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Abstract

The aim of this study was to estimate the factors that can be used as a predictive
indicator of antler productivity in elk. Body weight and antler data from 115 stags
raised at the Animal Genetic Resources Research Center in Korea were used in this
study. The function for the average antler weight was derived by age, which was
y =—3.4693 + 5.3747x — 0.8x* + 0.0424x°, and R* was 0.991. The analysis of the relationship
between body weight at birth and the 1st and 2nd year and the antler weight after the 2nd
year showed a correlation between them. There was a correlation between the antler weight
of 1 and 2 year old stags and the weight of 2 year old stags as well;, especially, both antler
weights for the 1st and 2nd year were highly correlated with the antler weight of the 4th year.
However, there was no relationship between the antler main beam length for the 1st and 2nd
year and the antler weight after the 3rd year. Therefore, it is expected that a large amount of
antler will be obtained in the future if proper management is carried out for young deer from
birth to 2 years old. Additionally, the results of this study are expected to be useful for the
development of a deer breeding program and the deer industry.
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Introduction

ARG B2 GTERAR] S (pedicleyt BAdE A'd B2 F/H 0] Qlom, o] F &2
& ol §7d7te] 7t E2lE o] Yol dojub Az Eo] thA] Al2HA| Etk(Seo et al,
2006). E-2 5-8{(velvet antler)?t =Zf(hard antlen) © 2 22 4> T} 5-8-2 e Ao T
Stof of2] 22| g2 /7ol 13y Tl EolH, 212 ZPeprt dojd Agol e Eoltt

(Lee, 2014). 53] =5-8-2 -9-2|UZHE B =S S5HoF Aol ofg t= 4§02 '2d] o]-&&|o]
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O™ (Lee et al, 2003), 5-8-2] /33 B &5ofl Wl 22451} 52| 2t Soll 7]AlE] o] 21th(Ha and Yoon, 1996). X
ohs 589 855 HeHA o= AFohe A7t = =T, MR F7HAF&(Sonetal, 1986), T M £
Z+-8(Han etal., 1994), §=H 2|5 G} (Jeon etal,, 2010) 2 -7-2]7] 27 E4 G 3K Park etal, 2005) 5-°] ATt o]2{gH A
AE HiRro &2 2i7gol| tigh ilo] S7keh= Athe] M|t ghEE 582 AR R AIF o 2 & fdE|o] o] 8= 1L
ATHMAE, 2002). =-8-2] A2 JFEAI717] 918t At Ze =-8-0) it ARGol A Bl Alsah WAl HA7}
%OEﬂ(Benderetal 2003; Vanpe etal.,, 2007), Aol th& =-82 34 0] {204 At £ A S 24t =
&3S AE3P] et A S AT A7 Bt ThBerg and Garrik, 1997). 3] 92|t Akg571] 5 44
o] =84l WZHCARE, 1996), 5-& A& A7 2ol 571e] 38 TalAtelt). whaba 2 Aolel] 2] o

M

l=l=l
T

| 582 AT 4 U ofR PAS S GO RM 5§ PSS 4 S FYNY 4 Uk B AT
ol A1, DAL A1) A1, S BAAIS, i 8 A ol of 70 s BAVIS] A 2418 551 8 4
A3 ol st At ANSOm, B Ae] ATkE BEslo] FHE S B3 57t 45 PHS EFAARS A

o] o] 7]ofsarat etk

Materials and Methods

SA71E 2 AjaE|

B oJqlof| A= 2 2 A 81 719 AR A E] ol A] ARSE1AL Q1= AT SeAkS 11550f] thahe] 2011 EE] 2018
W7}A] 8idol] A ZARE 58234 71533771 E AYAL 1A, 24 25 715 31871 o] 85ttt £ Bt 7184
Z}7} 293, 27770010, &2 A &2 23l 7|7F ) R-32dAke] EQlo] glis ATo = J w0l 4do] WTHNIAS, 2006).
AR AL R U9 A] 9&— ik ok 500 m A|TH(35 44 N, 127 55 B)E ol Fd 7122 108°C, Ho oS
1,462 mm= JM—J 715 E-Foll mhet CwAol &5k 2315t 2| o|ThNIE, 2015). AHS2 SE2E AFRA
A5, HFALR = AE7|E0 2 ZrhA 18%, AR 12% Q9] ARS-& HigA IR S B A7)0l = A152] 13-
1.5%, L 2] 717toll= 152 1.0% Wel 2 Fofaigict E1 nluE ES52 A ES ol oH, 34152 B 71
Ao Z]ollA] ARAARS SFITE 3 - 59 YZto] Pofd £70- 90U ol mh| & A 7kS A AJsHiTh

