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M2 b X (X E M BRI, 19735 £ H00R,2000) , R IR HIES) 224 m, IR
EFAKECH R VR A R85 K (early Lochkovian) , &4 LA BUE ) A /b a8 1,
RBEFOELBETE, KB -EREAHAND RS EE RN ERSFHEE M (B
EEH,1998), BRITEZAPERKAKBIE JELALMPAEHILA, BEITHR T
—NEBENEEHIIRAAE (RB,1992), HPRURMMARAFE, AFAE
F #a3 Yunnanogaleaspis major (3T, E 1% ,1980) , Nochelaspis maeandrina ( 55,1992)
% 4 25 Polybranchiaspis liaojiaoshanensis, P. minor, Laxaspis (“ Polybranchiaspis” )

yulongssus, Diandongaspis xishancunensis, Laxaspis qujingensis, “ Laxaspis rostrata” (X K,
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1965,1975) , “ Dongfangaspis qujingensis” (¥&IL . £+ ,1981) , i A B 4L A H & ¥R A
Polybranchiaspis-Laxaspis 215 ( LR, 1984) , A 7EFE LA P —E AR & B )2 Fifl
mEM A R A, AR E AR R IR — R, O BAEHEHRAK
e AR PR IR IR S S A 4 . AR BEE(1994) (X E i (2002) HE L IA K, 42T
ABRME ISR KR ER IR MRS (Pragian) , B FRESE , X1 & 62 U E
M EEEENE L.

2004 47 A , R BT B HE AT B A HE S M R R P RO 25 i o X RS B T
FEEIT R ANAE, TRLAKE R LN TR REN QR AP RE2 4
HYRMEENEEaRLA, SXEhEHAaR—HE. FINAEFMRSGR (RE.
IR ,2006) 5 K IT T A K Nanpanaspis (B EE K IABIEmap AR THE
SR R BB RN, THT B M B A T M TE LA IR, bR R IR E# K
B, BT AF R AR R AR LN AN E R A, IR T B TS A2 0 Bk
B, BBBEM, AFNTEIARER @A R FER A T H'EZIOR, IR A iR
/(1

P TS TR

ZH&A L Galeaspida Tarlo, 1967
%484 B Polybranchiaspidida Janvier, 1996
4£F5 2 H Huananaspidiformes Janvier, 1975
£ £ Family Huananaspidae Liu, 1973

T E & ( 18 ) Stephaspis gen. nov.
(H1-~3)

IR stephos (Gr. ), F5d, Pk HAR DL I, aspis(Gr. ) JFH

BR#M XEFEE(HE FiFl) Sephaspis dipteriga gen. et sp. nov. ,

B MegARKMdmadt, LA RERER, S n s 0l AEE , Mt K
kB EM BARMES, NAARKR S W% AR R T P EILEKR, 2EHEHEEE , 6
AR, JE v B Al BEFLE/D B, B4 Sk S A —XHEH, ERKMER , FiL kW
Mgk ; BHERFEAERE QULEE L MIEE MEEREREE, GEELEEVE
18 s BUHE A A/ N KRR Lo

St HBPEAEMEE, ELL B/, B4 408 W) & K — X7 M 5] ZE {6 i
£ RIE AR B EE (20060) MEAEFABVRAEAAELESNHE R, MARERAaF
(Huananaspidae) , £/ A8 HEILH 7 &, 45 7 Y Y € (Asiaspis) , B & £ ( Nan-
panaspis) Y5 . ( Huananaspis) \ J¢ 1] 111 8. ( Lungmenshanaspis ) % '] 4 ( Qingmenaspis ) |
dr4E 1Y 1| £4 ( Sinoszechuanaspis ) F1 K & 4 ( Macrothyraspis ) , TERM AR B, L HFEFIE
REREFLCETN S, FE S aag v, BETHAHIZ2NmMETE, BarmmR,
JE R, BEFLE AL, 1 BB R Sk B R A E . HAA R (B L E R R E B
BOO I, BEFL HE B SR Sk RS s Tk NG . 5540, Wi Sk R TE A W Ja O SR 3
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1 WEFEaGER B P (V14333 1A, ERIEA) , UBIR =1 em
Fig. 1 External mould of an incomplete headshield of Stephaspis dipteriga gen. et sp. nov.
(V 14333. 1A, Holotype), scale bar = 1 cm
81571548 Abbreviations: ¢. corner f; dem. dorsal commissure K 2% 4 ; dfe. dorsal fenestra ¥ % ;
ldc. lateral dorsal canal |45 ; ltc. lateral transverse canal fl|{#‘% ; md. o. median dorsal opening &
7L : orb. orbital opening JEFL ; pce. portion of headshield caudal to the base of corner fJ5IX; ro. rostral

