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Jbat 100010 ® Hidt FARDT StGtE B JL AR R REE 50007

WE: SR EHE YR 0 B —, HP S R E R ET T E S R K
O FRAEEHEIRT S 2K YRR BRI RGR B R AR Z R, B A LR [ 5RPEsm, R
FTEASFHEME AR B — BN RA K E KR bl BRI PR For f 5 i s & g, 27 K& DNA
75N ECHE BT R AR BRI N A T SR R G R R R, (R EA . b, BT A REIE
HITF A E RN AT RE . ABF 7T Prum KR T 2015 EMLEBFKTFREKER, B TARES
FHERFMEKFRZESR, Wik TSR TRE S TRIERAK B G5 R0 TR RRMEM. B
TR, DEFEESFER R MK TEERERNZER, U—SMREORE, JRDURRE (BFEH
2 WU KB R 107540 i3 B A AR HE (P < 0.00), FUBHSAEMI7S 40 i m Tk
FE s 6T RBRERHERR 2 (P <0.05); MIANTERSFHERY BERE S THRHIENRAKEES (P<
0.05), ¥ T TR, 25 LR, ARPESFEER R RS, ERFREER,
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Abstract: [Objectives] As one of the magjor groups of vertebrates, the evolutionary relationship of birds has
been one of the main focuses of ornithological research. Morphological and molecular characters have been
widely used to infer phylogenetic relationships in birds, but morphological characters have long been limited

by homoplasy, making it difficult to draw consistent conclusions about phylogenetic relationships. However,
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benefiting from the molecular data and sophisticated analysis methods, we have gradually reached a
consensus on the phylogenetic relationships of birdsin recent years. On this basis, it is necessary to re-explore
the research value of the neglected morphological data. Therefore, we aim to investigative whether there is a
significant difference in the level of homoplasy of different kinds of morphological characters. We proceed to
exploring the role of morphological characters with alow level of homoplasy in improving the phylogenetic
signals of the molecular data and the level of support on the molecular tree. [Methods] Based on a reliable
molecular phylogenetic tree by Prum published in 2015 (Prum tree) and an avian morphological dataset by
Livezey & Zus published in 2006 (Livezey & Zusi morphological data), we mapped the Livezey & Zusi
morphological data to the Prum tree using PAUP* 4.0a and calculated the score for the level of homoplasy.
We performed the Mann-Whitney U test to explore whether morphological characters are significantly
different in their levels of homoplasy. Additionally, we performed a principal component analysis to determine
if there was an interconnection between the morphological characters of homoplasy. Lastly, we added the
filtered low homoplasy level morphological characters (specifically those with a CI = 0.5 when mapped to
the Prum tree) to Hackett's molecular data. Then we rebuilt the tree using the maximum parsimony method
and mapped the character (molecular or morphological character) to the tree (molecular or combined tree).
After we got homoplasy outcomes of the mapping above, we performed the Mann-Whitney U test to compare
the homoplasy outcomes. Meanwhile, we compared the bootstrap scores for each branch of the two trees
(molecular and combined tree) to determine whether the inclusion of morphological data would have an
impact on the level of support. [Results] We found different levels of homoplasy in morphological characters,
as indicated by the consistency index of the miscellaneous characters scored significantly larger than those of
osteological and myological characters (P < 0.01, Table 2), and that of cranial characters was significantly
larger than those of the postcranial, body and leg characters (P < 0.05, Table 2). Nevertheless, the principal
component analysis indicated that morphological characters are not easily distinguishable from each other.
Additionally, adding morphological characters with low levels of homoplasy significantly increased the
phylogenetic signals of the molecular data (P < 0.05, Appendix 3) and increased the level of support on branch
of the molecular tree. [Conclusion] In summary, morphological characters show different levels of homoplasy,
and certain groups of morphological characters can increase the phylogenetic signal of the molecular
characters.

Key words: Morphologica character; Homoplasy; Consistency index; Phylogenetic signal; Support
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525 (Aves) & 1d it A AP 5 (1)
BHESNVIRRE, BTSSR RERERKERR
e R AU E T (B4R 2009). LA 1953
Oy T MAN TR R E R 2019),
B R0 R A S B (e
2020). Horf, SR BRI AL 3 EAR AN A )
PRI AS B AR AR 1) 22 53 R (X5 2019)
TEIX—F BURA, T 0 2R I 5 3 AR
B RHMRHER 2 7, UHR S BB g

77 A RMFHEE ST, BHZ 20 thadd 5,
BRI A BB UG E A SR NS
P, ESAREIE . WISERRAE S WUBERN %38 S5 E
TEI2Eh T 2 M A (Feldsd et al. 2020).
BT A FE AT 78 7 vt o) B R [ 19 2K 2 TR T 25
FHIEZE IR R R B e Bl 2808
BRHEZ R BUE 7 RFE B, KIENKIE S
FRILA AR FHERT REGK & R RISTF 5
KM B (FRIEESE 2004). 1HICIE MR T
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%, BRI TR TR AR B 1R 22
J@F o AH—LGE R B PAT AL IRREIE, oy
KEFRMNIETP R K E K F W KM
(Fjeldsd et al. 20200, flln, SH2LEER AT
RE T AR AL T RS SN, gy
FECHI SR FRERIP B . B N B AT
Jos Hh A I U ] DA SOROE S (L
2009), HIMER2R4 K RO VIR, &N 2K
NSRRI RTHE Tt nT ge 2T A A AR
A 4544 . Beecher (1953) ¥ XfLk T 600 £
P H SR A, U RSN
] B RFAEAE A, SRAEMTX L SR R G
REKRFR. BHASTERER RN, XLy
KR AEAAE R KE R, S8
EEIEXE LKL B RAKE LR

bEE 7 FINFHARZE L KR, 580K
524tk 8 KX AMEWE R U R A TR
(7% . Sibley 25 (1990) 5644 DNA 2584
AR T 55K, 371G TAHRE 1700
LA 9285 26 554 > DNA 58 43T,
FFKHE DNA 73T IS HE L0 & 28 1 R S8 K
HXRARH TH% (Sbley eta. 1990, kiR
% 2004). MhJE, Tautz ZF 2002 gy kg
7 DNA 43252 (DNA taxonomy), A N[ %
DNA FHIE N FI IRl R G0 K B 9% 5 I o< i
FHIE, ASENERERFAKE KAV IR T
HEH . 2003 4F, Hebert 215 K H IF5RIH T
DNA %715 (DNA barcoding) %f T4 % &
MY 7 R R R . 5, PCREIR
BN DNA Wik ferh, BREME R BKEZ
M (restriction fragment length polymorphism,
RFLP) AR, BEALY 1423 DNA (random
amplified polymorphic DNA, RAPD) #iA. i
A (microsatellite) K. DNA 732351
(DNA sequence polymorphism) % AR 255234 1
R T SR ARG mnd TR
EOE R, SR A TR, AR XS 2
ANFERIZHI Y SO PTRE,  FF BT AR T &
GUR B RN (HH% 2006).

