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ABSTRACT 

A large tooth of theropod dinosaur that was recovered from the Hasandong 
Formation (Lower Cretaceous; Aptian-Albian) in Daedo island, Hadong Couty, 
South Gyeongsang Province of South Korea is redescribed. Although the tooth was 
misidentified as a "Prodeinodon"-like megalosaurid theropod at the first time, 
detailed comparisons with known theropod dentition anatomy strongly indicate that 
this tooth belongs to an Acrocanthosaurus-like basal carcharodontosaurid theropod. 
This referral is supported by its combination of large size, ovoid-shaped cervix 
outline, mesial carina that does not reach the cervix, labially displaced distal carina 
and large number of denticles. This tooth is different from other carcharodontosaurid 
teeth from the same formation in several anatomical aspects (e.g., smaller overall 
size, presence of transverse lines adjacent to the distal carina, presence of 
interdenticular sulci in distal carina, denticle densities, crown basal ratio), indicating 
that carcharodontosaurid diversity in the Early Cretaceous of Korea could have been 
higher, although these differences may represent positional or individual variations. 
The presence of Acrocanthosaurus-like theropod teeth (e.g., "Prodeinodon", 
"Wakinosaurus") from early Cretaceous deposits (Valanginian-Cenomanian) of 
South Korea, Japan, Mongolia and China indicates that North American 
Acrocanthosaurus atokensis possibly represents a form that immigrated from the 
Asia.  
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INTRODUCTION 
Isolated theropod teeth comprise an important 
role in understanding paleoenvironment, 
paleoecology, paleodiversity and anatomical 
information on various theropod clades in 
Mesozoic terrestrial ecosystems as they 
represent one of the most common fossils in 
terrestrial Mesozoic formations (e.g., Hendrickx 

et al., 2019). The abundance of theropod teeth in 
the fossil record is mainly due to the facts that 
theropod dinosaurs were polyphyodont animals, 
and their teeth covered with enamel represent 
one of the hardest skeletal elements in the whole 
skeleton (e.g., Hendrickx et al., 2019). Thus, 
acceptable taxonomic identities of isolated 
theropod teeth could be very important in 
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dinosaur biogeography and evolution, especially 
for the sediments that lack articulated skeletons 
or isolated, well preserved bony elements. 
Despite the abundance of ichnofossils such as 
eggs or footprints, most dinosaur body fossils 
that have been reported from the Korean 
Peninsula represent isolated, incomplete or 
fragmentary materials that are not yet widely 
reported to the international paleontological 
community (Lee, 2003; Choi and Lee, 2017). 
Among these fossils, isolated theropod teeth are 
currently only reported from the Hasandong 
Formation (Aptian-Albian) that is distributed in 
the southeastern part of the Korean Peninsula 
(Choi and Lee, 2017), and previous taxonomic 
identifications on most of these fossils were 
made through preliminary descriptions at the 
times when phylogenetically informative 
variations in theropod teeth were poorly 
described. Nevertheless, they represent 
important record for understanding theropod 
diversity and evolution during the early 
Cretaceous of the Northeastern Asia. 
In 2002, Lim et al. (2002) reported a large 
theropod tooth (KS 7001) from the Hasandong 
Formation that is exposed in the Daedo island, 
Hadong County of South Gyeongsang Province, 
and they assigned the tooth as Megalosauridae 
(Fig. 1). The key features that Lim et al. (2002) 
identified the tooth as a megalosaurid is the 
strongly laterally compressed morphology of the 
crown, and its similarities with "Prodeinodon" 
teeth from China and Mongolia that had been 

