
  
  

  

  

  

  

  
  

  
  

  

  

  
  
  
  

  

  
  

  

  
  

  
  

  
  

  
  
  

  

  

  

  
  

  
  

  
  

  

   
  

  

  

  

   

  

  

  
   

  
  

  

  
  

  
  

  

  

  
  

  

  
  

  

  

  
  

  

  
  

  

  
  

  

  

  

  
  

   

  

  
  
  

  
  

  
  

  
  

  

  

  
  

  

  
  

  
  

  
  

  
  

  
  

  

  

  

  

  

  

  

  

  

  
  

  

  

  
  

  
  

  

  

  
  

  
  
  
  

  

  

  

 

 

 

   

  

 

 

 

  

  
  

  

  
  

  
  

  

  
  

  

  

  

  
  
  

  

  
  

  

  

  

  

  

  

  

   

  

  
  

  

  

  
  

  

  

   

  

  
  

  
  

  

  

  

  
  

  

  
  

  

  
  

  
  

  
  

 

  
  

  
  

   

 

 

 

  

  
  

  

  
  

  
  

 

翠鴗属Momotidae  Momotus
翠鸟属Alcedinidae  Alcedo
短尾鴗属Todidae  Todus
蜂虎属Meropidae  Merops
佛法僧属Coraciidae  Coracias

短腿地三宝鸟属Brachypteraciidae  Brachypteracias
鹃三宝鸟属Leptosomidae  Leptosomus
弯嘴犀鸟属Bucerotidae  Tockus
戴胜属Upupidae  Upupa

林戴胜属Phoeniculidae  Phoeniculus
响蜜�属Indicatoridae  Indicator

蚁�属Picidae  Jynx
啄木鸟属Picidae  Picoides

巨嘴鸟属Ramphastidae  Ramphastos
拟啄木鸟属Ramphastidae  Megalaima

黑�属Bucconidae  Monasa
鹟�属Galbulidae  Galbula

食蝇霸鹟属Tyrannidae  Pitangus
八色鸫属Pittidae  Pitta
山雀属Paridae  Parus

琴鸟属Menuridae  Menura
美洲咬鹃属Trogonidae  Trogon
鼠鸟属Coliidae  Colius

铜色蜂鸟属Trochilidae  Glaucis
雨燕属Apodidae  Apus

凤头雨燕属Hemiprocnidae  Hemiprocne
林鸱属Nyctibiidae  Nyctibius
蟆口鸱属Podargidae  Podargus 

油夜鹰属Steatornithidae  Steatornis 

夜鹰属Caprimulgidae  Caprimulgus
裸鼻鸱属Aegothelidae  Aegotheles
亚马逊鹦鹉属Psittacidae  Amazona
沙鸡属Pteroclididae  Pterocles
皇鸠属Columbidae  Ducula 

非洲灰蕉鹃属Musophagidae  Corythaixoides
杜鹃属Cuculidae  Cuculus

麝雉属Opisthocomidae  Opisthocomus
美洲鹫属Cathartidae  Cathartes
隼属Falconidae  Falco
鹗属Pandionidae  Pandion
鹰属Accipitridae  Accipiter
蛇鹫属Sagittariidae  Sagittarius
林鸮属Strigidae  Strix
草鸮属Tytonidae  Tyto

鹬属Scolopacidae  Heteroscelus
三趾鸥属Laridae  Rissa
浮鸥属Sternidae  Chlidonias

剪嘴鸥属Rynchopidae  Rynchops
海鸦属Alcidae  Uria

石鸻属Burhinidae  Burhinus
蛎鹬属Haematopodidae  Haematopus

斑长脚鹬属Recurvirostridae  Cladorhynchus
斑鸻属Charadriidae  Pluvialis
燕鸻属Glareolidae  Glareola
美洲水雉属Jacanidae  Jacana
彩鹬属Rostratulidae  Rostratula
领鹑属Pedionomidae  Pedionomus
日鷉属Heliornithidae  Heliornis
紫水鸡属Rallidae  Porphyrula
拟鹑属Mesitornithidae  Mesitornis
三趾鹑属Turnicidae  Turnix
喇叭鸟属Psophiidae  Psophia