process W% ; soc,. posterior supraorbital canal JSHE 4

KEAIE X, R 5553 (2006 ) A48 M4 i & A7 B, % 25 W 48 28 59 I 1a] S8 AR X 43
HEMEA. —MRANKFIRESGHNAEME , 0 Qingmenaspis Ml Lungmenshanaspis ; 73
— 2 A N B Sk H S %09 Sk N ER AR Y, 40 Sinoszechuanaspis 1 Zhaotongaspis, iX
B R MRS MPERS LT EEZRMERT BRBERRKIRE—AAE X,
X — X 3 7E 57 B A g £ R A A H A 28 T S SR U (A1 Sinoszechuanaspis ) B . {HR, BT
RSMABEL T EAGFIEY L 225 1) W4 228 H0 5 0 1) 28 {5 6 £, {H g 2 10 A9
FRBEX AT ESKE M, BN ST 0 S5, M Ra A LA —x, HiR &
F L AEXT A, R Sk B R B AR 2) B8 Sk B T SR M AL B B — Xk
KGRI 8 &, SRS G LR & B ) 47, T AN A RE XY
;3 ME BAMFERKNAEX BB OHEMN R, 2E-FEE, MiEfAaK
XK, B2 EE, /
FRIPEHEEMENMVERF T —MEFEROEE. HIL. £ % (1981)
FEIEREITEN ERRE T ERAXNETEWE B TIRARFSI RS, X
ERNHANETRE, MESTEWHEERET AR PRHZELHHINCRIL, X LW, 1981,
BIL,1992, X £ ,1993 ) , E &8 (1991,1995 ) A 177 1L 4 3k H M 2 66 1) P 1T X
IRN BB RS, M THEOEA, HAS&RF VR, BII(1992)I0A8F
BHERFALEPFRE R4, FHEKIE XA A SR 87 T K8 £ 44 ( Subcelass Macro-
thyraspidida within the Class Galeaspidomorphi) , X E#F(1993) Xt & M IhEH AT T 4]
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PH, AR T EERE P ARP BRI ERE K &5 (2002) %R X —
RCANBEYR—, EEEETFARNEATREEZR AL BHAXRFRELTD
WERERY AP HFENERERFARNFELRTIEDLLZE TR, - RESHHEH L
wHaR T, A —RECHAFERART B THEFILMELNREATHIFAZ—
NEBRKBE(RE L EEIR,2006) , FEEE ARG R EHNBEILE 4 N, 258
M i1 pAe ) afRE A, I E BRI ERE, TR SR ILAaER
BT, W ERKMETE, B ATk 5 50 2 3 J7 , T H At 3 8 19 1 & 2 S A%
GBI E E RSP PR, SHRBEXSUHE. o EEEARTS NAAK
B BB, A, WEEUTHEHEAR: D) HELE (AFIEM)
BRER. KHEGHEME, METLELP (CREIEMR) BIE =M, BE%&m§
Mo 2)EiEFHAZAMMEE, sk, FmBE, mEETFEALAZOE, SHR
BB AR 3) B M BRI 5 B AR, e & A R v B 2 R .

ETULWESHE, BE AN ECANBEHE, AEHBERANCHLR,

PR AR —FTR

WE T & (Ffh) Stephaspis dipteriga gen. et sp. nov.

W diprerigus , BRI , TR %Ak B BT 3t BRI 18 FEMR BT A
ERRA | PR AL P SME, R S HE TR A %0 5 TVPP
V 14333, 1A, B,

VANERES 1 HHRETEIE T o8R035 BN ML, IVPP V 14333.24, B,

i SEA  mrglld, Rt RIS E S R, WA,

MIE  RIBAE(HE—B9R) .

