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Estimating the Withers Height of Horses in the Joseon Dynasty
through Zooarchaeological Analysis: A Case Study from the

Susong-dong and Euljiro-Sewoon Districts in Seoul, Korea

Abstract

Recently, horse remains have been recovered from archaeological sites within
Hanyang-doseong (Seoul City Wall). However, few studies have been tried to
investigate the withers height and body size of horses from the Joseon Dynasty. In
this study, we examined the osteometric characteristics of 23 horse long bones
excavated from the Susong-dong and Sewoon District sites within anicent Seoul
wall and estimated their withers heights to evaluate the body size of Joseon horses.
The greatest lengths of six long bones (humerus, radius, metacarpal, femur, tibia,
matatarsal) were measured following the standard method of von den Driesch
(1976), and withers heights were estimated using the formulae proposed by May
(1985) and Hayashida I (1957). The estimated withers heights of horses from the
Susong-dong ranged from 125 to 130 cm and those from the Sewoon District
ranged from 118 to 122 cm . Based on the comparative classification of horse
stature, the Joseon horses in this study were classified as small-sized medium
horses. Comparison with previously published Japanese medevial data revealed no
significant differences between the Joseon Korean horses and Edo-period Japanese
horses. However, the estimated withers heights of the Joseon horses were slightly
greater than those reported for the Jeju native pony. Although the number of
measurable specimens was limited, this study provides basic data on the body size
of Joseon horses and offers valuable information for understanding the

morphological characteristics of Joseon horses on the Korean Peninsula.

Keyword: Withers height, horse, Joseon Dynasty, Osteometric analysis,

Hanyang-doseong (Seoul), Zooarchaeology
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Fig. 1 Map showing the locations of the Susong-dong and the Sewoon District sites
in Seoul (Hanyang) (made by QGIS 3.14). The inner red line marks the boundary of
Hanyang (Seoul) during the Joseon Dynasty, while the outer blue line marks the
present-day boundary of Seoul.
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gt ojo] wjet & Wy FasfFlso] WAL F OhAlR APPSR mebq HA 9A
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g webtx) 1ejd 49 Ha VIAIAE B 4 .

Fig. 2. Example photographs of the Susong-dong and Sewoon District sites.
Excavation area and animal remains from Susong-dong (A, B) [12] and excavation
area and animal remains from Sewoon District (C, D) [13].
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Fig. 3 Horse long bones used in this study from Susong-dong (A) and the Sewoon district (B).



Table. 1 List of Horse Long Bones Used for Osteometric Analysis in this study

Site No. Lab.ID Location Element L/R
Susong-dong 1 4D-8 under the 3-stone rows Humerus L
2 2B-4 under the 3-stone rows Radi-Ulna R

3 4D-12 under the 3-stone rows Radius L

4 2B-6 3-5 ho building remains Femur R

5 4D-7 under the 3-stone rows Femur R

6 4D-9 under the 3-stone rows Femur R

7 4D-11 under the 3-stone rows Femur R

8 1A-2 4 Mun-hwa layer Tibia L

9 1A-7 4 Mun-hwa layer Tibia R

10 4D-10 under the 3-stone rows Tibia R

11 4D-14 under the 3-stone rows Tibia R

12 1A-5 4 Mun-hwa layer Metatarsal R

13 2B-18 3-5 ho building remains Metatarsal R

14 5E - 4 4-2 building remains Metatarsal R
Site No. Lab.ID Location Element L/R
Sewoon district 1 A-12 2ho pit feature Radi-Ulna R
2 B-09 3ho pit feature Radi-Ulna L

3 B-10 3ho pit feature Radi-Ulna L

4 A-13 2ho pit feature Metacarpal R

5 C-13 10ho pit feature Femur L

6 C-14 10ho pit feature Femur R

7 A-20 2ho pit feature Tibia L

8 C-16 10ho pit feature Tibia R

9 A-21 2ho pit feature Metatarsal R

A

25 52 SR 9A wo Jejstd SAS Sof Rejoh WS WwEd 3 Ay 2hEE
U 2 Are} xSl 32 $HsHY 58 SR wet wo Fe), 27, 2E o2

Al A =9 =EA8E HAor v|wsty, FUAtRE Akira Matsui (2008)2t Bradley
Adams (2011)5 &8s519cH14, 15]. Al(Withers Height)= $9]Sto|A] AIESHSY T o =5
o] of=olE ulsty, 5= AAw AFS HEU= EHdim Almoltt, FoM= A|H
oA o7 =o|7tR| 9 Al =olE 2Ulsty, ZiAIQ AAE B7iste 712A0 Az ZEH

