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China, which has led to high levels of concern over the safety of agricultural products by the Chinese public. Thus, to solve
the agricultural pest problem, there has been a movement toward the implementation of environmentally friendly agriculture,
which benefits the health of both human and ecological communities. A number of studies have suggested that predators are
the key natural factor for regulating and controlling pest populations. To help construct beneficial habitats in which predators
can live and reproduce, scholars in countries outside China have conducted a large number of studies and trials on habitat
restoration that focused on various issues, such as habitat selection and the diversity of predator species. However, few
similar studies have been conducted in China, with few studies reporting how wind break forests regulate the ecological
communities in agroforestry environments. This study evaluated the habitat selection and natural enemy function of the
dominant predator in the agricultural fields in China, and analyzed the regulatory effects of shelter forests on the distribution
of predatory insect populations in agroforestry environments. The aims of this study are to demonstrate that shelter forests
could provide refuges and alternative food for the development and survival of natural enemy population, and to provide a
scientific basis for the further investigation of natural enemy resources and proper utilization of non-crop habitats in
agroforestry environments.

This study investigated the habitat selection and natural enemy function of Chrysopa pallens Rambur, the dominant
predator in the agricultural areas of Northern China. The investigation of habitat selection, oviposition sites, and
overwintering sites in agroforestry systems including crop fields and shelter forests led to several conclusions. First, the
adults of C. pallens were proficient in chasing aphid prey, and the larvae also exhibited clear spatial predation, capturing
aphids at different spatial levels (spatial niche overlap index: P, . ¢..> 0.65). The predatory stage of C. pallens was

synchronized with aphid emergences ( temporal niche overlap index: P < 0.65). Second, forest belts adjacent to

Fgg - Temporal
agronomic fields were the main overwintering places for C. pallens after the autumn harvest (P, = 0.001, « = 0.05),
which was important for maintaining the C. pallens population. Third, by cocooning as prepupae to overwinter in forest
belts, the larvae of C. pallens primarily used bark cracks, topsoil, and fallen leaves and branches as overwintering places.
There was no noticeable preference among these three types of overwintering habitats (P, = 0.466, a = 0.05). Fourth, C.
pallens migrated seasonally due to changes in habitat preference. During crop growth in summer and autumn, C. pallens
migrated from forest belts to agronomic fields, preferring soybean and peanut habitats, where high-densities of aphids first
appeared (LSD: P, = 0.005, o = 0.01). After the fall harvest, and during winter and spring, C. pallens generally
occupied forest belts, which were the only places left to overwinter after the crops were harvested. C. pallens preferred
poplar coppice shoots, possibly because of the high aphid densities that occurred during early crop growth, which might
serve as alternative food for survival and reproduction (LSD: P, = 0.002, « = 0.01). Fifth, the preferred oviposition sites
of C. pallens differed with habitat. In agronomic fields, eggs were laid from June to September, preferentially on peanut and
corn plants, where high aphid densities would provide stable food sources for larvae (LSD: P, = 0.007, « = 0.01). In
forest belts, oviposition mainly occurred from May to July, preferentially in the poplar mixed forest belt, which provided a
safe environment, in addition to be stable and diverse food sources (LSD; P, = 0.038, a = 0.05).

This study showed that both adults and larvae of C. pallens exhibit clear patterns of aphid chasing behavior. In
addition, shelter forest habitats that were stable and complex under natural conditions might provide an important refuge for
C. pallens in agroforestry environments when the landscape changed sharply after crop harvest. Thus, this study also implies
that non-crop agroforestry system habitats are essential for the ecological regulation and management of agricultural pests
because they provide a refuge for and improve the survival of natural enemies. Therefore, emphasis on cultivating forest belts

in agricultural fields may be vital for the protection and maintenance of natural enemy populations in agricultural systems.

Key Words: Agroforestry; Chrysopa pallens Rambur; Habitat selection; Chasing behavior

http ; //www.ecologica.cn



23 4 Wl A AR 5 BRI R e A 5 0 PR M 1) B R I Bk R 3

T DI AF oA A 255 1 R AR 7™ i B ity B A2 IR BB 518 T AR 20 T ™ i 22 A i 0 R =
MG RBERTE . Stk (LA AR AR ERIR A B2 AN IS B A BEA M 17—l A phe th 367 R 50 REL e, R Y
BAF5E R BIUE R I RO VA1 042 1 7 sl Fh e Ak 11 foe RS IR TIH W BB K
RS B R T RECEAT A B R WS Rl SRSCRAES X4 B sl W R B v 11
AT TR R AR BT D REUR Y SREE IR AT T RGBS A AR RS
Pl i) BRI FERE U AN R R ROl AR PR T A (ER X ] A AOPR B 5 A 35 R B ) A 25 9 4
PSR A A RA BB FIIRIE