Rk MRBRRERT Mﬂq%ﬁﬁa)fwaﬁ, KKF9E, LHIE%ME M
H, ERIBRA V 14333, 1A Bok 3k 01 5 0 1% A0 58 4, 5 KARAE R B 42 50. 0 mm,
BRI R 37.6 mm, V 14333.2 5246207 T # kBRI RE, RAKEY
58.7 mm, B KL 35.3 mm, Sk FEN EL— b A AE AR B . V 14333, 1A Bk 2
M £, AW B AR e R, B R AR 7E K 5 29 19,4 mm; V 14333, 2 W0 19 A PR 77 5
8, K24 20.0 mm, f (RS SK S BRBIE,. GEMENKNENLHEESRER
R AGTTEE85.0~90.0 mm( [ 1, 2A;FE 1),

B fL 2O RTE , AT, SR E AL, K2 8.2 mm, B4 4.7 mm, K 5T L&
YN 1.7, PASTLATEE B Sk P W 48T, 2 M BE B 29K 7 mm, J5 3 47 F W9 BE FL B9 BT
SGER R IR (E L, 3% 1),

IEFLETE , 395060, B SEEL P, SEEafwEamR —&, HRNELDR
BUN, HRL 2 mm 2o A7, 2 3k TR KRG 1730, BEFL PRI EEZS S 105 mm, BEFL BT 408
S H WL 17.6 mm, MBRALBERER(EL, 3;81),

TSk IS TS0 3 N b 7 (R AE T — X 5 %7, M35 70 V 14333, 1B( & 2B)
ARSI AR AR, B M KR, K4 13.5 mm, 5540 2.9 mm, 5 08K
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B2 WEIXEHEER ™) FESKF, EHR =1 cm
Fig.2 The headshield of Stephaspis dipteriga gen. et sp. nov., scale bar = 1 ecm
A, —RSEHELH AME B E Y sketch of external mould of an incomplete headshield (V 14333.2A);
B. — A 5EE 3L B 9 A internal mould of an incomplete headshield (V 14333. 1B, Holotype) ;
71588 W& 1 Abbreviations see Fig. 1

HET G4 ER KBMHE%, &
¥ HE FL .0 K BUFE 6] — 7K OF
2k b, 3 H s 18 sk B o9 0025
J i U e [ Sk FR Al (D 1,
3;% 1),

BB RERAFALIEE,
UG HE 8 & e

;HBRBE, FIELEE VT

¥ , ¥ % HE 5 £ P4 BE £L B9 IE BT
Jio MEEARELEW, EHE TR
ZyaT oL, AU 1 4%, KR
HIFHFRBE. BBREE 1 &8
K, ERMRM NS B R OE R
EE (AL, 3),

HR A H AT, SUi 9 48 /)
HIRCIR ZEHE () 2B) .

ME WK1

B3 WEEEAECGHRE B SR, 7, IEFIR =1 cm
Fig.3 Restoration of the headshield of Stephaspis dipteriga gen.

et sp. nov., dorsal view, scale bar = 1 cm
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1 WRIBE(FE.FMH) ERGFHONE
Table 1 Measurements of Stephaspis dipteriga gen. et sp. nov. { Holotype} (mm)

PRTF ) B K H BE ( preserved maximum length of shield) 50.0
BRI B K FEHE ( preserved maximum breadth of shield ) 37.6
HEfL. 5 12 ( diameter of orbital opening} 2.0
HEE 6] 8 ( distance between orbital openings) 10.5-
FE FLAT %% 2= W15 {< (length from anterior end of orbital opening to rostral end) 17.6
1 B FL 1 (length of median dorsal opening) 8.2
& FL % ( breadth of median dorsal opening) 4.7
FEFLETH Z V)41 (length from anterior end of median dorsal opening to rostral end) 7.0
H B+ (length of dorsal fenestra) 13.5
HHE 5 (breadth of dorsal fenestra) 2.9
f11& (length of corner) 19.4

3 RGUAMEIWIRARER AN S

AT HEFBHREENE, RITAERE AR (2006) M EFAVRREZLELE A
FIEEAY L 37 B RORHE B T3 R EERE b (Appendix 1) ST REL B . HEFEM
PELERTRMR, GBI F AR , X — S FHIE 5 L% F8 ( Pentathyraspis) &
i 2% £ J& ( Nanpanaspis ) 8 AL, B DATE BT O PER G BE 38 i — B vtk .

