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Plant Diversity and Density, Driving Forces of the Feeding Activity of Herbivores in a Temperate Forest
of Southern South Korea. Kim, Nang-Hee (0000-0001-6369-5813) and Sei-Woong Choi* (0000-0001-6326-399X)
(Lab. of Environmental Ecology, Department of Environmental Education, Mokpo National University, Muan 58554,
Jeonnam, Republic of Korea)

Abstract  Herbivory is a major functional component of forest ecosystems, and herbivorous insects comprise
about 25% of all insect species. Increasing plant diversity is related to herbivore abundance and diversity,
which affects the level of leaf damage caused by insects. This study was conducted to identify plant-related
variables such as plant diversity and number of leaves and density-related variables, basal area, and diameter at
breast height (DBH) in a temperate forest of southern South Korea. To assess the level of leaf damage caused
by leaf chewing insects, we set up two 0.1 ha plots in a temperate deciduous forest on Mt. Jirisan National
Park. Plant richness differed between two sites: 16 species in 14 families (site 1) and 19 species in 15 families
(site 2). Fisher’s alpha index based on plant species richness and abundance resulted in 4.41 (site 1) and 6.57
(site 2). However, the sum of basal area of each site was higher in site 1 (6.6 mz) than site 2 (3.7 mz). The total
surveyed leaves at two sites were 3,832 and 4,691, respectively and the damage leaves were 1,544 and 2,136,
respectively. The mean leaf damage level was 11.2% (£ 1.76%) in two study sites: the leaf damage level of
the site 1 (11.99%) was significantly higher than site 2 (10.59%). Stepwise regression analysis showed that
species diversity and evenness were the significant variables for leaf damages by chewing herbivores. NMDS
ordination also identified that high tree density and low species diversity were the significant variables. This
suggested that the level of damage was significantly higher in plots with low plant diversity and high tree
density. In the future, we will investigate other guilds of herbivores such as sap-suckers, miners and gallers in
temperate deciduous forests.
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2005; Novotny et al., 2006; Kambach et al., 2016).

NESS ATHET ol Bt 244 SRR 488
“A} 5 A2 A3} (associational resistance)”’ ¥} “At T &g 8
(associational susceptibility)” 7} 2 A = o] ¢t} (Brezzi
etal.,2017). 422 Mg 7ML AE tdol F7HE
T 7|3 BolF 24 25 (715 FolF, specialist)©]
A 7155 27) oY AEFo] Hadt= ALE 4
313l QlTh(resource concentration hypothesis; Root, 1973).
}22HE & 7HES AlE Tl SHESE 71F &
oldo] AAY wIztstA] g2 24 L (YNHE, general-
ist)o] A FEAFCE Qlsf o]&o] 7Hadt T W AE
FTOERE Ao R o] AU BEF F7I= U
HHA R 0]oE & ALE 9 &3t (dietary mixing
hypothesis; Bernays et al., 1994). o]t 7}d-& SRk s}
7] 1% oheFst Aol AEY F o Sk 24 2
Z AEFd 38R FFE EolA (Haddad er al.,
2001; Schuldt et al., 2010; Ebeling et al., 2014; O’Brien et
al., 2017), FAA 9 H&-2 (Jactel and Brockerhoff, 2007;
Alalouni et al., 2014) YE] AEHA Q] FAS A7]+= oF
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o} AH Yol 3| F7tehe 59 FaLR A (Jeffries er
al.,2006)= 71FA1 &) tgk of e 9] HFE (infest)oll g
FL F= Ao Z YEGTh(Régolini et al., 2014). T3t 7]
AGHE A7) 24 ZFEG oYt 24 259 X4
2L 5 sl Aj Y FRE] FAAR FFE F= AR
eSS T (Czeszezewik et al., 2015).
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Al A& 30%0l HFst= oF 1,500 Fo AlEo| #izs)
I QIth(Kim er al., 2012). 2AF AHE A FH+ 29
Holl YIAIZE A (site 1, L= 660 m)ZF M5 LA A
o 923 HhA (site 2, L= 518 m)2& o] T 2L
H| g ko) YR8 AL 2o &3kch 2AL A
Hol= F2 2T (Quercus aliena Blume), 23U
(Quercus serrata Murray), A SJU5 (Carpinus laxiflora
(Siebold & Zucc.) Blume), 7§ A S U-F- (Carpinus tschonoskii
Maxim.), B38| W5 (Fraxinus rhynchophylla Hance) 52}
22 %ol BExsta it XA g oA 3=
71& A7 23 2AF O A9 AAd T AL 24 2
ol B2 FES AR5 Jle UH[E 25 Tl

=2 xFo|t}(Choi and An, 2010).

