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The Link between Birds and Dinosaurs: Aves Evolved from Dinosaurs

Yang Soo Moon'

Professor, Department of Animal Science & Intergrated Biotechnology, Gyeongsang National University, Jinju 52725, Republic of Korea

ABSTRACT Aves including chickens are currently one of the most representative vertebrates on the planet. More than
10,000 bird species are distributed among various regions around the world. Dinosaurs, which evolved from archosaurs, were
once assumed to have gone extinct during the Cretaceous-Paleozoic extinction period. Since the mid-1990s, abundant dinosaur
fossils have been found in China and various other parts of the world. Research articles on phylogenetic, evolutionary, and
genomic studies of fossil taxa show that birds are living theropod dinosaurs. This review describes the link between birds
and dinosaurs based on studies of their skeletal structures, feathers, respiratory organs, chromosomes, and metabolism. Birds
are the only theropod dinosaurs that survived the mass extinction 66 million years ago. Dinosaurs did not go extinct and we

are still living in the age of the dinosaurs.

(Key words: birds, chickens, dinosaurs, extinction, living theropod dinosaurs)
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Lﬂoﬂi\i BC 8000”‘77}7\] o AlHo] Qo A4 3t
sk sp7]sgtel QR fie, FE A Aahel, S
of A9 F I Rl s1HEE Aoz FHEY
(Zeuner, 1963; Crawford, 1990; Fitzpatrick and Ahmed,
2000; Peters et al., 2016). &2 t}L 7l=31d He] 71
ANhe 2ge obAlol Al 7ol AAsHE Aok (red
jungle fowl: Gallus gallus)BFal 33 tHDarwin, 1896). ©]&
g oele] F4L2 Foll 27 nEZ=gof Lchain®] 24
F DNA 4714 Q<] AFEHUTF(RFLP) 242
SE 39 e Aol faEglee] AT
(Fumihito 1994). 27291 &2 A3H o2 ¥ {7} 3%
2 Aol Aay AL AZe) e vy TR A7y
1% STHICGSC, 2004). 27+ W <t7] tidFoA] Aold
MJ%, a7 92 71 SOl HEE /44 £40] &=
© FEEA 3980 A, <F 109 7ie] 9719t 20,000-23,000
7N 6ARE 7 3L JTHICGSC, 2004). B8 thE S oF 64
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6WiRk W A FAY wWety|et At 2 27](Cretaceous-
Paleogene: K-Pg)2] 74 Aol A8l Th(Hull et al., 2020). thH
T& M| ok shbvke] it EEe] YRl R
F7] 7] = 3FC(Sprain et al., 2019). L2y FHZ Aol 2
b WA f7betE B2 vithel] Holxm 2| & 200
km®| Chicxulub FET5 WE 43X &9 o3z F4
gk S WSt 3% tiEEe] TE YRl E A H¥ETtH(Hull
et al,, 2020). 3% WEZF A o|do® Z2F{7F W38t
QA w tEZ7 o] H|ZE REET) fREo] 2E% o
okl om, ojuf dopgd AR A /e 1 o|Fel F
AslA 718}st7] Al=elA vi(Claramint and Cracraft, 2015).
I8H K-Pg EZF7]d 35 BF HEsN 7 dA
ol e FE2 A=l Tl tig Te5S =t 1990

1998; Sereno, 1999; Witmer, 2002; ICGSC, 2004; Xu et al.,
2010; Romanov et al., 2014; Brusatte et al., 2015; Griffin et
al,, 2020). Pl ol St Hol| A AlFehs =734 PubMed
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168 Toks= . Aok TR AAA:

o 25k 2022d 9¢¥ 715 Al(birds) 2} F-E(dinosaurs)= 7]
=2 AP 78001 He] =7o] 9lom, H(chickens)? F-&
(dinosaurs)= 73AEPH 600] Hol Hr}. old| &= E33F 27

