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AR — M FF RS TRYEN RAELETXREEHAR. A, Bame
SHYREME, MHFARR, B, 1859 FR/RX WFERY MERIF R X —EHE
EIERIAR= AW (Rosen %, 1981). HEZ T, MWENVERRENERN L X
B, RESMAREHEA (K1) AELAERNXTHEESY SELRRNINR,

B—FE AR 1836 FEBFELRM (Fitzinger, 1837; Natherer, 1837), ¥
PR A — R0 £ 3. Bischoff (1840) HRiEiifa B TRMA 2 F, 1 Owen (1839)
MIARERAZE (LT 1840 — 1860 £ [ it #1 /)5 /& W Rosen %, 1981, FI Conant,
1987). 1859 FFiR/RX KWFREY thARZ /5, Haeckel (1866) B —(EMmE TR
G (“Stammbaum”) FHEE, MNP, WAHMEEELRBER X
RBEXFRBERMBE (Bischoff, 1840) ZEBRAEMFAI I MHEAR FHELRESL
# (Haeckel, 1866). 7 —FB A (WM A, Krefft, 1870) WA BB H #
BREEZXRANITIRRETL.

AR EHE S (Eustenopteron) R B MERXMILTLAR A Miguasha Ky LA SR
TP, EMHIR (Whiteaves, 1881, 1883) MH T X T E sh¥ R & X RiTiE M H
FE. Cope (1892) WAHEEBARNENYHWHEE. BEER, FEHREARIX
— WS AT T EEY. IR Jarvik YEME 514 (Eutetrapoda) #2557 # 17 B Bk 37
GE—£E R, W Jarvik, 1980). Cope (1892) RB| T — A 445 50U LY
B RUAFE, BB NTEW, FE0RAL, R ESE, SRS 5SWSKET
.

Holmgren (1933) RFEMHEH N EETWER, RET - THUEHYHNRER

KEHEM: 1995-05—-17



250 E B R DM OE R 3%

Ui KA R RS O B B S B A R R B R T LR, M A RN E
YN ER S meEaE OLHREEHEERN Sauripterus) HEEN XU N B 88 1T
P, BRBEIRM kIR SRR, Jarvik (1942) {NAA RBRFHLRHE L
BET 2. AN ERFAFALERETLSE., MENENYERTEH#HA%, ME
TRESWHA R MARRES, [Fadfhis th REENE LT RBEZMMA.

A LRESERTH A EPAGYE (Ichthyostega) W RIEA BAE WM B 3hY
RERITE, AAWEHAIE—FEHREE Y (Save Soderbergh, 1932), EREE
—S BRI (Jarvik, 1952). 1938 4F, B BARKFBE A (Latimeria) TEFIE
HRBRN RAER T REFHE LT, KRR EAMLE 2 B AK O S E H 45 H
RAGMERNE YA LEE, RTERRNCES, BT aM2% 84 Em R
S bk, '

YR (Elpistostege) BAIBICE H—FEIR L shY), M1EEB6aE S50 25
Z B —Fpd R (Westoll, 1938). Worobjewa (1973) F1 Schultze & Arsenault
(1985) 151 7 B 5 M8 N BB 8561258 Panderichthys %% %], Schultze (1969)
RAEF W EEHIA N Panderichthys 2P0 2 3h#) i k. A9 (= panderichthyids )
S b 8 K M — (R s IR AE L =X TR 3B (Schultze 1 Arsenault,
1985); EfTAEBEE PRI LK, HEELH - ERERE, EAHNEHY %Kk
B (Vorobyeva #l Schultze, 1991). Jarvik (1952) #iR T RAABRBE 2L LRAG K
Toi SRR i) o — R IR AR DU R 2% —— WS (Acanthostega). Lebedev (1984). Ahlberg
(1991a, 1995) Fl Ahlberg % (1994) X AMMRE Hi, M 2 FIHLI 4 T H A S HE
HANE T — SRR R L sl Ay . XS R B T R L B S A R 2K 2 )
MR, HEAFEMROAEREREETMENY, ERFRAREFEERSHL
Y HI Ik B A (Ahlberg 1 Milner, 1994),

