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AXMERARHURRGEET RAEOBR: EFAXSRPAR EFA RN -LHEAE
MRRLEHEAEREONT; BRARKSHRTREERTERBEENDE, BTR
REZHHS, HATEIAEN LR ERPARGURASEEESHANNAERAR,
WERS L ERERSHHELR Ko

(i

—, HI

EBHERRWEIZA, EAALTHAEPNWRARGE THIEBETFNREERARTR
ek, Rk, HREFARHNNERZE, FTINRURREELHAETHNREHRER
Yo XTRHEAENHMERE, BREBADLHIER, B THOMEAMHRR, H#*
TRENBERANARNAREERN.

BR, RPAENEFRARNNKRARGE—EIRMRANE, FEZmHR, 8T
BB THRASZ (WEFRLE), RE—THA (WRFEAK), FUERELHEH
REALRESELZHERRENRFEXR AL TERELEA B W T&F &RHMNLE
WBEASHATE, Kb, TEHOBARMTSRENEEREENSBAENSHER
(pattern) o

BTINRERER, EIEWE)@T]&%%E%E}H@?@—EﬁEﬁ@ggipﬁ%ﬂg’@ﬁm
AREE,EFEMETEZ/INETEXTERARRRENHRY, LPZLEFT
YEEDLRTE A S &R XEFEAW LR, ETLHE hArfE AR R E ARRAR T
REME BB, FRAEX R ELERBELBA—Bo

ETHRARNBREYE LR, XERAT Denison (1964)ZEFR F 2 (Cyathaspididae)
EERREN; MEFARSE, MWAHAEIE Stensis (1927, 1932) X TLH AR
(cephalaspids) IHFE o

AN, ETERAR,ANEATERERARNSBEAERTIRE, NIZERERER
# B (Eugaleaspidiformes) FrABHIKA; BEMNET XH, REEZRABRRUIM
FFECRERARKR,MBRTZ8AE (Polybranchisspidiformes) KR RS, HEEU
Nanpanaspis i EN“EE# @A B” (Nanpanaspidiformes), PL Huananaspis 2K
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£ B” (“Huananaspidiformes™) \[ Duyunolepis (= Duyunaspis) Kt EH“H & B” (“Du-
yunolepidida™) (=Duyunaspidida) J) %Ll Hanyangaspis j@ﬁ;%ﬁ@“ﬂﬁﬁ@ B” (Hanyangaspi-
dida) Rk R. ERIERBENBHNEVIEASLHABREF A BBITHSRBAL K
BEBHAK Yo M “Huenanaspidiformes” XA“E H B GER AN, HARRRABA
AXMERIRE—WR, 2E TRUNERFAMPFENBERRAR B2, Xl E”
528 A EEBYXAEMNRRENSHRB EETSHRARM, AR THEERA
KA,

L g o A

BRAXNBRREST TV T, R, ZARELWH I ERPE T EE, |
EHTEERENEZEERERTHARESIEERFNIOMBLT. BB EEE
He, NiEEBREE2ER. ERFAXMPALEALRTERTZBITHIRSINR
WE, AMESFRE R LEEXEEER IR KL (sensory pore)o ZEFH A IT]
RE LR XME L, A EARARER T EABLXM/NL, XA fE & B THRBEFLIR/NR
RBENS . YR BRERIORE, PR TUENHAR, LE—IEKR. £ARF &L
FLOYBNELTEARMARATLEMBEL KN, EREEETHRMNER EZRTEE
R, XS ER B LN iZEERRILEAN NN, MEEFR AR, REH KRR
ENREEN. XA B RHO. HTBRZ T HIEEMERHENE, BRHART R
PEH, REZREASBR/RO AH, RESNEERHBRREET LABR FRE, W8
HAbR R,

EFARWBREEENNEAATERRY, MEREFEEETF WA W Polybranchia-
spis (XIF1#§,1965,1975) F1 Hanyangaspis (Pan, 1984) i, EHKEARLRM S

BRI, BRAXHNURREZHRIMTTENRE TENSRTERAR. Kb
hETELSRELRT N, T TEN 5T EALRE N

HENEH =B ER, BRTTERKRA socy, soc; Tl mdeo

soo, BEBBETERAZ. 2P EANE, £ ETEAWERNN, £ER KBRS
soc, WA e, “E 2 BRL RV E BRI AE Eugaleaspis xujiachongensis Rl Sanchaspis
h (& 1D,2D), B4, soc, 5 soc, 1B, (B _EE2HCNAE G . TE Yunnanogaleaspis
(& 2B) 1, soc; 5 soc, UFRIMIGHY &, R X A HFE—PIESL, RN EE
AR LB TT, R EREREE (B, £, 1980)0 7 Latirostraspis B,T
MEBRERHNGTEFRARTEE, KPR H—X224 soc: LB, T aT 5 B — 3L
SE4 socy, (EEFRERIE T BRI, HARMESERER EWETETRES 1F,

soc, IESMARNSHFRE, EHTEVEE, AEATHTHETFESTRE
BEZIGo BRI Cydodisaspis W, EWIX T REEZRRLETHAGEMHIE, MR
RBRUEHR, 1975)0 WM EFTR, Latirostraspis {4 soc; MPOA—NEE AL TIREBRE
AIRTMS B 2 BNFEW . ETHEEF AR, Sinogaleaspis HY soc; LRI R IR EHIK
B4R S mde B, R o TRRBEZ RIS RATNL mde ZA(E 24).fiF
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Fig. 1 The sensory canals of polybranchiaspid galeaspids

