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HWE, T HREGFAKEFRASHE DA ZEBEE T ZFRATE . FHE=TFERAT
WRE AT, SEAEE B GH Kenichthys campbelli #1 Heimenia sp. % ( Chang
and Zhu, 1993; SR ERMW,1996) , KIEHR T B EIFZLEFNA A BT X
P BN SR BT IR (PR 55,2004 )
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IGCP491 I B A E R B R BB S A B R 34 (405 : 10630965 ) %28,
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2 tAidid

i & & 4N Osteichthyes Huxley, 1880
A #& £ T 4R Sarcopterygii Romer, 1955
fif £ B Dipnoi Miiller, 1844
B B Tarachomylax Barwick et al. , 1997

ZERES (™) Tarachomylax multicostatus sp. nov.
(E1-4)

ERRE — AR BEA R, PEMFRS B S E AL TR A S
i85 IVPP V 15041.1,

JINIRAR —3 B & (IVPP V 15041.2) ,.— AT G2 3 B A9 E A (IVPP V 15041.3)
M6 NEEEE  (IVPP V 15041.4-9)

iR multi (La.), £; costatus (La. ), HREFH . RAHMHEHEKE.

FFINR ZEEHET ISR FRA, R IR

FAE  EARBOR, W &R sr e B R 8 11-12 51, 2 EUPRES, 0
BT SRR, AR % SRE—FIEE AL 135°, FIRRAMAKRKE, NE
HMMARE, FMERZENEIK. BEMI B ERRTMLEMEE. B FRIZEHEEXH
Ko 8 g K Mgk X Z [RIE A /M

id W AR AENESER, KRR, 5 FEEE & R M

ri den 1r

2r 3r

K1 ZHRBEACHM) AR FER(ERRA,IVPP V 15041.1)
Fig.1  An incomplete left pterygoid tooth plate of Tarachomylax multicostatus sp. nov. (holotype,V 15041.1)
A. T in dorsal view; B. JETA in ventral view; ELfR scale bar = 10 mm
81521580 Abbreviations; 1r—12r. 1'-12" tooth row %5 1- 12 Z| Y54 ;den. denticles /ME ; ri. ridge #F
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WA (B 1B) . i TREFNTE, SRBAKERM, RFRHIK 2.2 em, 5 2.0 cm,
AR 11-12 I B Z R D98, WIRAR L/ . B THARBIERGR G , A AR E o 4
TR ZERBA /MM, 81 SIEEEmZE, ARETEH, RLARER, #2-450%
B RRE TR, 858 1358 TR E B E B, 58 4 S E R s R — A e
HR, 28 5- 11 S H RIFse B B REW A I, 68 & E AR, 28 5 51 9 R A7
EAEFRRRI, K 1.5 emo 55 5-7 FUEA 3 D FEMTRIE 2=, 2 AN R & Bk, 15 A
BB WREME, WA AEE=F A, 26 8- 10 3| REKK BB/, 85175 4
MR, GEEREEEM, BAF LAHEER, 5 11 JEFREEE, @ 5 MR
e AR 5 11 FIZEH ARSI A /MG 58, FTREM LR 12 51N H . ttRIE+
Gt LR SR A %A ABHES 89/ G B SR PR B AR R, HHRIMISH
FE M E#, TR KIS f (Dipterus ) (White, 1965) B (B 3) . AR &5
TER7E /N AR AR IR o

EREMBRE, F 0T 5 FIEEN M. SRS IkTEASFRERZINE,
HEA—TEHE (d, B1A) ,HEAS mm,

BE B—BRMMMFEHREEF,K2.2em, % 1.2 cm,JE£50. 1 em (E[2A,B), K
EE2E /N FRAMANE (FTMLE) BN B BHREZ— BANERRPELH
o P H RA (WL, wi2) =1 K (z1-3, E 24, B), BHRAXER(21, 2)
BIONEER . FEIMERI XK (23) Rk, (CERME A — B ZEEmR“/ME” (b,

