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B E [B&] RO ASEE ™ A i B 0 T AN A0 U AUV BERR A R L ( Bottom-up
impact )" SNBSS S0 [ Fik ] XFASIR] & 05 T AR 05 N AMEEAT L F1#% Quercus fabri A
Pk Q. serrata iy 12 M IIREVARIEATINGE , 45 S 27 A LB RO S, A0 pr i BN 530 2%
ROV TR s, [ &R (1) FIBRRBRAE A 5] 18 BRI 1 N AMRE AT b 10 7 A %% B O 2% 5
(P>0.05). (2) FAMRAYIF0S BEAMIARAY 28 200 15 B IS T AU B35 IEASE (P<0.05), HRRAYAT T
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MR L 5 Fho (4) B dOBUECRE By IS N AT B 255 (P>0.05), (H 2Bl 15 0 T AR A 1S K
A%, HEMRRT RS R AR AL R ARG (P<0.05), SARMRAYIFARER | i AR L I
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FHIE (P<0.05), [ SEiE ] A-BEm i fbis s i £ 0 10 25 5500 /N BE W) 00 5 i 80 () R VR 2050 55 40 A, B 5 T
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The effects of habitat fragmentation on the distribution of gall wasp
host plant and the number of cynipid gallsin Thousand Island L ake

YANG Jian-Zhou CHENG Zi-Chen LONG Cheng-Peng WANG Yi-Ping"
(School of Forestry and Biotechnology, Zhejiang A&F University, Hangzhou 311300, China)

Abstract [Aim] To investigate if the island area and island edge effects caused by habitat fragmentation can have a
“bottom-up impact” on the distribution and structure of the cynipid gall wasp community. [Methods] Twelve sets of
functional leaf traits for Quercus fabri and Q. serrata were measured from sample belts interori and on the edge of different
sized islands in Thousand Island Lake. The influence of the area effect and edge effect on the gall wasp community was
analyzed using the combined number of gall wasps on host plants from all the sample belts. [Results] (1) There was no
difference in the distribution densities of Q. fabri or Q. serrata between the interior and edge transects for the different sized
islands (P>0.05). (2) The nitrogen content of Q. fabri and the chlorophyll content of Q. serrata showed a significant positive
correlation with island area (P<0.05), while the leaf dry weight of Q. fabri and the leaf thickness of Q. serrata were
significantly negatively correlated with island area (P<0.05). However, there was no significant difference in leaf functional
traits between the island edge and the interior for either species (P>0.05). (3) The gall wasps present on Q. fabri and Q. serrata
all belonged to the genus Andricus, of these three species were found on Q. fabri and five species on Q. serrata. (4) There was

no difference in the number of gall wasp galls between the interior and edge island sample belts (P>0.05). However, the
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number of galls increased with island size. Gall wasp number was significantly positively correlated with the leaf nitrogen

content, leaf area, and specific leaf area of Q. fabri (P<0.05), and with chlorophyll content, leaf area, and specific leaf area of

Q. serrata (P<0.05). In contrast, gall wasp number was significantly negatively correlated with leaf tissue density (P<0.05)

and significantly positively correlated with the first principal component for both tree species (P<0.05). [Conclusion] The

island edge effect, resulting from habitat fragmentation, did not have an obvious effect on the community structure or

distribution of gall wasps. However, the island area effect influenced gall wasps by affecting their host plants. Gall wasp host

preference for egg-laying and gall formation is related to the ability of host plants to utilize light resources.

Key words gall wasp; area effect; edge effect; leaf functional trait; bottom-up; gall