7 BBUL WAl Al ATES skt dk.

T= 21

Richard Owen<
Plymouthel|A] 3}5-7 344 & dFolAl dre A deldt
< W EolHA 1842\ ‘F-B{(dinosaur) o] & Tl & A& A}
43l tH(Langer et al., 2010). Owene 194]7] %€ =
HE A GelA] dEE A BF FEES sEdes
AN 05 S-S A Th(fearfully) BHE 0] 12|
o] ‘Hlo]=2«(deinos)’ 2} ‘Z Z=vrPl(great lizard) o] 5=
o] ‘AMF-E(sauros)’E FH FAE & Zrhl(fearfully
great lizard)?l ‘T}o] w=AL$-Z(dinosaur)’2te ‘FF ol

EATHOwen, 1842; Delair and Sarjeant, 1975). <F 3¢} 23
s9uk 1 2 EbR(Amniotes)= g F{(Synapsids: X

Ale] /)%t ol FF(Diapsids: FFFA L ZFAL =24
2 2EEA, dEske oleRe of 17,500801H, °] &
F 10,500%2 A} o] CHGriffin et al., 2020). 3§, 9§, oo,
7{:‘%'_0]’ M 29 771 59wt A A BT ZE ZAQ] o] E R
£ T3l JthShedlock and Edwards, 2009; Hedges et
al,, 2015). AFol7} 29 530 59IRk d ol WA F7]= o]
vhgtom, 20] 53 29nk d Hef= ote], 29 44 suink d
Mol %, aglz 929 467 d A FFo] A5 A+
ol &8 3131 th(Shedlock and Edwards, 2009; Langer et al.,
2010; Hedges et al., 2015; Baron et al., 2017; Griffin et al.,
2020). FEll thit Fol= aksel et 254 2kl Q)
o AE R  EFH(phylogenetic  systematics;
cladistics)°ll 2 &89 Fol& v 2o} “3F2 Egt
o] A&} §k2(Triceratops; =214 ZH8F 38, HZ2F 398),
Passer Domesticus(House sparrow, 3] iL/\H)—E“ ¥l ol
TE g g FEolgt Ao "4—(Pad1an and May,
1993). 2211} Baron et al.(2017)& 4% ATES 7oz
“Z| 2%t Passer domesticus(Theropod; 2YF), Triceratops
(Ornithischian: 2¥Hs), 8|1

horridus Diplodocus

carnegii(Sauropodomorph; &7t E X she WS &
golgt AAe] stk T8l Ui F Fo] BT 72K o
2 Passer DomesticusS T3t 35 ZAto] 5o &= A

Fe FEORTE 13

o uel AT AT 3T 2S¢ £ A 33
1: oL

E’;Z ol

55 F(species)d] F7} Z
] °L°LE} 131‘/} Hﬂ'ﬂ —r7] 713t Fol 7, x[2lA &
b Be] 2] Tol BF Bol T8k th(Benton et al.,
2014). ©]F oF 1] 3 suink W Fgo] xujzQ 235
Eo|AU™ A7 of g} 2 D}Oo“ool - =& A71
. T8& E|op(Triassic)”] $71o tHEFadE7129 19
1A ) E Xdste] o dE AR Adobdk ot K-Pg
o EE7) 27 T8 A FEES BT EETEsT
(Griffin et al., 2020). 3} 7]|Zol= A 274 <F 1,000% ©]
o] FEo] WaEAeH ud oF 300 Fo] AEA T
ATH Weishampel, 2004). G oA A5 FEsHA o] &
o] F At 2417] F<t A2 11,000712] shado] A AA|
“"’ﬂﬂ om, % °F 70%7F Hrlek FHAIF &
= ToMobe}t HhloAE W FE SH o]
AT EFIAES AF7HA < 1,000 &
FATHPeek, 2021). 3-8 LR o= =4t
(pelvic girdle: S¥ha F/d3t= WE)2 Frjele] o F
Je| 2 EF3THLanger et al, 2010). A7 713
o] BfF= dlReA v 2o mE Al =

