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Abstract
　Pathology and limb bone proportions of horse re-
mains from the classical period (latter half of 8th centu-
ry CE) were investigated to discuss their use. Bit wear 
analysis (bevel and lower 2nd premolar anterior dam-
age) and premaxillary remodeling confirmed that at 
least one of three horses was ridden. The evidence was 
limited for the other two, but one of them also exhibited 
bit-related damage indicative of riding. The limb bone 
proportion of the clearly ridden horse was distinct from 
any known native Japanese horses or archaeological 
specimens. The relatively elongated distal limb bones 
indicate its cursorial adaptation compared to the Japa-
nese native horses, which survived in the steeper and 
more mountainous regions. The finding calls for a more 
cautious approach when applying native horse bone 
proportions to reconstruct the limb bone proportions of 
past horse populations. The combined methodology 
employed in this study has rarely been applied to Japa-
nese horse remains. Although the sample was limited, 
the result presented here would serve as a valuable ref-
erence in exploring the use of horses from periods with 
little information related to their use, such as horse 
gears and historical documents.

Keywords
Bit wear, premaxillary remodeling, limb bone propor-
tion, Japanese native horses, classical period

1. Introduction
　At the latest, horses were introduced to the Japanese 

Original Article

Asian Journal of Paleopathology Asian J Paleopathol
published online 2022

 Received: February 11, 2022
 Accepted: February 24, 2022
 DOI: 10.32247/ajp2022.4.4

The use of horses in classical period Japan inferred from pathology 
and limb bone proportion

Manabu Uetsuki1), Hayao Nishinakagawa2), Naomitsu Yamaji3) 
1)Research Institute of Cultural Properties, Teikyo University
2)Professor Emeritus, Kagoshima University
3)Ichikawa City Museum of Archaeology

archipelago from the Asian continent within the early 
Kofun period (ca. 4th century CE). The gilt bronze har-
nesses commonly found as burial goods from tumulus-
es unequivocally indicate that riding was an essential 
part of their use, along with the role as a symbol of 
power and military purposes. Ritsuryo law codes were 
enacted with the establishment of the centralized gov-
ernment in the classical period (ca. late 7th century). 
According to these codes, it is evident that horses were 
also used as post-horses. Some scholars also insist on 
packhorses being used in constructing the imperial pal-
ace (Yoshikawa 1991). This view was supported by the 
recent discovery of young horses in concentration from 
a canal in the Fujiwara palace site presumed to have 
been used as pack horses at a construction site. One of 
them also bore spavin (Yamazaki 2011, Yamazaki et al. 
2016). Harrows excavated from Kofun period sites also 
prove that their use as draft animals was present since 
the early stages of introduction (Kono 1994, Matsui 
2004, Tanaka 2011). These archaeological and histori-
cal findings indicate that horses were already used for 
several purposes by the Kofun and the subsequent clas-
sical periods. However, reconstructing their use in de-
tail at a regional and temporal scale is challenging, es-
pecially regarding local provinces in pre-medieval 
periods with limited documents. The horse remains 
from archaeological sites provide vital clues in resolv-
ing the issue.
　An important piece of information gathered from 
horse remains regarding their use is pathological fea-
tures which enable us to evaluate the degree of stresses 
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or damages placed on certain parts of the body. Patho-
logical studies of horse remains were limited for Japa-
nese horse remains, and it was not until recently that 
methods from abroad were applied. The pioneering 
study by Gündem and Hongo (2013) was conducted on 
horse remains from several classical to medieval period 
sites from eastern Japan. The pathological changes to 
the crania, vertebrae, and metapodials were recorded 
according to the methods of Janeczek et al. (2012), 
Levine et al. (2005), and Bendrey (2007b, 2008). The 
horses from a medieval salt-production site, Muramatsu 
Shirane, which displayed considerable changes to the 
occipital bone (MSM) even in young individuals, was 
of particular relevance to this paper. Ossification of the 
metapodial ligaments and changes to the thoracic and 
lumbar vertebrae were also confirmed, leading them to 
estimate the relation with traction activities.
　Another line of evidence which provided clues to 
horse use is their withers height and limb bone propor-
tions. Nishinakagawa et al. (1991), in their nationwide 
compilation of measurements and withers height esti-
mations from archaeological horse remains, revealed 
the coexistence of small and medium-sized horses in 
any given period, with the medium size dominating. 
This fact leads us to assume that horses were exploited 
for different uses according to their size. For example, 
the mean value of withers height at the above salt-pro-
duction site was 120.9 cm (SD:7.6, Nishimoto 2003, 
Nishimoto and Namigata 2007), whereas, in the medie-
val site of Zaimokuza in Kamakura, presumed to be 
mostly military horses, it was 129.5 cm (SD:1.0, 
Hayashida 1957). If we consider the difference in site 
context, their height difference may be explained by 
their difference in use as pack horses at the former, and 
military horses in the latter site.
　As for limb bone proportions, the medieval horse re-
mains from the Yuigahama-minami site in Kamakura 
were analyzed by Uzawa and Hongo (2006). They re-
ported an individual with limb bone proportions very 
different from the Japanese native horses and argued 
that the horse was more adapted to running since its 
lower limb, especially the radius, was longer than the 
native horses. They have also argued that because the 
Japanese native horses were preserved in the mountain-

