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Selection of the Rubbing Trees by Wild Boar (Sus scrofa)
and its Ecological Role in a Mixed Forest, Korea
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Abstract: Conflicts between humans and wild boars (Sus scrofa) have increased because of causing crop damage
and appearing in downtown. Management to reduce population size has mostly been implemented on pests, but
knowledges about ecological values are very rare. Rubbing trees by wild boar was investigated to figure out
characteristics and for management ecologically from July to October 2013 in a mixed forest, Geochang, Gyeongnam
Province, Korea. Pinus rigida was most frequently founded, and rubbing trees, both conifers and deciduous, were
mainly located in 200~600 m above sea level. DBH was no significant difference between rubbing and control
trees. The use intensity of conifers was higher than that of deciduous. The coverage of foliage layers and the
number of woody plants within a radius of 2.5 m of trees (rubbing and control) were also investigated and
compared to determine ecological characteristics. There were 1,332 individuals founded from 25 families. In the
coverage of foliage layers, the understory and midstory showed statistically significant, but not in the subover and
overstory. The number of Shrubs and saplings are higher in rubbing trees than those of control, but no difference
in stems. Total individuals, the number of species, species diversity index(H') within a radius 2.5 m is considerably
higher in rubbing trees with high intensity than those of low intensity and control. Our results show that wild boar
mainly selected and used conifers more frequently as rubbing trees. Wild boar also modified the physical environments
around rubbing trees. Consequently, the positive effects such as species diversity is increase. Thus the conservation
policies is required after the intensive population reduction every 3-4 years for forest ecological management rather
than annual sustainable hunting.
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ofgk AR B4 34, A9H dAvt 5 Q
o] 1Y Wi glom, 1Az S gk dlo] Frtst
3L Y TH(Conover, 2002).
Sl QA 2] FAEFTA Q)
W, 5 F dFEe] T - ERFIE AGAY
(Regionally Extinct)® ZHo =z FA3 JATHNIBR,
2012). A TF WA (Sus scrofa L)y= A= d 2
frivolH, M go] et B o= /A7 STt
SO EER A4 = ATH(MOE, 2012). ¥k o2} H2
AEAR EAEER et ARl obdS fl¥ sk A
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95) 5 FE MAFE
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Figure 1. Location map of the study sites (striped area).
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(3, Fata, 7HEH, S, AH)S] Ea HollA
AA = AT A A ZFFE 900 mm-1700 mmo]H,
HA 7| -15°C, HA7)& 35°C, Bet7] 11-12°Ce|th
(Geochang County, 2011). & 1719] &3} 117]9] W9
PYAFAOE prolA low, T WAL 804.07 km™]
o 2 5 AFHAAR] 7] A F 331.52 kmPo T}
(Geochang County, 2011; Figure 1). A+ 71%, &7 A
23%, AI7HA A1 2.8%% AH A A FAA o),
S E8E 47%, DT 34%, BHT 16%SF o] F
1A 2

AL F2 AUT(Pinus densiflora), 271 THAU5-
(Pinus rigida), Q¥ 2N T (Larix kaempferi), ’$52 U5
(Quercus acutissima), =3 H-(Quercus variabilis), =72
Wi (Quercus dentata) 5°) A12sHH E8H-E o]F3L, 8t
A& =2 A (Rhododendron mucronulatum), 2%
(Rhododendron  schlippenbachii), Y Z 5 (Weigela
subsessilis), 2 PN G =Z(Smilax china), 2ZUF(Zanthoxylum

schinifolium)s-©] A1 23taL ATt
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=& wlEiA o] v E-S ARSI BlER] o] o]
AR Ao 7Rt A FE AlZtste] £48 wEr &
ARAF7E Aoj7ba A @A E v E-S GPS(Oregon 550,
Garmin Ltd.)E o|-&3ate] HE=E 7153ttt 28] H]H
ol gigt 54 BHRE 5t wl 208wt} ZARRolA]
7V 7k 3ol fIX s YRS g2 E AAste] 715
Skt BlEiR o] Bl E AES Tiotslr] f)ste] zhzte]
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o] &3] k= Adq ZAbel 93] 1~10% A 1,
11%~30%S] 7% 2, 31%0]4¢1 A 302 {<t
&3l 218tk

