
127http://www.jbtr.or.kr

Original Article
J Biomed Transl Res 2023;24(4):127-137

https://doi.org/10.12729/jbtr.2023.24.4.127pISSN 2508-1357  eISSN 2508-139X

Osteological analysis of Cervidae relics 
excavated from the Gasan-Ri archaeological 
site in Jinju
Sijoon Lee1,2, Jong-Hyuk Choi3, Chung-Kil Won1*

1�Institute of Animal Medicine & Department of Veterinary Medicine, College of Veterinary Medicine 
Gyeongsang National University, Jinju 52828, Korea

2Preclinical Research Center, Daegu-Gyeongbuk Medical Innovation Foundation, Daegu 41061, Korea
3Gyeongnam Institute of Cultural Properties, Changwon 51402, Korea

Abstract
Animal bones excavated from historic sites provide valuable data for identifying the lifestyles 
of people and the distribution of animals at that time. In this study, we investigated the mor-
phological structure, size, and measurements of Cervidae bones excavated from a well at 
the Gasan-ri archaeological site in Jinju, which are believed to be relics from the Three King-
doms period. The total number of excavated animal bones was 447, of which 102 (22.82%) 
were classified as Cervidae bones. The weight of Cervidae bones was 453.79 g, accounting 
for 46.53% of the total weight of the identified bones (975.30 g). The Cervidae bones were 
identified as those of two animals with an estimated age of 5–6 months. The Cervidae bones 
are divided into skull bones, vertebrae, ribs, sternum, hip bones, forelimb bones, and hind-
limb bones. The 102 Cervidae bones consisted of 19 skull bones (18.63%), 14 vertebral 
axial skeletons (13.72%), 28 ribs and sternum (28.43%), 16 forelimb bones (15.69%), and 
19 hindlimb bones (18.63%). The remaining six were difficult to distinguish. A fracture of the 
parietal bone located near the bregma of a skull was observed and was presumed to have 
been caused by an artificial blow. This study can be used as basic data to estimate the types 
of animals and human culture at the time through Cervidae bones believed to be relics from 
the Three Kingdoms period.
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INTRODUCTION

Natural relics excavated from historic sites provide important data for understanding the life-
style and cultural level of humans at that time. Animal bone relics can reveal the type, distribution, 
and animal geography of animals hunted or raised at the time and can be used as valuable data for 
future research [1–7].

Reports on Korea’s ancient livestock include the historical study of the horse husbandry in Ko-
rea [8], systematic studies on the Korean native horse [9], studies on the origin of Korean native 
goats [10], and study on the veterinary science in the Three Kingdoms period [11]. 

Research on animal bone relics discovered at historical sites includes animal bones from the 

Received: Nov 23, 2023
Revised: Dec 11, 2023
Accepted: Dec 12, 2023

*Corresponding author
Chung-Kil Won
Institute of Animal Medicine & 
Department of Veterinary Medicine, 
College of Veterinary Medicine 
Gyeongsang National University, Jinju 
52828, Korea
Tel: +82-55-772-2351
E-mail: wonck@gnu.ac.kr

Copyright © 2023 Research Institute 
of Veterinary Medicine, Chungbuk 
National University. This is an Open 
Access article distributed under the 
terms of the Creative Commons 
Attribution Non-Commercial License 
(http://creativecommons.org/licenses/
by-nc/4.0/) which permits unrestricted 
non-commercial use, distribution, and 
reproduction in any medium, provided 
the original work is properly cited.

ORCID
Sijoon Lee
https://orcid.org/0000-0002-5870-687X
Jong-Hyuk Choi
https://orcid.org/0000-0001-5426-494X
Chung-Kil Won
https://orcid.org/0000-0002-3105-1869

Conflict of Interest
No potential conflict of interest relevant 
to this article was reported.

Acknowledgements
Not applicable.