B2 ZHFEBECHF) SRESH
Fig.2  Skull-roof bones of Tarachomylax multicostatus sp. nov.
A, B. B B bone(V 15041.2);C, D. 23 ‘B a possible 3 bone (V 15041.3)
bR scale bars: A, B = 2mm; C, D = 5 mm
%188 Abbreviations; apl. anterior pit line Ff M2k 74 ; bli. blister covered with cosmine 323 25 35 19
“/IME” 5 oa. overlapped area ${ B EIX ; oa. A, oa.C, oa.l, oa.]. overlapped areas by A, C, I, J bones
#WAB.CHIF.JBEEXE; op. opening for supraorbital sensory canaliculus [E_F /R E 43X H O ;
po. pores for supraorbital sensory canal [E_FREHEA T 5 orb. orbital margin fE4; wl, wll, wi2. Westoll-line
FEL; z1-3. Zone 1-3 of cosmine 3 ZE X1 1-3
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B 2A, B) , UiBHIZ IR AT REIEAL FRIVEL MM . RIRFAARS T8 KE 174 8980 &
B R DB A P RAU, M R X . S IR TR A R i — 5, B B
B DI Xt B9 C B IR, B35 2 PR SE R B ER 40, AR AN 89 P4~ S /N B9 AT 285 B
BRI  ]BAM LEEE,GHN A BBE. BIMAREBGERE B &l b
TS T & ERRTM&IAEE,

738 —HREHRENER,KLS5em, 350.7cm (E2C, D), B EEHI (X
1,21, B 2C,D) S EA 55, KA A MM HES] 8-S fL (po, B 2C,D) ,EURR
TERGH. K& AEA N LPFARRIIZENE&N (2, E2C,D) (AN FLSR
PP ERAE 1 mm B R“/NE” (b)), RHZ KA G885 ik B & 89 X8 3 48U
(23, B 2A,B) , IEAL TRIIZE M.

B R AU S AEEEX (0a, B 2C,D) BEEMMAZRNEEXRHFEEX,
ARERMRIEN S, BB F RBELRE TRIEE &5, NBHBANEE, M/
& EAE—KFFAERE/NML(op, B 2C,D) REBEENMNE, BEEFABR

K3 ZHRBQCGHR) TS
Fig.3 Isolated scales of Tarachomylax multicostatus sp. nov.
A. V15041.5; B. V15041.8; C. V15041.7; D. V 15041.4; E. V 15041.6; F. V 15041.9
R scale bars; A, D = 5mm; B, C, E, F = 2 mm
1@ ZUiBH Abbreviations; oa. overlapped area #{ B [E[X ; pl. pit line [N1£%74); tub. tubercles /MAJE ;
wl. Westoll-line I (K2R ;21— 4. Zone 1-4 of cosmine 3% E X 15 1-4
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AEFH—FF O, AR EE T WL L, TR T EMLEMFE—35 3 R, X
FRREMBREATFBRRE B, G& L EARHIR, BATANIZE FATRER 3 B
75 5 BBt £ 3K AR B B ALK, A _E HBEYE N —Fh D

A FEAZIAEE 6 MAFEB T HAHAIEEF (IVPP V 15041.4-9), 6 1
By PR RIER (B 3) B HIE LR 1,

8% V 15041.4 F01V15041. 5 ARL(E 3A,D) B0, e BB A DL R . 88 A RIE K
AU A B XS AR AT 0 B S O X I, R AR . B A — 3B /MR, NMA 2
HEIE , 1 B s I Be S RAR R 07, IR AR 7 (ARt (X8R a0/ N B B 7 (X 38
BIRESD, K B —R S8 EEMMEFITHH RE, FREASEINEKIHRTZ
HZZ. B3RV 15041.4 F R L—[M434 (& 3D),