ol el 2] v R &) AJEjA] o 1)
B3} g2 e A ZANE AAIE T 23
AEARE Zb7Fe] v B} o T 5
ol A BAEs BEAEe] F
£ etstg o, FAl HAE &
EREX| TR et 7] 5381 tH(Kent, 2012).
B3} g2 34 L5 Fpetsl] $lske]
=%F(coverage of foliage layer)S =743} t}.
e iR 9 AR FRE kel (<1 m),
(1~2 m), 435(2~8 m), =8 m)2] 4712] &2 (layers)
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T}H(Lee, 2011; Rhim and Lee, 2001).

3. Hlo[Ef 24
HIR S ti 2 9 2E9 & tYEs Shannon-
WienerA|<~(H)E o]-&3t31om, o} o] F2]-5 ©]&3to
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H = ZS:(—Pi)xln(Pi)
i=1

(s: =7, Pi i A 9 7MAITE T MAFE Ve BlE)

HIY 3} 2] FaL37 Zfol& dotnr] 9]t
Wilcoxon rank sum tests AA| 3T gk U & F o
|ALL ApolE Holr 7| 98t HMES P
ATE 7o) Ttests AASIATE HWIES] ®H}h Y&
g AR A AS gjetstr] flal vIjlEe] o] 8=t <17
o1 BIE(10%)3} <279} “37¢] H|RE(>10%)S ] &7 %
7} ¥ H]¥ E(rubbing trees with low intensity, RL)3}
=2 Y] R E(rubbing trees with high intensity, RH)S. 2
tro] SA A4S AAETh 72t 3 AEE, wk
- X o], v B g2 9 2.5 m oW F 7
A, T4, T #3to= Shapiro-Wilk testE 5
sl A AR S AAEHH e, e s Ee A
ANOVA testE AL, 284 22 749 Kruskal-
Wallis testS A3 TE ANOVA testoll A §-2]3F 20| &
YERH 79 Tukey H8S ©]83te] thaH] 3 (multiple
comparisons)S A& 21, Kruskal-Wallis testoll A
o3&k 2o 7 YRt A9+ R Z2 73 9j7]A] ‘pgirmess’
] kruskalme g5 ©]-&3t] thFH|LE 3 3 Th
RE BA AAL EAZE3% R(R Core Team, 2013)=
ol g3t em, fro] +F 0.05904 HA AT
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1. SUEfX| d|H= =4

2 A7 Fet HRE serl, 2 4UNE F 9770
o] FES ARSI WA v 5L F 63} 1550] W
A=At 1 F RE7 7P =2 A2 AGF FolAe
Y72V (Pinus rigida)= & 147047} AH A oW,
2UF(Pinus densiflora) 1170A, Z05-(Pinus koraiensis)
SAA, QEJAZNTE (Larix kaempferii) S7AA| 71 SHAE A
ot &5 FollM = ST (Quercus variablilis)7t 7V
=A velgon, el U (Quercus acutissima)s A
Sl E B v M= YeR) A tHFigure 2).
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Figure 2. Frequency distributions of the wild boar rubbing
tree species founded along the trace in a mixed forest in
Geochang, Gyeongnam Province, Korea during July and
October 2013. AL: Alnus incana; CC: Castanea crenata; CS:
Celtis sinensis; DL: Diospyros lotus; LK: Larix kaempferii;
PD: Pinus densiflora; PK: Pinus koraiensis; PR: Pinus rigida;
PY: Prunus yedoensis; QA: Quercus acutissima; QL: Quercus
aliena; OQM: Quercus mongolica; QS: Quercus serrata; QV:
Quercus variabilis; RP: Robinia pseudoacacia.
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Figure 3. Number of trees rubbed by wild boar in relation to
altitude(m) along the trace in a mixed forest.

