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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
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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.
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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.



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 S5E-4 4-2 building remains Metatarsal 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
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Table 2. Abbreviations and definitions of osteometric measure-
ments [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

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 XxGL 3.97xGL
Metacarpal 6.102 X GL 5.95xGL
Femur 3.501 XGL 340X GL
Tibia 3.947 X GL 379X GL
Metatarsal 5.239 X GL 498 X GL
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Fig. 4. Illustration of horse withers height and measurement points for horse six long bones [16,17].
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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 48 117.2 138.1 209 14
Hayashida I1(1957) 125.08 38 116.1 1312 15.1 14

Sewoon district May (1985) 122.29 4.6 114.7 1279 132 9
Hayashida I1(1957) 118.02 45 110.2 1224 122 9

HEH, 9= (humerus, n= 1)) AL FH2= May 33
4] 7|2 117.19 cm, Hayashida I 44] 7]& 116.10 cmZ
109 cme] o) Liehdich. The $9jol WA o9 2
< Fholl AXIRIT. A 8 (radius-ulna, n=2)¢] A3 FHX]
= May 3404 130.73~132.17 cm, Hayashida I $%4]
oA 126.25~127.64cme] HYE Ho] T =HA] 7k 2k 4~5
cm®] Zpo|7} El= Q. Joha| W (femur, n=4)9] A1
AR+= May FA2]A 126.74~133.74 cm, Hayashida 1 3=
Ao A 123.08~129.88 cm2] HYE YElf o] oF 3~4cm
o] Zfol& H itk
Wb 73w (tibia, n=4)2] A3 FHX|= May 744
A 126.69~129.46 cm, Hayashida I 4]l A 121.66~
12431 cm®] HYE 2o oF 5cme| *}o]7} Yebdtt. w3
2] W (metatarsal, n=3)9] 1 FAHXE= May =424
133.07~138.05 cm, Hayashida I =% 4]o]| A 126.49~131.22
cm®] H9IE Bof T F34] 7k oF 6~7 cmQ] Zpol7h FRIE]
o, ol= thE EE FHof Hls| iz ez & Xpo]9 8f
FeATH AR O 2 May 4L 2E S E F9o)4 Haya-
shida I YA HT} 2 A3 FHAE AEsl= AFS =
Hoh & FAA Tt Aol= gmolA 7 AHA vEige
o, damol A 7P ZA etk ¥ FYgE 7iA 9
sl AbEE Al AR FFE F FEA A FAH
et 2E A 7+ A AF Atol= dAE daEA
HFEE Ao I
S8 AATF A9 AAE AuEH, A3 233
9] W2 May 42404 122.29 +4.60 cm, Hayashida I 5=
HAOA 118.02+4.50 cmP e} T 244] 7+ 427 cm?)
Ztolg Bt 2E FoEE AHEH, & Q8 Z(radius-ulna,
n=3)2] AL 2 May 2444 11527~123 04 cm,
Hayashida 1 73494 111.32~118.82cm<] HHYE H o
24 74 oF 4~5cme] Ho]7} FalE|gict ol2fat At
%A 2459 AT o) o Aoz G 22
wrt. 3] 2] W (metacarpal, n=1)¢] A3 FHX]= May
FA4] 7|2 122.69 cm, Hayashida I $734] 7]& 119.65cm
2 Ueht T 244 7F g 3cme] ztolE Bt drte

N o e

W (femur, n=2)2] A3l FFX]= May FH 24004 126.04~
126.39 cm, Hayashida I 4 4]of|A] 119.65~122.40 cm®] ¥
AE Ueton, A4 Afole 242 6.74 cm@t 400 cmE
ghel=] gt A7 (tibia, n=2)2] AL FHAE= May 3
Aol A 114.74 cm&} 122.20 cm, Hayashida 1 $=74] ]| A
110.18 cm&} 11734 cmZ A& E| Qo0 JHAH 2}o]&= Z+z-
456cm®}t 4.86 cm Tl vpR| O 2 9H5] 2] W (metatarsal, n =
1)9] A3 X+ May 3294 127.91 cm, Hayashida I
FAA A 12156 cm2 UEhd F $34] 7 6.35cm®] 2t
o2 HYUTh BAHOE May #4412 BE ZE B5olA
Hayashida I 44| Hot =& A1 FHYXE 4r&sh= HF
< 2otk F 334 11 Aol & mo A 7P AA U
b= BHA, dobejw ot dsjemo A= AdFeg 37
Uebdth B3 dejEm e 255 AT iRVIRZ o2
Fjoll vla F=A44] 7+ Zpol7p F Aoz I