Jarvis & (2014) Xt 48 P 1225 (1) 4= 3L K 4H
FEVEHEIAT T b, B TIRES KM RS
KRB R FR, RIS k0 Iy se o TR
INABRE 25T 6 600 J5HHI 1 A L2 - i 4
KRB Ja RAEDGREES, TERIA 15K
ZREVE. Prum 45 (2015) ST A E 400 AR
A (anchored hybrid enrichment, AHE) Ug£E T
198 B (RiEE 122 AR BIAFE 52510 259 4~ K:
BRI, HRPXEE SR RGE KB RRIATT
HEW, SEREH T OANSRRGERKE K
7, JFCH Jarvis % (2014) [R4EE.

mA, S FRIEIE A RN SRARG R
BRAFIMI T, kG5 K= T RS
KR ASRHE AR A 1336 A A (Feldsa
et al. 2020). Ht, %K%K Richad L. Zus
A1 Bradley C. Livezey 58X %3 (Neornithes)
PITEASFHERAT T KB RG220 50, hATA
i AE BB VEAS 7, RSP A
FEE T BAEEAT 430, B AT LUAEA
BRRGRERFZEHH WM. i, fhA1%
BT KEA K YRS FERI IR, %
RIS [ R by Jk ot 32 6 M i SC iR B AT T gmHE 43
5 ABATTEE LI AR SCHER L 47 AN SRR
TR ARRE, X LR FEAS 122 N K458
KRERE CGREABERTESRE, WintH S,
BESE, UKk 21MNH 12 40E, BAER
PUAF AR IR e m o RERA R
SR BRI ST SR IEREAT T VEGH A,
e LT 2954 NEAFHE, Hfds 2451
AN EERHIE S 256 NMULEERFIERT 247 AN ZTiRE
fE, o981 A~ (A =52 —) RZIRAERHE
(RPE 3ANECRT 3RS AL , 1X 4
% AR IR S 537 NE FRHIE . A TIEAR
PEIX BLRFIEXT 2RI RG R B R RIAT T HEDN
(Livezey et a. 2006, 2007). % LAEXT R4
IR HOEC S R P SRR AL T B K TT
Wk, EXTTSRAGKERANEN AN ST 2
WA 5 FHREEHEWT I 25 SR ANF] (Ericson et dl.
2006, Hackett et al. 2008, McCormack et 4.
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2013, Jarviset al. 2014). X EEZE TR AED
B N8 SRR FATAE CEA AR TR I8 ) [
REAE D) HR A A K & R AR [F R AE AL R
(homoplasious character), iX— TAEUEERI K
IS HE R A S R FAME .

Hig b, 8 I SR SRR L 3] — AR
MEEENSRRGKEN L, HEREKE
WS TEAFHE AL E BE, W AR t A 68 S ke
HE SR RGKE RRMLERE (RIEE
FEHRAE) (Baum et al. 2012). X —id 4 nl i
THEARANMREAE (1 R 7K 5280, AR R PR K
FRIRHEREDS SO SR H L RGE KB RR,
XFERIRHIE B e SCHSERIATAE, B JLFEAT
FEFTPE AN 80 T B FH R —4H 3 A0 ok (Baum
et a. 2012). = R PEAKE FIRFIE R 2R 5 R A
BRI BCPAT GBI TR, XA R PR R
AR ENEA R (Baum et al. 2012). K4LLT
R ElmiE gy, BAATESHLL, HEER
B YATRE ST, (AWIFBISESG R R ]Iz,
AT ES K AT R T A ST g4 R4S (Wang
et a. 2019). Hk, 7EEAFIRHIE 1 R P
KI5, TR AN [FREAELE A i [R] gE A R
PATHHE AT RE M LR AT ER . BT,
AT Livezey 55 (2006) %) 2 954
BT, ARSI KT R
GuR BWIILG R, ik s LA TR r
fiE, A G W T E VIS SRR R A
TERTE K R A EE SR

b, REETRSFIESRINRERE
KA 4> FREAEHEN (19 25 AR — 5 (Graur
1993, Springer et al. 2007), AW FTEM, 7
SRR I TE A RRAE W] LA 51 J5 3 1 SCHF
K, filln, Lee & (2009) T A4 FLEh
MR RS RV, 7T IS EE
REMEIG N> T SCRERE . DRI, AR 72 253K
¥ 5 Prum B (Prum et al. 2015) 04 #5511
TEASEHIE NN Hackett %5 (2008) i 14>+
AL, EHEM ST, X Hackett 56
W5 Hackett 737 B GLiHE W %5332

R {E (bootstrap) 134%, KI5 45
TEX 40 THUR RGR B 155 DS T8
B

1 MR5T5E

11 RGEREWMERSFEHEENBE

T HIWT Livezey %5 (2006) fHTEA
iRt (M4 N Livezey & Zus EAEHESE)
e B YRS R R E R R, KR FiL
AT Prum %5 (2015) KEMEE 198 Fhifi Y
NG RE)RG KB, K Har 44 Prum &,
HETEX =0T SRR KT KRB HIHE
w5 HAR LI 78 rh 45 H A HEE — 2 (Ericson
et a. 2006, Hackett et al. 2008, McCormack et al.
2013, Jarvisetal. 2014), [FhilAg Prum # x
MO RELHRAKERR. X—RAKEMN
HEF 198 N BF R EHEIL 7.8 x 10 bp IIF 5114k
P4 DInF 857 (Bayesian inference) 4%
(Prum et al. 2015). FRATXF Prum BFEAT 1 i&
MEEY, R T 102 NI (B 1, RE
99 MREHI &),

RIS AT S Prum BEAH LA IR T ST 3L
Wi, Xf Livezey & Zus TESEIRE LT 718
BY B S AR TS S Prum A AH [E ) 102
AT, KHA 4N Livezey & Zus FEAS
B o ABIFFTILNT LG T AR 93 A8 B T S AR 1
FADGE,  DAVEAS 4 el S0 0 Fh 5 A4 1Y)
AU
12 WEEIHERTTEE ST

F5 102 N SRIEHEXT I 2 954 MRS
FEAELE X 2] Prum & |, 1/ PAUP* 4.0a F111)
“Describetrees” iy &1t HAF— AMRHIE S5 40 14
LS OB S8 (tree statistics). X — Hu
LRI T 4 AW iH A : WK (tree length, TL ).
— M85 (consistency index, Cl). f#FEf&
% Cretention index, RI) K& & — S ItE1E%
(rescaled consistency index, RC). F.r#1, CI.
RI A1 RC 7] H T3P 5 R-AE B B 5 0 (40
G5, RIRE R, HBUE G I N[0 ~ 1] .
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#3348/ Balaenicipitidae Balaeniceps
F958 J& Pelecanidae Pelecanus

