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Tree species composition determines associational resistance or associational susceptibility .
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Abstract : Cephalcia kunyushanica is a typical monophagous defoliating insect species. To deter-
mine the factors affecting C. kunyushanica population distribution in different Japanese red pine
( Pinus densiflora) stands, an analysis was made on the relationships of C. kunyushanica larval
density with the composition type and diversity of tree species and the site and stand factors. The
annual fluctuation of C. kunyushanica population in pure Japanese red pine stand and in the
mixed forests of Japanese red pine with the tree species from the same genus ( Pinus) or the same
order ( Pinales, except for Pinus) or with broadleaf trees species in Kunyu Mountain from 2009 to
2011 was also compared. No significant correlations were observed between C. kunyushanica lar-
val density and site and stand factors. There existed differences in the larval density and Shannon
index among different stand types, and the variation trends of the two indices were totally differ-
ent. Forest type was the most important predictor variable in random forests regression used for
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predicting the larval density of C. kunyushanica. C. kunyushanica larval density was the highest
in pure Japanese red pine stand and not significantly different from that in the Japanese red pine
stand mixed with Pinus sp. , but was significantly higher than that in the Japanese red pine stand
mixed with broadleaf and Pinales sp. species in each of the three years. Furthermore, tree spe-
cies composition was more important than tree species richness in mixed stands. From 2009 to
2010 and from 2010 to 2011, the coefficient of annual variation of C. kunyushanica population
was lower in the Japanese red pine stand mixed with broadleaf trees and Pinales sp. than in the
Japanese red pine stand mixed with Pinus sp. or in pure Japanese red pine stand, suggesting that
C. kunyushanica population was more stable in the Japanese red pine stand mixed with broadleaf
tree species than in Japanese red pine stand mixed with Pinus sp. or in pure Japanese red pine
stand. Our results suggested that the association of Japanese red pine mixed with Pinus sp. could
actually receive more damage by defoliating insect species than the association of Japanese red
pine mixed with Pinales sp. and broadleaf trees. The taxonomic kinship of a focal tree and its
neighbor trees played an important role in the likelihood of associational resistance or association-
al susceptibility, and the stands of mixed tree species of close genetic relationship to focal tree
species had higher larval density and lower stability of C. kunyushanica than the stands composed
of genetically distant trees species.

Key words: Cephalcia kunyushanica ; natural Pinus densiflora forest; larval density; tree species
composition ; random forest; associational resistance; associational susceptibility.
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i LIRSS Z A5 B H B e R T R ) B e U
MR AT EAN ) AR BRSSO, e
( Betula platyphylla) 1A AR PY FE HUF0RE 25 BE LL 4l bk
H A ARG, T AR ( Quercus aliena ) F1 7545 ( Alnus
glutinosa ) TSR N HE 2 1 B He B30 Fb B — Rd Ao 4
AR E AT R 2R R HUR K
H g s e BE AR T B B3 F ke ek IR T
FNZF FEMFR ( Vehviliinen et al. ,2007)
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Fig.1 Proportion of tree species composition in various
stand types
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al. ,2002)
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Table 1 Significance test of relationship between Cephalcia kunyushanica larval density and plots factors

AR i I Y A ) b Epa G il B A W I ) %73
JfE (em)  AE (m) F&E  Shannon 8L (tree - hm™?) (a) (%) (®) (m)
2009 0. 06 -0.15 -0.03 -0.04 -0.20 0.04 -0.24 0.41 0.14 -0.40
(0.805) (0.517) (0.913) (0.860) (0.393) (0.859) (0.297) (0.063) (0.531) (0.075)
2010 0.03 -0.12 -0.19 -0.08 0.01 -0.22 -0.09 -0.13 -0.16 -0. 08
(0.887)  (0.602)  (0.402)  (0.717) (0.973)  (0.339)  (0.711)  (0.565)  (0.496)  (0.726)
2011 0.03 -0.03 -0. 06 -0.08 -0.11 -0. 10 0.08 -0.04 -0.27 0.01
(0.889) (0.912) (0.801) (0.716) (0.637) (0.679) (0.735) (0.864) (0.244) (0.975)

55 0o AR Sig. (2-tailed)
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Fig.2 Variable importance for predictor variables from random forests ( RF) regression used for predicting larval density of

Cephalcia kunyushanica in Kunyu Mountain
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Fig.3 Partial dependence for selected predictor variables for random forest predictions larval density of Cephalcia kunyus-

hanica in Kunyu Mountain
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(F=2.604,P=0.086), £ % WE DT, A4
R IR PARR R A, IR 21 Sk - R, SR
P[] JE VR AR A 3 22 7 (B b 8 T A — [+