=

2 9l 7}A1700]5 2A5h7] 915kl Wz A oFg - 1AM AN, F2akA] ok AdelolA] Dl A

Al 51T}, OF5= Fentazine-10 (fentanyl citrate 0.8 mg/lUL, azaperone 6.4 mg/UL, xylazine hydrochloride 116.6 mg/UL, Pamell

Laboratories Ltd., New Zealand)& 73 03 - 0.6 mL 822 £2-9-70& 0|-85l0] JIololl &5 FAFsIloH, niid

AEZ HElE BEE EA SIAAZ|AL 57 ) BHe B e =5 S0l AT Bels A58 IS0 R Akl
A2 LS AR E2 R[S 429 2-3em =S H7| L 242 AL A2 & SA A EAHE el Ho=

FHE Sl A Esiglon, A4xte] SiREa S ottt niF ] 352 Contran-H (yohimbine HCL 10.0 mg/uL,

naloxone HCL 0.1 mg/UL, Pamell Laboratories Ltd., New Zealand)S- 0.6 - 1.2 mL 2552 2 7% wHo]| ARSI o A7 S 6-
8AIZE S0l ZALEES FofsiRlnh -8 R D2 & 29 Eo| FAE ghatsto] A= SHAAL, 7 FA] (main beam) 2

o= ARt 585 2| 0= A2 AJEoIM R RE F7EA] 7k 2 AR = S5t AFESHI T Seo et al,
2006).
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S ER

A3 pAEo] A Y S84 Fe] B-o)4d 772 SAS Enterprise Guide (Ver 7.1, SAS, Cary, USA)2] PROC
ANOVA2} Duncan's multiple range testS ©]-8-5f) B 2515 Chp < 0.05). 0, 1, 2412] A=, =8 A=E 714] Zo]e} 24 o]
So] =g Ak ATkA| o] §olA] A2 SASO] SAS Enterprise Guide®] PROC CORR2} PROC REGS 085121 thp
<0.05).

Results and Discussion

%% B S BANTEE Table 17} Fig 191 212} LebiIc -8 9A1e: Q1edol ufe} 5715lct oM E = §ak
SRl 202 ekt S 52U EolH A 8gatol B3 A7k 4oy vt glof Ay Hel wlmEAle

t 2 3 4 5 6 7T 8 9  10<

Antler weight (kg)

=]

Age

Fig. 1. Average antler weight by age.
Table 1. Antler weights by age.
s Antler weight

N Mean =+ SE (kg) Range (kg)
1 51 0.96 £ 0.06g 0.40-1.95
2 42 4.62 £+ 0.18f 2.50-7.90
3 52 6.68 £ 0.24e 4.10-10.56
4 41 7.84 +0.32d 4.50-13.40
5 40 8.85 1 0.30cd 5.95-14.70
6 38 8.77 = 0.32cd 5.75-14.10
7 24 9.21 £ 0.50bc 5.80 - 16.65
8 20 10.18 =+ 0.69b 6.35-18.90
9 12 11.98 + 0.98a 6.60 - 17.90
=10 17 12.30 = 0.99a 8.20-21.10

SE, standard error.
a- g' Means in a row with different letters are significantly different (p < 0.05).
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& 4= QA1 Smith (1998)°]] TR )= WyomingF=2] 24] 013 AA AS: 11471 Tl A% 3

2,3,4,5,6,7,8,9, 104|014 ZFZ}1.6,48,58,7.5,7.1,7.6,84,9.1,92 kg2 HF 0 2 B o710] i =g AYAlRFH T} LY

o 22|12 Hol1l Q) oL} o] ule} =8 iA o] Zrfehe AL B e} H|S5 HEkS LERH o2 B arE|g)

t}. Bender et al. 2003y 1984FHE] 1991'd7}4] ]2 Michigan22] W= AR 338‘!“01] sl A=

S ZAFSH AT 105M]014] 7Hg E2 o] H-80] Aat=|glom, 854 Ol”_i oJgkzto]7} it nixt7 kA =
STk

I

o

o

2 7 A 104 o1l Bk bor] ol b0 2= ol ol gt Ao 2 i

T =8 AARS 24517 915t 1, 2,33} EHpAlat Zbzke] A A= %ﬂ Zth(Fig. 2, Fig. 3, Fig. 4).
12 4]y = 23796+ 1.0429%, R = 0.8838