8%k V15041, 6-9 BHIPIBEA/N(FR 1; 8 3B, C, E, F) o AIE04UE B8 A 8 =
X3, GER SR E SRR MR X, K B OL2-3 AF K. T RE&RTH S M#
HEHBEXNEFT, HMHEER. BNEFREAWERSHATEEES. BIIEXS
BEXZE AN,

MBS B BINBE R (21, B 3) WA B S, P2k EAR, K5
X3 1 S/0ER WA, M/ B X L T8 B e, XM ENAEARMNE
KI5, X ERAKATGERE TARBAREFE, MAlERH TARBAKAR, @
5 Orig (1969a, [&] 3 ,4) R B fiff €. 8% 1+ HE S 77 K5 70 A R O0 ELE, B I P26 8% )7 o
BORHY B BT BE A B O o 2 DT I B 5 A B 2 8%, S0/ m] BE R BB TR %

R1 ZHRES(HWR) SHNE

Table 1 Measurements of scales of Tarachomylax multicostatus sp. nov. (em)

PRAS 45 Scales V 15041.4 V 15041.5 V 15041.6 V 15041.7 V 15041.8 V 15041.9
B K E Maximum length 3.0 3.0 1.2 0.9 0.9 0.8
£ KB E Maximum depth 2.0 2.1 0.9 0.6 0.6 0.8
H 5% XA B Maximum length of exposed area 1.0 1.0 0.7 0.5 0.5 0.4

Hi X & B/ H KK ®E Ratio between maxi-

mum length of exposed area and total length 0.33 0.33 0.58 0.56 0.56 0.50
INKIEH FE B Width of tubercle band 0.5 0.5 <0.1 <0.1 <0.1 <0.1
= KL 48 Number of Westoll-lines 1 1 3 2 2 2

3 M IE

BT LRk AT E—m W E— AL IR A R 58 REEBIE.
FRAGEH—2, B MER/MAEAR, HATE IR ENAAR—BR, Fibh kL5 ik &2
FRE AN E 6 BIREE, B ESEEAMEUNFTERS,

ERIENRGE LTS, IRE AT W3R 4 5 {4978 {2 (Schultze, 2001
Ahlberg et al. , 2006) , IREMAE LI R{LE —# BX EC IR B £8 ( Tarachomylax oepiki)
R, Fibr el SRR IR E A AR B R S AL Wik M A e Mih %/ M B, WE
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BN, FMERAE/DN, k(B 4) , BEITEFHRHEARE AR

(B L B — LR AR 5 BR [ 1R S A B B X $i A B B R 11-12 31, T ER R
REAIEHERA 7-8 5 Fitt R AR P& 555 —FIhHF A4 135°, MEKIRIEE &
HIZ AN T 90 Bt BHA R B K, TR RIREB AW ARK B /DT 1 em (Barwick et al.
1997) (B 4) ; ¥ B AT MR TE B &1 J B _EAHE , T ER QIR BS A 1 i [ 4% 78 T ZE 77 1
BR BB, ETHRSERRIEE @AM B XS], RITESL T —Hfh—=z
B8 M ( Tarachomylax multicostatus sp. nov. ),

B4 ZHRBECGHT)(A) BKIRIEEA(B) MILKIEE(C) R AR LR
Fig. 4 Pterygoid tooth plates of Tarachomylax multicostatus sp. nov. (A), Tarachomylax oepiki Barwick et
al. (B), after Barwick et al. , 1997, fig. 8.2, and Dipterus valenciennesi Sedgwick & Murchison (C) , after
White, 1965, fig. 50, and Bernacsek, 1977, fig. 12D
EL#I R scale bars; A, C =10 mm; B =5 mm

