FHOOLP, LAR =2 mm
Fig. 3 The cephalic shield of Anjiaspis reticularis gen. et sp. nov., scale bar = 2 mm
A, B. —AEELHFMIME(A) 5B (B) external (A) and internal (B) moulds of an incomplete
cephalic shield (V 14332.3A, B); C. — R 52 % L ¥ #9 A4 internal mould of an incomplete cephalic
shield (V 14332.24)
T8 ¥ 1/ B} Abbreviations: asc. anterior semicircular canal A ¥ # & ; md.o. median dorsal opening &
FL; mtc. median transverse canal P B E ; orb. orbital opening HEFL ; pi. pineal opening A 7L ;
psc. posterior semicircular canal 5 % ¥ &

MBEFLE % PO FIZRTRABESKFUEL BEPHREEN 6, 82, 5A
BREEHX AR B EEX E 1 (1986) TR ERIRBERIYHNEREN S
R XIEHRE(1986)INARBEBHESIYHRRRESFFRBZRBR, DEQTTEM
BREXEHYTERNRTEAR, METBREEN LA, X RANTERBH &S Y PR
ERENHI, mAMEAHENKX, RER TR ASBRERENFLE, XFHHEFIEE
LZATRIMAZET Tiheo AFRRE , XMHFIFADHBEZIARKH TR, E£FHR
MEELEE PO HEEFRILEESFKFUE ST RERYSHRTES 6,

ETFULHEBRSTTR, ZEHEAINREFANREAE FH5HMEREFAXKX
G, Bt LA JR B L o

PR R & (FB) Anjiaspis reticularis gen. et sp. nov.

AR reticularis, FPRE, B RANBEERES BRI BORS 7 .

ERGE | HFHBERENLR, PR RS ERTIRASIES IVPP V 14332.1,

BAGRE 2 HARTE LT RNSIME, IVPP V 14332.2A,B.14332.34,B,

FS5ERM $HIEE TELRBEREFLYA,

MIE RIREME—RR),

B TMMEBRIMEZTAE IPEBERN AL WEEBFHENREE, R
A (V14332 DA FE KA 19 mm, BH 21 mm, FEA 15 mm, EEM K F K, XFHHE
PR BERE, MEE N FE, WEARRIEL (B 2,58 1),
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B4 PREEEGVR FHF) L P SMEAVPP V 14332.2B), thHIR =2 mm
Fig. 4 External mould of the cephalic shield of Anjiaspis reticularis gen. et sp. nov. (IVPP V 14332.2B),

scale bar = 2 mm
8 514, B8 Abbreviations: aa. anterior ampulla B M ERFEIE; asc. anterior semicircular canal § 2
M ; com. commissural division of anterior and posterior semicircular canals BIEENENBRESE;
ep. endolymphatic pore W #ik B2 FL; ifc. infraorbital canal BE T & ; 1dc. lateral dorsal canal il 3 & ;
Itc. lateral transverse canal {1 ; mdc. median dorsal canal F % ; md.o. median dorsal opening
FHL; mitc. median transverse canal F B 45 E ; orb. orbital opening fE fL.; pa. posterior ampulla /&
X HE KM ; pi. pineal opening M F FL ; psc. posterior semicircular canal J& & ; soc, . anterior
supraorbital canal BHE L % ; soc,. posterior supraorbital canal /5 JE I &

AMAAARAERE  EEBRIAMAKTAA2AIAAMNEEES 11 mm (A 2,5;
#1)o

PELE S WES ATRAEARMREAKE, KA3.5 mm, B | mm, KELLRANR 3.5,
FEHFALANRE R L FYREIE, ZEHEBAN 4 an, FREEM THIELNKERZA
(B 2,3A,5;% 1),

EFLEE, . &/NHAEA 1.1 mn, AEENLFSRKY V4, EFMNETSHRELF
PR,ENMEFLMAREA 1.9 mm, BT LFF RN 2/ EG, BR/DTEEFAR
MEA B BAMELPLOERLFEERE, R OELRELRYEAEZWER D5
X9 mm M 6 mm, EAAMX K FELFE(E2,3A~B,5;%& 1),

