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Figure 2. Distribution of genus Capreolus (http://www iucnredlist.org)
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Figure 3. Study area (Jeju island, Hannam experimental forest, survey plot)
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Table 1. Seedling survey information

Period Range Usage of data
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& e different surveyed
damage to illustrate

dat:
d 5 plots, 303 a
2" Jul-Aug ) - Comparing
seedlings random .
survey 2015 improved damage
sample B e i index with different
- Base data for
ard March 5 plots, 679 expert survey of surveyed data
survey 2016 seedlings categorize seedling

damage to illustrate
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Figure 4. Measurements of seedling survey
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Table 2. Seedling measurement items

Measurement Description
1t & 2" survey 34 survey
Height - Measure from ground to highest point of the seedling
Root-shoot

collar diameter

- Measure root-shoot collar diameter with vernier caliper

Height of live

- Measure minimum and maximum height of living leaves

foliage - If there is no living leaf, then does not measure it
- Make leaves as bunch group
- Write bunch numbers by grade
- Evaluate bunch in three grades
according to vitality - Evaluate bunch in three grades
- High: =3 leaves per bunch according to vitality
Leaf bunch with =90% leaf area remaining - Hight: =90% leaf area
vitality - Medium: >3 leaves per remaining
bunch with =50% leaf area or - Medium: =50% leaf area
1~2 leaves per bunch with remaining
>90% leaf area - Low: <50% leaf area
- Low: all leaves <50% leaf remaining
area remaining
- Find rubbing evidence on stem (presence & absence)
- If presence, evaluate rubbing
damage in three grades
Rubbing - If presence, write maximum and - High: lignum reveled by
evidence minimum height of rubbing facial shape
evidence - Medium: lignum reveled by
linear shape
- Low: Damaged only bark
Vine - Write absence or present of vine or vine evidences
- Dead seedling: absence of live foliage and dried stem
Others

- Evidence of wildlife were recorded near by seedlings
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Table 3. Leaf bunch vitality levels in 4 grade

Average of leaf bunch vitality

Level Number I I 1 Score
I 59 5.1 2.1 0.3 4.2
1I 237 3.1 59 2.4 11.1
I 142 1.1 4.2 54 17.1
v 143 0.3 1.7 7.7 21.7

Table 4. Seedling Classification index

Measurement Classification Criteria

More than 93cm

Height More than 65cm

Under 65cm

Leaf bunch level I

Leaf bunch Leaf bunch level 1I

vitality Leaf bunch level III

Leaf bunch level IV

None

Rubbing Grade 1

Grade II

gowmwpepoaowesQw>

Grade III

A0 PRS S3 EAY ZE J1FEL A8SI] A B, C2 U W
Y RS 43 BRI ol ZAG TL IES AFEsI] u]y 1) gt

1 ¥ 53 R4 A, B, C, D2 TEstert. opxzto
Atgsto] Al B, C, D2 &
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Table 5. Damage index comparison by surveyed period

Comparison Number of seedlings Significance
N q Plantation damage
1% and 3" survey 534 _
during the past year
4 . Plantation damage
2" and 3" survey 255

during the past winter
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Table 6. Information of survey plots

Plot Area(m?) Number of seedlings
A 370.2 103

B 382.8 115
C 365.8 107

D 505.8 167

E 837.3 187

Total 2,511.9 679

2 A1 2R U] BARE CFS Table 79 2ok 2nt 1A A4}
oA Y B BEES AAG 231 3 AAIR 24S WP 20} o}
Ah 2% K7L 35 FAPIA 7P 27 UeRdon 2aF FAMIA 7t

A W UeRgTh AT 28 RANIA Y D, WelE WA Uend
ou] 1 RAP 7Pg WeI7E WA UERdTh dohe g9 S3e 23 5

v 4 5 BF 2R ZAOIN VM B2 e UEHoH thZo g 3k}
ZAF, ORR|9FO 2 1R} ZAMOA 71 AA UEebdch doid & 5t 55
AU 2+ B 4 F S GUY 29 vz 1A xAblA vbg ¥
o 7oz L}E}L;kguq oz 3&h, opX|2o.z 2&F ZAF $o2 LR
ot vyl &A1) FQ 2xF ZAPolA UERGA] QFoton] 3X RAtoA ZHE
uro] L}ERIT}. u}x]mgg P22 24 BAOIA 7Y ol YEhden o

