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ABSTRACT: In this paper, we conduct a comparative study on preservation characteristics and tracemaker of
arthropod trace fossils found in the cherty mudstone bed of the Late Cretaceous Uhangri Formation, Haenam,
Jeollanam-do Province of Korea in various and delicate forms. This preservation of trace fossils could be attributed
to characteristics of the substrate; the saturated and stable condition of the fine-grained substrate; the viscosity
of the substrate derived from precipitated amorphous silica; and the overlaying tuffaceous sediments. Also, the
morphological variation of the trackways indicates that the brief exposure of the substrate to the subaerial
environment brings the fluctuation of moisture conditions. It is interpreted that the tracemaker could have survived
both the aquatic and subaqueous environments with burrowing. Therefore, we selected the arachnids, crustaceans,
and insects as candidates for the tracemaker of the Uhangri Formation, comparing the trackway of arthropods
reported in the world. Herein, we conduct on a comparative study of the morphology of trace fossils, habitat
environment, and behavior patterns of with each candidate, and compare with arthropod fossils reported in the
Cretaceous in the Korean Peninsula. Consequently, the arthropod trace fossils in the Uhangri Formation could be
attributed to insects, especially Odonata larvae, rather than arachnids, or crustaceans.
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Fig. 1. (a) Locality and geological map of the study area. (b) Columnar section of the trace fossil-bearing horizon

(modified from Hwang et al., 2002).
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Fig. 2. Arthropod trace fossil-bearing layer.
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Fig. 3. Various types of arthropod trace fossils in the
Uhangri Formation. (a-b) Trackway with separated
footprints (hyporelief and epirelief) without medial
impressions. (¢) Trackway with separated footprints
(hyporelief and epirelief) and medial impressions. (d)
Trackway with merged footprints (epirelief) and me-
dial impressions. (¢) Burrow connected with trackway.
(f) Sinusoidal shape trackway. (g) Resting trace.
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Fig. 4. Trackway terminology.



M2 vy eg sidE A (staggered) HZolrt
t(alternating) UERdTE dRkz oz QlAto] A
oA HEH BYPPL A A ZEo| & WHEHY
(19 5a) A& 0= Qo] A P2 HyPH | 7
S ZEO| F A B F Y AERIS R o] R0j3]

CHL™E 3b). Y F BPHol= AEE FH 2 T4

b]

b ]

P LS
SN
Y -

- L]
-‘)' "'
>/ AV
N 1
~ G
2
VLA
y 4
; » @
s" Y
J ")
<. \
_( (Y4
S|
> 7~
< “8

Fig. 5. Morphological variation of arthropod trackways
in the Uhangri Formation. (a-b) Trackway of separate
footprints (hyporelief and epirelief) without medial
impressions. (c-d) Trackway of separate footprints
(hyporelief and epirelief) and medial impressions and
intersecting trackway of merged footprints. (e-f) Trackway
of separate footprints (epirelief) and medial impressions
and intersecting trackways with separated footprints.
Abbreviations: sf = separate footprint; mf = merged
footprint; cmi = chevroned medial impression. All scale
bars are 20 mm.
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Fig. 6. Burrow traces observed in the Uhangri Formation. (a) Vertical section of the burrow. (b) Burrow trace con-
nected with two trackways. (c-d) Burrow connected with a single trackway. Abbreviations: bu = burrow; tw = trackway.
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Fig. 7. Resting trace observed in the Uhangri Formation. (a) Photograph of a slab on which resting trace is preserved.
(b) Interpretive drawing of view (a). Abbreviations: mc = medial circular imprint; mo = medial oval imprint; la
= left appendage; ra = right appendage. All scale bars are 10 mm.
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Fig. 8. Trackways of the arachnids. (a) Paleohelcura dunbari (modified from Sadler, 1993). (b) Interpretive drawing
of P. dunbari. (¢) Paleohelcura tridactyla (modified from Minter and Braddy, 2009). (d) Interpretive drawing of P.
tridactyla. (e) Octopodichnus didactylus (modified from Minter and Braddy, 2009) (f) Interpretive drawing of O.
didactylus. (g) Octopodichnus raymondi (modified from Sadler, 1993). (h) Interpretive drawing of O. raymondi. (i)
Octopodichnus minor (modified from Sadler, 1993). (j) Interpretive drawing of O. minor.
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Fig. 9. Trackways of the crustaceans. (a) Foersterichnus
rossensis (modified from Pirrie et al., 2004). (b)
Interpretive drawing of F. rossensis. (¢) Coenobichnus
currani (modified from Walker et al., 2003). (d)
Interpretive drawing of C. currani. (e) Pterichnus iso-
podicus (modified from Gaillard et al., 2005). (f)
Interpretive drawing of P. isopodicus.
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isopodicus (7L 9e, )= 92 F e} 2
o] RPHO| thekgt P Wo|7} vpepdt). #ak o}
Uzt 23 g4 F24FY Algt o] A HA
o] HEF/JA7} HesHA EarEIrhGaillard et al.,
2005).

