%33% B2 W HE BRI Y ¥R pp. 99—113

1995 £ 4 A VERTEBRATA PALAsIATICA figs. 1—4, p1. 1

I TFRAEH—HNESLE
A% f

(HEREREEEIY 5EALTRIT LT 100044)

WE ACCRTHEITHHEMX, RAEHMEPRAN—FFNIRE LK, KIEEHA
OHEMUFILAEIE: (1) B ER B, BN BRSO T2 ; (2) B E i
AW ) BEERABETMH—-MBERE; (4 WEMEER, FEERI Ko AX
BWHHAARSES] (Ensntiornithes)o fhbh, KBFHEITRAR, KB RMEE TR
B, ARTHERSUAS KRR, AXBYT —SENOFEFFM: BREFHRE Boluo-
chia zhengi, EJ5, ALBIHFHEMALESLERWIEL, FBERSHTEOLEEIA
K5 Boluochia W88 — R HEATE A X, HERAXEN S K.
X@E ITHM, RaEl, REUR, EEIHE

1990 4 9 f, AXEE T THMHBRX B/ TEHE, XEAT=4BTEOZEH
R RIRE, HPRESFHN—G (VI769) ELWMF W5, H G AEBEFTY (Co-
thayornis yandica) (FEBFNE,1992); 58— (V9941) RIRET—REBWHRE, &K
ARE MR E; Bk 2o, B=HRA (VI770) BRAZERARETERNEE, |
BEENBRBTERARK AREEESEERENER, MA B AR TERER —H#A
(BB KGRI Y (Chaoyangia beishanensis, REHS,1993), IR EIFHH
XBSh—AREEH A A(ERS), FEAN=EPELY (Sinornis santensis, Se-
reno and Rao, 1992), X—HAREN —LHTEREH, EMNBEHARETR, HTFER
HEMREENFOEHPOEEG, AT LEWHARKL TR (Zhou, in press), Hit,
FEEX—TUNERENANI —AELRBORE, FX—HFEBWPILR, RIEHT
F—-FTRITEAZEMHSEDMBNTERER, MAEAENTRESUROERNER
FALBRE T TR,

EE—REE, SLEMH] (Dong, 1993) BANKENRBRE AR I —t
ROEHNSRALL,ETHERI, HEEHARSEN, ERERABRTIH—FH
R4k,

Wi 4 1994-06-02
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—. B & id &
54 Aves Linnaeus, 1758
RE 4 Enantiornithes Walker, 1981
B - #ikE Order and Family indet.

BEPHE(EHB) Boluochia gen. nov.
BREPHRE(ABR.F#) Boluochia zhengi gen. et sp. nov.

RE DRSE, BRAE, BENERER, TR LT Ko ZERBARE, 2K
FHER. BBERENETERR. LBER M~ ANRE L BHARE M, I

na

pub(r.}?

2¢cm

1 (Fig. 1) K BHRE (Boluochic zhengi). V9770 *
R ETE IS (dashed line indicates restored part), UL{EjZ{}AH
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AU, S R AR S e TS O RIS SN BB B0 HEBEE R
TET A U P B A, S T B AR S R MR A RE B S
BeiTo BLTUE RS, AR AR, TURHE L BB R, R Ko

ERGRE — AR B0, TERERE SRR, B R RSE, UL H
AR, SRS AT RARE V9770,

FREEE I5E, SRE, BT AL LB AERE RE(EEER),

FE RABECE RS % R A RE TR 5 S BRI RO T 5 3 0

HE MEAASHARSEE, BTIEREREDN, BEUTHREES%
BL V9770 4R7 ISR BRI BV,
LB WEE (pmo) RASETER, BN (np) BE, BRI, B AT,
B0 A5 A W S 1 R AT TR — AR B 36 R MR B AR B 5 g
2GR LM, MSEHLAR (mp) WEER, FEFEM, HAR Lk
BRI T, TRECRERTS, Gk, FORMERLL, ERy00E L ir—
o FHOVA 2T, #LH
Bih. BE (na) REARIE, B
553 By A5 B AT 4o IR

BH RARSURE TERAREAR
WA R, RS R BRE, ML
WETER, RO (oy) R, &
R HmEE (5 D, BSHT R —4&
SIS A KRR, F R R R BT
Fo

BE (o) BEREAZE, E3E
SR RN . WA LANTE
T B MR R B A o 5 (e
BRRE T, 2+ IR R, 160U
AT MR o PRt KO LR o Mo Jo
Sk, W% (lp) MK, EMAIT K,
WERRBREE BB, WS R
B AT L O RS o