Mgx

ot (Fig. 4). Al Fol= doalw (femur), 73w (tibia), $Zw (humerus),



(radius and ulna), £35|2]®(metacarpal), ¥35|2]® (metatarsal)g ©0]85t% 01 (Table
1), 5249 =1 138A} von den Driesch (1976)9] 7]&of wre}t X2 o](greatest length,
GL)E A&stYtr (Table 2, Fig. 4)[16, 17]. Al 2 ARK] wiQ] F|tjZo|(GL; Greatest
Length), %1% #|thuu](Bp), 15 2| 42A|5(SD), €% 24 B](Bd) 52 =Z&sIH, &
sl &Y A 2FS o &352® (metacarpal), L5]2|® (metatarsal)S Y] &
%9 ASAZ 71559 AL F40] A% AFGEE Hol(GL) Yole 2 BAY

A 542 mrefsty] Y3t AAE A BT AlE Alole et 740l 7t
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Table. 2 Abbreviations and Definitions of Osteometric Measurements [16]

Acronym Measurement
GL Greatest Length
GLC Greatest Length from the Caput Femoris (Head)
LI Lateral Length on the Outer Side
Bp Breadth of the Proximal End
BFp Breadth of the Facies Articularis Proximalis
SD Smallest Breadth of the Diaphysis
Bd Breadth of the Distal End
BFd Breadth of the Facies Articularis Distalis
Dd Depth of the Distal End

M1 FA o= May(1985)°} Hayashida and Yamauchi (1957)7F AAIgH Wi-& A&s51%ch
(Table. 3) [4, 5]. May (1985)= Kiesewalter (1888)2} Vitt (1952)0] Atg2E AjEAsto] T
o] F& Zole AL (withers height, WRH) Ato]of] =2 AaA} 32 sk, £
ARlES] AHZOl(GL)E Az it & Q= 7S AAIsHIY May (1985) AALA]
el v 2 = A A A7t otyz}, Kiesewalter (1888)9] 1947] =
20} 307§719] AEAbEL} Vitt (1952)9] 2]Alop 2Eto] x|e} mpxl2)Z L2zt 94 &
A RIRE AEAsHe] olE a9 ZolzRH AiE Fste AledS At
ojty. 29| FAIZ Lo AAL Alg AtoM P dEbs oz AREEE Yoz 2 7oA

S olgsto HEw, Aoz, &5i2w, doiw, g 31 Hewo] 2o

o] oo FAMoF RAAIY) Y2 FotrJot Lol £3t0z FotrlotolA EEH o
st A2 AA]®l Hayashida and Yamauchi (1957)9] A1 FAHEE T ALst9ct.
Hayashida & Yamauchi (1957)= AA| A&19] #iLet = FoiZ2ols AF AZstA Al
FRAE =& 1AL AE Aot o]5 AFolls 4Al oY Al & 2870A17t o] &=

_10_



onj, AiEe 109.5~158.0 cm@] ¥t o] 7ted L&A xﬁeﬂnmoﬂg 230} oftE
U A e st 22 DA 2w Qo 2 JHAlS] AR Aot 24 AlEo] oE e 3
dZols A ASFst A o] AE AESHRCH, g &4 "4% Azotel 22 i
atol] A-&sto MEstal Al Atzel vlw-HFTdozM Fotrlol ol gt A& TtsAdS
A &35ttt Hayashida and Yamauchi= 7]&0] ojo] A7} &a2jxl ZolxJo} x|Hof| &
+ 59 =9 FHYZoI(GL)E BT ., ol 272 & 4ol Ao JuAs
Zstn, A3 FAS AASAL o= Mayol 7|&o] 79 we Efjz THSo|AY] o
of, gHreeto] HluwS fJsH ForAlor To] 57442 WY Hayashida and Yamauchi?]
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Table. 3 Regression Equations for Estimating Horse Withers Height [4, 5]

Element May (1985, mm) Hayashida I (1957, cm)
Humerus 4.624 X GL 4.58 X GL
Radius 4.111 X GL 3.97 X GL
Metacarpal 6.102 X GL 5.95 X GL
Femur 3.501 x GL 3.40 X GL
Tibia 3.947 X GL 3.79 X GL
Metatarsal 5.239 X GL 4.98 X GL
C}9 Hayashidat 2014 242 & Al 71x19] AR 1A, A 1AL AN MM
[5] 2 A7oIAE Maye] 2340 ARA vlwr} 715D Ge SMVILE N8 4

U Al TATHs AREsHTH (Table .3). A TA2 Al I Axr A& Ao} Afo]7p A ¢Fal,
AIIAN2 2] HA 7]9re g2 A4E ®FAlo] May®] HAld}; 4folsto] ot AqtofAl= ARESHA] ¢
At E3F Nishinakagawa (1991)7F AAIgE A2 59 A|dfZo]7t ofd U] AEX]
ARERE WHAlol7] wmiwoll thE sAER vlwstr]t of2 Y] AIJSEAITH6]. Alal AL Al
May®] 5412 mm 9], Hayashida®] 5Al2 cm @95 AMEStER, 2f 5249 ©Y 7]&
of sHAl Akt H, A ZAdte 2% cm 992 FYsto] 2ol AAISHIG. Mayet
Hayashidat= 2% goie|# (Femur)?} =8 (Radius)®] AF o] A F7Eo 7P =2
Yeles Jhakn wlsldone, ¥ ApiME dig 2o Aus 9

of. AtEE 2AAY B9 AlAL Atge Hhe Ao 25 5 shul dd AlE 2P e
A H4 Al Apget vluwstg ow[7, 8, 19, 20], Hayashida (1957)2} Nishinakagawa
(1991)9fl A AAIGE L2 o=Alt 4 S5 & ®o] ASAS At Al 2Rt Hus
ol 240 A& gHe] Apol= oA AAISHATHS, 6]
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Fig. 4 Illustration of horse withers height and measurement points for horse six
long bones [16,17].