ous or steep island environments, their limb bone pro-
portions may have drifted away from cursorial form 
and suggested the possibility that considerable varia-
tion in limb bone proportion may have existed in the 
medieval period.
　The studies reviewed above mainly analyze relative-
ly well-preserved medieval horses. Conversely, patho-
logical studies on classical (ca. 7–12 century CE) hors-
es are rare, largely owing to the generally poor 
preservation of this period’s remains. This study aims 
to discuss the use of classical period horses by examin-
ing the pathological features, and limb bone propor-
tions of a well-preserved horse remain excavated from 
the Suwada site, Chiba Prefecture.

2. Materials and methods
2.1. The horse remains
　Suwada site is in Ichikawa City, in the northwestern 
part of Chiba Prefecture, eastern Japan (Figure 1A). 
The site is located on a plateau where the ancient pro-
vincial capital (Kokufu) was located (Yamaji 2019). 
The horse remains analyzed here were excavated from 
a large pit discovered in the 6th excavation of the site. 
The pit was round in plane figure, V-shaped in 
cross-section, 4.2 m in diameter, and 2.7 m deep. Al-
though the pit is presumed to have been used originally 
for storage purposes, it was eventually used to discard/
bury shells and animal carcasses. Four shell layers, pri-
marily consisting of the clam Meretrix lusoria and oys-
ters Magallana gigas, accumulated from the bottom to 
the upper layer. At least 11 dogs, mostly intact, were 
excavated from the bottom to the top shell layers 
(Kaneko et al. 1992, Yamazaki 2017). Horse and cattle 
were excavated from around the second shell layer 
from the top (Figure 1B and 1C, Matsuda 1992). A 
large number of pottery sherds were also excavated 
from the bottom and top layers, mainly belonging to the 
latter half of the 8th century CE, judging from pottery 
typology. Although the animal remains were not radio-
carbon dated, this suggests the timing of their burial.
　Zooarchaeological analysis of horses was already 
conducted in the original report by Matsumoto and 
Nishinakagawa (1992). The analysis revealed that the 
minimum number of individuals for the horse remains 
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was three, but the elements found were limited. Horse 
No.1 was the most well preserved, with the skull, verte-
brae, forelimbs, and hindlimbs mostly remaining. How-
ever, only the left side was found for the limbs, which 
was clearly not due to post-depositional processes, 
judging from its state of preservation (Figures 1D to 1F, 
2). All bones were completely fused, and the estimated 
age from the wear stage of the incisors was approxi-
mately eight years of age. For horse No.2, only the 

mandibula was found. The estimated age was seven 
years of age. Both were male with large canine teeth. 
Several loose molars were also found, possibly from 
the same individual, since all are estimated to be three 
to four years old, and there is no overlapping. The esti-
mated age and the overlapping with No.1 and No.2 in-
dicated that the loose molars did not belong to the two 
individuals. These were referred to as No.3 provision-
ally.

