43 1 pp.6l 75

2005 1 VERTEBRATA PALASATICA figs.1 9
1)
1,2 1 1
( 100044)
(2 100039)
( Meshanaspis lehmani) , ( Sinogaleaspis zhgji angensis)
3
1 Q915. 861 A : 1000 - 3118(2005) 01 - 0061 - 15
1

: , 1514 2131 m ( ,

1989) , )

( Sinogaleaspis zhgiangensis Pan,
1986a) ( Meishanaspis lehmani Wang, 1991) ( Changxingaspis gui
Wang , 1991) , — ( ,1986b)

1998 , ;2003 )
2004 ,
( Hanyangaspis 9.)
1) ( :49925204) ( :G000077704)

:2004- 10- 25



62 43

Galeaspida Tarlo, 1967

Eugaleaspifor mes (Liu, 1965) Liu, 1980
: * Sinogaleaspis’ zhegjiangensis Pan, 1986
(13

1 , V 1781
9 VPPV 14330.1 9

1 “ " (IVPPV 14330.1) , , =2mm
Fig. 1 Bxternd moud of the cephdic shidd of Sinogaleaspis' zhgiangersis (IVPPV 14330.1) , the hiasis
redoration, scde bar = 2 mm

Abbreviations: ¢. ocorner  ; dcm. dorsal commissure ;ic. inner oorner sifc.
irfreorbital cand Jldc. latera dorsd cand :ltc. laterd transverse cand ;md. 0. medan
dorsd opening ;orb. orbitd opening ; pi. pined opening ; DC2. poderior supreorbitd cand

) , 7
( 1) , & ”
, 13 mm, 17 mm, 10 mMm , )

10mm ( 2A) , )
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: ( 2E,3B) :
3mm, 1mm ( 2D, 3B)
1
Table 1 Measurements o the holotype and new mater ial (mm)
L. cephdic W.cephdic  L.Midine o L before L behind
shield sidd cephdic siedd  D.orb L.md.o W.md.o pi pi
V 1781 12.8 16.2 10.3 1.5 2.6 1.2 — —
V 14330. 1 — — 10.2 1.3 3.4 1.6 4.6 5.6
V 14330. 2a 13.8 16.7 10.0 1.5 3.3 1.5 4.7 5.3
V 14330.3 14.1 — 10.5 1.5 3.2 1.2 4.7 5.8
V 14330. 4a — — — 1.4 3.1 1.4 4.3 —
V 14330.5 — — — 1.4 2.9 1.5 4.1 —
V 14330.6 — — — 1.6 2.9 1.3 3.7 —
V 14330.7 13.0 15.8 8.8 — — — — —
L. lengh ;W. width ;D. dameter 1 other abbreviations se Fg. 1.
, : 1.5 mm, ve( 2C,F) ( :
1986a, 3) ( 1,2B) )
' 3 mm, 1.5mm,
( 2P
, , (1986a)
9 , 3 )
(1986a) , “ U , ,
( 1,2B)
6 (Itcp Itce Itc 4) “
" 6 , Itc; 4 , , : 4
, ltcy Itce ) ;
Itc, ( 1,2B,0
6 : ,
, Itc, ( A,
©



64

2 “ »

, =2 mm
Hg. 2 New meterid of Sinogaleaspls’ zhgiangensis, scde bar = 2 mm

A. a conplete cephdic shidd (V 14330.29) ; B. externd
noud o an inconplete cephdic shidd and the detail o ornament (V 14330.3) ; C. exdernd
noud d an inconplete cephdic shidd (V 14330.83) ; D. , vertrd imd an
inconplete cephdic sidd, with an arrow sowing the ord opering (V 14330.9) ; E vertrd rim

o a conplete cephdic shidd (V 14330.7) ; F. an inoonplete cephdic sidd

(V 14330.49)
“ ” (1986a) )
( Sinogaleaspis)
(S. xikengensis) )
“ » ( Sinogaleaspis shankouensis Pan et Wang ,
1980) ’ =
2) ! '
3) “ ”

; SAVAR)



3 “ § , =2mm
Fg. 3 Redordion of the cephdic shidd o Snogaleaspis’ zhgiangensis, scale bar = 2 nm
A. dorsal view; B. vertral view; or. ord opening
4 , 2
’ 4 ’ 6)
L 1 3
“ ” 1)
(1986) , , , “ ” “
2) 2
, 3 4 , "
( Dayongaspis) , 3 4
, ( Eugaleaspis changi)
( E. xujiachongersis) 2
( Meishanaspis Wang, 1991)
( Méishanaspis lehmani Wang, 1991)
(49
VPPV 8298
, VPPV 14331.1