BEAN, R RH S XU S A — AR R ARAE, Bl N B 8B AR & 5 &R E I
B W/ B BEAKE AR ( White, 1965 ; Den Blaauwen et al. , 2005) %8, (B2 ,H
MEWEEXFRSX 5| WE A RN B E"E 5, Fe i g g E 5= ;
XU 8 Vg AR SMUA B A [T, 3 g AR AU F- 22 IR B N BB 5 FR BT A, BLAE i
KRN RS EME AR /N E 4) . BIEFERANE BB AREARH—1
BZELEERE, RITAAASZIEZEBHAANE AR,

REAREOREF—RREE &K THRES i B &, st B e 2 1 R i
o SHHRE RIS AR, ERR IR A R IS Heimenia HEAE , TLEA TIN5 1)
HiLJZE R LA b, B DAFRATTHE M A e A R AR 25 By b B oy P SR B S A T B AP R Fh oy
HIFREK A .

SRS AR X 437 75 9345 2% (Forster-Cooper, 1937; Westoll, 1949) L3P+
(Perkins, 1971) (JRAH| W AR EGHR (Long and Turner, 1984) &= F1{& F # ( Obruchev, 1940;
Gross, 1964) &b iy IR R Z o, IREE AN B i A I S in o KEPI R 770,
FIREFFR ENIE T B Ve At P 6 £ 2SI (B oy KPR 20 T8 B (R BB 34, 2006)
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it PEHAFREAEDIHE TALMTLI AR L2 HIEE, R L1510
B, BmEF I TR R LA Wik F P IRFTE, s — I B!

A NEW SPECIES OF DIPNOI (SARCOPTERYGII, OSTEICHTHYES)
FROM LOWER DEVONIAN OF YUNNAN, CHINA

QIAO Tuo'?  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  biyaoqt@ hotmail. com)

Key words Yunnan, China; Devonian; dipnoan
Summary

A new dipnoan, Tarachomylax multicostatus sp. nov. is described from the Chuandong
Formation (late Emsian, Lower Devonian) of Yunnan Province, South China. It represents the
sixth dipnoan genus from the Devonian of China. The other five genera are Diabolepis ( Chang
and Yu, 1984 ), Dongshanodus ( Wang, 1981) and Erikia ( Chang and Wang, 1995) from
Yunnan, Sorbitorhynchus ( Wang et al. , 1990, 1993) from Guangxi, and Chirodipterus ( Song
and Chang, 1991) from Hunan.

The associated early vertebrates include Kenichthys campbelli, Heimenia sp. ( Chang and
Zhu, 1993; Zhu and Wang, 1996) and an undescribed antiarch.

1 Systematic paleontology

Dipnomorpha Ahlberg, 1991
Dipnoi Miiller, 1844
Tarachomylax Barwick et al. , 1997

Tarachomylax multicostatus sp. nov.
(Figs. 1-4)

Etymology “multi” (La.), many, “costatus” (La.), with ridges, referring to the
large number of tooth rows in the new form.

Holotype A left pterygoid tooth plate (IVPP V 15041.1).

Referred specimens Two skull-roof bones (B bone, IVPP V 15041.2; ? 3 bone, IVPP
V 15041.3), and six isolated scales (IVPP V 15041.4-9).

Locality and horizon Zhanyi, eastern Yunnan, China; Chuandong Formation; Emsian,
Early Devonian.

Diagnosis Large tooth plate with 11-12 tooth rows; plate surface between the most mesial
tooth row and the median suture covered with denticles; posterior edge of the tooth-bearing
surface with a few denticles; angle between the mesial edge of tooth plate and the last tooth row
about 135°; “wing” of pterygoid narrow and short, with a pointed end; anterior pit line on B
bone connected to the pit line on J bone; overlapped area on scales with a band of tubercles
adjacent to the cosmine-covered surface.

Description Tooth plate The pterygoid tooth plate (IVPP V 15041.1) has not preserved its
anterior part, and is about 2.2 cm in length. The total length of tooth plate should be much larger
than that of Tarachomylax oepiki (Figs.1, 4). The tooth-bearing surface is fan-shaped with up to
12 straight tooth rows, all radiating from a point situated posteromedially. The cusps are round
and pointed anteriorly or laterally, and worm-out to form smooth ridges posteromedially.