B BE (D EERET A8
B H0— B, 5 — A B R W
B, EWIE S (isc) 75T
i, BT Ra. AFERE A 5 mm
T — RS, B R R . | ~
B, AR (pub) MK, LA, o e ) SOMTIRLMMEE (8D, B
BLFF R B R S A BRI , R side, in posterior view (V9770)
U R, IR RS REERA R, WE BEOBS MU, A 22 AT, &
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F1 HEUEGER)

(Table 1) (measurements in mm)

%, W {Ll{# (approximate measurements)
+, (LB {H (estimated measurements)

MEMEEEREAER (maximum width of the distal end of the lateral process of the

sternum)) 1.7
B8 (pygostyle)

£ (total length) 21.5

ENEARTERE (maximum proximal width) 4.7

TR KEE (maximum distal width) 4.0*

B/ANERE (minimum width) 1.8
BEE AT (shaft width of the femur) 3.0
FEEE (tibiotarsus)

44 (total length) 37.0%

BARTEREE (shaft wideh) 2.8

TR ARE (maximum distal width) 3.5
gt -E (tarsometatarsus)

4 ¥ (total length) 17.5

VMR BE (proximal width) 4.0

/AR (minimum width) 1.8
5 1 gE-E (metatarsal 1)

4 (total length) . 4.1

Tt FEEE (distal width) 1.6
BB B EER (trochlea width for digit)

184 1.3*

111 1.2%

v 1.0*
BKHT K (length of the longest pedal phalange) 4.8
AR (length of the shortest pedal phalange) 2.4
1 T (length of the first digital claw) 6.5
o 1 HTUTIRIRE (claw curvature of the third digital claw) 130°*
3 EA bo

A ENkE (fem) EEREFTEHS, THELOMFEREES, RAAZHER
BH S A PR Q2R , BT i R — R BIRIA . BANRE (femy) ETFREFBAEH
RIREH EF AR, TEARA LRI GEH AT, BERH T, MR RERT, BTk A5
TEER, LIMUB SR RSN

BHE (b)) ZNEMEREFRS, HGELESEARENER. o5, BEAR
KB R L E BT, BRI %R, N BRI AL MR B I AN B, N R AT AR
%o WHOMNABRBAHTANR L AURNE T ERETRGENSEW, TiFNELR
KHo

HHER (mt) RIEFZEE. FVEBLEEREK, U1V X=ATEHE F D IE
O A A RT. mIME & AT RUE, R BRR ZARM, #igRlh 2—3 4
WERSMK. HTHECH=A"EREITEARE, ATEENREECE]K. #
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THERARX R, B IV SRR, JPEA LTS, MR P B U S M e
o WRNMAER, MATEMMEMN &S, HEFN= BB ESZR/N, F UL IV
BEESERL, ZATRRTEIREEEE2), FURTBENEERATSE I
BEEBRFORE,FHERTEIVEEEENEE, BHERENEREMREE, —BAR
R/ERIEE, NI =B B ERKAL TR FE Lo IV BB ERF MRS, £
TEBEETR, E5% N EX T ET R K.

REFOM B ATULERET S, HEESRER. BTREZENRK, SRR
Ko MATHERTHERYo OSBRI, KR e, BILE T ARLE

LAt e

L R4 HREER

1981 4, Walker {k#E{L G Enantiornis lealis B3 T—AHFHNERTN: KFET
A (Enantiornithes), Y4B, b 7ERF X TFIMRIERY Salta 4 Elbret H1[X % Bl HI— Htle i
EHEOSRMEERI, ENNEERILRHE, REEEIIRAAYNELEENEAY
RN, Bl: BIEETH (Archaeornithes), HE T4 (Odontornithes) Fi4 1,7 41
(Neornithes), HMEEMIEMIAABFELORSTR, “KE" 2 EE HXE L HKHT
BHEN,BHESBRE X TTREE S EME, Y5 IE R B2,

A, Martin (1983) E43#7 T Enantiornithes FrEA LA R B, LB
FINZF R TR A RBEE A B A5 2, R Gobipreryx (Elzanowski, 1974)
1 Alexornis (Brodkorb, 1976) A F] X —TF 4,

Bt5h, Molnar (1986) ¥ ERKFW LN —HFEEAEH (Albian) 8RR
RIMEY, BB A Nananvius, KB EREGNNBEHELIMEE; BHIHE T,
LEHARRETR, XAMNEER S URANLE AR EHBEPHINERIES.