7L ¥8JR Scopidae Scopus

%R Ardeidae Ardea

F89)& Threskiomnithidae Plegadis

fu5%4 8 Phalacrocoracidae Phalacrocorax

W48)®% Anhingidae Anhinga

#% 15 /8 Sulidae Sula

ZEfL )& Fregatidae Fregata

#8)g Ciconiidae Ciconia

#43% /R Pelecanoididae Pelecanoides
)8 Procellariidae Puffinus
Hydrobatidae Oceanites
Diomedeidae Diomedea
IAHEJR Spheniscidae Spheniscus
W8 Gaviidae Gavia

M 5 J& Phaethontidae Phaethon
HJ% /& Eurypygidae Eurypyga

PFRY R Sternidae Chlidonias
BYBENY )R Rynchopidae Rynchops
ZREREJR Laridae Rissa

YR Alcidae Uria

J& Glareolidae Glareola

F35)% Turnicidae Turnix
ZMKHER Jacanidae Jacana
F#5)8 Rostratulidae Rostratula
44)8 Pedionomidae Pedionomus
##4J& Scolopacidae Heteroscelus
Wi%J& Haematopodidae Haematopus

PEK R Recurvirostridae Cladorhynchus

PES)R Charadriidae Pluvialis
AtER Burhlmdae Eurhxnus

mm

;LE

Al
Al
%
e

idac PJ

% .
BERYR Podlclpedldae Podiceps

3% & Momotidae Momotus
3158 Alcedinidae Alcedo

45 2V /B Todidae Todus
#¥EM4IR Coraciidae Coracias

% 12 /& Meropidae Merops
F&HEJR Upupidae Upupa
ARt Phoeniculidae Phoeniculus
R 15 /| Bucerotidae Tockus
&)@ Trogonidae Trogon
48 =59 J& Leptosomidae Leptosomus
B8 Coliidae Colius
FE4JR Strigidae Strix
2888 Tytonidae Tyto

#£J5 Falconidae Falco

Y488 Cariamidae Cariama
J&J& Accipitridae Accipiter
%5/8 Pandionidae Pandion
W )R Sagittariidae Sagittarius
2R Cathartidae Cathartes
B4R Opisthocomidae Opisthocomus
/8 Gruidae Grus

/R Aramidae Aramus

%W\ %8 Psophiidae Psophia

H )& Heliornithidae Heliornis
#/KX)R Rallidae Porphyrula
%ffi/ﬁ Otididae Afrotis

#EBYJR Cuculidae Cuculus

4EY KA B8 /8 Musophagidae Corythaixoides

1388 Mesitomnithidae Mesitornis
YIS Pteroclididae Pterocles
Y /E Columbidae Ducula

IE:3

i {78 5 J& Trochilidae Glaucis
HLELE)R Aegothelidae degotheles
WL ESJR Podargidae Podargus
FRES & Nyctibiidae Nyctibius

TR R Smammu}udac Steatornis
P8 Caprimul P

i%#%)& Dromaiidae Dromaius
#5%J8 Casuariidae Casuarius
%ﬁgﬁgﬁ Tinamidae Eudromia
J& Apterygidae Apteryx
S 4)7 Rheida Rhea

Sl =57 % J& Brachypteraciidae Brachypteracias

kE Hemiprocnidae Hemiprocne

#4J% H Pelecaniformes

%1% F Suliformes

3% B Ciconiiformes
%% B Procellariimorphae

W9 H Gaviiformes
#5J¢ H Phaethontiformes
B E Eurypygiformes

f8¥% H Charadriiformes

#1148 H Phoenicopteriformes
P& H Podicipediformes

ZJ¥ H Piciforms

¥ H Coraciiformes

25, H Bucerotiformes

WIEEE Trogoniformes
EgLeptosomLformes
5‘5 E Coluformes

#5%H Strigiformes

#6545 H Psittacopasseres

#J¥ H Falconiformes
Nj#S H Cariamiformes

JEJEH Accipitriformes

B4k H Opisthocomiformes

#5I¥ H Gruiformes

A543 Columbaves

%2 Strisores

JS /N4 Galloanserae

Hr%i2& Palacognathae

M

8255)% Struthionidae Struthio

B 1 BER Prum &
Fig. 1 Prum molecular tree after trimming
JEIR RS B W Prum T 2015 SRR R, AHIFFUIE XHZA BEAT T S B R 7 ok 102 530, AT LRI ARG R EM . X

102 ™ G 2RBEA AT T Prum BT 05 T LA K Livezey 5 (2006) WCEE T A KR 48 H 1) 19 525
Prum molecular tree from Prum et a. (2015) trimmed down to 102 taxa for which morphological dataisavailablein Livezey et al. (2006).



+ 326 =24 Chinese Journal of Zoology 59 %

B, CI & T I & BN R AE Bl R 2
FHES WA G BRI bR AR & 777, Rt
RS MR ML E NS, Hit
HAR g =mis, X, I REK—EHFEL CI
i, REWERN ARG K E W ERER AR X
£, m AR S RIS HE I R 2
B (RN SRR R E N D, BENRHIE
EPTRE R A /N AL B (Mickevich et al.
1991). CI fH#E/N, T HIHRFAE 1) 73 A1 5%
PN — B, FR7R IR IE T RE 2 2 )
BT R 2, BRSSP 2 25 )
TETEIEIER IR R KB R R 24 Cl
B LI, U R AE TS A R 5 R T &85 K A )
&, B EAGHH ERAEIRAS (P Fh i i f i 3L (]
MAEIRAFIZRHE (RPSLRIFTAED, IXFE BRFAE AT
W ST P IR IE W R I RS R B
KA (Klassenetd. 1991). RI Tl =4 {74
PR AESL FATAE R L], HAH AR v = (g -
9/(g-m), A, Ig REREIEHRIEH, g&
7N SRR TR . 24 RI N 10, T BIRFE
oA 77 SR AE R e — 3, BRI —RHiE
RFEFIATAE. T4 RIAE A O B, Wk B RHAE
(R A I R S5 40 TR 45 ) 58 AN ], T0h 6 B2 RAIK,
TN RIZAEAE B[R AR B By, LA RS AR
KVETAFHSE (Farris 1989, Mickevich et al.
199D, Ige = [(g - 9/(g - m](mVs), X, Ige
NE MRS RCE, B CIES RIEK
TR, /&t Cl ok 2o M X [a] 48 A b 22 S5 3145 1)
I3 EL B RVEANREE S B I VTG RE R H AR,
THEHE RCHETE, ij4h 1 Cl ki Aa/h T
m/giX—I % (Farris 1989).