considered as megalosaurids. Later, Yun et al. 
(2007) redescribed KS 7001 briefly, and they 
followed the classification made by Lim et al. 
(2002) that KS 7001 is a megalosaurid. 
However, it is now known that laterally 
compressed crown morphology is not unique for 
the megalosaurid teeth (Hendrickx et al., 
2015a), and the identifications of "Prodeinodon" 
teeth as megalosaurid theropods are highly 
doubtful (e.g., Averianov and Skutschas, 2009). 
Based on these factors, some authors have 
referred KS 7001 as an Indeterminate 
Theropoda with unavailable further taxonomic 
resolution (Carrano et al., 2012; Choi and Lee, 
2017). However, it has been recently shown that 
although most theropod teeth may not be 
diagnositic to the species level, they possess 
several important anatomical characters that can 
be used for assigning them to at least several 
certain taxonomic levels (e.g., family-level 
clade; Hendrickx et al., 2019). Here, the author 
redescribes KS 7001 to correctly identify its 
taxonomic identity, and discusses about its 
implications on dinosaur biogeography and 
evolution. 
 
Institutional Abbreviations – AMNH, 
American Museum of Natural History; IVPP, 
Institute of Vertebrate Paleontology and 
Paleoanthropology; KIGAM VP, Korea Institute 
of Geoscience and Mineral Resources; KS, 
Kyeongnam Science High School Museum. 
Anatomical Abbreviations – AL, apical length; 

Fig. 1. Remaining photographs of KS 7001, modified from Yun et al. (2007). Large theropod tooth in 
lingual (A), labial (B), mesial (C), distal (D), and distal (E), and basal (E) views. Scale bar = 20 mm.  
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CA, crown andgle; CBL, crown base length; 
CBR, crown base ratio; CBW, crown base 
width; CH, crown height; CHR, crown height 
ratio; CWR, crown width ratio; DA, distoapical 
denticle density; DAVG, average distal denticle 
density; DC, distocentral denticle density; 
DSDI, ; MA, mesioapical denticle density; 
MAVG, average mesial denticle density; MB, 
mesiobasal denticle density; MC, mesiocentral 
denticle density; MCL, mid-crown length; 
MCW, mid-crown width; MDDD, minimum 
distal denticle density; MMDD, minimum 
mesial denticle density.  
 

GEOLOGICAL BACKGROUND 
The Hasandong Formation is the middle unit of 
the Sindong Group which is approximately 
1200 thick on average, and it is the lowermost 
group of the Gyeongsang Supergroup (Lee, 
2008). The formation is composed of alluvial 
and fluvial sediments, and shows alternating 
channel and interchannel sediments (Lee, 2008). 
The rocks comprising Hasandong Formation 
include reddish and grey sandstone, reddish to 
greenish grey sandy mudstone, and dark grey 
shale (Lee, 2008). SHRIMP and LA-MC-
ICPMS U-Pb analyses provide an age between 
118.0 ± 2.6 Ma (Upper Aptian) for the 
Hasandong Formation (Lee et al., 2018), and 
molluscan faunas indicate the age about Aptian 
to Albian (Yang, 1982). 
Numerous vertebrate fossils have been reported 
from the formation, including fish, turtles, 
pterosaurs, and dinosaurs (Choi and Lee, 2017). 
  

MATERIALS AND METHODS 
Unfortunately, the original fossil of KS 7001 is 
currently lost (C.S. Yun, pers. comm. 2020). 
Therefore, a remaining high-quality cast made 
of gypsum is mainly studied (Fig. 2). The 
original descriptions made by Lim et al. (2002) 
and Yun et al. (2007) are partly referenced for 
the parts (e.g., portions of distal carina) that 
cannot be observed in the cast. 
The anatomical nomenclature on the theropod 
teeth made by Hendrickx et al. (2015b) and 
Soto et al. (2020) is used. For the comparisons 
with other known theropod teeth, datasets of 
Hendrickx et al. (2015a, 2019) and Soto et al. 
(2020) is mainly referenced. Comparisons with 

other known Northeastern Asian theropod teeth 
were made through an extensive review on the 
literature. 
 