08 3}, UX|9 o2 IR} A} 02 ERGT

_23_

Collection @ kookmin



Table 7. Total result of seedling investigation

Mean Frequency
Root-—shoot  Height of live o
Measurement — Height collar foliage (cm) Leaf bunch vitality Rubhing Vire
(cm) diameter evidence
(mm) Highest Lowest High Medium Low
1™ 59.4 79 28.0 9.2 0.5 34 6.9 0.014 031
Period 2™ 57.9 74 40.4 10.7 3.2 7.8 3.4 0.0 0.6
3rd 52.4 8.5 38.9 9.3 2.1 4.1 4.2 0.08 0.36

O 1AL 22F 22]3 3&F RAR] At g o= B4 24 ot ©
9] o5 A4 gt Zuto]cK(Table 8). @3] th5d7d2 Lupdla 0|85t
of FEst=d, dupdlo] thE I1E7|2]= Aolgth 32 7X= Aos §iA
g 4 Qo E=F gmpulo] Ao YhEaE 2 32 7M.

@3] oF AR A oA 1ARRF 28 ZA= ReU]gh XjolE
WolA| grout 3xtolA gelujshl izt Woldl Aow BAETH 24
Y RS mE aojst Aoz AT} UERgTh A ns 2xkel 3 FA}
AL 15 RAF ATpo] vle] =S AET P A= Ao Ut
PYARE BE SUT Aoz Uehgth Qo ¥ese 29 53 BE

o=
2R Foold i}°l7} ?112‘—} 37‘* = 4“]3& ApolE 7= ez i

Table 8. Duncan’s multiple range test by seedling investigation

Root-shoot Height of live o .
Leaf bunch vitality Rubbing

Measurement — Height collar foliage . Vine
diameter Highest Lowest High Medium Low ev
D 1% A B B A C C A B B
uncan s
. 2 A C A A A A C B A
groupmg.—ard g A A A B B B A B
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Table 1191} Z¥o] zb 3F=0o] vhx mal ¥le 38.2%, 60.8%, 0.9%= Lt
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Table 9. Seedling damage occurrence by measurement

Statement of Number of damaged
Measurement ) Proportion
damage seedlings
Height less than
Height 334 38.2%
65cm
Leaf bunch Number of bunch
o 533 60.9%
vitality grade 3 > 1
Rubbing Presence of rubbing
] ) 8 0.9%
evidence evidence
Total 875 10096
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Table 10. Initial method of damage index calculation

Measurement Evaluation method Score
More than 93cm 10
Height More than 65cm 20
Under 65cm 30
Leaf bunch (no.of grade2) X 30+ (no. of grade 3) < 60 Min 0
vitality Totalno. of bunch Max 60
. . Absence 0
Rubbing evidence Prosont 10
Height(30%) + Leaf bunch
o ) ) Min 10
Total vitality(60%) + Rubbing evidence
Max 100
(10%)

1R} TSR 28 1AF RAPO] M A Zh RAL 20| WA Le} ThAl e
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Table 11. Pearson correlation of damage index and measurements

1°* damage index

Measurement :
Pearson correlation D
Height -0.32148 <.0001
Leaf bunch vitality high -0.50342 <.0001
Leaf bunch vitality medium -0.42838 <.0001
Leaf bunch vitality low 0.31370 <.001
Rubbing evidence 0.12807 0.0024
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Table 12. Experts’s assessment of measurement and duncan grouping
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Table 13. Duncan’s multiple range test by leaf bunch vitality