Figure 1. Suwada site and the pit which yielded horse remains.
(A) Location of the archaeological site and habitat of Japanese native horses (italics) mentioned in this paper. (B) Pit section. (C) Shell 
midden. (D) The horse remains. All belong to horse No.l, except for the mandible of No.2. (E) Vertebrae and limbs of horse No.l. (F) 
Skull of horse No.l. (B to F modified from Matsuda ed. 1992) 
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　The withers height for horse No.1 was estimated 
from the greatest length of limb bones by regression 
equation in Hayashida and Yamauchi (1957). The esti-
mated value varied between 118 to 129 cm depending 
on the element used for calculation. The mean value 
was 125 cm. The size is about the largest of the small-
sized to the smallest of medium-sized native horses, 
roughly comparable to Misaki horses (medium-sized 
native Japanese horses). Additionally, the size differ-
ence between dimensions was also noted, with the 
length resembling that of the Misaki horses. In contrast, 
the breadth and diameter resemble that of the Tokara 
horses (small-sized Japanese native horses).
　The recent examination of the remains by Uetsuki et 
al. (2022) of the butchering marks and taphonomic fea-
tures revealed cracking of the braincase possibly for 
extracting the brain for use in skin tanning (Matsui 
1987), and a cut mark on the humerus (Figure 3). Al-
though butchering marks were scarce, the fact that the 
meaty upper limb bones were not found in anatomical 
position, whereas the extremities (carpals/tarsals and 
beyond) were found articulated, suggested the possibil-
ity of disarticulation for meat consumption. This was 
supported by the commonality in the lack of right fore-
limb bones with the cattle remains which showed clear 
signs of butchering marks and body part representation 
indicative of meat consumption.

2.2 Pathological investigations
　The horse remains were first examined for their 
pathological features. As for oral pathologies, especial-
ly regarding the use of bits, the beveling of the upper 
and lower 2nd premolar (P2)s was observed and mea-
sured based on the methods described by Brown and 
Anthony (1998). Then, lower P2s were observed and 
measured for traces of bit wears on the anterior follow-
ing the criteria of Bendrey (2007a). The diastema’s 
changes and damage were also recorded using 
Bendrey’s scoring system (Bendrey 2007a). For horse 
No.1, premaxillary remodeling suggestive of the pres-
sure from nosebands or cheekpieces was observed and 
measured following Taylor et al. (2015) and Taylor and 
Tuvshinjargal (2018), which is a groove formed on the 
dorsal surface of the nasal process of the premaxillary 
bone. The measurement was casually performed by re-
cording the profile of the groove using a bamboo profil-
ing gauge and then tracing it on paper, and not with 
digital devices. Vertebral abnormalities caused by 
horseback riding, including hyperostosis, spinal fusion, 
horizontal fractures on epiphyses, and overriding/join-
ing of dorsal spinal processes, were also examined fol-
lowing Levine et al. (1999) and Li et al. (2020).
　For the limb bones, the ossification of the interosse-
ous ligaments of metapodials, which indicates that the 
stress placed on legs were recorded following Bendrey’s 
scoring system (2007b).

Figure 2. Body part distribution of horse No.1. Identified elements are shown in gray.

© 1996 ArcheoZoo.org / Michel Coutureau (Inrap), en collaboration avec Vianney Forest
Anatomie comparée des mammifères domestiques, Tome I : Ostéologie - atlas. Paris : Vigot, 1976, pl. 6 (p. 21).
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2.3. Limb bone proportion
　The limb bone proportion of horse No.1 was exam-
ined by comparing their relative length to the modern 
Japanese native horse specimens. The native Misaki 
horse population was used as the standard. The mea-
surements were standardized by dividing the deviation 
of the mean value by the standard deviation of the stan-
dard Misaki horse population.

3. Results
3.1. Dental and oral pathologies
　Beveling, bit wears, and changes in diastema were 
examined for evidence of bitting. Clear beveling was 
found only on horse No.1. In No.1, the measurement 
for the left and right was approximately 8.0 mm and 7.0 
mm, respectively, both exceeding the 3.0 mm threshold 
for the bit-induced bevel proposed by Brown and 
Anthony (1998). In addition to the bevel, the so-called 

Figure 3. Butchering traces of horse No.l.
(A) Cranium. (B) Damage to the parietal and occipital bone. (C) Cut mark on the humerus lateral epicondylar crest (arrow).