Miles (1977) $fiik 7B B I Griphognathus §IFE. Gardiner #1 Rosen & H
A7 AR S R NS, HEREY THif ST ESYAERFENEE X ZNE
i (Gardiner, 1980; Rosen %, 1981). xfBiii&A BE Z¥F (W Ahlberg 1 Milner,
1994)., ZXEX-RUEHTERAEEZREEMNEE. BE -G MamEsLgsa
REMEHEWERL—HFE (Diabolepis, Chang # Yu, 1984) KM, Ml N
V2 S i R BERG (o B R PRk o BB . e M ST LR AT, BE1 2T (basal taxa) B2
THAR B Koo EL(EE (Schultze, 1987, 55 ; Huelsenbeck, 1991),
S FEMFEFUREM AR AN RER N THASUE DMK EEXER (2%
Meyer, 1995). 7+ F/EW¥ KRR T O HE 5 KB HBAERIT [ Lecointre (1994) Y
BRFBEEKT A, TESERBEMITOHAEY BB —AE) BM&ITERE [ Lecointre
(1994) WKV Bl WAEYERERY BEMLA XKIT [Lecointre (1994) HIKF CJ.
BAREU, HAEWERE N RBERN AT L PR SRS ER, RELOET
REFER AL, HE, ENRICHESEEHRMFIIMERN XL XA (Aratia,
1995), B RICEA ~ERZARE FEEAE WA IR (Marshall # Schultze,
1992), HEZT, BALXCH—BEHEREEMAE TR X AL E LK R
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Z¥E (Meyer il Dolven, 1992: RE 27% MR IR = Aﬂiﬂﬁ@}a%—%%ﬁ)o iE
i Bergstrom (1994) Elﬁﬁﬁf"ﬁilﬁ]%ﬁ?ﬁi%%ﬁ%ﬁﬂf@ﬂ%%# HREER “H
BT AFETRESR.

R, B—MRAMENEIGIRT X TFHA - HESHYREXARRTE. M
EHESAMKH, NESYBRANSERALXRTY. I NEFHEFEINHXR
RET Panderichthys BYE5¥, T Griphognathus MBS B fa— MWESIWEZRXRMN
HEFHE. METRANEN, WagA b 5ABaRXREY., T E1 155 F P,
4800 J2 S 48 P 8 £ 2K b B b SR RO R B B A R AL R R A B, iR R —
BB AL B T R TR A T R B,

=TT A

AHIAMLR N E ST LA EIEE oA gt (B 1), X5 E YRR EA T
KB BIFEERT LG A FERNEE (Carroll, 1994), B 1 R A FHEELLENR
KGR AMM LY (Adcanthostega, Ichthyostega, Tulerpeton, Ventastega).

Schultze (1969) 1 Worobjewa (1973) A ARt — B At R HHHE
3 Panderichthys 50U 2146 Z 4, M Rosen % (1981) A Ky B Y8 &t B 1 /o fi
4 Griphognathus SR 1% R %Y. Rosen ¥ (1981) 4% Griphognathus 1€ J i
- BR—AERS T, Bt iIA b AR SN ESYE BV FEERLR. A Rosen % -
(1981) HWRRLAG, —&RFIMH X T Rosen FX R IRAR, XEHE, B
Chang (1991) #24t, #RFRIKE B BN 2SRk EE, B AN RGN
B FfFAE . Schultze (1994) B 7 —18 216 MERWBIEE S, HICER EX
XEBULHEAT IR, B ARIBHLH ARG R, Chang (1991) MBIKBERER (L
MMZ 274), BEJAR Rosen 3§ (1981) MR (£ 22 #) F3CHF Rosen F (1981)
MR (168 224). B M ARRENERRIETEERK, BENERM

a5 MERM LR (®1: b; Northcutt, 1987), HEFHMBIRRAE—4£2
%, — Mg T e g a2k REE (B 1: c; Schultze, 1987), H—fhik
Bt A LI K A B bk BE (B 1: a; Maisey, 1986; Ahlberg, 1991b). |

AKX, FHEWRCOHEREZ NN LYK, SRR ERXTWANLBERHHE -
B (Ahlberg #1 Milner 1994), FHHEBR S50 EFHYE DA 12 MlA R 2
PR (1 B89 1; Schultze, 1994): 54385 TR AR X ARG - AT, L A%
H; B TIESLZ G, BN, ELHEA, AMEENEH, hoBAmMNE; B

