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L L && (Wang Nian-zhong, 1991) FETHEHE FE KME ZRIMNARL R RN, IA
AME F, (lateral dorsal opening) BREFEHT Qingmenaspis #h, RELET Lungmensh-
anaspis W, HBEROBNL, ZEEBEINEEBEARE, HENA Lungmenshanaspis Kl
Qingmenaspis — HILHHILH R,

HIAA,BIL (Pan Jiang, 1992) XNELETHEREZ Pentathyraspis, Microhoplona-
spis, Macrothyraspis, Sinoszechuanaspis L) Qingmenaspis EPB’JJ:J&FQ;%J&??TTE
B, EHHELAE (fenestra), FHWHEERMEE, BRI —SHRBEHNMLE, XS4
& (dorsal fenestra), #NFE Macrothyraspis, Sinoszechuanaspis Fl Qingmenaspis, K&
E % (lateral dorsal fenestra), #N7E Pentathyraspis Microhoplonaspis (Pan Jiang,
1992, figs. 10, 24—31, 33; A3, 1C—G), BRI ZHFNERE: YXELMALE
ER, WEE A REY KT B % (Pan Jiang, 1992, p. 24; TH), R ATEEEE
B2 (osteostracans) flIXAYTHAE, th R R ERFLER B KFLEITIEE, MR EE K H e
(p. 23—24) HBBEAMRE, ZEKRESOEBRERE, FE, BROEXENERE
BEXAMHENE R L L FRERE R, .

AE W, RO EXA 5 BER PR TORI, BRE B, FEIbAES 2R
PELL T Bido

B EEEER BEX M EBEX Y ATERNNEHRRAELEN, LbRLE, BB
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Ei. AB BEALZEBAE (Polybranchiaspis liaojiaoshanensis Liu 1965; after Liu
1975), {XXER 1975; A, HHEY,RKIEE (dorsal shield in dorsal view, to
show the sensory canals); B, FFHEM, /KEEA]4 (dorsal shield in ventral view,
to show the interbranchial ridges), C—G, FEHEFEM, RMEFLERE (dorsal
shield in dorsal view, to show the lateral fenestrae and sensory canals; after
Pan 1992), {% Pan Jiang 1992; C, /NIES[ 148 (Qingmenaspis microculus Pan et
Wang 1981); D, Macrothyraspis longicornis Pan 1992); E, thfgpu||ETHl&
[Sinoszechuanaspis yanmenpoensis(P’an et Wang)1975)F, 5 H B & (Pentathyra-
spis pelta Pan 1992); G NE/NBA (Microhoplonaspis microthyris Pan 1992),
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TERALRERT K THUES, BUTETRT RASER, FihRIIGRZ X0
% (lateral fenestra),

HR,EZANAMERRAETHNS OEERE, RNAYE,NEHE—F, &
HANETREEIRANEBEERNOEENE, XEEE—RIRSNE—RH
(B 1B), M Stensis (1927, 1932, 1958) 7EBHRBIFRPRMRE, HAKXSH H A%
FRITRMN, XEFTTRRFMNESERS, SNAREREE—E, Mk o EEn
X B D FE RS K b, A A TR FBL AN B O 2R —8, BRI EE M,
RENSE, ERERBEXNNE, ERMTHEXE LS, nRUERER Fins DaEExR
i, RERENX YR EEE, XEATERY, ik, 2ENERE, UERAIEY
REEPLREX, mUBXARNEGRDEEBENABSHRINTEH. XAMERRERRT
RS R RPMX (lateral field), EIRMUEWEX (lateral sensory field) [=
Stensic FJMUEL X (lateral electric field)] IPFE, Hik, EFNABHBHMEER K
LS T B HRNX,

TR ESIRARNE, EFRNWURER L AR/ NGBS, MEEFRN
MEPNRERAXHENE . RBFRMS, RAB UK/ NG RBRE R 2R, il
EBIIHARNRERBELAHRETN R HREFREEREFHBZIR, Hlan, Stensis(1927)F1
Wangsjo (1952) 43 BB REIIIC K /R (Spitsbergen) BURE & H 3K, HitLREEH
M, L PEMEEREXE/NEF. ETERL,INEH BHPHRE, —BBRERFI
KH#,1985), FTDIIMRHFAEXE/NEGR, HEEERKRY, SR A7 X S A28
HBEIMERE T, BHEBNNEGELERE, Macrothyraspis, Sinoszechuanaspis Fi
Pentathyraspis, ¥\ RAT %, HBRMERERIFVILIE. BNYRETNRARSE, H
BB GRALRELBEAT (K 1A, D—F), BEHTZINEHTE, MAE
£, AEBBRXEHENERETHBREE, EELSESGENERE Lo mMEERER
o BB BHATEFED, Hemicyclaspis RHP—MRIFHHIF (Stensis,
1932),