Pl SR b A DR DAL 3R B B L —— R i AR SO A R P 2 0 28 70 I e R 3 7 0 P e 2 e R e 0
R TOE BERLRE I T 2 A BEIFIT , R It Aty FE MR A 85 v A 250 4 iy M S AR T AT 1 0B, et 1 4T
XA R AT R Pl ) A bR S PR R, o AR IX o BRI A AR S R A (5 SRS 254 1

1 HREE

1.1 U XA A
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AT 0 Hb o7 A TT G A S T 48 B AR R A (116.25381_°E,39.47413_°N) , iZih X 3 UM e HL A 10 3%
Pef TSR TSR, T SRR I EIFLZ) 20, 000_m®(250 mx80 m) , &FMEYIA 6L KT A%, 15
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Table 1 General characteristics of four kinds of forest belts
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Name Location Breadth Age Height Diameter General forest belt structure
/m /a /m /cm
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Poplar mixed forest belt
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A A B[R] SR B 2.1.2 R A bt Ry B AR H R 5 SUBOREEE B sl A 20 B, 3E51 100 £k, 43 E b R A
SNC R FIRE U gl e DR
2.2 BRI b
221 ABAHHE

(D755 JF ( Niche Breadth) 2% Levins( 1968) 42 H A=,

1

n 2 P,
(1)K B AW i AL TERE  n ARSI IRISF B, P, (P, Fos PRl i IS kS 9050 08 b HA ]
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10 A AVEIRI, AN FIARAVEY) b R IR Fh e B 25 S i 2% (P = 0.000<0.01,a=0.01) , Z 8 HH(LSD %)
EIRRI N 6 I EDE AA I B AW RIS, SR, R O T AR AR H v R B o 4 fd 85 1y 1 oAt =
RAEYI(P=0.005<0.01,a=0.01) , XFBLEAEY)AE A PN A F A 5% b i) R B 8 i A2 K G RAE AR AR
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Table 2 Density of C. pallens cocoons in different crop fields after autumn harvest/ (ind / m?)

H#(A-H) -2 AR 25 Mean density=SE/ (~/m?)
Date/ ( month-day) K& Soybean {£4: Peanut F K Corn % Sweet potato B Pepper hX
12-02 0 0 0.01+0.01 0 0 0
12-14 0 0 0 0 0 0
12-23 0 0 0 0 0 0
)y 0a 0a 0a 0a 0a
F£3 HKEAFRRBEFMPAERENEZE/ (A FHX)
Table 3 Density of C. pallens cocoons in different overwintering places in forest belts
ATFFREE V3 BE bR TR 22/ (AP KD WEMES P s
Environment Mean density=SE/ (ind / m?) Statistical significance at Py s
3£+ )2 Topsoil 0.05+0.03 a
Hi FAG AL JE T Fallen leaves and branches 0.03£0.02 a 0.466
4 iz 44% Bark cracks 0a
R4 TRKREMPRELTE/ (R/EFK)
Table 4 Density of C. pallens in different crop fields
HiW/(H-H) S35 B AR fE IR 22 Mean density=SE/ ( H/m?)
Date/ ( month-day) K Soybean 164 Peanut Tk Comn F1% Sweet potato il Pepper by
04-26 0 0 0 0 0 0
05-08 0 0 0 0 0 0
05-29 0 0 0 0 0 0
06-13 0 0 0.20+0.20 0 0 0.04+0.04
06-26 0 0.40+0.15 0 0 0 0.08+0.02
07-10 1.95+£0.54 2.00+0.30 0.30+0.21 0 0.13+0.09 0.90+0.47
07-17 2.88+0.28 3.20+0.47 0.90+0.28 0.40+0.40 0 1.51+0.68
07-26 0.56+0.29 0.20+0.20 0.20+0.20 0 0 0.16+0.12
08-10 0.13+0.09 0 0.10+0.10 0 0 0.04+0.03
08-19 0 0 0.90+0.19 0 0.27+0.18 0.29+0.21
08-28 0 0 0 0 0.07+0.07 0.02+0.02
09-07 0.07+0.07 0 0.20+0.13 — 0.20+0.14 0.12+0.05
09-19 0.27+0.15 0 0.20+0.13 — 0.20+0.14 0.22+0.02
09-29 — — — — 0.20+0.11 0.10+0.10
10-14 — — — — 0.07+0.07 0.07+0.07
> 0.62+0.12 a 0.61+0.31 a 0.27+0.07 b 0.07+0.07 b 0.09+0.03 b
—fERAA P ENCH