2. ZA} gt

ZF 2AF AHER 0.1 ha(33mx33m)e] W 1LE A3
& § BT 2710025 ha)Q) 4749 2FFFE o]
24 2% BEP) G FE AAAY BHRIL
Q5T 2 48T Qo] BEshe DBH>5cmo] 2
BEg 2ASe] A% F oy, 25, U8, Fu7

A v



324 23|
24 139 52 4& Ao HAY (chewer), ¥ &5
2 At (miner), Yol 59 HEA Y (galler), =8-S W

O} = (sap-sucker) 522 TSt} (Strong et al., 1984).
o] ATNE AE WolElt 24 23l Ag Mol BE
chewere] o3t FFE SASHA 24 259 5T
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ool el SE 5 A 5, $ez 42 290l
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253, 26~50%’“ 35E, 51~T5%E 453, 76~100%=
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A= AL HAEY 37 32l 0%, 5%, 18%, 38%, 63%,
88% = TrAFSITH (Kudo, 1996; Nakamura et al., 2008;
Hiura and Nakamura, 2013). 0] oA = 24 2359
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Basal area=m X (DBH/2)*

Z24] 23 A A5 Aol H ATHFES vt
B2 Student t-test £4F SIFTEH F - A A& A
9] v gof gt =5 AT RlE 20| & H|wsr] $3)

7}o] A& A7 (Pearson’s Chi-square test)= A A3} T}

Qo] 49} A &aF Alo]2] AFFEA] (Pearson correlation)
2 AT F W% T BARE BB 24 Ao o
A0St HEF Aole] BAS Terer] A3 AL
(stepwise regression analysis)¥} H] A ZFThR}- 4 2 =¥ (Non-
Metric multidimensional scaling, NMDS) £4-& AA|3}41
o SARAIAE 7 24} 458 WA HEFL o8l
of 19 HA| A&, Fisher’s a 3% 0|83 A& F o
9k, Simpson 5% (evenness), 7] A ©H A, DBH, AlH 5
<= Zgste] EA5kqich W Thof] Aol =Y DBH,
Uz, APH 52 495t NMDS 240 A= 2k 2 Ao
A ZAHE AA QS o2 EelE 3 AEdY 3
@ AE F O, #5E, 7IATHE, d9A 7HA
oA A2 AT Bt FO o=, A 5o BFH 2L o]
&38kem Sgrensen A7 S WS 0835t R4
ZAF A9 47 &P A&7kl F A9 7t Zpolof w
£ A& FUst7] fAste] Sgrensen A2 574 W HIF
© 2 MRPP (Multi-response Permutation Procedures) 4]
2 AASHAE T 42 PAST (version 2.17c. Hammer et al.,
2001)2}, PC-ORD (version 7.0, McCune and Mefford,
2016) T2 WL o] &3H3iTh

Table 1. Information regarding study sites and survey results of each 0.1 ha plot in southern South Korea.

Site location

Altitude (m)

Aspect

No. of surveyed tree individuals of six common species
Sum of basal area/ha (m2, +SD)

Mean DBH (cm, +SD)

No. of total surveyed leaves (£ SD)

Dominant tree species

Site 1 Site 2
35°17'31" N, 127°29'39" E 35°22'33" N, 127°34'58" E
660 518
S N
55 65
6.6(£0.41) 3.7(£0.36)

18.6 (£ 1.58) 16.3(£2.68)

3832 (x732)
Carpinus tschonoskii
Maxim.