IWABRBFLENUEERS LAY T EHRROWX, "T85 RS - #Rey, CHE
BEREFL N, HRNE RN BEPBERNE. LFRLE,BRT Microhoplonaspis 5b,
FCRMEFNENERED, ZESRXARENER, EPLHARNEE, ET
Microhopionaspis, BAMBTHEZBEHHEX N E% (fEE].ﬁE%Eﬂﬁ), HEREREHHON
BRENEHAE—BEE, MUEURAN, MAXSELFESE (Pan Jiang, 1992), A
I XEFRAT B F kX N il RATHER TN, /EERENER TEREYE

RKTMERD 6, BRMFER S LSUXAEY, LAt e EEN, *TF5H
EWNX (AR EEETXINIIE, —E2—M2RNRE, KRRXER 3—6 {REY
SRNERIEREENR, Stensis (1927, 1958) AAXEEELEHE R BB EHENE
i, R X MEZXERS RN RERURELBEENEE, LR EEWFERY
WHRBEXADBETRY: "HERMNAR RGN —E50, I ZHME e X E  REEN
BEH—MR R, ek DBARMIR R, i LRSI WFE Wk Bk, 5 3 R BB R B 1M
EERPRP, ESHREARVESRRN LREE, NI HITARENERNZER Y,
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Q lateral fields absent @ lateral fields present

A
@
@ osteostracans
[
@) fenestra galeaspids
O
0O | 5 no fenestra galeaspids
other agnathans
B
O
O no fenestra galeaspids
®
O fenestra galeaspids
@
®) osteostracan
O
other agnathans
C
O
[ no fenestra galeaspids
[
@ fenestra galeaspids
@
O osteostracans
O
other agnathans

H2 MREEEEROEMERGERE Rk (The evolution
of the lateral fields in alternative agnathans phylogenies),
Duyunolepis R Changxingaspis MBS HFE , KBRS MAERE (QRITH
F+¥%,1978; Wang Nianzhong,1991), MHEXMNBHARAEENE, B2, X MEE
KRR, BT HHEE N

L PRREEHMATEREWNE LS DALY TEHERINE,

48 LEENE R DIESZN, X REIWX(EIENE )T 2K f 2 RS
EadRmRBETEE, NG RIAEEFLINFFLE ST, IXE KL, R E
SRR, TR o

B EFENAMX(BEUNEELHAL PN TERRRMBEEREN, BITERT,
FHAX— S BEAMREATHM LML, EuRPE (Heterostraci), 7E 8 %
(Thelodonti) DI RIAENCHEEBEE,
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FEWRXEAE FRMBEF RO RFENRRET, UIXETRRNERRZHPRE
Z, WA E 2 BroR 3 ARk IR,

e 2 ZAMBOEE, ARPIXER FRMBFLRREN, BHRE(CEUNXER
B+HMURBEREINF R R, IR IEHLMRE, ¥ B Ry L, RHBHEE N —
RAREE, HiL, FERFXMRIZ.

£ B MR FRMBRERES A=A, MECHUXAZFLFFERE
B—REE, BREARENRAOER LR, MK RENEK. BRICXKMAEMEERES
E AR LENBRET, UXERFRPHEEER—RFEB), H—REHRC), 2
ATHW BRI E, LR EERREMN, NEBEEEFREMERBAREXR KK,

BIBHE,ESHBEE M AWEN ZSENE R LOARERR S H.Janvier(1984)
YR XREFTEN EENER R ZEREXRRELSH, INABHIRIDUEA=ZA 2
#t. Polybranchiaspiformes (Huananspiformes 4+ Eugaleaspiformes), . Polybranch-
iaspiformes BINARNEATY R Janvier 4 BRI TANRL, MHEEHH AR
REMBRER, EAEREARBFNHLRIENYE, UHAEEEBFE Tridenas-
pis (XIBTEE, 1986) F1 Piergonaspis (SREK. 1992) Ho ERM.EAME (1992) RiRHY
Gumuaspis BABETEMEAR (Huananaspidae), {HREFREWYRSS, HMAKEN 5
Polybranchiaspis 1HiL, R HIRARM, RLEHNAXBMIIBS A%, X, YR
£ Janvier FRANRBHAR A FERBTHEHI, BN, EEFRRAFREPW
YR EE N B UERKBENEITE R REW, P5ARPEL Janvier B453 BIEAEEM
WA FRP S EE R E,