LA, 0 RS AR S 3840 A B fofnk I, BBV TR Kk fRo Chiappe (1991)#R5E
THEMRZER Patagonia BB EHMBETHANOR S UNKLAE, XX Advisourus
(Brett-Surman and Paul, 1985) 47 TEFWIF, B T—EHBR L UR 15 T
(Chiappe, 1992), HEEE LY Avisaurus JFA R SWRBIRN, ¥ X — TR 478
BT REI T b3 o, BE 5k S OB R Bl— e 1 B R Sk G, BETE 5
Z™ (Chiappe, Ericson, Kurochkin pers. comm.)e FEHEEME: EEREHIETF,
MERKHSHEORHABED, RANFLLE, MEFLS, BERERINIR ST
MIEH ST (Zhou, in press; Martin and Chiappe pers. comm.), Hk, E4 %1k,
RESTROBEAIFE BRI E EE M, WHEER AR, HHFREEthME S E
R (Neocomian) —HiELFIMe Ml (Maastrichtian),

AR ED BEEUTILAR BRI RRFTE: (1) BRUE T ns
(Walker, 1981; Molnar, 1986); LN ERATS %9 F %o (2) & IV PR X 5205
(Chiappe, 1992); (3) BEREMALE N EEZHNYTHANEER (Martin, 1983; Zhou, in
press); (4) M BUZCH K, LM Ko BIEDL ERFIE, KRN S REITAR ST
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HNo ‘
FELL EFURERRAE  , 3 THRIE (1T E— R 43 HT o 4E Nananrius R FTHRERILH
e RO 1 oh, IR s, RUBR IR %, T AN R SR E B, MR D iR
B N AU R HAMEE R, X— SN M B TRAMRE, UREEENE, EHF
RS, RERE AT & B RE R, 5

N B 158 A6 AL, TIARRTH
HHELR, BTFERES YLK
aac | HRE, WA R IX— R, BT DA%

Yl RURRSTMNEEZ— T P
i | RSN AORHET HER B AL
5 e | IR B,
Mo e IE G, PAERE RIS R —

M3 (g ) WRETASEMELE (r 0 NRA b, Gobipieryx & — 1 1
B, Eile WEZ B Distal end of tibio-  Elzanowski (in press) #EILING, FihEY
tarsus of Boluoch.ia zhengi, left side, in distal ﬁk%ﬁ]ﬁgm%ﬁ%mﬁﬁﬂg;ﬂ\:ﬁ %ﬁﬁz

view (V9770) —o BFEASTSREEREBRER
IR B 5F U, DR 5F B 2k S AR AR B R 1 SIS 0 AR A 4 BT, JE I 1 HORR AL AT
ST R L R S R A S —,

" Martin (1983) S {RIE— SRR E , A0 1A 30 15 IR 15 W0 40 —wd ALK 6 BE, 404
&TAA Sauriurae, (HiTFHZ -5 MR, BEX—VSES REES% EE
T, BERLEFSHEHUTREELES, WL TRSENEES Nk, &5
RO — BB S ILE, BARBRETEHOKRE (Wellnhofer, 1993), {H5EBHKE
AL, BRE IR, EERIO D BB, B8 S R, BSOS RS L. BT
W % 7R 5 S PR AR, A ST R B R S A G o

KR EEMM Ambiortus (kurochkin, 1985), REF HEMHEHHKY (Gansus
yumenensis, GEYEHE,1984) LI SIMA L (B 155, 1993), BB A NN L EES B
Sk, RORIE SO04E BB T INET. RIECHOME, IR SN MEE %A
BEE Ro

8, B PR RS A IR 1 EE B AR LR SR A, 1992), RAEBEEE BUAA
R (Zhou, in press)o JRE LI L H il i B 77 15 FIHE T 1 B RA, (HLITRELE
TEHX . FEBLEEU TILARATREZMEE: (1) BARG; ) FAEN
B R 4 5 B 28 2 Al B — AN O 1T (3) B OIS B i RR T (4)
BB SRS TR A E; (5) WIS BRI S E8/N AN, 1 B 5 RS E
R, IR EBAL, 55 20K R IX B T4 5 15 S A > —