MR B HBRER, KB THEANPLEL L MAANRATRREASKX
(B 2,3A~B,5),

PRAS V 14332.2A,B F1 V 14332.3A,B 2 HIRE T H 2 B E R4, 7T LA#b 38 E &R
AYH—ERAR., FRHBREBEREXBERMRS M, 4 vV 14332.2B LT 4 KR4
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Hs MREHFALPERER, TR,
AR =2 mm
Fig. 5 Restoration of the cephalic

shield of Anjiaspis reticularis , dorsal

view, scale bar = 2 mm

RAFWMATTENSZHRENRTE. 4
FMTTERLEANKRD W, SMUK 2 ZRIET
BEHNEE ETERAETHEANRATL,
HWELSMIEEEM, SHUEEaREE, —H
WP LFRH(E3A,4), PHEK 2 ZUTHE
FIREFH A& ARG E (B 34) , P HFA
HEEEHYT R, 2LEARE, —HEREE
HEXHESR, R2H&FHETRSEETA
KPS EZHFENHELE FIELERTPHEM
LEEFRFIERBRTEE—REN, HE
AHARZARAR(E 4. RITBEERENR
BRHHRREE, MREREATE, (VA ME
LETHHAERE ERET IXKERENN
BRE (B 4), PRERGENEE 4 ZQTTER
Mg HEEE , AE A LS 8
& BRTHEESXEKF A4S, FEE

LIES PO BTHRPEATEHN KPR E LERIH. 8 FPHBREE KRBT
HF, 5 4 ZATEARE T/DEM(E 38,4,5), I FHBAMBEREREE, FTLA
TE 8 FFHEKEER B FSBEFARFT ZHFENTRETHY, BATH A HEE.
WA V1432 2BHRREFTHBHBREERELIN  ERETERERENEIR, &
BTAEFEAE R EBEYEW TR, B— XA 8 “W” I, FXTHESI 7E 3k B AP R R,
MNESHE 2 FYTEEFRER EET 2 XYGENFERRT. EEERENME L
BEEF 2T RETFHNLEN TR, ZMAEEBRRRXETERER, HBEREN

W EEKSITIL(E 3C,4),

21 MRIFE(FN.F/)EHEEXHUR
Table 1 Measurements of Anjiaspis reticularis gen. et sp. nov. {Holotype) (mm)

KK (maximum length of shield)
Bk F (maximum breadth of shield)

K (length of shield in mid-line)

HE 7L B #2 ( diameter of orbital opening)

BR J8) B ( distance between orbital openings)

HE L 80 /5 BE # 1 L (ratio between pre-orbital length and postorbital length in mid-line) 1.5

% FL. K (length of median dorsal opening)
# # FL. % (breadth of median dorsal opening)

1 3% 7L BT 2% 2 W) 35 4K (length from anterior end of median dorsal opening to rostral end) 4
PG ¥ 3k B S % R 84K (length from posterior end of median dorsal opening to

midpoint of posterior margin of shield)

P4 £ [B] BE ( distance between inner corners)
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BN, SHFREZEHN KPP - EBEHETELSE, B5— X 53 %15
SHE%(E2),

SUi A/ NERLR R R, R IEE S, ST R T AU B AL

IR RE1L

3 RN EIIE

HERFQOSHMBINEZFHABERERFTF MR L BHRFEE THH
YIRS R b (Appendix I, IDHFTRERF 4. BFBEMELCERHMEET AXY
BRGE KW P, 5T LBUREL, B ATE BT B MRS B gl — Bk

24 BEFLALE 0. MMEE KT PRMAE; L. BELPRAMMEEZ,
ARG By s B A A ‘

E . lianhuashanensis ||
PAUP3.1.1 B, R ARE A, E . xujiachongensis
. V= < E. changi
£ Macintosh Ei8f7, HHEFERT E _ xiushanensis m
AR (4) FH JF (ordered) 51, H A P. yuhaii , B
[43 ” T v
Fi MR 2 “ T B (unordered ) N’ maeondine |&
« » _ Y . major =)
MOFERTALE, B l— 5 R S . shankouensis 3
#& (branch-and-bound search) , 3£ 18 :S .:zhejiangeqsis &
53 B2 804 B R AT H— . o
Fers A B (E 6), MK (Tree | é-gff;"“’a’"s =<;-J
.
length) = 44, — B M H(CI) = "L—H. guodingshanensis %’
0.659, {R B #5 % (R1) = 0.817, D hunanensis 5|

REREANMERERH
BRETEXZPAHLNBRREKRE Hoe 3BREARNKTBREEN RUFRRARTEER
B FNEFRFH UL TP BRIBIRERR
WIMBEELFYERE, E Fig. 6  Strict consensus tree of three most parsimonious trees,
AFEP LB 1.1, 0 ETLE showing that Anjiaspis r:ti}cluh;ris :Iepres;nts the most primitive taxon
KK FRALERESHETRA o fhe TngseaspTomes

. 85 =14 B Abbreviations: A. Anjiaspis, C. Changxingaspis, D .