Ethics Approval
Not applicable.

https://crossmark.crossref.org/dialog/?doi=10.12729/jbtr.2023.24.4.127&domain=pdf&date_stamp=2023-12-31


Osteological analysis of Cervidae bones relics

128  |  http://www.jbtr.or.kr https://doi.org/10.12729/jbtr.2023.24.4.127

Chondrichthyes, Osteichthyes, Amphibia, Aves, and Mammalia classes excavated from the 
Sugari shell mound in Gimhae [12]. Another report is on Pisces, Aves, and Mammalia natural 
relics from the Yongwon Shell Mound site in Jinhae [13], and another is on bone relics from 
the Maldeung ruins in Baengnyeong Island [14]. Among the animal bone relics in Jeju Is-
land, animal bones excavated from the Gwakji archaeological site [4, 15], the Jongdal-ri shell 
mound site [3], and relics excavated from the Gwenae Cave site in Gimnyeong-ri have been 
reported [5].

This study examined Cervidae bones identified among those excavated from a well pre-
sumed to be from the Three Kingdoms period in Gasan-ri, Ibanseong-myeon, Jinju, excavated 
by the Gyeongnam Cultural Heritage Research Institute. The size and characteristics of Cervi-
dae bones from that period were observed by gross anatomy. 

MATERIALS AND METHODS

The animal bones in this study were Cervidae bone artifacts excavated from a well in 
Gasan-ri, Ibanseong-myeon, Jinju [16]. The excavated Cervidae bones were classified accord-
ing to the body part and compared to existing animal skeleton specimens stored in the anato-
my specimen room of the college of veterinary medicine at gyeongsang national university to 
consider the species, age, and size of animals similar to the Cervidae bone artifacts. A compar-
ative analysis was conducted on the animal skeletal samples.

The excavated animal bones were classified by anatomic region according to Schmid’s 
method [17] and divided into skull, vertebral axial skeletons, forelimb bones, and hindlimb 
bones. The measurements of the Cervidae bone artifacts were made with a Mitutoyo caliper 
(0.01 mm) according to Driesch’s method [18].

RESULTS

Animal bones were excavated from a well in Gasan-ri, Ibanseong-myeon, Jinju, about 30 
meters east of the Three Kingdoms period ruins. According to the classification method of 
Schmid [17] and Driesch [18], the teeth arrangement for Cervidae animal bones is 0/3 1/1 3/3 
3/3. Among the animal bones from the well in Gasan-ri, Ibanseong-myeon, Jinju, those with 
deer-like tooth structures were classified as Cervidae. Among the 447 excavated animal bones, 
102 (22.82%) were classified as Cervidae, and the weight of the Cervidae bones (453.79 g) 
accounted for 46.53% of the total weight of the identified bones (975.30 g).

The classification of the excavated Cervidae bones according to body area identified 19 
(18.63%) skull bones including the maxilla and mandible, 14 (13.73%) vertebral axial skel-
etons, 28 ribs and sternum (28.4%), 16 (15.69%) forelimb bones, and 19 (18.63%) hindlimb 
bones. The metatarsal bone and the phalanges were indistinguishable in six cases, and many 
Cervidae skeletons were intact.

The animal bones classified as Cervidae were from two animals. The skulls were severely 
damaged, and the horns were missing, making it difficult to clearly distinguish between roe 
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deer and deer. Additionally, three canine teeth were observed in the maxillary bone. Consid-
ering that the canine teeth on the maxillary bone were short and small, these specimens were 
presumed not to be water deer (Hydropotes inermis argyropus). The canine teeth were also 
not long, so it was difficult to classify them as roe deer (Capreolus capreolus) or deer (Cervus 
sp). Therefore, they were classified as Cervidae. The Cervidae bones were divided into skull 
bones, vertebrae, ribs, sternum, hip bones, forelimb bones, and hindlimb bones (Figs. 1, 2, 3, 4, 
and 5).

The type and quantity of each body region of the two identified sets of Cervidae bones are 
shown in Table 1. These features were compared with those of existing water deer and deer 
skeletons stored in the animal specimens of the College of Veterinary Medicine at Gyeong-
sang National University. The length of the premolar row in each Cervidae skeleton, which is 
the standard for head size, was 25.65 mm and 24.58 mm, respectively, which was longer than 
that of existing 1- to 1.5-year-old water deer but shorter than that of deer. Additionally, the 
length from the angle (angle of the mandible) of each mandible was 113.37 and 102.48 mm, 
length from the condyle was 108.47 and 101.19 mm, length of the premolar row was 26.23 
and 24.03 mm, aboral height of the vertical ramus was 33.75 and 29.74 mm, middle height of 
the vertical ramus was 31.44 and 28.27 mm, oral height of the vertical ramus was 54.45 and 
49.07 mm, respectively, which was longer than that of existing 1- to 1.5-year-old water deer 
and shorter than that of deer. 