4,691 (£2644)
Quercus aliena Blume
Quercus serrata Murray
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z ! 2 2= g ¥ & site 19 E WA AAUR7E 5.1 (%
1.7 SDygo 2 7P WAL, site 2014 &= A o LH77F 4.9
1. ZAMK| 240t ZAIK|E x4 25 28
14
7 g 7ol A% e 2ARE AT site 1994 143 - a )
16, site 29| A] 153} 19%9] ~&0o] B EZ3} ). Fisher’ a o 1
FHe o83 TFE A5E site 1014] 441, site 2014 657 &
2 UEht i 20] BESHE 480 F el o w9tk §
7 2AA N Qe A, FRA, NAGEAL sie2w S O
t} site 1014 © & TH(Table 1). S 4
ZF ZARA| A ZARRE Q) = site 19014 3,8327, site 2] 2
Al 469173013tk o] F A &o] Yehd QL site 1914 1,544 0
Site 1 Site 2

A (B +SD 386+ 118)0]% 29 site 204+ 2,136%
(534£91)0] ZAFEQITE & 2AF o 29 A EFF Abo]e]
AT IAE YERUA] &9kt (Pearson 1=0.30, P= 0.11).
A& T site 194 11.99%, site 2014 10.59% = site 1]
A SAH LR FASHA o EhTH(t=-2.92,P<0.05, Fig.
1.
25
2. ZAXE O2|1 £

20

A [e)
T%\_

T uygto] FEOR HIde AX AT, =
FY I, YT (Prunus serrulata var. spontanea(Maxim.)
E.H. Wilson), 28U, U, QiS55 (Styrax japoni-
cus Siebold & Zucc.) 5 65010} 639 35 5] Z
W7 Qo A X1 B &L site 1914 56%, site 2]
e 68%01UTH 55 FFolA A o = site 1914
10407, site 20114 148273 0]0th. & A oA FHo=
_l?_:vé—a—}_J:_ 6% & A} 9 49} A& Atolo] L-9]F} AF

& ERA] 9QkT) (Pearson r=0.30, P=0.35). & #3

Leaf damage (%)

Ps

Fig. 1. Percentage of leaf area removed by herbivorous insects
among total tree species in 0.1 ha plots in each study site
(£ SE). Different letters on vertical bar graphs indicate
significant differences (P <0.05) in leaf damage percentage
between sites.

WSite 1
Osite 2

Qal Qas SJ

Fig. 2. Percentage of leaf damage for each common tree species (*

- 9
U BE S e 1 1 Ae Aok 4
B Ay} 7+ vig) o] HHF AEFL site 12 13.5%, site 2
= 103%=2 Yeb o site 10] o &2 32 UeEHldt

(t=—-521,P<0.001, Fig. 2).

SE). Different letters on vertical bar graphs indicate signifi-
cant differences (P <0.05) in leaf damage percentage be-
tween sites. CT: Carpinus tschonoskii Maxim., FR: Fraxi-
nus rhynchophylla Hance, PS: Prunus serrulata var.
spontanea (Maxim.) E.H. Wilson, Qal: Quercus aliena
Blume, QS: Quercus serrata Murray, SJ: Styrax japonicus

ZA} A7)0 2 31te] 71 (shoot)oll Al 2 ol A

Siebold & Zucc.

Table 2. Number of newly emerged leaves from current-year shoots on each tree species from study sites (mean+ SD). The average number

of leaves was counted from 10 current-year shoots of each individual tree.

Family Species Site 1 Site 2
Betulaceae Carpinus tschonoskii Maxim. 508(x1.7) 485(%£1.6)
Fagaceae Quercus aliena Blume 4.20(x0) 429(+14)

Quercus serrata Murray 427(x£1.2) 4(x0.6)
Oleaceae Fraxinus rhynchophylla Hance 6.6(£0) 53(x0.1)
Rosaceae Prunus serrulata var. spontanea (Maxim.) E.H.Wilson 3.97(£0.3) 4.1(x1.1)
Styracaceae Styrax japonicus Siebold & Zucc. 4.10(x14) 445(%£2.3)
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1o