EEEWMEREHEEE, Hh Sinoszechuanaspis, Lungmenaspis . Macrothyras-
pis, B Qingmenaspis T5ES5 Huananaspis Rl Asiaspis 53T, METHEEARE
XNKEE, BT Microhoplonaspis, /EZINAEE Duyunolepis, Paraduyunaspis Fl
Neoduyunaspis +5y 83, BT ESI &A% (duyunaspids)e XPMRBEEEFRGNFH
. XS B HERE L, RE(1992)RIAELE, ZEAXTHEBENA (cornu) Hhr L
Y THEEARNERTALNONA, ME_ERNWAEL EARTNAEE, HHX
MR, BYARREREA, MANABRKEZZEEER. RIEFINGBIARKA
RS HARTT—NRNLEE, Pentathyraspis B—MREMAKNE, HEFSEER &
&, EXNMHHECHNBHEEPFR BT, EHEEXEIRK, BERXUNERELT
Xuishuiaspis, IChangxingaspis LI} Nanpanaspis, BREBRETHIT AR, HibH
HE, mFE IR E BN A R T AN ES, WSS EaXiait, AitE5%48
ARPURARELSHMERLEEL,

FERTERES RO BRAEER, TEFTHRNEERESRANERFER
REYIRRE, BEMNNEE EREHEINS A, BB R ENEEBRRPRARZ K™
B ARSI K EXFHM AN SRR, EEEATNEERFEPRFEBRE,
I B s RIE B RN R, 5T B X EA KRB RRIE, MAEAR UER
EHERPRERENK,

(1993 4 4 AIFE)
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DO THE LATERAL FIELDS EXIST IN SOME
GALEASPIDS (JAWLESS FISHES)¢

Liu Yuhai

(Institute of Vertebraie Paleontology and Paleoanthropology, Academia Sinica)
Key words galeaspid, osteostracan; lateral fenestra; lateral field

Summary

Pan et Wang (1981) reported that the dorsal shield of the galeaspid, Qing-
menaspis, held a large opening on each side, but owing to the ill preservation they
reservedly assumed it likely to be a dorsal branchial opening. This structure was
also recognized later in Lungmenshanaspis by Wang Nian-zhong (1991). He consi-
dered its function to remain obscure. More recently Pan (1992) described the structure
in a number of new galeaspids and renamed it fenestra. He distingushed the structure
into two kinds: the lateral dorsal fenestra, which is narrow and small, existing in
Pentathyraspis and Microhoplonaspis, and the dorsal fenestra, which is broad, found
in Macrothyraspis, Sinoszechuanaspis as well as Qingmenaspis. Pan assumed the
fenestra to be coverd by the skin when the creatures were alive, and to play a role

in hydrodynamic. He regarded this structure as a unique character for the fenestra

galeaspids.

As the finding of the fenestra in some galeaspids is interesting and attractive, I
will give my opinions below,

First, the distinction of the structure into two kinds is not neccessary, therefore
only the term, lateral fenestra, is employed in the present paper.

Second, I do not think that the lateral fenestra passes through the dorsal shield
ventrally into the oralobranchial cavity, as Pan implied. As well known, on the roof
of the oralobranchial cavity, namely the ventral side of the dorsal shield, there is a
serial of paired interbranchial ridges, which are considered to be the undifferentiated
dorsal parts of the gill arches. If the lateral fenestra passes through the dorsal shield,
it would cut apart the interbranchial ridges. Consequently it is reasonable to assume
that the fenestra, as the lateral field of osteostracans, is only a depressed area on the
dorsal side ot the dorsal shield. When the creatures were alive, the {enestra was
beyond doubt covered dorsally with some elements, which I assume probably to be
tiny plates, similar to those covering the lateral field of osteostracans. To the as-
sumption of the existence of the cover the sensory canals on the dorsal shield is the
witness. The sensory canals well preserved in Macrothyraspis, Sinoszechuanaspis
and Pentathyraspis are cut into separate pieces by the fenestra. Comparing with
the distribution of the canals in the no fenestra galeaspids. these pieces of the canals
of the above genera would join with one another by the corresponding ones on the
assumed plates covering the fenestra, during the creatures’ lifetime.
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On account of the reason stated above, I consider that the lateral fenestra of the
galeaspids is morphologically identical with the laterl field of osteostracans.

