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<Short Note>

AAGE BT S wjehy] slAESlA AEe
g AZ w—ﬂ.

AT st 3 e HeY sfitie =&H S sHbesS (Aptian)o| A &g W ¥ rd7ier W
QRIL ARt 4] welvle] AEME obol ojgEe] 7] U Fe LS Fof of BN cf
BoreopteridaeZ EFJch A H @& 37|= 22 S|4 B BEE Preraichnus koreanensis2] Z Rt} &
A 3w, $F A= 27|17 A2 vt P koreanenszsﬁ} ‘:"E] Boreopteridae] OFF WAl 27)= =2 t}
27] g2 HiET Al7le] it F E7Y ool FER S Bt o|Hof B 1% Boreopteridae=

T 529 st #Melr] o] AIbF(Aptian)of 4] *‘“551“71 “H-r"ﬂ o] ML F= HolA AF HiE=
Boreopteridacal oS 7| 613} FAl0] o] £/} WEHOR ) @IS weiEet w0l 5
4.8 514 E25 04 WAs7] tlEo] Boreopteridac7} 7 SN E ARHEE Hojch,
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phalanx from the Lower Cretaceous Hasandong Formation of Hadong-gun, Gyeongsangnam-do, South
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ABSTRACT: A partial second wing phalanx of a pterosaur was discovered from the coastal outcrop of Dae Island
(Hasandong Formation, Aptian), Geumnam-myeon, Hadong-gun, Gyeongsangnam-do, South Korea. It is assigned
to cf. Boreopteridae based on the comparisons to other Early Cretaceous Asian pterosaurs in shape and size. The
estimated manus and pes size of this specimen is heteropodous and much larger than those of the pterosaur
ichnotaxon Pteraichnus koreanensis, which was known from the same formation, suggesting there were at least
two groups of pterosaurs co-existed during the Hasandong time. Since boreopterids have only been reported from
the Lower Cretaceous Yixian Formation (Aptian) of China, this new specimen not only represents the first record
of'boreopterids outside of the Yixian Formation but their distribution was also greatly extended to the southeast.
Moreover, the occurrence in the fluvial deposits suggests that boreopterids also lived in the riparian environment
as well as lacustrine one.
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(Jin-Young Park, Sungjin Lee, Su-Hwan Kim, Minyoung Son and Yuong-Nam Lee, School of Earth and Environmental
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9= Selfelold wad oF Aspe EH3
Hep w9 Aok AF7HA] Bare A2 @2
AF2E o] 57l(Yun and Yang, 2001b; Yun et al.,
2007)3} B BEE AZ 17] Bo|cHLim et
al., 2002a).

20029 8¢, WA AR = BAEE ste 2HH
o] G Ffete] =E&H sHibESolA AF9 A
S QB wAsT SANHIH 1). of SHHL
2719} g, 9&Z(cortical bone)2] FAE EH
2 o9} W2 £ 2B s e 9l
588 0] o) 7] whEe] 42Theropoda)®] 4F
gFoZ gk wol A (ulna)T} QT (radius), 12
11 F4Z(metacarpal) 2o} EA gFch(Currey and
Alexander, 1985; Ricqlés et al., 2000; Chinsamy-Turan,
2005; Farke and Wilridge, 2013). & 7] #jet7]of &
A 25 (Aves) GA] JFAH vl o WS
2k QIR o] FA| 279 A& A7) viS- 2]
o] 2720 W= ofd A e g wekEth(Benton,
2014; Sues, 2019). Alt}7} #AH(condyle)7t 25
R ERR 7R 7 A ol2ke A, 1Y
I EXH(shaft)o] ExF=1 ThHO| AZHEolu UF
o] obd e oleh= M2 o] 30| ¢JF 9] AlA|
£ o|F = W S vl ¥A vt F WA vt S
o| 2L 2 Z Y& AARHHKellner and Tomida, 2000;
Bennett, 2001; Witton, 2013). 2] o] FE-2 A]-&t)
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St Atk ARESHA o HatEiglct
(FEHS: SNUVP 201901; Seoul National University,
Vertebrate Paleontology). & T 2] 222 o] Aj
28 349 719t 75 F8l vkt ool o
=g AR E AlSshe T ok