A

B C
5cm
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Greaves’ effect (Greaves 1973) was lost for the anterior 
half of the occlusal surfaces on both sides, meaning that 
the enamel ridge was worn out and in level with the 
dentine. Such traces were not observed for No.2 and 
No.3. For No.1, the bevel and loss of Greaves’ effect on 
the anterior half was also observed on the anterior half 
of the upper P2s on both sides. When the maxilla and 
mandible were occluded, a clear gap between the upper 
and lower P2 was present, especially in the left side 
(Figure 4). The gap measurement was 9.4 mm for the 
left and 5.4 mm for the right.
　Enamel exposure on the anterior of lower P2s was 
observed on all three individuals, and they all exceeded 
the 5 mm criteria, as evidence of bitting in terms of 

height measurements proposed in Bendrey (2007a) 
(Table 1). As for the form of the exposure, only No.3 
exhibited a parallel-sided band suggestive of bit wear 
(Figure 5). The anterior exposure in No.1 (both left and 
right) and No.2 extended to the buccal side. Lingual 
enamel exposures were prominent in all of them. In 
No.2, the lingual height was slightly larger than the an-
terior. In No.1, there was a shallow groove/roughening 
of the anterior enamel near the alveolus, and the cemen-
tum was lost. When this part was included in the expo-
sure measurement, they clearly exceeded lingual mea-
surements. Such trace was not seen in No.2 and No.3.
　No.1. and No.2 were available for examining the 
change in diastema. Small to moderate bone formation 

Table 1. Changes to lower P2s and diastema.

No. Age Sex Left/
right

L
(mm)

W
(mm)

Anterior enamel/dentine exposure*a Diastema 
changes*b

Bevel measurements*c

EDH (mm) EDW
(mm)

Material 
exposed

Form: 
suggestive 
of bitting

notes New bone 
formation/
bone loss 
score

Bevel
(mm)

UP2+LP2 
profile:sugges-
tive of bit 
chewing/rasping

notes
ant. bucc. ling.

1 8 m L 31.8 12.8 17.0 5.3 14.4 x Enamel Yes Exposure not 
parallel-sided but 
extends to the buccal 
side. Anterior enamel 
grooved/roughened 
near the alveolus. 

1-2/0 8.0*d Yes Anterior half of the 
occlusal surface bevelled 
and smoothened (loss of 
Greaves’ effect). Gap 
between corresponding 
upper P2 which is also 
beveled. 

R 11.4 2.8 12.5 x Enamel Yes? Exposure not 
parallel-sided but 
extends to the buccal 
side. Anterior EDH 
smaller than lingual, 
but isolated. Anterior 
enamel grooved near 
the alveolus (more 
prominent than left).

1-2/0 7.0*d Yes Same as above

2 6/7.8 m R 30.7 12.3 10.4 4.8 11.4 x Enamel No Exposure not 
parallel-sided but 
extends to the buccal 
and lingual side.

2/0 2.9 - Greaves’ effect present

3 3-4 ? L 33.5 14.0 7.0 2.6 5.6 2.2 Enamel Yes EDH indistinct due 
to anterior cementum 
loss (after excava-
tion?). Measurement 
is from stained 
portion estimated to 
be the original 
exposed area. The 
white portion below 
is estimated to be 
recent exposure.

- 1.3 - Greaves’ effect present

*a,b Following Bendrey (2007a). *c Following Brown and Anthony (1998). *d Difficulty in measurement and not accurate.
L: length of the biting surface. W: width of the biting surface. EDH: height of enamel/dentine exposure. EDW: enamel/dentine exposure 
at widest point.
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Figure 4. Horse No.l beveling of the upper and lower P2.
(A) and (B) Left upper and lower jaw in occlusion; (C) Left P2 occlusal surface. (D) Right P2 occlusal surface. (E) and (F) Right upper 
and lower jaw in occlusion.
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Figure 5. Lower P2 enamel exposure and beveling.
(A) to (C) No.1 left lingual, anterior, and buccal/occlusal aspects. Arrowheads indicate groove/roughening of enamel. (D) 
to (F) No.l right buccal, anterior, and lingual/occlusal aspects. (G) to (I) No.2 right buccal, anterior, and lingual aspects. (J) 
to (M) No.3 left lingual, anterior, buccal aspects, and anterior close-up.
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Figure 6. Changes to the diastema.
(A) Horse No.1; score 1-2. (B) Horse No.2; score 2.