— N EAESL AR N S E SR &
520 T Bl 53 F R 2 A BB S i /N FRAE B
AR AE b TH A AR MR VR s A AR AL 7 X AE SO
RSP E— DS LM AR S ( Laurance,
2008; Maldonado-Lopez, 2016 ), A [F12& 5% A @1,
T RN, . R ES AW ( MacArthur and Wilson,
1963 ). 5L ( Beecher, 1942 ), 555 itk
( Williams, 1964 ) DL JeA: 35 %0 (Fahrig, 2013)
RV ARARER 1 o Forb, TEIRRASON RN ik 2% 500
M AR RS 2 AT ) (Rossetti
et al., 2017; Griffin and Haddad, 2021 ), ##11f A
HEBRETWE —ERR, B RERET R
HEEZNEN . SR, AL S XY RV
A Z R, B STH RN, 55k
YIRS PSS 4 (Kittelson et al., 2015 ),
oY B — AR AR i R SRR AR ( Pérez-
Solache et al., 2023 ), F-VE A HE Y i 0 B e 7
B, fgilad oA H BIE AL RIE N ARIREE, X
SN TR 52 M 3 sk i ) i M BR ) A T R R
ok ( EEHE, 2020; Garcia-Jain et al., 2021 ),
MEER R SHEYCREY], Hh L arkR
WP B, X TS SR T AR A
R IR ( Bagchi et al., 2018 ), filln, &
iR 44188 Eurosta solidaginis 11:7E 431k
PEA PG T S B AE Y A7 A2 ( Torgerson et al.,
1993 ), KL, N2 B g A SE e e L&
PEA: VB T 10 2 I AR KRR B 38 2o 627 A
FeAE = “H MR B9sm ( Stone et al.,
2002; Askew et al., 2013; Maldonado-Lopez €t al.,
2015 ), P 2 H Hymenoptera B84 SR}
Cynipoidea #L1H} Cynipidae —ZR4FIKE &,
i H JAE—Fh el LR L ZAEY) L34, PRk
TR AR ) 7 A R St ZH 21 Aot (585,

2012; BHIE, 2021; A4, 2023 ), i T
TEZF FHY R EREON R —, I H a4 5 S 1Ed
Py 1 BT B S OB, X (AR E AT R PSR )
HEAOCR IR Z — ( Maldonado-Lopez
etal., 2015 ),

HR, [ P oG T A 35 0 AR A G 352 mie) s i A=
VIR0 o R T W A B e A Xo B e
ISR , ASBIEFEAE T 5 ) v S R e DX I
B i By 05, 38 U AR T (1) 0
4fi (Eliason and Potter, 2000; Maldonado-Lépez
etal., 2016 ), MIRFLL IR (1) 4550k
R4 51 & i TR AR AN DL R 30 25 30 0 2 75 3 1) B
FAEY I (TR S5 A A AR R

( Bottom-up impact ) [A5ZI7 (2) WIHZE, 7
FAEY) A IR L Ty i R 25 5 R e Y e R 0

1 MBS

11 HRXB|ASHREE

T 5 T e po i B (29°11-
30°02'N, 118°20'-119°20'E ), LA AZ 51l
Mi%4% . BTN LEAERAEIN, T8N
S 5 3 LTS T, T R A — 3, SR TIT AR B
AL FEAE -5 ( Zhang et al., 2007 ). 5 F HR
M FE, ARSI PR, Kb
£k Quercus fabri AR Q. serrata i 437 A2 &
ST AR 52 ( PIEESE, 2008 ), JEAF5E A BRI
AR e 5 i) 1) R A R

0T 5 WA AL I DX Pk AN [m] T AR 0
K HAY M (0.1 hm®), /N (0.4 hm? ),
5 (2.0hm®) FIKS (8.0hm®) 4 MARFJZX,
FER A B AL AR BE D IR 7Rk AL 3
AN MBEE K 100 m, T8 4 m (OREF, %
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B R E S S5 E AR R X RO E e, B3EA 1
XFLA B B0, FEHE Z PR B KT 100 m
( Schoereder et al., 2004; E/8, 2022 ), L i B
S (1) TR/ 1 X5 (2) Wi 2 X

(3) K& 3 X%, RHRFERAEIR—8E, &
(1) 3 (2) 34/h; (3) 24
B (CHrp—AS 05 g — Xy ); (4) 1 4

12 BERERFEMFRENUE

2023 AFHFR 2 AR, e, Hl R
AR Z5r e 1 A YARAE 93 32 AR ATAR
RIS, JENTRsm 4R ) 50 i b4 gt
( Garcia-Jain et al., 2021 ), X+ 3 H % 4 AA]#
e A 2 A g R SR — UK o B IR B A i

Ry HBRTRMRERIILE 1.