(x1.604°= 71 @tk (Table 2). &3+ U= site 19]]
Al 6.6%, site 2014 5.3 o2 ZALE Q=T o] 2= &
A &< (pinnate compound leaf)Q] EFY U9 4 94F
(simple leaH 2.2 Al Aot} = A H 7+ M2 YA 5= B
@+ ¥ Fe T T T EFUAUREE AL A 5
ZFollA Apol7h gl Site 1914 HA| =AM o F ¥
Lol A 53%9] oA AlEo] IAE o, EF T
50%, ZF T 47%, WA AT 46%, HEUHF 32%, 23
U 19%9] QoA Al &o] Uittt Site 204 Z3HE
£ 2abE 99 seoold Aol et BRUUTE
56%2] oA Algo] WAET 2t +HHUE AEFS
H| 23 A JfA U (1= —2.89, P<0.01)9} ST
(t= —4.88, P<0.001)% site 19]4] A& ko] o Wt 1}
vj2] 4o A L A% 7 AEF Fols} 27 sket. 2
2ol BRAURE 9 AR 1~10% olake] 4Zo] 7%

70

M index 5
Oindex 4
5 60
- Windex 3
;E Olindex 2
S 50 @ Index 1
el
&
= 40
£
©
D 30
o
=
2
£ 20
o
&
a 10
0
Site 1 Site 2 Site 1 Site 2 Site 1 Site 2 Site 1 Site 2 Site 1 Site 2 Site 1 Site 2
cT FR PS Qal Qs S)

Fig. 3. Proportion of leaf damage for six common tree in two study
sites. Index 1: 1~10%, Index 2: 11~25%, Index 3:
26~50%, Index 4: 51~75%, Index 5: 76~100% of leaf
area removed by herbivory insects. Chi-squared tests indi-
cated significant differences among CT, QS and SJ at each
site (P <0.05). CT: Carpinus tschonoskii Maxim., FR: Frax-
inus rhynchophylla Hance, PS: Prunus serrulata var. spon-
tanea (Maxim.) E.H.Wilson, Qal: Quercus aliena Blume,
QS: Quercus serrata Murray, SJ: Styrax japonicus Siebold
& Zucc.

b

[MIS

@ol et 2= A o F 49%, HUHE 45%,
W ZUE 40%, R AUTE 37%2] AollA 40| vrebt
ot 2199 A1 E 2= (index 1~5)2] BIE &poli= Aot
(X*=12.8, P<0.05), fFUH (X*=25.1, P<0.001), 2%
U (X?=27.6,P<0.001)1 A f<J317] Lrebidth(Fig. 3).

3. =A 2 S 4 Qolo| 2t

Wy o Exste= AA AET F WP 35
EEx3l= 639 5 QLR 24 25 &5l 92
FE THAAE Fotelgint. 2 AR Py AE F
=7t Sastk a2lo 2 RIS FF =52 659 4
ZF IS F= 892 Y E F H 5= Fisher’s a
A7t F83E 9Qlo=2 QI o] AE tFyo] 35L&
2 FasHA 83514t (Table 3).

NMDSE4 o] A 213t 2719 Z¥ 2 (R*=0.44, final
stress=5.11)914 R HA ZR*=035)2 7| ATHE (R* =
-0.73)T £ HA ZR*=0.08)2 A& Y= (R*=0.61)
o =2 4TS Uet it (Fig. 4). MRPPEA A3} 2AL
A 7+ AeFe ol FREHA Uehd Ao ey
tH(A=0211,P<0.01).

.

oWl Sutet Lujgols ST 24 2| A
25e 24 2% @5 o5 V50| AP FE 29
o vetslsg] £go] B Ro|th. & 5l 2o

v "=

d F s A= EE LY F BTN 24 5
of o AT AEFE Ft 112% (SE£1.76%)Z LE
Hoh dirH o2 2T oA TAstE HEFLS Hat
7.1%0] 2™ (Coley and Barone, 1996) | 5= 3%
Ao A 24 dAFE A HEFS 43~112%
(Brezzi et al., 20172 e f-2utet 20179 A&7
o] 9= Aot Z AolE e A= FUTh FEAA
10% B=9] o &2 & 42 ohdAE 49 35
= (fitness) S HRA7IAY 429 A4 $A4 AFS

Table 3. Results of stepwise regression analysis of the herbivory rates of total and six common trees in a temperate forest and five environ-

mental variables.