A, Polybranchiaspis lisojiaoshanensis . (from Liu, 1975); B, Laxaspis qujingensis (from Liu, 1975);
C, Dongfangaspis major (from Lin, 1975); D, Sanchaspis magalarostrata (from Pan et Wang, 1981);
E, Dayongaspis hunanensis (partly redrawn from Pan et Zeng, 1985); F, Lasirostraspis chaokuensis
(partly redrawn from Jaavicr, 1984);

dem, LR (dorsal commisure); ife, lE T (infraorbital canal); lde,{ij5 % (lateral dorsal canal);
e,y 851 2255 8 fUIKYE (first to eighth lateral transverse canals); lic,_s, (M i B a T b (lateral
transverse canal 4 to 4); mde, 1P (median dorsal canal); mscs_,, FAKEES fH0 g5 mec; B HRAR Y
F dem (median transverse capal f and g, probably mic; corresponding to dem in the other galeaspids);
poc, BERTERSEE (preorbital commisure); soc,, HHE L4 (anterior supraorbital canal); soc,, JSEE |
& (posterior supraorbital canal); o. lee, IS BILFRIE(the vestige of the lateral transverse canal);
V. mic, REEEIRILEREE (the vestige of the median transverse canal)
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Fig, 2 The sensory canals of eugaleaspid galeaspids

A, Sinogaleaspis shankouensis (from Pan et Wang, 1980);
B, Yunnanogaleaspis major (from Pan et Wang, 1980);
C, Eugaleaspis changi (from Liu, 1975);

D, Eugaleaspis xujiachongensis (from Liu, 1975);

mic,_s, 851 5 3 NS, 7188 mee, SHMBH AR dem F524 (first to third median

transverse canal, probably the second one corresponding to dem in the other galeaspids)
H BRI 1 (For lettering else see fig, 1)

Sinogaleaspis DISNABEER AR, soo EMRBEZIEHNMS, BI5 mde K2 FHH
53y TEWKFTU socs 5§ mde Y& BRESINE (B 2B-D), EERMAE Dayongaspis
(B 1E), 73X B8 soc, BREERL (HRRE. M THELR M. KT soe, HTESHRERI—
BEARA B IL (1985 B EMITREFAES TR RFIE L AL ZERIBREERERITRAR,
¥ PR Dayongaspis HIREFLAZ ILEEIVT, AN XA rRE FLEER, soc; 7€ Dayongaspis HIRA]
BEC 2%k, BUNBERE L TERAXTFRALR, Z_EHTEAZLEL, B5%
SHEFERNRILRT2BE, WRLEEERCRERN, soo M soc; BAKIZUE L AT
BEMEELETIE W Duyunolepis, Neoduyunaspis (BR{1%, 1978) K Xiushuiaspis (EIL%,
1983) &b, AXEFEE, HMUKLRENED T EEINEFE L, AR X
TR E o LhRE, LR Latirosraspis BT soc, R soca BMEIFIFo

mde: PETHHX—PBHREEERRALEL T, LEECL8RE, KRS soq
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i, ML EWEE, EREBEREZ. WM mdc FimmEEREHHATERRILE,
s ANkFEo mdc EHHMARNRKEHMBECLHEE, HEFXREMEE, W
Polybranchiaspis, Laxaspis, Damaspis, HWRBEE&, RAE dm B+ ZXXH—HEE (B
1A,B, A3 EEBERM, 1982),

WETERENBS: ifc W ldeo TERERELSH, FUREA TESLARNS,
HMESIELET, RAESHUN—SGETERTRNEETH % XM EaE—%
REEE B A%k, B4 Sinogaleaspis, MIFIRH Dayongaspis, HIZFISMNE 1E, 2A)0 Rid
£ Sinogaleaspis ¥, ifc WALH Y B MHKE S, RABRR—MBITBREE. XTX
REAEETEN®R.