SqelRe] AATE AT A4S A2R
of ARH o2 fARE Aol QAT BkEcA B
o17] 4= A sho] mE ui} gick. 5245 Eat
Tl A AL 7= sk o 912 S2tet
FHEFA ZFel7] = sla HELE et A
ol A A o2 L3}elS e PRkt FARd o] 9l
o} T3, 25 3Ho] St FAH] EjF ol A
B39 H} Qlth(Park et al., 2012). 9825 A5
= BE9] 97 | F Pterichnus isopodicus}
(ZE e, 9f) FFARRE FEjo] Hado| AR AT
(1% 3b) P. isopodicus®] 79 2= o] H3PH
oA TX] E E&]o] UehtA| ¢kt 9359
HgEa g 71 AgY S5 = At g
o} weha] HaE o] FEjA thfdol HAEY &
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A7 7] HaEe] Pepust 5 QR Hla g
B o] X7 tEoR Holn 52457} o o)
2 gee) 9% BAPLS TE ARt FUsht
=7]5 &2 AR 7FsAe] ok Mol o]
o] tistolis F7b219l @77} W a st

53 ZEF

auhz o] wietr] B 3olx 5%t o2 B
o] 253 o] By vl Qlrh. A7|Hey] A=F
ol A ZAIEH|(Engel et al., 2002), 2 H|(Engel
et al., 2006), H}7+(Baek and Yang, 2004), &A=
% 9 A%(Ueda et al., 2005; Nam and Kim, 2016),
FASAEY 5 Y AF(Park et al., 2013), Wol
HH|(Sohn et al., 2019), 3}+2] (Khramov et al., 2019)
7HAE vl glom SEEAJ oA Wy (Huh and
Chung, 20097} HAE|9IT}. B3A|ee] 59 wet

—

0‘|I
r
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u
0

Al Alo)FFollA] R4l 13, B, FAE &
23 AF(Kim et al., 1992), H(Jon et al., 2019), ]
TE7)(So et al., 2020), AZEH|(Jon et al., 2020)7} 2t
Aok gk

AESA ZHold Be A EA0] 25
of SJ3l SIS Ao 2HET gt £
oA WA=l B 3499 Lithographus hier-
oglyphicusZ o]o] it} Minter and Braddy (2009)
= L. Hieroglyphicus (1% 10a, 10b)7} -AloF42]
230 O3] WEol B Yol 74T T 7)
Fof| R HX5E BYPE 4 Lithographus,
Hexapodichnus, Copeza, ¥ Permichniumo] )4
o2 A2 AR But o} B e Zolo] o
£ Wo|(undertrack)ol} B2 22} Aefo] wat A
2 ek 4= itk o]f-2 o= Lithographus hi-
eroglyphicus 2 FLsIaL WHAE S3Po|g o=z s}

Fig. 10. Trackways of the insects. (a) Lithographus hieroglyphicus (modified from Minter and Braddy, 2009). (b)
Interpretive drawing of L. hieroglyphicus. (c) Siskemia elegans (modified from Getty ez al., 2013). (d) Interpretive
drawing of S. elegans. (e) Stiallia pilosa (modified from Getty et al., 2013). (f) Interpretive drawing of S. pilosa.
(g) Stiaria intermedia (modified from Minter and Braddy, 2006). (h) Interpretive drawing of S. intermedia. (i)
Mitchellichnus ferrydenensis (modified from Getty et al., 2017). (j) Interpretive drawing of M. ferrydenensis.
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ot w2bA 7122 Hexapodichnus, Copeza, Permichnium
oz ByE ST Ao Lol ot B
FEY 7Fs4d0] ek I o) FA o (apterygota)
o] 23] Ot BYA R FAE|= Siskemia elegans
(9 10c, 10d), Stiallia pilosa (138 10e, 10f), Stiaria
intermedia (1% 10g, 10h), Mitchellichnus ferryde-
nensis (1% 101, 10j) 5] Ack(Buatois ef al., 1998;
Minter and Braddy, 2006, 2009; Davis et al., 2007;
Minter et al., 2012; Getty et al., 2013).