SYSTEMATIC PALEONTOLOGY 
 

Allosauroidea Marsh, 1878 
Carcharodontosauridae Stromer, 1931 

Carcharodontosauridae indet. 
 

 TAXONOMIC REFERRAL 
KS 7001 is identified as a mesial tooth of basal 
carcharodontosaurid theropod, based on the 
combination of large size, large number of 
denticles, ovoid outline of base, nearly straight 
distal margin, mesial carina that does not reaches 
the cervix, and distal carina that is strongly 
displaced labially (Hendrickx et al., 2015a, 
2019; Soto et al., 2020). 
KS 7001 is a large theropod tooth crown, as its 
preserved height is over 60 mm. Although size 
must be treated with caution when identifying 
theropod tooth as this feature varies 
allometrically (Hendrickx et al., 2019), this 
feature has been demonstrated to be useful to 
differentiate the teeth of various theropod taxa 
(Hendrickx and Mateus, 2014; Hendrickx et al., 
2019). According to Hendrickx et al. (2019), 
tooth crowns of more than 60 mm occur only in 
Allosauroidea (Allosaurus, Sinraptor, 
carcharodontosaurids including 
Acrocanthosaurus, Carcharodontosaurus, 
Mapusaurus, Giganotosaurus), Ceratosaurus, 
large megalosaurids (Afrovenator, 
Megalosaurus, Torvosaurus), spinosaurids, and 
derived tyrannosauroids. KS 7001 can be easily 
differentiated from spinosaurids by its lack of 
coniodont condition, absence of fluted external 
surface, and much larger denticle sizes (e.g., 
Hendrickx et al., 2019; Yun, 2019). KS 7001 
differs from Ceratosaurus by its much elongate 
morphology (higher CHR) and lack of flutes in 
the lingual surface (Hendrickx et al., 2015a, 
2019; Yun, 2019). KS 7001 differs from 
Allosaurus in lacking pachydont condition 
(CBR<0.75), presence of mesial denticles that 
are larger than distal ones, lack of lingually 
positioned longitudinal groove adjacent to the 
mesial carina, and absence of mesial carina 
spiraling mesiolingually (Hendrickx et al., 
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2015a, 2019). KS 7001 can be differentiated 
from Sinraptor in having mesiolingually 
twisting mesial carina, absence of mesiodistally 
concave surfaces adjacent to the carinae on the 
lingual surface, and having more elongated 
morphology (Hendrickx et al., 2019, 2020). 
Teeth of derived tyrannosauroids highly differ 
from KS 7001 by their pachydont condition 
(CBR>0.75) and lingually twisted mesial carina 
(Hendrickx et al., 2019). As these comparisons 
are based on key apomorphic features of each 
comparative taxon, it is highly unlikely that KS 
7001 belongs to one of these clades of 
theropods. 
The overall morphology and details of KS 7001 
are highly reminiscent mesial teeth of 
carcharodontosaurids and large megalosaurids. 
Mesial teeth of megalosaurids are quite similar 
to those of carcharodontosaurids (Hendrickx et 
al., 2015a) and as Lim et al. (2002) assigned KS 
7001 to a megalosaurid, comparisons with 

megalosaurid and carcharodontosaurid dentition 
are especially important. In mesial teeth of 
megalosaurids, the base is lanceolate-shaped 
(Hendrickx et al., 2015a) whereas in KS 7001, 
the outline at the cervix is ovoid-shaped, which 
is one of the unambiguous dental 
synapomorphies of carcharodontosaurids 
(Hendrickx et al., 2019). Furthermore, the distal 
carina of mesial megalosaurid teeth is centrally 
positioned to weakly offset labially, making 
both carinae are aligned on the same plane 
(Hendrickx et al., 2015a). In contrast, distal 
carina of KS 7001 is strongly displaced labially, 
which is a key difference between mesial teeth 
of megalosaurids and carcharodontosaurids 
(Hendrickx et al., 2015a). In summary, KS 7001 
can be confidently assigned to 
Carcharodontosauridae. 
As KS 7001 is an isolated tooth, identifying its 
exact systematic position within 
Carcharodontosauridae is difficult. Several 