ROBRRESE, TES LRI TREER XWERBRKEE. HTHRENHE,X
BRH lde MWUE X BBUEERLL le, AT e ZEBTEER mee 8 dem,

BABREEARMLE, HERBSE MR K. REILZ BRNKETHS, 580
&R, B Polybranchiaspisy Laxaspis, Damaspis, T8ERH RN RN A4 THRE
Diandongaspisy Siyingia LI Ik Cyclodiscaspis ZFh2s, REH 4 L2 EHNEE, HEF>
JEFERKAES] (e 10y R, B 1A, B: XK, 1975,8 54, 6,9,11; T E.Fii
W,1982,El1)0 BRI ley ZIEENME 1—3 SHBMHNAEE, EIURE 5 U ES L
il (v, e K30, B 1A, B;E&R . FRMW, 1982, B 1)o MZE Sanchaspis B, IS
BENY 5 %t (lses-5, B 1D), £ Dondfangaspis HE LI 8 SR _E ey, B 1C)o ZEFFA
ERMBEPEEN A 3t (dem, B 1A-D) H B EAXETHRILAHRBEE S, %
BREERBSE 2 W UBEBXEL 0L T4 2 WUBE (ka) BIEH, R—E 55 2 W
BE R, ME—mMNAL T 2 HUBEEE T B dem 240, EEHBRLRARRE
RAE RIS ey ZR(EZ B TR, 1982, 15 0. mre, K3, K 1A,B), dem
ELRMEBEREHRE, WTRMEAE T AR RER AR TREEHTHEE AL
WREFRE. RIRY, £ LRFMREREWEEERE LEMRK, MERAMLE,
dem WA Y, AMAXHHERRSHUEEERFERR L HRAEY,

ETHEFAR A TEFEALENSSBERE, LUEERE 4—3%, mA
BEE—XNWUREET R EE&RE. HPRE 3 HUBERMETIR Yunnanogaleaspis T
Eugaleaspis (YEVEEBILIEE, E. xiushanensis AIRE L RAE 3 WS SR AE—
SRR, FFEA B RS EE R —RE, KBS E 2 MM (dom, [ 2B-D), HK,
BB Y5 ER LA HKE dom 1Y, TS 4 HUBBEEXENEBRLT. EE,
Sinogaleaspis WIR 4 WUHRE; MPRENLE 3 3, EHIIRFE 114858 3 %
MRERN R ik, s 2 W BN 5 IR % 80 4 26 A1 BUE FR 46 3K Y dem A4,
BRE 2 NP HREEXBALERASE 2 WUEE 2,

2 EBTET AL, BA 1 S Eh R, %A Sengiaspis, Latirostraspis }¢ Dayonga-
spiso 'BAITHREEEE 2 P #EE. HTEMNERE R, TE¥D IR,

KT Sangiaspss, TEF—HRMBEC XN BIRRAK, BBBITAHHEAN M, S. rostrata
HI S sichuancnsis (XL ,19755 8115 ,1978)0 HIAINARE, (U T ol & Bk iEp bR A&
REARE—RWATE, TfEEFRBORAGRES VEEL ST N TE0E
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SHEMBRREE, FAREERRRALTFRE LR, XMEHNEREREFEHHE
&R FTLL S. sichuanensis RiR S. rostrata REIMIF o BZ, MBERINHMEE,
Sangiaspis FIMRRE T BHAT S, T ELLER L, HEATEDREBE LEMUHNE
RGBSR, MR REER LRWSEESN, MESERERLBNRE, 23N
YEEARE. XRNBEEN BREEMEENHEE, EERIDBHENSEM/E
FER PR dem BN X R BITHE B, R XM EERMEPHN, FERL T M
BT GEE M EHMAL, MEKM S EART, dom WA TN E, Hit, &
T R — B 5 dem 4813

T Latirostraspis, MRARGEHREML (B 1F), WEECLLME4EE, HEED
7 Wfo HMEBENNWA, KB ESFEE s ME 6 HUBEERN XFE, HRLE Lairo-
sraspis PRA S ERERARNdem B BB E T, B Latirostraspis 5 1
MNUEERESHMEFARNE 1 HUEE, B e, Hl. FRANEERERTES
BELE bo, ZHMAETHRE, RRENRFMEECBBAT . M Lairosraspis
PREEETHE LR EE, SHMLEARY dm ML, BLEABER. AMXE—
ERE LRSS Lairostraspis FE FRARBIXAN ERRERBHKER. L ARfEHE
B Latirostraspis WIRT— R 5 dom HHAMATRE. MR, X—RBEHEE—S M
EB.

& NBMNBIE Dayongaspiso XNMBIESARRRA—HER ., TRWER K% Ek
Fo HMUBTERUELHETR RS —EFBRRELIYE. REENEE 8 X (cam B
1E), MR I MNE FEMXEERXEKAS. HHE REBX (mrc_s), LHTTEE
lte; 5iEG0 Polybranchiaspis M1 Eugaleaspis {J dem ¥ MR RXHE, BHMERARE
W, 7E e IRTREY 4 AU ERBINS M AX U P ED 2 2 TEFALZ T X3
TINREMERAREAZRRERES o RIERE| Sinogaleaspis Hy ifc FIREM
BRI N B THTE, IRMX BB IR Ro T Laxaspis F1 Damaspis , AL
TR TEREMI SRR, MR BB RILEHERE o 14N, Polybranchiaspis liaojiaosha-
nensis W, ife ARERTHRITIHEA soc; 1 soc;, Z HHIX TS EREE (poc) LUBTH
FEBUNERAEILZ T Laxaspis\Siyingia\Damaspis . Sanchaspiso R AT FE Sanchaspis
W poc HE—FRIEFHEE, N5 ifc BHFERXo poc B[S Sinogaleaspis B ifc T
TR OEY ERIENWREC LT RS ERBL, BRRIITT LR Dayonga-
spis YRR R, {E BRIERE TR BN15S Dayongaspis HERTAR B RIHHIT B 2K Ro