2. K& I

BT sl &9k sHtEe2 4
A 02 Bo) g 2T AR A5E Ajolo] £
A gtk (Chang, 1975; Choi, 1985). 3M4Hs3-2] =7
£ 91,200 mo|w, T2 AR, H¢, 223 HEYT
#2314 §HF 02 o|FojFth(Lee, 2007; Lee ef
al., 2008). AFEE= AESE A4, I EM, T3
IS du, 53] HMZox= A3 Tzt
T THChoi, 1986). Hts30] B/8E BAloll=
2719} 9717k mAs) A&He sHy EHgol
dojtbx] grgtth(Paik and Lee, 1998; Paik et al.,
2001).

sHbE3Y B Al7le 237 AAlEE 3Hel
oJ&}| Aptianof|4] Albian© 2 3}454tk(Yang, 1982).
IAA7| At sHhbES S T A5 34
A]71& Aptian ©]& =2 d|4 31 2w(Doh et al., 1994),
22 AdjE AlF5STS Aptian $7]9)| 4] Albian
o] 7] Ao 2] A|E A A FTH(Lee et al., 2010). Z]
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Fig. 1. Map showing the locality at which the second wing phalanx of cf. Boreopteridae (SNUVP 201901) was

discovered. ‘¥’ represents the fossil locality.
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2ol sH4HEZ9] P4 A71E Aptiane] FHHLE
B Lt|(Kang and Paik, 2013; Lee et al., 2018), 1
ol RO R v Rakm QI AxZ| Hrf B
AN71E 1124413 MaZ 231 §17] glZo|t}(Lee et

al., 2010).
HIEFL el FANZNN BEEE 5

o] 7P tpeFstA WA=l 250t Choi and Lee,
2017). A2 H25E so = E17|(Lee et al.,
2001; Yabumoto et al., 2006), #+&{Lee and Tomida,
2004), ¢toj(Lee and Lee, 2005; Yun et al., 2007),
¢} (Yun and Yang, 2001b; Lim et al., 2002a; Yun
et al., 2007), 228) 11 t}Fgt -5 (Paik et al., 1998a,
1998b; Paik, 2000; Park et al., 2000; Dong et al.,
2001; Lee et al., 2001; Lim et al., 2002b; Lee, 2007,

(a)

(b)

ST ot #e| sHitsS 30N HEE
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2008; Lee and Lee, 2007; Yun et al., 2007; Park,
2016)°] Ut} AE(Kim et al., 2016)T} A=
(Yang, 1982; Lee et al., 1990; Yun and Yang, 2001a)
o) 3% WAR e, LHEES(Kim and Paik,
1997; Kim et al., 2002) 2t T 5L X33 355
9] 53514 (Yun and Yang, 1997; Lee, Y.-N. et al.,
2001, 2008; Huh et al., 2003; Paik et al., 2015; Lee,
H.J. etal., 2018) = &3] WAHAL}

3. 7| X{
SNUVP 2019012 % o] ¥4 o F7pee] =

WA ol o] 2E A Zolth(1Y 2). REL gFn
2% JHE Uok Ag)(distal) FEL FePo

(c)

longitudinal ridge
5cm

N .

longitudinal ridge

pneumatic foramen

Fig. 2. Second wing phalanx of cf. Boreopteridaec (SNUVP 201901) from the Hasandong Formation. (a) in dorsal
view (photo); (b) in ventral view (photo); (c) in dorsal view (line drawing); (d) in ventral view (line drawing). Dashed
lines represents reconstructed areas. Diagonal solid lines indicate unremoved matrix.
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o, ot &2 F2het Z7k 9 (proximal) ¢ T
7t REF W T AR = FIen, 29
B - o] A (anterior) T} S (posterior) 2] &
BEE few,

