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Fig. 1. Systematic relationships of the trilobite orders. Note that relationships between the Cambrian trilobite groups
are unclear. The image was downloaded from <www.trilobite.info> under the permission from Sam Gon III.
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Fig. 2. Representative silicified trilobites from the Sesong and Hwajeol formations, Tacbacksan Basin, Korea. Not to
scale.

Order Asaphida

Anomocaroidea
Trinucleoidea
Remoplueridioidea
Dikelocephaloidea
eratopygidae
Asaphidae
Taihungshaniidae
Nileidae
Cyclopygidae

~
193

“Ptychopariide out group”

| Asaphoid protaspis
@ Ventral median suture

Fig. 3. The cladogram of the Order Asaphida by Fortey and Chatterton (1988) and Fortey (1990). The Order Asaphida
(sensu Fortey and Chatterton, 1988 and Fortey, 19990) is mainly grouped by two synapomorphies, the ventral median
suture and the globular “asaphoid” protaspis. The image of the protaspis is redrawn after Chatterton (1980, fig. 3Dc).
The image of ventral median suture is courtesy of Sam Gon III.
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Scale bars are 0.5 mm long

Fig. 4. Simplified ontogeny of Tsinania canens (Walcott, 1905). The late stage protaspis (upper left); cranidial develop-
ment (upper row); and free cheek development (lower row). A detailed ontogenetic description of T¥inania canens was
given by Park and Choi (2009).

AoA 2 S5 FFBAL AT 1 22 "S5 HE o] 3PS dsioptychaspis oA At
SH AT S ALY Aol SJste] 7122 Asaphidat2 ThA] A2l sfior & Fa/do] A7 = 3l

1. Corynexochida=0l| &3}= Tsinania canens (Walcott, 1905)2| 7H| 44 n}H

Park and Choi (2009)+= Corynexochida=-2] Tsinaniidae¥}o]| &3l= A9% Tsinania canens Walcott,
1905 8] AT S PS04 AEH A RS v e R AF5HATHFig. 4). Tsinaniidaedh= 1 FEj A
SAMJ o 2 215t Asaphida®-2] AsaphidaeT}} HTHAJo] Qttal o AR 7= sFFtHHupé, 1955; Zhu et
al., 2007). £3] Zhu et al. (2007)2 Tsinaniidaea}o]| <3)= Shergoldia laevigata Zhu, Peng, and Hughes,
20079] &2 E(free cheek) & F52] doublure7} Bh}= Z9] BE3lkA(suture) HE|ES Z3Y, S. laevigata7}
Asaphida®-2] E%¢] ventral median suture?] YA|Z Q] HeE 71X kil dPHA] Tsinaniidae TS
AsaphidaZ-o] £31ttal 3}t 184 Park and Choi (2009)= Tinania canens®] 7\ AR H 3135}
WA, S8 ZH R doublure2 o] EHTLA oA W7t BG5S =AY Tsinania canens® A3t
ventral median sutureE 7} th= A& YW HA], A9l Tinania canens ) 717 o] 4AA| 2 protas-
pis@] B o] 7]|Zof CorynexochidaZ-9] Illaenidaed}of £&3}1= 4G %2] protaspis2] 24T} AFG3] G-ASH
7] w&o] Tsinaniidae”} CorynexochidaZ-o] &afjof gttt FA6% Tt whebA] ventral median suture”}
Asaphida&o] &3h= 4 HFE 2olE CorynexochidaFo] &= A FAAE SHH S 2 XsHrt= AL
AL FHzx=2 W USIty. o|$ Shergoldia laevigataS E3FSH= TsinaniidaeI}7} AsaphidaZo| oy
Corynexochida5-o] £:8}|of Stth= HS Zhu ef al. (2010)%= AT

2. Superfamily Dikelocephaloidea®ll &3H= Asioptychaspis subglobosa (Sun, 1924)2| 7H|wkAl
oy
Park and Choi (2010a)-2 Dikelocephaloidea’yi}2] Asioptychaspis subglobosa (Sun, 1924)9] 7 A8
AL AF5F9 =T (Fig. 5), Dikelocephaloidea= Fortey and Chatterton (1988)0]] ]3] Asaphida® joj|
&3l= Ao 2 dHFE ERao|th(Fig.3). Fortey and Chatterton (1988)2] o] 2o 2]}, Dikelocephaloidea
Aratof &3l A FEE2 T+ ol 717hE- “asaphoid” protaspisE 74 oF gt} I8 A. subglobosa®] pro-
taspis= 7@ 0] obd Rk o2 AMPBS e A2 AAR] = FAT Bl dth(Fig. 5). £ &
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Scale bars are 0.5 mm long

Fig. 5. Simplified ontogeny of Asioptychaspis subglobosa (Walcott, 1905). The late stage protaspis (upper left; dorsal,
lateral, posterior views, clockwise from the upper left); cranidial development (upper row); and free cheek development
(lower row). A detailed ontogenetic description of Asioptychaspis subglobosa was given by Park and Choi (2010a).