23}

= EXQ} AL F%0 +A4 ZE Table 49 Fig. bofl AAJsHRt. A4 85 &
Ao Autg AHEHA, A 2HR|Q FHot2 May A4 129.75+4.84 cm, Hayashida
[ 272104 125.0843.80 cm& UEH) &= FAAD 7F 4.68 cm? X}o]lE& EFTH Table. 5).
£E 2E: AuEd, 9w (humerus, n=1)9 A1 FHA|= May FA 7]& 117.19
cm, Hayashida I 4] 7]& 116.10 cm2 1.09 cm®] Rfo]& UERICH o2 B0 vlof
A= O A2 ol ARIgte HR8F (radius-ulna, n=2)9] AaL FPX|= May F7dA0A
130.73~132.17 cm, Hayashida 1 F7JAIofA] 126.25~127.64 cm?] HHYE Hol T FAA]
b oF 4~5 cm®] Apo|7t HRIE QT Fri2|w (femur, n=4)°] A1 FHPA|= May F7gA0|
X 126.74~133.74 cm, Hayashida 1 ZAAlo]|A] 123.08~129.88 cmo] 9|2 L}ehfo] oF
3~4 cm@| Ao]E H T,

il

Uil A 7H (tibla, n=4)°] A1 FAX]E= May FAAIA 126.69~129.46 cm, Hayashida
[ =AM 121.66~124.31 cm®] HYES EHol oF 5 cm@| Apo|7} UERITE Us]a]uy



(metatarsal, n=3)9] AL FFX|= May FJA0A 133.07~138.05 cm, Hayashida I 7
Aol A 126.49~131.22 cm2) H% Ho & 384 & oF 6+7 cmo] Afo|7h HQE 1o,
ol tE & FH vlsh doiq o= & Aolof sigetty. MAH o2 May FEA2 2E
=& F99M Hayashida | ARG &2 A 2GRS dteste 4Fe 20 & 5

al
RAL 7F Aol gjmwol A JPg AP Uehroo], waelmola s 3 Uebiet v
1

|

_4_4

A ARl sl AEE A ﬂxu Age = 2N AP et B A
FgTiA Al Aol oiAlR QEE) wgss o2 shelg gk,

o=z MAFE A9 Zis AmEW, Ao FAHXQ HHFS May FAAA X
122.29+4.60 cm, Hayashida I F&AI0|A 118.02+4.50 cm2 UEN} & FAA 7T 4,
cm®] AjolE Bt £2E HY¥E= AHEWH, Q% (radius-ulna, n=3)9] A1 FA|

N
3

SR =
May FAAlofA] 115.27~123.04 cm, Hayashida [ & AlofA 111.32~118.82 cm9] HY=
B0l £ A 7h oF 4-5 cme] Afol7t EelEigick. ol2fat vk %M 2550 HRF B
Holl vs doRoz A2 +&5 Hoh. &5/2W (metacarpal, n=1)°] A1 FA= May

FA 71% 122.69 cm, Hayashida I %A 7]& 119.65 cm=2 UERL} & FAA] 7t o=k
3cmo] Ato]E  HTh  dohw (femur, n=2)°] A1 FHA= May FHANA
126.04~126.39 cm, Hayashida I FAAl0oA 119.65~122.40 cm®] ¥ S YUE OO, 7iA
H xlol= Z+7F 6.74 cm@ 4.00 cm2 EHQIE QI AW (tibia, n=2)9] A1 FHX|=
May FAAIA 114.74 cm@t 122.20 cm, Hayashida I F&AloA] 110.18 cmet 117.34
cmz AFEEdon, JHAE Afole A7 4.56 cm@t 4.86 cm®ict. Opx|9foz 52y
(metatarsal, n=1)9] A1 ié A= May FAAOA 127.91 cm, Hayashida I F&AI0A
121.56 cm2 UEY & FAA 7F 6.35 cm9] Alol& B9t AAAHOZ May FHAL
+ £& 7994 Hayashida | FHAEG =2 i FHR S AEshe e B0 F
AL ZE Apole EsljwoA TP AMAl UEhd= BT, dohefw et i 2w o= g
2 3A UetEt =9t deidw e 255 380 oV R tE £ vlsh 274
Afol7t 2 Aow shlggnt

la

™2

VS
=
o

M =24 el JAA Hd2 May FAAOA 126.83+5.9 cm, Hayashida [ F7dAl0fA
122.31£5.3 cm2 AM&E it &Y WP A2 v|@sh Aul 225 OXO May XAl
1} Hayashida I ZA&AI0|A] zHzF 129.75+4.84 cm@} 125.08+3.80 cm& UERFOD, AL
AL 9”2 717t 122.29+4.60 cm@t 118.02+4.50 cmZ AFEE QICHTable 5). £4% 9A
o] 74 M7t MR+ SXHEc oz =2 HFS HPOoLt, AALe Z4 B9
< 271 0§ Ao olzigt xfolE & {A FE o] AA Aoz @5t o= AT
FAANL AgiARQl Al FAHZOIAME= AtolE B oy, & 7H ARl A|
2 g2 A= SAFSHA UERITH E3H FASH T4 29 UjoA| H]