CEBERBRIRNREETREERARTER LW ITE. & Sanchaspis H,iEH B

PRER—EE, BRTRRBENGE, NEEM, 1T sou WIATE dem (B 1D),
7t Polybranchiaspisy Laxaspisy Damaspis B, XREENEE, NEIAHNE dem B2+FX
X% T Sinogaleaspis 1, UM HEEBRZTAE PR, Hita A+ MaTRMERE
HEFPEEEREINETESTTHREARRTEEN—B). FEEXERTRNE
BRE—FRIERLOER, AIBTURWEQEFMUXROE, Hit, BIIME
BAENSX. BEWBASELZTHHAEXRERPERER FHUNARE (Kiaer o
Heintz, 1935; Denison, 1964) F1 Stegobranchiaspis $FE L% (Blliott, 1985),
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TR ALK soey T soc; N5 RFARK soc (B 3A-D) 1Y, HEH>UEERE
KM pe (B 4B) Y, BREILENN. WTRRALRY soc WEBRELIFLA—%, {E
BE—BIANAZDEGEESARNE LE R E (Stensio, 1926, 1964; Sive-Soderbergh,
1941; Wangsjo, 1952; Denison, 1964), ZTHJGHS, Stensic (1926, 1964) INABH
cos BTHE—EE, 5 LEBAMNEGHEL (tansverse line behind pineal opening) (pic»
B 4E) FIBHARPNINEIGZ (postpineal line) (pe, & 4B) #2245 0 Sive-Soderbergh
(1941) M HEEDHEARNHINL (frontal pit line) Xtbo AEWEE —REXRZ
BER, BRAS oo WETMERAR soc WEBRERARN pe B-LHEBRY pic —
B REBE—NBARRE. AXEHETS, LEBHAY pc M-LHE pic KNSR
HE=X#HEZ, ﬂﬁ&%#ﬁ%iﬁ%ﬂﬁi (n. ophthalmicus superficialis) (Janvier, 1974), ¥R
BREAA soc; J soc PR A soc [TRIEFLE W, HMEUFANEFEN—#, b
=X MERERIRS e M soc2 Rl soc TRREBEZ FRIES, MR ZUMAB ST
i Bo BH ALT soc, R soc; HHABRTE, REEHTENNIRHELE THASX,
AUWBRLZ T LEBOETE(E 4E, A3 Janvier, 1964) B4 MR LI -CHEBE
HEELE, MEFRALD, B pcdh, ELENEGRNES RN T Cephaaspis excellens
(Wingsjo, 1952),

ERALN mdc SREPARN md AL HLREABN. R LR, £8 8 &%
PEZBREEFEEEM. SEEEMZFRINARTERN mdl S5 RNk
%,{HRZ Holmgren (1942, [cf. Denison, 1964) NI HEE5ALMNEMNLEX I, MEH
BRERE, mde NMEERTHES, HEWREL, BARTRENOMN A 5BFH%L
mdc EPRKE, TEFALD, RAOBMLEELE, BERIAELPRRFEY
(de, B 4B); E-LERIBD , M R ETIEFRE X 2 /G (de, B 4E)o

EWAEFE, BRARY fc SRPHAL, BRARNLHENALZBREERARE
B, METZEFLENRE, XESERAZERARN. BERHA, ER&RM-LEBNY
ifc A ZAEE T E—FF, R MM AL (buccalis nerve) FT3ZES (Stensis, 1963; Janvier,
1974)0 ERE, BHARK lde NP SRFARN W, FRARMEBBN Ic HY. &
P B Lo BT 0 E PR 2K E M 2 i DU 4 0 47 4 P ST S s TR L BT, B pem 2 BTAGEB 43, W
EAEFMERERZ NN TUMESREFXRE(EL), BREXTAHEEE TS VI,
IX, X NRemimes g, XMaROBRRRUN, AXNENLT EHRERN
EETENSS RS ERN, HE IX NSNS X E.

