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ABSTRACT

Plants and insect herbivores are integral to the forest ecosystem, playing important
roles in food webs, nutrient cycling and energy transfer. Herbivory on leaves by insect
is common in the forest, and plants have consequently developed multiple strategies
against insect herbivores. The evolutionary relationship between herbivores and plants
has resulted in an impressive variety of adaptations and interactions, and studies of
that relationship have become a most interesting focus in evolutionary biology and
ecology.

Evergreen broad-leaved forest is the regional vegetation in eastern China, and
differs from tropical and temperate forest in both species diversity and community
structure. Although research into subtropical evergreen broad-leaved forest had been
conducted from many perspectives, study of the interaction between plant and insect
herbivores is rare. However, the interaction between plants and herbivores is very
important for maintaining and restoring evergreen broad-leaved forest. In this study,
plants in Mt. Meihuashan of Fujian province and the Tiantong region of Zhejiang
province were investigated. Through field research, monitoring and data analyses in
the lab, herbivory pattern diversity, leaf phenology, leaf traits, temporal and spatial
patterns of herbivory were researched into. And the strategies plants used to battle
herbivores were summarized according to the results, which are as follows:

1 The study investigated herbivory patterns on leaves of 11 evergreen plant species in
Tiantong National Forest Park. As a result, (1) 16 kinds of insect herbivory patterns
were identified on the leaves of 11 evergreen tree species, and from 10 to 13 for
leaves from the same species. The frequency of Edge Defoliation was the highest
(28.7%) and that of Gall was the lowest (0.5%). (2) Based on the number of dominant
insect herbivory patterns in a species, three distribution types in 11 species were
identified: (i) mono-dominant distribution-type with only one dominant insect
herbivory pattern in a species(Rhododendron ovatum and Loropetalum chinense); (ii)
bi-dominant distribution-type with two dominant insect herbivory patterns in a

species(Schima superba); and (iii) multi-dominant distribution-type with three or
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more than three dominant insect herbivory patterns in other 8 tree species. (3)
Although the average index of six arbor species (2.040) was higher than that of five
shrub species (1.882) and the average index of dominant species was higher than that
of companion species, there was no significant difference between them. (4)
Correlation analysis showed that there were significantly positive correlations among
eight pairs of insect herbivory patterns and significantly negative correlation among
four pairs of insect herbivory patterns. This may suggest similarity and difference in
insect herbivory selection.

2 The dynamics of herbivory on 11 plants was investigated in Tiantong, Zhejiang
province. The results were as follows: (1) Average herbivory on plant leaves was
11.87%, and 56.9% of herbivory occurred during leaf expansion. Herbivory frequency
was 50.15%, and 62.30% of herbivory frequency occurred during leaf expanison. (2)
Herbivory patterns could be classified into three categories according to the herbivory
intensity in different seasons: mono-peak herbivory pattern with leaf damage
occurring mainly in spring (Eurya muricala , Castanopsis fargesii and C.
sclerophylla); bi-peak herbivory pattern with leaf damage occurring not only in spring
but also in summer (Castanopsis carlesii, Cyclobalanopsis glauca, Camellia fraternal
and Rhododendron ovatum); tri-peak herbivory pattern with damage occurring in
spring, summer and autumn (Schima superba). (3) Life form affected herbivory on
leaves. Herbivory on arbors leaves was significantly higher (18.66%) than that on
shrubs (6.21%; t=2.260, p=0.050). Although herbivory on leaves of dominant species
(13.00%) was higher than companion species (10.51%), there was no significant
difference between them (p>0.05).

3 As indicated by the Mt. MeiHuaShan and Tiantong monitoring project, herbivory
during the leaf expansion period can be classified into 3 categories according to time:
(1) Pre-herbivory, meaning the majority of herbivories occurred before the leaves
reached full size; (2) Post-herbivory, meaning the majority of herbivory occurred in
several days after the leaves reached full size; and (3) mid-herbivory, that is,
herbivory occurred during leaf expansion and development. The patterns of herbivory
on young leaves were the results of strategies applied by plants. Plants that suffered

5
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pre-herbivory damage might employ “escape” strategy to reduce leaf losses. Plants
that suffered post-herbivory damage might employ ‘defense’ strategy to reduce leaf
losses. Nonetheless, plants of the mid-herbivory pattern depend on other factors or
employ both strategies.

4 The effects of habitat on herbivory in juveniles of Schima superba was investigated
in Tiantong. The results suggested, (1) for shade leaves, the rates of herbivory were
significantly higher (14.14%) in S. superba than that in bamboo forest (5.71%;
p<0.05). However, in S. superba forest, herbivory on leaves showed no significant
difference between in shade (12.28%) and in light gap (14.72%). (2) for the majority
of damaged leaves, leaf area losses were under 10%. It means that herbivory was
moderate rather than serious as assumed before. (3) There was a significantly positive
correlation between herbivory and herbivory frequency.

5 Timing of leaf emergence, leaf expansion rate, duration of leaf expansion, leaf
emergence pattern and herbivory on young leaves were investigated in Mt.
MeiHuaShan. The relationships between leaf phenology and leaf herbivory were
examined. The results were as follows: (1) Herbivory on young leaves was 8.59% and
herbivory frequency was 33.29%. (2) 82% of the species leafed out in April and there
was no significant difference on leaf emergence time between arbors and shrubs. No
significant correlation was found between the timing of leaf emergence and herbivory
on young leaves. There was significant correlation between leaf expansion rate and
leaf emergence time (R=0.38, p<0.05). The earlier the species leafed out, the slower it
expanded. The leaf expansion rate of arbors was significantly more rapid than that of
shrubs (t=2.196, p<0.05). Significant relationship was found between leaf expansion
rate and herbivory on young leaves (R=0.35, p=0.039). The more rapid the leaves
expanding, the greater damage it suffered. (3) In terms of synchrony of leafing out,
there was no significant difference between arbors and shrubs. There was no
significant correlation between synchrony of leafing out and herbivory on young
leaves, but significant relationship was found between it and herbivory frequency
(R=0.35, p=0.030). It means the more synchronous the species leafed out, the more
leaves were attacked. (4) Duration of leaf expansion differed by almost 60 days and

6
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were significantly related to leaf expansion rate (R=-0.423, p=0.008). However, no
significant relationship was found between duration of leaf expansion and herivory on
young leaves.

6 To study the effects of leaf traits on herbivory, chlorophyll content, water content,
LMA (Leaf mass per area) and leaf toughness of young leaves and herbivory were
studies in Mt. Meihuashan. The relationship between leaf traits and herbivory was
examined. The results were as follows: (1) Chlorophyll content was significantly
negatively correlated with LMA (p<0.001) and leaf toughness (p=0.012), and LMA
was significantly positively correlated with leaf toughness (p<0.001). (2) Herbivory
was significantly positively related to water content (p=0.034). However, no
significant correlations were found between herbivory and chlorophyll, LMA and leaf
toughness. (3) The herbivory on young leaves of 77% of the species examined was
positively correlated with water content, and it was significant for Lithocarpus
synbalanus, Castanopsis sclerophylla, Schima superba, Castanopisis eyrei and
Camellia fraterna. The herbivory on young leaves of 73% of all species was
negatively correlated with LMA, and it was significant for Lithocarpus synbalanus,
Castanopsis sclerophylla and Schima superba. (4) The herbivory of 68% of all
species was negatively correlated with leaf toughness, and it is significant for
Lithocarpus synbalanus, Castanopsis carlesii, Cyclobalanopsis glauca and S. superba.
However, herbivory on the leaves of Machilus oreophila was positively correlated
with leaf toughness. Herbivory was not significantly related to chlorophyll content.
For mature leaves, herbivory was not significantly correlated with leaf toughness.
Herbivory on mature leaves was negatively correlated with LMA, but it was
significant only for Rhododendron ovatum and Camellia fraterna. And herbivory was
also negatively correlated with chlorophyll content, but it was significant only for
Cyclobalanopsis glauca, S. superba and Camellia fraterna. However, herbivory on
mature leaves was positively correlated with water content, and it was significant for
Eurya weissiae and Eurya nitida. (5) Significant relationship was found between
herbivory and herbivory frequency (p=0.004) on mature leaves.

7 Three strategies were identified according to the results mentioned above. (1) The

7
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species that leafed out earlier with lower leaf water content, higher leaf toughness and
lower leaf expansion rate, such as Cinnamomum porrectum, C. tsangii and Adinandra
millettii, might employ ‘defense’ strategy to reduce leaf losses. (2) The species that
leafed out later with higher leaf water content, lower leaf toughness and higher leaf
expansion rate, such as Lithocarpus synbalanus, Castanopsis sclerophylla, Schima
superba and Castanopisis eyrei, might employ ‘escape’ strategy to reduce herbivory.
(3) The strategies used by other species are not clear and they might employ either of

the two strategies or other ways to reduce herbivory.

Key words: Subtropical evergreen broad-leaved forest, Leaf, Leaf phenology, Leaf

traits, Herbivory, Dynamic, Defense strategy
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BRI A T s R dhi 77 2, s AR R (satiation); TR [ ol
LA 7 2 il A 1R ok s ) A i A 1 52 380 B r) SR T S A T 2 A ) 2 il
A [ (Coley, 1983; Lowman, 1987; 1992; Aide, 1992; 1993; Murali and Sukumar,
1993; KK TR, 2004) . MEHHT 5 o [ AR 8 T2 15 gk AR, i (i A= 3
52 AT, AERRIE R A X, VE AR — R P b, —
KAEWIAR CHAIRRATD D 53— IRAEE R (5T D) (N NUED, 1T
R T A A e PR K — R g 2 R, IS P Ol X S 22 S
A A

AN s DX AE A P B R A T AN R SRR ) S AN [ T ] s DX AN ] A i 2
(RIARE  [F)— AV TN IR SR 2Ok R A F (0 R AR R R B I R A A4 AN [R]
PEJE IR 22 5 o I 2 THI I TR R ERCE Hs ) HATAH R A 05 B R R ) 2 15 A ARALL I e fr
A R RTBIS BEIRT 58 2 FAT AN (] A 35 B PRV R ) S 75 AR I ) b AN [ 110 i S
S A0S e 2 H H s AR O RIE TR BI, B HOR AR B A i R W e iy
TR BT, R SE B RS A IS T b 5 AP, X A R et T K
TR EL AT W S AN ) (R 5 A6 55 T 850 (Coley, 1983),  wJ WLAETE 7 XA Al s i ) 17 i
J (1 S AN o F AR 3 Y A S S AR R R AT e R AR SR GO R, TR
MR A SR 0 MR, DR b [ A A 9 2 s A it s A A0 SE o T T I £
W R )RR, B2 e ATk v] 58K A 8] 1R B A B 0 . Kursar Al
Coley(2003) 42 tH T — A~ ¢ T~ #44ly M1 W %)y w11 306 sk / By 480 32 45 3 i it
(Escape/defense continuum theory) H T REAEMIBIMF ) 2257 . i A A
[Fi P9 32 45 s ) AN W7 2 b AR D - AN R AR 4 7 97 40 SR s L RO K- B8O TR A 42
BN IEREAN R (BT A SR, ARl UE B BN R AR I AR [ s AN, FR T A 3 PR
SE T —ANF BRI — AN BRI BT AL &, K2 By B s 5l LUE 3| —A
BRI AR L v s RS ) — i i SRl A SR (R R e CRAAA R
FRE ., RS R AR AR, Iy S R R SR )
F CHATIRAIA AR, M R LR SEIRAR SRR = 1014, DRl gl 4
IR ER R ) 22 S R A AT AN RIS AR A A (0 46 TR o RV X — B U AR P AR e b A g
TR AR 5 22 S R SRR 5 BT AEZAB G T 0 FAG R A i B AT 5
PRI, DR E A T R s s X A, R
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HI T B -H P AH FAE RS CAE B A ) 2 T (W S A, =Tk A
T RE TR BRI S B EoE, S0 T VF 2 R0 18 ) B i (Stamp, 2003; 5K
KA, 2004), AT WA HOE P - FCP AU AR B R AR
K- AP R UL A, B —MEL 23 AN TR] i B3 i e, R T A A 2 B
AT LR §—AMEREE e, E — e R RE, U5 EAT
AN LAKS % (Herms and Mattson, 1992; Tuomi et al., 1999; Stamp, 2003), 551 /&K
6] H AR BEVRIIF SR SE % (Coley and Barone, 1996). S HIE K, H AT E AT <
B VB Bl 25 55 R0 B3 0 11 SR 3 2 8 rh 70 X6 Ay RIS 23U oy AR AR R 42 1
F57(Coley, 1983; Lowman, 1992; Aide, 1992; Kursar and Coley, 2003), £ 5 #ui
S B AR A B AR PRV RIE T A LA

E R i SR RE MO AR S R R AN —, RIER LA T4k, 1E
A IX—H DX (R Al PERE A, 7R AR 2 REVECR T BRBE ORI R ] R R e 25 U7 TR
A EEEA . YRR T, WEEE SRR 2 R0 B B
V& A KR e LA RAHES) P UG AN B s o) 35 5 T AT S B E R o H R S bk
AR R, WAL 25k Z 3, VP2 B - R AH AR G R R
BONTHE LA 2%, DRI JE X 0 gt il i A B A S A A AR LG R AT 92— 3
Sr IR SS o VAR i AR BAT DRSPS AR AR, AR R R
FNYEI 2T IRAS s R 2 S A2, () — B8 T BAT AN R SE SO0 R AR [F] AR 3
TRUFIAN [F) A2 3 2R (R IS A7 A, LA SO e SR IR0 i A 7 QB SR AN [R] 1 s At 5 FE )
SERE AL, TR B BRI RSP B A R A SR A T AR FAM

JUHER R X SRR MR AE S RS AL O TEIABUNTTI, K
ARG TF AL 7T 18 S LAk, S A RE R AR A T
P R 5 2 RUPR R ¢ il bR TR e 3, A0S BRI R 1
WFFT (MR ANAE, 1993, 52/D I RTHE; 1998; PIARIE, 1990; IT414%, 2005); IT4EK
FRATTOF WL I i AR 17 oo S TR AR B 1) Ui AR EAT T 4020
I, AP IRATT AR ER I 7T 35 e T REml, (X e 7T A /D
S P B AR A0 R B AR5 AR B SN, 1T SRR T A B AR SR ST
MRS AR D

PRI, AR SC DAL R 2 FIAR AR 1L 1) o e i AR A A A E RN 5, RO
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T 2 R AR SR PR AR A R A LB AE BRI o AR I H 1) i ST
WEFUH R SR R, s B AR AR B AR, EE A B - R 2
FEVEAIR, RSB0 IF A A M B8 s [R) I — 20 IR TRAT TS 6 ¢ ] 1 Pk
HE-55 DI RE MR B, Sy B 2o ] W AR S A3 s 1) 0 22 5 2 28 VR RDRT AR ER 35 1) M 00 5
B G e AL A -

2%k
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F—E EYUH R BR|SEhEFRTER

R RIS S, B HORAE A (e T SR R B IR 5 AR
HGET), BEmsem By, ST MmAE B (Marquis, 1984; Morrison and
Reekle, 1995; Thomson, 2003; Corcket, E. et al. 2003). F- A4 i), 1
3 R 7 QA7 A W S (R ) 2 5, RN BV R S A R Bl 4 J B e A
Bt %R (Coley and Barone, 1996), ‘SEUEVE M F dfr HA WA 2 (1 =
1SR o RYIAE U I ) R AR A2 o AR B UM o 25 5 18T 114 I 48 L o)

(Karban et al.,1997; Herrera and Pellmyr, 2002), J ik s B de e, HEi7 5%
i B AR (4 K i (Karban et al., 1997);  F&HUS R 2 IR AR I IO 22 REPE L A2
BREZHEMELE M, NEFESRENTE A EZEN (Coley and
Barone, 1996; Herrera and Pellmyr, 2002). A7 DAY BT 5 45 i PRS2 4 1 57
%, LR PUANTT TR b i) s SR T SRR RN AT 1D R Fr
R ZFEVE: 20 Mt i g K B0 3) Mt e i 2= 20
4) FEYIXF B LU (R B4 SR e

1 XTHEYH A RESHME

TEAE B B durh, BEA OCR & LR B> B0 LR AR D) 1) % fr s ek B o
(specialist), A AL 1) &1 (generalist) (1] A MS, 2003) . IXFP 12
AT AV TR I SRR SR R R 2R

HT T B B RE AT A I 28 e, AN [R) 2 28 11 B el B v Ry S AR vy
LR TARTEAS KNI, B H 2R (insect herbivory pattern) B £k
(eating pattern)(T-HE 445, 2001; YT.£04%, 2005). Houard. BuhrflSchnaider4 4} 7
IR T BRI b i b X R 8 52 B e T e AR R OB L s S Al IR, O
S5 H T AR L R B B MR V(T IR AR 4, 2001) s Needham 1 Herring
Sr T R B AR AR S DL S R OG R, S AR R A B R
T BT B R RS ) 7 VR (TR ARZE, 2001). Skuhravy 2575 79 A 5 VG 7 389 FARR b
(i A R BT8R B IR (TR 44, 2001); T I8 445 (2001) 76 L1 AR bR 13T A KR
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(Q. liaotungensis)it IR 5 H 9 BRI S AH I (195 H 158202 Fp B AL TT
2155 (2005) 75 P Ay i 2 [ Bk b 1 f AR (Lithocarpus glaber) iR 1554 £y
REAL . AL, A i B JErfR m] DA e 256 B el ol VORE M B g 2870,
AT BEAE A AR AR SR A AR

2 RTHYIH A R mE

FEAREVE (2 S A R PANIR] - S [ X R Py e A AT 2
Pimentel(1988)% 93 NSRRI R R b AT T gevl, 5 BRI g4
(1 7% 0 LTI RE . AT AR (I A A g T A R AR . R
DR VR R BN 7.1%, 1 AR s D BH AR ) 42 Ui 04 11.1%
(Coley and Barone, 1996, H [F T MV iy 6 g i AR 1K B 38 7.03% (R &
FNAE, 1993), A% Ty FIELY M DX (R4t fr e, BECORANTE AL (1 B RV EDORE R 2 75 2
SHARAS (Lowman, 1984), fHLL FAFFT 45 52 Bt £ 1) 2 e /0 AN [ Hb DX ) 2 2L
SAFATI o JXFPEE 8 1 25 5 S e 7 ML P AL GG ) e s D R 22 5, 0 RO T B ol
0T Al A3 i I 5 2 P DX R AN [ [, R A L kR T OGS A
(Kursar, et al.,1999).

FAE10% M 7 B G BR I A T H, (e EE DU IS A B . Wk
—FhBH A= HE AR (Piper arieianum) 231 10%, Kf 23 k35 T AR K K Bl 2518 . HEIR T AE,
I B TR T 1235 1 (Marquis, 1984; 1994, AT 52 WA () 252 T R W 0 b 1
TEAFIE H 0 85% , Ml P - THI R4 2K 8% I AT 2 410% ( Clark and Clark, 1985).
iy H, ZHAEWIIIE10% 1) IR H T %5t (Bazzaz, et al., 1987), X Fh ot Y545 i
W SIS S . D, HCE R I A KR AT AR K, B RIS
FEAAGHS Hb DX LR ML B S S8, T e S R s DA 4 B AU (R e A 22
W, FUE e R WA X AT I 22 (BR N4, 1993; 27D, 1996).

