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Table S1. Non-nestling specimens of non-avialian pennaraptorans and anchiornithids that preserved pectoral girdle elements.

. Scapula- . scapula-
) . pectoral girdle . glenoid .
# species collection number ontogeny stage' . coracoid . . coracoid reference
preservation C orintation
joint angle
) scapula, coracoid, )
1 | Oviraptor philoceratops | IGM 100/42; 100/36 not mention furcul synchondrosis | caudoventrally ? (Barsbold, 1983)
urcula
) scapula, coracoid, )
NGMC 97-4 not mention separated ? ? (Jietal., 1998)
furcula
2 | Caudipteryx zoui IVPP V12430 Adult scapula, coracoid | separated ? >90° (Zhou and Wang, 2000)
scapula, .
BPM 0001 Adult . fused ? 90 (Zhou et al., 2000)
coracoid, ?furcula
3 | Avimimus portentosus PIN 3907-1 Adult scapula, coracoid, | fused caudoventrally 160° (Kurzanov, 1981)
4 | Avimimus nemegtensis MPC-NEE.2016-257 Adult scapula, coracoid, | fused caudoventrally ? (Funston et al., 2018)
. scapula, coracoid, . .
5 | Tongtianlong limosus DYM-2013-8; not mention separated ? 130 (Li etal., 2016)
furcula
6 | Microvenator celer AMNH 3041; YPM 5366 | juvenile coracoid synchondrosis | caudoventrally ? (Makovicky and Sues, 1998)
juvenile or )
7 | Chirostenotes pergracilis | TMP 1979.020.0001 badult coracoid separated caudoventrally ? (Funston, 2020)
subadu
] ] o juvenile or scapula, coracoid, .
8 | Rinchenia mongoliensis | MPC-D 100/32A synchondrosis | caudoventrally ? (Funston et al., 2018)
subadult furcula
. . more caudally
9 | Elmisaurus rarus MPC-D 102/113 not mention scapula, coracoid, | separated ‘ented ? (Funston et al., 2021)
oriente
) no specimen number . : .
10 | Ningyuansaurus wangi . not mention scapula, coracoid | separated ? ? (Jietal, 2012)
mentioned
) scapula, coracoid, ) . (Barsbold, 1981, 1983; Osmdlska
11 | Heyuannia yanshini MPC-D 100/30, 100/33 not mention synchondrosis | caudoventrally >90
furucla et al., 2007; Funston et al., 2018)
scapula,
12 | Heyuannia huangi HYMV1-2, 1-5 not mention incomplete fused laterally 145° (Li, 2003; Lii et al., 2005b)
coracoid, furcula




GIN 100/2112; MPC-D

(Lii et al., 2004, 2005a; Fanti et

13 | Nemegtomaia barsboldi not mention partly scapula ? ? ?
107/15 al., 2012)
L IGM 100/978; IGM scapula, coracoid,
14 | Citipati osmolskae adult fused ? ? (Clark et al., 1999, 2001)
100/979 furcula
Similicaudipteryx . part scapula, .
15 » . IVPP V12556 not mention ) synchondrosis | ? ? (He et al., 2008)
yixianensis coracoid
16 | Xingtianosaurus ganqi IVPP V13390 not mention scapula ? ? ? (Qiu et al., 2019)
Gigantorapter
17 i ) LH V0011 young adult scapula ? ? ? (Xu et al., 2007)
erlianensis
CM 78000; 78001; MRF ) )
18 | Anzu wyliei 319 not mention scapula, coracoid | fused caudoventrally ? (Lamanna et al., 2014)
relatively mature . . .
19 | Apatoraptor pennatus TMP 1993.051.0001 i dividual scapula, coracoid | synchondrosis | laterally ? (Funston and Currie, 2016)
individuals
) scapula,coracoid,
20 | Nankangia jiangxiensis GMNH F10003 not mention fused caudoventrally ? (Li et al., 2013b)
part furcula
very early
21 | Gobiraptor minutus MPC-D 102/111 scapula separated ventrally ? (Lee et al., 2019)
ontogeny stage
Jiangxisaurus juvenile or scapula, coracoid, .
22 _ HGM41-HII10421 separated ? ? (Wei et al., 2013)
ganzhouensis subadult furcula
IGM 100/1127; IGM ) scapula, coracoid, (Clark et al., 2001; Balanoff and
23 | Khaan mckennai not mention fused laterally 150°-160°
100/1002 furcula Norell, 2012)
) . scapula, coracoid, .
24 | Oksoko avarsan MPC-D 102/110 juvenile furcul synchondrosis | caudoventrally ? (Funston et al., 2020)f
urcula
25 | Wulatelong gobiensis IVPP V 18409 adult scapula, coracoid, | fused not preserve >90° (Xu et al., 2013b)
) . scapula, coracoid, )
26 | Yulong mini HGM 41HIII-0107 juvenile furcul synchondrosis | caudoventrally ? (Li etal., 2013a)
urcula
27 | Conchoraptor gracilis IGM 100/3006 not mention not mention unfused ? ? (Balanoff and Norell, 2012)
28 | Epidexipteryx hui IVPP V15471 subadult scapula, coracoid | separated ? ? (Zhang et al., 2008)
Ambopteryx )
29 IVPP V24192 subadult or adult | scapula, coracoid | separated ? ? (Wang et al., 2019)