54. FirswAHLR , f5 o B 4 A A ) A (R B L 0. ANAFAE 1. FRAE

ARG ) BE AL FE R A PAUP3. 1. 1 BJF R IEB B 2L 7E Macintesh 13547,
TR A M IRYIR 5 TFF (unordered ) ” F1“ 54X ( equal weight) ™, B 42 51 ( Heuris-
tic search ) MR & R 29 ) 7 S B, # R R/ R 3 AN R4 8 40 B, HA K (Tree
length) =132, —BPHFEE(CI) =0.4924 (£ BEFEE(RI) =0.7926,

TEFTAS M 3 AT A 43 S b B 1 7 H £ ( Hanyangaspis ) fH 2% ( Changxingas-
pis) RGN EGIIARSN, HIEF W ARG AT AN R, X—FRERE .=
I (2006 ) M A Rl — B, FiE L TR AR (Node BB 4) XA I SHAGBH
B REE (B 4) o B SCRMBBREE R EAE ) [T i A 22, J5 v (B 4 A A 6] 4 DR 5 FL A8
KMARKRKX ., BESTENE, € L2 HF MBI R E TS BB 6
R HABSSHE PO A BB, ANRTSRAE SR, )5 o B 41 A 5 8 FL7E 155 18 ( Pentathyraspis) 1
B, 8K A A 5 X 7E B8 38 £ ( Zhaotongaspis ) . i B 1 (Antiquisagittaspis ) 1 = 73, i1 ( San-
chaspis) "R B, H BT R BB - FATR L, AR LB BB BEAFEH MBRTHWE
RAE SR N EaFE LA, RO FRIHBIREATR T, BRER T SIE R
FH L, HBAHFRNEE, SKEATVRINEEHAEREXR, M2 EITHLHER,
MHEABPEIRB 51 R E , & X Huananaspis + Macrothyraspinae ( K& AW EL) (Node G, EH 4)
B AEG.CIE R FL, TR A h F LI EOE , R R E THFH B IR B R EH AR
BFIHHEREANERE. B2, ARRGERE TSR —BEREEK . IR R G ¥
LB FTEUGH TAETH 2N,
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Ma Huananaspidiformes
I 1
Q@
e, ] n 2 2
= 2 & @ &
s 8 2 & 8 § & 8
8 g 5 ¢ § & 3
© = £ = & G 9 =
& 8 8 £ § o s 5 &
w
o 6.8 % 8.8 8 v 35 W .
g8 EEE 8 S 1 5 e
= = 3 (7 -
3T 2 < & 8 / a
- < ﬁ 2 g? 2 [~ g,
L, ‘a {EN, I ! a 1 U ®
3 107. 0 &@d & \2
—J 100 gl g NS
=1 SFES
(0] g Y
Hic o 98 9 9.8 | 8 8
= :
]
g |
2 @5 éD aE) ®
=
= 6.0

Silurian —,ﬂ)—'

B4 R UbESa A
Fig.4 Chrono-stratigraphic distribution of the huananaspidiforms
The slim lines represent the relationship of huananaspidiforms; Node A: Huananaspidiformes; Node B.
Huananaspidae; Node C: Zhaotongaspididae; Node D. Sanchaspididae; Node E: Gantarostrataspidi-
dae; Node F: Sangiaspidae; Node G:; Huananaspis + Macrothyraspinae; Node H: Macrothyraspinae