3 KT i B/

3. 1 B 1a)#&% &

EHUG A 1y B R A ARV K% MLARF AE(Cyr and Pace, 1993), {H B HL
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Mgt A B R, B R A AR, S B S P R RO S
(Wolda, 1988; Coley and Barone, 1996). A4 i (1) L fr 2 4EAE R TR — > il
M, MR~ ] g A A AR 1.16%. DEREYIE TS I —
AN U v IS o T A A (R IR ) AR S T B SRR B Y TR AR A T B
EOBAESE, 2001) . B RITIFST 2 W] S 2R I B SRR BRI, AE T ZNIIT 4G
A AR, 2 EEBNIEKEE N ARk (Wolda, 1978;
Janzen,1985; Lowman,1985; Marquis and Braker, 1994, Murali and Sukumar, 1993).
HE AR AR A ) B AR AR A AR AL

S A L R P 357 5 v 1) R 45 2K (Feeny, 1970; Coley, 1983; Coley
and Aide, 1989; Kursar and Coley, 2003). HHFiif BFEY) 68%I1)m F B & & A 7E 1
JEM gl b, XIS FR R <)% % (Coley and Barone, 1996). #iH(f) H
TR I F I 20 4% (Coley, 1983; Coley and Kursar, 1996; Coley and
Barone, 1996). [ P4 XU 44 #4ily 2= 15 Wi AR b IR )i 1) g e o e e
72.9%(CHIESE, 20010 HLUAR T SR MR I 7 AT AAE R IR 1), (HGEE IS 70% Fg i
AR R AEAE 4 R IT ISR JLJE M (Coley and Kursar, 1996), % & 7K &
e N RS IR B B A dU A% Jm ) J [l 22— (kursar and Coley, 2003).
S IR i RIS PR S R RE R (R AR A I R SR R AR AT
b, R U FRAN A B #) 27% (Coley and Barone, 1996). Al
112 PP Z IR N AN [ H X AE A e d R ] TR R AE AR R 2 5

3. 2 (A% fH

B HORE AN [F] AR 355 b AR A Py 16 RCE A7 AE W) W 2% 5+ (Lowman, 1984; 1985;
Givnish, 1988). 75 Ay FHl 7 X d 2% (i) AR A0 RIS B et J2 i P e 3 AIG Tk
N BHAEM R RACT I B, A AR IR TR B TR KOy IR
VIR il B RN SR 4 AR TRl (Lowman, 1984; Coley 1983; Barone, 1994;
Coley and Barone, 1996; Lee, 1999).  HUEH% Jaj [ 7% ] A2 4k, 2 A 42 977 400 Sk s ok A= 458
AT, FEXTAEA )5 A S0 1) B SR I T7 In) FIIH B = A2 50 . Bazzaz (1987)
WAy SR (1 725 () AR A0 5 I R R T A0 e BB B T %, I 53 i i ) R i 4
o RO RAGPIREE IS | R BEROG IR S A B S AT 1 2 S Boh ) BB i) 23 )
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A5 fk(Lowman, 1984). 7557 8 AR L K SRS () Bt ALY R AR e & BB A
F T2 (45 0 1 S TR s ELA e bR R 2 bR et J2 2 £ B8 g e
(Loman, 1992). F45 Ty Htiy M bk 32 Rl M7 bR T J2 MBI S0 UL BL T HULLEKIR =0
MR A € P B IR IR /N (Barone, 1994),  fHE 6 27 i 11 BT B 14
B3 AT RS A P T SRR XL AR BRI AR [ ) et (ORI B T 2
f ch i LA™ T (T B 445, 2001).

RG2S A3 (O ) SR/ N0 ) 2 5l B LR ER IR ],
D 588 2 T B ) P B SR B AR P LB A SN REREE R, ELPT
E A B AR 5 i (Lowman and Box, 1983; Lowman,1985; Givnish, 1988). it
RS ST RS K (K RN, 4 2 R A R AR AR K
(Lowman,1985). S5 £, HDOE THK 2t T R A ial/ AR TR 2 B 2 g
B, FEUE RS TR T, — Pl bt A Aot R e,
T ARG 7 8 5 R 2, ARV T M 15 AE MR V2 E R J2 B K AR
#*.

K TR I R £ 1 FH AT B R £ 3 NI R AR [ T
FiSt. MR e s s R W], VEZ RO, LRI i 5 A AT
SRARGE, TR AT R IR )P AR R S, 6 TRt e iR
RNk

4 KT HYIxs B B R BB SR

b DX ) AR AR A 1) B3 A 7K S A74E 72 7(Coley and Barone, 1996). #ily gk
FEL) ER) AR 910 7K Y- RT915 0 22 A5 AP B ST Aty R PR AR PR i 3K Al o ) 7 7
AE BB 7 Fot N BRI IS T A REAL A A . Br A (I e A A G, 44
AR R AR R MR P IR~ 20 2 o 3 4F, S KATE 14 48, IR it
G A an A G S AR R A S m . A, T 70%
(I P 30 R AE A 2R AT A A 1, X W] At 4 Pt ) 977 40 SR s A 977 40 7K1 B
reyo T X RS R U IA AR A B, e R B AN I . R KA A B4
AT EA R JLA
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4.1 HEFBGH

R IR R B AR PRI AR RS A R 22 . R KO FET A 5 2
BTG e ) I 22 5 BOR ORI B e T340 000 1T B ) 45 58 o A5 kit
[R5 S5 T 1 2 Sl o0 tH B ORI it BT 1R 8 456115 B (Moran and Hamilton,
1980). BURHINE HAIK 73 & f 2 i e B A I (Stamp and Casey, 1993).
gl JLF- 41 b i LA S R BN B R K 43 B —— I A2 41 2B K BT e
(4 B FE(Coley and Aide, 1991)o  1E 2 4R s I & s g | 7 B HUREL
tr, BRI s O] B AR A B PR AN ZE NI i 22 R (Coley and
Barone, 1996). —TURFAEYH . 2 B AN 7 5& Y4 F I W AR 77200 22 R A7) b 1 i
R, N I A EU R[] 35 1 AH 9% (Coley and Kursar, 1996; Kursar
and Coley, 2003). P R Fr B KT IONE i, IO O 1 ) B 2 1
FRACEEE . EORTE KA EHE I b e A BRI A B R aN =, HR %
TR ERATE NG &, R PEE Mz AR TSN )
I v SN AT BB S e T A KR R AR 3 08 P (R ) P . SRR SR fr
R ACFIRLAE o) &, 272 2 AN RE L S IR AT e s B I e i, —
P AR OC . R R ) S i (VA B Rty X TR 2% BTy R 4l e ) s
W Ty s AEE A I R 3 W 2B I T G (Coley and Alde, 1991). il i
SEARH A R, R AT AT R gl BAKAS R Ot B R AR A
HERSALE DT 8] (0 22 S AR K, R J LT AT (R S A i P4 AR KOS 1 LR
PR AR . AT RN IR I P RS R AR I R AR AR 1) 3-5 K R [ T 4. LU,
AR AR v R AT B PR R AEAL .

4. 2 PRBi

BRI R A, RPN bR B S 1 [F) 25 P (van Asch M and Visser
ME, 2007), 5| SeAE A REx HURE IR g — Tl SRS 2 o e iy A K R i 30 3]
HEE E U1K H [ (Feeny, 1976; McKey, 1979; Lieberman and Lieberman, 1984;
Aide, 1988 ) XA A 72058 1) M AR K AT 7E — 4 B Ui B IR I
b, IXBCHEZBARM R N R, 2 A bR A K, KR
B g, DR ORAE—28m ] DLRERE U fr
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4.2.1 BB EARm e Ak

TE 4 B AR BRI, At i % IK . 7EGhana R R il If Acrra
PR AR, g R AE M RN AR I 5K (Lieberman and Lieberman,
1984). [AIFE, ERRERGEBINT 2 AR, 7820 R K EHT i R 18 52 1 4
T AR SO AR N 2 & B I A (Murali and Sukumar, 1993). Aide (1992)
A VRS b — ol 7 R B R D I B 1 K Hybanthus
prunifolius?F Yz, 45 LR 7R tH gl 7/ B dir ik . AR, X Ry T
HEBEAE £ 2RI 1 AR IR PR AL, 2 A5 O R R AN B S (R AR AR b
PR, BRI T 1 R AN Al B e ) 3 AR KT BR(Wolda, 1988). I
2, RN R R R AR K I oE PR e 2 AR
TR G IEORN H 78 Y e i AR KR A kS 1) T 143 G4 1 4 FH (Ratheke and
Lacey, 1985; Van Vlokenburgh, 1999; Moles and Westoby, 2000; Sun et al., 2006 )
VAR R, K IR BRI AR DG RRE R 2 . REERARRT HK A3 i A
BRI AR R, AR 2 A B B 7 AR (R I R P E I, DL Y 2R IR RS A2 1)
B #)( van Schaik et al., 1993; Wright and van Schaik, 1994; Reich, 1995). E duxi#t
Pyt P A K R ATV ARMEREAT VT, E PN R, B A b 5ok
76 /M FE A BT S 8U(Van Schaik et al., 1993; Wright, 1996). T fi# sl 4= K
PRI 38 18— T VR R LR A 512 B SR 3 s (R AR bk b ¥t £ (Wrright and van
Schaik, 1994). {1 a1t Fy A=K AR N i B 1 B e i 35 d R I ik B, {1 1
St BT BB AE v e B A2 K I B FE 5 (Wrright and van Schaik, 1994), {HJ&, 7F
MR R A B 8 R IR AT, ST BEEAT R 1 EERR AT

422 R AERBFED M

W 1R )P A Kbt — Pk R (1 W . 7EGhana,  H i [REBPEVE B S
(3 b L fr %6 BEE (Lieberman and Lieberman, 1984). Aide(1991) 78 #HF gk &
AR KR AR IR AN 52 (0 o 3 v T A28 i
XA B e g 2 R MR R [ M 1 T B DR 3R o (R (R 4 P T 2 1
TR R, T RE A2 T A
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4.2.3 P et

Iy 1y H Tl T RS I AR R DR 435 P DA AR AU ) ARG
BRR . P A K g etk B s S AR AME, IF Has gkl &
P B T ful BB (K IF A . Aide F11 Londofio(1989) & B % '] U & Gustavia superba
XA AR KAE B 1 B 3 RIS TSR BT 7= 01, R L4 dUHL A %
DL HRE B . Emest(1989) K IL{EZ2 124K ) Pentagonia M b ik
SEAERARBE A A R 2 %, 1 Kursar F1 Coley(2003) 2 A= A3 5 R FUAEL42)
Fodvgr g, &Koy R R i S AT R E R B, IR BT

B, R R R B B SR 32 B 2 07 D SR R, R e
g iS  wiig I P a et /P E S IE | RA /1PN E 32 e g A ISP S R DN 17 R T e
PAF AT AT, 100 A A ) 5 B AR O R I T A T, LA /R i X
R4 5 B R PR LB 9 2R, g SO BT ] XIS ] 2 3 b X ST A 5 St i e
ARE RS MO B A S

27 3k
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Table 1 Types and distribution of insect herbivory pattern of 11 species

HERA FEMIFE Species S
Type of insect herbivory pattern Cf Ss Cc Cs Lg Cg Lc Caf Ro En ElI Mean
HEHE Herbivory frequency (%)
% frREdge defoliation (EF ) 273 32.4 283 13.1 22.7 162 44.4 29.7 51.7 26.5 24.1 28.7
Tii R Top defoliation (TD ) 15.5 28.4 11.3 17.9 25.7 11.1 13.7 17.6 8.0 103 72 152
18 IRExcavating defoliation (EX) 10.1 69 24 79 02 293 10.1 12.6 165 142 72 107
PR Leaf cutting (LC ) 3.6 51 89 151196 8.1 6.0 135 92 97 51 95
KFLIRBig perforation (BP) 83 9.8 104 11.0 81 6.1 0.8 9.0 42 171 51 82
/INLARSmall perforation (SP) 59 32 152100 6.1 8.1 11.7 86 6.1 11.6 200 9.7

B I £ R Lower epidermis defoliation (LEF) 3.0 4.9 9.5 9.0 1.7 10.6 24 23 1.1 58 123 57
FH I £k Upper epidermis defoliation (UEF) 2.5 83 3.6 87 0.7 6.6 10.1 45 0.0 0.6 56 4.7

4l K- 4% {k Slender defoliation (SLD) 156 0.0 24 0.0 0.0 0.0 00 00 04 1.0 00 18
K4 IRStriped defoliation (STD) 56 0.0 51 00 02 00 04 00 04 00 05 1.1
82/ FLIR Successive pinhole (SUP) 00 00 00 00 126 0.0 00 00 1.1 00 05 1.3
i ik kMiddle vein defoliation (MVD) 13 07 15 18 00 1.0 00 05 04 1.0 1.0 038
#1 Ik Bloth-shaped mine (BM) 07 02 1.2 15 1.1 1.0 00 0.0 00 00 00 05
B R Leaf mine (LM) 0.5 00 03 36 00 2.0 00 00 00 00 00 06
45k Rugate defoliation (RD) 00 00 00 03 13 00 04 05 08 03 92 12
HHEGall 00 0.0 00 00 00 00 00 1.4 00 19 21 05
Cf: B5H; Ss: A Ce: Kif; Cs: ¥ikid; Lg: A1#K; Cg: 75 XI; Le: MK Caf: JESEZS; Ro: S4LTE; En: 4 #%; EI: A0S .

Cf, Castanopsis fargesii; Ss, Schima superba; Cc, Castanopsis carlesii; Cs, Castanopsis sclerophylla; Lg, Lithocarpus glaber; Cg,
Cyclobalanopsis glauca; Lc, Loropetalum chinense; Caf, Camellia fraterna; Ro, Rhododendron ovatum; En, Eurya nitida; El, Eurya

loquaiana

3 ZERE5SWr

3.1 WA BEREE koA

VUM S AR 7 EICUUR 1680 dUROIRIE AL (R L, ). RERPEYIH
() B EIRR IS AR 10-13FP 2 0], e 22 A 13R(ELFEAEH . KEERAIBAS), e iI10
P (AT HEA) (FR2)
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Fig. 1 Sketch map for 16 insect herbivory patterns of 11 species
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I, Top defoliation; IT, Edge defoliation; III, Leaf cutting; IV, Successive pinhole; V, Big perforation; VI, Small
perforation; VII, Lower epidermis defoliation; VIII, Vein defoliation; IX, Bloth-shaped mine; X, Upper epidermis
defoliation; XI, Rugate defoliation; XIl, Excavating defoliation; X III, Leaf mine; X IV, Slender defoliation; X V,
Striped defoliation; X VI, Gall
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R RALAR ANLAR BT EIRANBH R LA R 2 B ) b, i B
PR W = (I AE4.0% LA L), o IR e i (R 2 2tk 1528.7%; JLAh8
Pl L EDR AR T 1.8%, FLHR AR B AR o U, AN H70.5% (K1), A, Heik
JURDIRTE SELERE Yl o5 A7 AR o (R A%, ks i R 2K 4R 1 15.6% AT BRI
SN FUIR & 12.6% M4 B RS BIFEACIR (59.2%(F 1)

16 AR AT 43 Ry 3RS AL (1) —Fh d R by s O 34 s pRd Jmy, dn 4R
TEFMEAR, FEIX P MEY) B S tIR BT o Be9) 70 )k $151.7%F144.4%;  (2) P it
FOR G BRI R LA 28, RIS e, A A, PR dU iRz A
(750% LA 15 (3) I ARSFIAEA) Ay 33 FP LA b gk SR 2 A S o

3.2 WA RERSHEI T

LA B R 2 AR SR AR AR 1.57-2.23 2 (0], f i A5 Ad(2.23),
BARK BRAE(1.57). Bk EE, MEREMZH, SRR S, H = E
KNEA R (F=0.578, P=0.062)(£2). DAL MEAFIARR &1 2 AEPEFR BRI,
72 T AR AL DT H o AR s (A R T (R2). iR 5 2 4%
PERRIFIE 2 LRI IEADC, ZAEPEFREOR /N S 1 IX Rh i ) e iR I 2 4
PEARFAE o

2 1M R 2 R

Table 2 Diversity of insect herbivory patternof 11 species
TP Species
Cf Ss Cc Cs Lg Cg Lc Caf Ro En El
/%4 No. of sample 503 476 463 408 496 496 459 450 412 480 464

iR No. of herbivory pattern 13 10 13 12 12 11 10 11 12 12 13
Shannon—Wienert5#{ Shannon—Wiener index 213 180 215 223 188 206 169 196 157 202 217

YIRS FRFEL.  Symbol of species refer to table 1.

S 6RITEA (V-3 B IR 22 FEPE(2.040) 8 T-SFIEA(1.882), (HIH F Hi ik
ZFEE TR BRI TR AR R AR 2 18]G {2 35 22 5¢:(F=1.637, P =0.233). PL3AFIFIfE:
APz e TG 0 3 PR 22 R (F=0.424, P =0.531, #2).

3.3 WA BERRIE AR SR A A

16 Ff HUERTA] (AR 73 A R WA 86 IR BRI e 2 1A R, e 2B I fr
IR—E R BICIR, B T ERR—N UK, 4K SIR—K SR, DIHIR—ES LR,
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W HEIR—I R CIR, AR, AEACIR— LR, FRACIR—dUBE, A7 4%t gy
IRFER ] B35 A o8, R eoR—BH i 2ok, S tlk—iIk, Setrik—iEik,
TEAR—N LR HABSAY ) e i 25 M (3R 3)

R3O 16 A R Z TR A A S

Table 3 The Pearson Correlations among insect herbivory pattern of 11 species

TD EX LC BP SP LEF UEF SLD STD SUP MVD BM LM RD Gall
EF -0.186 —-0.002 -0.323 0473 -0.164 -0.627* -0.162 -0.033 0.006 —0.127 -0.585 —0.660* —0.631* -0.103 —0.133
TD —0.443 0360 0.174 -0.638* -0.373 0208 -0.036 -0.159 0468 —0.241 0245 0.010 -0352 —0.383
EX -0.259 -0.137 -0.174  0.138 0.053 -0.063 -0.286 -0.433 0.026 -0.177 0.269 -0.190 0.032
LC 0263 -0.171 -0212 -0.268 -0.408 -0.361 0.684* —-0.169 0442 0257 -0.187 -0.071
BP -0.051 0.157 -0.335 0.074 0.067 -0.043 0.500 0207 0.137 -0.267 0.321
SP 0.654*  0.124 —-0.203 0.107 -0.243 0289 -0.084 -0.040 0.683*  0.579
LEF 0337 -0.186 0.044 0345 0.674* 0339 0.461 0.463 0.272
UEF -0.257 -0.235 -0.412 0.115 0.078 0417  0.020 -0.197
SLD 0.798*% -0.141 0.326 0.137 -0.051 -0.175 -0.192
STD -0.158 0439 0317 -0.113 -0.156 -0.274
SUP —0.499 0293 -0.188 0.053 -0.184
MVD 0.520 0.624* —0.006 0.037
BM 0.698* —0.299 —0.554
LM -0.203 -0.315
RD 0.620*

HERMARS S WAR#RIRTE0.057K P AR A4 235 (P<0.05) Symbol of herbivory pattern refer to table 1. * At

the 0.05 level, correlations are significant (P<0.05)

4 HHg

HI T 3 R A 7 AN ], A fr R LU 6 4 23 R WELWE 2 (chewers) T
J3(miners). HillZ(sucking insects) 1&EEF (gall-makers)Fl % 2 (borer) FLA
(Abrahamson,1989), JLH VAT PUZEHATHUEr it Fr (K282, AEph2 A0 1) B s 7R g
FG4 B IARIEAR Rk Horh e g B sl B 28 K/ B AT AT,
] LT BB A5 4 5 0 s Atk o ARTRURIE ST A6 VURAE A b L3000 H 167 s £tk
A, A HEIT AL 452005 ) M2 21 () 150 U gtk 2 tHIE Mk —Fh2R A, 15T 4K (2001)
WL B[RO dUEPRAH LG, 18 0 ity 8 248 HY 0 42 MEL GG B U B TR J 1y o AHLARTHF 5
ARG IF A A B T A B RAEEAT SR o ARSC IR 28 7 IR R 1A
DA (0 RS, nIVE A A SIS 2% o AR AR 1250 dfr
RFBI D TAT LA (2005) WAL 2 A 15RIEMHL, W] RESE i T REASBOMBURE IR [A) A
I, it
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16 Fy R A H I AR A7 AR B Sl 22 5, i ELAE AN [ Ao S ) A7
TR 225 AENFRE Y B B A ) L E RS AUAT 8K, RIZR IR T
ok R, IR, RAUIRS ALK BT ERRAIRH I EoIR, b Sk 2
B LGSR, AR e, JLUCR TR, Jefbo R dom sk o B A% 4K vk
BEAR; X5 T A S (2001) AT 2125 (2005)WF 57 A 45 R IEA — T, FRATHR I 4 Ff
PR R B 22 5, 1 VR LURIRE I P BUEIR 0 Ak R o0 A 3R 28 2L,
BRAARAS R RS SR AN 2 A0 JR), it B oot iy (R EC B 7R AN [ A 40 ) R
FAAEWT I, e ER.