A1 Fggke] MA| B> May T4 oA 126.83+5.9
cm, Hayashida I 3404 1223153 cmZ A&EH
o 8 g4 ALE vagt 249, 55 32 May
223} Hayashida I 344 Z+ZF 129.75+4.84 cm
9} 125.08£3.80 cm& YER o, AT 42 27}
12229 4+4.60 cm®} 118.02+4.50 cm& AF&E|¢JTH(Table 5).
4% 249 24 AW ALAT fARG dHoz
& S Yo AlAITY =4 Bl 3282571 v
< Hoj o]gjgt 2folE F §4 EE LY A4 zo|2 ©H
st7]ol= AL itk g £ A2 AdiAel A F
koA ZolE Elou, 73 1F Al Aa 32
A 2+ B2 B A= A Uettth 23 59
gt =7 £ HollA Blugt BLole 55 29 ASA
7F QAR A HoE =2 ko] Rl o
£ 3 1Y fYu|Et Aol = FjMs7| Kok @A Az
A Uehvh= Ao adstqict.

I, FY FAoA EEE AEol siEgt: 4 79
of wat =4 Aarof| Zpo|7F Yk Th(Table 4, Fig. 5). ©l+=
Ax FgA e A= =4 Felol ot 244 AE=

o} 937 ebd 4= 9l2-e Ve Bavh U2 HolEr

oL oX,




May$} Hayashida®] Aol A AAE 224 Hd 4 Al
F=g 138 o, & dolMs AR AFgert =2
Z Q@ I (radius-ulna)T} Joha] W (femur) 2] RG-S AL
2 350 AlRAT 2E D] A A vl askqtt. vh ¢
28] (humerus) 5 L3 LA UERE gk ATh
02 2 WAS vy 4 YonE, WA BB 2AUS F
U3t 7SR 2 AL HAPTOE A 1S RS AL

Fol8 ATk Uk 245 FE AR SRmel
2w 5 R9jo) mek 24 Ame Zfol7h A Lpekgton],

ofafat Aholi= ZAIAIT o) AR HleA A3 F5419) 7]
2 ot Uk s AT I 22 5908 2449 o)
W E4] JaME BAT 4 qlck mebd B Aol
ol K9N8 Xl AA| A Hol2 WA ke,
Haza) dokemel 293¢ FH02 WA PRt
ohE Sl R9le] FES oA] SR ghot K9 Aol S
EAH0R 4SS el BAVL donz, B Ank 4
5T ALAT ZE W) A Holo] Tt AL AN
She Szl st

2k

i

ZAAY Te HF 4 A= May (1985)9] 543
Hayashida I (1957) H$& 2% X33t 45 43 &

AA7F ¢F 125~130 cm, A& 4 2 & 7WA|7F <F 118~

122ecmz FH Y F 'ﬁ"ﬂoﬂ*ﬂ SEH U2 BF 547
o St WA RAoH, SEE 44 BE Yol Alen]

T HH EE R ta ﬁfﬂ'— Ukt o3t A}
£ A4 AT AHvhEFTHE} Bl A}, 1980~1990¢
o] Bag A5 Afute] B AL (115~120 cm)Xct o
& Z $F0IUTH19-21] (Table 6). ©]= FFEY 2 E EY
F ALE 1 o, 2AA o] BEA o] &H o] &
o A et vlng 2 A ES AR AT o
23t Zpol= AN BRESY AIFE Ato]9] Tt 2|94
Apolf of e}, Aks ST FF | WA 9] RjolE why
T 7h5A0] Qlth G o B AREl 12764 Yyt &
2ol Zaptg AX|g o] & I ARG FAHAR 753
o [18], AlF Aoret T34 Lol wigo] o|FoiFth= 7]
Zo] Mgt} ddf AlFut= v|EZ S of DNA 2404 &
A ko] §44 A@dol BarEo] gith(18.23]. L&t