5% QA9 AZAL AleA PR HOR o Aol HAwoL,

_13_



o2 A 7to] §ojulgt xlo]g S5ty Tt A AR UElUL AHikog syl
ot
eH, <

FA0A 2R FEolet stHete &4 £9o] wef £ AlaLof] Rolzb Ul
3 + Al FEA AREEE =4 290 et £ A= @At
& He7t &5 B9FH. May®t Hayashida® AtoA AAH =
AFolMEe doRicz A=rt =2 A’

doz 255w AleAT 2E T A

l“.‘;

i

te

o L
4
10
ill]
=)
=
c
8
[0}
=
c
&l
ol
i
it

o
1
<2
B
I
ful
I
rlr

L g
r
oX
2
=
1o
Dal
Ral
o,
N
N
|u
Y
i
o
AV
lo
=)
e
i)
rok
Hi
Pal
e
Ir
M
2
>
L
g
1o
el
=
N
N
2_11
Rl

1o
4> N
B
i2a)
r
_E
uct
o)

>

=
WA AEstTh ohub s Relo] mE 2
LSt glonz, B Ante

st 2zolA shAstT

P12 O o P 8 onu B oo
o
M
ol
ol
)
52
O
e

o 2 rlr oz oX
22
ko
w o x

off
i)
=
Mo
D)
-4
]
tm
ug
1o
i
Dl
D)
o)
2
u)
2
oy oY
o
ox

_14_



May (1985)
=3 susong-dong 3 Sewoon District

140

1351
= =
£ 130 o |
C) [ o |
= —
2 15
°
}1.‘; JPN—
é 120
7]
i}

e —
115
110 A
T T T T T T
Humerus Radius Metacarpal Femur Tibia Metatarsal
Skeletal element
Hayashida | (1957)
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Fig. 5 Estimated withers heights by horse long bones from Susong-dong (blue) and
the Sewoon District (orange), based on May (1985) and Hayashida I (1957) [4 , 5]
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Table. 4 Measurements and Estimated Withers Heights of Horse Long Bones in this Study. All specimens were skeletally mature, but sex could not be determined.

Site No. ID. Element L/R Measurement (mm)
May Hayashida [
GL GLC GLI LI Bp BFp SD Bd Dd BFd (1985, cm) (1957, cm)
Susong- 1 4D-8 Humerus L 253.45 79.96 29.57 69.49 117.19 116.1
dong

2 2B-4 Radi-Ulna R 321.5 78.23 67.51 35.81 73.71 59.18 132.17 127.64
3 4D-12 Radius L 318 77.64 69.77 33.93 71.32 58.79 130.73 126.25
4 2B-6 Femur R 382 347 115.52 38.09 91.42 133.74 129.88
5 4D-7 Femur R 362 322 104.73 35.91 86.61 126.74 123.08
6 4D-9 Femur R 368 331 113.41 36.72 86.49 128.83 125.12
7 4D-11 Femur R 372 336 108.55 36.83 87.25 130.24 126.48
8 1A-2 Tibia L 326 85.37 36.6 65.37 39.98 128.67 123.55
9 1A-7 Tibia R 328 90.69 37.42 70.15 42.34 129.46 124.31
10 4D-10 Tibia R 321 86.2 36.49 66.15 41.98 126.69 121.66
11 4D-14 Tibia R 322 88.1 37.21 69.47 41.7 127.09 122.04
12 1A-5 Metatarsal R 254 251 249 46.6 27.06 42.23 133.07 126.49
13 2B-18 Metatarsal R 263.5 262.5 259 50.3 30.03 47.12 138.05 131.22
14 5E - 4 Metatarsal R 255.5 252.6 251.75 46.35 29.95 45.06 133.86 127.24

Sewoon

district . Ao Radi-Ulna R 297.7 70.63 66.13 31.9 62.59 56.18 122.38 118.19
2 B-09 Radi-Ulna L 280.4 67.67 61.78 29.15 60.05 52.14 115.27 111.32
3 B-10 Radi-Ulna L 299.3 71.81 64.74 32.27 62.34 56.88 123.04 118.82
4 A-13 Metacarpal R 201.06 198.09 198.09 193.62 44.74 29.7 43.98 122.69 119.65
5 c-13 Femur L 361 333.5 110.32 37.03 86.86 126.39 119.65
6 C-14 Femur R 360 331 109.09 35.95 86.91 126.04 122.4
7 A-20 Tibia L 290.7 - 32.47 59.85 36.17 114.74 110.18
3 c-16 Tibia R 309.6 83.55 33.98 66.16 39.19 122.2 117.34
9 A2l Metatarsal R 244.15 237.55 243.95 27.27 25.92 43.71 127.91 121.56
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Table. 5 Summary Statistics of Estimated Withers Heights for Horses from the two
sites