R EIMBE S, ), HATEAT 13 J82 16 A, 5 AW 26 286 3L R4 W
TEZERRATERN =K LR W50 b Exm FE0MENSEHR A LA
( Stephaspis) PG TL2H ( Nanpanaspis ) . 15 2% #f 2 ( Sanchaspis | Gantarostrataspis ) , B\ SE B |
SC L4 HE G 340 1P 2H ( Gantarestrataspis . Huananaspis . Macrothyraspis . Qingmenaspis | Sanqgias-
pis Lungmenshanaspis ) F15% [ H#1IX ) 4 3k 1L 4 ( Wumengshanaspis) ; 7609 J1| 3253 A 7E VLI
b X S B4 4H ( Sangiaspis Lungmenshanaspis . Sinoszechuanaspis ) ; 75 P H L T 7S R X
FRIFR 155 04 2B ( Asiaspis (Antiquisagintaspis) . FiRMIXFER IR ¥4 T EH%, 5T
TR AR B AR —E R PERE Iy O PR BREE (£ L35 ,2001) . XFTILESHMHEER
{7 2Z [ B AR B B Ta) R, R 58 (1994 ) 0 E 18 (2002) X 304 (2005 ) R 40 1 1
AR ERR, XN SEF ARG ST R 0 bl R ohA S
W 2H P FERIH Z R R R SR XT L4k . SR PP HRT R B E R R Im A i &, bl
6 B, T EBMMERE AR S HM =1 AHE Al BEXN L EM, In SR E P X LBy 8
fA Gantarostrataspis geni ( [6] — #) ; 55 ¢ B 5 4 ° XJ L &Y J& & & . Macrothyraspis 5
Sinoszechuanaspis (345K #E ) , Lungmenshanaspis yunnanensis 5 L. kiangyouensis( [6]—)& ) , San-
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giaspis zhaotongensis 5 S. rostrata ( [5]— )& ) ; 5HE =5 W& 2H 6] Xt L &9 J& B 25 : Huananaspis 5
Asiaspis([6]—F}) o A, R hH 5ATZ IS LH AT X LB F R Sanchaspis 5 Ansiquisagit-
taspis (B IKFE) . MBARFMRERKRE, UL 4N HASHEREAR, ERERETRE
PEEEHGOR X LA Z H I XT LAY BRI 5E

EERSA L ERTHEAS EEakgREZAISEZ KM, 55 L6k 5 IREBH
Bi5h , BRIk B AP (& 4) , LR AR REE B EER RS, BES
TEMNE BEREAE TEaRHAIEmaR BN REENM, HRAEFXERNE R
BHFRAFREFEARNEEHEE, XHRALE AR REEEaie8x),
38 KHE A AT RS

i LR, A MRAAT A BN AEARIE REA S B AL RATE
B, 48 bR A% kb2 H) , X B A E A 46X %49 Philip C. J. Donoghue 4 45 8 & 1 3
A, LAt R TR,

FIRST DISCOVERY OF HUANANASPIDAE FROM THE XISHANCUN
FORMATION ( LOCHKOVIAN, DEVONIAN) OF YUNNAN, CHINA

GAI Zhi-Kun'?? ZHU Min'
(1 Institute of Vertebraie Paleontology and Paleoanihropology, Chinese Academy of Sciences Beijing 100044 )
(2 Graduate School of the Chinese Academy of Sciences Beijing 100039 )
(3 Department of Earth Sciences, University of Brisiol Bristel BS8 1R])

Key words Qujing, Yunnan, Xishancun Formation, Lochkovian, huananaspids, new genus
Summary

A new genus of the family Huananaspidae ( Galeaspida), Stephaspis is described in this
paper. Fossil materials were recovered from the Xishancun Formation ( early Lochkovian, Devo-
nian) of Qujing, Yunnan Province, China. The new genus is not only the first discovery of the
Huananaspidae in the Xishancun Formation but also represents the earliest occurrence of the
Huananaspidae in the Devonian to date.

1 Systematic paleontology

Galeaspida Tarlo, 1967
Polybranchiaspidida Janvier, 1996
Huananaspidiformes Janvier, 1975
Family Huananaspidae Liu, 1973
Genus Stephaspis gen. nov.

Etymology From stephos (Gr.) = crown, diadem, in reference to the shape of head-
shield, and aspis (Gr. ) = shield.

Type species Stephaspis dipteriga gen. et sp. nov.

Diagnosis As for the type and only species, Stephaspis dipteriga gen. et sp. nov.

Stephaspis dipteriga gen. et sp. nov.
{Figs. 1 ~3)
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Etymology From dipterigus = double wings or alae, in reference to two laterally project-
ing corners.

Holotype An incomplete headshield (IVPP V 14333.1A, B).

Referred material An incomplete headshield (IVPP V 14333.2A, B).

Locality and horizon Qujing, Yunnan Province, southwestern China; Xishancun For-
mation ( early Lochkovian, Devonian).