x1 HRRE
Tablel Sampleisland setup

[R] /D58 43 AR AL A A 10 SR AR AR R
], BpuGE . VEMTFESERELR. 25,

T A PP IE S5 43R 5 0 ) b 24 ( 58,
2012 ),

wi () PO g 5 T AR SN RERER (S 2), M
Name Area (hm?) ample transeet \p mper Sy SANARR R} =800 H ) =
(pair) TEAREERI IR 24 5-10 7 JoH s e
{#X% Tiny island 0.1 1 3 UL A Tae v =R I A L B A R o S
M Smallisland 0.4 : 3 B HIE (IR HUBRRT M (8 . ( Leaf Fresh
;I;”';J Middle 1lsla(111d zg § ? weight, LFW ), 2R ( Leaf thickness, LT ),
iy L i . . S J0 SFHT g
i fdiF SPADS02 {5485 504 22 I 7 A3 7 -2 3%
®2 EYHIhEEMEIR
Table2 Plant leaf functional traits
PIRERER A B
Leaf functional traits  Units Meaning
A& R LNC gke SR A HR R A KA 5 (IR, 2022)

Related to photosynthetic rates and plant growth metabolism

Affecting the exchange of substances and energy between leaves and the external environment

Affecting the exchange of substances and energy between leaves and the external

Wk & it LCC gke” SR FEGA X (BHBGE, 2021)  Related to plant longevity
kAL C: N SR RIS Tk RE ) ( RIEHRAE, 2023 )

Reflecting the plant’s ability to assimilate carbon from nutrients
i E LFW g S5HY Y4 % Related to plant biomass
i+ LDW g SHEYAY A Related to plant biomass
A LA em’ A S ANRIEA T R A AR R S (2K A4, 2012)
mHEEE LT cm SR A0S T ) RORT RE B 1Y 2T

environment
M4pE CC SPAD 5y¢&VEHE % Related to photosynthesis
HeRT AL SLA em’g!

T FA R LDMC g8
MR FH LV cm’

M4 LTD gem

SABFRDETIRARE A (KR4, 2012; HEL, 2021 )

Related to the capacity for efficient utilization of light resources

YA B IR EE A % (Wilson et al., 1999 )

Related to the plant’s ability to utilize resources

SHEPMA YA L Related to plant biomass
SV IR A (ORI, 2020 )

Related to the plant’s physical defense capabilities

LNC: Leaf nitrogen content; LCC: Leaf carbon content; C : N: Carbon to nitrogen ratio; CC: Chlorophyll content; LA: Leaf
area; LFW: Leaf fresh weight; LDW: Leaf dry weight; LDMC: Leaf dry matter content; SLA: Specific leaf area; LT: Leaf
thickness; LV: Leaf volume; LTD: Leaf tissue density. F#[f], The same below.
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1 ( Chlorophyll content, CC ), i FHAHMLEIH
R (fEfE SD APLEE B JE 90 mm FE Rk ),
T E{% AL B (Adobe Photoshop 2023)3 5 H: fir
B R, UG ERR/DLE T (Leaf
area, LA) (ZJGIR, 2021 ), KEprfnt 54,

A 105 CHEIRAAATF 20 min, ZJEHA
75 CHURM ML ZEE, FREM T8 (Leafdry
weight, LDW ) ( &2, 2017 ), HHE LA
1 ( Specific leaf area, SLA ) ( M/ ),

T¥ it & ( Leaf dry matter content, LDMC )

(M-FE/mEEE ), H{AFH ( Leaf volume, LV )
( TR R ) R 2H 2% B ( Leaf tissue
density, LTD )( M- H/MHAF)(HBGL, 2021 ).
ok A A — UG AY | ] — 3 EF f]—2F R
LT IR G 3 4, "HEEKRT 1.5
g, EB RN ZAKIEAYBHL 2 7 E v R4
%( Leaf nitrogen content, LNC )14 fk & &#( Leaf
carbon content, LCC), 5 AR%A L ( Carbon to

nitrogen ratio, C : N ),

1.3 HESH

TSR ARRARRET b R FIARAR A SR, ol
STREAR t KRB FT ANOVA AN K 7 22004, Kk
AN T RRURIAS [R5 5 1) AR SR 11 285 25 5
HEIAASC D=HN/TA, Hh D RRFHE,
HN $52F EEWECE, TA MR,