鹤属Gruidae  Grus
秧鹤属Aramidae  Aramus
日鳽属Eurypygidae  Eurypyga
黑鸨属Otididae  Afrotis
叫鹤属Cariamidae  Cariama

彩鹮属Threskiornithidae  Plegadis
鹳属Ciconiidae  Ciconia 

红鹳属Phoenicopteridae  Phoenicopterus
锤头鹳属Scopidae  Scopus
鹭属Ardeidae  Ardea
鲣鸟属Sulidae  Sula

鸬鹚属Phalacrocoracidae  Phalacrocorax
蛇鹈属Anhingidae  Anhinga
鹈鹕属Pelecanidae  Pelecanus
军舰鸟属Fregatidae  Fregata

热带鸟属Phaethontidae  Phaethon
鲸头鹳属Balaenicipitidae  Balaeniceps
洋海燕属Hydrobatidae  Oceanites
剪水鹱属Procellariidae  Puffinus
大信天翁属Diomedeidae  Diomedea
鹈燕属Procellariidae  Pelecanoides 

环企鹅属Spheniscidae  Spheniscus
鸊鷉属Podicipedidae  Podiceps
潜鸟属Gaviidae  Gavia

翎鹑属Odontophoridae  Lophortyx
蓝松鸡属Phasianidae  Dendragapus
原鸡属Phasianidae  Gallus
盔珠鸡属Numididae  Numida
稚冠雉属Cracidae  Ortalis 

冢雉属Megapodiidae  Megapodius
亚鸭属Anatidae  Anas
雁属Anatidae  Anser 

鹊雁属Anseranatidae  Anseranas
冠叫鸭属Anhimidae  Chauna 

鸸鹋属Dromaiidae  Dromaius 

鹤鸵属Casuariidae  Casuarius
美洲鸵鸟属Rheidae  Rhea
鸵鸟属Struthionidae  Struthio
无翼属Apterygidae  Apteryx
凤头䳍属Tinamidae  Eudromia

军舰鸟属 Fregatidae  Fregata
鹳属Ciconiidae  Ciconia
洋海燕属Hydrobatidae  Oceanites
鹈燕属Procellariiade  Pelecanoides
剪水鹱属Procellariidae  Puffinus
大信天翁属Diomedeidae  Diomedea
环企鹅属Spheniscidae  Spheniscus
潜鸟属Gaviidae  Gavia
热带鸟属Phaethontidae  Phaethon
日鳽属Eurypygidae  Eurypyga
喇叭鸟属Psophiidae  Psophia
鹤属Gruidae  Grus
秧鹤属 Aramidae  Aramus
日鷉属Heliornithidae  Heliornis
紫水鸡属Rallidae  Porphyrula
非洲灰蕉鹃属Musophagidae  Corythaixoides 

黑鸨属Otididae  Afrotis
杜鹃属Cuculidae  Cuculus
拟鹑属Mesitornithidae  Mesitornis
沙鸡属Pteroclididae  Pterocles
皇鸠属Columbidae  Ducula
铜色蜂鸟属Trochilidae  Glaucis
雨燕属Apodidae  Apus
凤头雨燕属Hemiprocnidae  Hemiprocne
裸鼻鸱属Aegothelidae  Aegotheles
蟆口鸱属Podargidae  Podargus
林鸱属Nyctibiidae  Nyctibius
油夜鹰属Steatornithidae  Steatornis
夜鹰属Caprimulgidae  Caprimulgus
翎鹑属Odontophoridae  Lophortyx
蓝松鸡属Phasianidae  Dendragapus
原鸡属Phasianidae  Gallus
盔珠鸡属Numididae  Numida
稚冠雉属Cracidae  Ortalis
冢雉属Megapodiidae  Megapodius
亚鸭属Anatidae  Anas
雁属Anatidae  Anser
鹊雁属Anseranatidae  Anseranas
冠叫鸭属Anhimidae  Chauna
鸸鹋属Dromaiidae  Dromaius
鹤鸵属Casuariidae  Casuarius
凤头䳍属Tinamidae  Eudromia
无翼属Apterygidae  Apteryx
美洲鸵鸟属Rheidae  Rhea
鸵鸟属Struthionidae  Struthio