Fig. 2. Cast of KS 7001 in lingual (A), mesial (B), labial (C), distal (D) views, and magnified mesial 
(E) and distal (E) carinae. Scale bar = 20 mm (A-D), =5 mm (E,F)  
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morphologies on the tooth, however, suggest 
against it being a carcharodontosaurine. In 
carcharodontosaurines (e.g. 
Carcharodontosaurus, Giganotosaurus, 
Mapusaurus), the mesial carina extends on the 
entire crown height (Hendrickx et al. 2019) 
whereas in KS 7001, the mesial carina does not 
reach the cervix like most mesial teeth of 
Acrocanthosaurus. Furthermore, the distal 
margin of KS 7001 is nearly straight like basal 
carcharodontosaurid Acrocanthosaurus, but the 
distal profile is sigmoid with the basal half 
slightly concave and the apical half weakly 
convex in carcharodontosaurines (Hendrickx et 
al. 2019). Lastly, KS 7001 shares a large 
number of denticles (more than 12/5mm) on the 
carinae with Acrocanthosaurus within 
Carcharodontosauridae (Hendrickx et al., 2019; 
Soto et al., 2020), whereas in 
carcharodontosaurines, denticles are much 
larger, as they generally possess denticle 
densities less than 10 per 5 mm on the carinae 
(Hendrickx et al., 2015a). Thus, KS 7001 is 
referable to a basal carcharodontosaurid that is 
similar to Acrocanthosaurus. 
 

DESCRIPTION 
KS 7001 is a large theropod tooth lacking the 
small portion of the apex (Fig. 2). Although the 
mesial carina is well preserved, only small 
portions of the distal carina are preserved. As it 
lacks the root and the combination of relatively 
straight distal margin as well as labiolingually 
thick morphology suggest KS 7001 represents a 
tooth fell out from the mesial part of the skull 
during life (Hendrickx and Mateus 2014). Based 
on overall morphology, it is probable that KS 
7001 is from either a right side of the upper jaw 
or left side of the lower jaw. 
The tooth is particularly large, as the preserved 
CH is 62 mm. If complete, it would have been 
about 67 mm. The base is relatively narrow 
mesiodistally (CBL of 20 mm) and wide 
labiolingually (CBW of 13 mm) so that the base 
of the crown is ovoid-shaped (CBR of 0.65). 
The CWR is 4.77 and estimated actual CWR is 
5.15, assuming the missing apex was about 5 
mm. The CHR in preserved status is 3.1, and 
3.35 for a complete tooth. In lateral view, the 
apical half of the mesial margin is distally 

curved, while the basal half is nearly straight. 
The distal margin is nearly straight. Well-
developed transverse undulations are present 
along most of the crown length. Interestingly, 
closely spaced transverse lines are present on the 
apical third of the crown just mesial to the distal 
carina (Fig. 2F), and it is likely that these are not 
growth lines (Lim et al. 2002). The external 
texture is smooth. The MCL is 15 mm and 
MCW is 11 mm, thus the cross section at the 
midheight is lenticular shaped. The estimated 
AL is about 65 mm, and estimated CA is about 
78°. In mesial view, the mesial carina is well-
developed but it does not reach the cervix, and it 
is centrally positioned. Denticle densities are 
about 2.9/mm at the apex (MA), 2.4/mm at the 
midheight (MC), and 2.4/mm at the base (MB) 
as partly noted by Lim et al. (2002). Thus, the 
MAVG is 2.56/mm and MMDD is 2.4/mm. In 
distal view, the carina is strongly displaced 
labially. Although the carina is only partly 
preserved, it is nearly straight. Denticles in distal 
carina tend to be mesiodistally longer than the 
mesial denticles, and their mesiodistal axes are 
slightly inclined basally (Fig. 2E, F). Short 
interdenticular sulci present between the distal 
denticles and they extend onto the crown, but 
these are totally absent in the mesial carina. 
Denticle densities are about 3.4/mm at the apex 
(DA) and 2.4/mm at the midheight (DC) (Lim et 
al. 2002). Thus, the DAVG is 2.9/mm and 
MDDD is 2.4/mm. This results DSDI ratios 
about 0.88 and 1, after Smith et al. (2005) and 
Soto et al. (2020).   