5cm

5cm

A B

Figure 7. Horse No.l premaxillary remodeling. (C) Right side. (D) Left side. Arrowheads indicate grooves.
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was observed in both specimens, with the formation in 
No.2 slightly more prominent (Table 1, Figure 6). Bone 
losses were not observed in either specimen.

3.2. Cranial changes
　No.1 was available for premaxillary remodeling ob-
servation. Grooves were observed on both the left and 
the right premaxilla on the medial side, both at approx-
imately 115 mm from the prosthion (Figure 7). The 
depth of the grooves was 0.7 mm and 1.2 mm for the 
left and right, respectively. The diameter of the pre-
maxillary bone was 10.6 mm and 10.7 mm. When the 
data were normalized for size difference through divid-
ing by premaxillary bone width, the value for right 
(1.12) exceeded the range of feral horses and was in-
cluded in the quartile range of ridden horses, while the 
value for the left (0.66) was close to the upper quartile 
range of feral horses presented in Taylor et al. (2015, 
Figure 7B). The asymmetry in depth and the larger val-
ue for the right side is consistent with the tendency re-

ported by Taylor et al. (2015) for contemporary, histor-
ical, and archaeological Mongolian specimens.

3.3 Vertebral abnormalities
　Vertebrae of No.1 was examined for abnormalities, 
but no clear signs were observed. However, the result 
was obscure since the dorsal end of the spinal processes 
were lost in most specimens due to poor preservation 
and dog gnawing.

3.4. Ossification of the metapodial ligaments
　Only horse No.1 was available for study. The inter-
osseous ligaments between the second and the third 
metacarpus were ossified and attached to the two bones. 
The lateral side of the third metacarpus and both sides 
of the third metatarsus did not show any clear signs of 
change (Figure 8). The score assigned to the former 
was 2, and 0 for the latter according to Bendrey’s scor-
ing system (2007b).

Figure 8. Horse No.l ossification of metapodial interosseous ligaments. (A) Metacarpus; score = 0:2. (B) Metatarsus; score = 0:0. (C) 
Metatarsus close up.

A B C
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3.5. Limb bone proportion
　The limb bone proportion of the Suwada horse in 
terms of length was unlike any native or archaeological 
horse specimens compared (Table 2, Figure 9). A 
marked difference existed because while its proximal 
limbs (humerus and femur) were the shortest among the 

specimens, its metapodials were much longer and close 
to the medium-sized Misaki horses. The bones in be-
tween (radius and tibia) were intermediate. Such pro-
portion is most similar to the Arab data from Eisenmann 
(2017).

Table 2. Limb bone measurements (mm)

Humerus GL Femur GL Radius GL Tibia GL Metacarpus GL Metatarsus GL
N mean SD N mean SD N mean SD N mean SD N mean SD N mean SD

Suwada 1 252.2 - 1 344.8 - 1 302.0 - 1 321.2 - 1 212.0 - 1 255.4 -
Yuigahama 1110 1 287.0 - 1 385.0 - 1 351.0 - 1 - - 1 231.0 - 1 - -
Yuigahama total 3 278.5 - 11 379.1 - 14 330.1 - 14 340.4 - 12 220.4 - 4 262.0 -
Takeda 1 257.5 - 1 360.0 - 1 315.5 - 1 327.0 - 1 201.5 - 1 242.5 -
Misaki (m) 11 284.2 10.1 11 381.8 11.4 11 325.9 8.1 12 340.2 9.1 10 215.1 5.8 11 254.6 8.2
Kiso (f) 10 293.3 10.1 10 401.5 13.4 7 336.0 13.2 8 358.3 13.3 8 224.6 9.8 8 269.6 10.7
Tokara (f) 8 258.7 11.4 8 348.9 12 8 296.5 7.7 8 315.2 12.3 8 199.0 5.2 8 238.7 5.6
Arab 5 300.6 5 406.0 - 5 349.6 - 5 366.6 - 5 244.8 - 5 290.9 -
Upright: archaeological specimens. Suwada (Matsumoto & Nishinakagawa 1992), Yuigahama (Uzawa & Hongo 2006), Takeda 
(Imoo & Suzuki 2000). Italic: Japanese native horses. m=male, f=female (Nisinakagawa et al. 1991). Arab (Eisenmann 2017).