Site Formula Mean (cm) SD Min Max Range n
Suseongdong May (1985) 129.75 4.8 117.2 138.1 20.9 14
Hayashida I (1957) 125.08 3.8 116.1 131.2 15.1 14
Sewoon
District May (1985) 122.29 4.6 114.7 127.9 13.2 9
Hayashida I (1957) 118.02 4.5 110.2 122.4 12.2 9
-y

Z=A Aus May(1985)Q] A3} Hayashida 1 (1957) $9S w% z3t
& ZRR|7F oF 125-130 cm, AlX]3 9& HE A7} oF 118-122 cm
EEH U2 9 FA4AY sigste AES BHon, »3F
A EFE EG 04 2 AFZ YR ol2st AutE ddl A
2 Aot (25t vlwgt Ak, 1980~1990¥dio] B u® A|E Ajjore] Ha A
SF0QTH19, 20, 21)(Table 6). ol 3tY=’d EE To| =7

of 2Eo|A o] &% o] Ao AF AfefiorEct vwA 2 MAZ
AR&S AARETE ol2igt Rlol= RAAIY 2EQ; A= Ato]e] Thagt X[HA xfo]# of
Yef, AR g3 25 de] A9 xjolg RIFE 7hs/dol AdH. dARloR ARk
1276\ fuetrh geto] Supgs AAEE olg T AN FAAR 7]sotdon[18], Al
Aeforet s=A Lo ”01 o|ZolFTh= 7|Fo] gttt @] A|F0b= U]EZ=2|of DNA
A 2 gae] fAA Aol BaEo] QIui[18, 23] Iyt AlAoA= Ato]7t
LT 71t Aol 2w Faore] Aals oF 127-135 cmz H &0 Qloni[l, 4, 22]
(Table. 6), o] & 04%011 A FRE 2AAY Zo] AMuEch ot 2 Eolnh B
Az Ajefote] B Ay olEch AL Zloz d2A o, A 74154 AAol & &
Ut FFEZ HolA] A4S 7}%@% AAFSEEY. o] AlFwoA EAF Zo] A2 A|Ao] oz
2% el golA AA ¥ o]RolFE THsAdE Al

ARgtt PRAGAAZ ol 2AAT AlFEoA AMSE SOHE#E)E HAeteet Fite 50

rl

d

SeR o]FsAU24, 25, 26], St T AdEste Futol] AstAtE 710l gof
ATH26]. ol2fet 71E2 FA ez Aol 2 ol AiFE 9 AFo=z o|FAS 7

2 Ho &t oib oj2iet olFo] Ax Lol A ®isto] AHAQd L2 nF =

_‘|7_



Table. 6 Adult height at withers ranges of selected horse breeds [21, 22]

Horse Breed Withers Ranges (cm) Reference

Jeju horse 115-120 [21]

Mongolian horse 127-135 [22]

Icelandic horse 132-142 [22]

Arabian horse 145-155 [22]

Thoroughbred 157-163 [22]
2 AFoM s ZAAY T £ ALE FA7] €& oleAd] Yt vlustich stk A
Bo AexoR AmstL AR 2abd wgvt Fustelon, wo AAn Yejg vl
5710 AA™sh xlgdoz woErt dEo|A= Hayashida®t Nishinakagawa?l 74z} o £ A
O A4 Z2EEH Lol AX|ES AlIES 8 A5, 6]. s AISAo] & dFet g 7]
Fo] AEAS Agslo] um An D oA WO FF £ AN May (1985

APAO|A 128.83 + 7.4 cm(n = 41), Hayashida 1 (1957)Q] AAFAlofAl 124.29 + 6.7 cm
(n = 41)=2 A=A, ZAAIGR o =it 2] Fot & Aile Welchd] -4 A
May (1985)¢t Hayashida [ (1957)9] & AAAl R0 {oJeth xto]S Ho|A] AUtHp >
0.05) (Fig. 6). wetA ot A-lod e =4 ol A gt

Alnet FWHoR ARE 5

ol Atol7} 9o, BelW ZAAlel Exat x4

_]
He 1T Wast ok gepA B Ante & oA

-
>
£

o 2o At sdsit= =
A ArzoflAl F3et AaL Rpo]7p SRIEA] ofQith= £Fof|A siAMstaA} sttt Feoe &
2ot #E S H5o AMtjAog AlF eIt =8 A QF (radius-ulna)yt dohe]w (femur)
2 FH0R 5YU 274 ¥9 7 vnE ANT "ast dok ABAAC ulag eotsty @
ol 2EH 2AAY T2 F4 Al of 118-130 cm HH Y Fagutol sigst= Al