 
DISCUSSION 

Comparisons with Korean theropod teeth - 
Body fossils of theropod dinosaurs are very 
poorly documented from the terrestrial 
Mesozoic formations in South Korea, and only 
fragmentary remains such as a rib, femur, and 
isolated teeth have been reported (e.g., Choi and 
Lee, 2017). Among these, theropod teeth are 
currently only recovered from the Hasandong 
Formation, including the teeth of cf. 
Acrocanthosaurus sp., premaxillary tooth of a 
small tyrannosauroid, and additional 
fragmentary teeth with uncertain phylogenetic 
positions (Lee, 2007, 2008; Choi and Lee, 
2017). Thus, identification of KS 7001 as a 
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carcharodontosaurid is significant, as it opens 
the possibility of detailed taxonomic 
assignments on many more of these materials.  
Among these, one comparison is particularly 
important. Lee (2007) described three large 
theropod teeth (KIGAM VP 200501-03) from 
the Hasandong Formation and referred them as 
cf. Acrocanthosaurus sp., based on a 
combination of large size, mesial carina that 
does not reaches the cervix, and denticle 
densities. As KS 7001 also shows several 
similarities with Acrocanthosaurus teeth, the 
possibility of KS 7001 and KIGAM VP 200501-
03 representing the same taxon is considered 
further. Among the teeth described by Lee 
(2007), KIGAM VP 200501 represents the most 
well-preserved material as it only lacks the 
apical portion (Fig. 3). Denticles in KIGAM VP 
200501 tend to be larger than those in KS 7001, 
as its denticle densities are 2/mm in MC, 1.8/
mm in DA and DC, and 2.8/mm in the DB (Lee, 
2007). This suggests that distal denticles are 
generally larger than mesial denticles in 
KIGAM VP 200501, whereas in KS 7001, an 

opposite condition is present. Additionally, 
mesiodistal axes of distal denticles in KS 7001 
are slightly inclined basally, and transverse lines 
are present mesial to the distal carina. In 
KIGAM VP 200501, the axes are perpendicular 
to the distal carina and there are no transverse 
lines (Lee, 2007). Furthermore, interdenticular 
sulci in distal carina of KS 7001 are extending 
onto the crown, but such condition is absent in 
KIGAM VP 200501 (Lee, 2007). Lastly, KS 
7001 represents a tooth that is labiolingually 
thicker than KIGAM VP 200501, as the CBR of 
the latter is only 0.51 (Lee, 2007). In summary, 
differences in detail suggest a possibility that KS 
7001 represents a distinct taxon from the teeth 
described by Lee (2007). However, large 
degrees of differences in tooth morphology (e.g., 
denticle densities) within the same theropod 
taxon have been reported (e.g., Smith, 2005; 
Sereno and Brusatte, 2008), so it is equally 
possible that these differences merely represent 
individual or positional variation. So currently, 
the author thinks it is too soon to conclude that 
KS 7001 represents different taxon from 

Fig. 3. Large theropod teeth that recovered fr om the Hasandong Formation. cf. Acrocanthosaurus sp. 
KIGAM VP 200501 (A), Carcharodontosauridae indet. KS 7001 (B), and cast of KS 7001 (C). A and B are 
modified from Lee (2007) and Yun et al. (2007). Scale bar = 30 mm (A), =20 mm (B,C). 
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KIGAM VP 200501, albeit some differences are 
present between them. 

