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Effects of landscape composition on abundance of predatory natural enemies and their biological

control of Lithocolletis populifoliella at carbon sink forests in Karamay
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Abstract: The impact of forest landscape composition on abundance of predatory natural enemies (Chrysopidae, Vespidae) and
their biological control of Lithocolletis populifoliella Trietschke is researched, which can provide theoretical basis in applicating
landscape configuration methods to control forest pests. Based on remote sensing image classification maps, the impact of forest
landscape composition on two predatory natural enemies and their biological control of L. populifoliella were analyzed at four
spatial scales (0.25, 0.50, 0.75, 1.00 km) in utilizing principal component analysis and linear mixed effects models. The results
showed that increasing the ratio of forestland to farmland in the landscape of the Karamay carbon sink forests could maintain a
high abundance of natural enemies and increase their effects of biological control. Hence, proper landscape composition boosts the

population of beneficial insects in the forest, and strengthens the capacity of biological control by natural enemies.
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H R FCAE Wy A ) BE 3 00 52 0 A A 22 S (GE IR AE, 2023;
Rusch et al., 2010; Schellhorn et al., 2015; Vandermeer et
al., 2010) o PH, 7855 0RO b A AR 45 A8 2 1 o AR
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Fig. 1 Distribution of sampling sites in the research area
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Tab.1 Linear mixed effect model between the growth rate of L. populifoliella population and its natural enemies abundance

i a PN & 8 g A b A 2 8 ol B 49 R A T
Model a Models of natural enemies abundance Model b Models of L. populifoliella in growth rate
1 Y=bstb,D 8 Y\=by+b,D+b,NE
2 Y=b,+b,PC1 9 Y,=b,+b,PC1+b,NE
3 Y=by+b,PC2 10 Y,=bs+b,PC2+b,NE
4 Y=b,+b,PC1+b,PC2 11 Y,=by+b,PC1+b,PC2+bh;NE
5 Y=b,+b,D+b,PC1 12 Y,=b,+b,D+b,PC1+b;NE
6 Y=b,+b,D+b,PC2 13 Y,=by+b,D+b,PC2+H,NE
7 Y=b,+b,D+b,PC1+b,PC2 14 Y,=by+b,D+b,PC1+b,PC3.b,NE

WD R ZREEFE G PC L E 4y 1; PC2. 43 23 NE. RE s i .

Notes: D. Simpson's Diversity index; PC1. Principal Component 1; PC2. Principal Component 2; NE. Abundance of natural enemies.
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2017 4F 7 20 B . &l L Rl He Y Hy 0% RE 43 )
H9(23.66 +6.09) . (25.58 +£5.10), (25.36 + 4.33) 3k /tk;
2018 4F A7 40 M OF . & o e U R R A i o
(23.18+5.31) . (24.37+4.26) | (23.82+4.05) L/BR(F2) .

&2 2017 ££50 2018 ER R MG R OZE
Tab.2 Population density of L. populifoliella within study

area in 2017 and 2018
145 Stage MU %% B /8K Population density
20174F 20184F
5l Eggs 23.66 + 6.09 23.18 £ 5.31
%) 1 Larvas 25.58 £5.10 24.37+4.26
J% H Imagoes 2536 +4.33 23.82 +4.05

T RMEER P HER R .
Notes: Data in the table are presented as "mean value = standard error”.
F 5% b 1) 47 200 S Al B 1 R 32 2 A FE R B Chry-

sopidae Fl#H # B} Vespidae 2 1~ 25 Ff, JL B} 45 Ho At 2
BR3P R B XA UL, 255, RIS R b A2
¥ WS Chrysoperla sinica Tjeder. K ¥ ¥ Chrysopa pallens
Rambur A f # b, & % Bl L 5 9% Vespula vulgaris 5
PHF (£ 3) .