’ET s RESARRTHEALRE, BUBEANOME, KOWEN, REURFHRE
Eﬂ}#ﬂﬁﬁ#iﬁu&i?ﬂ KFEL;, BRSEANZRIARS KNSR, BREHRAR
FI2; BREEEMBEIRE. BRSO o R

B 55 MK + WESHYWHEDIE 12 M ERR 2 AR (B 1
F1#5 2; Schultze, 1994): LR A (polyplocodont plicidentine); HME—4
SRRAL; RARSMRILFFOEMY A L FBHKRIL (= WRL) NErLaidE. b
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&, BEMNEEHE; BHHEBXTHRIRER, MEGLHESNE SR EEN S
T, BRRTER—KG BB RIERL METHERE);, FEEREGRST, B
HEHKBANEE, SEaEE. EFT. 85 FEENNSETHN,; BERATA
AKBALRBRRER (= REUE); (CARRELE; WERMK, EREMEHER,

BaI RAMEEAEERPONBMNARERN., MamERLgak (B1 31K a),
HERMAREAHEAE (A19¥c) RERESHAL (B 1HHb) Mk R
A A AFRBHBRTES, MalER MRS kBN B A BN STLE A A I
BB R PHBELE. BEENTSRBTRAMERFER. FHE, BHKIHEEE
HER, ERan RABANSEAE (EMAMIENNE) gamAR. Nazmg
YR, FENUHF A REA RN BaRF TR, 5 Meyer (1995) BTN
MR, XHEH (nNETL, IEREENEH) HARBMBAERMAK 4547 o B # B
NS REG, XHANRBFRLRELERNINBIL, REREENEHA
AV B RARME ., % = AT BRI P AR — R A SR W B X AR E R A,
BRI S ARIE R R IR B B R D0 R3St b, AN E S
YIFHEF AR U RS M A B R, SE NS R 8 BAE, T 3k b £ A0 DY
RPN BEIE,

RE @O RN EIT (Schultze, 1987; Huelsenbeck, 1991), mE WM
MR, REEHFNMERRES, AemiaEpBalhiiE. FnEmEE
BRUEARR SRS B mEm iR, BRRAGET I HEM L TREEX=
B APEL - RE. BT, PEBREMHKAHEAZ (Chang, 1982; Chang Ml
Yu, 1984; Yu, 1990) ZIEHHEEM, XEENABERNETHRBBIERN
XX LR, NE = MRIRTFHOXRIBNEE LR EBME.
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THE ORIGIN OF TETRAPODS-PAST AND
PRESENT HYPOTHESES

Hans-Peter Schultze
(nstitut fur Paldontologie, Museum fir Naturkunde. Invalidenstr. 43, D-10115 Berlin, Germany)

Abstract Discoveries of new extant or fossil forms have historically changed the hypotheses of rela-
tionship of tetrapods. not the appearance of new theories. At present a sister group relationship be-
tween tetrapods and elpistostegids and that of these two groups to osteolepiforms is .accepted. A
comparison of recent hypotheses on the interrelationships of sarcopterygians demonstrates that three
hypotheses of the relationship of lungfishes to different sarcopterygians except close to tetrapods
nearly have the same probability. New basal sarcopterygians with new characters or new interpreta-

tions of the polarization of character states may solve the placement of lungfishes.

Key words Lungfishes, Osteolepiformes. Tetrapoda, Phylogeny

Historical review

One should expect that a new theory changes or improves the understanding of
phylogenetic questions. That does not seem to be true of the origin of tetrapods as
Rosen et al. (1981) have already shown in the case of the appearance of Darwin'’s
“On the origin of species” in 1859. In contrast, the history of the development of
hypotheses on the origin of tetrapods demonstrates that discovery of new extant or fos-
sil forms (Tab. 1) shapes our understanding of the relationship of tetrapods to fishes.

The first extant lungfish was discovered in 1836 in South America (Fitzinger, 1837,
Natterer, 1837) and interpreted as a tetrapod. Bischoff (1840) placed the lepidosirenid
lungfishes within the amphibians, whereas Owen (1839) attributed them to fishes (for
the assignment of lungfishes between 1840 and 1860 see Rosen et al., 1981, and
Conant, 1987). After publication of Darwin’s “On the origin of species” in 1859,
Haeckel (1866) was the first to place lungfishes in a phylogenetic tree (“Stammbaum”),
he placed them close to amphibians. That shows that the interpretation of
homologies (Bischoff, 1840) was transfered into a phylogenetic tree (Haeckel, 1866)
without any new analysis. The discovery of an additional extant lungfish (Neoceratodus
in Australia; Krefft, 1870) did not change the discussion of the relationship of
lungfishes neither with fish nor with tetrapods.