Giie] o g3t AR Ao 37he 2
SFATHO’Sullivan and Martill, 2018). 225 w
o] Z001=197.97 mmo| 3L B7te] v e eelagolch
EERETCELEPEERT ST ETE
2 19.61 mm, &} 22.53 mmt}. =L Q= g3t
4= yojAr). ujE(dorsoventral) W3k BE =
o]l= &4 11.62 mm, o 11.72 mmt} wrabaA] A
wol A S wraFe] Zo) vl wrare] olo] % uf
A= Erh 229 9FdE2 $H T} viH(dorsal) £
o] AHy} B (ventral) ZET} ofct mAZeol &=
7= Aol 0.84 mm, T@o] 22 0.52 mm, i
0] 0.86 mm, 181 EHo] 1.07 mmt}). E4|9 &
o2 okl EE% FHE7](longitudinal ridge)
7F EAFHI 2). o] FRE AN Fo4S
At ARG BT, BB WS o] ujet
(patagium)o| 2= =2 A1 Itk (Bennett,
2001; Hone et al., 2015).

29je] PATo} A7k Mo el Al
Sx2 goixict. 29le] ATE Awla FUL F
o WA Sl We)E wok naw Bae] Hno)
A 39 WaEe) 2o} ££ 4014 mmek A7) A
Pels 291w dRoe Ao A7)
FolRIck. el F ZpgAtele vna S 2
9 Aoz FjojA Z IEdE FHE7](posterior
process) & FJeth AL £F o2 Tt WA

dorsal

!

anterior
%

1cm
NN ..

Fig. 3. A cross-section of the second wing phalanx shaft
of cf. Boreopteridae (SNUVP 201901) from the Hasandong
Formation.

of 9 AL} Wt Belol A B Fhs el
t}. SIEX QY] §7]F(pneumatic foramen) gt 7j
7b gaTel Bel Eelo] EAjg BaTe) th

#j29] Fejrh Bul=rie oA SNUVP 201901
2 Ao 2 3]oj7 Rhamphorhynchidael} Dsungari-
pteroidea®] A3} tk=2c{Unwin, 2003; Padian, 2008).
W 9] tho] BRIl A2 o HE2] Pterodactyloidea
o & 4 Ph= 5780 Itk{Bennett, 2001). WHA Rhamphor-
hynchinae ] A2 tHo| CEo]1l(Padian and Rayner,
1993; Unwin, 2003), Azhdarchidaet=T& &2 Y
FoJok(Martill and Frey, 1999). Pteranodontidae
of] &3l= Pteranodon-2 A H 02 AP A& &
WS 7k §lth(Bennett, 2001). SNUVP 2019012
W T O] Z 3} =o] 9] v]&-2 212 Dsungaripterus
o} u]2:3kx]5HYoung, 1964), T 4Z<] SrlelA] 2}
o]& Helth SNUVP 2019019] 7%, 5 &Zo] @
9] 23} 20]9] 7~16%E AFX|SA|R Dsungaripteridae
= g &AZo] ¢F 55% 5 A S Unwin et al., 1996;
Unwin, 2003). SNUVP 2019019] £9=7]7F 94
B2 52 11 377 AA= AL Pteranodon 2] 739
-AFstcH(Bennett, 2001). BH 2 Dsungaripterus 2]
AL YR o2 F7]71 Fol =K Young, 1964).

Aptian®]] ofX[ojol|x] AHEFIH <) Fof|x SNUVP
2019019] A3 71 FARE HEALE 7H] ERat2
Boreopteridae®} Dsungaripterus (Dsungaripteridae)
oltKYoung, 1964; Lii and Ji, 2005; L, 2010)(1% 4).
SHARE kA AF 30| Dsungaripteridae= o3
Zo| F47] 2ol g@Zo] ¢ SNUVP 201901
I FHE K Unwin et al., 1996; Unwin, 2003). E
3 FUE7]7H U912 FHLE 277} AR A
Dsungaripterus®] A3+ 9Fth(Young, 1964). ¢ 4
o}7}, SNUVP 2019012 Dsungaripterus2] v HA|
o ubfete] £ wiA Al Zwrch BN 27)7} 2ok 34
o] F7)= Q3]8] F=9] o]X|2k(Yixian Formation,
Aptian) 9|4 A& Boreopteridae®) £3k= Zheny-
uanopterus (13 4d) 9] A3} 71 F-ARBFHL, 2010).
SHA| T oA HES W Zhenyuanopterus2]
T 59 7PgAtE]E SNUVP 2019019] AR
ohAFH 0.2 W loiA glk. o] WA e
B8] Aol A, B T BEZ YelH /)
Aol w2 A = ok 1Y 2 29



Fads SISR 5% web| ok

2994 el o RS AR e ERToR FHa)
719l Fa7F 9k weba SNUVP 2019018 cf.
Boreopteridae 2 E-F3tc}.