Dependent R F Variables t
Total herbivores activity 0.60 9.01%* Evenness —3.00*
. o . Fisher’s alpha —3.12%
Herbivores activity for six common trees 0.84 12.94%*
Evenness —3.06*
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' 2 Diversity
3
S.pseudocame Zisematy <
M‘myriantha
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e G C.controvers
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SSA2
A P-spo(rtanea Q.variabilis
BS2 P.strobilace

BS1

Fig. 4. Non-metric multidimensional scaling (NMDS) graph based on six forest stands and five variables (tree diversity, tree evenness, basal
area, DBH and aspect). Cutoff level for variables was 0.4 and the graph was rotated 10 degrees. Axis 1 and axis 2 explained 35.3%
and 8.3% of the total variances, respectively. Diversity: Fisher’s o, Basal area: total tree basal area with DBH>5 cm.
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Aoz dHA i (Andow, 1991;
Vehvilidinen et al., 2007; Brezzi et al., 2017). ¥1'H o] &
TFE Fote] EE A AE gl ez ¥
X (site 1)ollA] A EFo] B B AL Yeht A& o¢f
dol 24 £F vl 38AQ anEoE FAAQ
aE e Aoz Yyt olg3t 23S EUE 4
= O] dAL R 5 site 20 24 £F0] 7|5
AES e olgRe R Qs AEFo| Fadte 7|50l
2] (specialist)©] A 22 Wo| AA5t1 glow, A&
thFgo] Adid oz W site 19 LWHE (generalist) 2]
H&o| o W& 2o e 4= glen oo gk A
7} dastrta Azt AlE oy S R 24

pads
o
fu
rr
1>
o
i

(o]

i P4 F7He A8 AU
FHoRA 24 239 23 28 5840 3
A

[e]
= =
o] JehtE= 24 48 ZH4 (Alalouni et al., 20142 A

2
ut)
g
2
lo
o
r'E M
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-
=2
o)

et al., 2016). o] &3 FFA
FHE ol = Fof| B3| o]FAo] waL, AN = W3St
of d vizs7] Wie] UF U] ¢

2 JAE ATt (Leal et al., 2016). TR A 721 Leptino-
tarsa juncta= 71550)d FO2 7S AE UEVt &
oM pE Ak S0t FAAQ Il ey A&
| 7] (plant-mediated) A7} 7|5 AEL 24 L5 A&
gof A Atet sjglof] 7]ost= A2 YEHstth(Halpern er
al., 2014). F-3olA Bl Thaumetopoea pityocam-
pa (Notodontidae) o8| Jsl Hgo] HAYst= a5
(Pinus pinastery= 7|32 & A7 37|17} $7184-E P&
wio| o3t HFwrt S7hetH 22 E Y& (stand)of| Al
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oz o ot AFErt F AR et (Régolini et al.,
2014 55 WEG 27 24 25 B 9T 7

Ao Uepie},

'—%%—4 A&7 (biomass)> DAY 7FA oA A= LS
Ao £2 S5 olH Ao A £F o
2 o2 2 UEHHSItH(Table 2). &0 Be T35S
ZA] ZFoA Hol Ao et -84 AT 5= YA
ot diyof] Ho| X} o] 54 § 7} (resource dilution)Z Q13
24 23 QAFol 4E BEF Z7 SERT S 3
7Ve 4= Ak (Brezzi et al., 2017). 3% +F 4ddA 71A] 9|

A AE B Y] = site 22T} site 1914 o WSk
ot A2 WAsHe 9o ¢ AEFE Aol AuiRet 23
L] AEgFo A Aol Uehg ARt A&kl gt ¢
9 adk= 3o wet 2A eyt 2ARE A&
o] Aol A Y AlH &t 2435 Aoz Yzt
o o] A ARl A4t A FAPH S BANE
Hop A5+t 7]20] 5 ¥ o] © @Wol(Oh and Jee,
2000) A X site 17+ HAMH 1|3 site 20]
HiEs= AEY AT OY Zolo FFE FUAS AL
2 Aztent. A&k tigh AFHY At FfA] oLl
A Uebg=dl AP S A7 A o U9 Al &gk Rk
< = Aoz A7 b A vldf AE9] i Al
717} WE AJHES 2] LEo] ZHEE =77 29