600 mAtolell A 7H ol 2 H Atk F9FE 301 m
~400 mellA 7Hg Beol HAHAHADHA), o E
401 m~500 molA A =7t =UTHIIAA). BHFE
201 m~300 m$} 301 m~400 mol| 4 7HA| 2 FL3kA 2
ZA =] tHFigure 3).

A= J&HEES A5 sk o2 52 Al 7
2, 2FolU 7T ORRHe| o] HE T 75E T
Psle= Aoz A Att(Heiken et al., 2006). H]Y &S
TR ASFEE § o] HH IHEHE Fhe T2
JAF Al 24 Bo] 1 FA oA, =5 o] & =
73] k. B8 5 31Fo] wp2r] A wigl Sl =28t
7] $18liA = HiRlEe] 91217 Ee] DojA A Fe A
o] f+El3t7] witel sliito] H& HoX = HRlIES] A
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Figure 4. Comparison of diameter at breast height(DBH,
cm) of the trees rubbed by wild boar and control trees in a
mixed forest. There was no significant difference between
rubbing and Control trees in T-test. Error bars indicate
standard deviation(SD).

Use intensity

0 T T

Coniferous Deciduous

Figure S. Comparison of use intensity of trees rubbed by
wild boar between coniferous and deciduous trees in a mixed
forest. Use intensity was significantly different in T-test.
Error bars indicate standard deviation(SD).

Sk Th(Wilcoxon rank sum test; w =911, p=0.08413). H]



514 HEIMEEEE 411039 A3 (2014)

W& (n=56)2] FL27-E 16.47+8.61 cm(meantSD)Z U}
Ebtom, o 2 (n=41) 13.5148.84 cm& Y EFETH
(Figure 4). BIR5 5 Q9 SH2] o] 874 EE H|L
g A FAA freldo] Ve (T-test; £ =3.5188, df
=54, p<0.001), QT HIREFS] o] 8HET} =& Zo0=
e TH(Figure 5).

Sl=fA] B A Eof] #ate] HuE Ad s vv]
she, T2 ARFHEE el tis) A7 BarE o] ko
Green and Mattson(2003)2] 7|5 AZ-2E 3]M 3 A
oA Bl & e W FFolls #AVE e AR
Uelstou, Fa3 Aol 45 HRlE A9 gEo] &
ol = Lo FE UERTh v AR ArES WA
(aromaticys UEM= 75 A5, 543 27 o
ok A ®A 71 8] Zol 7t v & Aol S vl
= Ao B & tHBenner and Bowyer, 1988). Ramos
et al.(2006)2] AFolN LE2EZ =T o} FoAEL HlH
= Ao glo] F F BT 54 A48 Ao, =

A

4
S 3o @ Solde 71 e BeAre e

AN

(Sardin and Cargnelutti, 1987. In:Bram et al., 2008: p.
2265). WA 7} & 771 F-& A A ] 8l Bl Eol &=
S H)9l3} Sl &/ (antimicrobial activity)©] U= 3
Aol S (Bryant, 1980y woll HIEZE 0|58 HE
gzol Aol e o8 =e} Aol o] Helrh 3

SR £ WA WF A7 AsA s} A%
Ao o] gsl= AL YERtEd, ol 312 Q3
A7 Blell ZA] eFot M| A o] FolZl HAME
o) A%AD & o] Fh 7ol A H Ak B
= A% =R 28 2 e AeR F4dEH 5
B AN e s o] A ssol tel e 24
&FA] Fato] 5 v E-S o] g5k A Aol o
3 37149 A7l Wed Ao neE,