22} 3HAy = 0.1678 +2.1488x — 0.1005x”, R*=0.9363

32} GHPALLy = — 34693 +53747x — 0.8x" +0.0424x°, R =0.991

14
y = 1.0429 + 2.3796

2 —
g . R2 = 0.8838 o
£ - "
o 8 - '
@
= i
@ e
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e
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Fig. 2. Relationship between stag age and antler weight (primary function).
14
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Fig. 3. Relationship between stag age and antler weight (secondary function).
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McCorquodale et al. (1989)2 ©F82] Rocky Mountain elk (Cervus canadensis nelsoni)2] 52F2] ‘58 17}(single antler or
individual antler)ol] THa}o] A -8 AYARES 245 ATty = 92146 +614.82x (R*=0.86)2] 13} SHp4]S =&319]Th
ShAlof] whef 24 E] 10417FA] 2] =834 RS S50 2 Aol =2 33} Sl ot vl gle ol Aol wh

o
=

= GAANpo] |2 Qb Mol 218 BR1% 4 Iglo A4 n| 2ol ol 33} a4Alo] 2

10 Ow

oo

BAFE F 1ol 71 MR A 0= AT

LY =00424¢ - 0.8 + 5.3747x - 34693 -
. n
- R2 = 0.991
£ a
E [T, a "
~9" 8 ..
- .
o .
= 4
[
<
;
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Fig. 4. Relationship between stag age and antler weight (tertiary function).

Table 2. Relationship between live body weight and antler weight (2 - 6 year).

Age N Live weight Antler weight Correlation analysis Regression analysis
(kg) (kg) Coefficient p-value’ R’

2 46 17.01 £+ 0.35 4,517.39 + 171.69 0.05 0.75 0.002

3 52 17.09 £ 0.29 6,789.23 + 209.19 -0.10 0.47 0.011

4 40 17.08 £0.35  7,799.00 £ 326.60 0.02 0.92 0.0003

5 32 17.58 +0.34  8,475.00 = 442.94 0.038 0.84 0.002

6 21 17.46 + 0.41 9,214.29 + 554.11 0.12 0.62 0.013

p-value under 0.05 means there is a correlation between two variables.

Table 3. Relationship between 1* year old body weight and antler weight (2 - 6 year).

Age N 1st year old body weight Antler weight Correlation analysis Regression analysis
(kg) (kg) Coefficient p-value’ R?

2 42 112.05 £ 2.82 4,417.86 + 166.32 0.17 0.27 0.03

3 37 116.52 £ 4.02 6,504.05 + 211.07 0.02 0.90 0.0005

4 20 119.59 = 5.19 7,111.50 + 278.91 0.22 0.34 0.05

5 14 119.26 + 6.68 7,750.00 + 744.19 0.19 0.51 0.038

6 10 118.90 + 9.14 9,370.00 £ 476.86 0.52 0.12 0.273

p-value under 0.05 means there is a correlation between two variables.
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AL 1A, 2M] KIS} 2M] 02| =88 ke

AYINAZ, 1] A5 2 24| A5k 24 0] 52 3-8 A kO] AT A| = ZH} Table 2, Table 3, Table 42+ 2t /Al
(correlation coefficient), F-2]2HE (p-value) B 3] H5A1 0] Z7gAIR)0l wheh BAIAIZ, 14| A5t 24 o] F -8 Y1
ko] AfHAI= U2 71 0 2 Rt T2fuk oM JlET 3, 4, 5412 g AE ARG = Z12E 045, 0.46, 0440 H,
AAIGE 0201, 0211, 0.194F 95% 0l A B-25k A A7 Q18-S &R1Eh 4= A Thp < 0.05). WAl 24 2%
T} 3A4, 44 L 5K Q] S-S AR o] ATHAIE 7HA| Al Q)= A 0 2 UERSITE 8| =0 o (Cervus elaphus)©ll A Moore
etal. (1988) 157119 Bl =t o] ARG A5} 2, 3412] =884t At do] Qlof ol &2 A B = o] 8 =12
o, I3F = 80] FRAVF ol Eo] FRAIRECH sS4} g g o] o &kl B uEkith B35 Berg and Garrick
(1997)2] Aol|Al= Bl =Tio] 2, 3, 4AQ] AlEat -8 ANk ARAIE A% Aot Ao =245 w8 M
g2 do] Arhe A ATE HEgch 2 Ao As YAAIS T 14 SR oM A5 S8 o] g3t
/do] Jlom, ufabA] 24| AF-S o] -8 8AFS] ol SA HEA 88 4= = 7FsAdo] S A0 & ekt 1
2L ZArke] S =ol7] Hsiale 7Rl lEe] ge vt g sl