& AE @ AF Agoiuct i 2 4FE0|9on, AE oA
3 e MR &3tgch @ Ad) $nope AnE o 127-135 em
2 AR FYE FAAC #YEY FE 2o AN(118-130 cm)E o BL} o 5-10
Wl SiPATE mel @Ry FE AMAD T Ad) A% Ao

W QASIE, AC) BNY Wrk: o

AT A7 wolgd Ao sjMEL. v, FYurel ofefulop wel Aust 145-155 cm
o1 @cje] ojEM oy HFolel Aiuel=(thoroughbred)e] H1sh Furmoz

157-163 cm o]4l e mejstdl, A 2L oS0 wla] AL A|Ho| 9T} (Table 6).
ARA Azo] disids TR FH(AR), FEA@HMR), FEN(EER), 27

NH(EEBER), ZRAERR) 5 820 BE olg st 1uso] 98S HAY
o, GEAe TAEAS, W13 1446W(MF 28) ML PEALS ol g =Y
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9 AE = ¢

7]

2ol UEAIE £ol o 308 cm HE2 FHY 2 U [(27). oA

z T ORI 48 A5 Rl sigach A 7S] o
st meAlc) ojzlo] mejo] £EE %S Eol+E)0HE) FUHELS) FUHRE) FoH &)
502 1900, ol AL JFstdtt] Euks of 3A(R)Y AL APYH v, <
Cotoll shget ot Zot ojAfe 48 1E(Y)-48 729 ARE 7 FHHR 71SE o] 9
CH26). ol2idt 7122 1 AU RHAGeINE Lo AZo] BE LRt ot ololx
Ch FAIEASs AE 8W(1426)2) Zo| chat SAHER) AL DL ChuHAE) F0HP
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B AMER TR, 7T $FL T S FS 502 ARstel ASHo Briste
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tH26]. dAf Sote] Alis tiAl2 127~135cm ez B1E0, o] Ar2 sty

4 12~ 7RO ST, ol 2ol 2Rl SR &
of o|4g 4% 1548 7E0 FP0tE 7|25 Wgu BRI SARE SEo|ch mapA
A7olx FAE £AAG Zol AL 118~130cmiE Lol AAAY 2R Uehe w2
Wo] MARCH: OZF Ate AAS HAW R 2 4 ok ohYt RAAe] o 538 AL
1Eoz & Zlo] oful, ZUH#E) oAl B4 E5S AR ) xdo)A
w3 zZPHoz Uehjs FYoloz, 2HAe SJolu AL B o

A7) dlo= Fojrt wast.

el
ot
ul
o
[
oy
Fiid
<48
|m
o
X orle #1832

Olt
2
e

W, e ES 23010 oapd J|9e MY 4 9t gaA ud) 7|SoR: o)
oo astol(RTHE)H EAEICE TARA, 94 EolA

RAQ 427 BSO R TFE)} Z12El0] QlrH28]. olo] thal &Rl FEZ)E
s “Trstobe ols} 3¥ow, o2 Ebn AT WS AU 4 9lo] Tetetn
TES=R, RZoIRRETT, HBZRT). 2t A9¥stol 1 3719 9
oTH28l. Al Fol FAMY A& |ES Wis] L »E gloy, B
2 ao o] (FUEe} WA AW xolo] Dstote o AL 2dutRd
o2 wejsty B AolA shelel mAAY Lol An(118~130 cm)E 1wt
wrh geds] 2 feol sigdct ook o] J]=e AAAIG} ofd o of Ao
J1=olo), gale] nrf AEet £AATY] ERES SN A hAl7]
7t it

©)
[-)4
=
A
L
=
a
|ru
)
=2
g
Ra)

M
% 19,
o 1o

o

o
1
=
-
o 4z
78 o L

fu
)
o R

Ol

S~

oo

Mo o

o oo
g 1p ot
= i o
r oL i
EOERE S

N
rr
rOl'
2

oot tigo] oyl APoA BHolE AMAY Te A4 of
138 cm7bx] Blad e Aln
2ol T 2 s|= 9 e nefs)a

& Aole} oinls o gRed 5

-IFD
oL
ME
o
L
o
o,
N
tn
o
o
n
2}
u
K1
r>~l



)

~
o]

oF
ojw
14

B

b A7zt Eotel v

9]

o0

2 Al

7b o] Fo R [24, 26].

ota

K

!
ofo
o

(=) F

AR

pal

K9

A

e of

Bl

=}

RERNEE
oro] o wlel Alz 14T ALY BTt Fegol J1SH ol

7128 Atzol ujRut e

7101

HolZ= Ale 2 A

Aol thoF

=
s}

Ao}, ojop, oju}

AlaollE=

=l

cht ole]

At [3].

8o e}

of. 23ol= gAY

o]
A

@At

s

ofoi7t Utk ofAY & A-tollA eld HjwA §2 A

L
L

A7o] o] of

st

2 $7olLt o] & =

AZE A

& 7HA

%O

wjr

X

!

ol

H

J|J
o+

4
0

~X

o
o
oD
of
™
i

[ife]
wjr

5%

0%

N

bl 23l

5}

AIO|7HR] AE

7
]

Al

=
| .