=

(Lo fo

2. Y=ol MEHX g

YA v 5} 29| 2.5 m WA B2 AES
AR A% T 273 2,10 VHA = YebgT 2 5 HRE
FRHIME 257} 1,332F0] BAHNOH, =Tl = 25
I 769%-0] BAE A AT (Zanthoxylum schinifoliun)
7F 1440 = 7P Egken, i Wl 3 33709 v
W Eo Al dAE 7P 3T tixFoA = A%
(Rhododendron yedoense f. poukhanense)©| 7174 7NA|5

7F ol wrAE WhH W T = AU (Pinus densiflora)7}

HEl&o] 7} 23 vl sy eH S5
FoA 72k ZFE (R, ol ST W HRlE, o]
Ae7t =2 HE) A foAel vEetgeH, &

ol A= YERA] UTHANOVA; 3153 =3
F=4671, p=0.011; 39 %3 F=28.92, p<0.001; &
AEI T F=1.652, p=0.197; 4= = F: F=0.925,
p=0.400; Figure 6, Table 2). 53] 5% FE=Folx = 9]

oz oo

Table 1. Numbers and frequencies of woody plant species
founded within 2.5 radius of rubbing and control trees.

Rubbing  Control
Species trees trees TP TF*
| S Sl | F

Actinidia arguta 2 1 1 1 3 2
Alangium platanifolium - - 2 1 2 1
Alnus incana 5 4 1 1 6 5
Amorpha fruticosa - - 2 1 2 1
Callicarpa dichotoma 1 1 - - 1 1
Callicarpajaponica 4 3 2 1 6 4
Carpinuslaxifloravarlaxiflora - - 2 2 2 2
Carpinus tschonoskii 3 1 - - 3 1
Castanea crenata 4 21 10 6 54 27
Celastrus flagellaris 13 5 - - 13 5
Celastrus orbiculatus - - 1 1 1 1
Celtis sinensis 7 4 1 1 8 5
Clerodendrum trichotomum - - 5 1 5 1
Cornus controversa 5 3 4 2 9 5
Corylusheterophyllar 10 6 3 1 13 7
Diospyros lotus 23 10 5 2 28 12
Fraxinus rhynchophyllar 15 3 - - 15 3
Fraxinus sieboldiana 2 1 4 3 6

llex macropoda 3 2 2 1 5 3
Juniperus rigida 7 5 4 3 11 8
Larix kaempferii 18 7 8 3 26 10
Lespedeza bicolor 20 7 3 1 23 8
Lespedeza crytobotrya 15 4 8 3 23 7
Lespedeza maximowixzii 32 4 31 6 63 10
Ligustrum obtusifolium 4 15 29 9 73 24
Lindera erythrocarpa 72 14 36 10 108 24
Lindera glauca 10 5 9 5 19 10
Lindera obtusiloba 40 15 46 16 86 31
Partenocissus tricuspidata 1 1 - - 1 1
Picrasma quassioides 1 1 1 1 2 2
Pinus densiflora 71 29 40 17 111 46
Pinus koraiensis 41 11 11 2 52 13
Pinus rigida 29 15 11 5 40 20
Populustremulavar.davidiana 3 2 7 2 10 4
Prunus persica 3 3 1 1 4 4
PrunusSargentiivar.sargentii 1 1 - - 1 1
Prunusxyedoense 1 1 1 1 2 2
Pueraria lobata 5 3 2 2 7 5
Quercus acutissima 47 16 38 11 8 27
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Table 1. Continued.