1, 2M| 5848 MET 2/ 0|2 58 Mz

14 -8/ x T oA 0] F0] - A Atetto] A A= Tuble 52+ ZHTH A4 (correlation analysis) 22t 14] 45-8
ARV 2, 3, 44|9] S-g A Akeke] ARA| 4= Z12F 050, 051, 0.798 95% 4230l R-2)5k AHakiA|7| 9182 skl
= AATHp <0.05). F=3F 2] 24 (regression analysis) B2 14 =5-884T 2, 3, 44| 9] -8 4ke] AAA|p= 242
025,026, 0.630] AT}, £3] 142} 4A9] =5-8A9AFF 7ho] /datido] =2 Z1 0 2 Yepdtt 14 -8 sHle] =
BARFS g o] Qlthal & 4= glont, 7RAl=7t Ao 4l o] W 7] 0 & s oA 5828 Akt 24 o] &

=8/ ge] A BEAIE Table 63 2 0h /A A3 24| -8 3, 4, 5, 6A19] -8 34 ] A Al

£

—

lo

Table 4. Relationship between 2™ year old body weight and antler weight (2 - 6 year).

Age N 2nd year old body weight ~ Antler weight Correlation analysis Regression analysis
(kg) Coefficient p-value’ R’

2 32 203.52 = 2.72 4,468.75 £ 199.81 0.33 0.06 0.109

3 42 201.04 £ 3.38 6,855.71 £ 250.42 0.45 p<0.05 0.201

4 37 207.72 = 3.40 7,857.57 1= 348.83 0.46 p<0.05 0.211

5 30 207.51 = 4.12 8,478.33 & 469.60 0.44 p <0.05 0.194

6 20 202.46 = 5.08 9,115.00 £ 573.12 0.001 0.99 -

p-value under 0.05 means there is a correlation between two variables.

Table 5. Relationship between antler weight of 1% year and 2™ to 5" year.

. Correlation analysis Regression analysis
At g g N Coefficient p-value” R?
AW?2 31 0.50 p <0.05 0.25
AW3 30 0.51 p<0.05 0.26
AW4 13 0.79 p<0.05 0.63
AWS 5 0.82 0.08 0.67

¥ Antler weights of 2" year (AW?2), 3" year (AW3), 4" year (AW4), and 5" year (AW5).
* p-value under 0.05 means there is a correlation between two variables.
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= Z¥7}0.54,0.74,0.65, 091017, 95% <ol Al Fol g A7 Q13- ER1EH 4= AU THp <0.05). T3 3|24 2
T2 =884 3,4, 5, 6419 -84 0] AR A= 2 42,0.830] AT} 24 =-8 AL 64| =
S IF B0l 7P w2 A o' e o U 7iAle7t Aof AlE)Ado] wom, 6l S Alefstal= 4A10] =848
Aol 7 w2 A2 RIS 4= AU SIT wheba] AA00|A 1419} 249] -8 2 44| -8 8 7Y
Fdo] w2 2 0 2 vebgdtt a8 u 2l = of(Cervus elaphus)Oll A= ARS 36570l thal 1H1FE] SA7EA] -84k
Zo| wAIS 272 AT 2t 2M|9f 34|12 -8 Ao 71 Rl o] s Thal EAvE B 9 O M (Moore etal., 1988), Pt
7F2] & Berg and Garrick (1997)2] LA 2ol A &2 QIS ARt =5-8.0] 244, FAYP A JuuAT P =3kem o
GO 2fo|7h E45F ol Holrl= Ae A1 4 lRIH B0l S 17t ek 2 ite] Ak E%t
Ot EF 2] Apol7t Jlom, F7HARI S S ol Hot of Aetet Ankg S 4 S Ao Az O
ol B75tal H-ggAtake] - 22-20%2 =2 4|2 K] 11 9] O™ (Berg and Garrick, 1997), 1= o] AR&9]

=S 53 =& Aol 2 ARG AR 4 k= A2 2l n|gi
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Table 6. Relationship between antler weight of 2 year and 3" to 6" year.

et Correlation analysis Regression analysis
Antler weight (kg) N Coefficient p-value” R’
AW3 27 0.54 p<0.05 0.27
AW4 20 0.74 p<0.05 0.55
AWS 12 0.65 p <0.05 0.42
AW6 7 0.91 p <0.05 0.83

¥ Antler weights of 3" year (AW?3), 4" year (AW4), 5" year (AW5), and 6" year (AW6).
” p-value under 0.05 means there is a correlation between two variables.