B B R L B (specialist) X B | 1 (generalist) (R121E, 1987), Bf
V& TR BRI R T e 2 2P Ah R A B i M AL R, o n] B AN 2 B R
RO, 45 AT et i bt B 1 U ErIR R A A BOC R 45 LA S, DALk
HUERR A Dl T et B Pk AR B UM B 5 R (0 ELAAR I AT 5T R 1)
1670 R B0 IR S AY 7] (14 AH 5C 23 A1 R A 8% U IR 2 1) i 35 IEAH G, 4% 1 35 FuAH
Ko IEARI S BEAN[RI S [y B rhm B ECE AR 5] (1 € A 20 A0 1 AR 35 23 ), AT m]
DASLIRIAATE s I SR G S et B ol [ B £ B i) 222 S LA SOARBA IR AR 35 25 R), A
1M FARHE R, JUBDIRIGAR LSS RAMAT B T34 0] B LB PR SRR (R,
HLA] DU BARAS [F) R 28 B AR ELOG R

TLATE5(2005) I BIF I MUASTRURIE U A NS B VR AR N R %, A8 AT 1 A 2D
B A AR S S B TRAA AR ARG PR R G 2R, T AR DX IR e b 9 B v e
T (FANWLES), AR T B B i B2 2%k, A Rk g ek, TErRA
PR T RE A Bl B AT R, BT e O BRI ) B BB, R R L e
WEH R EE IR, . SaS AR IErR, X8 degrRE I L 2T
DR, AL BRI B TR e ) 22, R AR BT BOIRRTRH T ER, T
RIGHT VAR R SR BB IR, W rlRent iz g, = A FLIR B IR 728 (RN
£2), M U RIS 5 B 2 [R] 1 O6 R AH M O

27 3Rk

Abrahamson, W.G., 1989. Plant-Animal Interactions. McGraw-Hill, New York, pp.
123-162.
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FUE EHRMHEMFRRTE

FAEL: A R I R B2 B R I, AR A I R R
TEANEA, ASCE T AR @AM L S bR R B U] 1 e o,
JEXS T AR i Ak Ry, A5 RTR 1) R R AT
B H By st A 2 TS R I (652,368, p=0.029), Il AT e
) H 3 e AR T AR RIEAR 2 IS W 2 s 2D AHAI e i ST ol
A =R R @) R AN, Bl TG 0, i e
SR TP N B AT e A AR R G R A (¥ 8 e i AR A,
AR R i dU B ARG 1 1 I 1) 5 e R Ui g (R FE P S8 T T
ARA GG 1) v () B el d SRy o DA 25 SR, R R R IR g s TR S
HAZ M R 3h &K 5.

R WARIE AR, R, dufr, 3

i

il

R e it 3 S w8 52 By dge )™ FE TR I B (Coley 1983; Crawley, 1983;
Lowman, 1985, Aide, 1993), i AR 70% 1K 45 2K A AEAE I g it 3
(Coley and Aide, 1991). Wy Ji& -0 1) UG RE P A K 0 58 0 T Iy S
(Krisckik and Denno,1983; Jurik and Chabot, 1986; Mendoza, et al., 1987), J#- /=¥
Wi R 490 (1 2B KR8 (Louda, 1984; Crawley, 1985), Sk S MREK 45t FIThRE. 16
KA BAREEAG D, YA R AUE R T BRI E DGR, fEERM R ) M
WAk H 22 s s B 481 B HL K BB (Coley and Barone, 1996).

I J e 3 T A0 ¥ 190 s AR A ) 8 R PR SR BB A 9%, AR KGR 12 A
PRI AE D T IIBNK T AR PR AP (Coley, et al., 1985), 1 LI F If17k A= 4)
e TG Fr (Mckey, 1979; Coley and Aide, 1991). Hl R REH I
Ry S 7K AT N 26 soh] B IR 5 | 2 3t e 3R i, AR DA K k)
I 4 B % (Kursar and Coley, 2003). i /& 2 1 - 20 B4 7 Rz —
(Lowman and Box, 1983; Coley, 1983; Juniper and Southwood, 1986), {H4ljH ik
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R B RE FEREAT 48, S Re R SLAb i B A7 2K, bt AR Kk e DL AR
YA AR BT L £ (Coley and Barone, 1996; Kursar, et al., 1999). H T4 F @
-SR] (R B 2 7 =2, BT LARE Fr J S 1) SR Bl S AA AR 22 5 O RO H X — I 44
a4 B 48 7 20 ) R ] 26 5 (Kursar and Coley, 2003), R A A i sh 4
FE T FRARLADIST AN R X SR I H IR

TR I d e B A R LRy =, Hn R ARG ARk A A
(Kursar and Coley, 2003). #viiy lARFE A et S e s & =Mk e D
i B A Bt IR B A e g 2, Rt SUR R 5 1) s B s AR AR, i e 1 e fr
BEACT MR 2) w Y e BAT A R HL AR D ZE I e s
S0 0) 15 R 5 1 LB sh A AR /N, I S TRt (v e e SO TR 50T k2 1) 2
3) M HATELF BT RE Sy, SRR R AR S 1 AR AL T DA B R R
SR M LA BIFT R AR 4 22 A 1R B R 22 A 1 B4 8 o ) s AR AR T (1 45
B, ARG AT e i RRAE A BT HUEr R LB AS RIS H e B AR DGR
.

P A 5 S ] W PR A AT ATy Wi AR 5 At I e P b 2 T (1 T e 2
HIERMNEZW, £/ DWIMHEA, FEE M A AR 2 TS Bl A Ay B R
ZEA(F I, 2000), R R SRS S WA e SR WAREEZE R, BIEA
TRURIE 11 32 B H A& BRI A S R A A & I B B A REAE, A
IO AS b DA B R I SR AT RN

1 M5 75

L. 1 HHFX AL

ASHIEGT I3 A AR AT L 5K AR DR 7 DRI R 3 ) 5K AR bR 28

WY BT PRS2 W2 —

1. 2 HHFIAERL

AT RIS T e 6 B 19 MRS, A5 11 BRTAR 8 MHEA . 7
VLR 4 R 10 BidEY), GFE 4 MARR 6 FIER (R Do WET A, Prik#t
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(RIRRAR IS A B AT N Ry 1~2 K AAELRR o 10 8% T AN R0 ol 2y - 93 T ) B L

LA
R 1 IRE - (age<0) Ay & - Fr (age>10) ) H 2 dLgr i AR

Table 1 Herbivory (cm?d™") on young leaves (age<0) and mature leaves (age>10).

KA Tl A A LS et dugr SE W I A SE
Species LF DI (cm?d™ (cm?d™

B T C 0.025 0.009 0.004 0.004
L e T C 0.044 0.016 0 0
HEE Al T C 0.052 0.026 0.178 0.102
i T C 0.058 0.044 0.059 0.037
i T D 0.066 0.03 0 0
Ftt T C 0.067 0.025 0 0
) T C 0.082 0.037 0.025 0.013

18 i T D 0.083 0.038 0.002 0.001
WA R T C 0.136 0.049 0 0
(T N T D 0.197 0.05 0.016 0.009
& HhE%E T D 0.396 0.259 0 0
TN =27 S D 0.012 0.005 0.003 0.003
A S C 0.024 0.013 0.018 0.007
BT S C 0.026 0.013 0.022 0.022
U AT S S C 0.062 0.017 0.14 0.14
W2 S D 0.07 0.042 0 0
JE SRS S D 0.103 0.054 0.036 0.033

U RO S D 0.11 0.067 0.105 0.104
R S C 0.207 0.162 0.107 0.052
2% S D 0.009 0.001 0 0

U AT S S D 0.008 0.002 0.005 0.001
MU S C 0.003 0.001 0.028 0.017

W il S C 0.013 0.005 0 0
T e A S C 0.003 0.001 0 0
PN L g S D 0.004 0.004 0.001 0.001
EO T C 0.060 0.02 0 0
Kk T D 0.008 0.003 0.002 0.001
M T C 0.061 0.032 0.001 0.001
PN T D 0.021 0.011 0.000 0

AR AR TE LY N TR AR(TYRREAR(S), RAFHD)FLEAERNC), HIYRETAE B4R R
[HIREIER

Note: Plant species are classified into Tree (T) and Shrub (S) by life form (LF) and dominant species (D) and
Companion species (C) by dominance index. Herbivory (cm®d™) is average leaf area losses to herbivores every

day.
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1.3 Bk

1.3.1 FEAFRIE

FERREIEFE 6—10 BRI bR, REMRERE =R . B =R A — IREER
B gk BRI A, TR IR RER 4 TR 3 il sk R R TR, E At
Jr THURRAE S S = (R A RS o 1, B E i S i 45 5. Ay i S e IR
ST R, AT R bR AE 2R BT i 2 b, R 2E ok (5 47
R AN BT
1.3.2 BHHM A H 3R EmR e

I I I TR] A 3 R FH A A (1037 B DR} (10 A6 /em2) 5 iy e fr iR
(TR AR v 238 23 222 i DA RIS 7 s 2t TR R AR T AR 5 e
TR, 7 AR FE Gty ALIR vE I DS e B s e R AT T AR 1Y)
R (E 265, 2006) 0 AU ST LA BB A WEIT H %, PRI R 2E2% 1B
VR T HERR T 80 A0 R EL VA (R 50 o« AR SC T %5040 T ORIGIN 6.0 23 AT AL 2
1.3.3 B4 g AEK P E

TEREUET AT I (1 8520 T (¥ — i e )y RO AR %, 1 e T B
O T—B A, Ao )E, KBk, SIS, R4 d
10 4%, 0T 5 ANBEARA A, A HRBIHT A AR A H dUgri
Flo AUHAEE 2 M — KR, Rpgh dud NP AR KIS 4 H e — e, &2
4 A R 1k

2 GRG0
2.1 AWM M H 3 BRI AR i b AR

2.1.1 #gqEld

(1) AR # M1t H 3 dU & m #2.(0.096 em®d™) 5 3 w5 1 e i i A 1% 1 44 e £ 1 7
(0.038 cm?d™) (t=2.368, N=19, p = 0.029, [ 2).

(2) MR R E 3 R TR RN R 22 5 (R 1) H 3 i AR s R o a2
% (0396 cm’d™), & H IS AR/ NN SRR 30 245, wibnt i HY
AT AR K R 2545 (0. 14em’d ™), TR 29K 40t XL EAUHE. A A
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J A RRIA I Y AT B A
(3) FRARES 1 H 2 B TR 0. 11em™d ) K FHEAR(0.077em’d ™), i H I
HAAIRL(0.026 cmd ™)/ THEA(0.054 en®d ™), B 52 R HEAR It T
oA, H T H R B 3E % 7 (t=0.775, p=0.449; t=-1.116, p=0.28).
212 R¥E
(1) K&t R i H 3 e AR T i@ it (R 1), B2 57 )0 5.3 (p=0.060), 4
DA% R I 1R H B B I RUR TR Iy 380 T 7 S 3 1 BRI
(2) FRARPIREYIICES it s e T AR 5 2 K TV AR (t=-2.828, p=0.022), 1H i
Iy (B0 3 7

HEAE LA A (R 8 T A H 38 S THTAR(0.095em?d ) S5 25 K 1R B A 42 (1 A1 i
- H 38 A TERR(0.019ecm?d ™, t=-2.627, p=0.014), {H E#dH: 6] 370 i 3% 2 =
(p=0.063).

2.2 Y EM M i RS

2.2.1 #gfel

MG 19 B4 R H 8 e AR e, HAEM R E R
ARG 2)o M K BT H I R AR R R, H kg R A7 A A ]
ZEat, LAo=K
(DETE BRI BCEHR, W2, W Ak, DRUE. W&, ks, gini X
F GG RIAE ARy TR AT H 3 d B iR i T e Ja i 0 H 3 A i
I P HCETTEIBUCE M T e fr T A (omd ™A, 1 0 4 JE T I 1y i
RO e, W 584 R TF 5 B AR D ) R B, IF AR K — B TR N 3 1
BER 1, B 2), R R TFHT KUK
QERBLR BT, IR, SO AR AR AL R TR d A R
AR, (R A A i A phagt BT, JF— E LR3I R I R B —
BRI a], 2 W SAE M B BT B A8 A P4 v, 1T RIS i e 1 BT B
Q)T BL R AR, HITR . BN EMALRS . BUERE . AR DR et
By ORIACAr J\ R A7) 76 o S0 TRD 1) H 2y e TR AR B AR AR o T R i ik 1 H 3
BEAGE 1, B 2), HAIFARIZY . A F R I e 1 H 35 g AR s T
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Fig.2 Patterns of herbivory on leaves of plants in Mt. Meihuashan.
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Fig.3 Patterns of herbivory on leaves of plants in Tiantong. @ indicates dynamics of herbivory

on spring young leaves; O indicates dynamics of herbivory on summer/autumn young leaves.
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Fig.4 Dynamics of growth of leaf, larva and herbivory.
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Table 1 Herbivory rate and frequency on leaves in eleven evergreen trees and shrubs

HEE (%) HE B (%)
Herbivory Rate+SD Herbviory Frequency+SD
HIYIAh FEA
B A Eal]] H—ANH o Eal]]
Species Sample

First month Whole year First month/whole First month Whole year First month/whole

year year
) 10.28£10.00  32.68+22.69 31.44 36.67£21.00  77.88+27.04 53.82 9(188)
i 18.45£14.37  32.58+22.40 56.65 45.46+33.18  84.46+24.02 47.09 10217)
AR At 7.56+10.40  13.68+16.21 55.3 494142723 70.88+20.05 69.71 14(249)
Kt 6.98+10.50  12.51£9.56 55.86 34352857  64.06+25.33 53.62 15(411)
X 1.17£1.72 1.8542.13 63.52 35.83432.85  43.78+30.16 81.84 13(252)
SUFE S 5.21+4.17 8.4+6.57 62.06 31.15422.44  42.79+27.82 72.79 19(616)
PE L 3.11+4.79 6.84+6.03 45.43 14.24+12.85  34.74+23.62 40.99 10(378)
L 4.95+5.93 6.61+5.99 74.86 32.02436.17  48.69+34.92 65.76 9(204)
Lol 4.69+6.03 5.5246.74 84.96 29.67+26.83  35.13£25.95 84.46 15(295)
e 2.9243.77 5.25+7.00 55.5 22.19+20.33  30.69+24.84 72.30 14(350)
iy 1.8942.67 4.66+5.75 40.54 7.94+7.67  18.52+10.88 42.87 12(322)
F ¥ 6.11 11.87 56.92 30.81 50.15 62.29

Average
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Fig.1 Temporal dynamics of herbivory on leaves in different plants. @indicates herbivory, O
indicates herbivory frequency.

3 Wi

3. 1 kT M R HZFEIE

FRHT AL T L DRI BB R B BLAT I R B &5 (Alde, 1991; Lowman, 1992;
Coley and Barone, 1996; T 7<%, 2001; Kursar and Coley, 2003). #uiiy Hi[X fyZ=
s B B e 2 I YT, T 2R )2 R d D () I U] (Coley and Barone,
1996). AHFFEAR I P A — N it ey, 8 402 e/ iy 4,
R By () R N R B A AER Y M AFAE ZE 5 . b R I TR Shas (& 1)A] RE
LR LA 25—, BEIRZ T rEmieetl, X5 B4R LA k. BRp
RERCEAE P2 W MR, RS AE R Z R I [ T B2 — > 522K i (Janzen,
1985; Lowman, 1985; Marquis and Braker,1994; Murali and Sukumar, 1993; Wolda,
1978), HErRWZ AR Sl T B SO XA A s 55—, M
WP, AR 2= AN E AT AT LAl JOp i, B RS A7 K A v
TR RIBEAIC R, B e R i A 0 ) I R e Al e 8 - (Wolda, 1988;
Coley and Barone, 1996); % —, M ek, MR KRS —NHAMEERSE
W | B H IR, i Fy i LUS FES /KR N 3235 1 1 B DL SR i F 0 I 4
BRI A 1IN, B2 T R ARKE, W ERRAET R, SR R
gD o PRI 2 R A IDCE FIARL A T AR A PR B[R] 2, A0 B LA S U 3R

51



VA S AR I B sl LR R R T SR R HUR R R AR

e AT ST 25 S5 7 7 Ay H X o o 5 2 1 IR A 1) 45 A T AN [ (R s AN 4%
1993), WREEFIEE NWHTST 2 ELAE TR ARG b, S, @Srdem hobs
WAL LA g SR AT

Iy 2 £ I 2 R DL A A7 (1 & 0K U5 (Coley and Barone, 1996), I A= K1Y
1) 2 HEL ) 50 R 388 i (Woldla, 1988), AE 25 FRBE FIEAL 1 0 4 B b ) i AR
ZE T B fr ik B2 H1(Ehrlich and Raven, 1964; Futuyma, 1983; Jaeruke, 1990).
PR R, RIS R A K m B [F 2P (Aide and Lodofio, 1989), Ft
DA E 45 Y IR AREOT e AR 1) I IR DG o DAL, B0 28 el B R TR AR AY)
R B AR AT e L v R HL A VB AR, IR SR R B AR [l
CARIVAANED) . T ZEHORFERY) T AT —J0fmt, TSR =
Ui 7R e A SR B A L P B U AT e BT 22 A, A R R IR e U
H T~ B R R N K A 2R 0 Ok 7 R i % T R AT K o B T O (TR AR A
2001).