Figure 9. Graph showing deviation of limb bone greatest length. M= mean of male Misaki native horses.

Humerus Femur Radius Tibia Metacarpus Metatarsus
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4. Discussion
4.1. Bitting
　Beveling, bit wear, and changes to the diastema were 
examined for bitting signs. The use of bevel as a bitting 
indicator, proposed by Anthony and Brown (1991, 
2003), Anthony et al. (2006), has been questioned by 
some scholars (Bendrey 2007a, Cross 2018, Levine 
1999, 2002). One strong supporting evidence for this 
argument is the existence of beveling in evidently natu-
ral Pleistocene specimens reported by Olsen (2006). In 
Olsen’s case and in similar cases reported by others 
(Cross 2018, Levine 2002), malocclusion with the up-
per jaw causes the beveling of the lower P2. Therefore, 
the state of the corresponding upper P2 needs consider-
ation when interpreting lower P2 bevels. Of the three 
Suwada horses, beveling was observed only in No.1. 
The opposing upper P2 was also beveled with a consid-
erable gap between them, ruling out the possibility of 
bevel caused by malocclusion. The loss of Greaves’ ef-
fect in all four P2s (upper and lower, both sides) also 
differs from the natural cases reported by Olsen, sug-
gesting human-induced change. Similar cases of such 
gap between the upper and lower P2s have been associ-
ated with intentional rasping or bit chewing (Cross 
2018, Taylor and Tuvshinjargal 2018). However, in 
Suwada, rasping is unlikely since the gap is too large to 
be the result of removing hook or point for malocclu-
sion treatment. This leaves bit chewing as the most 
likely cause.
　Three horses showed mixed results in the analysis of 
enamel exposure. The most concrete evidence was 
from No.1 (both left and right). Their form did not meet 
the criteria set by Bendrey (2007a), but shallow groove/
roughening near the alveolus seemed to be related to 
the use of bits. It was clearly different from anterior 

exposure near the occlusal surface, or lingual and buc-
cal exposure, so they were not caused by normal dietary 
abrasions. Although this feature is not present in the 
original criteria, the only plausible explanation for the 
damage seemed to be the contact with metal bits. This 
is significant because it is less likely to occur from crib-
bing and is a more direct evidence of bitting than bev-
eling. Only No.3 exhibited enamel exposure in the par-
allel-sided band and met the criteria in its form. 
However, the height of the anterior exposure was simi-
lar to the lingual height, making it difficult to distin-
guish from exposure owing to dietary abrasion. No.2 
did not meet the criteria in its form nor relative height 
compared to the lingual side.
　Another evidence to show that horse No.1 was rid-
den is the asymmetry of premaxillary grooves. Accord-
ing to Taylor and Tuvshinjargal (2018), such asymme-
try is present in Mongolian horses, but not in feral or 
Przewalski horses. Also, notably, the groove depth of 
the right side was larger. As previously mentioned, this 
is also consistent with the observation on Mongolian 
horses by Taylor et al. (2015). The result was estimated 
to relate to left-handed control (rein tension) prevalence 
in riding. The premaxillary groove itself is merely an 
evidence for using bridles or headgears. Considering 
the existence of bitless bridles in Japanese ethnography 
(Kojima 2013), and a possible medieval artifact related 
to it (Matsui 2010), caution is needed to link grooves to 
the use of bits directly. However, No.1 was clearly bit-
ted, as discussed above. The asymmetry of the Suwada 
horse crania may also be the result of horse-riding cus-
toms. Interestingly, the magnitude of the gap between 
the upper and lower P2 was also asymmetrical, and in 
this case, larger on the left side. This is also consistent 
with the observation of Mongolian horses by Taylor 

Table 3. Comparison of bit wear analysis results.