Table 7. Relationship between main beam length of 1* year and antler weight of 3“ to 8" year.

Main beam len, . Correlation analysis Regression analysis
Age N (cm) 50 Antlr wez Coefficient p-glalueZ = R’ .
3 55 35.22 +0.88 6,188.55 = 177.43 0.072 0.60 0.0052
4 44 35.51 +0.92 7,204.32 4= 232.17 0.040 0.80 0.0016
5 39 35.64 + 1.02 7,739.49 + 359.50 -0.00042 0.998 -
6 31 35.94 = 1.30 8,037.74 + 327.45 0.215 0.25 0.0463
7 15 36.30 £ 1.44 8,736.00 &= 453.28 -0.239 0.39 0.0564
8 9 37.11 £ 1.87 8,505.56 * 759.27 -0.1702 0.66 0.029

p-value under 0.05 means there is a correlation between two variables.

Table 8. Relationship between main beam length of 2™ year and antler weight of 3 to 8" year.

Main beam len: . Correlation analysis Regression analysis
Age N (cm) 5 At ity Coefficient p-\szlalueZ = R’ .
3 55 56.36 = 0.82 6,449.82 + 193.08 -0.012 0.93 0.0001
4 42 57.36 = 0.60 6,929.52 + 203.33 0.044 0.78 0.0019
5 36 58.06 = 0.61 7,815.00 * 417.03 0.059 0.73 0.0034
6 30 58.49 + 0.60 7,872.33 1+ 412.56 0.049 0.79 0.0024
7 16 57.16 = 0.71 8,877.50 = 709.16 0.37 0.16 0.1358
8 11 57.55 + 0.80 8,977.27 + 78891 -0.24 0.47 0.0598

p-value under 0.05 means there is a correlation between two variables.
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1, 2M| F=71X| Z0|(main beam)2} 34| 0| 2| S Azt

1A " 24)|9] 712 Zo]et 34| 0] 9] -8 Ao Akt A= ZH2 Table 7, Table 831 2Tt /AlS, Fol&&E
9 3] F2A o] A7A|I ol wh} 14 E 24|Q] 712 ool 34| o] $o] -G diteate] Al R A0 &
ERATE 5t Aol thisl Ui elof| A Bare vl glo] 2344 Q1 v w2 of T}, Z12 L McCorquodale et al. (1989)
0] Rocky Mountain elk (Cervus canadensis nelsoni)°l|A] 1gdol| wet BE 7IX| S E3SH -8 Zo| 5 BAstglom v=
150351 +27.459x (R* = 0.76)2] TA1-S £E5HH} Qltt E ATLof| M= o2 ARG F71R] Z oot -8 8 ke 7 Akt
go] F2 02 UElto, F7H 0 g ofdd ARGe] Fof tis do] 4] -9, 54 W 5 ohHARl #A S Al
TR A ACE AR HL:

Conclusion

S|zt AREE7Ee] F 429l 9lo] -840l mhel, 58 AV S ATl Aol 57He] S TAlAto|Th whetA]
-8 ik ot d S AT 1RE S St A Aolol] A ThFe] 582 A = Q= ol ARG S A
Hoh= 21 o]2igh o1l ARG S & A3 AREE] A, 14 E 2410 A, -8 YA,
=5-80] F7}A] Zole} o] 2o w8 o] g A4S Bl -8 A oS A BEN -85t At AAISHIT
AFAEO] A Pt 58 YFES Foto] Aol whE S8 o] A SheAl S &SI ATHy = 34693 +5
3747x — 0.8%° +0.0424x°, R = 0991). FYA], 14| & 24| Q] |53} 24| 0] &2] 582 4kefe] THA|S BA5H A vt oM A5
24| 0] 9] -8 g ake 7ol A Ad S EQIEh 4= Qo o, 14| 2 242 H-8A AR 24 0] S0 -8 A AkERe] A

1O Ow O
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S wARH 23} Zhzke] A -8 S g ol 9l m 53] 1, 24 B 44 -8 ol 22 A
I 4= AT =Lt 14 Bl 2A| o] F71A] Zo)9f 34 0] %-0] =8 Y ARFe| WAIS AT At = i T Ak
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T il pul
Ale 719] gl A o2 BRIt wahA] AYAFE 24171A] ofd Ab&ol| sl AlFolut =8 32 S4l o= 4

LS 53l 5752 e TN ARG Al o] o] 7| ofstarat gk
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