4 2 954 ML AL 73 71 5 Prum B8 LE X 1
MW gt E s, A PAUP 4.0a i
“exclude Uninf” iy &k 7 H A 1 860
AMRHIE, XA R 2 954 MRFIEF I E
A FRE (autapomorphic characters), EfiEL
XPEE R (TL) (8 1 U E € —BhEdR
i (RC) M O HYHRFHIE, JFIIX 1860 A A M
s BREHME S Livezey & Zusi AW HEAT HE

X, BRG] “Describetrees” iy 4 it 50X
1 860 ML ASHFEE LA LT A e THE - 1t
Ah, AL PAUPr 4.0a425 7 1 000 #FE
UL (BEALA BGOSR ORAE T 5. S5k &
WS RIX = REBAE R, ¥ 1860 1MA
BIENTE B IFE S A5 1000 HREEALR 2
FTEEXE, 3R43 7 1 000 FRM 55 REAE LG (10 ¢
HE. E3RE LR JUAWSG i E 2 5, i
G vk 3 A 7 R R 22 R 43 W 0T A [R] 28 D
GuiTE AT LA, DUHIWTIX 1860 M A 4
Pt HREE ISR ESERG R B RR. N T
BE— PRl Livezey 25 (2006) i JE A HFE A
TR & B IEW, T 1860 MNMEAE:
fE5r 75 Livezey & Zusi JEZ&R AT Prum #4 Eb
XA RGBS, B T IREW 5071
P22 VB 40 445 KA 1) 22 57 o TSR S 43 1 WA
KR35 ChiPlot 4= 1% (Xieetal. 2023). )&, &
PG FEAF 5 B AN A 1Y) S 2R, WL 420X e
BRBHETREN S 5 R ity 2
5, TR TR E R R

1.3 TEARPRIE TN - X758 53E = 5
B

D9 FI T A R AE B8 B Hh & SRR AR HE KT
KHLRFRERFZMIGET), BISIAFHL
A Je AN[RIER A I AEAE R A e R AL BT AT
BRI REE R AAEE S, X 1860 1
FRIEACHE 3 Fh 7 kAT 738 (R D,

Horr, BURE A KRAEAF I HL RIS Y
BRI N T B E (G5 1~ 2450)., L2
FHIE (905 2452 ~2708) LM Z:TURFE (405
2709 ~2954) (& 1. HARLE B KR A FHHS
RF B AR AP (Ga's 6~ 764) FIAEFAT
& ('S 1~5. 765~2451) ik (£ 1.
PEEE C AR A R B AL B SRR 2 i

(9’5 6 ~764) JRT-(%'5 765 ~ 1344 1 1757
~1964). #E (%5 1345 ~ 1756) M BEEE (4
51965 ~2451) 4% (R 1. HETIXEAK,
THE T B30 1 860 MEASRFE S Prum B LL
EE RIS iHE (TL. Cl. RIL RC)
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#1 SHBEERMAMSRTR
Tablel Categorization of thethree datasets

RHEGn S TEE 215 R
Range of fEH R
character serial  Number of
numbers parsimony-
(Livezey etal. informative
2006) characters

JHATH4E All characters

FT249 All categories 1- 2954 1860

i A Dataset A

B 2HHiE Osteology 1- 2451 1449
WIERFAE Myology 2452 - 2708 233
FITURFHE Miscellaneous 2709 - 2954 178
#didE B Dataset B

BRI, i Osteology, cranium 6- 764 355

HEARHIE, 5 Odeology, postorania 1 - 5, 765 - 2451 1094
$fii4E C Dateset C

HEARHIE, i Osteology, cranium 6- 764 355

HEERFIE,  HFT Osteology, body 765 - 1344, 494
1757 - 1964

HEARHIE, {35 Osteology, wing 1345 - 1756 267

HEARHE, S Osteology, leg 1965 - 2451 330

HIPIE S TT 2 JHARVIANRIZH LA L) S AN ]
EATEASRHES Prum B LU 30L& FE A 45
Z a2 SAREMNZER, @id Komogorov-
Smirnov &5 B XS HEB/FAEIES Y
i, NFFEIES AT AR T I A T
K%, SAFFE IR A I EHR &£ AE A Mann-
Whitney U ta, DURSGHRE 2 A2 72 5H
Gir¥E . P <005 NEREE, Lo
Y4 Fi SPSS 29.0 58 .o

Ak, R TR BB E R (ClL RIL
RO Z S REAHEN AR R, U345
K7 O E (BEE AL BdESE B AR
O MEBFHEAT 15325, X 3 HEHR
IR T RS A, KHE 3 HEHE S B RS
HEE— F R 5 5 B gt 1 R 4
PCA #5504 53 Hrfd FH OriginPro 2018,
PCA B B8 FH Wk Chiplot 21l (Xie et al.
2023).

14 WESFHESHSZREMREEN R
GREET RCRFREIE

NT B SRS RREX AT R R S
RERRZPITTER, 0 THIEFHIMA T 5 HEE
RARERZAWE B i m, B[RRI
ITEASRHIE. ik, I Livezey & Zus B4
HaEEF S Prum B LEXTHS CI {EAMET 05

(lg = 05) MJEARFHE, TEM/BE Prum B %
B SERGIRK B RRIIATIE T, XERHIERT N
SRS RGRKE KRG B s TGS RHE .
)5, 1A Hackett %5 (2008) 7EHTFT 48 H
4% DNA FHIER 15, EHEA B
AT lg = 0.5 KIJEARFHE (664 1>, K
KIGTLNEEFEM . X Hackett 25 (2008) 43
FEARH FEAT Tk, ORI AR
THEM) 95 MR, S, 1HE T Hackett
HEWE Hackett 70 FHIOM GitE, LAV
HEERES TR EM RS KEES. I
A IR SR THE B A IR BURHIE 5 R G0 B LG
FEMZH, BGETHEROS, 0B XS B AR £
BE5RGRKEW G BB S, X — R e
ENRAREE TS, ERSHrEEH
PAUP* 4.0a 58 ..

TR M TESFHEX T 71 8048 R4t
REESHI, #H Mann-Whitney U 55
PO T SRS N ST HE ) 2 7. L By
HTTE SPSS29.0 HH5E K, P<0.05 NZEFEE.