Site Area/ prefecture Context Period Bit wear ％Yes source
Yes No

Hayashinomae Aomori (Japan) Settlement site Classic (10-11th cen. CE)   3 1 75.0% Uetsuki et al. (2020)
Nejou Aomori (Japan) Castle site Medieval (14-17th cen. CE)   2 3 40.0% Uetsuki et al. (2021)
Yuigahama Kanagawa (Japan) Mass burial at 

city margin
Medieval (13-14th cen. CE) 19 4 82.6% Uetsuki (unpublished 

data)
Iron Age Bury Hill England Iron age 13 8 61.9% Bendrey (2007a)
Worked Europe Modern 10 7 58.8% Bendrey (2007a)
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and Tuvshinjargal (2018) that the bevels were more in-
vasive on the left side.
　To summarize the bit wear analysis, No.1 was clear-
ly bitted, judging from the combined evidence of 
bit-chewing and bitting damage. No.3 may have been 
bitted, but No.2 showed no clear sign of bitting.
　Analysis of bit wears in Japanese archaeological 
specimens remain rare, but limited studies have pro-
duced various results (Table 3). At the Yuigahama site, 
the ratio of specimens with evidence of bitting was the 
highest, and even higher than the modern ridden horses 
reported by Bendrey (2007a). This may reflect the pres-
ence of many ridden horses used by the samurai war-
riors in the capital city of the Kamakura Shogunate. 
Contrarily, relatively fewer bitted specimens found at 
the Nejou castle site, also related to the warrior class, 
seemed to contradict the above view. The horses at the 
site were smaller than the Kamakura horses, and it was 
assumed that the horses were not just war horses but 
included horses for various purposes, such as pack or 
draft horses (Uetsuki et al. 2021b).
　The mixed results of three individuals at Suwada 
may also indicate wide array of uses of horses at the 
site. The oxygen and carbon isotope analysis of horse 
remains excavated from the Kitashita site nearby re-
vealed a highly variate behavior among the individuals 
and was estimated to be caused by importing horses 
from different locales for use at the provincial capital 
(Uetsuki et al. 2021a). Both sites are a part of the large 
provincial capital area. The variation in use inferred 
from bit wear analysis at Suwada may imply that horses 
of various origins were imported to the provincial cap-
ital and put to diverse uses. However, the sample in Su-
wada is clearly too small to discuss their use as a popu-
lation, and further study is necessary.
　Only one individual was available to observe the os-
sification of the metapodial ligaments. The result 
matched the general tendency suggested by Bendrey 
(2007b) that ossification is more severe on the fore-
limbs and on the medial side. At Yuigahama, where the 
age distribution is similar to or older than Suwada (8 
yrs <), score 2 consisted less than 20% of the metacar-
pal specimens (medial side. Uetsuki 2018). It could be 
concluded that Suwada horse No.1 was put under rela-

tively heavy stress.

4.2. Limb bone proportion
　Suwada No.1 had elongated metapodials, unlike any 
population or individuals compared. Firstly, it should 
be discussed whether they truly belong to the same an-
imal. The limb bones were excavated from a restricted 
area. All elements of the forelimb and hindlimb were 
present, and there was no overlapping of the elements. 
Only the left side was present for all elements with 
sides. Additionally, both the forelimb and hindlimb dis-
played similar changes in a relative length in the proxi-
mal-distal direction (upper < middle < lower limb). The 
chances of these phenomena occurring coincidentally, 
are scarce if they are derived from different individuals. 
Thus, it could be concluded that they belong to the 
same individual.
　The question then, is why the Suwada horse had such 
a unique proportion. One possible explanation would 
be the difference in use. As already mentioned, Uzawa 
and Hongo (2006), in their analysis of the horses from 
the Yuigahama-minami site in Kamakura, reported a 
tall individual with a unique proportion whose radius 
and metacarpus were relatively longer compared to 
modern Japanese native horses (Figure 9 No.1110). 
They proposed the possibility that the individual was 
more cursory adapted than the native horses, which 
were more adapted and/or bred to fit the mountainous 
and steep lands they have endured. Although not as ex-
treme, the average of other specimens at the site also 
tends to have longer lower limbs.
　Not all medieval horses displayed limb bone propor-
tion like Yuigahama-minami. The Takeda horse also 
shown in Figure 9, was found buried in a late medieval 
castle site in Yamanashi, a mountainous area in central 
Japan. This horse had shorter metapodials and a more 
even proportion, similar to the native horses. This 
seems to support the influence of the geographic factor 
proposed by Uzawa and Hongo.
　The above findings demonstrated that the proportion 
of Suwada horses was better suited for running, coin-
ciding with the fact that the site is in the lower and lev-
el land of Kanto Plains. However, it is noteworthy that 
the proportion of Suwada horses is somewhat different 
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from Yuighama-minami No.1110 in that the metapodi-
als are relatively longer than the radius or tibia. Inter-
estingly, the Suwada horse was most similar in propor-
tion to the Arab horses (Eisenmann 2017), which is 
another supporting evidence that it was fit to run. Fur-
ther comparison with other intact remains is necessary 
to understand the degree of variability in limb propor-
tion in past Japanese horse populations and discuss the 
causes.