HIGEAHT, B R IREAE A TR R A
B In(x+1) o AR STAEAS t K250 704 5 05 AR
ARt L R D RE R R R B Y 25 57
fii 1 ANOVA B[N 2 5 22531, LA e/ i
EVEE T TR 2 E LR, R0 5 0 T AU
T REMIR AN B R 50 5 SR ] Pearson AH
AT, K 36 OB S A PR 2 [ R A O
6 25 I v 07 N = il s A 0
REPEIR LR G155 (ORI, 2022), DIBRAckEy
B HAE S — F2 ol A A5 o VR A AR i 5
B 4T Pearson AHFMES#Hr ( Ramos, 2019 ),
HE— G UF T Dy RE MR S AU R Z A R
B BRI 4 IBM SPSS statistics 26 |
AT, BB 4HIfE F WPS office 2023, Origin
2021 IR 4.3.2,

HRESH

21 HEHEWEE

VSN R T AR [ 2F AR 2R (R 3 ),
FIRRSE FETE N /MY B (t=1.135, P=0.269 ) FI7E
ARSI F (F=1.679, P=0.203) L%
2% (R 4, £ 5); [FH, HWEEEEENI

®3 ARBSHEFEEVEE
Table3 Host plant density on different idand transects

BUSEAR(hm® ) FERACE  OEE MR
Island area Transect ~ Density of Q. Density of Q.
(hm?) position fabri srrata
0.1 4l Edge 0.0100 0.0200
0.1 4 Bdge 0.0125 0.0150
0.1 s Edge 0.007 5 0.0250
0.1 N Interior 0.0225 0.0200
0.1 N Interior 0.0125 0.0325
0.1 N Interior 0.0050 0.0125
0.4 4 Bdge 0.0150 0.0100
0.4 4 Bdge 0.0200 0.0200
0.4 s Edge 0.0150 0.0150
0.4 M Interior 0.0100 0.0150
0.4 M Interior 0.0150 0.0250
0.4 N Interior 0.0200 0.0150
2.0 A Bdge 0.0150 0.0400
2.0 4 Bdge 0.0125 0.0100
2.0 s Edge 0.0175 0.002 5
2.0 N Interior 0.0175 0.0050
2.0 M Interior 0.0150 0.0125
2.0 N Interior 0.0125 0.007 5
8.0 4l Edge 0.0175 0.002 5
8.0 4l Edge 0.0200 0.0050
8.0 s Edge 0.0100 0.0050
8.0 M Interior 0.0050 0.0100
8.0 M Interior 0.002 5 0.0125
8.0 N Interior 0.0050 0.0100

SO SN AR AR LR B 3 G B R A
JRAE
The terms “edge”and “interior” denote the arrangement of
transects edge and within the sampling island, respectively.
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x4 BISHETFAZME OV, MENEEERSNT
Table4 Density difference analysis of Quercus fabri
and Quercus serrata at interior and edge of theisland

x7 BUISHISHEMEHIIEERERS T
Table7 Difference analysis of leaf functional traits of
Quercus serrata between interior and edge

B E dof t{H t-value P{H P-value
H#k Q. fabri 22 1.135 0.269
itk Q. serrata 22

- 0.161 0.873

x5 AEZISEREBHK. HIENEEZERSH
Table5 Density difference analysis of Quercus fabri
and Quercus serrata among different island area

HiE df F{H F-value P{i P-value

FIR Q. fabri 3 1.679 0.203
Hikk Q. serrata 3 2.733 0.071

fiE (t= -0.161, P=0.873) FITEA RS 05T
ME (F=2733,P=0.071) W LB EMHER,

22 RIS S ERBR T EEWH I
BEMER Y R

221 BBPMIEFEEDM IR
XT LG 5 3 2 F R L BR (3% 6) FMadR (3%
7) WD REPE R A KB, D REPEIR 2 (R TG
WEZS (P>0.05 ), SR F R AR X
2 Fhar EAEY RN

2.2.2 TETRRA X B F AE W Ih se 1R Y 22 i
AR B S 0545 N S (0.1 hm? ), NS
(0.4hm*). H (2hm?), K& (8hm?®),

*k6 RISHEESRLZEHMHIIEERERS
Table6 Difference analysis of leaf functional traits of
Quercus fabri between interior and edge of island

