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Relationship between Damage by Herbivore and Leaf Production of
Oaks in the Burnt Area of the East Coastal Region, Korea

Kyoung Sin Lee, Bo Ram Hong and Kyu Song Lee*

Department of Biology, Gangneung-Wonju National University, Gangneung 25457, Republic of Korea

Abstract - We analyzed the effects of spatio-temporal variation in the leaf production of oaks on
the density and species richness of herbivores, as well as the consumption by herbivores in the
east coastal region of Korea, which is an area that has been damaged by forest fires. The main
herbivore that feeds on oak leaves was moth larvae. In mid-August the insect larvae showed the
highest density and species richness. Approximately 60.5% of total plant-eating insect larvae
were present from August to September 2011. Oak leaf production was at its peak from July to
August, and the peak damage caused by herbivores was from August to September. Depending on
the investigation timing and site of the survey, oak leaf production, larval densities, and species
richness showed large variations. The average production of oak leaves between July and August
was estimated to be 0.96 ton ha'. The production of oak leaves during this period also showed
spatial variations ranging from 0.34 to 1.89 ton ha™'. In August, the consumption of oak leaves
by the herbivores showed spatial variations ranging from 0.15 to 1.51 ton ha™'. Where oak leaves
had a higher yield, they tended to increase in density and species richness of the herbivores. As
the production of oak leaves increased, so did the overall consumption and consumption rate by
the herbivores. This means that the production of oak leaves is highly related to time and space,
and there is a concentration response in which the new individuals gather. Research into the
spatio-temporal heterogeneity of the food sources and their effects on the higher levels of the food
web can help us quantitatively understand and evaluate the structure and functions of the burnt
ecosystem that is caused by forest fires.
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Fig. 1. Layout of permanent plots for this survey located in the east coastal region of Korea. Un-burnt pine forest (1, 2), Natural regeneration
sites after forest fire (3, 4), Terrace sodding work sites after forest fire (5, 6, 7), and Pine plantation site after forest fire (8,9, 10, 11, 12,

13, 14).
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Table 1. Criteria of classes of herbivory damage caused by insect larvae chewing on oak leaves in the east coastal region, Korea

Class of damage Mean damage (%) Damage rate on intact leaf Definition of each class

0 0.0 0 No damage
1-1 0.5 less than 1% damage in a leaf
1-2 4.7 <1/6 1% < damage rate <8.3%

1-3 12.5 8.3% < damage rate <16.7%

2 25.0 1/6 < and <2/6 16.7% < damage rate <33.3%

3 412 2/6 < and <3/6 33.3% < damage rate <50%

4 58.3 3/6 < and <4/6 50% < damage rate <66.6%

5 75.0 4/6 < and <5/6 66.6% < damage rate <83.3%

6 91.7 5/6< more than 83.3% damage in a leaf
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Fig. 2. Example of the determination of damage classes by herbivores on leaves of Quercus serrata based on Table 1.
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Table 2. Changes in the number of major chewing insect larvae chewing on oak trees in the east coastal region, Korea

Investigation time (Julian day)

Species Apr.28 May 18 Jun.15  Jull6 Aug.16 Sep.16 Oct.21 Total

(118)  (138)  (166)  (197)  (228)  (259) (294
Sp.1  Zyaenidae sp. 2} 18 45 28 3 4 4 102
Sp.2 Cifuna locuples &= 5 20 4 2 5 36
Sp.3 Euproctis similis 315145 7 11 [ 1 2 27
Sp. 4 Phalera grotei W) S EA S 1 8 38 47
Sp.5 Fentonia ocypete S UHF-A F R 23 23
Sp.6 Notodontidae sp. A FL2} 45 33 78
Sp.9 Notodontidae sp. A F133 1 2 34 37
Sp. 12 Phalera assimilis ZFF-AF 0 129 129
Sp. 14 Geometridae sp. AFL}H-3} 39 39
Sp. 17 Clanis bilineata F-2YZ}HA] 7 24 31
Sp. 20 Latoia consocia 252871 rHr 3 9 351 363
Sp. 21 Smerinthus caecus B‘] SulZHA] 24 24
Sp.22 Peridea gigantea Z-2ZF U 35 35
Sp. 26 Arichanna melanaria -—U-:E“é] ZFA 24 44 51 6 125
Sp. 30 Geometridae sp. AP} 10 11 19 27 67
Sp. 39 Limacodidae sp. &7z}t 32 7 39
Sp. 41 Noctuidae sp. T} 224 1 225
Sp. 42 Arctornis album AA| =4 2 8 10 20
Sp. 46 Parabapta clarissa AFZ7F A4 8 12 8 28
Sp. 49 Negritothripa hampsoni 357 A vk 20 20
Sp. 53 Austrapoda dentata 31735 7| - 22 2 24
Sp. 65 Narosaideus flavidorsalis B V-2 7] ek 23 23
Sp. 66 Thyatiridae sp. g7k 12 9 21
Sp. 69 Agnidra scabiosa 232yt 2 2 21 4 29
Sp. 80 Geometridae sp. AP} 39 39
Sp. 92 Euproctis subflava U 46 3 3 52
Sp. 93 Hypomecis punctinalis U|5=7}A| L5F 5 27 32
Sp. 105  Gracillariidae sp. 7F=1 -3} 10 14 24
Others 15 37 36 71 302 18 2 481
Total 69 220 166 420 1245 98 2 2220
,3%9. 459,559 2 6eu= 44 AA o 2719 Table 3. Sgrensen similarity index among seasonal insect larval