4. E 9

Boreopteridae?] Z o2 FAHEE= oj@ 1M E
o] oju] HitES 0111\1 EJ-El o] Ach(Yun et al.,
2007; Choi and Lee, 2017). 31Xt o] oJ#Z2
&+ EaE A dA=E) EHEOﬂ SNUVP 2019013}

22 ERol gE=A= E84sith SNUVP
(a) DSUNGARIPTERIDAE
......
/' (b)
SNUVP 201901 Dsungaripterus weii
10 cm
BOREOPTERIDAE

(d)
(c)

Boreopterus cuiae  Zhenyuanopterus longirostris

Fig. 4. Comparison of proximal condyles of second
wing phalanxes in selected Asian pterosaurs from
Aptian. (a) cf. Boreopteridae (SNUVP 201901) from
the Hasandong Formation, (b) Dsungaripterus weii
(after Young, 1964), (c) Boreopterus cuiae (after Lii and
Ji, 2005), and (d) Zhenyuanopterus longirostris (after
Li, 2010).

SNUVP 201901

IEE0M HEE AUE XIZ 2 81

2019013} 71 w28t Zhenyuanopteruse] A& 2
o= oF 270 mme] ™ (L, 2010), o]oh v mHL o
SNUVP 201901 2] ZA] Zo|+=337.3 mm=z FAHE T
t] Yot Zhenyuanopteruse] g7l ]+ 350 cm
o2& (L, 2010; Witton, 2013), o] F3}] SNUVP
2019012 27 Yu|E H-LstH oF 431 cm7} Hrt
wh2kA] SNUVP 2019017} Zhenyuanopterus 2.t} ¢
£ Boreopteridae 7§ ¥ 754l o] At
Q) Z-e HhH o 2 SNUVP 2019012] oFdta} 5
W) Zo|= 233k QU HEe) Lol 2zt
©F90 mm, 2 70 mmt}. o] 2= sHAFES|A B
% AEF9 Pteraichnus koreanensis®] 37)(QFat
Z0] 25.6 mm, S5t Zo] 25.7 mm)Ec}t EX It
(Lee et al., 2008). P. koreanensisE ]2 Boreopteridae
7iA1e] X0l E == AT Boreopteridae
of £oh= 952 o] HEHET Ark(Li and
Ji, 2005; Lii, 2010). wh2bA] ohgtkat 5dk 57)71 A2
A 2] 22 P. koreanensiss Boreopteridae 2] £2] o]
3}371 ot A= shikE3ol B4E BAlof Ao
529 gl AR FE8HE 4= Qlrk
Boreopterldaeoﬂ—g Boreopterus cuiae (Lit and Ji,
2005), Boreopterus giganticus (Jiang et al., 2014), 71
2|3l Zhenyuanopterus longirostris (L, 2010), & 3
Zo| EAsIH BF F=9 o|AIjtFo A Baugch
w}2kx SNUVP 2019012 o]59] EXX]9-S Hlo]
U A2 2 H %= Boreopteridaed] thsh 4
712 A} BAo] o] Se] AR} BTk YEEO
2 3A A ANS BT FA o A¢t
%9] Boreopteridael= 5 A E|Z]Zo||A AHE
7] f&of ol5o] T4 ddfofA] AgkS AR

Fig. 5. Size comparison, showing the second wing phalanx of cf. Boreopteridac (SNUVP 201901) from the
Hasandong Formation. Height of human silhouette equals 175 cm.
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FARAITH(Zhou, 2004), 314 EAFoA AEH
SNUVP 2019012 Boreopteridae7} T4} o}
27 o= RS HojEoh

ZAe 2

£ ung ARES 522 24 oo A4t
s, MUY, 123 BYALFEA B
YUtk 2 A7E BAAAA L8 2019 T
ATAT o] FRop| 2 ATARY(FAGTAX YA}
&, 2019R1A2B5B02070240) 18] 2 P55t
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