Rubbing  Control
Species trees trees TI TF
I F I F
Quercus aliena 2 6 13 4 15 10
Quercus dentata 11 8 2 1 13 9
Quercus mongolica 40 16 28 11 68 27
Quercus serrata 81 28 41 12 122 40
Quercus variabilis 21 8 15 6 36 14
Rhododendron mucronulatum 76 23 45 13 121 36
Rhododendron schlippenbachii 2 1 - - 2 1
Rhododendron yedoensef- 716 78 11 150 27
poukhanense
Robinia pseudoacacia 1 7 9 5 20 12
Rubus crataegifolius 18 6 17 4 35 10
Rubus phoenicolasius 2 1 - - 2 1
Rubuspungensvar.oldhamii 42 6 5 1 47 7
Salix caprea - - 7 3 7 3
Smilax china 73 22 34 9 107 31
Smilax sieboldii 49 11 29 8 78 19
Sorbus alnifolia 2 1 - - 2 1
Spiraea prunifolia 6 2 - - 6 2
Staphylea bumalda 1 1 - - 1 1
Styrax japonicus 12 4 13 6 25 10
Styrax obassis 1 1 6 5 7 6
Symplocos Sawafutagi 4 2 1 1 5 3
Toxicodendron trichocarpum 43 18 11 3 54 21
Vitis coignetiae 3 3 - - 3 3
Weigela subsessilis 18 6 30 6 48 12
Zanthoxylum schinifolium 144 33 54 14 198 47
Total 1,332 - 769 - 2,101 -

'I: individuals, F: frequency, *TI: total individuals, *TF: total
frequency

A ge) 2 ok 515
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«.-0--- RL
16 ¢ —¥—- RH

11 4
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Figure 6. Average foliage profiles of rubbing and control
trees. RL: rubbing trees with low intensity, RH: rubbing
trees with high intensity.

S =7F & v Eo A A A WA e T v
3 2T 9 25 m U] 3AE 2k - 3E - XFE
Hlwg A3} 53 Aol FAA 2490 YES

(ANOVA; 25 4 F=0488, p=0.616; & F: F=
5164, p=0.007, X = F=69.600, p<0.001; Table 3).
2] Fell Qo] o] =TT T2 HIHIE A Tz
T-oF 0] &7t v v Eo Hal 3u) o] B2 A
71 @ ATk vES} o2 9 25 m W) EE
Z MAF, 5 2 FudeoMe B BA47 foA
o] LFERSEO ™ (Kruskal-Wallis; 745 x*=24.482, p<0.001,
T *=34.327, p<0.001, TTFFE: ¢*=25.192, p<0.001),

Table 2. Differences in coverage of foliage layers (mean+SD) of rubbing and control trees resulted with ANOVA test.

Tree groups
Foliage layer Rubbing F P
Control :
RL” RH'
Understroy (<1 m)* 1.972+0.905° 1.486+0.781™ 1.333+0.658" 4.671 0.011
Midstroy (1-2 m)* 2.585+0.805 2.000+0.907° 0.905+0.700° 28.920 <0.001
Suboverstroy (2-8 m) 1.878+0.900 2.143+1.141 1.619+1.203 1.652 0.197
Overstroy (>8 m) 1.707+1.078 2.000+1.213 2.048+1.024 0.925 0.400

“RL: rubbing trees with low intensity.
YRH: rubbing trees with high intensity.
*Subscripts with different letters are significantly different.

Table 3. Differences in observed number(mean+SD) of tree stems, shrubs, and saplings of rubbing and control trees resulted

with ANOVA test.

Tree groups

Rubbing F P
Control
RL* RHY
No. of tree stems 3.927+2.474 4.5434+2.863 4.286+2.969 0.488 0.616
No. of shrubs’ 10.049+4.571° 8.429+4.421% 6.381+3.383° 5.164 0.007
No. of saplings’ 4.756+2.447 6.743+4.680° 21.57149.683° 69.600 <0.001

%¥*see the Table 2.
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Table 4. Differences in observed number(mean+SD) of species, individuals, and species diversity of rubbing and control trees

resulted with Kurskal-Wallis test.