% st 8 4 92 Aol
ol 472 F3) Lriyel A4S 4B Holz
L 24 230 AEgd] 43S T 4 2902 us
o} 42 thepio] AR ThEA AEsHe 2L AT 4 9l
STk 24 2% F FHEE ANAY BAol HolR
o 2 7% %—34 2o Thopst 29157 $lo] 9T Kim

4, 1E, o

AL Bs]7] st AE d49 Q’b—'fz 54
H]-&: Carbon/Nitrogen ratio, 22} KH*P‘}E)J—]( =93 E4
(LMA: Leaf mass per area unit) £+ A% 2%, $Eo}
22 n]7]Z 2 22l (micro environmental factor) 5] d
= @A Susolor & A0 AT et ol Ao
A ZAEAY QS Hole 24 I3 (chewer) ©]£]o]
25 0] ol ol = sap-sucker, Yol F& ¥}= miner,
3 (39S U=E galler, Y4 (mesophyll)S H& skele-
tonizer 53 Z2 ThFdt 4] 23 A= (guild)E HAS
2 @ 24P Aastt 24 239 44 FES AT A

= MIS

ol AAsHe 25 F Py AT Aol 7] &
o) (Kim and Choi, 2014) X Qo] BEZ3}= 23 £ thekA
A4S 5ol 24 25 5FH TREE AT+ U2
Ao Aztdt. E}EW AES HolYOoR dh 24 L
5 % T2 HEE AT YHIE A5 45, 244
SAHEF S T2 24 ZF T digk 2APL o

ol ZAHE 0.1 ha $PTo) BESE 28 oz
NEg 248 B9 24 239 BEY] 9FS Fr 2
QL A ST ofF HFOR 0.1ha F7] o] W
Ho| BEshe 24 239 NEFS d=5tu st
24N AR WY T 277 2AA GO AL o
EG SE QAT 3FAA o] 7H55] el 0.1 ha
o WYT7E AgSHeTh. Tt o] ATAA ASE 2
A e B9 SR F2e] ofde BA 9
of MEHAQl 429 Az ZAo] oYL B 24} X
A PPT Qo] BEshe 24 Y 3 24 A9 B
£ 482 QESIE ofFrh YT o] BESE BE
2 EYF BE 250 B A% 24P} ol RolA 1, thep
3 WS AN A8 2APE SREE St &
g aegel Busts 24 230 BEA old] o
e FL 202 % B A5 5 9L Rol

0]

Ab A A 2=
oA Fa3 dgS %‘%*3}‘_111
9 25%5 AN A2 FaT F
Freol S Ae F addn H?}
Utk o] AFolA= v 2diHol A
Z BFFE Uil A&l Yol
U 4=, HoldE U=t B E 71 AEHA (bas

F313% (DBH)H oW 3t ¥Ho] =7k ¢axt
Ari=dsd 2dgdsdol Olha——] TR
o AAste] A& HolHe 24 £ (chewen)o] 2
THE S5 A2 B 11.2% (£ 1.76%)2 4
TAFE Q‘d’&h@- J—AP Ay F AE EP"WOI =2 X
g e 3R 2
%% %%ow m_cL _30101 7| Here A o]

= A ¢ 3 25 2d 9EE
A (trophic leve)ol A 24 259 o
So2 JFE LTkl R d+F 2

rh
ol

lo
ox
o
5
oF

O
-
BN
N

rr

[e]

|

E_
30
fl
ooty 12

ofj ofy
(RR ol Ax

HE 2
2
2o
B
1>
kT

re
e
o
)
L Of

t

E . B
s

&
8
]

u\/

9‘15
R
T

lo
Horor > LS

Lo Ll
s alll

lo

l‘

HU



Ab A

| A7 91te] oplol ] Aol =g & BETet
B ALY AR, oA, PEE, = EE, BE
971% BAME od w42 AL dE B
st shopstn 43 mAE BARRT o] AT
St AT A (2018R1 D1A1B07046637)2] A& who}

Sy

REFERENCES

Alalouni, U., R. Brandl, H. Auge and M. Schidler. 2014. Does
insect herbivory on oak depend on the diversity of tree
stands? Basic and Applied Ecology 15: 685-692.