AN, 3B 1E ] PAUP* 4.0a it 1 It AT
B T 5 AR R PR () SRR (R A
1000 KJEIRIGIEHZED . i X L AT 1)
NG B SRR, P I ES SRS RStk
B SRR

2 SR

21 Livezey% (2006) & XHIESHEME
i

XLt Livezey %5 (2006) JITHEWT i R 46T
AW CAATIE BT 5 R BE 1) Livezey & Zusi JE
SR I, 8 e LA BN 2 5
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1) #3895 (Ramphastidae) ANFE &8 R 2)
B B B ( Musophagidae > 1 E§ HE Al
(Opisthocomidae) R AMHZREE; 3) B H
(Psittacidae) #¢5NEERSRE . BFAERE K AT RS AL
( Cuculidee ) W WMH ok #; 4) B H
(Charadriiformes) 14 3 7 B0 70 A7 0 &
WE B HES]; 5 88FL (Threskiornithidae) il
ML SRl (Scopidae) ANUHGREE; 6) MR
(Hydrobatidae) F15E%l (Procellariidae) A
GHEREE: 7) 453981 (Odontophoridae) FHER}
(Phasianidae) R NMHRRE. Tk, EHTHR
HE ] Livezey & Zusi FEEW TS IM G iHE
HATIE SRR M, X BB S MRS MTE 43
Gk N Livezey & Zusi LA
IR 1860 AN A AT B SCHIRFE 5331
Ebxt #) Prum B Livezey & Zus TEAH LA
1 000 BREEHLA L, FAIZRA T 3 A X I 4t
THE (B3 1, TS D: Prum B SETHE
Cl 40.18, Rl ¥ 053, RC A 0.10 (ffft 1);
Livezey & Zus JEAH I SiHE CI 4 0.21,
Rl ¥ 0.60, RC 4 0.13 (fffz% 1); 1 000 #fpE
UM P98 S8 iH 1 CI o~ 0.12, RI N 0.23,
RC 4 0.03 (ff§3% 2). Livezey & Zus AW
W GE B 00 =T Prum B A e HHE A5
8= T 1000 ERBEAL T34 Gt H A
L 1 860 MNMEARHELLX F] Livezey &
Zusi TEAHFL Prum B b HLA 1S 0 KB,
7t 403 MHEEMTE LS (Cl A 1.0) [F
fEH, ik 173 4> (43%) 1EELX 25 T
HAREMFEFEYE (ClSEREE 0.25 1 0.86 2
[E])o
TE LU P AR () 40 4 45 R I T o 3
FEAEWMTES (BTHX2: =598
( Leptosomus ) fE ¥ & B 1 5 3% 4 H
(Coraciiformes) A ISHE M GRAE, TM1E
SRR H . B H (Picforms) &
B H (Bucerotiformes) Mt &£E: RY2)E
(Colius) FIZEMIZHESJE (Trogon) TETEAH
NGRS, 5 At R #£J8 (Falco)
TETASW R R L TZ H  (Accipitriformes)
PP RBEFR, TP HBELH

( Psittacopasseres ) [ 3 & #f ;B M &
(Opisthocomus) 7EJEZ I H R R K #E RS &
(Corythaixoides) K fti%J& (Cuculus) I3 H
B, PN EmGE . BRE. BYH.
59 H (Strigiformes). #5485 H & & ¥ H 113
B, TIKEJE (Puffinus) Ml K1fE K4 @
(Diomedea) fEJEAM H RIHIREE, 1550+
O RBE: YR (Gallus) 1S ERXS &
(Numida) 7EJEAM HORIHIREE, £ TR
NI A BSESJE (Podiceps) fE4r TR 5
2118 )8 (Phoenicopterus) JNMHERRE, ERE
R 5% Y8 (Gavia) B AMHEKE: &
(Ciconia) TEJEAM 520 J& AR, 78
SRS H (Pelecaniformes) Al S H
(Suliformes) 1) & f; 715%28 (Columbaves)
HBR T 2PN BY JE 2 AP SRBEAE 7y A AR SR
NTHREE, MERESHE R ALY E
(Pterocles). E/M5JE (Ducula). JAEMKERY
& MALRS RN TR ARE: TR E, KY
K (Strisores) H W #EJE (Apus) FRL R
i J8 (Hemiprocne) N 4H 4k B, MESJE
(Nyctibius) A& J& (Seatornis) JytHIA
B, MEREN b, RS RAPEE A YR
(Glaucis) & F #&J@ A MHIREE, B 1R JE
(Podargus) 1y & J& J& N H R h ik
(Palaeognathae) H, [ | A k)& (Eudromia)
AN AR BRI R RO T AR, M7E
o, REES)E B AR SRR R
B, tbAh, RN SR (Rhea) F
Se )& (Qruthio) TEASKHCONMHGREE, THrE
SFRHONIEREE WESE. BEE. 5%
HXEIEH (Gruiformes) RZE TN
BT

22 AFRRMNESFACM G ER T

XiF 1 860 AN ASRFAE LE X 2] Prum i 5 4= ik

FIB 48 tHE#E47 T Kolmogorov-Smirnov 6%,

RIUFA AR A1 77 X E AR GBS0

(HFHi 3, P<0.00D). ST, A

Mann-Whitney U A356 ELEE T AR 7 KRB ¢
THMEZ B ZER (R 2),
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RS A, 2 FFIE(CI 0.18, RI 0.52,
RC0.09, ffts% 1) HHL& FERS & T WL REE Y
& F (Cl0.16, RI0.53, RC0.09, [ 1),
HEHPHAE CIEEREE (P<001, & 2).
M2 THFAE (Cl 0.24, RI0.60, RC0.14, [ff%
D G BT E R E AL E R R A
g, H3MgHiEREREE (P<0.01, £2),
EHHESE B, FAUERHERHLE R (CI0.20,
RI 056, RC0.11, Bf3% 1) LIRS RFIE I
& (C10.18, RI0.51, RC0.09, [ 1),
3FEHEREEE (P<0.01, % 2). EXE
£ C W, REMEHHE (Cl 020, Rl 0.56,
RC0.11, =% 1) MMAES T RkARKT
(C10.15, RI 047, RC 0.07, Btz 1), #E
(Cl0.21, RI 054, RCO.11, 3% 1) a3
(Cl10.20, RI 056, RCO0.11, iz 1) HHAEMY
PAEFE. o, B RES IR TRAE LA FE
ZREE (3FEH P <001, £2); MEE
1E S BESIEE R (P=0.01, % 2) & RC
i (P=004, £2) MR EREE; WE
FRIE SRRESHRFAELE Cl MBS R EF AR E
(P =005 %2, 4k, FKEIRFMFRAEL