ERTERE, B, AR AR, ZPARNBE TN EZ RIS (mic)
BT RRE, BRA T WA BENEAR D () WBHEEERE. MFHEALNER,
TUAEIMEE S NEETOHFE (E 38), HERAKE, MM Lasrosraspis R
Sangiaspis BFIRETL, MBI A ERALEFRALT, HETUAEIMMUNB I —BRER
BHR(E4) BTERARKNBTEARE EEARA, A, TREEFEENAR
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Fig. 3 Dorsal sensory line system in heterostracans

A, Poraspis polaris (from Kiaer et Heintz, 1935); B, Dinaspidella robusta (from
Kiaer, 1932); C, Traquairaspis pococki (partly redrawn from Stensid, 1964); D,
Simopteraspis primaera (from Stensid, 1964), '
cdy g 21 B 4EHERIKRTT (first to fourth dorsal transverse commisures); cd,.., 5HEER
% a 7 ¢ (dorsal transverse commisures a to c); eso, FE_FHEEESR T (wansverse 'I%é;?raorbital
commisuer); ell, SMU%F (external lateral canal); ifc,BE F%§ (infraorbital canald; ’ial,‘*mq%g
(lateral dorsal line); mdl, 5% (medial dorsal line); pfc, HRELERX (profuddid’ canal);
prec, PARBTHEELSE X (prepincal transverse commisure); soc, fE & (supra?ﬂaitfﬂ[isanal)
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B4 BRAXRNCRBOREE

Fig. 4 Sensory line system of osteostracans and petromyzontid

A, T/;ye:té: verrucosus (from Denison, 1951); B, Tremaraspis schmidsi (from Robe-
rtson,1938); C, Cephalaspis signata (form Waingsjé, 1952); D, Benneviaspis hiltedahii
(from Janvier, 1974); E, Petromyzon fluviatilis (from stensio, 1932),
am, %44k (anterior marginal line); acm, PiEEZETC (anterior commisure); de, HIA¥4R
(dorsal line); ele, #MRI4E (extra-lateral line); ifc,BE F48 (infraorbital line); ifc,,BiE T4R
(anterior division of infraorbital line); ifc,, JGHE T 48 (posterior division of infraorbital line);
le, T4LR (lateral dorsal line); mem,HEE4R % (middle commisure); or, [14%%k (sensory
line along mouth opening); pe, FASRJG%R (posipineal line); pem, JRERSRST (posterior com-

misure); pic, FNRIFLFGH#4E (transverse line behind pineal opening),

RZEL,ERSHMITEL, #TBERNLBRERE. BTLLX BB Polybranchiaspis R
Eugaleaspis YEARFERETITIR. WHIFTR, FIEFLZEHER 4+ M RENNKE, 5H
RE 33 B RE—FPEBRE S, R IERES e, REEX B, AN XEALTHRE
2o B cso R ppe ZHNBREAREEILZE—BUEE 4 X (W cyathaspids) B 3 %t
(Im pteraspids) 547458 (cdizyed,_c, B 3)o HP cd: St FHREZJG, Hilt Sive-Stderbergh
(1941) INY cdr 5K EFE (supratemporal canal) FEFE,TN dey MIARY TARAYL
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M MU%2 (middle pit line of the head), T Stensic (1926, 1964) MIFH[AT «ds 5K
I EBEHEY. BRARNBELERERT Sive-Soderbergh HNL A, L BIHE R A%
By dem 5RBARY o, MY, HEALN EHERF. ETERARKEILZFERES
S HE1TE (acm, mem, pem E4A-D) K aem BHIRK, WEE, REM TN EISMUL
WO RFo X XERIM RN —%, ik, BRGRIEFL 2S5, 7E Polybranchiaspis
Eugaleaspis B L RBATE R, ARRARMERYE. BRAKN mem BAHT MY
| Fa LKA ML (midlle pit line of the head) (Stensis, 1927, 1932; Wingsjo,

1952) i pem BAREK, BERESHBEEE. —BRIANGED pem THEZRRY
%Bﬁ}%ﬁgéﬂ’]_tﬁ&ﬁ% (Stensis, 1927, 1932; Wingsjo, 1952; Janvier, 1974, 1975),

ETEFATNEITE, LEALKN poc T Sinogaeaspis W ifc MM T AT,
ﬁTﬁE"Fﬁ‘é’lT’%’EF‘@%E’JEU%%*(”"’:@”MM B)o RIZEHERE LHEBHXKSEOFLNE
0% (or, B 4E) FHY, SEHEBIE TSRS (Stensis, 1927; Wingsjs, 1952;
Janvier, 1974),

RTRORFARE ppcfl cos, FRARY eem, ERPARBHEREEERLES
BAEY, RS WRHZ R E] Dayongaspis HIEFLMIEMATH BRI EE, JUBRBEEPE
HRENZSIR 3 WRERTK, 2R BalE T e 1R I B Ro

AN ERFALXNERARDHELESE 3 NHYE (d, B 3C; cde, B 4B, C), &
T TUABENENE. SRBEANRREEETFARTESHRRIT. A, H3Xf
PEOREETORERARMBHAR T, WK, ZABECABEFARPELEN,
XAZEAR]EERo

BT Y 2482, E AR 2 AINE RZENRFERRAXE L, RO EREHE SR,
% £ 28 BRI RO E T EAMKEE, Rit, BN IR R

M, iits58&®

BRELHREFEREENN L FEEER R, (ER—EEBEHATREH S
MK RS GREEMER, MEATTEEEET S, BRTAENITHE 3 4,E 0
ER)FBREXENYENEAELAR. TRFARNBRRERENSHUEIANEEN
TMEREH BT XFHEROKE. N LENMART &P AILEY, BRARONEK
AEBR B ESXFMER S AR, H AU SH T MREERIEN . Hit, Tt
ENARRBTRANARANE > 7R E, BN —MERS AR BT ETmK.