Nine bone fragments were recovered from one individual’s skull, including one bone frag-
ment each from the left and right maxillae, while further portions of the temporal bone, sphe-
noid bone, and incisor bone were damaged or missing. The skull of the other individual was 
only partially restored by combining three bone fragments. There was one left and right max-

Table 1. Measurement of animal bone pieces of Cervidae excavated from Gasan-Ri archeological site I (unit: mm)

Classification 
of bone Measurement

Ancient animal bones Present animal bones

A
(5–6 months 

of age)

B
(5–6 months 

of age)

Hydropotes 
inermis

argyropus
(1–1.5 years)

Cervus spp.
(1–1.5
 years)

Maxilla Length of the premolar row   25.65   24.58   23.65   37.99

Mandible Length from the angle: Gonion caudale-Infradentale 113.37 102.48 105.64 194.44

Length from the condyle: aboral border of the condyle pro-
cess-Infradentale

108.47 101.19 100.28 194.16

Length of the premolar row, measured along the alveoli on the 
buccal side

  26.23   24.03   20.44   41.38

Aboral height of the vertical ramus: Gonion ventrale- highest 
point of the condyle process.

  33.75   29.74   29.65   70.81 

Middle height of the vertical ramus: Gonion ventrale-deepest 
point of the mandibular notch

  31.44   28.27   28.60   66.61

Oral height of the vertical ramus: Gonion ventrale-coronion   54.45   49.07   49.58 101.83

Metatarsal 
bones

Greatest length 133.74 120.22

Pelvic limb 
proximal
phalanx

Greatest length   35.51    30.74 

(Greatest) breadth of the distal end     8.94     7.26

Distal phalanx Length of the dorsal surface   21.37   17.06
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illary bone fragment each, and skull bone behind the border between the frontal bone and the 
parietal bone. The parietal bone near the posterior parietal point (bregma), which is the bound-
ary between the frontal bone and the parietal bone, had a hole believed to have been caused by 
a blow and was severely broken into several skull fragments (Fig. 1[1–3]).

There were four maxillary bones (2 on the left, 2 on the right; same below; Fig. 1[4–7]), 
and the canine teeth were not long. The two skeletons had three mandibular fragments (1 in 
one skeleton and 2 in the other), and because the first molars had erupted, the skeletons were 
estimated to be from individuals 5–6 months old (Fig. 1[8–10]). A total of 29 teeth were pre-
served, 18 in the maxilla and 11 in the mandible, with no incisor preserved.

Fig. 1. Photographs of skulls of Cervidae excavated from the remains of Gasan-Ri. 1. Skull (dorsal view); 2. 
Skull (ventral view); 3. Skull (dorsal view); 4. Maxilla (R); 5. Maxilla (R); 6. Maxilla (L); 7. Maxilla (L); 8. Mandible 
(R); 9. Mandible (L); 10. Mandible (R). L, left; R, right.
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A total of 14 vertebrae bones were identified: four cervical vertebrae, six thoracic vertebrae, 
and four lumbar vertebrae, and the atlas and axis were included among the cervical verte-
brae (Fig. 2[1–14]). Twenty-seven ribs (13 left, 14 right) were preserved (Figs. 2[15–28] and 
3[1–13]). The maximum length of the head of the Cervidae ribs was 5.83 (5.08–6.63) mm, 
which was much shorter than the maximum length of the tubercle of the ribs, which was 8.05 
(5.62–9.13) mm. Only one xiphoid process in the sternum was preserved (Fig. 2[29]).