The description of the osteolepiform crossopterygian Eusthenopteron from Upper
Devonian deposits of Miguasha in eastern Quebec, Canada (Whiteaves, 1881, 1883),
started a new chapter in the discussion of the relationship of tetrapods. Cope (1892)
placed Eusthenopteron as the ancestor of tetrapods, a position which was defended over
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Table 1 Discovery of new forms and their impact on hypotheses of tetrapod relationship
F1 FHENZRURENMNENYEEX R RGN

discovered form year hypotheses
Diabolepis 1984 Chang & Yu: lungfish-porolepiforms
1981 Rosen et al.: lungfish-tetrapods
1980 Gardiner: lungfish-tetrapods
Griphognathus (palate ) 1977
1969 Schultze: Panderichthys-tetrapods
Panderichthys 1941 ’
Elpistostege 1938 Westoll: Elpistostege = tetrapod
1942 Jarvik: diphyly rhipidistia-tetrapods
Latimeria 1938
Ichthyostega 1932
1933 Holmgran: diphyly lungfish-tetrapods
osteolepiforms-tetrapods
1892 Cope: Eusthenopteron-tetrapods
Eusthenopteron 1881
1871 Gunther: Ceratodontids = lungfish
Neoceratodus 1870
1840 Bischoff: lungfish = tetrapod
1839 Owen: lungfish = fish
Frotopterus 1837 Fitzinger: lungfish = tetrapod
Lepidosiren 1836

Explanations: Sequence arranged from latest to the carliest date; I836=year of discovery; 1840 = year of
new hypothesis.

years by many researchers, especially by Jarvik for the origin of the Eutetrapoda (see
Jarvik, 1980, for further references). Cope (1892) mentioned the internal structure of
the paired fins, the reduction of unpaired fins, the presence of a maxilla, and hyostyly
as similarities of Eusthenopteron with tetrapods.

Holmgren (1933) proposed a diphyletic origin of tetrapods based on ontogenetic
investigations of paired appendages. He compared the extremity of urodeles with the
archipterygial skeleton of the paired fin of lungfish and the extremity of all other
tetrapods with the dichotomous internal skeleton of paired fins of rhipidistians especially
Eusthenopteron and Sauripterus. The Swedish school held on to the hypothesis of
diphyletic origin of tetrapods. Jarvik (1942) only changed the group of origin for the
urodeles. He derived the urodeles from porolepiform rhipidistians and the Eutetrapoda
from osteolepiform rhipidistians. He excluded the lungfish based on differences in nasal
structures, where he demonstrated similarities between the other groups.

The discovery of Ichthyostega in uppermost Upper Devonian rocks of East
Greenland did not change the discussion of the origin of tetrapods. Ichthyostega was
recognized as a primitive tetrapod (Save-Soderbergh, 1932) which has still preserved
some fish characters (Jarvik, 1952). The discovery of the extant coelacanth Latimeria
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in South Africa in 1938 had no impact on phylogenetic discussions either because the
structure and the position of coelacanths were known from fossil representatives being
very different from that of tetrapods. Nevertheless Latimeria was often represented as
the “sister” of tetrapods in popular accounts.

Elpistostege was described as a primitive tetrapod and placed as an intermediate
between osteolepiforms and tetrapods (Westoll, 1938). Worobjewa (1973) and Schultze
“and Arsenault (1985) have shown that Elistostege is closely related to Panderichthys,
a genus assigned to osteolepiforms at the time. Panderichthys was considered the sister
group of tetrapods based on tooth structure by Schuitze (1969). The elpistostegids
(= panderichthyids ) are the only rhipidistian fishes with three pairs of skull roof bones
like tetrapods (Schultze and Arsenault, 1985); they can be defined as a monophyletic
group separate from osteolepiforms and as the sister group of tetrapods ( Vorobyeva
and Schultze, 1991). Jarvik (1952) described a new primitive tetrapod, Acanthostega,
from the uppermost Upper Devonian of East Greenland. Lebedev (1984), Ahlberg

(1991a, 1995) and Ahlberg et al. (1994) added further fragmentary early tetrapod re-
mains from the Upper Devonian of Russia, Scotland, and Latvia. These finds closed
the distance between early tetrapods and elpistostegids, but they did not change the
sister group relationship between elpistostegids and 'tetrapods (Ahlberg and Milner,
1994) because they are assigned to the latter as Ichthyostega was.