翠鴗属 Momotidae  Momotus
翠鸟属Alcedinidae  Alcedo
短尾鴗属Todidae  Todus
蜂虎属Meropidae  Merops
佛法僧属Coraciidae  Coracias
短腿地三宝鸟属Brachypteraciidae  Brachypteracias 

响蜜�属Indicatoridae  Indicator
蚁�属Picidae  Jynx
啄木鸟属Picidae  Picoides
巨嘴鸟属Ramphastidae  Ramphastos
拟啄木鸟属Ramphastidae  Megalaima
黑�属Bucconidae  Monasa
鹟�属Galbulidae  Galbula
弯嘴犀鸟属Bucerotidae  Tockus
戴胜属Upupidae  Upupa
林戴胜属Phoeniculidae  Phoeniculus
美洲咬鹃属Trogonidae  Trogon
鹃三宝鸟属Leptosomidae  Leptosomus
鼠鸟属Coliidae  Colius
林鸮属Strigidae  Strix
草鸮属Tytonidae  Tyto
隼属Falconidae  Falco
食蝇霸鹟属Tyrannidae  Pitangus
八色鸫属Pittidae  Pitta
琴鸟属Menuridae  Menura
山雀属Paridae  Parus
亚马逊鹦鹉属Psittacidae  Amazona
叫鹤属Cariamidae  Cariama
美洲鹫属Cathartidae  Cathartes
鹰属Accipitridae  Accipiter
鹗属Pandionidae  Pandion
蛇鹫属Sagittariidae  Sagittarius
麝雉属Opisthocomidae  Opisthocomus
鹬属Scolopacidae  Heteroscelus
美洲水雉属Jacanidae  Jacana
彩鹬属Rostratulidae  Rostratula
领鹑属 Pedionomidae  Pedionomus
三趾鸥属Laridae  Rissa
浮鸥属Sternidae  Chlidonias
剪嘴鸥属Rynchopidae  Rynchops
海鸦属Alcidae  Uria
燕鸻属Glareolidae  Glareola
三趾鹑属Turnicidae  Turnix
石鸻属Burhinidae  Burhinus
斑鸻属Charadriidae  Pluvialis
蛎鹬属Haematopodidae  Haematopus
斑长脚鹬属Recurvirostridae  Cladorhynchus
红鹳属Phoenicopteridae  Phoenicopterus
鸊鷉属Podicipedidae  Podiceps
彩鹮属Threskiornithidae  Plegadis
鹭属Ardeidae  Ardea
鲸头鹳属Balaenicipitidae  Balaeniceps
鹈鹕属Pelecanidae  Pelecanus
锤头鹳属Scopidae  Scopus
鲣鸟属Sulidae  Sula
鸬鹚属Phalacrocoracidae  Phalacrocorax
蛇鹈属Anhingidae  Anhinga
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电子附录2    形态树与分子树的比对图
 Electronic appendix 2    Morphological tree versus molecular tree 

图中左侧为使用Livezey和Zusi形态数据重建的系统发育树，右侧为使用Prum分子数据重建的系统发育树。两棵树上的鸟类类群使用不同颜色的分支标明。两棵树
上存在拓扑结构差异的支系使用对应颜色连线标注。
The left side of the figure shows the phylogenetic tree reconstructed using Liveaey & Zusi morphological data and the right side shows the phylogenetic tree reconstructed using 
Prum molecular data. The taxa in the two trees are marked with different coloured branches. The clades with topological  differences in the two trees are marked with 
corresponding colours of connecting lines. 