PEBEREE, AT EEN L AR, X —B R BRI AR ST,
AR R R NN S X L, BRI B RS EANERE (8 4. Bk
X BIR: D H SRS L E K, fh 5 R AR Ko

R IR, BEEEY (Dong, 1993) I THES/RKLHABEIM—HhE
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BEMNEENAE, ATRALRRETRERATKOS %, RLTE5ESRSET

Xtbo EEFBERAR X —HKGEN
BRBPARSEHRIERL, ARK A%
R—E R U0 TR 1 Bk — 2 BRI 2> T A B
HRUEE

VAR R = AR g 0 5 %,
Rl: Noguerornis (Lacasa, 1989; 1991),
Concornis (Sanz et al., 1992) FI Ibero-
mesornis (Sanz et al., 1992) TE[§eEpT[
UHARBEHR, Hh, Noguerornis R
BRET XEHIL, HfiE kN 5 Boluockia
FTIELLER; Concornis REFHERL5
AR, EREETEREBREHEBAS M
BB RGFX B ; Iberomesornis RN

B4 (Fig. 4) AT AmOLE (Rl

#)o A ZHSHEDY, (| Sereno et Rao, 1993,

HEEESD, 3: BREZFRY., LEZHH

Comparison of the distal end of right tarsometa-

tarsus (not to scale). A: Sinormis santensis (mo-

dified from Sereno et Rao, 1993); B: Boluochia
zhengi (V9770)

BEEAEMEFEENEA (Sanz et al., 1992; Chiappe pers. comm.), BENIEEZEH
SEXN AR ARTENEE, GREAXBAERE—-DRERFINME TR LSRR
BRSBTS A S B, B S R T H KRB % A Kurochkin (pers
comm.) SANIEEFEX— A L BENEME MG  HBFIHRREEZARX—~5 %
REENIEREZ—o AL, lberomesornis BHN “AEHEREESAKER,“"B&E
AU MRS S A A " S B T HE 12 S R AIE , DR T R Rl 3 PRI 122 09 L 2 1 2 28 o8
FIRHIEIE RERT ERIEN, Iberomesornis T2 B #FER AT, (A Conco-
rais —RE, FEMT UG TG 45 M IURFAE L, 5 Boluochia F1EW EIX H,

RAFTERE QR Nanantivs, B ES RS Ry RERA —RIBW S HOM
kb, Nananvius BIRC ENFFL, XRAERNBRECEEXTINR S
v B2 MBS, WP RS SR A RO LEEX . BHETR

BUTHERHEENS FL2RREATE, Bzl —PHNXAEERHELEELHNT

EEZE T,

REWHERAEIPRE, —BEENRFL, VTR ILBERRMERES. B
W, AT EANSR, HFE & AR ERKRA K,

2. FXETHRSEBIEN TR

ASCCRIM B BERAREA L, BEHRLE MR SS RN —RRIE, /0B
IR —/NEL S 2 2R R B — 25 3 o

TS RIGIREE T, BB 8 UL SIS RHE S MR TSRS TR 51 & 8/l S AR TR Y
At +oER, WP RSPBETAERTHBRT, mEE+adi, K&
BREFEZ— AETHHILE, AXS Feduccia (1993) 33 500 Fhill A& & 3ERHET
JTCBIREI R O T B U7 1 AN 20 AT BO RO » R AR —J5 8 (Feduccia, 1993, p. 790, Fig 1) 3§
B % RS9 U ETGEST TR, ST TR0 130° 24, Feduccia X =Fhil
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LB IE R AL, RIVAE 1 2 (A0 ) , 476 12 26 Cankh BS ) FDA2 52 1 T I 52 25 (R ok ) 8
LTk TS TG M R Ze 3t , BRI O BIR: 64.3°,116.3° F1 148.7°%, RBR,H
TRBEPES(130—135)—#, M 5 A RBRELE DB KB,

PRITEORESS, FE R RS M h, T R IR = BB S S LR R o
AR R EEHE R B A YRR 103 MR B8R F ROR AR A BT T
MBS REH, AU BB ESE LR EL D XBE SRR, b, E—8ld
WHEFEAENSEhnSE B, 8% ), PHEAN LAEFEEHRER, SHEME
Ak, ZMBEFESENERET RN b a WX —RHE 5 3 A 7555 B B Fro