1/6~1/3, 1/3~1/2, 1/2~2/3, 2/3~5/6 L 5/6 o]A+2] u]&
e AL 71Zzo g TESIATH(Table 1). Fig. 2= SR
9] o2 Sol IR o) 24 73 SFL vhehdl Aot}
Table 1L 0] 83}0] ZF ZAMA|7|HZ J7ubg 1Y B E 2

AL Ao R A WI5FS AT o] o

e g
g3to] JPYRTER 248 T 9 e 7 T
Q9 WAT AFF] WAZ o §3tel WYTY FUR o
o 2% Tt

HEA AR Ao AT 147)

ol
[e]
350 mH)ol A 1A7F TR 24259 759 & F5o A

communities on oak trees in the east coastal region of Ko-

rea.
Julian Apr.28 May 18 Jun.15 Jul.16 Aug.16 Sep.16
day 118 138 166 197 228 259
138 0.65

166 0.19 0.22

197 0.13 0.21 0.52

228 0.11 0.22 0.38 0.41

259 0.25 0.17 0.30 0.20 0.29

294 0.00 0.00 0.06 0.00 0.03 0.13
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Fig. 3. Seasonal changes in species richness (number) of chewing

insect larvae in the east coastal region of Korea.
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Fig. 4. Relationship between the annual larva density and species
density of insect larvae (No. 25 m_z) that chew on oak trees
in the east coastal region of Korea.

Table 4. Seasonal changes in oak leaf production, the oak leaf biomass damaged by herbivores, and the percentage of leaf biomass damaged
by herbivores in the east coastal region of Korea (Mean * Standard deviation, n=11)

. Oak leaf biomass Percentage of leaf
T . Oak leaf production . .
Investigation time Julian day (2 DW 25 mfz) damaged by herb_lzvores biomass damaged by
(gDW25m ") herbivore (%)
May 8, 2011 128 542.3+620.6 17.1+26.1 26%2.1
June 8,2011 159 1235.7+£561.9 160.1+120.0 124+58
July 26,2011 207 2412.2+1225.1 448.8+£4459 164+8.7
August 29,2011 241 2177.6£1196.9 1325.8+£1042.7 554%154
October 21,2011 294 1335.4+1386.0 767.9+868.3 536162
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Fig. 7. Relationship between annual larval density and leaf production (left), and between the annual species richness of insects which chew
on leaves, and the leaf production on August 29, 2011 (right) in the east coastal region of Korea.
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EoA 2R FUR e oy FUYFRHoR | Mol
w2 AgPsta ok Tt A G2 Sehatel A 7H Wl
WA tgAatEo] WASHE Aotk (Lee et al. 2004). A
E93A gL 2yRgoa AAEHE XETh FUFE Wop
7b Ak g2 & wgdtes 3ol wi$ @l (Choung et al.
2004). AR Ao FoFata, AHe & 3]EE o] =y
Hlste] AlZuRel FHUE 22 R Aol gt A
Fgo] A3 AHE T wWopz Qg Ao Qlate] AR
olo] Ao A £A|5}tH(Choung et al. 2004; Lee 2006).

FURE Faioh A g®mat opyel ShtE HA oA 3
e ERTOR Sz AMAshe B 55 BYshe
Ho| 189 7|27} e AEolth AHE T oA A
E A A9 7 AHE0 & 8|3 AHE o] % 9] thaFst
B3 9 gy AA Holof gk drgabgel digh Al
F7HA o]AAE = A FHrF(Kim 2003; Lee 2003; Lee et al.
2004). AHg o] 39 AAHolof o5t AAYo] F7hE o] WA
AA 71 8% 84 F9 shte 12} AvjrbEo| A5s)
£ FURE o MAkFo] Algztd o g gepiche Aot
(Lee 2003). €utH o2 AHE =2 Qlgt W 49| 7jA- Wo
WS E7ete] FUR o A FUHA7IAL, RS
22559 MAES 571715 (Choung et al. 2004; Kay
et al.2007).