5] SREA| grol Ao u

=4
o

ojelw xtest

]_

o
0P

H

i

]_

o

lo

T
old]

o

AL
__OO

B

o -
= K

I8 =250 o

al o
=

o X
, ®o

o MAL 1

ES RIS IED

é‘j

oRF T4 A7E 9

3710
O BA

VS

al

r

wj

_—
1o

I

(¢]

st

of

|

Pl

o 2o} olg

=3
=

IAE Blagozn TA

_20_



Hayashida | (1957)

May (1985)

Oha

1 mid-Edo
4 Mean

3 Joseon

mid-Edo

Joseon

mid-Edo

Joseon

145~

140
3 4
130

[Te] o [Te}
o o~ —
~— — —

(wd) 3ybIay siayym pajewnysy

110 A

Fig. 6. Boxplots comparing estimated horse withers heights between the Joseon
(green) and Edo (orange) periods. No significant difference was detected between
the two groups using either the May (1985) or Hayashida I (1957) formula (Welch's

t-test, p > 0.05).

n
Pl

A7 A A

Al
%

o] Almet

w4 23t Mayet

etk

Kk

fol FAl &

9

Hayashida 9] &+

1o
<o
<

J|J
=

_

1K

s

,__.n_u.o
.
o

700

o

ol

ol
AL

IR

Al 740l 120 cm2 YEHY

A%

O
aTr

A4 Atolet 7HAl F2=

o
e

o] 127 cm, A

e

Golol| st on,

118-130 cm9] F4&

OF
=

< g Al

al
=

of Azotuct o

ol o197t

shpets

el

S Atz vte

=

Hetet FotAlor Al

;A_ﬁ

Zoz 7|

ol

Clﬂ
L LS

=3
=

_2‘|_



REFERENCES

[1] Kang JW, Park HY, Lee PR, Jang JH. World Horse Culture [: Mongolia and
Central Asia. Gwacheon: Korea Racing Authority Equine Museum; 2009. p. 45-58.

[2] Hong JH, Kang IU, Shin DH, Kim J. Origin and diffusion of Equus caballus from
the archaeological and genetic perspectives. Anat Biol Anthropol. 2020; 33:57-68.
Korean.

[3] Nam IS. Chuksan sillok [Veritable records of livestock]. Seoul: Farm
Communication: 2019. Korean.

[4] May E. Widerristhohe und LangknochenmaBe bei Pferden-ein immer noch
aktuelles Problem. Z Saugetierkd. 1985; 50:368-382. German.

[5] Hayashida S, Yamauchi C. Deduction of withers height from the length of the
bone in the horse. Bull Fac Agric Kagoshima Univ. 1957. 6:146-156. Japanese.

[6] Nishinakagawa H. Ancient Japanese cattle and horses: a study of the timing and
routes of their introduction based on skeletal remains from archaeological sites.
Research Report of Grant-in-Aid for Scientific Research (General Research B,
Project No. 01490018). Kagoshima: Faculty of Agriculture, Department of Veterinary
Medicine, Kagoshima University; 1991. Japanese.

[7] Jung CJ, Yang YH, Kim JK, Kang MS. Investigative study for the establishment

and registration of Jeju native horse bloodlines I. Body measurements of Jeju
horses by region, sex, and age. Korean ] Anim Sci. 1991: 33:418-422. Korean.

_22_



[8] Kang JS. Jeju horse. Jeju: Jeju National University Press: 2005. Korean.

[9] Shin TY, Yang KC, Kim SH. An osteological finding of equine bones excavated
from Cheju Kwakji archaeological site. In: Jeju Gwakji shell mound. Jeju: Jeju
National University Museum; 1997. pp. 288-295. Korean.

[10] Yu BI, Jeong SK. Analysis of faunal remains excavated from the Gaksan-dong
site, Area A of the Daegu Sinseo Innovation City development. In: The
Gaksan-dong site, Area A of the Daegu Sinseo Innovation City development-Main
text. Seoul: Korea Land and Housing Corporation; 2012. pp. 455-466. Korean.

[11] Son SB. Patterns and meanings of features yielding animal bones from
excavated sites in Hanyangdoseong and Seongjeosimni. Seoul gwa Yeoksa.
2025;120: 109-151. doi: 10.22827/seoul.2025.120.004. Korean.

[12] Sudo Munhwa Yeonguwon. Seoul Susong-si site: sites within the integrated
development area of Jongno Fire Station, Susong-dong 146-2beonji, Jongno-gu,
Seoul, and the additional development area. Yujeok Josa Bogoseo 146. Seoul: Sudo
Munhwa Yeonguwon; 2025. Korean.

[13] Gukbang Munhwayusan Yeonguwon. Seoul Euljiro 3-ga site: site within Sewoon
Redevelopment Promotion District (Zone 3-3), around 202beonji, Euljiro 3-ga,
Jung-gu, Seoul. Yujeok Balgul Josa Yaksik Bogoseo. Seoul: Gukbang Munhwayusan
Yeonguwon; 2025. Korean.