Qb om T3 ofs) TEOHE AOR 37
B wAEe A o) ZEo| st} NES 74
sfol Lhepde}, ol Al Aol thel2 olgel] 13
Btk 23| B4o] 74he £ Aolo] AT}
AF= o|F FHEYsItH(Davis et al., 2007, Minter
et al., 2007b; Getty et al., 2013). =3 2% 5 74
A Had of e iAo 22 US Hol ar-
chaeognathans& A&t 2552 ¥& B39 &
Z] o] v|gjAL o]F1 JeHE Z(Manton, 1977)
archaeognathanso]] 2J3j] THEOIHE Aoz 23
e SUAE 71E0 2 gIA 9] £ES Kol Stiaria
intermedia (Getty et al., 2017)5 A|LJg 59 B
PP FPAL 7|20 2 B AL o] Rt

359 L. hieroglypicus= A2 oF2 9139
A #o) FEo] NES ol20] vrEErts A3t 5
F(mid-line)& SO UZo] Side]A (staggered)
¥ zZrol7}ul (alternating) LrERThE HollA 23]
wago] B3} uhe fAlslc FASolA B
€ 7 #EEE SR B Qi (medial oval
imprint)2 £%-9] Hjj(abdomen)$} -FAFSHH F4]
H A% 9l medial circular imprint) 7<5(thorax)
of ozt EHoR woln] ol 2Eo| e} v
SAVSITHLE 7a, 7h). A EE A ESA 2] FeH
Q1 g H o} gt Woly] EjA oA HiuE 253}
AEL Bl wshE o Ak (Odonata) 3] 7+
7 e A FAFSH

6. =9 3 A=

s eA] Sl Sakelze) sjary P
2 AE AEL|UYT oA HAAlsE BYPS
Lithographus hieroglypichus®} &7 29, FAE
o] I AAEE ATANSE A2 ABE]

UAY B9 Q1| W el Z2 AEF PR &
8 o FS Ao woEh Jugt FE A
A& HPEE A T FHE L] Fof 23}
2 AEE A Eo] S Aol HER A
oz Holw AEZo|¢e] A= ugFg o 4
27} JA=o] 7HAA e AT Hol €9 Y=
S A Y EHEo] HaP o] o] FFS H|H A
S 2 Blt}. & 59] L. hieroglypichus®] t}gst
FeHQ) Wol B Fatol 7] 5RO AES T
SUS Al7]0 e AR EAHE0] 371590 =
SEo] o7 HITF Yol ALz A FH, o]
AEEo| A A= 3} A Absdohe A, Al
HgA A FE-S BEREAT HEE WEEA G=

= o] o] & e

S AATE BESS A AlA A i
g ohE AASE eI S0 vl A, A A
o] £&o| HHaE= 29 v ZQ ZyEn F
G| THl 3, FAEOA] Hol= 7HdAQ1 e
A0l P EAS v e s £33 AAlE
E AT 5 7R AR Y AL
ok A 752 45T v 2 Al 4
& 7ML Jen IIE o]&ste] ol =
ASite o2 o E ol-85te] AgstegE g
AES IS 7FsA0l itk Metz (2002)= @489
A f30| W= B o] e} Protovirgularia
o] el AT, ProtovirqulariaZ} vla)Ad &
A% AAEA 2AFFoA BaE vk A (Kim et
al., 2000)& F38to] Egfolopir] 0|59 H|s|AE
2 Zo| A WA= Protovirgularia7} A f-5-01
ofste] TEoIHE e A4S AL $AeIE
YA5E BAY 5 ARE FUo) 590 Y &
A o] Yeh= L. hieroglypichus= A7) et7] A
Zo)| A 2rAH Protovirgularia?} 942 T &3
O] POl A FAMS= Ho|A|H HHEE] = £& 49
FEL el oAl Zel7t ek T3y 2
9| Protovirgularia= MHA AMHe] EHA EA
2 (Kim et al., 2000), @252 L. hieroglypichus
= AEolote] o)A WA S T
ohe 22 AER ] olat A EoltahE HAE
o] Iz} 2]} 2] Jste] Welr} he AEol
s = Q7] W &ol(Davis et al., 2007) F+ B3
R 22k 2l 98) e HS 7Fe/ 0] ATt
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