Andow, D.A. 1991. Vegetational diversity and arthropod popu-
lation response. Annual Review of Entomology 36: 561-
586.

Andrew, N.R. and L. Hughes. 2005. Herbivore damage along a
latitudinal gradient: relative impacts of different feeding
guilds. Oikos 108: 176-182.

Andrew, N.R., I.LR. Roberts and S.J. Hill. 2012. Insect herbivory
along environmental gradients. Open Journal of Ecology
2:202-213.

Basset, Y. 1999. Diversity and abundance of insect herbivores
collected on Castanopsis acuminatissima (Fagaceae) in
New Guinea: Relationships with leaf production and sur-
rounding vegetation. European Journal of Entomology
96: 381-391.

Bernays, E.A., K.L. Bright, N. Gonzalez and J. Angel. 1994. Di-
etary mixing in a generalist herbivore: Tests of two hy-
potheses. Ecology 75: 1997-2006.

Brezzi, M., B. Schmid, P.A. Niklaus and A. Schuldt. 2017. Tree
diversity increases levels of herbivore damage in a sub-
tropical forest canopy: evidence for dietary mixing by
arthropods? Journal of Plant Ecology 10: 13-27.

Choi, S.W. and J.S. An. 2010. Altitudinal distribution of moths
(Lepidoptera) in Mt. Jirisan National Park, South Korea.
European Journal of Entomology 107: 229-245.

Coley, P.D. and J.A. Barone. 1996. Herbivory and plant defens-
es in tropical forests. Annual Review of Ecology and Sys-
tematics 27: 305-335.

Cuevas-Reyes, P., M. Quesada, P. Hanson, R. Dirzo and K. Oya-
ma. 2004. Diversity of gall-inducing insects in a Mexican
tropical dry forest: the importance of plant species rich-
ness, life-forms, host plant age and plant density. Ecology
92: 707-716.

Czeszczewik, D., K. Zub, T. Stanski, M. Sahel, A. Kapusta and
W. Walankiewicz. 2015. Effects of forest management on
bird assemblages in the Bialowieza Forest, Poland. iFor-
est-Biogeosciences and Forestry 8: 377-385.

2kt A2 ChEN T8lm e 329

Ebeling, A., S.T. Meyer, M. Abbas, N. Eisenhauer, H. Hillebrand,
M. Lange, C. Scherber, A. Vogel, A. Weigelt and W.W.
Weisser. 2014. Plant diversity impacts decomposition and
herbivory via changes in aboveground arthropods. PLOS
One 9: 106529.

Haddad, N.M., D. Tilman, J. Haarstad, M. Ritchie and J.M. Kn-
ops. 2001. Contrasting effects of plant richness and com-
position on insect communities: a field experiment. The
American Naturalist 158: 17-35.

Halpern, S.L., D. Bednar, A. Chisholm and N. Underwood.
2014. Plant-mediated effects of host plant density on a
specialist herbivore of Solanum carolinense. Ecological
Entomology 39: 217-225.

Hammer, @., D.A.T. Harper and P.D. Ryan. 2001. PAST: Paleon-
tological statistics software package for education and data
analysis. Paleaeontologica Electronica 4: 1-9.

Hiura, T. and M. Nakamura. 2013. Different mechanisms explain
feeding type-specific patterns of latitudinal variation in
herbivore damage among diverse feeding types of herbiv-
orous insects. Basic and Applied Ecology 14: 480-488.

Jactel, H. and E.G. Brockerhoff. 2007. Tree diversity reduces
herbivory by forest insects. Ecology Letters 10: 835-848.

Jeffries, J.M., RJ. Marquis and R.E. Forkner. 2006. Forest age
influences oak insect herbivore community structure, rich-
ness, and density. Ecological Applications 16: 901-912.

Kambach, S., I. Kiihn, B. Castagneyrol and H. Bruelheide. 2016.
The impact of tree diversity on different aspects of insect
herbivory along a global temperature gradient-A Meta-
analysis. PLOS One https://doi.org/10.1371/journal .pone.
0165815.

Kim, J.J., JW. Kim, H.R. Jung, J. M. Chung, M.Y. Kang, M.G.
Cho and H.S. Moon. 2012. Analysis of Acorn Production
of Quercus spp. in Mt. Jiri National Park. Journal of Agri-
culture and Life Science 46: 1-8.