R A 2R A 6 a1 1 B T3 21 S 2 L iR R R D R R — b (Fedu-
ccia, 1993), HA,H % 7% 538 2 #l OB, I 3 AT g5 R KRR h B R S —1 &
ZAERE S

AEFERNENBESREMRX (Wing, 1956), BERLHLBEREN—1EE
RIERWANH, X—FIESTR-BANEELSEEHBOKE, MSHRSHER
BRBOGEM, REEERES R, AR AT L ERENK T th, MERS REH,X
JUMCF IR ER IR R, HE C 2B b, In SRS 5L fn ik, BB A F iR BB, T 8B 5 SR
ROTEBA %, BB BR X — B R0 B RIE B AOTERR, NS T F i X — RS 4 B Lo
o

BEAh, 2 B FR % T B AT B AR B FLBE S e RO BITC, R BUR X — 52, 8 LA BRI 2R
ERE D, MR B EX — S B HTHIEYHTE,

KRLLE D W EORHESN, IRIE AR UE B W A LR B HRARANMEMELE, ZHIE &
(%0 Falconidae, Pandionidae, Tytonidae, Strigidae %) 7ZERIBBENEHW LEEE —
ERRIROHE R, s UL EE R, 5 UNRB R Ersh X mE RN, B 1V
HERFEREREHSES,

BERGEE BB FEOANRE, MUHEETSE UREEE, TAPBETH
IVHERESE, I—HIESLEEERMOLTARTEHRETREHNE R BRIERFES,
PRGN E EERERSER, AN ERERLEAL, MAERKERSHES
EHREBMILFAARE LR B, Hit, REX— SR RE—LERNRE L, BRT 5
ROM B B AR AR H B TR B A& THAEENSIE, AR E g EE+
DA Hifn, FE#EE L L, AR EREEENES L,

EREER, #3 RS 5AMOEESEE, BERET HARRENLR, 7
ERABETHESE, ([ELMHRHAERNO%, BB RATHR AN
XK: FIMHL, WAEN MERERBENES BEXTEREESE, BRETMER &
ZyELTRINE— SRR I E T, £ R RE B AN, D& 5T 25E BB
RERME X LURIE T X — s BN E %,

AVEE R DRI I, EEREMN AT RE L. KAENER, &
B AR, ERHI AR AR, AR A b —FE B, RIS, EEFBHIRSEEERE
RP5SEBYITHAY Storrs Olson 1§k, AR IEERELLBIELEIRA, FENFEE
B
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W F % 6B

cv caudal vertebra B HE

de dentary s

fem femur iR &=

fem(r.) right femur il
i1(r.) right ilium patiif2=1

isc ischium Ag B

ke keel *EE

1c lateral condyle SR

1p lateral process of sternum k=gt gtk
mc medial condyle N

mp maxillar process of premaxilla BIEEe L&
na nasal By

np nasal process of premaxilla HIGER Bz
pmx premaxilla Hi SR

pub pubis AE&

pub(r.)  right pubis £ BB

134 pygostyle R&E

r rib finik=e

ste sternum k=g

sys synsacrum A EHRE

tbt tibiotarsus B a

tmt tarsometatarsus féﬁ ‘.“'Eﬁl'

I—1v claw of digit I—IV #}1—1V B
1—4 metatarsal 1—IV # 1=V g

g2 £ X &
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DISCOVERY OF A NEW ENANTICRNITHINE BIRD FROM
THE EARLY CRETACEOUS OF LIAONING, CHINA

Zhou Zhonghe

(Institute of Vertebrate Paleontology and Paleoanthropology, Chinese Academy of
Sciences, Beijing 100044)

Key words Liaoning; Early Cretaceous; Enantiornithes; habits

Summary

In September 1990, I collected three bird specimens from the Early Cretaceous
of Liaoning, China. Among them, the best one (V9769) has been published and
named Cathayornis yandica (Zhou et al., 1992); the second (V9941), with only a
sternum impression, has not been referred to any known taxa yet; and the third
(V9770), an incompletely articulated individual, is significantly different from either
Cathayornis and Chaoyangia (Hou et Zhang, 1993) from the same site or any other
known Early Cretaceous birds.

The third specimen is described here as a new genus and species: Boluochia

zhengi, and further referred to Enantiornithes as at least four enantiornithine syna-
H
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pomorphies can be recognized in this specimen: (1) intercondylar fossa of tibiota-
rsus narrow, medial condyle of tibiotarsus with fairly flat anterior margin in distal
view; (2) metatarsus IV reduced; (3) slender lateral process of sternum with expa-
nded distal end; and (4) presence of a peculiar dorsal process on proximal ischium.