Dongfangaspis, Latirostraspis ¥R Dayongaspis, FHE B AZ THFIRIRS SIHH
Rt A T HROR, A 3B RR S R HIIN, REBHTR.ASRK
BENEE, EEAZNNEY XFHHFIZET T

RERREENHRTES, ERFALKT, Sinogaeaspis Eﬁﬁ@ﬁ@?’?ﬁgmﬁﬁ“ﬁ,
MR AR EREPHORR AR IR, E?@%ﬁﬁﬁ&’@ﬁﬁﬁﬁ‘*ﬁﬁﬁb%%%

ARG Ro
EREBEFART, BTREAEDREITRREILEER, &fﬁ%ﬁtﬂ@t”ﬂ’]:&ﬂ:,
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XFMEFRUTERAROBEL, TRE—MITFHWERIRBIP T
B, ERARARE AL BR AR, WS RGAE R L, R Rt
ERBERNS AR
EERFAED, URAAEERHER, H-RLHAR AhTE™ERML, AR
MBS Ekk. MB—MAEBFAR, RERELE. XEHRARERSEHTHE
SHRE N, ZFARNESEHLEUMRO MR T ZHARNERFALTN o
(1986 £ 4 B 1 BIHR)

£ *F X W

T, BRI, 1980; THREREHLTHLAREAMENEALEE L HEMERERBEFFT, 109,
10t—112,
Fak, ERI,1982: SMAX—FRRXXABRARENES. HHEDWREAL, 20(4), 276—281,
XEH, 1965 ZEEEHRERAMERIT. AL, 92), 125—134
5 1975 JIMERAMIESRK. AL, 13(4), 202—216,
s 1979: RTF WML (Hanyangaspis) KRGEBREAENSBEN R LB o HEMER, 18(6), 59—
596,
s 1985; BHEK Antiquisagittaspis cornuta (FiR. FHES EARTFRAKNEI. SHEHUEHEA
%, 23(4), 247—254,
X, 1983; POINBULEHRELFE. RL, 21(2), 97—102,
B ELE B, 1975 hEEFRERAMTHALREANA, MBS EYRXEF—8, 135—169,
— > 1978 MEBHEZLTALR AL, EFERARSIGEE, 298-333,
S > 1980; ERARERFNFHFEN. FEWFMR, 19(1), 1-7
—— 1981; ZERRRESEEAROFLN. THEDIYSHEAL, 19(2), 113121
——> 1983; TFERKERASHARLT—HH. HEYFR, 22(5), 505—509
M, 1985 HARSHBRBATSAENRIALEEX. HFEIUEEAL, 23(3), 207213,
Denison, R. H., 1964: The Cyathaspididae: a family of Silurian and Devonian jawless vertebrates. Fieldiana
(Geol.), 13 (5), 309—473.
Dineley, D. L. and Loeffler, E. J., 1976: Ostracoderm faunas of the Delorme and associated Silurian and Devo-
nian Formations North West Territories, Canada. Special Papers in Palaeontology, 18, 1—214.
Elliott, D. K., 1983: New Pteraspididae (Agnatha, Heterostraci) from the Lower Devonian of Northwest Territo~i
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THE SENSORY LINE SYSTEM OF GALEASPIDA
(AGNATHA)
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Summary

In this paper the sensory line system of Galeaspida is systematically described and a com-
parison of it is made between Galeaspida and other groups of Agnatha.

The sensory line system of Galeaspida is so far known only on the dorsal shield of the
head. It consists of two pairs longitudinal stems and a varied number of transverse canals issu-
ing from the stems.

The stems of the median pair, running dorsally to the orbital openings, include each three
parts, the anterior division (soci) and posterior division (soc:) of the supraorbital canal, and
the median dorsal canal (mdc) (ifgs. 1—2). The anterior division, starting usually at the an-
terior margin of the shield, extends posteriorly and somewhat laterally. In most situation it
stops at a distance in front of the anterior end of the posterior division, sometimes meets the
latter at a pronounced angle, exceptionally continues smoothly with the latter. The posterior
division normally converges with its fellow of the opposite side to a point just behind the pineal
organ in most polybranchiaspids. It has lost its posterior part in eugaleaspids except Sinogale-
aspis. Nevertheless, the supraorbital canals tend to be reduced in some polybranchiaspids. In
Dayongaspis, for instance, the anterior divisions of the canals are shortened, while the posterior
divisions are completely lost (fig. 1E). A reduction similar to that in Dayongaspis probably
also occurs in Duyunolepis, Neoduyunaspis and Xiushuiaspis. Although the sensory line system
is poorly known in these forme, the closeness of the orbital openings to each other and to the
median dorsal opening, which has caused the reduction of the supraorbital canals in Dayonga-
spis, is revealed in them. Moreover, in Latirostraspis there are two pairs of short canals on the
preorbital section of the shield. One ‘pair, antero-dorsal to the orbital openings, doubtlessly cor-
responds to the anterior divisions of the supraorbital canals; while the other pair, at the edges
of the shield in front of the orbital openings, seemingly represents the anterior parts of the in-
fraorbital canals, for they most likely continue with the infraorbital canals on the ventral rim
of the shield. 1f so, the anterior divisions of the supraorbital canals would have already disa-
‘peared here. Perhaps this is also true for some polybranchiaspids, such as Hanyangaspis, Cyclo-
discaspis and Sangiaspis, which like Latirostrasp:s have orbital openings at the edges of the shi-
eld and a widened median dorsal opening.