RABERHE, (R8N — P Dayongaspis, E. Eugaleaspis, H. Hanyangaspis, M. Meisha-
B RATRIFR M+ # AL HESL naspis, N. Nochelaspis, P. Pterogonaspis, S. Sinogaleaspis,
MMRAFBRA B EE, W T. Tridensaspis, Y. Yunnanogaleaspis
2 T W 2 160 BT 88 8 5% 4 BT o A
RN E R, T RERFITHANGE R, AN RERTANERRY WL PEEF
BTHPEEAREUBHAREET LM FUREE, TRGRBUKNE R

Hift #edLEHBeHsBE, LR RARAKF ) Christine Lee HEH 3 F M EL
Mo, — AT REGME,
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A NEW GENUS OF EUGALEASPIDS (GALEASPIDA, AGNATHA) FROM
THE SILURIAN OF ANJI, ZHEJIANG, CHINA

GAI Zhi-Kun"*  ZHU Min'
(1 Institute of Vertebrate Paleontology and Paleoanthropology , Chinese Academy of Sciences Beijing 100044 )
(2 Graduate School of the Chinese Academy of Sciences Beijing 100039)

Key words Anji, Zhejiang, Silurian, eugaleaspids

Summary

A new genus of the Fugaleaspiformes ( Galeaspida), Anjiaspis is described in this paper.
Fossil materials were discovered from the Maoshan Formation ( Wenlockian, Silurian) of Anji
county, Zhejiang Province, China.

Galeaspida Tarlo, 1967
Eugaleaspiformes (Liu, 1965) Liu, 1980
Anjiaspis gen. nov.

Etymology After the county of Anji, Zhejiang Province, China, and aspis (Gr.) = shield.
Type species Anjiaspis reticularis gen. et sp. nov.
Diagnosis As that of the type and only species, Anjiaspis reticularis gen. et sp. nov.

Anjiaspis reticularis gen. et sp. nov.
(Figs. 2~5)

Etymology From reticularis = meshy, netlike, reticulate, in reference to the netlike sensory
canal system.

Holotype A complete cephalic shield (IVPP V 14332.1).

Referred specimens Two incomplete cephalic shields, with well-preserved sensory canals.
IVPP V 14332.2A,B, V 14332.3A,B.

Locality and horizon  Anji, Zhejiang Province, southeastern China; Maoshan Formation
(Wenlockian) .

Diagnosis A small-sized galeaspid with a subtriangular cephalic shield which is broader than
long; lateral margin of cephalic shield serrated; cormer and inner corner not very developed, short
spine in shape; median dorsal opening, drop-like in shape with a pointed anterior end, a blunt
posterior end; anterior end of median dorsal opening far behind rostral margin of cephalic shield,
posterior end in front of orbital openings; orbital opening round and fairly small, very close to mid-
line of cephalic shield and closer to the posterior margin of cephalic shield than to the anterior;
pineal opening level with the center of orbital opening; sensory canal system reticulate with 4
longitudinal canals and 8 transverse canals; six pairs of branchial chambers; ormament with evenly-
distributed , minute round tubercles.

Comparison and discussion The new genus has a longitudinal oval median dorsal opening
and typical eugaleaspid-pattern sensory canal system, and can be referred definitely to the
Eugaleaspiformes. It is distinet from the other genera of the Eugaleaspiformes in its fairly small
orbital openings which are very close to the mid-line of the cephalic shield. The new form resembles
Meishanaspis lehmani (Wang, 1991) and °‘ Sinogaleaspis’ xikengensis (Pan and Wang, 1980) in
the subtriangular cephalic shield and serrated lateral margin (according to our new ohservation, the
lateral margin of ‘ S.’ xikengensis is also serrated) . They differ in that the comer and inner corner
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of the new form are very small, short spine-shaped (developed in the other two) . Among these three
forms, Anjiaspis reticularis more closely resembles ‘ S.’ xikengensis in the shape of the median
dorsal opening and position of the pineal opening which is level with the centers of the orbital
openings (level with the posterior margin of the orbital openings in Meishanaspis lehmani) . The new
form and “S.’ wikengensis have a drop-like median dorsal opening which is situated in front of the
orbital openings. They are distinguishable in that the anterior end of the median dorsal opening of
*S.’ xikengensis reaches the rostral margin of the cephalic shield, whereas that of the new form is
far behind the rostral margin. In Meishanaspis lehmani, two ends of the median dorsal opening are
pointed, and the posterior end levels with the anterior margin of the orbital openings.

The new genus bears some morphological similarities with the outgroup taxa of the
Eugaleaspiformes (e.g. Dayongaspis hunanensis Pan et Zeng, 1985), including the serrated lateral
margin of cephalic shield, and the orbital openings close to the mid-line of the cephalic shield.
These characters are most likely to be plesiomorphic in galeaspids.