Leaf bunch 1 2 3 4 5 6 7 8 9 10 11 12
Mean 50 46 44 43 35 33 33 29 21 15 11 10

Duncan A A C.C. S E
Grouping B B B D D D F F F
b dord ¥ e 598 foiA Lo BgEHE 7RIS AstAt 59
2 B2 AESHlT duE A s B w2 9ud v /739
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x| a0 AEEHE 7HeAlE 2RE 4 AV, & 55 duEo] st
o [HLY oF 0.458{(1.5+-3.3)9] maliE W2 Zo=w WSt T|E

2

= o0

29] 7FER|oA 9:209] TtEAlR AYT

]
6712 B2 7 (Figure 6)9] W27t 87 A4

t}=7A st A}t Table 149 7ro] 4719 1202 uy9lch 1
A el 2 ez gEen 68 {30l 7MY mofivt gle AeR
SEort. o] Zuts &gt BRoA WS 87l oo 555 UFL
AF shEd
1HDE 2¢0] 79 R2oA wAgst vy msfrt Wol FEjR Yojyto
. 3H9o] For olet QARHAIRE O {27t AR oz At} 4Hit 5

2% oy Wit Mol FElR wAstel WRPoR WY muct @
202 Uehdth. opxjstoz ede 8]y msfo] o5 Blo] SejuA
ok #5 Walot b we Zloz Uepict

thy 74 Zaet A2t S° AWE vgoR o) o o

52 rlo rlo &

wo mu T R
N
E Y

sie 3 © msll, A% msl 22ia Sujofeh mjsf2 &5kl sl &
ve iz 422 4 A/l

-.30 -

Collection @ kookmin



Table 14. Rubbing evidence duncan grouping by experts

Rubbing
1 2 3 4 5 6
evidence
Mean 3.0 2.8 2.1 1.8 1.7 1.0
Duncan
) A A B C C D
Grouping
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Table 15. Improved method of seedling investigation

Measurement

Measurement T
Preliminary Improved

- Vitality no more
considered by number
o - Considering number of of leaves in a bunch
Leaf-bunch vitality ) o
leaves in a bunch - Only considering by
bunch’s remaining rate

by 90% and 50%

- Evaluated by 4 class:
) ) - Evaluated by presence )
Rubbing evidence absence, slight,
& absence )
medium, severe
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Table 16. Improved method of damage index calculation
Measurement Improved method Score
More than 93cm 0
Height More than 65cm 21
Under 65cm 35
Leaf bunch (no.ofgrade2 < 0.45+no.ofgrade 3 < 1) X 25
7 25
vitality otalno. ofbunch
) None 0
Rubbing Grade 1 Damaged only bark 13
Evidence Grade 1II Linear reveled lignum 23
Grade III Facial reveled lignum 35
Height:Rubbing:Leaf-bunch vitality Min 0
Total
= 775 Max 95
AHE weirleol 2AF FB0] e maiAlRe] AT BAe e
Table 173} 7o UtERgT} 7hAsl majxls oAl a1, Qo &e) 53
g E59 it 39 AHEAE Ea vy SAu o] AEEAE 7t
At S5 MY maixae 71E0] majxset Fe] uly majo] mhe
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Table 17. Pearson correlation of improved damage index and measurements

Improved damage index

Measurement :
Pearson correlation D
Height -0.51119 <.0001
Leaf bunch vitality high -0.27020 <.0001
Leaf bunch vitality medium -0.21084 <.0001
Leaf bunch vitality low 0.07422 0.0739
Rubbing evidence 0.50996 <.0001

WA msixlpet 12 majx|4ol BE mal S7tol orE msfxl4 Wt
o ofg Table 189 o] UERCh 219t uulo] o2 ms) S3o] |
SZolM Il 53O Bkl et 7}7h mshx| St 83%9t 49%7F 57t
stof 71E wahxI 27t 242t 19%, 18%4 B7tshe Zlat atolg melct. of
W7k gh AElolA walh 9t Atejoll o W Wskrh Qlojok &
e H2ste] oAg A 4T ZoR welth J|EY ARt uly
Hakel EARE viges he) 8 ol e E At B

ol ohe irol ®oHstr] ThRolch Z1E malAl ol el AN o
SAIAE ek S0 Tt BHEAE 1 Shg0l WA dehic