The furrows separating tooth rows bear no tubercles, and are shallower between the more
posterolateral tooth rows. The first tooth row is partly preserved, with the newly-formed teeth
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missing. The preserved part is narrow and high, and comprises teeth which are strongly worn-
out yet show cusp boundaries. The 2"-4" rows have also lost their anterior parts. The 5"-12"
rows are complete, and the teeth in each row become progressively larger laterally. The lingual
parts of these rows are strongly worn out as in the more mesial rows. The plate surface between
the first row and the median suture is covered with denticles, as in T. oepiki (Barwick et al. ,
1997). The posterior edge of the tooth-bearing surface also bears a few denticles. The “wing”
of pterygoid is short and narrow when compared with that of Dipterus (Figs. 1B, 4). Unlike
Dipterus which has a deep embayment on the lateral edge of pterygoid (White, 1965) , the new
form has a mildly-embayed lateral edge of pterygoid.

The tooth plate is fan-shaped in dorsal view, with the center at the lateral point of row 5.
The mesial and posterior edges converge mildly and form an arch-shaped ridge (ri, Fig. 1A).

B bone The B bone is a symmetrical bone with the length of 2.2 ¢m, the width of 1.2 em
and the depth of 0.1 em (Figs. 2A, B). The main part of the B bone is heptagon-shaped, and
divided into three zones (z1-3, Figs.2A, B) by two Westoll-lines (wll, wl2, Figs.2A, B).
Zones 1 and 2 are cosmine-covered, and encircled by a narrow ring (23, Figs. 2A, B) which is
deficient of cosmine except for two blisters ( bli, Figs. 2A, B). The presence of the blisters
might indicate the forming of cosmine on the outermost zone. The overlapped areas of the B
bone exhibit radiating striations, and consist of a long anterior part and a narrow ring around the
main part. The anterior part should be the overlapped areas by paired C bones, the lateral part
by T and J bones and the posterior part by A bone (Figs.2A, B). The shape of B bone and the
overlapped area by I bone suggest that I bones are separated by B bone posteriorly. The anterior
pit lines extend to the lateral edges of B bone, suggesting that they are connected to the anterior
pit lines on J bones.

?3 bone The possible 3 bone has the length of 1.5 c¢m and the width of 0.7 em ( Figs.
2C, D). The main part (zone 1, zl, Figs.2C, D) is covered with cosmine, and carries several
pores (po, Figs.2C, D) of the supraorbital canaliculus. Around Zone 1 is a narrow ring with
two small cosmine blisters (bli, Figs.2C, D), which is similar to Zone 3 of B bone. A foramen
(op, Figs.2C, D) is situated between the two blisters in lateral view, and serves as an exit for
the supraorbital canaliculus. The canaliculus possibly terminates in this bone since no other exit
for the canaliculus is visible and pores of the sensory canaliculus are restricted to the right part
of the cosmine area. Thus this bone should not belong to the main lateral line series, but
possibly to the series lateral to it. The overlapped areas are visible along the anterior, right and
posterior margins. However, no overlapped area is present along the left margin of the bone,
which possibly represents the orbital margin. Accordingly, we assign this bone as a possible 3 bone.

Scales Six rounded scales with Westoll-lines can be classified into two types (Fig.3).
The first type includes the scales V 15041.4 (Fig.3D) and V 15041.5 (Fig.3A), which are
bigger and thicker than the others. The anterior and anterolateral parts of the scale are the area
overlapped by neighboring scales (oa, Figs. 3A, D), and have a series of pores similar to
T. oepiki ( Barwick et al., 1997). Posteriorly, the scale bears a wide tubercle band (tub,
Figs.3A, D). Each tubercle has a distinctive shape with a high crested ridge around the
posterior edge, a “spoon-shaped” concave superficial surface as in Heimenia (@rvig, 1969b)
and an anterior edge that merges into the surrounding bone. The scales of first type carries only
one Westoll-line (wl, Figs.3A, D) on their exposed surface, with the earliest formed cosmine
area (zl, Figs.3A, D) adjacent to the tubercle band.