V 14331.2
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4 , =2mm
Fg. 4 Cephdic shidd of Meshanaspis lehmani (V 14331. 1a) , scde bar = 2 mm
1 Abbreviations se FHg. 1

, , 32 mm, 42 mm,

5 , =2mm
Fg. 5 New materid o Meshanaspis lehmani , scale bar = 2 nm
A. an inconplete cephalic shidd (V 14331. 2a) ;B. externd mould of
an inconplete cephdic shidd (V 14331.2b) ; C. externd mould of

an inconplete cephaic shidd and the detail of ornament (V 14331. 1b)



4.5mm, U5 ,
V 14331.1 ,
7 L) i)
Itc, y y f ) (
4, 5C)
6 ; (50
( Meshanaspis
Wang , 1991) (1991) ,
: (1992) ,
« ) ( )
’ 1) 6 y , =4 mm
FHg. 6 Redoraion of the cephdic shidd of Meshanaspis
. T2 lehmani , in dorsdl view, scde bar = 4 mm
“ ” (
1) , “* ” ,
) (
1986) 2) ,
3.5; “ K , 2
3) “ ” ,
7 , “ ” , 4)
, “ ” 5)
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3
3.1
7 12 , :

1) ( Eugaleaspis) : ( E. changi Liu, 1965)
(E. xujiachongersis Liu, 1975) ( E. lianhuashanersis Liu, 1986)

( E. xushanensis Liu, 1983)

2) ( Yunnanogaleaspis) : (Y. major Pan & Wang, 1980)

3 ( Sinogaleaspis) : (S. shankouersis Pan e Wang,
1980) “ "( S.’ xikengensis Pan e Wang, 1980) “ "( s
zhgiangensis Pan , 1986a)

4) ( Meishanaspis) : (M. lehmani Wang, 1991)

5) ( Tridensaspis) : (T. magnoculus Liu, 1986)

6) ( Pterogonaspis) : (P. yuhaii Zhu, 1992)

7) ( Nochd aspis) : (N. maeandrine Zhu, 1992)

( ,1992; Janvier , 1996)
7 12
3.2
(1991) (Gdleapida) ;
( Dayongaspis hunanensis Pan et Zeng, 1985)

( Hanyangaspis guodingshanersis Pan e d. , 1975) ( Changxingaspis gui
Wang , 1991)
3.3

23 ( 2

1. :0. 1. ( > ):2. ( > )

2. :0. ( /1 <5):1. (/1 >5)

3. 1 2

4, 1 2.

, (1992) , ,
(mtcy) :0. 1.
(mtcs) :0. i1

(mtc) 2 3
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micy

mic; ,

mic,

nics

mcy

b (|th) :0.

10.
11.

(Itcs) :0.

1986)

1.

(mdc) :0.

(corner) :0.

12.
13.
14.

1.

Table2 Data matrix for the Eugaleaspidifor mes

(42} - — - - - - - - - - - o - - o
N|H 4 4 4 O O O ©O O O O O N ™ O
4]l o o O O 4 4 O O O O O O o o o
ol 4 4 4 4 0o o o o o o o o o o o
ol 4 A4 A4 4 4 & 4 4 0o o o o o & &
|4 4 O O O O O O O O O O o o o
Nl 4 4 O O O O 4 O o o o o o o
ol & & & & o0 & 0 0O 4 4 4 4 o o o
Wl @& 4 4 o © o o o o o o o o o
| 4 A A A4 0O O 4 A4 A4 A d 4 & & o
m|lo o o o o OO O O O O © O «H «H O
Nl = & d A A A d A d Yo & o o o
Al 4 & A4 4 4 & 4 4 o ¢ o o o o o
ol 4 & d d a4 & 4 4 4 & o o o o o
ol 4 & d a4 a4 & 4 4 4 ¢ o o o o o
ol 4 & A A4 4 & 4 4 4 & 4 o0 o o o
N I T R R R R I R e e = = =)
Ol @ & d@ d a4 & a4 d o0 & d d 4 4 o
wWla & d a4 a4 & 4 4 0o & 4 4 o o -+
¥l 8 8 N4 4 O O A O 0o o o o o
MmN NN N NN N NN A d A O o o
Nl Hd A4 4 4 4 4 4 0o 0o o o o & &
AN N NN NN NN NN NN A d O