IR HER HHE i P i
Leaf functional traits df t-value P-value

S LNC 22 -0.509 0.616
B S B LCC 22 1.815 0.083
AL C: N 22 1.233 0.231
m£kE CC 22 1.898 0.075
T AR LA 22 -0.115 0.910
M EH LFW 22 0.844 0.408
"+ LDW 22 0.867 0.395
45 i LDMC 22 -0.400 0.693
HormE A SLA 22 -0.438 0.666
SR LT 22 1.060 0.301
AR LV 22 0.561 0.581
2l 4% 8 LTD 22 -0.398 0.694

D BEPEAR AfE  tfEH P{A
Leaf functional traits df t-value  P-value

MAEE &= LNC 22 0.851  0.404
Mk & LCC 22 -0.568  0.575
WAL C:N 22 -1.030  0.314
M4k CC 22 -0.458  0.652
AR LA 22 -1.440  0.164
e FE LFW 22 -1.657  0.112
"+ & LDW 22 -0.245  0.809
- T# 5T % & LDMC 22 1.033 0313
Fom T AR SLA 22 -1.054  0.303
nJELRE LT 22 0.479  0.637
AR LV 22 -1.346  0.192
L% LTD 22 0.915  0.370

FRRER S LA S E (B 1. A) B3
mFMES (P<0.05); 764 DAFES 5L,
FRERR MBS (B 1: B) FgRALL (K 1. C)
TR #EER (P> 005); Mgk (K 1. D) #
TS AR By TA) 25 5 26 (P < 0.05 ), FLFifi ) 05 1
UM /NG EEERA T EA (B 1. E)
A6 w( ] 1 F )82 s T A 3 41( P < 0.05 );
s BT E (K 1. G) 508, higfik
MEZEFEE (P<0.05), B/, RS
] JE R 25 (P> 0.05); M8 A AT
e (E 1. H) BFST/hEAHE (P <
0.05), HSRETEEES (P> 005); %L
M EEIE AL (B 1: 1) BTN PSR
B (P<0.05); HEE (K 1: G) 78 4 A1
AL [ JC i 225 (P> 0.05); fEMAR (K
1: K) FIMH8U% R (K 1: L) b, /NS5
BAKSEEREE (P<0.05),

¥ 5 05 AR HEAT H AR BB A S, R
Pearson FHICPEHT N, 05 TEIA AR I
RAoBEEFELEME (P<0.05) (K2 A), 5H
M R E A (P<0.05)(F2: G), il
Bl A S W TR K, AIBRA RS R, et
TR,
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E1 ARBBERTEFEHIIEERNESR
Fig. 1 Differencesin leaf functional traits of Quercus fabri between different island areas
A-L Jpi s 7 A AR IS TR 73 4RSS R 25 0F T, EUBRIRIR RS 12 J00H- 5 D RE PR e B 4 22 53 1k
K] ANOVA K 3R J7 22 93 L Kt/ N 25 P 22 ik e AT R m Z B B RPN TRD NS PR R 22 5 35 (P < 0.05 ),
LRRFNHLL, BLMRFMEL, K 3 ME 6 [H., D P Adaflith SPAD ER M A 652 Fl
940 nm P IBOLE 2R, BB R R b, TR,

A-L demonstrate the variability exhibited by 12 leaf functional traits of the Q. fabri, grouped according to island area,
respectively. Different lowercase letters in the figures indicate significant differences (P < 0.05) by ANOVA single-factor
analysis and the least significant difference method for post hoc multiple comparisons. Solid lines represent the median,
while dashed lines represent the mean. The same for Fig. 3 and Fig. 6. In panel D, the SPAD value on the vertical axis

represents the differential absorbance of leaves at 652 and 940 nm wavelengths, where higher values indicate greater
chlorophyll content. The same below.

FFAREREUE (1 3), S EEE (K EHAMBRZ A S E LR EES (P>0.05);
3: A) BEMTHESR I ANEARE (P<0.05), RS E (K 3. B) BEMRT/NGAIR
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Fig. 8 The correlation between leaf functional traits of Quercus serrata and the number of galls
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Fig. 10 Principal component analysis of 12 |leaf functional traits of Quercus serrata
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