K MBS R REAE R G BEBEAR, JE H 3% CILEM
BEREE (P< 001, £ 2). KAKTMH
REAE LR BRSSO IE L A T AR, HERE
M PEE/NT 001, £2). &5,
Sk B RRAEE Cl RIS B Hk B RR G
PIRREAL A B o, ZER AR (Hok A BB
FHIETE RIME S5 RCAA M5 ELESR B BRI RR
EMLATEAL, (B 3FfafiEzREAEE (P =
0.05, #* 2),
23 ¥dEEA. B. CHEIHTERD DT
Z 8 3 U bRk, RATHEF T A4
I P EBRRAE 2 (A2 5 B M LR R 25 SRR,
3 HEAFHEME — i B5 Cl. RC I
KRAFRK, BoFERSES R 20K, I
Ab, B8 O R DT B IA S T 90.00%,
VIR — B 55 B R RE AR 3 4R
BREWN SR IHEM AR EE (R 3. 1E
PCA HUS AN 4342 (8] (R R VR A A —
&, A BB AE R (B 2), Xibs
FULH, LA AR 1 E K-S TR A RRE R 0 4
2R E MR R, AR AP
LA E UL SRS T A RHE

# 2 AEAEFLERAE Mann-Whitney U 15645 R
Table2 Resultsof the Mann-Whitney U test for phenotypic characters of different groups

R (REE e — B R

AT 5 — AARHE AR HEAT MR 58 — ZHARRAE FHEHE  consigency  Retention Rescaled
Thefirst group of Number of The second group of Number of  jndex. CI index. RI consistency
characters tested characters characters tested characters ' ' index, RC
z P z P z P
HHia4E A Dataset A
HEHFIE Ogteology 1449  JLE4FE Myology 233 301 <001 146 015 176 008
B Osteology 1449  Z:IUFAE Miscellaneous 178 -4.22 <001 -394<001 -435 <001
WIARHE Myology 233 Z&TUHFE Miscellaneous 178 -546 <001 -423 <001 -484 <001
$dEd B Dataset B
BEFEEE, M Osteology, cranium 355 ‘BEHKE, i Osteology, post-cranid 1 094 377 <001 393<001 347 <001
HiEdk C Dataset C
HEARHE, M Osteology, cranium 355 i 2#4F4E, 4KT Osteology, body 494 498 <001 4.95<001 464 <001
HEERHE, 5E Ogteology, cranium 355 H2#454E, I Osteology, wing 267 152 013 246 001 205 004
HHHE, i Osteology, cranium 355 F2#454E, JR¥E Osteology, leg 330 197 005 161 011 117 024
BHAHFHE, YRT Osteology, body 494 AR, M Osteology, wing 267 -357 <001 -218 003 -226 0.02
BHAHFE, 4R Osteology, body 494 ERHE, B Osteology, leg 330 -3.36 <001 -379<001 -392 <001
BEAFE, 35 Osteology, wing 267 HEHFE, JEHE Osteology, leg 330 046 065 -088 038 -077 044

P<0.05 NZ5R 3%, P<0.05isconsidered as significant.
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*3 IHEBEWHEMGIHAR ERT I ER
Table3 Principal component analysis of tree statistics obtained from three sets of data
B —FHi 4 Thefirst principal component 35 — = 4 The second principal component
JiH Items A BdEEB MdEfEC MUE#EA MUE#ZEB MdEZC
Dataset A Dataset B Dataset C Dataset A Dataset B Dataset C
FEE Eigenvaue 2.50 2.49 2.49 0.47 0.48 0.48
BTk Z Percentage of variance (%) 83.35 83.13 83.07 15.64 15.84 15.90
ZHTTERZR Cumulative (%) 83.35 83.13 86.30 99.00 98.97 99.34
—#M:F5 %L Consistency index, Cl 0.57 0.57 0.57 0.63 0.64 0.64
{*EA+5 %1 Retention index, RI 0.54 0.54 0.54 -0.77 -0.77 -0.77
2 5 — 845 %t Rescaled consistency index, RC 0.63 0.63 0.63 0.09 0.08 0.08
BHAE, S BEIE, BT
JHFAHE  WURHE  ROUE ERARE, R ERRRE, Osteology, cranium - Osteology, body
Osteology Myology Miscellaneous Osteology, postcranial Osteology, cranium BERE, PR EHRHE, B
Osteology, wing Osteology, leg
20r@ . 20(b 20f¢ .
1.5 : 15 : 1.5
. _ ;
{107 SLo g Loy |
NS < x
] © ? Fooo
b 05 ¢ 0.5 V0S5t e e o
: . 'Y 4 R/ N n" o2 .
L . ® O V.ot 0 g .
£ 0 o 20 & O sl LI e
-0.5 . -05 _05 ?‘:j:" o'e, . 4 )
3 \:‘\"_ ce N
g,
-1.0¢ - 1. - GO AT
A 1.0 1.0 q&,‘_f %
- 1 5 © a. °
,'»'Q,\‘-’,\?"u‘-’ NI N PN ’W'Q'\b'\'Q'Q(? O D242 05 p-“)?@p‘? NI PN

PC1 (83.13%)

B2 PCA#USE
Fig. 2 PCA scoreplot

a. b il c 7 % #ESE AL B 1 C ) PCA #isilEl. a. by ¢ ZHEHAFEBEKFEZ FIEUEAX 7, S CA 2 HRHER R S iHE
Z B TR SR R .

Figures a, b and c show the PCA scatter plots of dataset A, B and C. The difficulty in distinguishing different colored charactersin plotsa, b and ¢
indicates that there is no clear relevant relationship between the tree statistics of the already grouped characters.

PCI (83.35%) PCI1 (83.07%)

24 EFTFHEEBHIMARSEERS T RS
REBSRIXFR

NIRRT E SR 2GR B KRR ETI
ey, ] 5T MK SRR TE S RHE (1 = 0.5)
MAGFHIEPILREMERGEKERN, JHFE5ER
IATESBIHE R 5T REM AT LR 5
R R G B B SRR R . A G E
Kolmogorov-Smirnov A% 46 45 J # A 77 & 1E 4%
JrAi (P<0.001, 7Rk 4), K ATEH
T Mann-Whitney U #5650 H1 P4 Gt 2
RS EAREER. A TEEP RS

B HEEM RS K ER (C10.36, RI0.40,
RC0.15, Bt 3) Bl 7 74l HE W 1) R
4K BH (Cl0.36, RI0.37, RC0.14, fff5%3)
BEESAINGIHE, B #HEREE (P <
0.05, sk 3). Hhobh, MMANTEERHER S T 5>
FTHESCRER (B3, 4.