Diagnosis A large-sized huananaspidiform with a diadem-shaped headshield, longer than
broad; posterior margin of headshield protruding backward; corner developed, projecting later-
ally and slanting backward to the caudal extremity; inner corner not developed; rostral process
not very developed, slender at the base; median dorsal opening oval in outline with long axis
aligned with the rostro-caudal axis and with a little pointed rosiral extremity; orbital opening
fairly small, round and dorsally placed on headshield, close to the mid-line of headshield; dor-
sal fenestra oval in outline and aligned with the rostro-caudal axis, dorsally placed and close to
lateral margin of headshield; sensory canal system poorly developed, V-shaped posterior supra-
orbital canal, lateral dorsal canal, lateral transverse canal and dorsal commissure present; orna-
ment with evenly-distributed, minute round tubercles.

Comparison and discussion According to the results of a recent phylogenetic analysis of
the Galeaspida (Zhu and Gai, 2006), the new genus with oval-like median dorsal opening,
fairly small orbital opening, slender rostral process and laterally projecting corner can be re-
ferred to the Huananaspidae. Seven genera are referred to the Huananaspidae at present, inclu-
ding Astaspis, Nanpanaspis, Huananaspis, Lungmenshanaspis, Qingmenaspis, Sinoszechuanas-
pis and Macrothyraspis. The new form resembles Nanpanaspis (Liu, 1965) in the shape of the
median dorsal opening and the position of the orbital opening, in which the median dorsal open-
ing is a longitudinal oval and the orbital openings are dorsally positioned close to the midline of
the headshield. In addition, both are also very similar in bearing a long portion of headshield
caudal to the base of the comner. However, at least three obvious differences can be seen be-
tween them. 1) Both have laterally projecting corners, but Nenpanaspis bears two pairs that are
not very well developed, instead shorter and broader than those of Stephaspis. 2) The new genus
bears a pair of dorsal fenestrae on the dorsal side of headshield, a feature that is found widely in
Macrothyraspinae, but Nanpanaspis bears no such structure. 3) Both bear a long portion of
headshield caudal to the base of comer, but the portion of new genus is semicircular in shape,
and much shorter than in Nanpanaspis, in which is trapezoid.

In particular, the new genus bears a pair of dorsal fenesirae on the dorso-lateral side of
headshield. Dorsal fenestra in galeaspids was first reported in (Jingmenaspis by Pan and Wang
(1981), but their described material was poorly preserved and so they only tentatively interpre-
ted these structures as a dorsal branchial opening. The structures were subsequently confirmed in
other materials ( Pan and Wang, 1981 ; Pan, 1992; Liu, 1993). Wang (1991, 1995) thought
that the embayments at the lateral margin of headshield in Lungmenshanaspis could also be in-
terpreted as dorsal fenestrae. The phylogenetic analysis of galeaspids (Zhu and Gai, 2006) has
shown that the dorsal fenestrae of headshield evolved twice within the Galeaspida, once in the
polybranchiaspidiform lineage, and again in the huananaspidiform lineage ( nested within the
Huananaspidae ) .

Among the huananaspidiforms bearing dorsal fenestrae, the new genus resembles Lungmen-
shanaspis in the shape and position of dorsal fenestrae, in which they are slim longitudinally and
oval-shaped, and dorsally placed close to lateral margin of headshield. However, it is distin-
guishable from Lungmenshanaspis in following characters. Firstly, the headshield of Stephaspis
( excluding the comers) is diadem-shaped, and its posterior margin protrudes caudally, whereas
in Lungmenshanaspis ( excluding the comers) the caudal margin of the headshield is triangular
in outline, curving rostrally. Secondly, the median dorsal opening in Stephaspis is oval in outline
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but compressed laterally, but in Lungmenshanaspis the median dorsal opening is heart-shaped.
Thirdly, the corner of headshield in Stephaspis projects laterally and slants caundally, whereas in
Lungmenshanaspis the corner projects laterally but turns rostrally at the caudal margin.

Based on these differences, a new genus Stephaspts can be erected.