As to the median dorsal canals, they are developed ‘in eugaleaspids, extremely reduced
only as the tubers across the dorsal commisure or completely lost in polybranchiaspids. In Sino-



4+ 1 XER: BREARONERRSE 257

galeaspis, an eugaleaspid, the median dorsal canals join the posterior divisions of the supraor-
bital canals at a level through the pineal organ, so the posterior parts of the posterior divisions
of the supraorbital canals wedge in between the two median dorsal canals behind the joints. As
the supraorbital canals disapear behind the pineal organ, the median dorsal canals smoothly
continue with them in other eugaleaspids. Anyway, the median dorsal canals never reach, but
end at a distance in front of, the posterior margin of the shield. ’

The stems of the lateral pair, bypassing the orbital openings ventrally, are composed of

the infraorbital canals anteriorly and lateral dorsal canals posteriorly. They begin anterolate-

rally to the orbital openings, usually do not reach the anterior margin of the shield. In the forms
with orbital openings at the edges of the shield the stems go down onto the ventral rim of the
shield when they bypass the openings. After bypassing the orbital openings, these stems sharp-

ly bend inward first, then runobackward parallelly to each other and finally reach the poste-

rior margin of the shield.

With regard to the transverse canals, those in front of the orbital openings will be dealt
first. One pair of commisures, the preorbital commisures (poc), is found in Polybranchiaspis,
Laxaspis, Damaspis and Sanchaspis. These commisures link the infraorbital and supraorbital

canals of their respective side. Again, in Sinogaleaspis the anterior part of each infraorbital can-

al bends in lateral direction to the margin of the shield. This part would represents a lateral
branch of, or a transverse canal issuing from, the infraorbital canal, and maybe corresponds to
the preorbital commisuge. ‘ ’ . :

As to the canals behind the orbital openings, they are very variable in number. There are

four pairs of lateral transverse canals issuing from the lateral stems in Polybranchiaspis, Laxa- .
spis, Damaspis and, probably, also in Diandongaspis, Siyingia as well as Cyclodiscaspis, five .
peirs in Sanchaspis, at least eight pairs in Dongjangaspis (this paper, fig. | A-D, lzc, 4 ; Liu, -

1975, fig. 5A, 6, 9, 11; Wang et Wang, 1982, fig. 1); but in all these forms there is only one
pair of median transverse canals, which unite with each other as a commisure, the dorsal com~

misure (dem). Without exception, it is the second lateral transverse canals that the commisure |

is nearly in alignment with. This fact car be used as an indicator in a correspondence of the
transverse canals in different galeaspids. Because of shortening of the postorbital section of
the shield the lateral transverse canals are reduced in number in eugaleaspids. In most eugale-

aspids exist only three pairs of the lateral transverse canals and one pair of median transverse .

canals, namely the dorsal commisure. = According to the position of the dorsal commisure, it:

can be said that the fourth lateral transverse canals have disapeared here, Yet, the median tran~ -
sverse canals are up to three pairs and the lateral transverse canals are four pairs in Sinogale- -

aspis. Although among the median transverse canals only the both of the third pair unite with
each other, in sequence the both of the second pair would be equal to the dorsal commisure. Ho-~
wever, in the three genera, Sangiaspis, Latirosiraspis and Dayongaspis occur two pairs of median
transverse canals. When making a comparison, we come across a bit of difficulty:which pair
of the median transverse canals is homologous to the dorsal commisure? In Sangiaspis” it seems

only two pairs of the transverse canals to be developed (Liu, 1975; Pan et Wang, 1978) and .

they cross the lateral stems of their respective side. The both canals of the anterior pair keep

1) Sangiaspis rostrate Liu, 1975 and . sichwuanensis Pan et Wang, 1978, were based on the specimens from
the same locality and herizon. The only different between them is caused by the preservation of the sensory canals.