% (Ornithischia)Z} =rple] Fulkyl g &
WhE(Saurischia)o| 2= F 79 27|22 Fth(Seeley,
1887; Ezcurra, 2010; Baron et al., 2017). #| 4ol F%o]
A 24 oF 29 34 69wk W, 3] Elold]7](Late
Triassic)] 8L FQ 3189 XWkE g7toll S=7}o}
50 2 JFTHEzcurra, 2010; Langer et al., 2010; Marsicano
et al., 2016; Baron et al., 2017). ZHHES 222 8ol Z§
o] F7} ¥, EHtE-2 thA] 8-ZtolE(Sauropodomorpha) @}
FZYol-E(Theropoda) &2 H-F/5 11, Ho] 11 2225 F
2|7} §2tobol| &31, o] HE st A BE 52
80| 7 olEe] Z3FTHLanger et al, 2009; Ezcurra,
2010; Baron et al., 2017). F7] Egjo}a]7]d] ZutEHT=
SNbE FEAVE B8 WSk 2241389 o2 AEH
OS2 AA ZA = wol TR Hof W2 6 v d-1
o] 8 vHd A; 7] FH&]) skithLanger et al., 2010).
_/':7Lo}£ j_a [e) 7\/\1 c%l xL/J/H %—%"Ei 735}’5‘]-%]‘3}, =
7] A58 oF exdewint d AR 7P 2 AV §4 F
B2 HASAKFig. 1). FldA 457 382 st
=<1 ZAZAR-E]oKCoelurosauria), P HE 2K Maniraptora),
gt 2(Paraves) S AA] A ZF(Aves: Avialae: Crown
aves: Neornithes) 2 713}5}91 th(Langer et al., 2010; Brusatte
et al, 2015).
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Fig. 1. A simplified phylogenetic cladrogram of the major groups of archosauria including the crocodile line and bird line.
Figure modified from Brusattle et al. (2010) and Dawson et al. (2020).

Z}FO.
T

F2 <F 19 @ 7 Neognathae(2l 2H7, &

s
F)ol A Paleognathae( 3L} Ratites 5
; B}Z o, 719163 Tinamous: =R EFZ)7} 715 A
ol oF 839t d A Galloanseres(5771217157) ¢} Neoaves
(21277} Neognataeol| 4] £71= A TKGriffin et al., 2020)(Fig.
2). Galloanserest= K-Pg T 2Z7] F3 o Galliformes(5A]
A 5 B9 Anseriformes(EA]; 28] SR E7|EA
Neoaves©l| 4] Columbea(H]E7] )9} Passarea(FA] 5)2=
o tiit = £71% K-Pg AAI(63 79-631 99wt W) o]z
LAWY THGriffin et al., 2020). =77} 3} 7150 HS &
et A7l Al 571 5 oF 19 63 s9nk d-19 57
T d HRIZAY, ARRE 7o) /]9 21 220 Alt)o|tl(Brusatte
et al.,, 2015). 1990 dtH7}A] S4 ¥ 2gol| oste] i 11
chicken turkey

duck  zebra finch

’Galloanseres

budgerigar

Neoaves
(all modern birds)

17 SFRAAI R,
&4 Al A
Al ZER Al AR-EH| =l 2(Sinosauropteryx; ‘pteryx’
‘wing’& 558 SH A E AlZFo & 1990 Tl
oM ZE R Qe 4 vie] & A9 F714
TEY 2/ A4 WS Y AFH SAE
A 335 THJi and Ji, 1996; Chen et al., 1998; Norell and
Xu, 2003). ZZoll& TEE ol 24T =

AR3 Zldo] EAE] 3%
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Fig. 2. A simplified phylogenetic cladrogram of the major groups of Neornithes including the modern birds, palacognathae (ratities
and tinamous) and galloanseres (chickens and ducks). Figure modified from Brusattle et al. (2012), Faux and Filed (2017), and

Romanov et al. (2014).