3.2.2 RIS XIAAT A

X UMY A B A3 A AR A 45 2R (3R 5) R, A 4 I MER & 2 2 10 H A VERIRKI, i i 2k
R W 5 B2 R s o BRI R (B x HLIT) O 22 70 4 SR B, 76 B 5 A i [ B A, AS [ ARty e i
WRE 22 S 5 (P=0.000<0.01,0=0.01) , 223 HAE(LSD ) 45 53 W . 76 2 ik 1) B PN, A i S bk b ok
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WA FE 2 T = AN (P =0.002<0.01,a=0.01) , LA B 4 AR P R BE 04 955 5 7 8 25 97 38 5 7 10
(4263 5H8HS5HA29H 9 A29 HF 10 A 14 H) B35 THER B, xEWAEHEAKBRT SEY
R, 04 B S5 A G A A AR B 2R AT . 5 7 VB W A= R P, R A 358 P 18 R R 8 Al - 7 A ) 1 45 R 1A
1:@;%\0

x5 FAEARFEHARERZE/ (R/H)
Table 5 Density of C. pallens in different forest belts/ (ind / plant)
S B R UETR 22 Mean density+SE/ ( H/#R)

ij?fn(oi{,i;w BRI A AR B B o Ak
Poplar mixed forest belt Mature forest belt Intermediate-aged forest belt Poplar coppice shoot
04-26 0 0 0 3.85+1.68
05-08 0 0.07+0.04 0 5.27+1.04
05-29 0 0 0 2.93+0.74
06-13 0.07+0.04 0 0 1.73+0.30
06-26 0.13+0.09 0 0 1.20+0.46
07-10 0 0 0 0.27+0.06
07-17 0 0 0 0
07-26 0 0 0 0.13+0.09
08-10 1.40+0.54 0 0 0.20+0.08
08-19 0 0 0 1.00+0.32
08-28 0 0 0 1.40£0.11
09-07 0 0 0 1.53+0.16
09-19 1.73+0.60 0 0 2.33+0.09
09-29 0.67+0.19 0 0 2.87+0.34
10-14 0 0 0 0.87+0.18
hX 0.31+£0.01 b 0.01£0.01 ¢ 0c 2.16+0.19 a

3.3 AN O Ml g 1)
3.3.1  1EYH N REDS X ™ B 37 i Y e 4

MR ZE (TEYI> H ) 2250 25 R R2 W, A 6 A Ew#k AEKIN R 10 A VERIES T, R 1 4 AF
WYy RS IR 5 3 (32 6) 22 5 .35 (P =0.000<0.05,a=0.05) , Z T L#(LSD 1) 45 58%0 . N6 A rhf)
F 10 A VEVIRKIC, 464 b0 K b B B9 1 285 B i 28 v T A = A A/ (P =0.007<0.01,0=0.01) ,
X R BIFEAVEY) A I P A T A 5 v ) DR R 8 B B i B A A A L K ™ B

x6 ARKREYWHRERIPHEE/ KB/ FEHK)
Table 6 Density of C. pallens eggs in different crop fields

HiW/(H-H) S5 B AR 22 Mean density=SE/ (BL/m?)

Date/ ( month-day) K Soybean 1E4: Peanut FK Comn 1% Sweet potato il Pepper )
04-26 0 0 0 0 0 0
05-08 0 0 0 0 0 0
05-29 0 0 0 0 0 0
06-13 0.58+0.23 0.10+0.06 1.25+0.52 0.25+0.00 0.23+0.16 0.45+0.12
06-26 1.29+0.25 1.400.48 0.600.16 0.270.18 1.67+0.21 1.1720.13
07-10 1.730.50 10.05+4.18 2.29+1.08 0.7120.36 5.80+1.01 3.79+0.67
07-17 4.0420.73 13.25+3.33 5.70+1.41 0 5.13x1.21 5.22+0.73
07-26 1.29+0.30 0.25+0.08 4.32+1.33 0.09+0.09 0.7320.19 1.51£0.35
08-10 2.1320.48 0.200.09 0.99+0.41 0 0.67+0.27 1.06+0.21
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HWl/(A-H) S35 9% i + AR 1E IR 2% Mean density+SE/ ($/m?)

Date/ (month-day) KE Soybean {4 Peanut F2K Com % Sweet potato B Pepper hX
08-19 1.10+0.49 1.75+0.60 7.14+2.36 0 2.37+0.36 2.65+0.59
08-28 0.77+0.23 0.40+0.29 2.65+0.63 0 1.80+£0.38 1.49+0.23
09-07 0.13+0.08 0.05+0.05 2.85+0.76 — 2.03+0.35 1.36+0.27
09-19 0 0.85+0.24 0 — 1.70+£0.39 1.36+0.26
09-29 — — 0.24+0.15 — 0.17+0.08 0.19+0.07
10-14 — — — — 0.87+0.83 0.87+0.83