longibrachium




part scapula,

Scansoriopteryx CAGS02-1G-gausa-1/DM | nestling 2 to 3 .
30 ) i coracoid and separated ? ? (Czerkas and Yuan, 2002)
heilmanni 607. weeks .
clavicle
31 | Yigi STM 31-2 Adult scapula ? ? ? (Xu et al., 2015)
Epiderdrosaurus . . .
32 ) ) IVPP V12653 juvenile scapula, coracoid | separated ? ? (Zhang et al., 2002)
ningchengensis
) DNHM D2456;DNHM ) . scapula, coracoid,
33 | Zhongornis haoae juvenile separated ? ? (Gao et al., 2008)
D2455 furcula
) ) . only part scapula
34 | Overoraptor chimentoi MPCA-Pv 805 Not metion ? ? ? (Motta et al., 2020)
preserve
35 | Pneumatoraptor fodori V.2008.38.1. adult scapula, coracoid | fused ? ? (Osi et al., 2010)
Hesperornithoides part scapula,
36 . ) WYDICE-DML-001 Adult or subadult . ? ? (Hartman et al., 2019)
miessleri coracoid
37 | Jianianhualong tengi DLXH 1218 Adult scapula, coracoid | separate ? ? (Xuetal., 2017a)
) . scapula, coracoid,
IVPP V12733 juvenile separated ? ? (Xu et al., 2004)
furcula
38 | Meilong
. scapula, .
DNHM D2154 not mention . maybe fused | ventrally 90 (Gao et al., 2012)
coracoid, ?furcula
Gobivenator ) L
39 o MPC-D 100/86 subadult scapula, coracoid | separated caudoventrally ? (Tsuihiji et al., 2014)
mongoliensis
40 | Jinfengopteryx elegans CAGS-1G-04-0801 not mention scapula, coracoid | fused ? 90° (Ji et al., 2005)
41 | Linhevenator tani LHV0021 adult scapula ? ventrally ? (Xuetal., 2011a)
. . . (Zhang et al., 2002) wang et al.,
42 | Sinovenator changii IVPP V12615, 12583 not mention scapula, coracoid | synchondrosis | laterraly ? )
2022 under review
43 | Liaoningvenator curriei | DNHM D3012 subadult scapula, coracoid | synchondrosis | ventrally <90° (Shen et al., 2017)
) scapula, coracoid, ) (Russell and Dong, 1993; Currie
44 | Sinornithoides youngi IVPP V 9612 immutre synchondrosis | ? ?
furcula and Dong, 2001)
University Alberta . scapula, part i )
45 | Troodon formosus . not mention . synchondrosis | 7 ? (Gilmore, 1924)
Collections coracoid
Yixianosaurus ) . (Xu and Wang, 2003; Xu et al.,
46 ] IVPP V12638 subadult scapula, coracoid | synchondrosis | ? ?
longimanus 2013a)
47 | Rahonavis ostromi UA 8656 mature adult scapula separate laterally ? (Forster et al., 1998)




scapula, coracoid,

MPCN-PV-598 subadult synchondrosis | laterally ? (Novas et al., 2018)
48 Buitreraptor furcula
gonzalezorum scapula, coracoid, . . .
MPCA 245 adult synchondrosis | ? ? (Gianechini et al., 2018)
furcula
49 | Unenlagia comahuensis | MCF PVPH 78 not mention scapula separate laterally ? (Novas and Puerta, 1997)
Velociraptor IGM 100/976, 982, 985, ) scapula, coracoid, (Norell et al., 1997; Parsons and
50 not mention fused laterally ?
mongoliensis 986 furcula Parsons, 2009)
) . scapula, coracoid, . (Burnham et al., 2000; Burnham,
51 | Bambiraptor feinbergi AMNH FR 30554 juvenile synchondrosis | laterally ?
furcula 2004)
Sinornithosaurus scapula, coracoid, ) .
52 IVPP V12811 Adult synchondrosis | laterally <90 (Xu et al., 1999)
millenii furcula
CAGS 20-7-004 and 20- . .
53 | Microraptor zhaoianus 9001 adult scapula, coracoid | fused ? 105 (Hwang et al., 2002)
) scapula, coracoid, .
54 | Microraptor hangqingi LVH 0026 not mention furcul fused laterally 90 (Gong et al., 2012)
urcula
IVPP V13352(holotype), . scapula, coracoid, .
55 | Microraptor gui not mention fused laterally <90 (Xu et al., 2003)
13320, 13351, TNP00996 furcula
) . scapula, coracoid, )
56 | Wulong bohaiensis D2933 juvenile furcul synchondrosis | ? ? (Poust, 2014; Poust et al., 2020)
urcula
scapula, coracoid,
57 | Tianyuraptor ostromi STM 1-3 subadult furcul separeted laterally ? (Zheng et al., 2010)
urcula
58 | Changyuraptor yangi HG B016 not mention scapula, furcula ? ? ? (Han et al., 2014)
59 | Zhenyuanlong suni JPM-0008 not mention scapula, coracoid | ? ? ? (Lt and Brusatte, 2015)
) scapula, coracoid, .
60 | Zhongjianosaurus yangi | IVPP V22775 not mention furcul fused laterally ~90 (Xu et al., 2017b)
urcula
Luanchuanraptor . . .
61 ] 41HIII-0100 not mention scapula, coracoid | fused caudoventrally ? (Li et al., 2007)
henanensis
. (Csiki et al., 2010; Brusatte et al.,
62 | Balaur bondoc EME PV.313 Adult scapula, coracoid | fused ventrally lateral ? 2013)
MCZ 8791 juvenile scapula, coracoid | synchondrosis | ? ? (Parsons and Parsons, 2009)
63 | Deinonychus antirrhopus - - -
OMNH 50268 subadult scapula, coracoid | synchondrosis | ? ? (Brinkman et al., 1998)