170 BT - Ak 38 A 2RE FeorTH g

Ne 457 3824 =245 319 152 Coelurosauria,
Maniraptoria 2! Paraves©l] Z3FCHBrusatte et al., 2015).
ParavesollA] £7]® =2l QA2 2319l ER Q E3lo]
3} (o, Velociraptor) 52 tFE F3 o] 2 Zlde] &
2 HE Ad AE B 4 tiNorell and Malkovicky,
2004). AZAE oJAE] Hxe] A= de LA AT
YA] = Zntol QAFEA(dromaeosaurids) ¥ T EZQE
(troodontids)# 4= Uthe= AU= JYTHXu et al., 2011;
Godefroit et al., 2013; Brusatte et al., 2015). Anchiornis<}
Xiaotingia®} #-& 22 ZE F2HF7F Al BT o 4]
Aol Hzxo M= FHASH]E 3K Godefroit et al., 2013;
Foth et al., 2014). A= Wely] Z7]d] tpeksie] o] thefst
el et 9l Aejete] 1Fo R skt ol # et il 1
o 3 AT dollA 19 249 @ A T EEF A
RAET 34 7] Zo|A &9le 47} glth(Zhou et al., 2003;
Zhou, 2014). ©|E& AZFA] o1& 714 Qld ZF3A o]
th A& AET S 2/ 7] Kt gk a3 ¥
s} wietr] 2710l FEEo] 5 HolFTHWang et al.,
2015). ©] 3X(4: Jeholornithiformes)E< A|ZA KT} ekZF
o Z13}d meE(pygostyle: 250 mpx]9} B 7o) nie]u
7F &d Z3tel] gHE o] el 93 255 ARG =
ATz 7R ek o]F F2l7b = Confuciusorni-
thiformes®} F+82 %7] ZF1F<! Enantiornithes % Orni-
thuromopha £7]72.2 WFo]Zti(Zhou and Zhang 2006). <
o] E7]7olA 3% Ornithothoraces &7 172§ (sternum;

s, 2572 715 U S SFole &80 Bof 2
), & AZ(furcula; wishbone: #|Zo] sz ZA3d V
2L Fejo] w2ZA Hlggo] vrEA] e 3hEa 22 H|gd
a3 g2 Hald & B 4 UHO’Connor et al.,
2011)(Fig. 3). Neornithes®l] &3h= Aol ZF+= tlFi ¥t
7] o] %ol Tkt WAL 218}ke] A Fo|tHHope, 2002). 3
Aol oabH A F7kA] Ld#Fl 10,5000 F2 Aje] = 2}
27F Hem A AujelA] LAl wE HrlellA <
18,043%°] &RI= A th(Barrowclough et al., 2016).

2. =RFet 582 odAld

1) =4 =

TEY 2F9 24 T2 FEHE sk AL 2F
o} Fgo AdAugE e To3 848 T F Uk 2F
o] F% delA skl Aolele BE S AldlARE Q)
= B2 Ag, & £7], v8 S5o| ItkBrusatte et al.,

sternum), pygostyle, F-2](beak)$} -2 52 27| ZFl
+ glon #etr] gt o ¥ XS AFstiA A
AjellA & 4 Utk S A AjY BFe 2 713 T
dojit Ao] ofm v d F<k JAXA FskE AA o]
o]zl Az}lo]tiBrusatte et al., 2015). AoldE e &
231 Blego] Aehgt nj¢ 553t 4 725 okal vk

=

=

& W 229l Maniraptoran G215l Al 2o

o

O
T

Hollowed ulna of the wing bone

Keeled sternum with wishbone
Fig. 3. Domestic chicken (White Leghorn) with specific parts of skeleton.
A. Furcula acts to support the upper chest of a bird under the rigors of flight.

B. Keeled sternum is the anchor for the major flight muscles.

C. Most birds have air sac respiratory system with hollow bones for extra air sac.
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5ATE W oA e Xste] Ayte]ti(Turner et al., 2007;
Benson et al., 2014). 5 TE|(0]Z) EPAA|, A2 &
=, Go] Hl W, Aje] 71 St & 27] 38 2O &
o] ko A9 furcula} Al £71=8 9] (Ui
FAFAAN A3 YElE D, T5S 5ol da He 92
Z5F9 dRsHA BEE 2] M(paravians)ol| A ERSET
(Padian and Chiappe, 1998; Brusatte et al., 2010; Nesbitt,
2011; Xu et al,, 2014). 2%3g ohhe Ajo] W2, Sltte)
© A0l EFY o] I WHET FE¥E A
sk 7lolgh - Sinke] AR X §}61ﬂ(M1ddleton
and Gatesy, 2000; Allen et al., 2013). Aj<] < Wsl7} F-9
ghe] W A3 57He] E7EEhm L AAAIRE oAl WA, o] |
A7t A2 FHEE 3709 &1 A HHa] T A
E7feto] dojAA o] w3t Hls=g It =AU
(Vargas and Fallon, 2005). 72 <5373} @52 =4
T2 4% T8I 2i(Vargas et al., 2017). 9ol =
3814} Gerhard Heilmann(1927)2 A€ 7197 elA 2=
Aol vl Rt=A] FHash Ao BE F£2F FEolA
m’ﬁ%‘ﬂril stath e APAA 2R/ 54, S vd 2
= ARBTE &2 §2, 5 S48 22| (tail vertebrae)
o st ol 2719 A7t ol