Boluockia is believed to be a new enantiornithine bird from the Early Cretaceous
of China, since Cazhayornis from the same site had previously been proposed to be
included in Enantiornithes (Zhou, in press). Boluochia is distinguished from Cazha-
yornis in many respects, such as (1) skull with hooked bill; (2) presence of a co-
ncave surface between main body and nasal process of premaxilla; (3) lateral process
of sternum only slightly expanded distally; (4) trochanter of femur relatively deve-
loped; and (5) trochleas for digits 2—4 close in height.

Finally, comparisons between Bolwochia and extant birds in the skull and hindlimb
structures also indicate that Bolwochia is probably a bird with not only strong
perching capability but also somewhat raptorial habit, although the primitiveness
of many of its structures rules out the possibility of its being a raptorial bird in
strict modern sense. '

Systematics

Class Aves Linnaeus, 1758 .
Subclass Enantiornithes Walker, 1981
Order and Family indet.
Genus Boluochia gen. nov.
Species Boluochia zhengi sp. nov.

Diagnosis Small-sized bird. Beak hooked. Tooth probably absent on premaxilla.
Sternum with very low incipient keel, lateral process of sternum with slightly expa-
nded distal end. Ilium significantly reduced posteriorly, dorsal process- present on
ischium near its proximal end, pubis retroverted and strongly curved with a small
pubic foot. Intercondylar fossa of tibiotarsus narrow, medial condyle of tibiotarsus
with relatively flat anterior margin in distal view. Tarsometatarsus fused only pro-
ximally, midshaft of tarsometatarsus medio-laterally compressed and constricted, three
digital trochleas of tarsometatarsus close in height. Pedal claws strongly curved and
sharply pointed distally. Pygostyle markedly longer than tarsometatarsus.

Holotype an incompletely articulated individual. Preserved skeleton includes:
the anterior portion of the skull, partial sternum, some crushed vertebrae, a complete
pygostyle, fairly complete hindlimbs as well as pelvic girdles. Skeleton is preserved
mostly as impression. Institute of Vertebrate Paleontology and Paleoanthropology
Specimen Collection V9770.

Locality and horizon Boluochi, Chaoyang County, Liaoning Province, northe-
ast China; Bluish-grey mudstone, Jiufotang Formation (Neocomian).

Etymology The generic name is derived from the locality of the holotype;
the species name is dedicated to Professor Zheng Zuoxin, who is the doyen of
Chinese Ornithology.

Description The description is based mainly on a cast from the natural mold.

The skull is preserved only rostrally. The premaxilla is nearly complete; its
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nasal process is straight, slender, and slightly dorso-ventrally compressed and it
becomes thinner anteriorly. The main body (anterior portion) of the premaxilla
bears no tooth on its ventral margin (there appears to be no evidence suggesting
that the teeth were lost post-mortem), The main body of the premaxilla is also
obviously convex dorsally, thus there exists 2 concave dorsal surface between the
main body and the nasal process of the premaxilla. The bill is hooked. The maxi-
lar process of the premaxilla tapers posteriorly. The putative lower jaw appears
robust, but unfortunately is not completely preserved, only one tooth is found in the
lower jaw. The tooth is nearly conical in shape, and its crown is constricted at the
base. The two nasals are not well preserved, but their preserved anterior parts seem
to be meeting along the midline. The maxillar part of the skull is fragmentary, it
is difficult to know whether it is morphologically reduced or partly lost simply as
a result of poor preservation.

The vertebral column is partly preserved and somewhat crushed, the vertebrae
anterior to the synsacrum could not be recognized at all. The incomplete synsacrum,
composed of unknown number of vertebrae, is well fused. A long flat crest is found
on its dorsal side. The free caudal vertebrae are mostly crushed and inarticulated,
therefore its total number remains uncertain. The pygostyle is completely preserved,
and is markedly longer than the tarsometatarsus (Table 1); the crest on the dorsal
side of the pygostyle is long and generally flat.

The sternum is preserved posteriorly. There seem to exist two pairs of sternal
notches. The lateral process is long and slender, it is nearly parallel to the keel
and slightly expanded at the distal extremity. The posterior process is short. The
incipient sternal keel is low and ridge-shaped, its distribution is limited to the po-
sterior part of the sternum.