3 2017 570 2018 SRR FIAAELE
Tab.3 Number of Chrysopidae and Vespidae in 2017 and 2018

1 20 38k 7 51 4] o 240 84k &y )
EALe ] gL ]
¥ Fh Species  Oviposition period to larval  Larval stage to adult period
period of L. populifoliella of L. populifoliella
20174F 20184F 20174F 20184
I 1032£2.00 12.69+226 13.58+2.89 9.36=1.75
Chrysopidae
ik 8.00+1.70  6.03+1.31 9.08+£0.52 12.01+1.05
Vespidae
2K KE 1832£502 1672+6.28 22.66+4.33 21.37+£3.56

Two types of
natural enemies

VR PR O I b 1R

Notes: Data in the table are presented as "mean value + standard error".
22 EMHEERS S

SOULRRE o PC 1 A9 IE 207 5 R Bk M AE 1% 5 OE
A, Ho A 2% far 78 0.25 1 0.50 km 5% Ja] B F 5
A T AR 56, FE 075 1 1.00 km RN JE B ) 7
S T B AE O (8 2) o PC 2 BY IF 21  5 A b i B AR
oG, oA s W 5 A BT AR DG (181 2) o Bk, 7E
4 A7 (A RUBE I, PC 2 (1 1F 28 47 3 B2 55 0 b 21 Bl 1) 5%
WAH G, T PC 2 1 f 8 32 2 55 4 B Oy 3 1 5 WL AH
XK(E2).

2 * it Woodland 2] ® ki Woodland
| « JKIA Water 1
*
ol HEA/EA Shrub/herb o Mk Fallow 0 TEA/HA Shrub/herb
-
14 . 14 . YA Fallow
4 Building A4 Building
. -2
2 & &[] Farmland 7Jiﬁ§ Water
4% Ml Farmland
o =34 -3 -y
§ T T T T T T 1 T
2 -2 -1 0 1 2 -2 -1 0 1 2
§ F 431 Principal component 1/0.25 km F 431 Principal component 1/0.50 km
Z
£ 3
£ o
~ * Hkith Woodland N
§ * @5 Building 2 FiIHs Woodland
=4
H .
14 o KA Water
PR Fallow
0 $74E Water o 3£%Hl Building .
0
- * * . -
14 HEA/HA Shrub/herb bbb Fallow 4 JEA/BEZK Shrub/herb
* 72< .
2 Farmland
< H Farmland A Farmland
T T T T ) T T T
-3 -2 -1 0 1 2 3 -2 -1 0 1 2

Fh431 Principal component 1/0.75 km

F2h531 Principal component 1/1.00 km

2 4N ZEREFESUERNERS S (0.25, 0.50, 0.75 70 1.00 km )
Fig. 2 Principal component analysis of landscape elements around four radius scales ( 0.25, 0.50, 0.75 and 1.00 km )
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TE R=0.75 km B 480 & A5 0 f 44 o A DG 1k 43 BT 45 SR 3%
B, REcER 5 PC 1 & 53 R ¢ (P=0.01), 5 PC2
50 TE ARG (P=0.01), 3R B 04 FIBH e 3X 2 28 K RL
FE MR Hb T 7 81 5 g LA FE RO A b AT 5 L 81 1K
B BB R A £ . D+ PC 2 BUE AR AL 7E R=0.25
km () AIC fH7E 4 A2 M RE F IR (R 4), £Y
15 A% 20 8 7 19 35] 22 &)y RO, A R R A /0N 1Y S ]
W, R BRI 25 B 52 3 S5 R o A T RTAR B b T o
LU A5 B4 52 W, A FHORDOR B9 b o Ll ARG, O A 43 o K
F B LR 2L

P 40 gk 4y A3 28 B O R 0 4 AR B A N [
HERE FHARKERGRS ., K f PC 1 #

R=0.75 km | & #5 R % 4, PC 2 7E R=0.50 km 8 5 £
Rk, MR e B, XREgE S PC1 &
i U 52 (P=0.02), 55 PC 2 & 5 3% 1E 41 56 (P=0.02)
(%£5). D+PC2BEMRITE R=1.00 km 1Y AIC {HTE
4 A4~z (] RUBE [ 35 5 IR, 3% W1 76 o 40 ik 4y 3 28 e
LINPN S § R R E N R e =9 L 3
FE RO AR b e o B 8] F) 52 )
24 HHABMBEKR XEHETNEUTEZH
T4 40 0 7 P 3 28 & Ui, 0.25 km &5 A RS |
(1) Fe AR LA A S PC 2, MG/ BT 4 SRR W, iz
W14 20 gk R R3S K R 5 PC 2 & IR 35 1E A 56 (P=0.03),
[IESPNEIEE R ¢ STE Y P 7k L S ]
Z AR, 0.25 km 25 B RUEE B e AR 400G 8D NE,
LR GV 43 25 S 36 T, 2 st 300 A 4 0k o B K R