(%) B2}

m m Y . 2 m
B w m 0 m mq 3 «
Bleg . 18 fPcg B
|18 £ 238 5§t EE g ¢
28238 8T L8332
W owwuao 2 > g ? P35 6o

unknown or unavailable.

gonorphic gate;* 7

plesonorphic gate;* 1 3"

¢ 0
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15. (inner corner) :0. i1
16. :0. 1.
, (1992) ,
1 2 L L
17. 0.9 0. 1.
18. 1.1 0. 1.
19. :0. 1.
20. :0. 1.
21. :0. 1.
) ( ,1992)
22. :0. 1. 2. ;3.
23. :0. i1
3.4
) 23 ) 7 12
PAUP 3.1.1 , ,  Macintosh
( 20) , (branch-and-bound
search) , 5 ( 7, (Tree length) =35,
(cn =o0.8, (RI) =0.89%
A E . lianhuashanensis| B : C _IF
E . xujiachongensis 'S, xiker o o .
E. xiushanensis M Ishman - Mkengensis
P . yuhaii - C.gu ] Aéf lehmani
1. magroculus I: uodrngshanensis _EH'QUJM— " ;
N. maeandrine gunanensis - guodingshanansis
Y. major 0. hunanensis
F S . shankouensis D E
'S” xikengensis F
‘8" zheflangensis 'S zhejiangensis 'S". zhejiangensis
M _ iehmani !_.{‘ lehmani . lehmani
4 i ﬁ o dinash o 3 xlkengensrs S xfkengensm
. guodingshanensis —E _'—E
D. hunanensis H. 9”“‘"93’79”&”3'3 H. guodmgshanensis
— D.hunanensis ———————D. hunanensis
7 5 , 5

FHg. 7 FHve nmog pargnony trees, the box showing the same part o five trees

5 y 5 F ’
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1
, (drict consensus tree) 8
[ Eugaleaspidiformes ] [outgroup] [ Eugaleaspidformes
w0 & g 2
G @ a 22 2
s & s [T L] @
g o vae B2 2 & & B w o BB e [~
8% & 38 £8¢2 £ g £¢2 5 SE&E 8§32 23
G S o 25 35 & [ = F ] e o B am%.._ a:;
[ I T = 84: o L e o @ mt'a’m,oq o £ 5 £ (0]
2D =g E2sa = 1 30 S e dyr=8 26 &
S SE 8 5SS =R k=] o] ELE 5 EEo e 8 S 5 E T @
SS8fESs oagmB8L TI g ST ES35F e 8L LS5 Q8
EIEESEEE[SEEES g,% 2 ESSCRILEEEGERN RS S 82
wwwwa ~=z>xlnbbs or o LWuwwwokz>nd ®s0Taq
L oo L
1740-1)
4(1-2)
15{0-1]
20¢-1)
22813
N1y
B0
190-1)
3(1-2}
8(0-1),
10[0-1}
12{0-1)
wol
13(0-1)
23(0-1) :ijr?_]')i
G2
.’&M}
i 1?
14031
16001}
T I
8 5 , 9 3

Fg. 8 Srict consensus tree of five nog pardnony FHg. 9 One of npd parsnony trees, showing one
trees of the Eugdeapidformes, the box soning that possble st of character didributions with character
the Srogdeagpidae is a pargphyletic group changes a nodes

1) , ( Eugaleaspis) 4

2) ( Pterogonaspis) ( Tridensaspis)

3) (Sinogaleaspis) 3 ,
Itca ¢
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NEW MATERIAL OF EUGAL EASPIDS FROM THE SIL URIAN OF
CHANGXING, ZHEJIANG, CHINA, WITH A DISCUSSION ON
THE EUGAL EASPID PHYL O GENY

GAl Zhi-Kun'?  ZHU Min'  ZHAO WenrJin®
(1 Ingtitute o Vertebrate Paleontdogy and Paleoanthropology, Chinese Academy o Sciences Beijing 100044)
(2 Graduate Schod o the Chinese Academy d Sdences Beijing 100039)

Key words Changxing, Zhgiang, Slurian, eugdeagpids, phylogeny
Summary

The fird work on vertebrates from the Slurian Maoshan Formation of Changxing , northwestern
Zhgjiang was done by Pan (1986a) who described the galeagid fish Sinogaleaspis zhgiangensis , as
well asfinrgines of Sinacanthus. From the same locdity and horizon, Wang (1991) described
amther two galeagpid Pecies, Meishanaspis lehmani and Changxingaspis gui. Snce 1998, the
authors have organized three subsequent excurdgons to Changxing, and oollected abundant Slurian
fish remains, which are suggedive of the Sinogaleaspis-Xiushuiaspis Fauna , the fish fauna originaly
described from Xiushui , Jianxi Province (Pan and Wang , 1980) . The present acoount describes the
eugdeagpid remains, with a revison of previoudy described material , and di scusses the phylogeny
o the Bugd eagpiformes.