9] Wil o] whZ ventral median suture 2] FATNA S A8 4= 9J%l+=6)|, 1 A3} Fortey and Chatterton
(1988)3} Chatterton et al. (1994)7} FAAE 7]29] AsaphidaE-2] YHHA 2] ventral median suture 2] FA4
A= T E vk o 2 ASITHE AL & 4= )11 Park and Choi (20102)2 ©]& HFE S 2 ventral me-
dian suture®] ZsPL2]0] 1) 7]£9] AsaphidaZol 4] &R W], 2) Tsinaniidaco| A & 4= = HH4]; 3)
Asioptychaspis subglobosa®| Al R X]= v 1} -2 37}%] k2 HhA] o] Qlthal 2451 th(Park and Choi,
2010a, fig. 9). 222 © 2 Dikelocephaloidea®l] &3} )= Asioptychaspis subglobosa2] /A AN S &
3] Dikelocephaloidea’}i}o]] &dh= AHZFEL2 AsaphidaZEo] F-§38% Z(synapomorphy)Z AA|H
“asaphoid” protaspis®] H U 7F%] ¢k O, ventral median suture?] s} WA 7| o] A7 Asaphida
9] HRA 7}= o 2 7] W& 9|, Dikelocephaloidea’d@}7} AsaphidaZo]] £3}7] o]Pth= AL 4A Hich

3. Superfamily Remopleuridioidea®ll £3H= Haniwa quadrata Kobayashi, 19332] 7HA|2t44a} X

Haniwa quadrata7} 439)+= Remopleuridioidea’yd} EA| Fortey and Chatteron (1988)¢] <2J3
AsaphidaZo]] £3= BR300 2 HFEQlon, E3] 27| =Alo|A DikelocephaloideaAla}l= Z}afj7(sister
group)2 FAITITI T A2 thFig.3). Fortey and Chatterton (1988)-2 2 2 F=H]A7]9] Remopleuridioidea
gl &= AASES FEHE B S=E Remopleuridioidea’d ™t 3t “asaphoid” protaspis®| Fef2}
ventral median sutureE 7}t FASIETE I8y Park and Choi (2011a)2 @2 E=H|A7]9] re-
mopleuridioid A FEFERT § o] ¥ YA|F 2l FAS zk 9l FFE |0} 9] remopleuridioid AFg%21
H. quadrata®] NAEY S A5 (Fig. 6), o] 4F95-9 protaspis®] FE7F AREA Q1 % A4 protaspis
O] Y23t wofF Hrhe E E53 29U 1At 912, Fortey and Chatterton (1988)0] % 2J3t “asaphoid”
protaspis®] FE|E A o] £3h= AL 7ML A Yk A& A SFTH(Park and Choi, 2011a, fig.
13). o] TS vIErO 2 Park and Choi (2011a)2 Fortey and Chatterton (1988)¢] ¢|2 S8 L 2T H|AY)
9] remopleuridioid AFFEE-2] “asaphoid” protaspis HEll+= Asaphida-2] AsaphidaeT}of £351= “asaphoid”
protaspis FERSH= ABASHY EYHO = Akt Aolers AZL YTk B8 H. quadrata®) 4% 3
o] A ZE W &= e ALz Hol @ 2H|A7]9] remopleuridioid AP FSolA HoZl
ventral median suture E3t 7]& 2] AsaphidaBo]| 4] E & X]+= ventral median suture®] A3} HrAlvk= of2
WA o Aske Aolek §siect.
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Scale bars are 0.5 mm long

Fig. 6. Simplified ontogeny of Haniwa quadrata Kobayashi, 1933. The late stage protaspis (upper left; dorsal, lateral,
posterior views, clockwise from the left); cranidial development (upper row); and free cheek development (lower row).
A detailed ontogenetic description of Haniwa quadrata was given by Park and Choi (2011a).
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Fig. 7. The current phylogenetic status of the groups once included in the Order Asaphida by Fortey and Chatterton
(1988) and Fortey (1990). As the two synapomorphies of the Order Asaphida, the ventral median suture and the globular
“asaphoid” protaspid morphology, are subject to polyphyletic evolution, the membership of the basal superfamilies
of the Order Asaphida (sensu Fortey and Chatterton, 1988; Fortey, 1990) should be reconsidered. The image of the protas-
pis is redrawn after Chatterton (1980, fig. 3Dc). The image of ventral median suture is courtesy of Sam Gon III.
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RECENT ACHIEVEMENTS ON THE ONTOGENETIC STUDIES
OF THE TRILOBITES FROM THE TAEBAEK GROUP:
CONTRIBUTIONS TO THE PHYLOGENY OF TRILOBITES

Tae-Yoon Park" and Duck K. Choi’
'Division of Polar Earth-System Sciences, Korea Polar Research Institute, Incheon 406-840, Korea
*School of Earth and Environmental Sciences, Seoul National University, Seoul 151-747, Korea

Abstract: Despite the long history of research, trilobite classification has remained unstable, mainly due to the
lack of understanding on the phylogeny of the Cambrian trilobites. The trilobite research in Korea was initiated
by Kobayashi in the early twentieth century. During the nineties, the trilobite biostratigraphy of the Yeongwol
Group were actively examined, and that of the Taecback Group also has recently been studied as well. Notably,
the discovery of silicified trilobite fauna from the Taebaek Group enables the trilobite research in the phylogenetic
aspect. Recent ontogenetic studies on the three trilobite species, Tsinania canens (Walcott, 1905), Asioptychaspis
subglobosa (Sun, 1924), and Haniwa quadrata Kobayashi, 1933 from the Asioptychaspis Zone of the Furongian
(late Cambrian) Hwajeol Formation, suggested that the two synapomorphies of the Order Asaphida, the ventral
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median suture and the “asaphoid” protaspid morphology, evolved multiple times in the trilobite evolutionary
history. Accordingly, some of the superfamilies included previously in the Order Asaphida were excluded from
the order, and accordingly the concept of the Order Asaphida has become in need of emendation. The silicified
trilobite faunas from the Cambro-Ordovician of the Taeback Group, which are yet to be studied, are expected to
provide more significant contributions to the trilobite classification in the future.

Key words: Cambrian, trilobite, ontogeny, phylogeny, Asaphida
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