Among the forelimb bones, there were three scapulae (2 left, 1 right; Fig. 3[14–16]) and two 
humerus bones (1 left, 1 right), which were located on the left side of the small individual. In 

Fig. 2. Photographs of vertebrae and ribs in Cervidae excavated from the remains of Gasan-Ri. 1. Atlas; 
2. Axis; 3, 4. Cervical vertebrae; 5–10. Thoracic vertebrae; 11–14. Lumbar vertebrae; 15–28. Ribs (right); 29. 
Sternebra (xiphoid process).
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the humerus, both the proximal epiphysis and the distal epiphysis were separated and missing 
(Fig. 3[17, 18]). There were two radial bones (1 left, 1 right; Fig. 4[2, 3]) and three ulnar bones 
(2 left, 1 right; Fig. 4[1, 4, 5]). A total of three carpal bones were preserved, including one 
forearm on the ulnar side of the left front foot and one for each of the left and right intermedi-
ate carpal bones (Fig. 4[6–8]). There were two metacarpal bones (1 left, 1 right), one each for 
the left and right front metacarpals, consisting of the third and fourth metacarpal bones (Fig. 
4[9, 10]), and the greatest length of metacarpal bones was 133.74 mm (Table 1).

In the bones of the hindlimb, only one right ischium and one left ilium were preserved as 
hip bones (Fig. 4[11, 12]). Three femurs (2 left, 1 right; Fig. 5[1–3]) and three fibulae (2 left, 1 
right) were also preserved (Fig. 5[4–6]). Three tarsal bones were preserved: one calcaneus (1 
right; Fig. 5[7]) and two taluses (2 left; Fig. 5[8, 9]). Two hind metatarsal bones were present (1 

Fig. 3. Photographs of ribs and forelimb bones in Cervidae excavated from the remains of Gasan-Ri. 1–13. 
Ribs (L); 14. Scapula (L); 15. Scapula (L); 16. Scapula (R); 17. Humerus (R); 18. Humerus (L). L, left; R, right.
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left, 1 right), and the third and fourth hind metatarsal bones were fused (Fig. 5[10, 11]). Three 
phalanges were present, one each for the proximal phalanx, middle phalanx, and distal pha-
lanx (Fig. 5[12–14]). The greatest length of the proximal phalanx was 133.74 mm, the breadth 
of the distal end was 8.94 mm, and the length of the dorsal surface of the distal phalanx was 
21.37 mm (Table 1).

DISCUSSION   

Pit dwellings, high-rise buildings, and wells were identified at the Gasan-ri site ruins in Jin-
ju. Judging from the excavated artifacts, the age of the ruins was estimated to be the 8th centu-
ry or earlier [16]. Among all animal bones excavated in this study, Cervidae bones accounted 
for 22.82% (weight ratio: 46.53%) of the skeletons found. The proportion of deer skeletal 

Fig. 4. Photographs of forelimb bones and hip bones in Cervidae excavated from the remains of Gasan-
Ri. 1. Ulna (R); 2. Radius (L); 3. Radius (R); 4. Ulna (L); 5. Ulna (L); 6. Ulnar carpal bone (L); 7. Intermediate 
carpal bone (L); 8. Intermediate carpal bone (R); 9. Metacarpal bones (L); 10. Metacarpal bones (R); 11. Ischium 
(R); 12. Ilium (L). L, left; R, right.
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bones in the Jongdal-ri shell mound site in Jeju was 53.3% [1], and the proportion of deer 
skeletal bones in the Gwakji shell mound in Jeju was 36.4% [4]. The proportion of deer skele-
tal bones in the Gwenaegi ruins in Gimnyeong-ri Jeju was 11% [5]. The remains of terrestrial 

Fig. 5. Photographs of hindlimb bones in Cervidae excavated from the remains of Gasan-Ri. 1. Femur (L); 
2. Femur (right); 3. Femur (L); 4. Fibula (L); 5. Fibula (R); 6. Fibula (L); 7. Calcaneus (R); 8. Talus (L); 9. Talus 
(L); 10. Metatarsal bones (L); 11. Metatarsal bones (R); 12. Proximal phalanx; 13. Middle phalanx; 14. Distal 
phalanx. L, left; R, right.
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mammals excavated from the Yongwon shell mound in Jinhae included those of wild animals, 
such as deer, wild boars, roe deer, otters, and raccoons, as well as those of domestic animals, 
such as dogs, cows, and deer. Among them, deer bones accounted for the largest proportion 
at 61.2%. Therefore, it is estimated that the proportion of Cervidae was very high during the 
Three Kingdoms period.