3.2 RTM A RETREHIFR R 257

SR SR RE AR 11 BRS843R e T s R AR ) (PB4 4
H % (7.1%, Coley and Barone, 1996), 1 i TG #x AR (1 FIAEA21(11.1%),
{H I BAR T AR (0 B 6 A (48.0%) o AEASVRBFFTI 11 R4 A 4 Pkl
Pyt Frif o A 10%, H AT BRI e A my, i AR 7 R A )
FORBIBAR, FTUJRE 11 M-I dUar R s, EIFARER AT il
Py Py A i R T, R T A S A AT A

JURr A AN AR S e T B AU R T AR DG R KRR, ARAHF 5T 4 R
B B A 5 ¢ ol e bR 22 R A P TR ) B R AR T BT ), AR e TR ATy I
RRAEA), RIZBRER s, A SR B AC. BT R S i B R P LA
)% £ (Futuyma and Slatkin, 1983; Pimentel, 1988; R 41 1 584F, 1998), Hi¥
7 T B it s g I 2 A R 3 A R0 5k akE B dU ¥ B £ (Kursar and Coley,
2003), Pl o £ 4 1) 2 S b P BB AR B A B U B 2 I A IR, X
WA E SR IR

TR ARFIHEA AP BETE O T SO o), — 8 AT AN W) WA A4 o BT A )
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M A ZE 5 . TEARRIRIY) 2 SRR, W AP, M SRS e, A
AT B U 4 HUR TR SRS 75 B B, SRR R, FRACR R A i HU R R
o MEARMIEYZ A K TR R IR, MR A K, MM ERKEZ
Yyt F 38 BAT R (A A B A K P (Coley et al., 1985 ), PRI AR T REHI 1) U
KV, KUY d Rl e 2 BRI O IR AN R B AR s o RS
f d g TR s R TR B e, RWITEAUA RN A
TG £y R s D ARABL,  JEAS DRI A B iy i AR e

SR AR S T R 52 B R 1 LA, XA i) R 52 B AT SR
(TR 2%, 2001; Avila-Sakar et al., 2003; Wilf and Labandeira, 1999 ). H£r 4[]
(R0 T, 385 0 R ARE T DL 3 0 I — Rk 46 B 11035 ) (Avila-Sakar et al.
2003). FEAERAREWT IR, SRR N R, i i B
¥ _EF+(Wilf and Labandeira, 1999). HARASKBFFTIR) 11 FrAs gt 35 g 5
HRL 50%, fH 7 R AR T 50%, M X I ARER 90% [
WOE A2 B, RERHIEH S%(TIEAR, 2001). ML &5 RE LT H
ZRAEAI dC BRI TR A A, ARSUASORT bG — bl R34 T V2 B i i, 35
YR H TG B iy b X R P BB AR DG R, 6 T 1 1] A A
— A,

TeARTRA) 1) de 200 dURrARRE (R v T HEACPIRE Y, e fr oM AU g AR
A RFEMLILRR, R R n] DU B dU B R 55, b4 5 PR A e 4)
HUEr AR T IR

Ay AT G Rl PR I 1 H e SR R I A AR AT o T A AR
PR W 1R R R AR e AR S — A A, FEAR IS T B ) s A A2
AHO X AP R R B SRR R, A S R T AR R 1 2
Ko ABFIUIE R T ARG B SR AR B U (R ) B 28 A, 4 LU (K AH
KFUBEE T RS (R Sk fil o

S 3R
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FARE UM FRRNZEEE

OE: MY e A AR OC,  RE S B i SR A LG R
AR A AESEREIT F (6 Rt L, AR FCLAARATIRAR T« SR LSRR
3 FHANIRISAE FAATAIA AFS S, M T ot i R S dCERE, IR
TR R A AR A R T RE S R o 5 RAR W (1) ARATAROBR N AT 4% i (1
HUEE R (14.14%) 5535 5 AT R (5.71%), RS R (12.28%) 8T A A bR AR B
(14.72%), HARZE: (2) KHmZHint i H R8T 10%, BIoert 51008
R, AU E B AR U Q) ARG SR I LR R dUer AR
BFIEA K L Egs SO idk—0 P B e R i By B A BE IR AR A S 4 T &
(KIBRL

BRI : WARRE AR, A, ARBE, dufrae dUpr A

{1

FEE B HO I B 2 — MR 1) 3 5 AE(Cyr and Pace, 1993), {H
T A AEAF PR B A AR 2250, B UG AN ) AR S5 A Ay PR JC R A A ) el 0
[ 484k (Lowman, 1983; 1985; Givnish, 1988). Hitr#& J5i 4% (R ARk S W T #8455
0 SR g% B A S5 TR A, T RE T AL 400 97700 SRS 11 11 AR B I R 82 7 £ 5 i
(Coley, 1983; Bazzaz, et al., 1987). FEMRFH AL KA DG IS AR B4 AT 1
SFEUEI ) B R AR ) AR 2 R (Lowman, 1983), {H H B A d £ A%
[ AZ A FRIBT 945 AS 22 W (Lowman, 1983; 1985; 1992; T 4<%%, 2001), 11 % s 45 il
AR L 23 TR B A A I A WARTE o A7 S RS o ¢ ol e A e 1) S/
PEFABTE, PGS 2 Rh AR, A RIS o 243 B AR A R B AR AR A . AR TRURIE 5T
EAETRIT IR o) e 1) AN [F) AR S5 4 AR ARAT 4 i e e e 30 A S 5 LAY
ZESEs 2B FORIR R AR Y LU E REE . DL BT 8 SR ik — D E A
WS A AR R JU S R OC R 25 I B AR AR
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1 PRSI
1.1 BFoLHs S AEY

ARG T AR T 17 R [ AR 2 el o [ K 228 R G B A/ WL 5 A7 3t
(29°48 “ N, 121°47 ~ E)#k4T, AREA 349 hm?. 6K A IL#FK 653.3 m, —#%
HUEEHESR 300m 2o AEIIRIE R 16.2°C , FEXFFN & 1374.7mm. HiF k1 3%
LT, FUb LIRS EON T, SEAEYUR S R . %X AR
DRAF RLLF, 5 2 Rl Ak s PEAR B SR B (R K B R EAE 2, 1995) . T 43RS
1BARA TN SR UEIE SN, Sk R AR IRR A H 5™ 5, 4l 1R AR AR AR
(RS2 HAT B RAE R, DREARAIE T 23 50l AR ARAR Bl 550K A ST AR ARG T IR
RN (i 1-2m) g %, f 3t i B AT TR L A

1.2 HiE

1.2.1 HHETR M

A AR T R B A AR A7 )5 300m 2247 ARIE FJ7 100m A, iEHK 163m,
WRE 20 JEo RETMEEE I N =5 oKz, FEEUARmHE, nHIbEYS)R
¥ (Pinus massoniana). £1£k(Lithocarpus glaber)F15% fi#i(Castanopsis sclerophylla),
JEER 12-20m, 555500 80%; HEAJZE FE DL L4 {E(Rhododendron ovatum). Ll
il(Symplocos sumuntia) %= 5 21 #5#% (Eurya rybiginosa H.T. Chang var.attenuata
H.T. Chang) k1=, F45 % il % (Symplocos stellaris). 221l 1114l (Symplocos
heishanensis)filiZ & 4% (Camellia fraterna) 25 ¥ SEHEAR, JZEE R 1.5-5m, 5%
60%; HASZ 3 F kM4 (Cibotium barometz). . [ (Dicranopteris glaucum)fl—
BERR R

PrRAL T RESF 207 400m Zeda WK 110m, 3O 15 B2, MORZ44E
ro BAT MM 10-13m, @58 7E 60-70%; M N EHEARMEE, FEAZ LT —
ANEW, —HAE Im 2247, H51E 60-90%, FhZRRHE h BT AR MRRE T4 rh i A
2R A fir . B 7 (Liquidambar formosana). ¥ #(Cyclobalanopsis
myrsinaefolia). £LA#(Machilus thunbergii)#! (4 4k(Quercus fabri); FLAH Y T2
7% & H- . (Hedyotis chrysotricha) Fll = ik IH-4£%3t (Aster ageratoides) 2% (4K E Rl T
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FE2E, 1995).
122 ify

I R AR 10 J] A SRR AN TR 52 dUfr, TR 1 1 A AT LA iR
LR AR K RO, TRABIUE 10 NI 2Bl
P T ARGARAR F RSB 24 B REIARGT G 10 BR, ATARAR R AL 8 66
B BEARBEHLIERE 3 AR AR 4 B BT I Fr s W R SR AR ) 42 T AR
THE H BB % (Herbivory rate) 310 5% HUEE 4 (Herbivory frequency).

FE A5 R (32 W 5R1 e (10 A /om?) U SRS T AR (ZE SR A A i
Tl 43 A S WA ) FEUH S S M By TR (R AR AR S dUBr AR 2 A

TR Y%=100* M 7 dUgr A/ e T AR i R AR T AR) s R A
%=100%* HL T i Fr AN H S B
1.2.3 HEELI

YA E e A B A G O, BT S B B d R AR RN R
0—10%(0 % <M i 1 2K R FR<10%), 10-25%, 25-50%, 50—75%, 75—100% 1125 .

I #icts H ORIGIN 6.0 73T AbBE, AR HUgr /K1 F ANOVA #4775 2%
0o C.V=hRUEZE TR R GIE), C.VALMK, RIS A R 1 dfr
ZESBK .

2 4R
2. 1 ANFEAESFAMH A iR R B AR R L

AN TR A BEAA I (1 B 2R A R A AR 22 5 (8] 1) 0 AT BRAR T AR AR Aif
Fi BT SR TARAR R ARG R 10 2.5 15, @ E R (F=10.85, df=1,
89; P=0.001); AAIMAR T AIAAT I B £ A5 88 B A A 2 o TP MR R AR A i
REHE (F=11.47, df=1, 89; P=0.001)o AAGHAR N It AT HAR T AR A 1y HUfr
SRS TR, (2R IAN G 25 (F = 3.45, df=1, 33; P=0.072; F = 1.54, df=1, 33; P
=0.223), RILEARM G IRG AT A KT 2 5

RS AR A I L A A R R AR S 85K (C V1), ATAR e AR ar i e
FR G HUR AR A AR (8] A2 A BN CV <), RIS R ACfr i dU R R ()
AR ORI, R AR PR 2 R BGR LS 2 RANK, i
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1 ANFRVESEARAT (1 dUEed =)

Fig. 1 Patterns of insect herbivory on leaves of Schima superba in habitats
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Sample sizes of plants and leaves are as follows: Light gap of Schima superba forest (10plants, 140 leaves), Shade
of Schima superba forest (24plants, 354 leaves), Shade of bamboo forest (66plants, 1455 leaves). ** indicate

significantly difference at 0.01 levels.

2. 2 ANRAZH B A R R RS R KA

AT ARART Ay 1 P AN [ 5 1) ) SRRy Ay e ER R ) B 22 57
WK, ekt R e R O g J BTV R R B S SO ETE (B 2). dtRr e
25%~50%[A) R R R S R I e ey, AE 50%~T75% ] (1
HERPT B R B L B R SR G RN oG | B Ja BT (K 2), 1
AR RAE 0~ 10% 2 [8] (I 2k %, HHIRIBABURAE 50~75 % Z IRl o
b, RWIRZ B0 B iy BB 3 e (T AR R T AN o
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PP 2% 200 dUgr R (1 B9 B SRR g0 B I sesgma R 2), &t
FURAE 25%~50% 8] (17 3 g3 Ay s R b B, IREERAE 50%~75%
()[R 7 e SRR R B o O e o P A A b A8 Bt ER R ) B oG 1 e B
Tty R AR A i P R AR A

ARSI ST RER 2 A A 324500 7 He IR BT 10%, BUfr
FEREAE BT 10%~50% 2 [ (R Lo ARG SUEr AR T 10% A8
75%[ M P BB i AT AR, R AR I | R o A A EEAT AR BE D 23 . Ay
MME S5 AR W BEAT fl 5 2257
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Fig.2 Distribution of leaves on different herbivory levels in shade of Schima superba forest and bamboo

forest.
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Fig. 3 Herbivory rate versus herbivory frequency of shade leaves in habitats.
N N
3 Wik

3.1 MEEMR TR RE

TEAEDRER T, B O 27 A R IR BT INAE B (R e 45, U 58 ) B e
AE— 58 O 1R 2 () 3 AT R o A A)AS B0 AR B R, AT BT A BB 6 4%
S B LU R R G 3R o AT S v E B S B 1) 22 S L E A R A A B
EAN R AR B AH A R A o ARAar MR T E 236 8y T ARAar AR T e 43 0
T E#H, HYLREZER, WG BRI s W5, (HE
2 AR AR DAY PR35 A PR A 38 8 /D B K IR A R I e
Ji /INFE IR 20 R 8 B s LT L P 9 2% (Roberts and Tyrrell, 1961), HEGAE £ KX}
ORI IS (Loomis, et al., 1957), ¥ N B KPR IE- T A &
(Dahms and Painter, 1940; Wood and Starks, 1972), -6 RIFR R FREE Y 1% 0
B IS S), BRI SRR AR - F ) B U B Om 3 AR E N,
WS XAy Wy = A i H ) — ik 2R ) By B, AT 45 SR nT eI
e B ) S R
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3.2 RFTAMREITARE B

ARG ARAR T I JUEr M B35 v T AT ARARTR SR WA DR v &5 A (R AR A3 ik
(R PREE 22 5 o A e B L R ST 307 26 W Sl (R 50 o P bR A 40 AR A ARG
IRZ, IR AAT A HECAR K BRI EAESE, 1995), “EFRAS MM RER R F
AR K o g TR S AR, R BB AT AT (Coley, 1985). FTAkHAR
iy IR JBAE AR LU D, VTR 2 PR S B 2 FEPEISAR TR AR, e 1 s
INFATR(ZE TR R KB ), JTanzen-connell FEif(Janzen, 1970; Connell, 1971)F5 H!
BERRER D IR AR S50 2l SE AR, 52 AR RoRE ) ok A2 1) B ORI J 40 1) 53 Wi 6
71N, TEEE R R AT AR A A L AR B A o B R S A A AR L
B ORI Ry PR IBCR I Al 7 A 7 IR R0, e PR HCEE Rl DU bR b 540 Fh s
AT I TR RE A (Wardle, et al., 2004), TG 1) HUE KT 2 BG4 35
YR e AR B, 5 BB RIB T IBR A G e, PTAR AT 24 10 2R K AR 2%

‘I%o

3.3 HEREEHRAHEKXA

F A SR B 16 BT R LA ) AT AT, AN R B BT i o AR
PR 60%[FH 52 BIRE & LR ey, P dkeb AL 30% [T Fr i bk
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P = LB ) (Gelman, 2003), PS5 AR ] LU TR AR, 52 Bodi ity 4 H
R, FA)2 IR ER R, IX— 45 b i3 A At bR b 4 52 81 S L ok T
Frmke
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FLE HEYLHIERERESHRIXER

FHEL: HWEFURE A e i I OC R, HgAE L 14 B 38 A4 i
R EFE) S R JEERE L b3 DL S H i R AT TR A, RIS R A T R
W AUt et TR e R S OB AR ELOG R, AR AT DY
JEMHIRF A U R 8.59%, HUEHRENR 33.29%, FrARFIHEARZ [0 Rk
HRFZES: 2) Q%M T 4 AO-HARIT, FeAR A i (] 22 AN
B I R R R AN B 3D SR i )
FH IEAHIG(R=0.38, p<0.05), L R RE A7) e Bk, Hh e e 10 FE A2 e R
TR A ) JRH 3 3 S 2 B T HE AR (1=2.196, p<0.05) o JFE IH- 328 J5E 6] 8 I 3070 e ey 2
FHMI(R=0.35, p=0.039), J& M BB ER M RED 2 30 b fr Al sy, [ 2 JBAIG. 4)
e H I FPVEAR TR, (B35 22 e AN, R i [P St e
WERR, (HIE S B2 EAIS(R=0.35, p=0.030), EHM-[E2D M, #
R % . 5O JEH s A A A 2 e M ALRS (16d), 1M R iR K1
YRR T7d), —FHEMZEL 5 . JE 5 i 1 A 5 2 7 A o
(R=-0.423, p=0.008), {H Ji& M- 3][m] 50 W& A1 Sk

RG] HSRRE AR, IR, R, R, sk R, oy
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SV, IS A R R, WA SR A ARRE A R R T s
2 I iy R ST 52 AR ) R R R k2 v T i GRS (Jurik and
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Ve Py BRI A= Py S 80 AR S, G o i A A A S AR 97 A e R A RO S
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R A =Ml se oy X, B A R AR DL R ke
e B U . ARG R AR R, TRk 2 A B R E R IR (Wolda, 1978;
Lowman, 1982), M8l AR THYER OGN R, 36w LUEET B
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fff A, AR B H (¥ (Feeny, 1976; Mckey, 1979; Coley, 1983; Aide,
1988; Clark and Clark, 1991; Aide, 1993; Murali and Sukumar, 1993). #%)7, B fE
] AR Py R 59 1) FR S0, e S ASl FH it e PR il P8 45 915 4 5 e P A1 B2 e T
B, BRI B (Hay, et al., 1988; Aide and Londofio, 1989). Aide(1993)iA
SAE ARy R AR L [ e i 2 RPN LA AR DG, T Kursar(2003) JUJA 4 Ji&
IR (R Ry v 5 e L B e By, DR U e I () e 1 06 R
AAF TP RAIE

R )i 55 HUBr SR AR IO IE 2 A0 AT EAT , (R S Rty 5 o e bk o R A7)t
- 5 B SR IR G R A2 £E 2D o ASBIFF H IR &8 i 5 AR (b A8 L X
A MR R LR ) R T RS (R TR DU S I (g
Fr e, PRIV AR g i AR B R - S B ORR

1 M5 75
L. 1 HHFIX AL

AHIE AR AR e Ll B K 2 E AR ORI IX N (N25°257, E116°50)1E4T, T
At Ik IR
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Fig.1 Daily average temperature from March 28" to July 15" covering the period of leaf
emergence and expansion of the species in the forest in Mt. MeiHuaShan of eastern China.
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2006 M 3 HJEEN 7 M1, BTt ORI A H e R S I ) 2R R A
£ ETHESE 1), E 3 RS 5 IR R RO, Rl 4 PR
JERRAREN 8°C Ay, BRI IAE Ay DB 50 A 4y i R JR - (1 1

1. 2 HHFIAERL

ARSI T 14 AR 38 MrlaH), AHE 16 FIRAH 22 FHEAR (R 1. A
A, Pride R o TN 1R 1~2 KRIERR . & T ANRAE Y R
R AR R PR T L RO RTINS S A f R A% R

1.3 B

1.3.1 KA AR

BEMIEA)ILEFE 6~10 BRAHAERE, AERR T FHIBEN LS =R S BE=RIM
B YRR B 4 BT A (e 58, RIS PR 4 T It 3 A il s LA v (i1
B H AR R AR S = RO AN I A 1k, BIAE 1 R 20
G R A i, PR LR i 2 M R b, R 2R B
[T 7 i 5 W R AN ORI
1.3.2 M-

RUF R R I A R AT 3 3 1 HEUG, Wole 3 1 Hob s
1R, BRI A 10% FOnE Rl Rt IRDEE 25 3 9 1 H 1 REGeBGZ A e il
TFUR R E ] o

Iy FRE T S8 P P S Ak 2 hf vt B R BE T80 A IR R BREARFALE o it
WIAE 3 KM — A, FBLUR 2 2 (kursar and Coley 2003) 15 &5 K 1) g
I3 J& (Leaf expansion rate per day, LER):

LER (%/d) = 100 *[g"eres2/aresbiime) _q]

areal Fl area2 J& P YOI &I (R P TR, time A P U S22 11D TR B R 000 Jre vl d i
N 100%FE M Fr AR RS I — 1% .