SaAQE AR TR oA A4 o]FA ] UAL AbE
B AR o] %o] FEjwy |3 JREH ale] zpojojct
(Kim 2003; Lee 2003; Choung et al. 2004). 133t 2|87
agle] o] F2 G Wolo] Yrol Ao zto]2
UEbA AHE T R] o ol A] R do] Aatere] Al g7
ol o]-AY o o]ojHch 2 RAX| Gof| A 78T} 8o Ft
Qo] Aakepo] 7ha WokEd], o] Al7]9] bR do]
AL 096 ton ha o]t 2 A7) R O A
& ZAF A 4of wht 0.34~1.89 ton ha ' Q] FZHAH S WO
UEH ATk (Table 4). 241250l 2%k 5 Q1o 44|
T A7) wah Izt o2 g WHolE e 9tk (Figs.
,6). 2 ZARA QoA 24] T35zt 7P FE Al7]= 890l

A=l o] A7lol 24Tl A%t R o] aHF

ol of

W

Fig. 5). 917 288 259 A4 Bt ohle} Friopis
Aol whet 2 WOl LhekhSich(Fig. 4). Ea 2ALAI 7|0k
o 24230 TYTEE U9 Aolsher(Table 3). & =

olol AFHUL, 7HRE 9% Apole] 79.4%7} WFH A,
2 2AA Gl T Y9 AL 6~89 B, oS
Zolgo® st 24T 3o 9T AL 8~108) Y3
Stk (Table 4). wHebA] FUHRS] YFAH FEHE & 5 U
£ 99 Fo] VY PHT A7) T~88olet

HUE Q9] Aakwro] e RASE 2AA] g A

ol Z71SHAM (Fig. 5), 2449 F49 WEE F7hste
Aol Utk (Fig. 7). B3 TR Q9 BArFo] B24%
AU Q9 4u] v]go] F7Bho] Aulae] AFT ol
ASE BT (Fig. 6). Tt FpR o) Ato] g
248 AAY 28] FAREAL & 5 Yodeh FHE
o A AB7HY oA Aok gl et HA
o AR 9 RAEFe] FHo| o] HHAL Holgo
2 dagel gt oux 5o AL JFol et 24
o BB AZHA BE A FFL E 4 Ut

(Smith and Smith 2011). w&hA] AFET R G| A Ho|x}
A A Z7HAQl o] AA T a2 13 Yol ASjctA n|
Ae FFol et A4 =AY YA 20 75
AR o2 olgfsn Wreke i £4S E 4 At Ed
AEA Y BYY HEYE S & 5 U

H 2

Faler AR TSR Fo A FUR o Ak Al
o7 A2 W, FFHE 9 24 73| v|X]= 9
S EASIATH 2 ZARA G4 R 9o 8 24
U g3l 24259 §59 FFR=Eer 4=vt
A FolA = A7+ 88 F&oldnt. A Edd 24
59 605%7F 8~99° AFHo= Edstact Iy
A Aol Th W2 A7 T~8¥0l9 L, =
ot a7} 71} @2 A7 = 8~9do| Tt RARA 719 A
2of whah R o AR, 2A2F9 i 2 TF
FEEs & HolE Ut B AR oA 7~8Yf 3
o FUE 9 YAEFS 0.96 ton ha ' 2 ATt E3F o
A71o] IR Qo] AArEES (0.34~1.89 ton ha ' &) F7HA
3l Blol& YUe it 8€ ol AA}e 25t R ¢l &
B2 0.15~1.51 ton ha '9] F7HA Q1 HolS Uehygich.
HUR Q9 Aage] e 2U4E 2479 FFLES}
WEsk Z7eke gl itk AR 9 AN 37}
o whet 2AIR] O3t £ AB|HIRE S5 o]
AL U Qo) Ate] B Al7|oh FroR 24450
2ol AF8} whgo] Yojuths AL ojujath. AR
Ao A HolZPe] AlF7HAQI o] ATt IR Qg Hol

o N o o

>
i
o o
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To Al vA= G dFt A7 AEA S A
Ao Fx9t 71%5& FFH o odstu Pt ¥ =&

2 2% 9k
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