F4 BGHEEFPHEDRPATEZTEARELNRFHESSULTEL MR SRR

Tab.4 Linear mixed effects model between natural enemies and landscape variables at different spatial scales during the oviposition

period to larval period of L. populifoliella

Yy Fh 4% /km PN S Xt A AR AH % b A7 5 o )
Species Radius Model for abundance of natural enemies Log-likelihood AIC
2 KR 0.25 Y=b,+b,PC2" —48.36 104.71 0.00
Two types of natural enemies 0.25 Y=be+b,( D) +b,(PC1)" -35.77 81.55 0.03
0.25 Y=b,+b,(D) “+b,PC2" -32.58 75.16 0.00
0.50 Y=bs+b,( D) +b,( PC1) " -36.73 83.45 0.01
0.50 Y=by+b,( D) +b,PC2" -34.72 79.44 0.00
0.75 Y=b,+b,PC2" —45.21 98.39 0.01
0.75 Y=bs+b,(PC1) ™ -34.83 79.67 0.01
0.75 Y=bg+b,( D) +b,( PC1) +b,PC2" -34.64 81.29 0.03
1.00 Y=b,+b,(D) " -34.11 78.23 0.01
1.00 Y=bs+b,PC2" ~46.50 101.01 0.02
1.00 Y=by+b,(D) “+b,PC2" -37.05 82.11 0.02
4 R 0.25 Y=b,+b,(PC1)" -49.75 113.22 0.04
Chrysopidae 0.25 Y=b,+PC2’ -37.52 99.86 0.02
0.50 Y=bs+b,(PC1)" -52.97 118.54 0.03
0.75 Y=bs+b,(D) "+b,PC2° -49.71 105.21 0.03
1.00 Y=by+b,(D) ™ —47.33 104.26 0.02
1.00 Y=by+b,( D) “+b,PC2’ —45.01 100.73 0.01
] W Bk 0.25 Y=by+b,(PC1)" —46.58 109.82 0.02
Vespidae 025 Y=by+b,( D) +5,PC2" 4531 99.65 0.02
0.50 Y=b,+b,( D) +b,PC2" —-47.96 103.21 0.01
0.75 Y=bytb,( D) +b,( PC1) +bH,PC2’ —47.02 108.53 0.04
0.75 Y=by+b,(D) “+b,PC2" —44.35 88.87 0.02
1.00 Y=b,+b,(D) ™" —44.42 88.95 0.02
1.00 Y=b,+b,(D) "+b,PC2" -38.23 82.64 0.01

T MR R R 40 240 RUBE 9 B RS 5 5 5 v 9 78 i 3R 7R 5 R OB B2 570 OG5 #3R7m W 3 A OG (P<0.05) 5 *#3R R M ik 3 A1 DG (P < 0.01) 5

D. S Z R #L; PC 1L F 4 1; PC 2. N 20

Notes: Bold type indicates the best model across four radius scales; Variables in parentheses indicate a negative relationship with abundance of natural

enemies; *indicate significant correlation( P<0.05) , **indicate highly significant correlation( P<0.01) ; D. Simpson's Diversity index; PC1. Principal Component 1;

PC2. Principal Component 2.
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Tab.S5 Linear mixed effects model between natural enemies and landscape variables at different spatial scales during the
larval stage to adult period of L. populifoliella