HH R S ARE IR ) 53 OO S 2T R 1 3 LU IR AR 5 R EU(C. V) KRR, CLV.
(EBR R R AR — I Bl AR, BT HH i 1 TR0 M . B — A Rl 2cdls
A AEOMLEE B R A i P 5 AR AR 2 i A S B A L

68



VA S AR I B sl LR R R T ORI LS B Se R

1.33 R 5 h Mg KlE

JEITSUITR], A5 3 DR AT A [R5 W SELRL A (10 A /om?) U St B s e TR (7 28
B AR e J0 4% 0 20 F 2 J A ) RS A S A i e T AR R AR T AR H e
FAZ Ry R BB R R Gefr FLIR. B DL A b B O AT AT TR (i
PUR(EREE 2006). ARMRAH 7 A945% T2 22 1 B Ui i(Coley and Kursar,
1996), Al 3= 25 8 B s PR T Ik R T G E MR S0 B2, ARG A T 38
FiAEA) 320 BRAEARIL 2684 Jrito 4 Br#0%=100% 4/ /74 K AT S5 3501 /1 [T K :
LB BT EY=100% L 20 i /10wt i /4, A ST #ds il ORIGIN 6.0 737 Ak
H,

134 BREEKAE

TEAR A FTARC IR Fad sk B AR, i AU 5T 2 200 S g B e
HLUAE H B A0 32, WORECE A 1 B UM 2RI AT RAE N . A SR
Rt AUCGRAE N 3 A FIRRESESI 7 JT MRS, B 3 K&K,
FLIU JE DLV B R A ) L R H R

2 GREH
2.1 Y™ A8 R RE

(1) FeARG 13 AT 3(7.46%) IE THEAR G (F°F-38) Ty %.(9.40%), {H &
BWHBEZ R AR, FRARN V35 A A3 (32.69% ) KT HEA [ H £ 431
J¥(33.73%), A [FIREBAT W3 25 5 . M6 LA 2 6 0] 1) -4 A
RN 8.59%, “THJHEAIE N 33.29%, HATER A, HUgr = A4E B3 5,

(2) IR B AR R 22 S, R R R R R AT AT A
A, BT 20%; M R R BRI A S S HAS L A XL ZERERIE R
fid, DURAEI I BB R IFE 1%-2%2 18], 10 K2 SO0 BB R AR T 10%.

R 138 B SRR - S g
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Table 1 Leaf phenology and herbivory on leaves of 38 evergreen broad-leaved forest species

F T ARG IR MR M iR AR AR

Species LF TLE LER DLE PLE(C.V.) H®%)  HF(%)
- X T 36 9.73 54 1.01 1.29 12.03
AR T 55 9.92 28 0.98 1.48 16.41
K HE T 25 12.08 45 1.05 3.29 11.31
A T 40 10.06 40 1.55 3.70 61.9
Wil T 81 6.41 77 1.04 438 8.33
B T 32 8.85 43 1.20 6.95 37.41
Hifhi T 39 17.53 25 0.96 7.60 43.4
PN T 54 14.43 27 0.81 7.90 50.8
AR T 33 10.94 27 0.70 7.97 41.32
JE R A T 39 11.28 35 0.63 8.97 50.00
) T 36 10.28 50 1.92 9.00 50.11
L UHE T 101 22.00 18 0.72 9.70 49.10
Witt T 62 14.85 32 1.41 9.78 20.96
DAl T 76 20.26 25 0.79 12.11 16.67
FLURAE T 41 10.52 28 0.90 12.50 16.66
30 e=2 T 43 16.59 34 0.69 12.81 36.66
AL S 36 6.00 32 0.80 1.06 14.29
SE IR S 65 9.20 44 0.34 1.92 9.76
BN S 24 8.43 26 1.57 2.36 32.34
2ZiEA S 70 14.19 28 1.41 2.67 19.47
oA ] S 42 8.95 26 0.87 3.37 16.98
JEE F AR S 36 13.98 16 1.21 4.56 20.37
k) S 40 9.89 63 1.52 5.75 75.00
s S 43 6.67 27 0.58 6.51 38.93
o S 34 15.12 33 0.61 6.67 20.00
ini] S 30 9.79 51 0.99 6.95 11.46
288 S 30 11.6 31 1.54 7.67 29.18
EAW S 65 8.10 58 1.09 7.72 20.99
NG T S 33 11.31 22 0.60 8.2 20.44
HHET S 43 10.28 49 1.22 9.74 15.56
REEW ™ B A S 44 8.30 38 1.39 9.90 49.60
Ly IR B S 36 9.00 25 0.61 11.43 31.23
EREAE S 27 7.64 24 1.28 11.59 60.24
EATES S 33 13.00 36 1.24 13.8 5277
HBER S 54 11.86 30 1.42 14.64 51.67
AR S 36 12.8 35 0.77 21.71 45.44
A S 57 10.00 39 1.10 22.71 51.55
—AEATH S 30 12.78 40 1.50 25.87 54.80

VE: LR A/NHEITY. Note: Species are ranked by herbivory.
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2.2 Hm B R EE HEHRR

(1) I3 AR 6 Hhasiatayaant v, 5 2%MHPITE 4 H43(30-60)H
(R 1), KW 4 H2 At i dd] o FRAH 1 Ny IR (49) T HEAR I
PRI (41), HoFHZEFIFALE (p=0.14). R H B 8] A7 7EFp A]
ZE5e, BRI R B AR (24), R RRE )2 EATHEQL01), PIRTREIY)
HH IS T 5 B TA 77 K

(2) SN R YA 53 B 2 WA A) (1) L ek I T[] Je ot SO0 D) e 1) T B 3 8 Bl 2 A G
PE(p>0.05, &l 1), W] H 5L KA A AN BEAT 8B AIGI HEr 3  re ie Fry A 4
RERIFAE,

30 4 NS

= = N N
o o o o
1 Lo 1

Herbivory rate(%)
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Fig. 1 Herbivory rate vs timing of leaf emergence

2.3 BHEEERLSREHRA

(1) FHAIA R T AP e R IR 22 5, RIS R R A EAUHE (22.00%d ™) /b1
TAL(20.26%d Y RIFETR(17.53%d ™), 1 4518 (KRR A2 2 B EEAS(6.00%d ™) ¥R L
BE6.41%d™") FIHER(6.67%d ™), K HIPI I F AR 7%d-15%d™ 2 1]
TR ARG WE AR ()1~ 1) JEB VT8 5 A7 A ik 35 25 5 (622196, p<<0.05) 0 TR A IR 247 Ji i3k J32
N 12.85%d", BE K THEA 10.40%d 173 G5

(2) JE I [ U SR AR R 2 IR AT (] 2), BRI (R 3 A s, i
JREM- 5 R (YRR ) L IR B ABAR (B 2) 0 R I P R BT e A R
(B 2)0 REMTHRE Ly I ) 4 25 TE AR 5 (1=0.38, p<<0.05), R HS -t fi - it J52 ik
b,
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Fig.2 Herbivory rate and herbivory frequency in relating to leaf expansion rate

2.4 HHFEPHELELESHRERRR

(1) HR R AR R 22 5, R PTAT (Rt JLFAE A — I il s, ot
PR AR TR PR a8 (1.92) TSR BE R IR ity J0E AN bl s, i il 2R ) A
f%(0.34), HARKIDI I RS AT 2 0o TeA 1 [F B (102K T
BEAR(1.07), (H =3 27 90 AN 23 (=-0.44, p>0.05).
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Fig.3 Herbivory frequency in relating to C.V. of leaf production.
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(2) - [E S R B E A DG (K] 3), H i [RP PR s R A, o B
Bk gk B2 B Ll s, e WRRARG o 2P (R0 U 43 #r0¢ I H f Jeg [ e
FIFTC B E A INE(E 3).

2.5 M RIS REKKR

(1) kot F e RN R AE AR BN 22 S (AR 1) YR 1 A2 FE A AL RS (164),
JEM B A AR L5 5(77d) e 39%HIAEAILE 30d N S8 ORI RERE, 57%HIHEY)
£ 30-60d 4 5ERLEI IR, A0 E MR L5 PR T 2E 60d LA E (¥R
) 58 R o TR AR T2 JEE - 391(36.75d) 15 HEAS - 34 g 1H-91(35.13d) B i
FFE(t=-0.374, p=0.710),

(2) Pearson AH 73 B ¢ W & it 5 ] ) P i TA)AH DG AN ik 2 (p=0.692) , 111 7] Ji 1
JE M B 3 TR 95 (R=-0.423, N=38, p=0.008), &1 JE -5 b, ¢ p i 1) Ak ]
AT o 3[R L fr ORI R AR DG, (RN B 3 (R=-0.093, p=0.579;
R=-0.082, p=0.624).
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Fig.4 Dynamics of insect population in Mt. MeiHuaShan in 2006.
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WX B RO KT AN 3 AR, f eyl 4 5, i 7
H BB HE=AT PRI

RISy

HEAE LW S ) AR R ) e i T P38 U %20 8.59%, AR THIBRURA M I 4y
M5 AR 4 U () B £ (11.3%, Lowman, 1983) 155 i 4 F& - 91 1 L £ R (27%,
Aide, 1993; 11.5%, Coley and Barone, 1996). it k4% 311 Hu e 52 3] H i i
[F) R P RS R P4 ) &5 H 406 (1) 5% ) (Alide and Lodofio, 1989; Aide, 1993;
Kursar and Coley, 2003), X V.47 ¥ & il i AR A 1 H e 5 HUfr o0 R IR e
LU

3. 1 Y i 1R 5 i

S AR g A AR A i L HU R ) —F X S (Aide, 1988; Coley and Barone,
1996; Moles and Westoby, 2000). 7F E[1 B B 3 R AR MR R B 2 2Rl 2R i i i
R FART W ZEHh A2 (0 B (Marali and Sukumar, 1993), K476 2T 4R 2 BT ER
BHWEZH], AP R AR D (Wolda, 1978; Lowman, 1982), ft LMEAI{E
B AR R R 2 i, S R A (Finke and Scriber, 1988), i i H - [(I4E4)
UIJ 3 57 4 7™ B () 1L fr (Washburn and Cornell, 1981).  PA_E &5 A28 W] 5t (1)
FEA) AT REIRE EL H IR, ARLAS PAIE S A IR ) W i) ) e e G0 S 2 AR G
P, BARIK AR AN S i A H I L A B AR A, (HEE S % th i R g ATy
B, iy FLAA) L e v e R B R R s U [ N L IRAEA ] (R, 1E14), BIAEA T
FEVA KT EAR A H I AN B A R AL e, DRI B AN S R H o B ) 17 32
PR E .

A B2 21 B A AR I R 3R R Ak, 3852 BIRLRE L ARG R S
(van Schaik, 1993; J& %, 1999). {HX) I~ P 2= mAN W] W AR AR, JEEEATDE I
A BB AL 5E AR HE I TR DGR DR 3R 0 B PRI TG B ERUAR R R — A 52 S PR 5 DR 3R 1
SN, AR BB [ 7 R AN ) RO BOA e AR A BEA TR, DRI L e
(KU w] e AT TR 3 2 R o ASHIEST P AR A I AR R 2 RO ORI, kg
F RO RIGR 55 2 B IERAE R Z= A IF, 1 eI R s 3 T 4
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Yot SR (B ). BRI R R AN B AUl PRI i I (1&14),  (EAHXS 3R
JCHIRRE, SR S R R A A, XA AE80% L IR T4 F 47 I R
Do cHiR Y (R R T T R AN AL (19595, FLURIN AR B R Al R,
R R IR AR TP ANE, SRR AT B 55 % BRI N B
TEAFIHREA i (R~ B U ) OGSt 25 22 5, R AN [ 2 37 R A AE A b ok PR A1 A
TAHE, BRI RES AT T BRI IR D AR IR ARAT %

3.2 FEMEEA R SRR

R dEr R AR BN, A A R I 60% IR i 45 2R R AR TR IX
— AL DY ) o A FE A A A HRAE B E £ 145 %807 X (Lowman and
Box, 1983; Coley, 1983; Juniper and Southwood, 1986; Kursar and Coley, 2003).
T s R e v HGVE R PR B A e, Oy o R R A 9 A
B, P R 4 R A I R VE 2 ) 1 IE FE(Hay et al., 1988, Moles and
Westoby, 2000; Kursar and Coley, 2003). i i Jif I3 J& T R AT R RS A JL I ] 74
PN KR8 FR ) 5t LA SR - PR 4 6 P PR ORI ARG, T v TR 4l 2 i |
B U R F B IR 3R, SR A A 30 52 N I 453 2K 5 22 R RV XU, IRl ek
Y] BEAE 77 vt JEE M3 82 75 T A7 AE A7 (Kursar and Coley, 1991).  1FIHHA)E
B R 5 RN T AR R , BT A OG T e iU % Jee o 38 2 1 0 e
W A9 45 A R Rl (Hay, et al., 1988; Aide and Londofio, 1989; Aide, 1993;
Kursar and Coley, 2003).

JEHTNBIRIT TS SRAT BTAS [, AEASHIE S A SR 0 1) P [ e 2 0 3
TEAHDR(E2), B F i st P bR R A A Lt B 3y, 17 P R BR (1 A
Py FC e ARG . R 32 52 1 52 1Y 5% W (Van Volkenburgh, 1999), & % < Uit
v DUV RE ) o v S . R AR R LUK B SRR R, Bl 1 T
EL U Bt S n ST e PR L) P IS ) B R D O, T HL R AL PR IR A A2
I 8 7% 7 = i (Kursar and Coley, 2003), /&5 BRI EEIR . HIFE R
(RO D51k LN URLBEAIG, BERASR T g g, R [RIRE R T R R &
IR BRI D, (RIS (R A A8 BN 2 1A ) ST A T B A
(Kursar and Coley, 2003), Xt /2 Ji i1 R R 4 B 581K (1) ml e JEL AT
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3.3 HHFAPHERE

[ 25 H Lk B A DA A A2 AL A B AIC e 1) 7 2800 S (Alde, 1988; Mckey,
1989; Clark and Clark, 1991; Aide, 1993; Murali and Sukumar, 1993; Coley and
Barone, 1996). 7y R A1 7T 38 R ILIX MO S A7 R (Aide, 1993; Coley
and Barone, 1996; Feeny, 1976), JLiR EAHYIHEK 34K K FIE JE 7E AN TE I
KV BBt . AR DLAERFSEIS O i v S 5 A S KT B, X e e SO
) L [ 20 ) S I AT 5 RS T A

AP TR IR A i 5 U () O R I B3, R A2 ) A8
(R OCBR IR IR 32 o R v 1) B dn] DAY by ) e MR B v, G SR 1)
RISy Rk Bt B AU, WA m) T ERE& /KT BRI,
ST R INB2% M AE ) AR R4 F [R] H i, IX AT e ) Bk B ok 2 B i
ke it AMH R, e B, dRILE S, sl AR,
BAH . GBI Ae ST Bk B AU REMas A, By [ LA R ) 7] 20
W IS AT RE ] ) AR SO0 FA, T A6 D P =t v 7 B Je k4 4 4 v 44
LAy b e JUHOR IR A5 AR BATT TG DU R A (1 it [R5 1 2
B o EAR I [R)2D P I) efr ABAT FLEAH DG, R R P 1 5 A B IE ARG,
U b ) 200 1 v O A A B2 R 1 LA, 35 W I A ) A 1 S 20k BT
TRy o RS g e b i RS PEAR DG AN B3, R FUR I HH i [v) 2
PE s (R T35 s g 2 v T H i R AR AR, 10 BH IR i [ [ 5k 3 435k
T REmEd.

JEAZ 5 AT g R R e (18 B U SR A VD S W I TR e 5 M A
BEXRZ, ME A, JF H R d S i A KRR i )b
M.
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FNE HYIHRAZERESBRRIXR

T A R SR (W RN 3, O B R ke AR R
KE SR RS R ROCR, WE T WA 41 P SEREY2 3
P e S O E KR LT RS A 4l ST IR] (R R i R
BB, S AT T MR E N N, A AR 1D mHER R R R
22 AR (p<0.001), [F]H: by fiff B2 (5 2% HUAH 5C (p=0.012), B[R] i £ B2 Al
FHIEAHS(p<0.001); 2D R A iU R 5 &K & B AR5 (p=0.034), i
IR ., L AT WA B A OCPE: 3D T7% MM R & b
Jr e HEJKEIEARDS, W H 5 MY (B3] Rk R ARG, FIEREFERERR)
15 SRR T3%IM R R g R dUg B L UG, 3 MR AR
PRI )IK 225 KT 68% HIREY A T B By dufr By s A O, 4 Al
TP ABR KAt 75 RIRIRAG)IE B25 7K1, (AR & b i S
PR R IEARDG . WHER R O R R E i i B RS AN . 4D i Bl BT
FITAT A T 0 R AT A5 R s L TR S R i R R G, {H
HAE BHAERE SRR K1 R Sk 5 et i e e ARG, (R
Ak RS FIAN AR TA B A WS 3 5 et v i) e S AR G, HL X
ARG FNESEAL BN R EACE . 5) MR 5 dUar e il % 2 1FAH K (p=0.004), &
FOPIRE BT BB AR RN o AR R, W R R PR AN M R A7) ) e (1 22
S, JEREM T AR E e i R ahas, i E e B AR AT RO R,
Forbr Bk S R R (W LR, SR i L SR A R
Fr R IR W LR R () AT IR K 2 57

REE: WIREEMAR, ghi, ke, SOKE, e, R,

i

il

Y B SRR E % Y)A 9 (Loman and Box, 1983; Coley and Barone,
1996), HTAFMAH F & BRI B R A R = R, BV R AP AE )
[P R e AR TR Bh 2, XA ZE 1210 1 5L K (Feeny, 1970; Mattson, 1980;
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Schultz, et al., 1982; Bryant, et al., 1983; Rossiter, et al., 1988; Mauffettee and
Oechel, 1989), A B U5 HE W) AH B w7 >k 1) 45 A (Baldwin and Schultz, 1983;
Haukioja and Neuvonen, 1985; Schultz, 1988; Mauffettee and Oechel, 1989;
Haukioja, 1990). A~ [F]4 4 % (1w il B2 55 H A 4R K 7% 7 (Lowman and Box,
1983), H-FE TR P R B R 22 57 (Gaku Kudo, 2003).

(Rl R R AR B ) AR 2 S 1 I PR P (AR A, TR I R R PR 52 T g
oM B U BB AT 9 (Schultz, et al.,, 1982; Rossiter, et al., 1988; Hemming and
Lindroth, 1995). HFTAT &M R thxt U g s (i o8 2 45— R Fh_EHEAT
HAERI 2R 5, R R . Bk L LR IR AR i i R e Vs i
TR EATA, B L SR RE J)(Lowman and Box, 1983; Basset, 1991;
Coley and Barone, 1996; Natalia, et al., 2003; Gaku Kudo, 2003; Kursar and Coley,
2003). HERPHEY) S RAFSEEZ, KRR, AR T RS fuvg
T 9 2 AE A X BEA T, O PRy M DX B RE A PRk S R R 2 TR R 3R
SO W P AU SC R T IR R WARE -

HH ] S AR A B TR ROR, RN RORZHE, e Bk ax i it
MR FARCRIK B, 2005), X & SRR AR (0 R R PR AT AR R Ak (O E T, s
AT By 17 S AT 2o ] AR 55 B R EL AR (RO o 9T R SRR g e
R I DR R, RIRIRZ 2R 2, 70 AR T rh Ay o AT v ke
A SRR R I, AR IR A P IR T

ASCAHPAH I DRI FReE R RR ) 22 3 LR R 2k kst
R LR IROCR

1 R 75

11 BrotH mAEY

AT 53T 2005 F1 2006 AT WTVTR 2 ] 5K AR 2 el R EEAREAE 1L 6 5
bl N FIEAT o AIFZTHBIX PR B8 RE2: LA — 5

AT IERE T WK 4 B 10 P WAEAN(S FiOATRA, S Bl HEAT)
FIHEAE L S AR b 12 BE 31 Fi WAEI(14 PO TRARTT, 17 B BEARR) A
TFFURT G o byl G AR BE S PR AR D) S B LIRS0, PITE R340 bR R AE K 1~2m
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e AR o
L2 MR EIFRICARAE

By NI ZF IS T dabsic, S8 T ABIRghi i Fr, A GO R brid 24 I
Lzt AR ZE B A e i RO B AR bR IL 6~15
PRGBS, RERR T HIRIBEALIERE 3 MBS, AR ACIESE 10 Ao Aty o MO
KBNS 2 M R FEACOK B bR IC AR, g0 RIUH R 46 o R
MBI TR 2 S R 20~30% KNI TTG . B R4t 2Rk, REREEIREA
JCEAEUKEE T, Sy [P S s 34T e, R =RE — IR E M R g eIt E
18 R 7 FEA T 8 IR 0 b

JEAIE T 3 IAE T 8 9 AT 10 H N AIRRAE I, HEATH R R e o

1.3 M EASSEEN 2

RIFRFFC R TRERE . Sk B o R 38 A ok S W AR
1) W ff s

I B 5 ) SR T GBI 77702 B8 Feeny, 1970)M5 o I i 5 FH A I
CRBE G KO FT %8 1R IR A S22 A8 0 31— & TR AR (0=5mm)_F 4 (g) £
2) WK E K

AT LU B P (70 C HEAR P b8 24 /N E) IR R TH 3045 30 3 7K o
S LE I FE (Leaf mass per area, LMA).
3) HEREE

2R o 4t 3% a SR ER b 2 F0, T 7200 53 606 ETH 43 I E 663nm
A 645nm AL & RS IOBOGIRSE S VLA, BARSER VAR Sy
EWART B (1990).