AA Az Zol7t Uehdtt. 71& d+tol| W2H Faruto

A= oF 127~135cmZ HI1E 0] )0 [14,22](Table 6),

ol & Ao 49 2AAY T Akt ot 2

Foltt. v A Al Aefnte] B Al ojE ok A2

SIS 242 St ZUAN 2o M FH A7 235

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]

Ao® A 9lol, $47 AT o] 4
g Bo|x FE FF5AS NARRTE ol AR B2 o
o] e Aol 23 SAEYAY, olFe] A% BT E
2 73 B AZ W} olRoIRE TS AR
o} TRAGRAE, o 2AN T ARENA AL Fb
(H15)S Ao} AShE So] Baow olslAL}[24-26],
gt wrg Auslel Wujele] WARIRTHE 71 20| ol
oleh26). ol iRt 712e AjH oz o] 2 wo| AFE
o] Aod oz oYL FH5Ae HolzTh thit o]t of
So| A% wol A7 Wslo] AWH YL MHEAL @
A Aartes Bty olgt ol AL B 1SS
dlgro @ § 7}oln, ol2 AZel] ML 22 2414
g AzEolN 228 @ woj digt 2AZ A7t 27
How ool Wast gt

S SU P

& a7ole 209 29 34 228 517 9 o
A W3} v wElget s dEL Aoz QFsin
OEA]'Z:]—CLE “\I.‘il’z-—! J-L~r|-7]' %‘Q‘o]—ﬂgtq’ E’_] ] _L]_ —%EH

£ vlustr]o] HAg X H o g weE). Yol = Haya-
shida®} Nishinakagawa7]- 17} o =AY SH A EEH
o] ARRES AST B JATH5.6]. 3l ASA A & AF
oF FUT 7|29 4AhEAE AEste] Blug A diE o
SAY T Hat 4 Al May (1985)9] A4t oA
128.83+7.4 cm (n=41), Hayashida I (1957)¢] AlAF&]of A
12429+6.7 cm (n=41)2 A= ITE A} oA
Y o) W 24 ATE Welche] A% 23}, May (1985)
¢} Hayashida 1(1957)%] & A& B=oA 2l o] &
oz oF3ITH(p>0.05) (Fig. 6). WepA] o AtofA] 57
H 2AAY T A3 ghe i =AY T et A
W o2 FARE £ES HAth ot £ AT WA 22
o Z7 Fod 4of Zpol7} Qlof, RePE 749 BTt
4 27t 3 B4 Aol ¥FE v 7HsES 1Y
o 297t vk w2 A F *]EH o) At Y
sitte SnjEthe, @A) ARoA FR1E AL Zpol7t gel
A @the FEolA A stAt 6“:} Foe S=

o
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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).

HES st Ao R A %7}t =2 A8 (radius-
ulna)d} Johe|® (femurn) S FHOE Y =4 79| 7t H]
AE AAT ezt ok 7R 9] H|AE aoFstH e
TN 2EE AN T2 278 AL <F 118~130cm
He) Y] FaFute] stz A Folet & 4 it o] A
I= df Al AefupEch tha F £Fol9oH, i o
Al b= ARk o2 fARgE W] 435k¢itt. g Aty
Tkl e oF 127~135cmZ £ AN FE =
AN Stz 28 o] AT (118~130 cm)= o|Heh oF
5~10cm B= =2 9ol sigeich wabA Y=y 25
ZAAY T ddf Al AHrk(115~120 cm)Eohe tha
A3, Y& A=Al B AR, A §aL THTh=
OFZF A2 A A Y| o e AR sjAHTt v, S mkel
ofztu]o} IO A|317} 145~155 cmo]al AT)O] thE Al of
@ ATl A 2|2 = (thoroughbred)S] A7} duba]o
2 157~163 cm o] A& 1sHH, 2AAY T2 o
of v]3j| 22 |4 o] $ith(Table 6).