The pelvic girdle on the left side is well preserved. The pubis is articulated
and probably fused to some extent with the ischium proximally. The pubis is slender
and strongly curved, it is also obviously retroverted. Although the pubic foot is still
partially covered in the matrix, it is most probably small, triangle-shaped and dorsally
directed. The ischium tapers posteriorly, there is a dorsal process near its proximal
end. The pelvic girdle on the right side is fragmentary, with only an incomplete
ilium and a questionable partial pubis preserved. The ilium posterior to the aceta-
bulum is markedly reduced.

The distal half of the femur is well preserved on the left side, the distal end

does not appear to be markedly wider than the shaft, a deep longitudinal groove is
present near the distal end of the femur on anterior side. The right femur is slightly
curved. Proximally, the head is round and well-produced, the trochanter is relati-

vely developed with a convex lateral margin.

The left tibiotarsus is straight and well preserved. Proximally, no cnemial crest
is formed; distally, the two condyles are less produced anteriorly. The anterior
margin of the medial condyle appears fairly flat in distal view, the medial condyle
does not seem to be markedly wider than the lateral one, the intercondylar fossa is
narrow. The supratendinal bridge is undeveloped. The posterior side of the distal
tibiotarsus is revealed on the right tibiotarsus, the internal ligamental prominence

is developed.
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The tarsometatarsus is completely preserved. Metatarsi II—IV are fused only
proximally. Distal tarsi are fused into a big tarsal cap, which is also fused to the
three main metatarsi. Metatarsal II is relatively straight, IV is slightly curved and
reduced. The mid-shaft of the tarsometatarsus is medio-laterally compressed and
strongly constricted. The three trochleas for digits 2—4 are close in height. The
trochlea for digit 3 is almost as high as that for digit 4, both of them are only
slightly lower than that for digit 2. The trochlea for digit 2 is slightly wider than
that for digit 3, and both of them are obviously wider than that for digit 4, which
is also slightly laterally deviated. The structures of the three trochleas for digits
are all simple, with no obvious posterior projection, therefore they are nearly on the
same plane. Metatarsal I is reversed J-shaped.

Most of the pedal phalanges and claws are preserved, but unfortunately not
well articulated. The ungual phalanges are longer than the other ones, the sheathed
claws are strongly curved and sharply pointed distally. The flexor tubercle is absent.

Comparison and discussion

Among the reported Early Cretaceous birds from China, Chaoyangia and Gansus
(Hou et Liu, 1984) are relatively advanced types, and strikingly different from
both Carhayornis and Simornmis (Sereno et Rao, 1992). Boluochia is slightly larger
than Carhayornis, but less well preserved. It possesses some of the enantiornithine
characters, which indicate that it represents undoubtedly another early member of
the avian subclass: Enantiornithes. These characters include: (1) intercondylar fossa
of tibiotarsus narrow (Walker, 1981; Molnar, 1986); medial condyle of tibiotarsus
with a fairly flat anterior margin in distal view; (2) metatarsus IV reduced (Chia-
ppe, 1992); (3) slender lateral process of sternum with expanded distal end (Zhou,
in press); (4) presence of a peculiar dorsal process on proximal ischium (Martin,
1983; Zhou, in press).

Among the aforementioned characters, the character [(1) merits some explana-
tion. The medial condyle of the tibiotarsus in Boluochia does not seem to be marke-
dly wider than the lateral condyle as seen in Nanantius and other enantiornithine
birds, this is surely a primitive condition. But in Bolwochia the anterior margin of
the medial condyle in distal view appears fairly flat, this feature is quite consistent
with those found in other enantiornithine birds. As this feature is neither known in
other birds nor reported in any putative avian ancestors, it is proposed here as
another synapomorphy for Enantiornithes. The character “medial condyle markedly
wider than lateral condyle” is thus regarded as a synapomorphy diagnosing a more
specific enantiornithine group.

Elzanowski (in press) proposed that the lack of teeth might be another synapo-
morphy for Enantiornithes. This is surely not true, as both Catkayornis and Boluo-
chia retained certain teeth, although the degeneration of teeth might well be a evo-
lutionary trend in the subclass of Enantiornithes.

So far, in Early Cretaceous time, in addition to Nanantius (Molnar, 1986) from
Australia, Carhayornis and Simornis from China, the three Spanish birds: Noguero-
rnis (Lacasa, 1989; 1991), Comcornis (Sanz et al., 1992) and lberomesornis (Sanz et
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al., 1992) may all be finally referred to Enantiornithes too.