[14] Matsui A. Fundamentals of zooarchaeology in Japan and East Asia. Kyoto:
Kyoto University Press; 2008. Japanese and English.

[15] Adams BJ], Crabtree P]. Comparative osteology: a laboratory and field guide of
common North American animals. Boston: Academic Press; 2011. English.

[16] Von den Driesch A. A guide to the measurement of animal bones from
archaeological sites. In: Peabody Museum Bulletings 1. Peabody Museum of
Archaeology and Ethnology, Harvard University, Cambridge. 1976. English.

[17] Parker R. Equine science. 4th ed. Clifton Park (NY): Delmar Cengage Learning:
2012. English.

[18] Kim NY, Yang BC, Son JK, Shin SM, Woo JH, Shin MC, et al. The origin of
Jeju horses and the coat color characteristics - A Review. ] Anim Breed Genom.

2018; 2:28-31. Korean.

[19] Kang MS. A study on the correlations among body measurements of the Jeju
horse. Jeju Stud. 1990;7:269-294. Korean.

[20] Kang MS, Choung CC, Kang TS, Park HS, Kim DH, Choung JJ. Study on the
body type of Cheju native horses. Korean ] Anim Sci. 1989:31(11):706-714.

[21] Lee W, Mun S, Choi SY, Oh DY, Park YS, Han K. Comparative analysis for
genetic characterization in Korean native Jeju horse. Animals. 2021;11:1924.

_23_



[22] Hendricks BL. International encyclopedia of horse breeds. 2nd ed. Norman,
OK: University of Oklahoma Press; 2007.

[23] Jung YH, Han SH, Shin T, Oh MY. Genetic characterization of horse bone
excavated from the Kwakji archaeological site, Jeju, Korea. Mol Cells
2002:14:224-230.

[24] Yi HD. Horse ranches in the early Joseon Dynasty. Journal of Northeast Asian
History. 2017; 55:227-62. Korean.

[25] Kang MI. Study on the management and influence of the Tamra Ranch in the
late Goryeo Dynasty. Tamla Culture 2016:52:67-103. Korean.

[26] Yi HD. The import of Manchurian horses and the installation of Manchurian
horse ranches in the Joseon Dynasty. Military History. 2016; 99:113-44. Korean.

[27] Moon JY. Sejongdae cheokdo-ui tansaeng: Jucheok-gwa hwangjongcheok-eul
jungsim-euro [A Construction of the Standard Rulers in the Period of King Sejong:
Focusing on the Zhou Ruler (EAR) and the Huang-zhong Ruler (¥##/R)]. Dong
Bang Hak Chi. 2021; 196:239-67. Korean.

[28] National Institute of Korean History. (2026). Jung guk jeong sa Chosun jeon
[Records on Korea in Official Chinese Histories]: Samgukji [Records of the Three
Kingdoms], Weiseo [Book of Wei] 30, Dongijeon [Treatises on Eastern Barbarians],
Ye [Ye Section]. Korean History Database. Retrieved September 4, 2026. [R= 1%, 3%
Wz 1, T=BEEs B30 "HE BREERRE FH30 #E.

_24_



153

A2 FolAE 2wo] ASSA BHS Ed) AS R A7t A0 o zojxlA] o
orch. AMAI o] AAc] W ASA APs} BEsto], Tl
o] ZZotE: AAAY w2 AEsHe
U AR T SN FEH Lu

oz AT 2| A

ku

L omo oft w
o
tm
ol
o
=
ol
>
s
1o
S
Rl
o
N
0,
ofo
o2
oz
jo
i)
:<3|L_"
ol
o
=
~
)
ol

U2 Atmef vlwsto] Z2 Al7] FopAlop O] AA
TollME FFed U 2550 M2AlF fA0A 28H & 2382
A EdS AstL ALE FEs5te 2AAY 2 A4 BUistdo. A
(greatest length, GL):= von den Driesch(1976)Q] ZAZ 7|&0| wat && 5}
+ May(1985)°} Hayashida(1957)7F AAIgE 78412 o]&sto] At&EsAt
EE W9 A= 125-130 cm, ANlAF#+ £E Y9 A= 118-122 cm&

lo
u

|2 )
e oX
19
v
L p
ny
)

ol o mY @

P
W oE
+
o

olr
—_

kl
2 M
3n
N
EN]
=2
a
ru
rg
rc
re
-
2
>
Mo
4%
9
P
rx
>,
)
=)
rlo
)
fru
o}
>
ok
d
=)
=
=(|)L_I4

2t o3t Abol aAQlEA] grgkon), A
(2HTRct oha 2 AAS B UE AS
AHAY To| AAL oldfsh] ¢iat JIEARE AFstel, tobrt utE nof o] Feyst

A 542 olsfshe o 983 ARE AT Aoz st

Fropuy] g2 &, A, 24Ad, ASE, dFEd. e

_25_