B, I B s TS i A SR ) S
RIEMANESEIEERNRA L EM P H 52
Femi N 56, [FFEH, )& (Caprimulgus) 5
HMEREHKE . ERE5 TS DEERE
(Amazona) WHEHE. ¥JE (Ardea) H5EHYJE
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100

100
4
oo 2
89
100 %
100
100 100
10—
100
100
100
100 100
89
| S
80 100 —
52 —

58

100

100

99

#7% H Piciforms 100
100
69
1
JR8 H Bucerotiformes 100
. 100 0o 87
S35 Anatidac Anas 100
HkME C m 100
]
100
444 3 H Psittacopasseres 100 100
100 oo
HEIEH Accipitriformes 71
—_—
¥ Strigiformes %_
Falconif 51
G e T ———
WAL Trogonidae Trogon
= Leptosomi
H Coliiformes
MESE Cariami
8 100
I H P 82
100
100
i 100
100 oo 34
#819 F Suliformes 74
LA Ci
10000
100
100
#8% H Charadriiformes 100
100
100 100
100 190
B2 Strisores - 7
100
% H Gruiformes :I—Ii‘
100 —
100
#%3 Columbaves " 64
IE icopteri - 100
B8BYE Podicipediformes — T
W5 Gaviiformes
JEPiRAER idae Cor
B4 H Opi i
#5428 Columbaves
BEE
A H %o
100
100
XN G 100
E 100
Hi Palacognathae I 9

B 3 Hackett £4# 5 Hackett 2 T EL T B

Fig. 3 Comparison of Hackett combined tree and Hackett molecular tree

P QIR Hackett 48 (il Hackett 70 T4l 5 1o = 0.5 MRS BERIG EHD, A1 Hackett 70 T8 . PIRR b oRIEM T 245>
SCX ISR, TR RER RIS A IR UK R 2 0 . K BT s SR IR AE SR AN M ZE S I . S0 B

709 1000 CEEAIFER B RE, FPPIRR BRI K BRI E R K R . 8 0 ORI BB f5 SR 3 B m BT

5 STARFN LTS B G SCRPR BRI A, X STERM A I RHE (p # ISR R50 K/Nb .
The figure shows the Hackett combined tree on the left and the Hackett molecular tree on the right. The bird taxa corresponding to the left and

e

i

right branches are indicated in the center, with dispersal species that fail to cluster into large taxa labelled by gray species name. Taxa shaded in

gray represent topological differences between the two trees. Numbers at the nodes indicate bootstrap values with 1 000 replicates, which with the

same score on both trees are shown in gray. The orange/blue branches represent nodes with increased/decreased support score after adding

morphological data. The point values (pt) of these branches are increasing in size according to the support score.
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(Plegadis) AR FLHY)R 5 HE Y JE (Afrotis)
GHIRFE B SCRFFRAESG IR S HUR /5 #3153 142
1510 1T $5 508 )& (Pelecanus) A4 S8 J& (Scopus)
HIRBEESE I SEAR M R K BRI, SCRF
K 86 [N 66. XL mM u B SRR K
W, FEMANEEEIRE, WSRX LR
Fraeh 77 _EJH ) 85; B3R 3 (Picocoraciae)
E M H 5&EH (Piciforms). B H . f97E
H. “JEH (Procelariiformes) M#3JF Hix Ltk
B FRBE SR AR M N T A BUH J5 115 3
THE. mkES3 (Teluraves). #57E H .
TR =ZH YRR LFRAEMAES
B E M BT R R

FEA AR B T S5 R B, I T3
PEAE Hackett 73073 F et R AR T X032
Hackett 45 (H 1 = 0.5 KITEEIFMERA
Hackett 731 £ 85 E 28 ) th iR 1 5 1) 70 R 15 3
TR, S5V E RN THKE . MRS
BiE )G, #H)E (Pelecanoides) %N 14T H
728, HYETE H T vEE S (Oceanites)
5 H A SRR BB . £ TRl
R EER 215 )8 (Columbidae Ducula) A1
Y39 JE (Pteroclididae Pterocles), 7EMIAEA
B 5 RNIHIREE CCRFRRBAK, ~ 63). i
Ja, EAEMTIEYJE (Sruthio) FISEMSE S JE
BN TR, RERRSE A R ) A 1T
SR, SRS )R S R AS)E J tH kA,
56 55 J@ SNk SR B A

A, N THRIT Livezey 1 Zusi US4
BFERBLY R ESLRG K ERZAZNIRE ST,
BT PRE M 1 860 NMEASFHES Prum &,
Livezey & Zusi JEAH LA L 1 000 AR Bl HLA Lt %
A IR GETHE - Prum A R e THE S 2 BUIK
(Cl 0.18, RI 053, RC 0.10, fff=% 1), HPjE
AFHES Prum B ELE BERAK . 145 R mT A
PN 5 AT RS 1) Prum B OBk
HMRAR B RFZ; 2 ERIEETRE
KREM & R PERE. 2T Prum A5 HAD
JUANEFE AR 15 H I HE 18 — 20 (Ericson et al.
2006, Hackett et al. 2008, McCormack et al.

2013, Jarviseta.2014), FATIAHN Prum B EE
WRBTESI SR RGRE R R, Xt
Livezey £ Zusi X T4k [R5 14 BB R AFLE 17
@, 1M Livezey & Zus JEAMR B ST HERS 73
(C1 0.21, RI0.60, RC0.13, [ff5% 1) XL
TR i — 2P T IX — . 2T 1 000
FREEHLA IR S8 THEAS 9 CF34ME: Cl 012,
RI 0.23, RC0.03, {5 2) AT/ —& 145
Sy HEsL, LA Livezey Al Zusi & X
1860 AT 2 B d Hh ff S 0 7 B A% I A 1
RAREREZNER.
3 Wit

AFEFRI, GEAFH LR AR
LTS RHAE BA AR FE R K. R4
HAr, M. U T8 S5 ZIURHIE 1P
B2 T R AR AR A . X
—4E B 5 Sansom 45 (2017) H4E AT S,
AT FER B, ARG TR SRR LU 3 21 B
R, B AR L R TR (AU A FE S . AR
ANFERBAL A, g Bt TR SR
WG EE, ULEHAER TS & S RE . KT
TR B R B A AE e B AR A [
KT, BHRER L IEFA RAKE R FR. Ak,
KT 5 R JB 8 P 2 I S 7 HE BT )
KT, BERE S IR R i 2K R Gk
BRFR. LR, JROUHE. M RIE L
KFHFEAES Prum B EEXTI 7R T 5 119
WG T, AR R SR IEH RAKE KRR,
Rk, 7ENHAESHHIERITSRAGRELRR
WEFLRS, WL Seie B LIRRHE. b
MI4E B, RIE LGSR R A [A] X35 1 T
AFHIE B S T E BEA3 50 2 A3 B B 1Y
KR