By comparison, the scales of the second type are distinctively small and thin (V 15041.6-9,
Figs.3B, C, E, F). They have a narrow tubercle band, but 2 or 3 Westoll-lines on their
exposed surface, with Zone 1 situating posteriorly and away from the tubercle band.

Comparing with the scales figured by @rvig (1969a, figs.3, 4), we assume the scales of
the first type situating on the ventral side along the midline or from the main lateral line and
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those of the second type presumably from fins.
2 Comparison and discussion

All referred specimens were collected from the same bed and the same site as the holotype.
They are compatible in size, and have the same cosmine and Westoll-line structure. Among the
known dipnoans, the specimens described here most resemble Tarachomylax and Dipterus.

Although we have not reached a consensus regarding the lungfish phylogeny, most of the
analyses suggest the pre-Dipterus level of Tarachomylax ( Schultze, 2001; Ahlberg et al.
2006). Only one species of Tarachomylax — the type species T. oepiki has been described so
far. New specimens resemble T. oepiki in the following characters: tooth plate surface between
the first tooth row and the median suture covered with denticles; “wing” of the pterygoid narrow
and short; embayment at the lateral margin of pterygoid not developed ( Fig.4); overlapped
areas of scales with a tubercle band adjacent to the cosmine-covered surface, and a band of
distinctively porous bone anterior to the tubercle band ( Barwick et al. , 1997).

T. multicostatus can be distinguished from T. oepiki by the following characters: large
tooth plate with 11-12 tooth rows; angle between the mesial edge of tooth plate and last tooth
row about 135°; anterior pit line on B bone connected to the pit line on J bone; cosmine on
scales without distinct ridge pattern. For all these reasons we refer the Zhanyi specimens to
Tarachomylax, and name it a new species of that genus, T. multicostatus.

The new species also shows many similarities with Dipterus in the size of tooth plate, the
number of tooth rows, the angle between the first and last tooth rows, the shape of B bone, and
the anterior pit line connected on B bone and ] bone ( White, 1965). However, it differs from
Dipterus in several important aspects: no cosmine-like material present on the surface of tooth
plate; the “wing” of the pterygoid short and narrow; embayment absent at the lateral margin of
the tooth plate (Fig.4) ; tubercles present on scales ( Forster-Cooper, 1937). Considering the
diagnostic character of cosmine-like material on the tooth plate in Dipterus, we do not assign this
new form to Dipterus.

The type species of Tarachomylax is found from the Emsian of Severnaya Zemlya ( Siberian
Arctic) , in association with Heimenia scales ( Barwick et al. , 1997). In Zhanyi, the new spe-
cies of Tarachomylax is also found together with Heimenia scales. The similarities between the
two strata suggest that the South China Block and Severnaya Zemlya might have some paleogeo-
graphic connections during the Emsian. The genus Dipterus which is very similar to Tarachomy-
lax, is known from the Middle and Late Devonian of Britain ( Forster-Cooper, 1937; Westoll,
1949) , Germany and Russia ( Obruchev, 1940; Gross, 1964 ), North America ( Perkins,
1971) and southeastern Australia ( Long and Turner, 1984 ). Both these two genera are distri-
buted along the Panthalassic Ocean, supporting the trans-Panthalassic Ocean distribution pattern
of early sarcopterygians ( Zhu and Zhao, 2006).

Acknowledgements Special thanks are due to Ms. Yang Mingwan for drawing the illustrations
and Ms Xiong Cuihua for preparing the fossils. We also thank Zhao Wenjin, Jia Liantao, Lu
Jing and Geng Binghe for the productive field seasons.
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