Concerning the sensory canal system, there exist striking differences between the new form and
the other eugaleaspids. Anjiaspis has 4 longitudinal stems and 8 transverse branches linking them on
the dorsal side of cephalic shield. Among 4 longitudinal stems, the outer stems are composed of an
infraorbital canal and a lateral dorsal canal; the inner stems are composed of an anterior supraorbital
canal, a posterior supraorbital canal and a median dorsal canal. But these three canals are joined
naturally in the new genus and there is no gap or angle between them. The new genus has 8 median
transverse canals which are much more than 3 median transverse canals in Sinogaleaspis
shankouensis (Pan and Wang, 1980) . The distribution of the sensory canal in the new genus mostly
matches the pattern of the ancestral vertebrates assumed by Liu (1986) .

Acknowledgements We are grateful to Ms. Huang Jinling for drawing the illustrations, and Dr.
Christine Lee ( Arizona State University) for improving the English summary .
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Appendix 1T Characters used for the phylogenetic analysis of the Eugaleaspiforms by Gai et al. (2005)
All characters except Character 4 are unordered

1. Shape of median dorsal opening: (0) round; (1) transverse oval (width > length); (2) longitudinal oval (length > width).
2. Longitudinal oval dorsal opening: (0) not slit-like (length/width < 5); (1) slit-like (length/width > 5) .
3. Anterior end of median dorsal opening: (0) subterminal; (1) terminal; (2) far from rostral margin of shield.
4. Posterior end of median dorsal opening: (0) in front of or level with anterior margin of orbital opening; (1) between the centre
and anterior margin of orbital opening; (2) between the centre and posterior margin of orbital opening. (ordered)
5. First median transverse canal (mtc,): (0) present; (1) absent.
6. Third median transverse canal (mte,): (0) present; (1) absent.
7. Posterior supraorbital canal (soc,): (0) absent; (1) present.
8. Lic,: (0) present; (1) absent.
9. Ltey: (0) present; (1) absent.
10. Lte,: (0) present; (1) absent.
11. Ltey: (0) present; (1) absent.
12. Median dorsal canal: (0) not developed; (1) developed.
13. Comer: (0) present; (1) ahsent.
14. Extending direction of comer: (0) projecting laterally; (1) projecting backward .
15. Inner comer: (0) present; (1) absent.
16. Shape of inner corner: (0) broad leaf-shaped; (1) spine-shaped.
17. Ratio between preorbital length and post-orbital length in mid-line larger than 0.9: (0) no; (1) yes.
18. Ratio between preorbital length and post-orbital length in mid-line larger than 1.1: (0) no; (1) yes.
19. Pinesl organ: (0) in front of or level with posterior margin of orbital opening; (1) behind posterior margin of orbital opening.
20. Ratio between pre-pineal length and post-pineal length in mid-line of cephalic shield larger than 1.0: (0) no; (1) yes.
21. Rostral process: (0) absent; (1) present.
22. Shape of cephalic shield: (0) nearly triangular; (1) nearly semicircular; (2) nearly oval; (3) nearly trapezoid.
23. Edge of cephalic shield: (0) serrated ; (1) smooth.
24. Position of orbital openings: (0) close to mid-line of cephalic shield; (1) far from mid-line of cephalic shield.

Appendix I Data set with 24 characters for 16 taxa (after Gai et al., 2005)

Taxon 1 11 1 11 1 1122 2 2 2
12345678 9012345467189 01 234

E . xujiachongensis 21 2 21111 111011 11110111
E . lianhuashanensis 2122?72?77 ?7?7?70111711110111
E . changi 2t2211111r1110117?1011%0111
E . xiushanensis 212 2111111 1011?2001 10111
P. yuhait 21211111111 100O0UO00O0DO0OI1 0101 1
T . magnoculus 2121?77?21 777272100 79 00 7?201011
N . maeandrine 212011111 1110100101000 1 !
Y. major 202011111111 0100O0O01O0O0O01 !
S . shankouensis 202100111t 10101010000O0O0O0T11
* §.’ xikengensis 2 010¢??7??7??°??70101000O0O0CO0TO0OQ0:1
‘S’ zhejiangensis 29010111 10000O0OD1010O0O0O0O0OO0CTI11
M . lehmani 2010111000001 01000O0O0O0OO0O0?!1
C.gui 17270001 00O0O0O0O0O0OTI1 2000000021 (_)
H . guodingshanensis 1 ??0001000O0O0OO0OT11T?0O0O0CO0OT?TO0O0OSZ 3T1:1
D . hunanensis 0 001 00 O0O0OOCOO0ODOOODO0OOQO 000000
A reticularis 2 02000100071010111010000

0 = plesiomorphic state; 1,2,3 = apomorphic state; 7 = unavailable characters or logical impossibility.

New character and taxon are in bold and underlined.