3 A B C Kolmogorov-Smirnov

Electronic appendix 3 Results ofKolmogorov-Smirnov test for tree statistics of data sets A, B and C

步骤数
Number of steps in

the tree, TL

一致性指数
Consistency index,

CI

保留指数
Retention index,

RI

检验统计

characters Test P Test P Test P Test P
Statistic Statistic Statistic Statistic

数据集 A Dataset A

骨学结构 Oosteology 1﹣2451 1 449 0.20 < 0.01 0.17 < 0.01 0. 10 < 0.01 0.24 < 0.01

肌学特征 Myology 2452﹣2708 233 0.16 < 0.01 0.16 < 0.01 0. 09 < 0.01 0.27 < 0.01

杂项特征 Miscellaneous 2709﹣2954

数据集 B Dataset B

178 0.23 < 0.01 0.20 < 0.01 0. 12 < 0.01 0.22 < 0.01

骨学特征，颅骨

Osteology, cranium
6﹣764 355 0.23 < 0.01 0.18 < 0.01 0. 13 < 0.01 0.24 < 0.01

骨学特征，非颅骨

Osteology, postcranial

数据集 C Dataset C

1﹣5,
765﹣2451

1 094 0.20 < 0.01 0.16 < 0.01 0. 10 < 0.01 0.24 < 0.01

骨学特征，颅骨 Osteology, cranium 6﹣764 355 0.23 < 0.01 0.18 < 0.01 0. 13 < 0.01 0.24 < 0.01

骨学特征，躯干 Osteology, body 765﹣1344,
1757﹣1964

494 0.19 < 0.01 0.17 < 0.01 0. 09 < 0.01 0.27 < 0.01

骨学特征，翅膀 Osteology, wing 1345﹣1756 267 0.21 < 0.01 0.15 < 0.01 0.14 < 0.01 0.22 < 0.01

骨学特征，腿部 Osteology, leg 1965﹣2451 330 0.21 < 0.01 0.19 < 0.01 0. 10 < 0.01 0.25 < 0.01

P < 0.05 表明差异显著，数据不符合正态分布。“特征编号的范围”一列的数字为各个特征在 Livezey 等（2006）编录的形态

特征集中的编号。

P-value scores less than 0.05 indicate significant difference, showing that the distribution of the data does not conform to a
normal distribution. The number in the column ‘Total range of characters’ is from dataset ofLivezey et al. (2006).

4 Hackett Hackett Kolmogorov-Smirnov

Electronic appendix 4 Results of the Kolmogorov-Smirnov test for tree statistic of the Hackett

molecular data and the Hackett combined data

步骤数
Number of steps in

the tree, TL

一致性指数
Consistency index, CI

保留指数
Retention index, RI

复定一致性指数
Rescaled consistency

index, RC

检验统计 检验统计 检验统计 检验统计

Test P Test P Test P Test P
Statistic Statistic Statistic Statistic

Hackett 分子数据

Hackett molecular tree
0.31 < 0.01 0.34 < 0.01 0.46 < 0.01 0.42 < 0.01

Hackett 复合数据（ICI ≥ 0.5）
Hackett combined tree (with ICI ≥ 0.5)

0.30 < 0.01 0.34 < 0.01 0.46 < 0.01 0.41 < 0.01

P < 0.05 表明差异显著，数据不符合正态分布。

P-value scores less than 0.05 indicate significant difference, showing that the distribution of the data does not conform to a
normal distribution .

特征编号的
范围 Total Number of
range of
characters

Rescaled
consistency index,

RC
特征数量

parsimony-
informative 检验统计 检验统计 检验统计

复定一致性指
简约信息

数
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