1 Sydemdtic paeontology

Galeaspida Tarlo, 1967
Eugaleaspiformes (Liu, 1965) Liu, 1980
* Sinogaleaspis’ zhejiangensis Pan, 1986
(Fgs. 1 3

1986a Sinogaleaspis zhdiangensis, Pan: fig. 3, pl. 7.

Holotype A complete cephdic shiedd, V 1781, housed in the Gaology Museum of China.

Referred specimens Nine well-preserved cephdic shidds, VPPV 14330.1 9.

Locality and horizon Changxing, Zhgiang Province, utheagern China; Maoshan
Formation (Early Wenlockian) .

Diagnosis (emended) A svdl-dzed gdeagpid with a subtriangular cephdic shidd which is
broader than long; orbital openings round and fairly big; median dorsal opening longtudind ova in
shape , extending anteriorly to the rogra margn of the cephdic shidd; sengory cand sygem with
pogerior podorbital cands, irfreorbita cands, laterd dorsad cands,laerd transverse cands, and
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dorsal commissure; Sx laterd transverse cands on each dde; median dorsal cand ot developed;
gx pairs o branchiad chambers; ornament with evenly-digributed , minute round tubercles.

Comparison and discusson ‘ Sinogaleaspis’ zhdgiangenss ressmbles Sinogaleaspis
shankouensis (Pan & Wang, 1980) in the sze of the cephalic shidd , the shape of the inner corner ,
and the pogtion of the pinea opening. However, it is diginguishable from Sinogaleaspis
shankouensis in following characters. Hrgly , the cephalic shield of Sinogaleaspis’ zhgiangensis is
broader than long in shape, whereas that of Sinogaleaspis shankouensis is longer than broad.
Seoondy , the median dorsal opening of the former is longituding oval-shgped with its anterior end
terminaly postioned , and pogerior end leveling with the anterior margin of the orbital openings. By
comparion , the median dorsal opening of the latter i s wedge shgped with its anterior end away from
the rogrd margn of the cephdic shidd, and poderior end at the level of the center of the orbita
opening. Thirdy , the two pogerior pogorhita canasdf the former do not meet pogeriorly , whereas
those of the latter are V-shgped. Fourthly , the former lacks the median dorsal canad which is well
developed in the latter. Hfthly , the former has 9x pairs of laterd transverse cands, whereas the
latter has only four pairs. Sxthly, the former has only one median transverse cand , namely the
dorsd commissure , whereas the latter has three median transverse canalsin totd .

Two characters of . Sinogaleaspis’  zhgiangensis are noteworthy. 1) © S.' zhgiangensis is
deficient of the median dorsal cand , suggeding that its senory cand sydem is mot of the
eugdeapid type. 2) In addition to the lateral transverse cands running from the lateral dorsal
cand , usually present in other eugdeapids,’ S.’ zhdiangenss bears two additiona latera
transverse cand's from the irfreorbitd cand. By the outgroup conparioon, we congder that the
additiond latera transverse cands might be a plesomorphic character of eugdeagpids, snce 3 4
laterd transverse canals running from the irfreorbitd cand are found in Dayongaspis and
Hanyangaspis. The vediges of the latera transverse cand's running from the irfreorbital cana are
adw found in Eugaleaspis changi and E. xujiachongensis (persona observation) .

Meishanaspis Wang, 1991

Meishanaspis lehmani Wang, 1991
(Figs. 4 6)

1991 Meishanaspis lehmani , Wang: fig. 5, pls. 6A, B.

Holotype A conplete cephdic shidd, VPPV 8298.

Referred specimens  Two inconplete cephdic shidds, with well-preserved sengory cands.
VPPV 14331.1, V 14331.2.

Locality and horizon Changxing, Zhgiang Province, utheagern China; Maoshan
Formation (Early Wenlockian) .