2 Remarks on phylogenetic relationships within the Galeaspida

To find the phylogenetic position of Stephaspis within the Galeaspida, we incorporated its
morphological characters into the data matrix of Zhu and Gai (2006) ( Appendix I). In the new
genus, the median dorsal opening shows oval in outline with long axis aligned with the rostro-
caudal axis and with a little pointed rostral extremity, which is very similar to Pentathyraspis
and Nanpanaspis. So a new morphological character is added to the new data matrix.

54. The longitudinal-aligned, oval-shaped median dorsal opening with a little pointed ros-
tral extremity. (0) absent, (1) present.

The phylogenetic analysis was conducted using PAUP 3. 1.1, parsimony analysis package
(Swofford, 1993 ), using the heuristic search option (10 replicates, random sequence addi-
tion) , with all characters set to equal weight and unordered. This analysis yielded three equally
most-parsimonious trees, with a tree length = 132, consistency index (CI) = 0.4924, reten-
tion index (RI} = 0.7926.

Among the three most parsimonious trees, the phylogenetic relationship of Stephaspis within
the Galeaspida remains consistent, nested within the Huananaspidae ( Node B, Fig.4) and re-
solved as the sister to Nanpanaspis (Fig.4) on the basis of such synapomorphies as the longitu-
dinal-aligned, oval-shaped median dorsal opening with a little pointed anterior end, and the
long portion of headshield caudal to the base of corner. Although the new genus bears a pair of
dorsal fenestrae on the dorsal side of headshield, the phylogenetic analysis demonstrates that
they are not homologous to the dorsal fenestrae of the Macrothyraspinae, but the result of paral-
lel evolution.
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Appendix 1

Data set with 54 characters for 39 taxa ( after Zhu and Gai, 2006)

1111111111222222222233333333334444444444555355

Taxon

1234567890123456789012345678901234567890612345678901234

Ateleaspis
Anjiaspis
Antiquisagittaspis
Asiaspis
Bannhuanaspis
Changxingaspis
Damaspis
Dayongaspis
Dongfangaspis
Duyunolepts
Eugaleaspis
Gantarostrataspis
Geraspis
Gumuaspis
Hanyangaspis
Hunanaspis
Kwangnanaspis
Laxaspis
Lopadaspis
Lungmenshanaspis
Macrothyraspis
Meishanaspis
Microhoplonaspis
Nanpanaspis
Nochelaspis
Pentathyraspis
Polybranchiaspis
Prerogonaspis
Qingmenaspis
Sanchaspis
Sangiaspis

‘S’. zhejiangaspis
‘S’ . uxikengensis
S. shankouensis
Sinoszechuanaspis
Wensharaspis
Wumengshanaspis
Yunnanogaleaspis

Zhaotongaspis

1111020001000100000100772077?772000007700010011100007000
1114117001002101100011000777721011010100021200001707010
111311700101111000011110077771070117100020200001107000
111211700100107777000077077271011000000120200001117000
111200720100000?27727000077077220001000001777200010010000
11121170010010?22927000077077721111000000120100001111070
11110170100001000000007907727920000000071227200000007070
111211720010010777220000720277271111000000120200001210000

111411700100107?7770011000777710100106700020200001710000
1116107010002077277000077077770000000001772200007007070
111111700100110000170077207772710701171077772200700107070
111211900100107777000072077771111000000120100001111070
11121190010010?72717200770777271011010100120200001210000
111311721010121101019211101111110727%2127200020200001102000
1111020002001100000100770777210000001700107721100007000
1113117200101111110172111002277210101101000202000011100°21

11111210010011000000002720722710101111720010011100002000

11121170010110677270010771000010707210110020200001110001

1112117001001077?270000770277711100000001201000011100060

11111210011011100000111007277101011111001001110000706G0
111411700100110110001100077771011010100121200001107010
111411200100212000171100077971070117700020200001107100
111112000200110000010077077771010000170000270100007000
1111120001101100000100790777272010000110020011100007000
1113119210101211011191110111112070110100020200001707000
11141120010021000100007907272720110100000212000012072000
111112000100110000000072072727271010111110010011100007000
1114117200100210111010077077271011010100027200001267000

Stephaspis

11130120010111101017211101000017722017000020200002207001

0 = plesiomorphic state; 1,2,3 = apomorphic state; ? = unavailable characters or logical impossibility. New character and taxon

are in bold.