Third, the evolution of the lateral field (including the fenestra) in the three
alternative agnathan phylogenies is shown in figure 2. I reject alternative A, beacuse
I consider that galeaspids are a monophyletic group rather than a paraphyletic group,
as indicated by the unique character, mediodorsal opening. In alternative B the lateral
{ield appeared separately in osteostracans and in galeaspids, while in alternative C
the lateral field origined once within agnathans but lost in the no fenestra galeaspids.
The two alternatives, C and B, seem to be equal. Nevertheless, in figure 2, the hy-
potheses that the lateral field origined once or lost once in galeaspids are actualy
used to make the analysis convenient. Consequently the hypotheses should be judged
in the phylogenetic relationships of Galeaspida.

In Janvier’s classification the major galeaspids are referred to three groups: Poly-
branchiaspidiformes (Huananaspidiformes -+ Eugaleaspidiformes), and Polybranchiaspi-
diformes is regarded to be a paraphyletic group (Janvier, 1984). However, the
rostral process, which Janvier used as the sole apomorph character for Huanan-
aspidiformes, was later also found in the eugaleaspids, Tridenaspis and Prergonas-
pis (Liu Shifan, 1986; Zhu Min, 1992). Although the genus, Gumuaspis, was con-
sidered as a huananaspid on the basis of the rostral process by Wang Junging and
Wang Nianzhong (1992), in my opinion, it is better to refer this genus to the po-
lybranchiaspid group.

Despite of the comments above, the following analysis of the evolution of the
lateral fenestra in galeaspid phylogeny is mainly based on Janvier’s classification.

Among the fenestra galeaspids Sinoszechuanaspis, -Lungmenshanaspis, Macrothy-
raspis and Qingmenaspis doubtless closely related to Huananaspis and Asiaspis, and
belong to huananaspid group. As to Microhoplonaspis, 1 consider it to be closely
related to Duyunolepis, Paraduyunaspis and Neoduyunaspis. They may be grouped
together as a subgroup of Polybranchiaspidiformes. Zhu Min (1992) suggested that
the so-called cornu of polybranchiaspids should be homologous to the inner cornu
of huananaspids and eugaleaspids, while the cornu of the latter two groups should
be absent in polybranchiaspids. The inner cornu seems to me reduced completely
in duyunaspids, so the duyunaspid group is specialized in the posteriorly placed
mediodorsal opening, the numerous branches and the disappearance of the inner
cornu. With regard to Pemtathyraspis, it is a specialized form. In this form the
dorsal shield and ventral shield are fused to form a carapace and the postbranchial
part of the carapace is tremendously long, but in other characters this form is
closely similar to polybranchiaspids rather than huananaspids or eugaleaspids.
Consequently Penzathyraspis is likely to be a specialized polybranchiaspid.

The distribution of the lateral femestra in galeaspids, as discussed above,
indicates that within galeaspids the lateral fenestra either origined more than once
or disappeared more than once. Between the two alternatives 1 prefer to the latter.

* Therefore I incline that the lateral fenestra of galeaspids is not only morphologically
comparable with, but also phyletically homologoue to, the lateral field of osteostra-
cans and that the feature is shared only by osteostracans and galeaspids within
agnathans.
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“Vertebrata PalAsiatica” publishes the se forms of original contributions such
as research papers, comments, notes, news, and book reviews, all of which must
deal with vertebrate paleontology. The paper subjects include descriptions of new
"materials mainly found in Asia; Discussions on vertebrate origins, functional mor-
phology, taxonomy and other evolutionary problems; Applications in biostratigra-
phy, paleoecology, paleobiogeography,paleoclimatology and taphonomy.
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The text of the article should be arranged in the following order: title, aut hor’s
name, author’s address, key words, abstract, body of text, acknowledgements, lite-
rature cited, tables, appendices, figures and captions, and plates as well as plate
explanations. Tables and figures can be set at any place in the text as needed.
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Systematic descriptions must include the follows: where appropriate, synonym,
1) type species, referred or included species, etymology, occurrence, diagnosis, and
disoussion for genus; 2) holotype and other types as well as referred materials,
_etymology, age and distributions, descriptions, and discussions for species. The
complete scientific name of an animal must be given at the first time the animal
is mentioned.
4. Abstract
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5. Headings
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and be camera-ready for copying. Figure number, author’s name and the title of pa-
per must appear on the back of each figure. Figures can be reduced. All figures
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