Tree groups

Rubbing e P
Control -
RH
No. of individuals” 18.756+5.678° 19.486+5.664° 31.810£11.330° 24.482 <0.001
No. of species’ 6.000+1.323° 6.914+1.634° 10.095+2.644° 34.327 <0.001
Species diversity(H') 1.622+0.240° 1.7210.276" 2.058+0.336" 25.192 <0.001
¥*see the Table 2.
WaTo oI B MW Aol b BS 5% FUPEE 2/ 988 s Aew
gskox, olg 47} e MYIKE o7k ekt UebTh B0 A7) KIS @ 2 £l o
(Table 4) A See) Wa A T84 e AGuT U
=

WA = 278 o] daoln, o] Az D& <13t
-5 53+ F24FE (endozoochory)o} £]H-5 531 £}
2F3E (epizoochory) 5 523 93-S 3l AoE B
¥ 3L SltH(Heinken and Raudnitschka, 2002; Massei and
Genov, 2004; Schmidt et al., 2004; Heinken et al., 2006).
Schmidt et al.(2004)2 H=|A]= A W - 255 o] 2t
o Aes R AT AT A48E o, 7t 3
o 2% 12709 55 299702 Aoke AAEAT|E Ao v
B}t t}. Heinken and Raudnitschka(2002) & A] 4} AL
of alof H=j=] o] FastH, H-5 S5 AME=
FHT 208 ol =& Ao =Z e Heinken et
al(2006)> VI 53} 2 T BEY AES A E
I BRI = Bkl A woldl FA7} 76.7%E *FA 8t
RO, 100 ecm® G °F 2071 €] #Sto] o] F-= 7 LFars)
& Aoz Urh} uyse gre HHe $A7F A
o HH5E gart HE A0R B stk 53] 4
A= ARG} B ol 5 A7} Aol 4477} v
Aol Ao FANLE G TR FOE B
ekl om, AL thde 22 2B R ol thekyk
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tolerance, Mi{F&l:)S 7= &2 £ X7t AT 7
A2} 7L FFFETE ST Ao Bilstd, &

1/]— F(Fagus grandifolia)®] &7] AAS Z7HA7]
7} B3 =Sl th(Lacki and Lancia, 1986). Z=$)| o] X =
s x] o] 98] 3 (rooting) O & ¢18}e] 2% Frldwr) =
7}a Ao 2 VeSS (Welander, 1995), 2 2] £ o}¢]
Kotanen(1995)¢] Aol A= wl==]e] oz 13|
TEHETL s o, o] 53l wElA] o ofsl] wek
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2 WA e Agunt Z7ksHE Ao e

A3tz ¥ AN WA VS ol § WE
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A 2, 2 s AN B Aol 37 e A
B3 wo] v Bo] AEjHoR T JBS WA
A% Geske. Sel WSS B 0|8 e 7
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712k O GG AF OISR FE MY o]
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3. LHEl MENSME FMolMel BIsiX] 22|

A= feuEl Aol AAsiaL 9o, T4t I
3, =AE=E st falopdE== ARG HA U =
Woll= 2 WA HAFE £017] 918 =go] 3
o glow, Bisfx] o] e Aok HsiA| 7 ArjA o 7
= 3ol gk A= A9 X uprt ik W=A|
= #2)A4d o] A4S 7R (Schley and Roper, 2013) A&
83 HRE o]§ F o8 7] FEEHo= Qs
A B dFs 71A= Ae® By vk
(Heinken and Raudnitshka, 2002; Massei and Genov,
2004; Schmidt et al., 2004; Fernandez-Llario, 2005).

FH W=A 9} A17F42] ZHg (Human-wild boar conflicts)
o =2 Qlste] AR A A 7F E] AL 9lof(Hone, 2007), 7HA]
T 2ol gk A7t AlFE Aol shAINE WlEA|
] A o] FAE Ao mA JHAF 2R ol A
B #ela S glo] vk Al Fo] st 4k
drd SHA F TS bl Qg4 (stability) 2
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| 427154 (sustainability) 2 913+ A Z A o] th(Schimidt
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A0 2 et Heinken et al., 2006).
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