Kim, N.H. and S.W. Choi. 2014. Seasonal and elevational pat-
tern of herbivore’s feeding activity in temperate decidu-
ous forest. Korean Journal of Ecology and Environment
47: 24-31.

Kudo, G. 1996. Herbivory pattern and induced responses to
simulated herbivory in Quercus mongolica var. grosseser-
rata. Ecological Research 11: 283-289.

Leal, CR.O.,J.0. Silva, L. Sousa-Souto and F. Neves. 2016. Veg-
etation structure determines insect herbivore diversity in
seasonally dry tropical forests. Journal of Insect Conser-
vation 20: 979-988.

Lewinsohn, T.M. and T. Roslin. 2008. Four ways towards trop-
ical herbivore mega diversity. Ecology Letters 11: 398-
416.

Lim, K.Y., TH. Kim and J.S. Kwak. 1992. Distribution of milli-
pedes in relation to altitude and flora on Mt. Chiri. Kore-
an Journal of Ecology and Field Biology 15: 329-335.

McCune, B. and M.J. Mefford. 2016. PC-ORD. Multivariate anal-
ysis of ecological data. Version 7. MjM Software design,



330

oy
In
Tob

Gleneden Beach, Oregon, U.S.A.

Mulder, C.P., J. Koricheva, K. Huss-Danell, P. Hogberg and J.
Joshi. 1999. Insects affect relationships between plant
species richness and ecosystem processes. Ecology Let-
ters 2: 237-246.

Nakamura, M., T. Hina, E. Nabeshima and T. Hiura. 2008. Do
spatial variation in leaf traits and herbivory within a cano-
py respond to selective cutting and fertilization? Canadi-
an Journal of Forest Research 38: 1603-1610.

Novotny, V., P. Drozd, S .E. Miller, M. Kulfan, M. Janda, Y. Bas-
set and G.D. Weiblen. 2006. Why are there so many spe-
cies of herbivorous insects in tropical rainforests? Science
313: 1115-1118.

O’Brien, MJ., M. Brezzi, A. Schuldt, J. Zhang, K. Ma, B. Schmid
and P.A. Niklaus. 2017. Tree diversity drives diversity of
arthropod herbivores, but successional stage mediates de-
tritivores. Ecology and Evolution T: 8753-8760.

Oh, K K. and Y.K. Jee. 2000. Plant community structure by
aspect and altitude at eastern district in Chirisan National
Park. Korean Journal of Environment and Ecology 14:
67-79.

Régolini, M., B. Castagneyrol, A.M. Dulaurent-Mercadal, D.
Piou, J.C. Samalens and H. Jactel. 2014. Effect of host
tree density and apparency on the probability of attack by

- EMS

the pine processionary moth. Forest Ecology and Man-
agement 334: 185-192.

Root, P.B. 1973. Organization of a plant-arthropod association
in simple and diverse habitats: the fauna of collards (Bras-
sica oleracea). Ecological Monographs 43: 95-120.

Schuldt, A., M. Baruffol, M. Bohnke, H. Brulheide, W. Hérdtle.
A.C. Lang, K. Nadrowski, G. Oheimb, W. Voigt, H. Zhou,
T. Assmann and J. Fridley. 2010. Tree diversity promotes
insect herbivory in subtropical forests of south-east Chi-
na. Ecology 98: 917-926.

Siemann, E., D. Tilman, J. Haarstad and M. Ritchie. 1998. Ex-
perimental tests of the dependence of arthropod diversity
on plant diversity. The American Naturalist 152: 738-750.

Strong, D.R., J.H. Lawton and S.R. Southwood. 1984. Insects
on plants: Community patterns and mechanisms. Harvard
University Press, Cambridge.

Suzuki, M. and T. Hiura. 2000. Allometric differences between
current-year shoots and large branches of deciduous broad-
leaved tree species. Tree Physiology 20: 203-209.

Vehvildinen, H., J. Koricheva and K. Ruohoéki. 2007. Tree spe-
cies diversity influences herbivore abundance and dam-
age: meta-analysis of long-term forest experiments. Oeco-
logia 152: 287-298.