1. 4 BARE R R KE

JEETHAIRD, A 3 K FHA A% (37 B SRLR (10 4 /om?®)y I iy e £ TR (77
BARERT L ACHR I 8 % 0 B D AT R £ S B TR ORI AR TR L
HAZ AT o HURr R %=100% M- U A/ 58 M i B e i %=100* U fr
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AN S S B, I E ey AR 1k

JEI 52 i (R, 23 30T 7 8 9 M1 10 F R A & — Vo i
(1 He i F R A AT

AN SCHTE %8 FH SPSS11.3 Fi1 ORIGIN 6.0 7)) T Ab 2

R R R S R

Table 1 Leaf traits and herbivory during leaf expansion

i IR Mgk H(mglg)  AKE(%) M E(mg/em?) T (2) HER%) (%)
Species LF Cxtsd Wksd LMA +sd T+sd H#+sd HF £sd
EH T 0.7310.25  59.46+6.84 6.8742.12 317.094177.68 1294202  12.03%48.09
K T 1.2840.17 73.36+£1.87 4.55+1.56 273.98+£177.06 1481246  16.41218.03
KHIHE T 1.9140.38 73.00+4.45 3.5340.66 433.71£150.58 3294313 11.31£10.76
H I Al T 1.10+£034  63.28+17.87 3.89+1.49 323.39+153.73  3.70%4.73  61.9+54.77
A T 0.6440.15 72224422 4.90+0.88 2276010098  6.9549.67  37.41£32.08
ik T 0874036  61.5247.41 7.6242.02 470.961243.65 7.60+13.56  43.4136.67
A T 1.2540.17 69.80+5.82 535+1.41 375.97£172.81  7.90+7.6 50.8+32.9
B T 1.00£0.21 68.35+7.14 535+1.15 405.601198.60  7.9749.28 413244091
JE R A T 0.5640.11 77.16£5.86 7.71£1.65 510.16180.45 89741243  50.0027.89
%) T 1.21+0.08 73.07+£4.22 4.33+0.78 267.88+49.59 9.00+9.8 50.11+33.2
b T 1.024:0.08 66.96+4.56 6.73+1.23 313254219925  9.70+9.4 49.10£38.8
Wit T 13140.13 69.55+4.15 3.68+0.84 207.74+£101.43  9.78%+11.74  20.96%21.29
FLUTAE T 1554035  74.67+11.25 43742.02 345.12+131.57  12.50+12.01  16.66-16.67
X T 0.7940.15 71.75+4.67 428+1.07 22622410475 12.81+1635  36.6623.09
LINER S 0.48+0.15 67.46+5.40 6.41+0.86 507.12£231.30  1.06+2.49  14.29424.61
A S 0.94+0.21 74.76+£4.59 5364120 417.884162.87  2.36+221 323412587
BT B S 0.85+0.14 65.97+9.30 4.92+1.69 242.90+£134.97  3.37+7.52  16.98+24.22
JEE FALHY S 0.4840.08 73.1246.67 6.98+2.72 43729419504  4.56+7.47  20.37424.05
FIE/S S 0.55+£0.09  70.36%4.16 8.0211.86 48511423515  6.51+£7.09 389314048
i S 0.3740.12 78.7245.38 3.56+1.11 406.904+127.20  6.67+7.64 20.0020
Ui S 0.62+0.10  65.5442.88 6.46+0.84 2559349569  6.95+19.41  11.46+28.81
2K S 0.72£0.18 72.414+6.22 4.99+1.46 476.00+229.99  7.67+16.18  29.18+38.66
BAY S 2.4640.53 73.2743.03 2.55+0.34 177.604£50.73  7.72£11.65  20.99+20.57
AN S 0.6040.11 72.43+8.09 5.05+2.00 26543+156.52  82412.02  20.44+14.56
T S 2.4742.92 72.54+3.73 3.9140.49 184.97435.86 9.74420 15.5621.26
B S 0.8340.13 72.31£6.36 530+1.75 323.06+132.34 114341478  31.23%15.72
SUFAP S S 1.66£0.65 70.66+7.06 3.4240.93 2415744396  11.59+1227  60.24160.44
FATUS S 0.8340.27 74.68+6.31 6.30+2.07 533.89+£166.74  13.8%153  52.77+41.11
ABEAR S 0.8040.18 68.27+3.97 5.78+1.65 219434326  14.64+18.89  51.67433.58
FEESYN S 0.6940.15 77724421 5.53+1.84 421.924236.62 21.71£35.69 454413381
SARAA S 0.72+0.10 74274532 4.18+1.12 275.89+89.29 258743128 54.80+44.38

P-4 mean - 1.01 70.9 522 341.02 - -

VE: HEA LA H R K/NHET. Note: Species are ranked by herbivory.
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SR 5T
2. 1 1Y R BRALARFPE R LE AR

(1) LBy 1 it o 28 A ) 28 e A0 K, It 4 38 S A o T AL A e
(2.47mg/g). FBA T (2.46mg/g). KHITE(1.91mg/g)MIEFE R (1.66me/g), & HEEAK
HIRE A 1LLER(0.37mg/g) LA S EEAAERY(0.48mg/g) A1, JLAMFE D) B2 &5
AT 0.5-1.5mg/g Z Al FRARFPREA S 38 5 iy TUEARFIREAD (K 4 3255
i, HoFHERIFARFEEK 2).

(2) R R E WIS K EEARAE R 22 S, S K B S A A
(78.72%) A1 EEAR(T7.72%) 2 75(77.16%), W& /K B AR A YA 41 -5
X1(59.46%), HAMFEYI 7&K BRI T 60%. BEAMAEDH K5 K E S T I
AP, A =F 22 RIFAEEGEE 2).

(3) AEWI R E WA Lo ERR R 2 AR, Lo EYE A 2.55~8.02mg.em” 2
], Eb A RS2 T 45(8.02mg/em?) « J5 B 7 (7.7 1mg/em®) R A% (7.62mg/ecm?),
Lo AR 1 2 B 475 (2.55mg/em?) FIUK 17K (3.53mg/em?®) - R AFIHEA) 1) L -5
e THERF L |, —#HERIFAREEE 2).

(4) FLPI R R B S i B R e (] 22 A, W R RN B AE
(177.60g)F1 B HE1-(184.97g), AN INA 2 MK (533.89g) JE R 7A(510.16g)F1
LHF(507.12¢), HARKIYI I b bl B2 3407T 200g-500g 2 [0] . FRAFIREY) 19
Fofl S A T IEAR R A K it B, R W R R (R 2).

%2 TR GHEATT FFF I L

Table 2 Comparison of leaf traits between trees and shrubs

TR Trees #EK Shrubs i )
) Mean+SD V-#){H Mean+SD
44 % C (mg/g) 1.09+0.37 0.94+0.63 -0.736  0.467
K WAC (%) 69.58+5.18 72.03+3.69 1.533  0.136
e H LMA (mg/cm?) 5.23+1.44 5.22+1.41 -0.013  0.989

% T (g) 335.62+93.80 345.46+120.51 0249  0.805
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2.2 FaYIM B iR R B PR AR AL

(1) FE R R E AR R R PELE R T R S R AR AR, B SRR AR R
PIR AT R ZE 5 (B 7)o — LSRR B B R L B AR g 2L oE 2 e I 2
AT PRI B8 0 i 35 /K S PR BRIy BRITR S AT R RS 254%), 1T
A7 LERE IR R PR AR R S 5 A PR AR e (i bt KRS IR RS
FAEEAR), Ty hh—LEka ) (i R PEAE it 58 BT 5 A D ade A £ (B
T BEAAERS . B AN S UCRIEEAR) . S & AL IR 5K, e
Fwt il FE R AR AT EA B, JLF I A MY 4% 38 & RIS e A e gt
JEA SRR N, AR A KLE 7).

(2) FSI TR R B T T T AR A AL B 8), et R R LU P il 5
7 )3 RRESE, AR T TR ARSI N o B RERT LA I SR R B AT T S
I8 B e (E A G T 4R T RESh, BT fE A Lo SR S 35 S s 3 RE S n . iy
RN Fr 8 K RS R BRI AE 7—8 A IRIABI5AR, {H 9—10 A 57Kk
HIEHETHLE 8).

2.3 AR [BHIRAR

-2 28 2 e P LU AR B 5 AT DG (RR 3, 181 1), A 2 s & IR, T
B ey o i B R DA RN 3 IR AR SC(RR 3, 1 2), RITEE Pt B g AR A L
PR EOBOR o [AI, SR i P R A S O, BT 2 AR
PR (R 3, B 3). (HBAHISL, WKEfE, KEHER a3 B,
(B LG SN AR iy, XA T 2 B AKX P Ry 1 2 T (R AR 5C R EL

7 Y=6.856-1.619X, R=-0.614, P<0.001
-

(mglcmz)

tt M5 Leaf mass per area

1.0 15 2.
I % % Chlorophyll (mg/g)
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B 1 2R N F R R, N=31.

Fig.1 Relationship between chlorophyll and leaf mass per area, N=31.
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Y=107.592+44.701X, R=0.580, P<0.001

2

Lt # Leaf mass per area(mg/cm’)

2 LLrp S I R RO R, N=31.

Fig.2 Relationship between leaf mass per area and toughness, N=31.

3R A SR AR DA BT

Table 3 Pearson Correlations among leaf traits and herbivory in evergreen broad-leaved forest.

K EAlS T 5 it Hfr AL
WAC LMA T H HF
H4¢FC 0.059™ -0.614%* -0.442%* -0.022™ -0.135™
F/KEWAC -0.307™ 0.145™ 0.381%* 0.025™
eI ELMA 0.580%* -0.129™ 0.111™
fili T -0.144™ 0.114™
HERH 0.499%*

** Correlation is significant at the 0.01 level.* Correlation is significant at the 0.05 level.

550 +

Y=431.594-89.736X, R=-0.441, P=0.012
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400—-
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300 H

fifi & Toughness(g)
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200 H
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. . n fif Chloropvhyll(mg/g) . .
K3 o s M RE AR R, B ) B AR O B TR AR R N=31.
Fig.3 Relationship between chlorophyll and toughness. The regression analyses were conducted

for all tree and shrub species.N=31.
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Fig.4 Relationship between herbivory and water content. The regression analyses were conducted

for all tree and shrub species.N=31.

w
o

T Y=3.004+0.168X, R=0.499, P=0.004

N
o
1

N
S)
1

[N
5
1

Hifr Herbivory (%)

T T T T T T 1
10 20 30 40 50 60 70
U 4 FE Herbivory frequency (%)

K5 deEri s e oG R, B B s A A R A B TR S HEAR, N=31.
Fig.5 Relationship between herbivory and herbivory frequency. The regression analyses were
conducted for all tree and shrub species.
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3.1 HZEEEHE

ot BRI AR, mam S E, AR N Rm R
Byxep it B B = A= 50 (Kursar and Coley, 2003), A58 1 I 15 i Fr A RPN
BEAR M 453 SR 6 R AT SR 97 T S W (Coley and Barone, 1996), #iiAE 438 1 4
DRAR SR B S AR B I TE ARG T N SR IR A R, LA SIkD tfr £
S H ()(Kursar and Coley, 1991; 1992), {H A X G- F e rF-JH K -4 25
B3 T A AR AR R 1 /KA (4 <0, 5mg/dm ) (B2 G A FTE 5, 2002). K R £E
—E MR, WIRAR G BAR AT LR S, AR SRR R I b
ToaE e, HATE R B AIUR dU e S (BRI AR S (MR A s AT
Fe, XA ERIEEE Ry 1R Ll R AR 0 L4 %2 WL (Kursar and Coley, 1991), [t
A DX A AR S R 4 A R T 1R 7 B B s o A X A A -2 355
(R ) 22 e AN A S B P e AR i ) 22 e 10 SR R BT AE it HMg A Lk )
B IEEMEE, SEOURA L HRtE A, BmliraR & E AR Ty
AR AR SE G b A BRI AR SRR I U Rl A R R 1 IR A
SRR I [ de B () 2 38 103 AR OG, (EX AN RE U B i 4 32 [R) g AT B4
[FIOGFR, B2 a8 3 st m] iy SC At R 25 DI AR DG (3 3).

M4t 222t [ ) i T 6 AH 9% (Kursar and Coley, 2003), -4 25 & il
s TUAEAI I BN 2> 2R A K DR A, R B A Kot 2 1,
SE R LE AR W, ARRORNS (R A0 e B AR N, T A i DL K
CRYEFE R AL R F . Rk, AR S R R A, L R A
FEBRAR o bl I S [RIALA2) () HA B TH) 45 DG (Sun, et al., 2006), AEY) R, Lt
. R R R R RTEVF 2 A R G SR F45 3 T IEW (Reich,
etal., 1991, 1992; Reich, 1993; Reich, et al., 1999; Wright et al., 2004).

3.2 MAELERE

JEE M AR A R e (K 3T, AN [ ) ) R A AR IR 22
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FCE Do MEEERIFr sl TG0 S CORE (N T e 22, )i X
XTI B AU R, (R BOR R B HO AR, DR, AR AT I
JRIBRYE, gyt 2R H A (1875 1177 X . Kouki #11 Manetas(2002) A A #4) & & 1]
(¥ AU B2 i L R A AR N RS e A R IR R RS A AL = e, it
MR EH, Lowman Ml Box(1983) W HF A HH R . 4310 th e A2 5
B8 DL R AL 22 B RS A 32 2 N 308 SR S s, A
N Z & lim, Ry, (HEZUH RSy R = oe— R
()5 BT AN A HAR 1) TR0 T U (Kursar and Coley, 2003). ASIRAF 5Tk
L, 2B PIRE Fr EEE RGN, R R HURR R, AR S S TR R )
HNFEE 6, B 7, Kl 8)o TrARBIRIY S 2 1MCATIH F A BE AR 10 B R IR £
WM R ARATAIPET AR, TR R A KRR PR (LR B ), DL
(RO I i P B R B A B, IR A TR ORI AR, Wi g K
TIARCRT S A B s PR 6 n R R AT BT, X AT e e B A IR, gl
IR TS R R, BRI R S BRI IR R B A R,
(EIFANIE FIr A7 R AR MRS T 13 175 2 T LIy st LA Py B JEE6S H e 103
Wi I AN 225 (K 6).

3.3 fKEERR

Kot B IR AERE AR S S T, s B RO RO A A I N R B
MEBNEW IR K, SRS KRS PTECE R IR B K S EAR DG (R 5 Te 4%,
1996). ARSI G KB B EEEEGER 3, B 4). ZHHEDT)
R B KRB R IR IR BT, eI Sk PR R RE (B 7),
R AR R K R IEAR DG, Sk R LG B K SR R AR A 5 2 3 L
Bk o DL K AR A Ik o £ i B v A OO R W T 9218 BAE K28 1%
(Scriber, 1977), ZEK T #hd i, JFrrgeRbbde s T R AMZET R, KFikrt 587K
RS AR ) O 2 S SRR N 3 22— AU B K R v A ) 2 T 52 Ry
HCfr, i B2 A e R S KR IEARS(E 6), BRBEM A S KRR T
B, HEHRE D . whRE . 75 ARAERE SR R A A AR kR
FHOG, AR AR AR A (0 it 2 7K o ) e T AR DGR A i
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FEA R 2 K AN o ) e £ TETRR ) 25 5, GBS0 T A 1
frahas, FURMH LY B, TN R A 2, X ] RE R T AL IR
355 DA B AR SRR SRAT 0% o AE T AR IR 2, 117K 20 & AN 2 R A R B Al PR 32
PRI A B IR I 5 K R B HOBAT B35 S (Basset, 1991) . ASHIFFU AR BILR (1)
T LEHE AR LR A P d RS2 i B KR s Sk (] 6), R ELRHA
IR FF I AR SR, AR L b DR A A e IEAB 2R 90, T LA IR 4 22 5]
AR R E R P B 38 5 K e A DG B a1 S5 A

REAHA I A 1 B 238 B B K B AR DG B ey, HLARAar R4 147 44
Ryt Py 7K sen) d B A S, R R B K o] B et A K5
M o

3.4 kMEEHRE

bt B 5 2 B (1 i ARG (K 6), I FLLG I H L I 2 25 A
FESIR B ARG 3, & 1, B 2). B, gk 3w oA il 4 1
I H e ETE, MR SRR IR T, P RR AR LR RE IR R
Atk B3 SR, ERIE A Y S e TR ) L R IEAR G . ARG BT R B L
I F AN I SRR ) 2253 10 2 A 3R (R 3), BRI X SR IR AN AR LR N 3
W, 1 5 L FEAR DG A R R PSR R T e, B N RE TR, KAy
A E TR B HGE SR BE R, e B IR N RE AR S
BRAR, HUEE IR ORI el R K 2218 T 48 s (AR Bk, 1980), 3 nst
LU, P B dUg b e bt A ). W, Ryt i, R
SR ) (R A BT — 3, L P R 494 2 2 )y o B 8 R i 1]
(K12 1%, 1987; Coley and Barone, 1996), & {XF—E LS8 A& L
TR TR R Bl R e R e e, (H LG AN S R )
[f) oo fr 222 S LKA P R Bl R QR 3R

B, R RCE W d R BAT S, EAS [ R 14 A sl S DL &
B IR TSR G 1 2 e, R MR 2 IR 250380, HLRE I e v (4 3
DG T 2R AT RO RISk AR & R R B G, n
SRR LI DL RO R G H AR AT S, ARAEAN R A (] 22 AR K
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Table 1 Young leaf characteristics of species with different defense strategies

Pt e E AT/ Rk
Defense Escape Defense/escape
R HR {118 & H
QUECHE HE {115 [ ol
QufrghAs DH EREgit IR Hh )
tE I 1) TLE = 174 el
K ) PLE Iyt % i
JEEmE B LER 18 17 el
J&m-14 DLE K {55} H
-y LL IS 33 ol
o} S BB LT = fig i
TR W 1% i i
ELI R LMA & 1§ H

HR-Herbivory rate; HF- Herbivory frequency; DH- Dynamics of herbivory; TLE- Timing of leaf
emergence; PLE- Patterns of leaf emergence; LER- Leaf expansion rate; DLE- During of leaf expansion;
LL- Life longevity; LT- Leaf toughness; W- Water content; C— Chlorophyll content; LMA- Leaf mass

per area.
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iR 1. ZRXETS RATEYIZR