ZAANY Hrof disiA= AR A FHER), 3
THGEEN), 92 (BER), 29713 (&), LW
R & &= & oz =7t FEEH as &9l
o 4= qlow, g2 AL THIFAE, 1139 14469 (HIF 28)
B2 FREAZNGF =HFY AU VSR FERE L &
29 ASAE 53l o 308cm FEE FHT 4= ItH[27].
ojgg 7|2 T £ AT W A= dAR 48 A
$-9] o] sfiFgtch. A 715 o5k AT o3
o] 1o 2F3 T2 Evh(+E) vh(B)  ErtELE) - St
(R%) -Buh(&E) 522 FREGeH, ol AdS 7|15

=

of

A

st Eoke of 33 (R)9 AL ATAE W, gein}
o Hshe uhet Zuf ok 4 12(P)~47 729 A2
2 7 $¥0i2 71250 Qlni2e]. ol2F 712 naE
A 2HA QN E 2o FZe]| w2 BRet Brht ofo]
A TAISAE, AF 89(1426)2) W) tiF SIAH(EES) F
AN E WL ok k) S0k ) 2THONE)R FES
1,7 5EE O A5 55 S5 0R At A5He
2 Brlskdrh2e). BEF 2AA Y ZoHEE)L AL 7]
s SgE B SnEm)E o1 9 B2 A5 2
< oulsis Aoz, Pl o AATY §2o] BE BF A
A oA ol 4 irk26]. B Bamke] A1t g2
127~135cm A2 BEn, o]E A2 FHASHH oF 43
1£~47] 720 Sich. of= A BdlolH BZA
ek gou (g E)% 20k ole 48 1243 729
ZYul2 7)S3 WeT 2 GARE pEolch uehA] B
ATolA FHE ZAAY T AT 118~130 cm= 18-
2AAY B0 Uehts BubA) 2e] A Rchs ok &
2 4L By o2 2 45 ok ot 2R I 5
° AR 71202 3 o] ok, SukEifE) A 57
F29 ARt B Ageld SUE UL BUY
o2 el Po|nz, Baye] SFolt 3R 2 4
2] ARlell A A7) el o7t Wasiet

e, Pk B 29ute] il |9g AT & 9
= fEAQ 1Y 7|2oRE o) A9 TR TE)
7h EARI TERA, T9IH ol oz, o wHEw, o ()
o] EHQl SAER Hstut (R FH)7E 7S 9
ch28]. ololl thal R (2eih) = A4S T3 “Tsiut
L ko7l 3302 0|2 Bu FAUR L AUz 4 9
of Wsteta REohLFEER, T2 TR T, el
2T ek deetel 1 2719t BAe) e welw 9l
28], A 7Y TAM HE 71ES P & S
gou, a4 35 02 7|2d T o (FYUE A=
AR AJeje] Tapubis uj e Zhe APuidE Ao 2 FHH
t}. o}2 TEjslE 2 Aol TlE =AY e A3
(118~130 cm)l= 2o} 28 & Batubrct Seds] 2 o
ik thit o] 7% 2MAY7t ofd Trf off Ao
ol B 7| Zolu, FAle] wrf HEo} 2AAY Y =Y
& SR 3 - gA17]7] el BA7} Qe

oj¢} TiBo] o]l AT SHelY ZMAI T F4 of
115~116 cmol| A Z o) 2F 131~138 cm7}A] H|2Z Y& A
3 2ES Byt o AT BEE 2AAY o] A%
2 Peo] B B 7|57 3] DA AnE "art
k. 2AA Qo FueE Bo) FUT Aeuiet 4=
U BZ2E So e SuhHiE: Gehul, Bunl 512 AR
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Mayﬁl- Hayashida 19] & &3 ’5—‘.% A2l A1 groll= o
Apolg HEou, & 1 A4 zpo|e} A &
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