Diagnosis (emended) A midde szed gdeagpid with a subtriangular cephalic shiddd whichis
broader than long; laterd margn of cephaic shiedld serrated; senory cand sysgem with pogerior
podorbital cands, irfreorbitad cands, laterd dorsd cands, laerd transverse cands, and dorsd
commissure; sven latera transverse candson each dde; ornament with gar shaped tubercles.

Comparison and discussion  Wang (1991) erected Meishanaspis lenmani , and Pan (1992)
oonddered that Meishanaspis lehmani was a syronym of' - Sinogaleaspis’ zhgiangensis. The present
qudy shows the following clear differences between them, and corroborates that Meishanaspis
lehmani is a tenable genus and ecies, rather than a syronym of'  Sinogaleaspis’  zhgiangensis.
Frdly , Meshanaspis lehmani is more than two timesoff  Sinogaleaspis’ zhgiangensis in the sze of
cephdic shiedd. Accoording to the measurements shown in Table 1, we think that the dze of the
cephdic shidd is a dable character in' Sinogaleaspis’ zhgiangensis. Meishanaspis lehmani has
oone beyond the range of*  Sinogaleaspis’ zhgiangensis. Secondly , the median dorsal opening of
former is narrower than that of the latter. The ratio between length and width of the former is 3.5,
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whereas that of the latter isonly 2. In addition , two ends of median dorsal opening of the former are
a little pointed, whereas those of the latter are syooth. Thirdly, two laterd dorsd cands of

Sinogaleaspis’ zhgiangensis are goproximately parald , whereas those of Meishanaspis lehmani are
rot pardlel and curve to the midine of the cephdic shidd. In addition, Meshanaspis lehmani has
sven latera transverse canads on each dde, one nore cand than' Sinogaleaspis’ zhgiangensis.
Fourthly, the latera margn of cephdic shidd of the former is serrated , but that of the latter is
sooth. Hfthly , the ornament of the former is conposed of dar sheped tubercles, whereas that of
the latter is conposed of minute round tubercles.

2 Sydemaic anayssd the Eugdeasidiformes

By mow , the Eugdeaspidiformes has 7 genera including 12 gpecies described , and is assumed
to be a nonophyletic gdeapid goup. We included adl 12 gecies of the Eugdeagidiformes and
three out goup taxa ( Changxingaspis gui, Hanyangaspis guodingshanensis, Dayongaspis
hunarensis) , and sdected 23 characters to carry out a phylogenetic andyds of the
Eugd eagidiformes The anadyss was oonducted usng PAUP 3. 1. 1 usng branch and bound
ssarch. We ot five mog parsnonious trees, with tree lengh = 35, condgtency index (CI) =
0.8, retention index (RI) = 0.896. The trees are showed as Figs. 7 9. From these trees, we
can draw the following conclusons.

1) All four ecies of Eugaleaspis conditute a nonophyletic goup. They share the
syngponorphies such as the nearly semicircle cephalic shield, the loss of inner corner , the median
dorsal opening extending backward to the pogerior margn of orbita openings, and the pre pined
regon of cephaic shield longer than the pogt pined regon.

2) Pterogonaspis and Tridensaspis form a Ser group with their developed rogra process and
laterdly projecting corner.

3) Three gecies asigned to Sinogaleaspis do mot form a norophyletic goup, but a
pargphyletic group. Sinogaleaspis shankouensis has a closer relationship to Yunnanogaleaspis and its
sder gowp thanto® S.’ zhgiangensis and S.’ xikengensis. They share such synaponormhies as
the anterior end of the median dorsal opening avay from the rosgrd margn, the absence of It ¢,
and the developed median dorsal canal.’ Sinogaleaspis’ zhgiangensis has two latera transverse
cand s running from the irfreorbital cand , and lacks the median dorsal cand. These two character
dates are d D present in the out group taxa such as Changxingaspis, Hanyangaspis, Dayongaspis ,
suggedting their being pledonorphic. The present sudy shows that® Sinogaleaspis’  zhgiangensis
occupies the nore basal postion of the eugdeagid lineage than S. shankouensis, and canmot be
referred to Sinogaleaspis.

4) The sygematic postionaf S.’ xikengensis (Pan et Wang, 1980) is unresolved because of
the large number of missing data, epecidly for its senory canad sysem. Further field excurdons to
Xiushui , Jiangd Povince, the type locdity of © S.” xikengensis, are needed to find nore
ecimens o’ S.’  xikengensis.
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