ZH R Aquifoliaceae
X llex purpurea
BN llex triflora
BAT llex pubescens
FERSLERE Ericaceae
LA Rhododendron ovatum
JE A LAY Rhododendron latoucheae
A Vaccinium bracteatum Thunb
NG Vaccinium bracteatum
FEHER} Elaeocarpaceae
AR Elaeocarpus decipidns
= Sloanea sinensis
FHRERL Juglandaceae
iy Engelhardtia
il AE} Daphniphyllaceae
[ R A Daphniphyllum oldhamii
ik Daphniphyllum macropadum
76k} Fagaceae
T 1t Castanopsis sclerophylla
Khidh Castanopsis carlesii
DHE Castanopisis fabric
e Castanopsis lamontii
2] Castanopsis fargesii
ki Castanopisis eyrei
AT ARk Lithocarpus synbalanus
ARk Lithocarpus glaber
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M
A X
AR
FLUEAE
IR
Lagene s
PR
KB A4
PhE T
KA
R
ABEAR
2Rk

S

17N

P AR
R R

7l

Cyclobalanopsis glauca

Cyclobalanopsis myrsinaefolia

Magnoliaceae
Manglietia yuyuanensis
Michelia maudiae
Michelia shinneriana
Rubhceae
Tricalysia dubia
Gardenia jasminoides
Adina pilulifera
Rosaceae
Rhaphiolepis indica
Theaceae
Eurya nitida
Eurya nitida
Eurya weissiae
Eurya muricala
Adinandra glischroloma
Adinandra millettii

Tenstriemia gymnanthera
Camellia fraterna
Camellia oleifera

Schima superba

Tutcheria spectabilis
Symplocaceae

Symplocos stellaris

Symplocos sumuntia

Symplocos ancilimba
Myrtaceae

Syzygium buxifolium
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Tk Araliaceae
L Dendropanax dentigera
Mttt Myricaceae
Wikt Myrica rubra
FER Laturaceae
FAE I A Machilus oreophila
R D Machilus velutina
AR Machilus chekiangensis
AR Machilus thunbergii
TR Cinnamomum porrectum
BRIT B Cinnamomum tsangii
G MR Hamamelidaceae
N Loropetalum chinense
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Leaf Phenology and Herbivory in Juveniles of Schima superba

(Theaceae) in East-Chinese Evergreen Broad-leaved Forest

Abstract: Leaf phenology can play an important role in plant/herbivore interactions. To research
the effect of leaf phenology on plant/herbivore interactions in evergreen broad-leaved forest,
dynamics of herbivory on young leaves were measured from March to September of 2005 for
Schima superba (Theaceae) juveniles in understory. Levels of herbivory on leaves produced in
spring and summer were compared. Phenology, Water content, leaf mass per area (LMA),
chlorophyll content and toughness of leaves were determined during leaf expansion of the species in
Eastern Chinese subtropical evergreen forests. The results were as follows. (1) Leaves that flushed
in spring expanded faster than those did in summer. Water content and chlorophyll content of young
spring leaves were higher than those of summer leaves, and LMA of spring leaves was lower than
that of summer leaves. But toughness was not significantly different between leaves occurred in two
seasons; (2) During leaf expansion, leaves produced in spring suffered lower rates of herbivory than
in summer. Herbivory was low in the beginning of leaf expansion, slightly higher with expansion,
peaks when leaves reached full size, and dropping rapidly after full expansion; (3) Levels of
herbivory were associated with timing of leaf emergence and rate of leaf expansion. Herbivory was
strong negatively correlated with leaf toughness and LMA. Positive relationship was found between
herbivory and leaf water content, but no correlation was found between herbivory and chlorophyll
content. (4) Strategy of escape was used by S. superba juveniles to reduce herbivory in spring by
synchronous leaf production and rapid leaf expansion. However, strategy of endurance was used by
the species to reduce energy loss in summer by decreasing leaf quality. This indicates that a given
species may only invest in a subset of defenses under different conditions in the subtropical
evergreen broad-leaved forest.

Keywords: Subtropical evergreen broad-leaved forest, Schima superba, Leaf phenology, Leaf traits,

Herbivory
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INTRODUCTION

Most plants suffer loss of leaf tissue to herbivores all the time (Cyr and Pace 1993),
with most damage being due to insect herbivores (Coley and Barone 1996). This has
selected for a wide variety of chemical, mechanical and phenological defenses in plants
(Coley and Barone 1996). Many studies suggested that leaf phenology (e.g. timing of
leaf emergence and abscission, leaf life span, and leaf expansion duration) evolved to
minimize leaf loss in addition to maximizing leaf photosynthetic assimilation (Reich et
al. 1999, Kikuzawa 1995, 1996, Ackerly and Reich 1999, Westoby et al. 2002, Wright
et al. 2004, Seiwa et al. 2006). In addition to defense, another strategy used by tropical
species is an escape by fast expansion and synchrony of leaf production (Kursar and
Coley 2003). Previous studies have shown that different species can alter strategies of
escape and/or defense to reduce herbivory and a given species only invests in a subset
of defenses (Coley and Kursar 1996). However, up to now, it has not been known
whether a given species adopts either escape or defense to reduce herbivory.

Many studies have shown that herbivory on leaves is strongly correlated with
development of leaves (Aide and Londofio 1989, Coley and Barone 1996, Kursar and
Coley 2003). For tropical shade-tolerant species, 68% of the lifetime damage occurs
during the small window of leaf expansion when tender young leaves contain high
levels of water and nitrogen (Coley 1983, Coley and Aide 1991, Lowman 1992). Indeed
the proportion of herbivory on young leaves of young trees was 73% in seasonal rain
forest of XiShuangBanNa, China (Zheng et al. 2001). This it is in marked contrast to
the temperate zone where only 27% of the lifetime damage accumulates while the leaf
is expanding (Coley and Barone 1996). Therefore, herbivory on young leaves of
tropical plants is significantly higher than that of temperate plants. Why is there this
difference between them? Is there also a difference between herbivory of subtropical
plants and tropical plants or temperate plants?

In addition, leaf phenology and leafing type of plants play the important role in
mapping the pattern of herbivory (Lowman 1983, 1992, Aide 1991, Coley and Barone
1996). In tropical forests species that produced leaves during the dry season, a period of
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relatively low insect abundance, suffered less damage than leaves produced during the
wet season. Leaves produced during synchronous flushing received less damage than
those produced out of synchrony (Aide 1993). Similar effects of leaf phenology and
leafing pattern on herbivory were demonstrated in temperate forests (Sun 2003, Sun et
al. 2006). Thus, leaf phenology and leafing types can play an important role in reducing
herbivore damage either by the seasonality or the synchrony of leaf production.
However, there are very few studies examining such a effect of leaf phenology and
leafing type on herbivory in subtropical evergreen broad-leaved forest at present.

Here we report results on herbivory and strategies for young leaves of S. superba in
two seasons in a subtropical evergreen broad-leaved forest that is distinctly different in
many features such as species composition, community structure and leaf phenology
from tropical or temperate forests (Li 2000). Therefore relationships between leaf
phenology or leaf traits and herbivory character in the zone may differ with those of
tropical or temperate forests. At our study site, most species produce leaves twice a year;
in spring (March) and summer (August). Moreover, timing and the type of leaf
emergence are different between the two seasons. In this study, three major questions
concerning herbivory were addressed 1) What are the differences in the development of
leaves produced in early spring versus late summer? 2) Is the dynamics of herbivory
during leaf expansion different between the two seasons? (3) Does herbivory vary with

leaf traits during leaf expansion?

METERIAL AND METHODS
Study site and species

The study was conducted in 2005 in TianTong National Forest Park (29°48<N,
121°47+E) of Zheliang Province, East China, a field site administered by the Ecological
Station of East China Normal University. The forest is a subtropical evergreen
broad-leaved forest at 300 m above sea level and receives 1374.7 mm of rainfall per
year, most of which occurs in June and September. The mean annual temperature is

about 16.2°C, with extremes of monthly means being 4.1°C in the coldest January and
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28.1°C in the warmest July (Wang et al. 2006). Descriptions of the vegetation can be
found in Song (1995).

Of the 271 evergreen species in the Park, Schima superba (Theaceac) dominates the
forest in terms of individuals and biomass and its leaves are produced twice annually in
spring (April) and in late summer (August). This means that young leaves of S. superba
will open two distinctly different “phenological windows” (Marquis 1991, Marquis and
Braker 1994, Coley and Kursar 1996) to herbivores at different times of the year. Thus,
S. superba may be one of the best materials for studying the interaction between plants
and herbivores in a subtropical evergreen broad-leaved forest. Leaves of S. superba
were damaged mainly by larvae of Geometridae and Lymantriidae in the forest park
(private observation), but the dynamics of herbivory and defenses of S. superba against
herbivores are still unknown. Here we collected data on individual plants between 1-2m

tall growing in the shaded understory in spring and summer.

Leaf marking and sampling

Young leaves were marked as they emerged from the bud by placing plastic wire on
a mature leaf near the flush at a known number of nodes distal to the target leaf. Sample
size of plants and leaves were as follows: spring (14 plants, 249 leaves), summer (10
plants, 105 leaves), and the 10 plants used in summer were different as those used in
spring.. For chlorophyll, toughness and water content analysis, young leaves (between
20-100% full size) were placed in bags of ice to prevent desiccation and measured

within a few hours of collection.

Leaf traits
Toughness

Leaf toughness was measured by using a device that was constructed according to
Feeny (1970). The leaf was clamped between a 2 cm thick and a 1 cm thick wooden
board with a 6 mm diameter hole drilled through them that were jointed by two hinges.

The number of grams of weight it was necessary place on a 10 cm® wooden platform
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mounted on a 5 mm diameter rod in order to punch its tip through the leaf blade away

from major veins gives an index of toughness.

Water content and special leaf weight

Water content and leaf mass per area (LMA) were calculated from the weight of
fresh leaves (FW) compared with dried leaves (DW) after 48 hrs in a 70°C oven. Water
content = 100*(FW-DW)/FW. LMA was calculated by dividing leaf dry mass by leaf

arca.

Chlorophyll

Chlorophyll content provides an excellent measure of chloroplast development.
Fresh leaves were extracted in 100% acetone, centrifuged for 10 min, adjusted to 80%
acetone and absorbance measured at 663 and 645 nm and corrected for light-scattering
by 80% acetone. Chlorophyll concentrations were determined using the equation of

Zhu et al. (1990).

Leaf expansion

We measured leaf expansion rate, a critical trait that determines how long the
window of young leaves is open to herbivores. Leaf area was measured every 3 days
from approximately 20% full size to full expansion. Leaves were considered to have
ceased to expand when their length and width had remained unchanged for three
successive observation days. We calculated the daily percent increase in size during the

expansion phase using the following equation (Kursar and Coley 2003):
Leaf expansion rate as percent per day= 100 *[g{"(@a2/areabtime) _17

Where ‘areal’ and ‘area2’ are leaf areas at two different measurements and ‘time’ is the
number of days between measurements. Values of 100% per day indicate that the

leaves doubled in size daily.

Herbivory
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Actual leaf area and leaf loss areas were measured every 3 days with a plastic grid
(10grids/cm?2) to determine herbivory rate of leaf area eaten while the leaf was
expanding.

Herbivory rate (%) =100*leaf loss area/(actual leaf area + leaf loss area); Herbivory

frequency (%) =100*number of damaged leaf/sample size.

Data analysis

One-way ANOVA for independent variables was employed to test the different in
leaf traits and herbivory between young leaves in spring and summer. We applied linear
regression analysis to determine the relationship between herbivory and leaf traits of
young leaves both in spring and summer. Because leaves were not produced
synchronously in a cohort, we selected leaves that leafed out earlier from each cohort to
determine the curve of leaf area with leaf expansion. The average multiple curve was
applied to present the dynamics of the species leaf area during leaf expansion. All data

were analyzed with software of ORIGIN 6.0.

RESULTS
Leaf phenology

S. superba produced leaves twice respectively in early spring and late summer in a
year. Leaves that flushed synchronously in early April needed 18 days to reach full size

after bud break (Table 1, Fig.1A).

Table 1 Phenology of leaves produced in spring and summer respectively.

Bud break Full expansion Expansion (days) +SD LER (%/d) £SD

Spring 11-15 Apr. 28 =30 Apr. 18+3.2 24.12+6.64
Summer 6—16 Aug. 1-12 Sep. 27+1.96 15.69+4.70
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Fig.1 Curves of leaf growth that produced in spring and summer. Age zero is the day at which

leaves reach full size. Negative ages are during expansion of young leaves.

Leaves produced in early August required 27 days for full expansion (Table 1,

Fig.1B). Mean rate of leaf expansion in spring was 24.12%, significantly higher than

the 15.96% in summer (F = 9.921, df=1, 12, p = 0.005).

Although dynamics of leaf development were similar, there were differences in leaf

traits between leaves produced in two seasons (Fig.2). For leaves produced in spring,

water content increased gradually with leaf expansion and reached a peak when the leaf

was fully expanded then dropped rapidly over a few days after full expansion. Leaves

produced in summer showed less variation in water content during leaf expansion but it

dropped dramatically after the leaf reached full size (Fig.2A). LMA and toughness of

leaves flushed in spring showed the opposite dynamics to that of water content (Fig.2B,

Fig.2C). Chlorophyll content increased continuously with leaf development (Fig.2D).

Chlorophyll content and water content of leaves flushed in spring were significantly

higher than of those in summer (Table 2, F=8.419, df=1, 22, p=0.007) but LMA was

lower (F=11.829, df=1, 22, p<0.0001). No significant difference was found between

toughness of leaves flushed in two seasons (F=2.299, df=1, 24, p=0.143).
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Fig.2 Dynamic of leaf traits during leaf expansion. Leaf traits here include chlorophyll content,

water content, toughness and LMA.

Herbivory

For leaves flushed in spring, herbivory (cm®d™") increased gradually with leaf
expansion and reached a peak when leaves were fully expanded then dropped rapidly
over a few days (Fig.3, Table 2). Similarly, herbivory (cm*d™") in summer was greatest
when leaves reached full size and dropped dramatically a few days later (Fig.3, Table

2).

Table 2 Comparison of traits of leaves produced in two seasons. ** indicate significant

differences between the mean leaf traits of leaves produced in two seasons during leaf expansion.

Chlorophyll Water content Toughness LMA Herbivory rate Herbivory Herbivory

(mg/g)=SD (%)£SD (kg)£SD (g/em?)£SD (%) £SD frequency (%) ==SD (em?d™) £SD
Spring 2.1240. 338 74.6+£3.9 0.342£0. 205 0.004£0. 001 7.56£10.0 43.06+32 0.016+0. 012
Summer 1.51£0. 638 70.5+6. 1 0.46710. 205 0.005+0. 002 18.97+24.91 80.48+13.01 0.156+0. 154
P-value 0.007** <0.0001** 0.143 <0.0001** 0.156 0.012 0.016

Dynamics of herbivory on leaves during leaf expansion was similar in the two seasons
though herbivory in summer was more synchronous on the day when the leaf reached
full size as compared to spring. Overall herbivory (cm2d-1) was higher in summer than
in spring (F=7.339, p=0.016). Thus, herbivory occurred in a short time during leaf

expansion and resulted in high damage rate.
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Fig.3 Dynamic of rates of damage to leaves and percent of plant damaged by herbivore during leaf
expansion in two seasons.

Relationships between herbivory and leaf phenology and leaf traits

Herbivory was correlated with leaf phenology and leaf expansion rate. For leaves
produced in spring, herbivory rate and herbivory frequency were both lower than in
summer (Table 2). S. superba produced leaves synchronously in spring and that
expanded faster than in summer. Thus, synchronous leaf production and leaf fast
expansion may reduce damage from herbivores.

Herbivory (cm®d™") was correlated with water content, LMA and toughness of leaves
during leaf expansion (Fig.4). Although leaf phenology and leaf expansion rate were
both different for leaves produced in the two seasons, water content decreased rapidly
while LMA and leaf toughness increased quickly over a few days after leaves reached
full size. In spring herbivory was positively correlated with LMA (r=-0.65, p=0.02,
n=12) and leaf toughness (r=-0.63, p=0.03, n=12) and negatively correlated with leaf
water content (r=0.59, p=0.04, n=12), whereas no significant correlation was found
with and leaf chlorophyll content (r=-0.42, p=0.17, n=12). In summer, in contrast no

significant correlations were found between leaf traits and herbivory.
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Fig.4 Relationships of herbivory (cm®d™") and leaf traits during development of leaves (N=12). The
regression analyses were conducted for leaves produced in spring only because no correlations

were found between leaf traits and herbivory on leaves produced in summer.

Discussion

In this study, S. superba produced leaves twice annually (in spring and in summer),
and there were major differences between young leaves produced in the two season. S.
superba produced leaves synchronously in spring, but continuously in summer (Table
1).Young leaves produced in spring expanded faster than those in summer. Leaf
phenology of S. superba may be affected by both extrinsic abiotic (i.e. temperature,
light, and water; Chabot and Hicks 1982, Wright et al. 2002, Van Volkenburgh 1999)
and biotic factors (such as herbivory pressure and plants traits) (Kikuzawa 1983, Aide
1988, Coley and Barone 1996, Sun 2006). In spring, plants often begin to produce
leaves with increasing temperature and rainfall. The ephemeral light resource in spring
would select for synchronous leaf production and rapid leaf expansion in S. superba to
take advantage of high light levels before canopy closure. Moreover, synchronous rapid

leaf production and expansion may effectively avoid herbivore damage on young
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leaves because herbivory to young leaves was lowest at the start of the wet season
(Lieberman and Lieberman 1984). However, there would be no particular advantage
for flushing simultaneously with fast leaf expansion in summer under a closed canopy.
Investing energy to fast leaf growth when insect populations are high in summer may be
very costly for S. superba. Thus, we think leaf phenology of S. superba may result from
many ecological factors and reflect different life history strategies of the species under
different stresses.

Leaf quality changed during leaf expansion in overall similar ways for young leaves
produced in spring and in summer, though there were also some significant differences.
Chlorophyll content and water content in young spring leaves were higher than those in
summer while LMA and toughness of young leaves in spring were lower than those in
summer, indicating that young leaves produced in spring had higher quality and
photosynthetic capacity than those in summer. High leaf quality may result from higher
nutrient allocation to vegetation growth in spring. The primary function of plant leaves
is energy gain in addition to photo-sensing (Ackerly 1999, Sun 2006). Therefore,
higher chlorophyll content of spring young leaves could be competitive strategy to
increase photosynthetic capacity of the species in shaded conditions. More nutrient
allocation to reproduction than vegetative growth in summer (Zhou 1999) may result in
the low leaf quality of young leaves in summer. In addition, low investment of nitrogen
and energy to young leaves in summer can reduce the negative impacts of a given
amount of herbivory (Kursar and Coley 1991, 1992), especially when herbivores are
abundant. Hence the different leaf traits of young leaves between spring and summer
might be strategies of S. superba to compete efficiently with others in the forest.