The palate of the Late Devonian lungfish Griphognathus was described by Miles
(1977). Gardiner and Rosen interpreted it independently from each other as
tetrapod-like and re-established the hypothesis that the lungfishes are the closest rela-
tives of tetrapods (Gardiner, 1980; Rosen et al., 1981). The hypothesis has not found
support (see Ahlberg and Milner, 1994). The characters forwarded for the hypothesis
did not stand the test of homology. The placement of lungfishes as a sister group of
tetrapods was soon put in doubt with the discovery of Diabolepis (Chang and Yu,
1984), a basal sarcopterygian with synapomorphies of lungfishes and basal
porolepiforms. Basal taxa (Schultze, 1987, p. 55; Huelsenbeck, 1991) are more infor-
mative for comparison of higher taxa than extant or “typical” taxa. Nevertheless, the
relationship between lungfish and tetrapods has been proposed by molecular biologists
on the basis of investigation of extant forms alone (see Meyer, 1995, for references). -
Molecular biologists are restricted to few easy available extant taxa ( taxonomic
sampling level A of Lecointre, 1994 ), whereas morphologists expand their investigations
to a broader spectrum of taxa (level B of Lecointre, 1994) and paleontologists to fossil
taxa (level C of Lecointre, 1994). In other words, paleontologists include taxa through-
out the history of the evolution of a group. Basal taxa can clarify sequence of charac-
ters and relationship of groups despite the limitation of characters in fossil taxa
(Arratia, 1995). Basal taxa carry -a set of characters which is not affected by the
million of years of evolution to the present level (Marshall and Schultze, 1992). In
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contrast, a set of characters of extant taxa may not even support monophyly of closely
related taxa (Meyer and Dolven, 1992: only 27+ probability for monophyly of the
three extant lungfish genera). One may have to exclude “background noise” to get reli-
able results as suggested by Bergstrom (1994) for molecular investigations of metazoan
phyla.

In conclusion, the discovery of the first extant lungfish initiated the discussion of
lungfish-tetrapod relationship. The tetrapods were placed close to the osteolepiform
rhipidistians with the discovery of Eusthenopteron. A closer sister group relationship
was based on structures of Panderichthys, whereas the palate of Griphognathus led to a
re-establishment of lungfish-tetrapod relationship. The lungfish were placed close to the
porolepiforms with the discovery of Diabolepis. The discovery of basal fossil forms nar-
rowed the sister group of tetrépods within sarcopterygians during the last 155 years
and not the appearance of new theories on evolution or new methods of evaluation of
phylogenetic data.

Actual discussions

Extant tetrapods can be traced back to the early Carboniferous (Fig.1). A gap of
25 million years separates the earliest appearance of tetrapods in the Carboniferous
from their appearance in the Late Devonian (Carroll, 1994). The short solid line in
the Late Devonian of figure 1 represents the Late Devonian tetrapods (Acanthostega,
Ichthyostega, Tulerpeton, Ventastega).

Schultze (1969) and Worobjewa (1973) placed the Middle to early Late Devonian
elpistostegid Panderichthys, Rosen et al. (1981) the early Late Devonian lungfish
Griphognathus close to the tetrapods. Rosen et al. (1981) considered Griphognathus as
a primitive member of the lungfishes, so that they could justify a close
lungfish-tetrapod relationship. The publication of Rosen et al. (1981) started a series of
publications which demonstrated misinterpretation of characters, etc. These analyses,
except that of Chang (1991), agree in the placement of osteolepiforms as the sister
group of tetrapods, but differ in the placement of lungfishes. A comparison of these
hypotheses on the base of a data set of 216 characters (Schultze, 1994) gives a proba-
bility estimate of the different hypotheses. Chang’s (1991) hypothesis is the least proba-
ble one (27 steps more than the shortest tree), followed by Rosen et al.’s (1981)
hypothesis (22 steps more) and hypotheses (22 or 16 steps more) supporting Rosen et
al. (1981). Three hypotheses with three possible placements of lungfishes appear as the
most probable ones. The lungfish- coelacanth sister group relationship ( Fig. 1: b;
Northcutt, 1987) appears in the shortest tree, followed with one step difference by two
hypotheses, one placing the lungfishes as sister group of all other sarcopterygians
(Fig. 1: c¢; Schultze, 1987) and the other with lungfishes as sister group of
porolepiforms (Fig.1: a; Maisey, 1986; Ahlberg, 1991b).