AR FMRY, E0THENRAKE D
Pt R I N TS s RERe 12 & R 1 &
GREES, WRIESTFRISCRR, X5
Lee &F (2009) MRFFLEE R —5. RN, FRA
R IR A HHe v A K (1) s R S P A A
N, YaFhaEie LRI BETS 5 1R 25 S 3R A -
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BB RSES )R E Livezey & Zus TEAS#
(Livezey et a. 2007) " 2dHEkRE, HTE Prum
Fipoe 20 (Prumet al. 2015); X NERE
TETE A oy T ERALE E 1S 5 22 AR
K, W Livezey 2 (2007) VR, H9)E
FIFSES & A 9 N FLFATAE (L 6 AN R
SERFAED, I EERFES Prum A4 L X 5 15 H
FE R MK # IR . e4h, Livezey & Zusi
JEAR (2007) 4 XM 8 HEBRTE d i i R
FEZ A0, T Prum A IS L ZEFE 7R 5 5K R
ez h (Prumetal. 2015); 53 SN
AR SEHEE XS ) Prum B LI A
ARSI TEASBHELE XS B AR
LSIASINE AT SIASN PSSR E T
FelOR; TMIX LS S RTFAE Livezey & Zusi B
BWE Prum M RG K E KRR AR,
G, £ Prum M, BITHE —E &
(Accipiter). #J& & %5)% (Pandion) Jtixkfg
JEAH (Livezey et al. 2007) d—FER S £
B (Prumetal. 2015),

IR 2 S B e ST IE N T ARBAYE
IR SRR filhn: DABERTEKEN T
TG RIS ES . DL TR /K Bh 7 S 2R RN A8 A
KEATHE (JEE. £ R5E), KR
BT AT R — BN IE G, T
JUEEI 4T 43 BT M 7R 1K B 2R B 7E 6 000 £ 75
SERTHUE T ANF S & (Livezey et a. 2007, Prum
et al. 2015). XJEH T SRR —FEA AT
RE B HEZIY, FEIERL¥AT R SIS AR ik
RHBPRE 7 TS SRR, T30 208 AR
AR 7 TN S 2R AL R TS 454,
MNTTHE N T o B A2 AL R P A RO A B
PR T 1~40 L% ScdenceDB
BEE, ViEithhi A https/doi.org/10.57760/
sciencedb.09113.
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R AL R

MFE 1 Prum W& Livezey & Zus TEAR S44F LR IRBHIR GEiHE

Appendix 1 Tree statistics obtained from the mapping of charactersto the Prum molecular

treeand tothe Livezey & Zusi morphological tree

o—————
’ —gobiy gRemy 00 RN
i Consistency  Retention index Rescaled
KRR S MiE  WZER Treelength, TL : ' consistency index,
e e index, Cl RI
Range of FHESCE RC
character serial Number of Livezey & Livezey Livezey
‘numbers parsimony- Prum 2us ;’3 o~ Prum &Zus Prum & Zus Prum Livezey &
(Livezey eta. informative  jut K Li TR AR W AR W Zus BE
2006) characters  prum 2 gez.ey Prum Livezey Prum Livezey Prum # Livezey
tree N us tree & Zus tree & Zus tree & Zus tree
ree tree tree
BT HFE All characters
BT 2551 All categories 1-2954 1860 15864 13868 018 021 053 060 0.10 0.13
B4 A Datasst A
B 2R Osteology 1- 2451 1449 12669 11068 018 021 052 060 0.09 0.12
WIEHFE Myology 2452 - 2708 233 2023 1792 016 018 053 059 009 0.11
ZR T Miscellaneous 2709 - 2954 178 1172 1008 024 027 060 068 014 0.18
$fii4E B Dataset B
HEEFHE, s Osteology, cranium 6- 764 355 2589 2445 020 021 056 059 011 0.12
HEEE, AR 1-5, 1094 10080 8623 018 021 051 060 0.9 0.12
Osteology, postcrania 765 - 2451
$ffs 4 C Dataset C
HEEFHE, s Osteology, cranium 6- 764 355 2589 2445 020 021 056 059 011 0.12
BRI, 48T Osteology, body 765 - 1344, 494 5339 4744 015 017 047 054 007 0.09
1757 - 1964
HRHE, % Osteology, wing 1345 - 1756 267 2252 1901 021 024 054 063 011 0.15
BAAFIE, BEEE Osteology, leg 1965 - 2451 330 2481 1973 020 025 056 067 011 0.17
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Appendix 2 Results of descriptive statistics of tree statistics from 1 000 random trees

[GRS —H AR TRE TR SE—BUER R
Treelength, TL Consistency index, Cl Retention index, RI Rescaled consistency index, RC
“F5{E Mean 24 264.703 0.12 0.23 0.03
FrifE % SD 277.751 0.001 0.010 0.002
H/MA Min 23319 0.12 0.20 0.02
HRRAE Max 25014 0.12 0.26 0.03
N 1000 1000 1000 1000

R PESE TSR0y 1 000 EREEHUM IR ST+ (dy 1000 BREEHLIN 7350 5 Livezey Fil Zusi 141 1 860 MNEASFIEZEAT LA A B«
1 000 #RA ERIBEAL A SO FRARAIE T o 5038 A5 BT 9 30X = RBHE 9 B R B o

The descriptive statistics of tree statistics is obtained from 1 000 random trees (generated by 1 000 random trees mapping to 1 860
morphological characters collected by Livezey and Zusi, respectively) A thousand random trees constrained only to maintain paleognaths,
neognaths, and Neoaves as monophyletic.

M 3 Hackett 4 FHIEE Hackett B AEIRIIM A THMEK Mann-Whiteney U #58
Appendix 3 Mann-Whitney U test for tree statistics of Hackett molecular data and Hackett combined data

&N Numbiﬂféfﬁeps in BUEIES (REI 150 Riﬁ ; i&oiﬁeﬁy
the tree, TL Consistency index, Cl Retention index, RI index. RC
Hackett 4 744 52 376 124918 0.36 0.37 0.14
Hackett molecular tree
Hackett 47 (I = 0.5) 53040 126 259 0.36 0.40 0.15
Hackett combined tree (with I, = 0.5)
z -1.38 -3.03 - 319 -323
P 0.169 0.002 0.001 0.001

P<0.05 &M R E3E. P-value scoreslessthan 0.05 indicate significant difference.
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Appendix 4 Hackett combined tree versus Hackett molecular tree

O G SRR R T R, X SR AN (pt) 35 BESCRRRAG 7 RN
The figure shows the Hackett combined tree on the left and the Hackett molecular tree on the right. The bird taxa corresponding to the left and
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right branches are indicated in the center. Taxa shaded in grey represent topological differences between the two trees. Numbers at the nodes

indicate bootstrap values with 1 000 replicates. The orange branches represent nodes with increased support score after adding morphological data,

the blue branches represent nodes with decreased support score after then. The point values (pt) of these branches are increasing in size according

to the support score.