5. Conclusion
　This study clarified that at least one horse (No.1) was 
used for riding at the Suwada site. The other two horses 
lacked sufficient evidence to determine if they were 
ridden with bits but did not leave bit damage or were 
used for other purposes without bitting.
　In the Japanese archipelago, horses were introduced 
from the continent, so they were basically domesticat-
ed. Since the initial stage of introduction, horse har-
nesses commonly buried in the Kofun tumuluses indi-
cate that riding was their important role. Therefore, the 
result obtained in our study is not surprising. However, 
after the disappearance of the Kofun tombs, excavation 
of bits and other horse gears becomes extremely rare in 
the following Classic period. Simultaneously, historic 
documents or paintings that provide detailed informa-
tion on horse use are not as abundant as in the subse-
quent medieval or pre-modern period. The pathological 
study of horse remains can be a useful tool in filling the 
gap between the two periods. Methods employed here 
remain rarely applied to Japanese specimens, and clear-
ly, more data is needed to unravel various horse uses in 
the past.
　As for the limb proportions, archaeological speci-
mens compared in this paper, although limited in num-
bers, have shown considerable variations. It can be con-
cluded that horses with limb proportion very distant 
from the native Japanese horses existed in the classical 
to medieval periods. Whether this is related to usage, 
geographical factors, or both need to be explored in de-
tail by incorporating more specimens and combining 
pathological features. The horses used by the warrior 
class, like the ones analyzed by Uzawa and Hongo 
(2006), were preferentially crossbred with western 

breeds to increase size in the early 20th century for mil-
itary purposes, and their line of descent no longer ex-
ists. Archaeological horse remains are the most direct 
evidence for reconstructing the proportions of past 
horses, especially those used for riding and warfare in 
the plains and level grounds.
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和文抄録
古病理と四肢骨プロポーションからみた日本古代
馬の用途
 
植月　学1)・西中川　駿2)・山路直充3)　
1:帝京大学文化財研究所　2:鹿児島大学名誉教
授　3:市立市川考古博物館
 
　本研究では古代（8世紀後半）のウマ遺体の古
病理と四肢骨プロポーションの分析を通じて，そ
の用途について検討した．銜痕の分析（下顎第 2
前臼歯の斜角 bevelと近心の磨耗）および切歯骨
の変形により，3個体のウマのうち少なくとも１
個体が乗用とされたことが確認された．他の 2個
体については証拠が限定的であったが，うち１個
体は乗用を示す銜痕が確認された．乗用とされた
ことが明確な個体の四肢骨長の比率は，既知の日
本在来馬や出土標本とは異なり，遠位部ほど長い
ことが明らかになった．この特徴は急峻な山地に
適応してきた日本在来馬に比べてより走行に適応
していたことを示唆する．この分析結果は，過去
の馬の体形に関して在来馬のプロポーションを参
照する際には，より慎重なアプローチが必要であ
ることも示している．本研究で採用した複合的な
アプローチが国内の出土ウマ遺体に適用された例
はまだほとんどない．標本数は限られていたが，
本研究の成果は，文献史料や馬具など馬の用途に
関する史資料に乏しい古代馬の用途を考察する際
の基準になると期待される．
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