Today the elpist_ostegids have generally been accepted as the sister group of
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Fig.1  Distribution through time and interrelationships of sarcopterygians. Solid lines =fossil occurences;
broken lines=hypothesized relationships; a, b.c=three discussed relationship schemes of lungfish,
a=sistergroup of porolepiforms, b=sister group of coelacanths, c¢=sister group of all other sar-
copterygians; / and 2, see text.
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tetrapods, and the osteolepiforms as the sister group of both (Ahlberg and Milner,

1994). Elpistostegids share at least 12 unique characters and two reversals (/ in
Fig. 1) with tetrapods (Schultze, 1994): flat skull as contrast to the arched skull of
fishes; presence of paired frontals; position of parietal opening posterior to orbits;
presence of squamosal embayment; dorsal position of orbits; preopercular canal reduced
to pit line if present; absence of dorsal fins; epichordal lepidotrichia more developed
than hypochordal lepidotrichia; well-ossified ribs; large scapular blade; eyes at level of
junction between two principal bones; two large pairs of bones anterior to dermal
intracranial joint; and absence of cosmine and of true enamel on dermal bones as rever-
sals in comparison to primitive sarcopterygians.

Osteolepiforms also share at least 12 unique characters and two reversals (2 in
Fig. 1) with elpistostegids and tetrapods (Schultze, 1994): polyplocodont plicidentine;
one external nasal opening on each side; only anterior narial opening opens at lateral
rostral; palatal narial opening surrounded by premaxilla, maxilla, vomer, and palatine
(=choana); convex proximal part of pectoral appendage' joint; two subequal elements
as second axial segment of paired fins; screw-shaped, concave scapula glenoid,
ectepicondyle on humerus (and other humeral features); unjointed radials in median
fins;

2

fenestra ventrolateralis dorsal to excurrent nostril; cheek composed of jugal,
postorbital, squamosal, quadratojugal, and preoperculum; dermal anterior incurrent
naris with internal dermintermedius process (=septomaxilla); and only two
supraorbitals and a not-elongated pectoral fin as reversals.

At present only the position of lungfishes within sarcopterygians is in question.
The lungfishes form either the sister group of porolepiforms (a in Fig.1), or that of all
other sarcopterygians (c in Fig.1), or that of coelacanths (b in Fig.1). A position of
lungfishes as sister group of tetrapods can be deduced from a sister group relationship
of lungfish and porolepiforms only if fossil forms are excluded. It is a limited view re-
duced to extant forms. The same was the case at the beginning of the discussion of the
problem when only extant sarcopterygians (Lepidosiren and Protopterus) were known
sufficiently. Innovations in the transition from fish to tetrapods can only be found in
elpistostegids and osteolepiforms. Contrary to Meyer (1995); these innovations (e. g.,
choana, dichotomous internal paired fin skeleton) cannot be traced back from an analy-
sis of extant forms to the common ancestor of lungfishes and tetrapods. The common
ancestor of both groups had two external nasal openings and an archipterygial internal
paired fin skeleton, typical sarcopterygian fish features. That is independent of accept-
ance of any of the three possible hypotheses. These typical tetrapod features appear
first in the common ancestor of osteolepiforms and tetrapods. That is also the case
with other tetrapod features which are synapomorphies of tetrapods and elpistostegids
or of tetrapods and osteolepiforms, but not of lungfishes and tetrapods.

The placement of lungfishes within sarcopterygians can only be solved by addition
of new basal taxa (Schultze, 1987; Huelsenbeck, 1991) or by addition of new charac-
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ters or of re-evaluation of character states. New basal taxa can change the sequence of
character states and add new characters so that I expect a decision between the three
hypotheses from addition of new basal taxa. The Early Devonian sarcopterygian taxa
of China (Chang, 1982; Chang and Yu, 1984; Yu, 1990) are therefore very important.
Spéciﬁc search for these basal forms could supplement our knowledge of these forms so
that one or the other of the three hypotheses may be supported or discarded.
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