2 1.35£0.14 b 3.05+0.74 a 2.81+0.22 a 0.19+0.07 ¢ 1.93+0.18 b
= REAAED EICH

3.3.2 R ISR () B
ARl BAAHE PRI B A A A 25 SR (R 7) R, A 4 A EY & 28 E 10 A B AEIRKI, i 28 AR
B B 2% B AR R e i . LRI R (A B IBT) J7 22 40 BT 285 SRR W HE TR I8 A i (R B P, AS R bRE P R 2
WA U0 2 AT AE N B 22 57 (P=0.006<0.01,a=0.01) , £ LA (LSD ) K. AEEY A K 6—9 AWM,
R 2 AR PN R R 04 B 11 %88 B Wb 3 v T L = 2Rl TP AA R B 35 25 R (P =0.038<0.05,a=0.05) , XKW
TEAE A=A 0T MR A 5 o 0 R B W S A P PE A R 2 AR N 72 B, HLP= IR ey E 2 E S 27 H
*7 TEHHEAAERIEOZE/ (K/H)

Table 7 Density of C. pallens eggs in different forest belts/ (ind / plant)
S5 FE AR HETR 22 Mean density=SE/ (CRi/#R)

ij?fn(oihi:w Rz A WA B L
Poplar mixed forest belt Mature forest belt Intermediate-aged forest belt Poplar coppice shoot
04-26 0.42+0.23 0 0 0.29+0.17
05-08 2.57+0.43 2.17+0.82 1.40+0.56 3.30+1.42
05-29 0.83+0.58 0.30+0.27 0.57+0.35 0.70+0.43
06-13 0 0 0.23+0.11 1.50+0.33
06-26 14.50+0.35 0.37+0.18 0 0.23+0.09
07-10 1.47+0.48 0 0 0
07-17 0.10+0.06 0 0 0
07-26 0.13+0.08 0 0 0
08-10 0 0 0 0
08-19 0 0 0 0
08-28 0 0 0 0
09-07 0 0 0 0
09-19 0 0 0 0
09-29 0 0 0 0
10-14 0 0 0 0
> 1.55+0.43 a 0.22+0.06 b 0.17+0.05 b 0.45+0.09 b

3.4 KRB XA Ay i d s Ok
3401 RERS R R R

ARG AE ZE N A T e, R R A0 o 1 B ) SR AR AR | i 3 AR SRS I AR (3R 8)
B HOR IS B H S PRl 0 B Ry (164.33+4.15) 3k,
3.4.2 KRS YOS VR LU AE B AN

FRI S8 AN ) A, AR SCRE A0 AR FHIEAT TR, s X AE A F PN 0 b 5 R i i IS 25 43 A sh 2 O A5
SR () o AREEPN AT 6 A NAIHEL,7 A A a g d AR G, IR T 7 A 10 HakE)E
ArIE(E ((1906.27+265.21) S/ EAER) ,#EA 7 H Ha) 5 0 R BERCRE TF R I g kb, 311 7 H R A A i i e 3t
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AR s RIS e 6 H N A B, 7 A b A) it B 25 o s 500 (G SR | R e o, b Bl e 4
T 7 H 17 HiRB) A E(E ((8.59+1.91) _H/FkR) , ZJ51E 7 7 ARKEA F R AT 2% | RHEME 1 R A2 i i
Ko HE—IDXF R BEATAHOCHE S0 A5 R (3R 9) SR FEMF A A (7 H 10 H) | RS Bl sl 5 48 AR H i
B SR G (Pearson HHICREL: -0.5175P g, (5= 0.372>0.05,a=0.05) , 3 & B A RE A plg 46 A FH
R B 1 R G RSO

*8 BAXEHRMHAMEYRE/ (L/X)
Table 8 Number of aphids preyed upon by one C. pallens adult in one day/(ind / day)

AV EH TEeE L FEE bR R 22/ ( R/ K)
Mean quantity=SE/ (ind / day)

Results of six experiments

%5 Number 1 2 3 4 5 6
H i doics/ (3k/d)
Quantity of aphids preyed upon in 1 day 161 152 168 164 159 182 164.33+4.15
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Fig. 1 Chronological population density dynamics of aphids and C. pallens adults in peanut habitat
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Table 9 Correlation analysis between density of aphids and C. pallens adults in peanut field habitat

A B[R] WiH Pearson #H5& %L LA 55 M %
Date Ttems Pearson correlation coefficient Sig. (2-tail )
7H 10 H PN -0.517 0.372
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Table 10 Characteristic values of temporal and spatial niches of aphids and C. pallens eggs in different crop fields

SRAESMIEE  SEAESCESRER NEESAEE 18] AR 2507 T S 1 4L

YEH) Crops YIFP Species Spatial niche Spatial niche Temporal niche Temporal niche
breadth overlap index breadth overlap index
S eme
A
m s o931 0.004 o8 01381
?ﬁ Ej%;ﬁ%%ﬁﬂ 0236 0.9657 0556 04195
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