 
Implications on dinosaur evolution and 
biogeography - The recognition of KS 7001 as 
an Acrocanthosaurus-like carcharodontosaurid 
bears several important implications on 
taxonomy of isolated theropod teeth from lower 
Cretaceous deposits of Northeastern Asia and 
evolution of Acrocanthosaurus. Historically, 
large theropod teeth have been collected from 
various lower Cretaceous formations from the 
Japan, China, Mongolia and South Korea that 
range from Valanginian to Cenomanian 
(Osborn, 1924; Hasegawa et al., 1992; Okazaki, 
1992; Lim et al., 2002; Matsuoka et al., 2002; 
Weishampel et al., 2004; Lee, 2007; Mo et al., 
2014) and they all exhibit similar morphologies 
with KS 7001 (e.g., Lim et al., 2002). Some of 
these teeth have received names like 
"Prodeinodon" or "Wakinosaurus", and 
considered as megalosaurids (Okazaki, 1992; 
Lim et al., 2002). The hypothesis of 
"Prodeinodon" teeth represent dromaeosaurid 
theropods (Averianov and Skutschas, 2009) is 
not supported, as "Prodeinodon" teeth (e.g., 
AMNH 6265, 6551, IVPP V4794) represent 
much larger teeth even more than those of 
largest dromaeosaurids, and they lack several 
key synapomorphies (e.g., 8-shaped cross 
section, distal denticles that are much larger 
than mesial ones) of Dromaeosauridae (Osborn, 
1924; Mo et al., 2014; Hendrickx et al., 2019). 
Here, all of these teeth are regarded as 
Acrocanthosaurus-like theropods as they share 
several key characters with Acrocanthosaurus, 
including overall size and shape, nearly straight 
distal margin, ovoid basal part, mesial carina 
that does not reach the cervix, and large number 
of denticles (Hendrickx et al., 2015a, 2019). Of 
note, similarities with "Prodeinodon" teeth with 
carcharodontosaurids have been recognized 
several times (e.g., Lee, 2007; Mo et al., 2014).  
The Cedar Mountain Formation in east-central 
Utah represents one of the best-preserved 
sequences of vertebrate faunal changes that 
occurred through the early Cretaceous of North 
America. The formation can be divided as three 
members that include distinct vertebrate faunas, 
including Yellow Cat Member (Barremian or 

older), Ruby Ranch Member (Aptian-Albian), 
and Mussentuchit Member (Albian-
Cenomanian) (Kirkland et al., 1999). Fossils of 
Acrocanthosaurus are only present in Ruby 
Ranch Member within the formation (Kirkland 
et al., 1999), indicating Acrocanthosaurus was 
absent from North America before the Aptian. 
The abundance of Acrocanthosaurus-like teeth 
in lower Cretaceous deposits (Valanginian-
Cenomanian) of Northeastern Asia with records 
that are significantly older than Aptian, suggests 
that North American Acrocanthosaurus 
atokensis may represent a form that immigrated 
from the Asia during the Aptian or slightly 
before. Similar faunal immigrations from Asia 
to North America during Aptian-Albian times 
have been reported in many vertebrates 
including other dinosaurs (e.g., Russell, 1993; 
Farke et al., 2014). This hypothesis may explain 
why Acrocanthosaurus was the single large-
bodied carcharodontosaurid theropod during the 
Aptian-Albian times of North America (D’Emic 
et al., 2012). If true, the arrival of 
Acrocanthosaurus or its direct ancestor into the 
North America would have been a devastating 
event for the endemic large carnivorous 
theropods (e.g., Utahraptor) in North America, 
in which they were all replaced by 
Acrocanthosaurus (Kirkland et al., 1999). 
However, as this hypothesis is largely based on 
records of isolated teeth, it should be considered 
as tentative.  
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