FEFRE IR A

2010 4 4 FfAS [R] AR 3 28 7Y 8] 205 FA Bk L %5 B
SR (F=3.452,P=0.040) (£ 2) ., FHMaisk
HRA OB e (d=55 3k - B, SARm - E IR
TR RE R TR A B 2ER (d=53 %, P=
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Table 2 Comparison of Cephalcia kunyushanica larval density per Pinus densiflora, tree richness and Shannon index among

four stand types in 2009-2011

Moy B H AR 2009 2010 2011 R H
p 4 21.319.4 Aa 55.5+17.0 Aa 65.5+11.8 Aa 5.0<1. 1 0.540.13 B
G 8 18.5+3.6 Aa 52.629.8 Aa 51.9210.4 Aa 6.4+1.2 1.19+0. 14 A
0 5 6.622.8 Ab 21.7+9.5 ABb 21.4%9.8 Bb 5.6x1.0 0.74+0.13 B
K 4 5.0+3.4 Ab 11.7+6.7 Bb 10.5+7.4 Bb 4.80.9 0.90+0. 12 AB
F 2. 604 3.452 4.926 0.411 4.071
P 0. 086 0. 040 0.012 0.747 0. 024

AN FFr RS BN, KEFR(P<0.05) ,/NEFEE(P<0. 10) ; FREFRIEIRZ

AR I OB AR (d=13 %), SR -[R HIBAZ
MRZ AN 225 (P=0.574) .

2011 4E 3 4 45 5 5 2009 1 2010 4F H A3 AH L
R 4 FhobRg3 28 T R X o A bk L 198 B A AR
FERER(F=4.926,P=0.012) (£ 2), HIgisk
btk OB R R m (d=65 3k - B, 5
TR - E R AR 22 AR B (d=52 3k -
R, P=0.379) , ¥ s T A — ) B A R
SEARN RS BT T L R — R IR SR AR A ik
HEERAR(d=11 3% - B&7) , Sorba- A IRk
P 22 5 RBE (P=0.519) .

AR RE(CV) ST 85 R BN TE a=0.05 K50
IR, 25 MR 2 A0 [ [ i 1 U s T g A R A AR
ZBCV 000 2010 FT CV o0 001 AT B B 22 521 (HAE
a=0. 10 KA PAFTER B 255 . SRAR SRR AR A -
Ivi)J YR 2 b v B i L I P o A A R AR S R K

s a CV sz
L 1
&
M sl b
i: T b
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04 -T_ . oy
% l T
% |
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Fig.4 Variation coefficient of Cephalcia kunyushanica pop-

ulation between years in various stand types
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R SR X B, 1T AE 2 A — ] ] i TR S AR
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3 Fit5itie

X 2009—2011 4F B g AR AE B R g
TPk AR B A L R s e 1 %8 B S MU RTRR 43 R
T30, 25 SRR, AR bR R 1 2% B 5 T 4 AR Al
L= A0 W VN o v R S5 SE I N N
TR AR X B i 1L R o P 6 HR 11 %880 3 5 1) A
2 [RIA ARPA PR HL 9% B S TR 3R R 1)
AR AR DG OC R, U B TR AR 3t IR 45 57 b R - B AN
SRR B 1L e AR A3 A 1 DG B  ER , RF
OIMTEE SRR AT A R i R 11 e LY
fif A i PR IR APPSR 4 O R, 32 B g L
R - e Ay R

MBI ZREPERG N, B2 T RTS8 52 2k
FER A Z2 R I R OBV 2 REPERG I, (AR
AR B PR R HURE T 3 0 , A H T 2 AR R 2 AR
(VRS IR, B — ) o 4 1 i A o ) i 2 R P R
HORHE, X~ AT 22 (FESE,
2005 ;Jactel et al. ,2006) , {HAMFFERB W Fp 4= 5
JE 1 Shannon $8%0-5 2R A kK HL I 2% 1 6 B A G 56
F o XTHEARRIBR S R 2 AR R AR B, £ ARG
RAP R AW A W 25 R WR A T
3~ 13FhZE], BRI Al Shannon ZBE M1 Bfe A
[ A A A B I8 25 5 HL 55 AR R L 101 2%
e o N i PR 71 (1 VA 1 D ol N el S
Shannon $8¥0 i , BAE = F AR AN 2l bR | (EL 2R A A
19 B 7E 2009—2011 4F 34 K A7 16 IH i 22 53 ; [R] i
IR EEAR AR FP Shannon 18 %85 2R 7 — VR A2 K
SR B R EHEAEEE S, Hi,
P Rh R A R e L o L R b e o B A 1
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FEG R TP AL TR SR e SR A A H % R A
XA o AT RE i R A AR A 5 20 % 00 R B A R R
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