I mo

©]

|t

rlr

i

Table 18. Sensitivity analysis of damage level increase

evel IvI—1 Lv II — III Lv III — IV
Type previous improved previous improved previous — improved

Height 19.0% 83.1% 15.8% 27.9% - -

Rubbing 18.4% 48.8% 0.0% 27.4% 0.0% 22.8%

Foliage 30.0% 19.0% 14.1% 9.5% 14.8% 10.1%6
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2AF A7t A2 g RS R9dE Bud4ee of2 Table 199
#oh. BAA BE {99 msivt 7P A2 Zloz uEEon BDD B2E
Sol mafrt g 2 7oz HEich L1 T2 B2 xjo]Ql ABA,
BBA, CBA B.27F &lo]= 259, 29.1, 35.008 2 xlo|7} UERIR] %9)
o}

Table 19. Expert’s mean score of seedling

Type Score Type Score
ABA 259 BCA 35.3
BAA 19.8 BCB 42.5
BAB 334 BCC 57.8
BAC 434 BCD 74.1
BAD 67.5 BDA 43.8
BBA 29.1 BDB 48.1
BBB 40.3 BDC 60.3
BBC 46.3 BDD 77.5
BBD 71.9 CBA 35.0
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Table 20. Duncan’s multiple range test by seedling height

Seedling ABA BBA CBA
Mean 25.3 28.8 35.3
Duncan’s
. A
grouping
Ao ZH e xpojof g ©i9 tE A4 Zy Table 213 Ho). A

b Gohg gelest woble] wjet 8% msirt Uit Aoz Sd
st oL} st 5g9 Apol= Rou|st Xpo]E TIXA] ¢k & S5 °]A9
Atol7 e.ojulgt Afolg JhAl= Zo= Uepdth ol Wil ML
F Aok o] me B2 ms) Bot uFel Wobs Aeste) &
GARSE Zloz ®molct,

Table 21. Duncan’s multiple range test by seedling leaf bunch vitality

BAA, BAB, BBA, BBB, BCA, BCB, BDA, BDB,

Seedling
BAC, BAD BBC, BBD BCC, BCD BDC, BDD
Mean 41.8 47.6 53.1 58.1
Duncan’s A A C C
grouping B B

yldl msfo] we w9 ohEAA AuKTable 22) v|W w7 AR S
5 B35 mofixlae S7tstRed, mdsll 55 S/t fojolet Atol=

wort £3] 1A MERA Antel opsbae AEsbe 2ol ]yl s
o] et gizkstA west Ae B 4 99tk

_35_

Collection @ kookmin



Table 22. Duncan’s multiple range test by seedling rubbing

BAA, BBA, BAB, BBB, BAC, BBC, BAD, BBD,

Seedling
BCA, BDA BCB, BDB BCC, BDC BCD, BDD
Mean 31.7 41.8 53.2 73.9
Duncan’s
A B C D
grouping

A molxl s AEste] oAz A wlwste] Wolxsg t-Zst
o A3 2 chg LHTable 23). ABAYH CBAZ A9jgt Lojx] &
Sopdi Hexiset Bevlel A2 S & Mot Qi Aos UERI

10 et msf Ao xpo]E HolR] e "WHO| trEAA Aut
o SUslct. WA WAL ~D0] e WAS TR 15
HEZAL AT} 2] L0 whe wEo] gk
NETL Aol 1aF dEzAleh 271 AR RAIA $UAgo] ohd A <l
o] vHits A, 2 o 5% 22 2aLo] OE msiE 2] ¢
AR 7t ‘“’*E}L goll g A2 sidE 4 Qo H5 799 A
o dao w2t msfix]art S7FeHA] %= oot
apyto] H-j% SEOl i Ao wet msiR|evt St Jlor
= 6H A% Wste Aol R0 Az 4 9k,
ool vy £Xe maxse METt SOl
o2 yent jME majxss @
sl g7l =A7E 9l Jlez Helct
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Table 23. T-test for damage index and experts score of seedling types