Animal bone fragments excavated from the Jongdalli shell mound site in Jeju Island were 
reported to be 61.75% skull bones, 6.24% vertebrae, 12.97% forelimb bones, and 14.81% 
hindlimb bones [1]. Among the 515 animal bones identified at the Gonaeri site in Jeju, skulls 
(50%) were the most common [2]. Nishinakagawa et al. reported that skull bones (27.3%, 
22%), vertebral axial skeletons (0%, 28%), forelimb bones (20.8%, 22%), and hindlimb bones 
(25.7%, 28%) were evenly excavated [6, 7]. Shin et al. reported that skull bones accounted 
for the majority at 91% [5]. However, most studies did not accurately classify the excavated 
proportions by animal. In this study, the excavated Cervidae bones included 18.63% skull 
bones, 13.73% vertebral axial skeletons, 28.4% ribs and sternum, 15.69% forelimb bones, and 
18.63% hindlimb bones. The ratio of each excavated animal part appeared to vary depending 
on the circumstances and surrounding environment of the era in which the animal remains 
were excavated. 

Previous studies reported that diseases were searched in the bones of excavated ruins [19] 
and found that bone-related diseases existed in ancient times. Just as in modern times, tumors 
were observed in the radial bones and lumbar vertebrae of relic wild boars [7]. In this investi-
gation, the Cervidae bones were from 5 to 6-month-old individuals, and no lesions or tumors 
were observed on the bones.

The skull of a Cervidae excavated from the well in Gasan-ri, Ibanseong-myeon, Jinju was 
damaged in the left parietal area from the crown of the frontal bone and parietal bone toward 
the occipital bone along the midline. The destruction of the skull of the 5 to 6-month-old 
Cervidae in this study was by artificial blows presumed to have been done for the purpose 
of using the brain. However, the preserved cartilage of the excavated animals’ ribs, humerus, 
radius, ulna, femur, and fibula suggests that the animals were not used for food. Additionally, 
we could not rule out the possibility that the discovery of animal remains inside the well rep-
resented either an object disposed of while using the well or an object disposed of from some 
kind of ritualistic act.

The well relics were located about 30 m east of a residence, and animal bone relics were 
excavated only from the lowest level, along with jars and earthenware, wooden tools, plant 
remains, and animal remains, such as Cervidae. Among the accompanying relics, jars, and 
earthenware were presumed to have been thrown into the well after being used in ancestral 
rites, as the well is used not only for drinking water but also as an important ritual space [16]. 
In particular, it was not clear whether the animal remains were disposed of during well use 
rather than being used for human consumption or whether they were placed there for some 
kind of ceremonial purpose and disposed of in the well.

In conclusion, the results of anatomical investigation of Cervidae bone artifacts excavated 
from a well site in Gasan-ri, Ibanseong-myeon, Jinju-si are as follows. A total of 447 animal 
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bones were excavated, of which 102 (22.82%) were classified as Cervidae bones. The weight 
of the Cervidae bone was 453.79 g, accounting for 46.53% of the total weight of the identified 
bone (975.30 g). The Cervidae bones were identified as belonging to two animals with an 
estimated age of 5 to 6 months. Cervidae bones were divided into skull bones, vertebrae, ribs, 
sternum, hip bones, forelimb bones, and hindlimb bones. The 102 Cervidae bones include 19 
skull bones (18.63%), 14 axial vertebrae (13.72%), 28 ribs and sternum (28.43%), 16 forelimb 
bones (15.69%), and 19 hindlimb bones (18.63%). and the remaining six were difficult to dis-
tinguish. A parietal bone fracture was observed near the bregma of the skull and was presumed 
to have been caused by an artificial blow. This study can be used as basic data to estimate the 
types of animals and human culture at the time through Cervidae bones believed to be relics 
from the Three Kingdoms period.
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