Yy Fp 48 /km PN SIS Xt B AR 4R Il A5 B
Species Radius Model for abundance of natural enemies Log-likelihood AIC
2K KK 0.25 Y=byt+b,(PC1)™ -46.71 101.42 0.00
Two types of natural enemies 0.25 Y=by+b,PC2" —4928 106.55 0.00
0.25 Y=by+b,(D) “+b,PC2" -35.94 86.68 0.02
0.50 Y=byt+b,(PC1)"" —47.42 102.84 0.02
0.50 Y=b,+b,PC2" —41.71 91.39 0.02
0.50 Y=b,+b,D+b,( PC1) " -37.39 84.79 0.02
0.50 Y=bs+b,( D) +h,PC2" -36.72 81.66 0.00
0.50 Y=by+b,( D) +b,( PC1) +b,PC2’ -34.83 83.45 0.04
0.75 Y=by+b PC2" —48.47 104.95 0.04
0.75 Y=by+b,( D) +b,PC2" -37.87 85.75 0.03
1.00 Y=b,+b, (D) " -38.75 85.51 0.04
1.00 Y=by+b,(PC1) " -48.01 104.03 0.02
1.00 Y=bs+b,PC2" —49.74 107.49 0.02
1.00 Y=b,+b,(D) +b,PC2" -34.21 80.39 0.02
4 B 0.25 Y=b,+b,PC2" —43.88 95.11 0.03
Chrysopidae 0.25 Y=bi+b,(D) +h,PC2" -39.25 87.65 0.01
0.50 Y=b,+b,(PC1) " -48.61 105.02 0.03
0.50 Y=by+b,( D) +b,PC2" —40.65 89.37 0.02
0.75 Y=bytb,(PC1)" -41.21 91.27 0.02
0.75 Y=by+b PC2" -43.67 95.38 0.01
0.75 Y=by+b,( D) +b,PC2" -38.75 87.69 0.01
1.00 Y=b,+b,(D)" —42.55 93.22 0.01
1.00 Y=b,+b,(D) “+b,PC2" -35.43 85.17 0.00
] e ) 0.25 Y=by+b,(PC1) ™ -48.21 106.32 0.03
Vespidae 0.25 Y=bs+b,PC2" —45.05 97.25 0.03
0.50 Y=b,+b,D+b,( PC1) " —46.33 104.39 0.02
0.50 Y=bs+b,(D) +h,PC2" -36.52 86.55 0.00
0.75 Y=b,+b,(D)" -39.38 90.26 0.00
0.75 Y=b,+b,D+b,( PC1) " —47.88 105.48 0.02
0.75 Y=b,+b,(D) +b,PC2" -34.29 81.28 0.01
1.00 Y=by+b,( D) +b,( PC1) +h,PC2" -37.26 87.24 0.03
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Notes: Bold type indicates the best model across four radius scales; Variables in parentheses indicate a negative relationship with abundance of natural
enemies; *indicate significant correlation( P < 0.05), **indicate highly significant correlation( P < 0.01) ; D. Simpson's Diversity index; PC1. Principal
Component 1; PC2. Principal Component 2.
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Tab. 6 Model for population growth rate of L. populifoliella s on spatial scales at 0.25 km and 1.0 km

I 39 o 40 S b R G I SR AR
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Period Model for growth rate of L. populifoliella Log-likelihood AIC P
o A % 7 B 391 28 40 480 (0.25 km) Y,=b,+b,PC2’ -1.20 8.16 0.03
Oviposition period to larval period of .
L. populifoliella (0.25 km) ¥i=bs+b PC1+b,PC2 +b,( NE) -3.15 17.34 0.08
o 40 95k 4y AU & R R ) (0.25 km) Y=b,+b,(NE) "~ 0.18 9.63 0.00
Larval stage to adult period of Y=bi+b,D+b,( NE) ** —823 24.46 0.00
L. populifoliella (0.25 km) ” .
Y,=bs+b,PC2"+b,(NE) -7.28 24.57 0.03
Y,=by+b,PC1+b,PC2"+b,( NE) -8.21 28.41 0.01
Y,=by+b,D+b,PC2 " +b,(NE) 0.68 10.64 0.00
Y,=by+b,D+b,PC1+b,PC2 +b,( NE) -0.21 14.42 0.02
Y,=by+b,D+b,PC1+b,PC2+b,( NE) * -3.53 21.06 0.03
o 40 8% %y ] A A e 40 (1.00 km) Y=bs+b,(NE) ™ -0.34 10.68 0.00
Larval stage to adult period of Y,=by+b,D+b,( NE) * .64 17.82 0.02
L. populifoliella (1.00 km) .
Y,=by+b,PC1+b,( NE) -9.10 28.20 0.01
Y,=by+b,PC2+b,( NE) -10.77 31.54 0.02
Y,=by+b,PC1+b,PC2+b,( NE) " ~11.48 34.97 0.03
Y,=by+b,D+b,PC1+b,( NE) " -8.22 24.46 0.04
Y,=b,+b,D+b,PC2"+b,(NE) -1.17 14.35 0.03
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Notes: Bold type indicates the best model across four radius scales; Variables in parentheses indicate a negative relationship with abundance of natural
enemies; *indicate significant correlation( P < 0.05), **indicate highly significant correlation( P < 0.01) ; D. Simpson's Diversity index; PC1. Principal

Component 1; PC2. Principal Component 2.
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