AU )

T "H—J 714 o] %

21gk 50| glithe HeAl 2719 e 384" 23ivt
= AL 9|V Brusatte et al., 2015). |3+ 8= F=2
RE doRle Ajel 5AelH, o= #F-5=(Omithodira:
Bl = EA 3k Parker, 1867)(Fig. 3). 12U 71 A
ARl Aekar AAR = A Z2A o] F&29 EA] A= P
A 2&THZheng et al., 2014). ¥e}7] 27] 2721 Sapeornis

stel FZol glor merl &2 nldhS(pygostyle)=
7Hd AAXARL 5_% % dFe|thZhou and Zhang,
2003). Ao} = MY F=2 7 HY M Fas v 2
591 7HES(pectoralis muscle)JJr JA] 8 Z=(supracora-
coideus muscle) 52 ¥2H-& 93 W& THAS A|F3
THGill, 2007). 341 Aol A »’a—ﬁ}_
o] AU A=A A
ol AZ}sHA Xﬂd% T A=
2003). 7o DS #Ho] e FoR AAA = T8 T
F <l Troodontidaeo| = & Xu et al., 2011). °]#] 3+
F=o] FAl= Ao 27] Hgt % | Tkt 27o S
vehd 4 glen X3t 27] 2/ BPAE B £ T
NE(skull)> THE S| Blgte] ZRelA vlwa 2]/
Zlglste] FrlEe] e GAdsA] X o g Heltt
(Fellice et al., 2020). ¥FH 27 tiele] M3} £ ¥ 27

Wrlr
F{N' mH

Ho]EtHZhou and Zhang,

Pk

i
. o
g0
S:

TEET A ok AR =& Rgee FlEe
e ZskEg fhEste] /o 53 934 e WskE
F =3k ThFellice et al., 2020). TF2 &S] Hlglo] 27
ol I, e, B4 T2 L Aol E o|F1, TEY b

=

Aaeas] 279 deEe} Alele o 753t
213} 2foldl] whE RAjo]l = XIstE o]
o] & tH(James, 2009; Bohmer et al., 2015; Zhang and Wang,
2019). 82 4L 19 5xvE @ Ao =2 As}spHA] F
Y= Bﬂob,u‘ i 38Y B8 A Rske] 27
WAN BT WERel FFlE WM Agel W
remailoe © ol B Aol BT £
A Aol H2]7} = ArkField et al., 2020). JFAFE] 9
stel, stel WPy SN AF wEe 2EEE T
MA(FGF, Wnt) a2} dd& AAlshd o723
)9 WEkE fmstel Sl Felzk AzAlst of
FEATEES FEo| W P FehE WL
1015} tHField et al., 2020). ©e] ¢ o] F wd
& B A B RaIsle] HolE B A
o2 Hol FGF Wnte] H&o] A Fe]e] 713} 7104 i3
Z o & HUHField et al., 2020). =2 7% g Y& =
el B, T8 Ajek 2ol slrele] 24 W X—‘.%P_i
oFarS 183+ 4= 9Jo] otole} 7T—o] AAA o =59} x}o]
7k 43, A€