It should also be noted that Dong (1993) reported an unnamed enantiornithine
bird from the Ordos Basin of Inner Mongolia, China. It only includes pectoral girdle
and forelimb elements and can not be directly compared Boluochia. Dong’s
reference of its being an enantiornithine bird does seem acceptable, although he did
not provide precise and convincing character analysis and discussion supporting his
conclusion,

The tibiotarsus structure in Nanantius is clearly more specialized than in Bolu-
ochia, as the medial condyle had become markedly wider than the lateral condyle
in the former,

Except Nanantius, all known Early Cretaceous enantiornithine birds are from
Neocomian, These birds are generally known as sharing a very similar combination
of primitive and derived characters, but how they were differentiated and phyloge-
netically related have yet to be explored.

Boluochia can be easily distinguished from Simormis in the structure of the
distal tarsometatarsus (Fig. 4).

Boluochia is significantly different from Cathayornis in at least following cha-
racters: (1) presence of a hooked bill; (2) presence of a concave surface between
main body and nasal process of premaxilla; (3) lateral process of sternum only sli- -
ghtly expanded distally; (4) trochanter of femur relatively developed; (5) trochleas
for digits 2—4 close in height. Additionally, the absence of teeth on the premaxilla
might be another striking difference.

The detailed difference between Boluockia and all other enantiornithine birds
are not discussed here. The notable structures in the skull and hindlimbs of this
bird are not only distinctive features from other birds but also indicative of certain
adaptational significance.

The pes claws are strongly curved in Boluochia, and the arc curvature of its
third pes claw is about 130. This feature is in agreement with those of modern
birds with strong perching capability (see Feduccia, 1993).

A comparison of the relative height of the trochleas for digits 2—4 of Boluo-
chia with those of extant birds observed by the present author comes to the same
conclusion. In modern avian groups, those with less height difference among these
trochleas are usually perching birds. Furthermore, in some terrestrial orders like
Galliformes and Gruiiformes, a few families with perching habits are found, in
comparison with other ones, to have a less difference of relative trochlea height.
Therefore, the reduction of the trochlea height difference can probably be conside-
red as an useful indication of tree life. In Bolwochia, the trochleas for digits 3 and
4 are nearly of the same height and both of them are only slightly lower than that
for digit 2. This is therefore believed to be another evidence for the perching habit
of Boluochia. 1f the strongly curved claws of Archacopteryx are only an adaptative
compensation for overall weak perching ability (Feduccia, 1993), then the strongly
curved pes claws in Boluochia should be viewed as evidence for overall improvement
of perching capability.

The adaptation in the head structure of birds are generally associated with
feeding habits (Wing, 1956). A distinctive feature in the head of Boluochia is the
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presence of a hooked bill. This structure bears much resemblance to those of preda-
tory birds. The simultaneous absence of teeth on the premaxilla (if not due to pre-
servational loss) is supposed to be at least related to the appearance of a hooked
bill, and is therefore a significant difference from Cathayornis, which is still pri-
mitive in retaining four teeth on the premaxilla like Arckacopteryx.

The strongly curved pes claw not only indicates a strong perching capability
but may also act as a fierce tool in its predatory life.

According to my observation on the synoptic specimen of modern avian skele-
tons housed in the National Museum of Natural History in Washington, D.C., many
raptorial birds (like Falconidae, Pandionidae, Tytonidae, Strigidae, etc.) also share
a few distinctive characters in the structure of the digital trochleas of the tarsome-
tatarsus. They include: (1) trochlea for digit 2 relatively wide; (2) trochlea for
digit 4 protruding more posteriorly; and (3) external rim of trochlea for digit 3
projecting more posteriorly. Among these characters, only character (1) is shared
by Boluochia, in which the trochlea for digit 2 is slightly wider than the trochlea
for digit 3, and both of them are obviously wider than the trochlea for digit 4.
This is very similar to those in many raptorial birds, and is different from most
other birds. On the other hand, all the three digital trochleas of the tarsometatarsus
are very simple in structure and have no obvious posterior projection. Besides, this
extinct bird is deemed to be a poorer flyer compared with extant volant birds in
view of its primitiveness in many structural features. Although it may in fact have
some raptorial habit similar to modern predatory birds, it can not yet be categori-
zed as a predatory bird in strict modern sense.
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