Seedling  ABA BAA BAB BAC BAD BBA BBB BBC BBD

Damage
) 11.1 25.2 37.2 48.2 60.2 32.1 44.1 55.1 67.1
index
D .009 077 137 131 536 301 .259 .058 675
Seedling BCA BCB BCC BCD BDA BDB BDC BDD CBA
Damage
) 38.1 50.1 61.1 73.1 42.7 54.7 65.7 777 461
index
D 567 106 509 172 .989 155 .396 .843 .009

4.3. A1 WA S A g

1XF ZATOJA] TAFZEO| O} 3&K}F ZAPOA] TA}F B2o] ofd @2y} 3
AP ZAPOIA DAREOIQ O 1RF ZRAFOA WAREQL BHEZ AQ]EH 5347
o] n=of disiA 7= wsfix|~5 A8§ Ayt oS Figure 7 81 &
ot

Ao = A 37 7HSAIE 052 & 2 238, VHSAIE 1=
Azt 2522014 BE9| malrt Sotetgon] 217t 57, 6] REe 7
maix]l 5 UEPHT. B+t msiAlas 242 4583 4522 UEht F Xfo
7h glglon] 3xF Rate] W@ 46.12 Qojulgt xjolg BolA] ergirt.
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Abstract

Development of Damage Index in a Quercus Species

Plantation by Roe Deer in Jeju

by Roh, Gwanpyeong

Department of Forest Resources
Graduate School, Kookmin University

Seoul, Korea

Since the 1970s, wildlife condition in Korea generally showed
improvement thanks to forest protection, reforestation, and prevention
of poaching. Recently, however, the increasing wildlife population has
generated new problems. Water deer(Hydropotes inermis), wild
boar(Sus scrofa), magpies(Pica pica) are some of the wildlife that are
causing severe damage to crops and conflicts with human life in urban
environments. In particular, browsing and rubbing activities by forest
wildlife such as water deer and roe deer are causing damage to tree
seedlings, resulting in economic and ecological losses.

The population of Siberian roe deer(Capreolus pygargus
tianschanicus) in Jeju island was very limited in the 1970s, but started
to increase in the 1980s due to various conservation programs.
Currently its population 1s estimated at approximately 14,000
individuals. Unfortunately, the increased population is causing damages
to plantations and agricultural fields. In particular, Quercus acuta, one
of the important forestry resource species in Jeju island, is heavily

damaged. Despite such problems. there are few studies on wildlife
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damage to plantation seedlings.

In this study, an index was developed to quantify Quercus seedling
damages caused by roe deer at Hannam experimental forest in Jeju
island. The index was then tested to evaluate deer damage to
seedlings over time.

The damage index was developed in the following order. Firstly, all
Quercus acuta and Quercus glauca seedlings were surveyed, and a
preliminary index was developed based on literature review and survey
data. Secondly, expert survey was conducted to improve the
preliminary index. Thirdly, the improved index was applied to survey
data, and the results were evaluated by experts to validate its
accuracy.

The results indicate that the index well represented damage level in
a quantitative way. However, the index seemed to be lacking in
representing seedling height as a damage indicator, which needs
improvement.

When the index was applied to survey over the year, overall mean
damage index did not show significant changes, but the number of
seedlings subject to severe damage increased. When seasonal damage
between winter and summer was compared, winter damage was
noticeable, suggesting that much of the damage was occurring during
winter.

Compared to root-shoot diameter or height measurement, the index
was more efficient in evaluating damage level. The index was useful
to understand the overall damage condition, and in evaluating the
performance of deer repellent systems.

While the current index is limited to Quercus and deer damage, this

approach can be expanded for other species subject to damage, such
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as Pinus densiflora and Pinus koraiensis, or other wildlife such as
water deer. The application of such indices will help evaluate the
current condition of forestry damage caused by wildlife, and for

providing data useful for forest management.
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