_'T’_
27 540 )
27 54, 1 FI4 F4F 38D 2L ¢ 5 ok

|

_&L[‘Z‘LJ

(M 2 38

ZEe] st 27] F8olA AR 3o ® HRIthXu
and Guo, 2009). 22 R3] 7} 27] @A = t5s = <
Al ZlEq(protofeathers)‘_ gl HE ey 2 e
E Y& ¥YA] F4F(Dilong, Yutyrannus)9} 22444 =7
F-%¥-(Yianyulong, Kulindadromeus) 5] &l &1=] %]
thXu and Guo, 2009; Zheng et al., 2009; Godefroit et al.,
2014). PP EFH(Maniraptor) F4F T8+ Ao 2F
oA & 4 e o B8t 7IA7F ZdEA @t e
e g 327} sl FthXu and Guo, 2009). Microraptor
o} 2o AH H|RFE FEL2 |EA o= Aol 9= Ao AE
7 PHE  gle ZES 72 Ui et al, 1998; Norell
et al., 2002; Xu et al., 2003). A& 2} et ¢le] TAE
B 7R 27)9] A" AA 9 Az

A g 384 Agkalon, ol F 7] Alsk 73 7he:

=

Ae 2—%49_; S|



172 ok . A9} mFo| AAAL

% 31H 9] H|g Fxof aAHE 2 HItK(Brusatte et
al., 2015). &2 H] _-.Tr(non—awan) FEolA el &dl
28 HE FAsta, Aol wet thejet aeld FA4
H71= 3F5th o2 AEe] Ale] FY3 EF o] o}
oju] F&2 A I EAYAL ZEE vl ] &3

7 A, 2RSS AL 2R R §5] 94, &

_0‘ )
iy ©
oo
N
do
:?1:,'
:L
o2
o
oo
b
fu
>
o
3,
dlo
tlo
f
£
AN

i
¥ N R
e du

)
o2
2
N
N,
off
=)
mlo [‘

5 52 vEde Evbseta &3 9
Ao & HOltKDyke et al., 2013). 2ollA]
7P 2719 e dd Ao B8Rl F
L3 F9 3] VlsEsd 2 W 25, 9
o] 44 my F)ol gtk AfARl =F/ v
ES Az ot AlZEY 2R X G o] % 19 33T
W A gE YAl A(Ornithuromorpha: L] <02 <F%}
AP ehs 599] 7193 34 vehr] Al &S th(Brusatte et
al., 2015).

Do I
=z e
o mll
2 o
e, >

|

o
o mo

(o))
=

(2) AL Zlste| ZAMUESIA E4

A 3FEo] Mslste 59 o] W& 7|3t B T E 99
o] Z83t 237k dojutar JYATHRafT, 1996). I5F7t 5
Aol 4 £ JEE 7& Hasy] 93 v 2d %
NS A%t 7N E7F FL& ootk 25 ol2fg Heke
NMZEE A e e A2 *Hfuf HHXM 2 EkC) )
3, st g F A7) YD dF FES fe F Ut
2 ATk 1w u%%%cﬂﬂ ZF7o] s}

% 918 oislel et A} ol
27990 BER At F2 vEE olFold dn
(Landmann, 1986). Ale] 74§ o HlEo] a1, & Un
X HEol Z1"o] ItHLucas and Sttetenheim, 1972). Z&
< Agtste] 275 S5 vtee dEAH A, 238
(At gh), %7l vt AR e 54 EO] 71 4
&Y A, HE 53 2 ARE 7S
(Feduccia, 1996; Chatterjee, 1997; Pardian and Chlappe,
1998). AlzAje] W3 hE SRR S| T2 “Me
FolA st e T =7E A= ddstke 4
g 7o) K Ostrom, 1974). &2 F29] x}o]7
T8N AE QEst=t oo s AV ® ARt B
/‘3% A= Aot T8-S 1l SR AaERE

2o 5 s, Usel 1 21stste] 7]
%C’ﬂ’\i Zldo] AMHE FHo=w  ErHFeduccia, 1996;
Chatterjee, 1997). 1" 7Z-%-¢]&, BF Zldo| 357 2|9

f
o 30 oy fIf

i—r‘ﬂ 7‘15}5]»;«#“1 ek 93] HlgolA AdRe] A
o Erti(Choung, 1993; Prum,
1999) %ﬂ %ﬂEﬂ "Z‘é*éoﬂ A3 7}11 Fo B Al g A
F dERZHe]2 2 #E Q]
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Alibardi et al., 2006). Greenwold et al.(2014)= AJ <] A2&l
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o] AAE gl Ty AR fxke] =
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