Therefore, S. sichuanensis is a synonym of S. rostraza.
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a distance from each other but the both of the posterior pair unite with each other. For the two
pairs of the canals like the dorsal commisure in other forms are situated at the sharp bends of
the lateral stems behind the orbital openings, either one or the other ofithe two pairs must be
equal to the dosal commisure. In Lazirostraspis, as shown in fig. 1F, the two pairs of the medi-
an transverse canals are so far behind the orbital openings that neither seems homologous to
the dorsal commisure. But, as the orbital openings are in position more anteriorly placed in
Latirotraspis than in the typical polybranchiaspids, it is not impossible that the both median
transverse canals of the anterior pair are equivalent to the dorsal commisure and the first three
or four pairs of the lateral transverse canals in Latirostraspis have no correspondents in the
typical polybranchiaspids. In Dayongaspis the two pairs of the median transverse canals are
somewhat backward in position, too. For the same reason the anterior pair is appointed as the
dorsal commisure in preference to the posterior one. Moreover, in the Dayongaspis the most
interesting is the regular arrangement of the lateral transverse canals from the preorbital section
to the posterior section of the shield. It hints that the transverse canals were segmentally dispos-
ed throughout the cephalic portion in orginal galeaspids. In fact it is to certain extent reflected
in some other polybranchiaspids, such as Polybrenchiaspis, Laxaspis and, especially, Damaspis,
in which some tubers issue from the lateral stems in front of the first or behind the fourth late-
ral transverse canals. These tubers are certainly the vestiges of reduced transverse canals.

According to the above description, Galeaspida can be closely compared with other groups
of Agnatha in the disposition of the sensory line system. In general, in the median stem the
anterior division plus the posterior division of the supraorbital canal of Galeaspida is homolo-
gous to the supraorbital canal of Heterostraci and to the postpineal line of Ostoostraci. But in
Galeaspida the anterior division and posterior division of the supraorbital canal are probably
innervated by different branches of the ophthalmicus superficialis. While the median dorsal
canal is equal to the median dorsal line of Heterostraci and to the dorsal line of Osteostraci
and Petromyzontia. Of the lateral stem the infraorbital canal in the four groups of Agnatha,
as that in Pisces, is surely innervated by the buccalis nerve. The lateral dorsal canal is no do-
ubt equivalent to the lateral dorsal line of Heterostraci, to the lateral line of Osteostraci and
Petromyzontia and to the main lateral line of Pisces as well.

As for the transverse canals, it is not here intended to treat them one by one. First the
stress is put on the dorsal commisure. It is-most likely equivalent to the second transverse can-
als of Heterostraci, the posterior transverse line of Osteostraci, the posterior series of the ne-
uromasts of Petromyzontia and, probably, to the supratemporal canal of fishes. The anterior
bent patr of the infraorbital canal of Sinogaleaspis is maybe equal to the preorbital commisure
of polybranchiaspids and probably corresponds to the anterior marginal canal of Osteostraci.

The comparison indicates that the different types of the disposition of the sensory line sys-
tem in the different groups of Agnatha are derived from a general pattern that, as many pale-
ontologists and biologists have suggested, is composed of longitudinal stems and transverse bran-
ches linking them. As is well known, on the dorsal side of the head in Osteostraci and Hete-
rostraci there are three pairs of stems, the median one, the lateral one and the external one. But
ths last one has not yet been found in Galeaspia, Probably it has disapeared in the known ga-
leaspids, as it exists only in a few forms of Ostestraci or Heterostraci. The fact that nume-
rous transverse canals occur in Galeaspida suggests that transverse canals were segmentally ar-
ranged throughout the cephalic division in orginal vertebrates.

The similarity of some forms, such as Dayongaspis, to Osteostraci in the tendency to the
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reduction of the supraorbital canals is a good example of the convergence. The reduction oc*
curing in the both groups is caused by a similar condition—the closeness of the orbital openings
to each other. _

Within Galeaspida, in the disposition of the sensory canals there are two types, the eugale-
aspid type, with developed median dorsal canals; and the polybranchiaspid type, in which the
median dorsal lines are reduced. The differentiation into the both types had been accomplished
by Early Silurian. Therefore, Galeaspida would have been divided into polybranchiaspid bran-
ch and eugaleaspid branch before Silurian.

Since the establishment of the two orders, Eugaleaspidiformes (= Galeaspidiformes) and
Polybranchiaspidiformes (Liu, 1965), which were later on combined into a superorder, Galeas-
pida, equal to Osteostraci-and Anaspida in rank (Halstead (Tarlo), 1967), other four orders
have been proposed under Galeaspida. They are Nanpanaspidiformes based on Nanpanaspis
(Liu- 1975), Huananaspidiformes based on Huananaspis (Janvier, 1975), Duyunolepidida
( =Duyunaspidida) based on Duyunolepis (= Duyunaspii) (Pan et Wang, 1978, 1982) and Han-
yangaspidida based on Hanyangasp: (orginally rcferred to Heterostraci (Pan et al, 1975), later
proposed as a polybranchiaspid (Liu, 1979)). Now it seems that the evidence is not sufficient
for any one of them to be ranked as a unit equal to Polybranchiaspidiformes or Eugaleaspidi-
formes. Even Huananaspidiformes is probably a polyphyletic group. In any case, they are more
closely related to Polybranchiaspidiformes than Eugaléaspidiformes. So the terms, Polybran-
chiaspid branch or polybranchiaspid '(s), are used here in broad sense.