anteroventrally

(Ostrom, 1969, 1974; Gishlick,

AMNH 3015, YPM 5236 | Adult scapula, coracoid | fused with lateral ~90°
L 2001; Parsons and Parsons, 2009)
position
64 | Achillobator giganticus FR. MNUFR-15 not mention scapula synchondrosis | ventrolaterally ? (Perle et al., 1999)
) o only scapula
65 | Linheraptor exquisitus IVPP V 16923 Adult ? ? ? (Xu et al., 2010)
preserve
subadult or scapula, coracoid,
IVPP V14378 ? ? ? (Xu et al., 2009)
young adult furcula
BMNHC PH804, . scapula, coracoid, . .
not mention synchondrosis | ? ? (Pei et al., 2017)
BMNHC PH822 furcula
66 | Anchiornis huxleyi .
scapula, coracoid, )
41 HIII 0404, 0415 probably Adult synchondrosis | laterally ? (Guo et al., 2018)
furcula
) scapula, coracoid,
LPM-B00169 not mention fused ? ? (Hu et al., 2009)
furcula
scapula, coracoid, )
67 | Aurornis xui YFGP-T5198 probably Adult furcul separate ? ? (Godefroit et al., 2013a)
urcula
scapula, coracoid, ) )
68 | Eosinopteryx brevipenna | YFGP-T5197 subadult or adult synchondrosis | ? ? (Godefroit et al., 2013b)
part furcula
scapula, coracoid,
69 | Xiaotingia zhengi STM 27-2 probably Adult separate ? ? (Xuetal., 2011b)
furcula
scapula, coracoid, ) .
70 | Serikornis sungei PMOL-AB00200 subadult furcul synchondrosis | ? ? (Lefévre et al., 2017)
urcula
] o scapula, coracoid,
71 | Caihong juji PMoL-B00175 probably Adult ? ? ? (Hu et al., 2018)

furcula

Based on the original evaluation in the referenced text.

The joint between scapula and coracoid are re-evaluated based on the description and figures in the original text. The original descriptions include suture, tightly articulated,

separated, unfused. Sutured and tightly articulated are replaced by synchondrosis here (see explanation in the text). Separate here means the two elements are separately preserved

with clear gap, or smooth articular surface on each side. It is possible that there are soft tissues connecting these two elements when the animal was alive, but without further

evidence to support the present of certain soft tissue we prefer to be conservative and keep the original description. “Unfused” could either be “synchondrosis” or “separate”, so we

further classified those description according to the figures or other available information.




vertebral scapula vertebral

vertebral
column

glenoid—* furcula
coracoid :

Supplementary Figure 1. 3D reconstruction of domestic chicken skeleton in lateral (A), dorsal(B)
and cranial (C) view, showing the scapula located at the dorsal side of the thoracic cage, the external surface
of the coracoid ventrally oriented, and the glenoid dorsolaterally oriented. The specimens was bought from
the market and CT scaned in IVPP.

Supplementary Figure 2. Common ostrich skeleton (IVPP OV586) in craniolateral view, showing
the scapula located at the lateral side of the thoracic cage, external surface of the coracoid cranially oriented
and the lateral surface facing laterally. Photo taken by the author.
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Supplementary Figure 3. Comparison of the Coracoid of selected pennaraptorans. A, Heyuannia
(oviraptorosaur) in lateral view based on MPC-D 100/30 modified after Osmolska et al., 2007; B, Sinovenator
(troodontids) in cranial view based on IVPP V12615 after Xu et al., 2002; C, Sinornithosaurus (microraptorine)
in cranial view based on IVPP V12811 modified from Xu et al., 1999, D, 3D reconstruction from CT scan of
domestic chick in dorsal view.
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Supplementary Figure 4. Photograph of Jeholornis YFGP-yb2.
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Supplementary Figure S. Photograph of Jeholornis IVPP V 13353
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Supplementary Figure 6. Photograph of Jeholornis IVPP V 13886
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