Many studies have shown that the majority of herbivory occurs during the short
window when leaves are young and expanding (Marquis 1991, Marquis and Braker
1994, Coley and Barone 1996). In this study, as well as others, young leaves suffered
serious damage from herbivores during leaf expansion (Aide 1991, 1993, Coley and
Barone 1996). Furthermore, there was no significant difference between herbivory
rates on young leaves produced in spring versus summer. The rate of herbivory on
young leaves of S. superba was higher than mean herbivory rates of trees in temperate

122



ety i 2ok e AR P OB Bl A SR R 3R BT Bfs 3. AHSCSCE

forests but lower than that in the tropics during leaf expansion (Coley and Barone 1996).
The pattern of herbivory is dynamic during leaf expansion due to nutritional changes in
the leaves (Stamp and Casey 1993, Kursar and Coley 2003). We found that rate of
herbivory (cm*d™) was very dynamic, increasing exponentially during development
and then dropping precipitously within a few days as soon as leaves reached full size
and become tough (Fig.2, Fig.3). The patterns of herbivory on young leaves of S.
superba are similar to those of tropical species with poor-defended young leaves

( Kursar and Coley 2003). Although the changes of herbivory during leaf expansion
were similar in spring and summer, rates of herbivory (cm’d™) on summer young leaves
were significantly higher than in spring (Table 2), probably because herbivores are
more abundant in summer than in spring (Wolda 1988, Coley and Barong 1996).

In addition to phenological defence, leaf traits affect herbivore performance and
development (Aide and Londofio, 1989, Coley and Barone1996, Kursar and Coley
2003). Toughness is a particularly effective defence that reduces nutritional value of the
leaf and presents mechanical problems for chewing insects (Lowman and Box 1983,
Coley 1983, Juniper and Southwood 1986). However, young leaves cannot toughen
until leaves have reached full size and cells are no longer expanding. Furthermore, thin
primary cell walls and absence of secondary cell walls result in higher nitrogen and
water content of young leaves. Herbivory decreased as soon as water content of leaves
declined after leaves reached full size (Fig.2B, Fig.3). Thus, both water content and
toughness contribute to the dynamic of herbivory during leaf development. Regression
analysis showed that herbivory on young leaves was significantly positively correlated
with water content but negatively correlated with LMA and leaf toughness in spring,
consistent with our suggestions mentioned above. It means that leaf traits are key
factors to influence herbivory patterns during leaf expansion. However, no significant
relationships were found between herbivory and young leaf traits in summer.

The differences of young leaves in leaf phenology and leaf traits reflected the
variation of leaf quality in spring and in summer because rapidly expanding leaves
often have more nitrogen than slow expanding ones (Kursar and Coley 2003),
indicating young leaves in summer are lower in nutritional quality than those in spring.
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High leaf quality enhances the attractiveness of young leaves to herbivores. Hence,
synchrony leaf production and fast leaf expansion may be strategies promoting escape
from herbivores used by S. superba in spring. However, lower quality leaves produced
in summer indicate that plants invest less nitrogen to leaf growth. Moreover, secondary
metabolites not investigated here may contribute to the low leaf quality in summer. This
phenomenon is a feature that lowers the nutrition and energy content of young leaves in
summer, thereby reducing the negative impacts of a given amount of herbivory, an idea
analogous to delayed greening as a way to decreasing energy losses (Kursar and Coley
1991, 1992). Thus, reducing nutrition investment may be strategy of endurance for S.
superba to minimize energy loss in disadvantageous conditions.

In general, the young leaves of S. superba can escape herbivory effectively by
synchronous leaf production and rapid leaf expansion in spring. Endurance was
employed by young leaves of the species to decrease energy loss in summer (Table 3).
Herbivory on young leaves was affected by leaf phenology and leaf traits such as
toughness, water content and LMA. The alternation of strategies of young leaves may
result from evolutionary and ecological interactions between plants and herbivores in
subtropical evergreen broad-leaved forest. In the subtropical evergreen broad-leaved
forest, many other species as well as S. superba produce leaves twice annually. Do they
employ the same life history strategies to avoid herbivory? Clearly this issue needs a

great deal more attention.

Table 3 Young leaf characteristics for leaves in two seasons with ‘escape’ and ‘endurance’ strategies

Spring Summer
Herbivory Low High
Toughness Low High
Leaf expansion rate High Low
Chlorophyll content High Low
Water content High Low
Synchrony of leaf production High Low
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Herbivory in Relation to Leaf Development in Juveniles of
Schima superba (Theaceae) in Evergreen Broad-leaved Forest of

Mt. MeiHuaShan

Abstract: Leaf traits can play important role in plant/herbivore interaction. To explore the effects
of leaf traits on herbivory and dynamics of herbivory during leaf expansion, leaf production, leaf
expansion rate, chlorophyll content, water content, leaf toughness and leaf mass per area (LMA)
were measured. Rates of herbivory on young leaves were determined on juveniles of Schima
superba in subtropical evergreen broad-leaved forest, in Mountain MeiHuaShan of eastern China.
The results are as follows: (1) Leaves were produced out of synchronously and leaf expansion rate
was 14.43%, with 27 days for leaves from bud break to full size. (2) Chlorophyll content and leaf
toughness both increased early in expansion and enhanced rapidly over a few days after leaf
reached full size. Water content increased smoothly with leaf expansion and reached peak value
(78.3%) when leaf reached full size then dropped quickly several days later. (3) Rates of herbivory
(cm®d™) increased gradually with leaf development and got peak value (0.9 cm’d™) when leaf
reached full size then dropped rapidly within a few days after leaf fully expansion. Herbivory rate
and herbivory frequency were 7.9% and 50.8% during leaf development (4) Rates of herbivory
(em®d™") were positively correlated with water content. There were negative correlations between
herbiovry and LMA and leaf toughness. However, no correlation was found between herbivory

and chlorophyll content. (5) S. superba may be a poorly defended species in the forest.

Key words: Subtropical evergreen broad-leaved forest - Schima superba - Leaf expansion

rate - Water content - Leaf mass per unit area - Leaf toughness - Herbivory
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Introduction

For most plants, loss of leaf tissue to herbivores is a constant feature of the
environment (Cyr and Pace 1993). Young leaves of shade-tolerant tropical species
suffer much higher rates of herbivory than mature leaves (Marquis and Braker 1994;
Coley and Barone 1996; Kursar and Coley 2003). For tropical shade-tolerant species,
68% of the lifetime damage occurs during the small window of leaf expansion for
high levels of water and nitrogen and low leaf toughness (Coley 1983; Coley and Aide
1991; Lowman 1992), and the proportion of herbivory on young leaves of young trees
was 73% in seasonal rain forest of XiShuangBanNa, China (Zheng et al. 2001). But it
is in marked contrast to the temperate zone where only 27% of the lifetime damage
accumulates while the leaf is expanding (Coley and Barone 1996).

High levels of water and nitrogen and low leaf toughness result in greater herbivore
pressure (Coley and Aide 1991). Effective defenses of mature leaves, such as
toughness or high fiber content, are not viable if a leaf is still in the expansion stage.
Thus, herbivory pressure has led to the evolution of physiological defenses in plants
(Coley and Barone 1996). Several researches suggested that herbivory on leaves was
strong correlated with leaf traits (such as chlorophyll content, water content, LMA and
leaf toughness) (Aide 1991; kursar and Coley 2003; Sun 2006). Leaves can delay
chloroplast development to reduce negative impacts of herbivory and toughness is an
effective defense for leaves to reduce herbivory in tropical forests (Lowman and Box
1983, Coley 1983, Juniper and Southwood 1986, kursar and Coley 1991; Coley and
Barone 1996).

Although herbivory was correlated with leaf traits, temporal patterns of herbivory
were dynamic with leaf traits changes and the dynamics was varied among different
life history species in the tropics (Kursar and Coley 2003). However, no other data
that have followed damage through leaf development and correlated it with leaf traits
changes in the leaves. Furthermore, little was known about effects of leaf traits on
herbivory during leaf expansion in subtropical evergreen broad-leaved forest.

Evergreen broad-leaved forest is regional vegetation in eastern China (song et al.

2005) and it is different from tropical and temperate forest in climate, community and
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species (Li 2000), but the relationships between herbivores and plants are not clear yet.
In order to explore the interaction of herbivores and plants in evergreen broad-leaved
forest, three major questions concerning herbivory were addressed: (1) What are
dynamics of leaf traits during leaf expansion? (2) What are the levels of herbivory and
its dynamics during leaf expansion? (3) What are the relationships between herbivory

and dynamics of leaf traits?

METERIAL AND METHODS
Study site and species

The study were conducted in 2006 in southern China tiger Park (N25°25°, E116°50")
of Mt. MeiHuaShan of Fujian province, a field site in natural conservation area of
Meihuashan, China. The forest is subtropical evergreen broad-leaved forest which
altitude is 1200m above sea level. The mean annual precipitation is about 1700~
2200mm, approximately 70% of which occurs from March to June. The mean annual
temperature is 13~18°C, with extremes of monthly means being 7.5~8.3°C in the
coldest January and 22.9~23.8°C in the warmest July. The soil type in the site is a
forest brown soil.

From April to May of 2006, i.e. during leaf emergence and development of the
study species, daily average temperature showed a general increasing pattern (Fig. 1),
ranging between about 8'Cand 22°C. A large fluctuation in temperature was found in
the spring (From late March to early May).
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Fig. 1 Daily average temperature from March 28" to July 15™, covering the period of leaf emergence and

expansion of the species in the forest in Mt. MeiHuaShan of eastern China.
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There are about 1628 plant species in the natural conservation area of MeiHuaShan.
Schima superba dominates the forest in terms of individuals and biomass. Thus, S.
superba may be one of the best materials for studying the interaction of
plant/herbivore in subtropical evergreen broad-leaved forest. S. superba leaves were
damaged mainly by the larvae of Lepidoptera in the park (private observation). In
order to studying the dynamics of herbivory on young leaves, we collected data on

juveniles of S. superba between 1-2m tall growing in the shaded understory.

Leaf mark and sample

Young leaves were marked as they emerged from the bud. So as not to damage the
tender leaf, we placed plastic wire on a mature leaf near the flush, and identified
young leaves by the number of nodes distal to the marked leaf. 15 individual plants
and 137 leaves totally were selected for long- term observation (from leaf emergence
to leaf fully expanded). For chlorophyll, toughness, leaf mass per area (LMA) and
water content analysis, young leaves (between 20—100% full size) were placed in ice

bags to prevent desiccation and measured within a few hours of collection.

Toughness

Leaf toughness was measured by using a device that was constructed according to
Feeny (1970). The leaf was clamped between two wood plates that were jointed by
two hinges. Thickness of one plate is 1 cm and another one is 2 cm, each drilled with
a 6 mm diameter hole. The number of grams of weight necessary to punch a 5 mm
diameter rod with area wood plate (10 cm?) on its tip through the leaf blades outside

major veins gives an index of toughness.

Water content and LMA

Water content and LMA were calculated by the weight of fresh leaves (FW) and dry
ones (DW) roasted about 48 hrs in 70 C  oven. Water content (%)

=100*(FW-DW)/FW; LMA was calculated by dividing leaf dry mass by leaf area.

Chlorophyll
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Chlorophyll content provides an excellent measure of chloroplast development.
Fresh leaves were extracted in 100% acetone, centrifuged for 10 min, adjusted to 80%
acetone and absorbance measured at 663 and 645 nm and corrected for
light-scattering by 80% acetone. Chlorophyll concentrations were determined using

the equation of Zhu et al. (1990).

Leaf expansion

We measured leaf expansion rate, a critical trait that determines how long the
window of young leaves is open to herbivores. Leaves area was measured every 3
days from approximately 20% full size to full expansion. Leaves were considered to
have ceased to expand when their length and width had remained unchanged for three
successive observation days. We calculated the daily percent increase in size during

the expansion phase using the following equation (kursar and Coley 2003):

Leaf expansion rate as percent per day= 100 *[g{"(@eaz/arab/time) _ 1]

Where ‘areal’ and ‘area2’ are leaf areas at two different measurements and ‘time’ is
the number of days between measurements. Values of 100% per day indicate that the

leaves doubled in size daily.

Herbivory

Actual leaf area and leaf loss areas were measured every 3 days with a plastic grid
(10grids/cm?) to determine herbivory rate of leaf area eaten while leaf is expanding.
Herbivory rate (%) =100 Xleaf loss area/(actual leaf area + leaf loss area);

Herbivory frequency (%) =100 Xnumber of damaged leaf/sample size.

Date analysis

One-way ANOVA for independent variables was employed to test the different in
leaf traits and herbivory between young leaves in spring. We applied linear regression
analysis to determine the relationship between herbivory and leaf traits of young
leaves. Because leaf was not produced synchronously in a cohort, we selected leaves
that leafed out earlier from each cohort to determine the curve of leaf area with leaf

expansion. The average multiple curve was applied to present the dynamics of the
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species leaf area during leaf expansion. All data were analyzed with software of

ORIGIN 6.0.

Results

Leaf production and development
In study site, S. superba produced leaves out of synchrony from early April to early

May (Fig. 2). Leaf expansion rate was 14.43%. It took 27days for leaves from bud
break to full size (Fig. 3, Table 1).
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Fig. 2 Pattern of leaf production in spring. Leaf production is the percentage of new leaf production of total leaf

production of 26 individuals.
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Fig. 3 Dynamic of leaf growth during leaf expansion. The curve is average multiple curve from average growth of

leaves.
Table 1 Leaf expansion rate and herbeivory during leaf expansion.
Mean (%) SD CcvV
Leaf expansion rate (%) 14.4 2.7 18.5
Herbivory rate (%) 7.9 7.6 96.0
Herbivory frequency (%) 50.8 32.9 64.9

Chlorophyll content, leaf toughness and water content all increased gradually while
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LMA reduced slowly at the beginning of expansion. Water content reached peak with
78.3% and LMA reached the lowest value with 0.0036g.cm™ when leaf reached full
size. Chlorophyll content, toughness and LMA all increased rapidly while water
content dropped dramatically over a few days after leaf reached full size (Fig. 4). Leaf
toughness was significantly positively correlated with LMA (R=0.893, N=12,
p<0.0001), indicating that the high the LMA, the high the leaf toughness was during
leaf expansion. And toughness was also correlated significantly with chlorophyll

content (R=0.627, N=12, p=0.029).
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Fig.4 Dynamics of leaf traits during leaf expansion. Leaf traits here include chlorophyll content, leaf toughness,
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Fig.5 Dynamics of herbivory on leaves (A) and plants (B) during leaf expansion. Percent of
damaged plants=100*damaged plants/ all plants sampled.

Herbivory on leaves and plants
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Herbivory rate and herbivory frequency were 7.9% and 50.8% respectively when leaf
is developing (Table 1).Changes of herbivory (cm’d') were dynamic with
development of leaves. Herbivory was very low at the beginning of expansion and
increased gradually with leaf expansion then reached peak with 0.9 cm’d” when leaf
reached full size. However, herbivory dropped dramatically over a few days after leaf
reached full size (Fig. 5A). Furthermore, dynamic change of percent of damaged
plants was similar to herbivory when leaf is developing (Fig. 5B). Thus, leaf tissue

loss to herbivores was concentrated during a short window of leaf expansion.

Relationship between leaf traits and herbivory

Herbivory was positively correlated with water content (Fig. 6, y=66.6+5.86x,
r=0.65, p=0.016). However, herbivory has negatively correlations both with LMA
(y=0.006-0.001x, r=-0.62, p=0.023) and toughness (y=535.5-175.9x, r=0.51, p=0.03).
No relationship was found between herbivory and chlorophyll content (r=-0.03,
p=0.91). Thus, herbivory was strong correlated with water content, LMA and leaf

toughness during leaf expansion.
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Fig. 6 Relationship between herbivory (cm®d") and leaf traits while leaf are young. Herbivory is positively
correlated with water content (y=66.6+5.86x, r=0.65, p=0.016). And hebrivory are negatively correlated with LMA
(y=0.006-0.001x, r=-0.62, p=0.023) and leaf toughness (y=535.5-175.9x, r=0.51, p=0.03). There is no correlation

between hebrivory and chlorophyll content (r=-0.03, p=0.91). NS indicates no significant correlation.
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Discussion

Leaf production may also be an adaptation to avoid herbivory (Coley and Barone
1996). Tree species that were more synchronous were less likely to suffer insect
damage to young leaves (Lieberman and Lieberman 1984; Aide 1993), suggesting that
leafing synchronously is advantage to reduce herbivory. In this study, S. superba
produced leaves out of synchrony (Fig. 2) indicates that the species did not use
synchrony leaf production as a defense to against herbivores. Leaves of S. superba
need 27 days to reach full size from bud break, indicating leaf expansion rate of the
species is low. Although low leaf expansion rate should increase the period of
exposure to herbivores of young leaves, the study suggested that the species were not
suffered more insect damage in the forest than plants in tropical (11.5%; Coley and
Barone 1996) and Australian subtropical rain forest (11.3%; Lowman
1983).Furthermore, lower leaf expansion rate may result from the low temperature
and absence of solar radiation in the forest due to long time spring raining in the site.
Likewise, the development of herbivores might be restricted under the conditions.
Leaves that are low expanded also indicate plants invest less nutrition to leaf growth.
Reducing nutrition investment may decrease the negative impacts of a given amount
of herbivory, an idea analogous to delayed greening as a way to decreasing energy
losses (Kursar and Coley 1991, 1992).

Many forests have been recorded to be seriously attacked by herbivores during leaf
expansion (Pimentel 1988, Coley and Barone 1996). And rate of herbivory is variable
in different species. Rate of herbivory on young leaves of S. superba is 7.9% that was
higher than mean herbivory rates of trees in temperate forest (1.9%), but lower than
that in the tropics (11.5%) and Australian subtropical forest (11.3%). Rates of
herbivory expressed by cm’d’ were similar with percent of damaged plant in
dynamics of herbivory during leaf expansion. They both reached peak values when
leaf is fully expanded (Fig. 5). It means plants and leaves were both most attractive to
herbivores when leaf is young. Young leaves have significantly higher water content
and lower leaf toughness due to the low cell wall in growing cells and lower leaf
toughness. Those leaf traits enhance the attractiveness of young leaves to herbivores.
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Toughness is a particularly effective defense that reduces nutritional value of the leaf
and presents mechanical problems for chewing insect (Lowman and Box 1983; Coley
1983; Juniper and Southwood 1986). However, young leaves cannot toughen until
leaves have reached full size and cells are no longer expanding. The higher the water
content, the higher rates of herbivory (cm’d”) were. Rates of damage dropped
dramatically when water content depressed rapidly after leaf expanded fully.
Regression analysis showed that herbivory on young leaves was significantly
positively correlated with water content but negatively correlated with LMA and leaf
toughness in spring, consistent with our suggestions mentioned above. It means that
leaf traits are key factors to influence herbiovry patters during leaf expansion.

The changes in herbivory of poorly defended shade-species are usually very
dramatic due to the toughness of mature leaves when leaf reached full size (Kursar
and Coley 2003). Thus, the dramatic changes in herbivory on young leaves of S.
superba might result from poorly defended young leaves of the species during leaf
expansion (Fig. 5). On the other hand, insect herbivores can alter their time according
to leaf development in order to improve survivorship (Aide and Londomno 1989).
Herbivory is low at the beginning of expansion due to base instars of larvae. Young
leaves were devoured by rapid growing larvae may result in high leaf area losses
when leaf reached full size. And larvae that would be advanced reduced herbivory on
leaves within a few days as soon as leaf was fully expanded. Thus, dynamic change of
herbivory during leaf expansion may result in part from the effect of leaf traits.
Undeniably, development of larva should responsible partly to the pattern of
herbivory.

In general, the changes in herbivory were significantly correlated with dynamic
changes of toughness, water content and LMA during leaf expansion. S. superba may
be a poorly defended species during leaf expansion in the forest. It is not known
whether secondary metabolites are used by juveniles of S. superba to defense

herbivores in the site. Clearly this issue needs a great deal more attention.
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