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[BE) ATAHETHMSEERER, 2002 HEE LT EREHE I 4 FRE LW REREREXEDEE
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Functional groups of natural enemies and their temporal-spatial dynamics in jujube orchard intercropped with
herbage. SHI Guanglu?, LIU Suqi', ZHAO Lilin®, CAO Hui', MIAQO Zhenwang®, I.I Dengke’, FENG Jin®,
ZHANG Jiugang® (! Shanxi Agricultural University Taigu 030801, China ; >Key Laboratory of New Technolo-
gy of Agricultural Application of Beijing, Beijing 1002206, China; * Institute of Zoology, Chinese Academy of
Sciences, Beijing 100080, China; *Forest Diseases and Insect Pests Control Station of Shanxi Province,
Taiyuan 030012, China; > Shanxi Agricultural Academy of Science, Taiyuan 030000, China).-Chin.J . Ap-
pl. Ecol .,2006,17(4):678 ~684.

In this paper, an investigation was made on the temporal-spatial dynamics of the functional groups of natural ene-
mies in the jujube orchard 2.5 km west of Taigu (112°8°E, 38°9'N, 780 m elevation), Shanxi Province in 2002,
aimed to work out an effective strategy to control the pests there. In this orchard, four management modes were
applied, i. e. , intercropping herbage combined with integrated pest management (IPM), intercropping combined
with conventional pest management (CM), intercropping with no pest management (NM), and non- intercrop-
ping (CK). The results indicated that the total number of natural enemies in IPM, CM and NM was 187.99%,
151.82% and 210.03% higher than CK, respectively, and the recovery and reconstruction rates as well as the
average breadth and overlap indices of two dimensional temporal-spatial niches of the functional groups were
higher in intercropping modes than in CK. The average diversity index of the functional groups in intercropping
modes was significantly bigger than that in CK, but the fluctuation of the diversity standard error of the function-
al groups was significantly smaller (P <0.05). The fluctuation trends of the dominance, diversity, and evenness
of functional kroups had a significant correlation (P < 0.01) with those of species. These results showed that in-
tercropping herbage in jujube orchard was favorable to the conservation, proliferation, and making use of natural
enemies. The natural enemy’s community in jujube orchard intercropped with herbage was more stable than that
without intercropping, and the numbers and functions of the functional groups were differed with different man-
agement modes and different stages. Among the functional groups of natural enemies, ladybirds had a stronger a-
bility of recovery, while spiders and parasitoids were weaker. It was feasible to use functional groups instead of
species to study the natural enemy’s community in jujube orchard.

Key words Jujube-herbage intercropping, Functional groups of natural enemies, Diversity, Abundance, Com-
munity reconstruction.
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2 HHEEHE

2.1 ZBWIt

REELNEEREGE 10 FAREFHT. R4 T0HE.
A)FREL L2 B 36« 8 Fh R 25 3 8 (Astragalus complanatus ),
GHER, RBESEHRB)REY GG . MARERE
B, wdr B, RBE B EEREORERGE . A RE
WE, G EHE, ARBT R B EH R D) R M A
Brig: REIF R ZERE, REEAREREEEEREY, R
EHALE BT ST BR I EE, B MEETE
RARHE B A/ TF 666 m?, RIRHFIEE A1 000 m. FELFE

Brighd RN G S HIEHEAEL RSB ITME. WA
BN B AR B4 DA S (R A & HURA B, TR A EH R A
WG DR B RWIEIE R R vt ds iy, R 75 8 8 1A
(6 H1s H)5RERAXHFAR(S A 22 H )RR Hi 8 &
B tA RS, 4 & T AR 43 DI ME I R 4R 1 5(20 % JE &)
100 ml- 666 m ™2 K # #7354 4 % 25 (iR 4 &% ) 120 ml- 666
m A E— TR Y. TE N AR B A U, e PR R R B
HHAHS WK, B ILREEWEENYMN 4 A 22 A
20% B Z W TSR (BT & A B4 200 g)30 ml- 666
m L2 RERREERN S A 8 BN 2.5% WREY
HRFLMY SO g+25% R EFLIM 100 g 666 m™ 255 3 KER
BT RAIN 6 B 22 B WA 44% A9 & SO FL 30 g+
25% B HRARFL T 100 g-666 m ;8 4 WEREIE KRIM 7
A26 HIAT 2.5% B HEMHBAMS0g+5% KR 10 ¢
666 m ™25 S AR KRN 8 H 24 HUHA 20% 89 K
FHHFLIE S0 g+ 73% FHIF 100 g+ 666 m™>. IR K A3
M. ERMRNERSHREFY LB
2.2 WHEFH ,
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F AR REEAAREN IR 5 BR1TiEZE, N
200243 A0 HHMEI A 30 B AL, 8K 10 d HE—
WA 21K, REHEER EERY R HEREE.
BHWMS R B EH. 4 AT EH EPUFINER, B
KRAEERE LGSR TR, R5EES LT H
Beahd PR IR CA A BT RS T R
WA, DR E R LM, B F AN R R AR
R EAEAMBERAN S K, T FHEHEYH
ﬂ[lé. 12,14,26,27.29] i
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E7A30HGN. EREXMERALIHEIA10H),;V.
HEFEARBMOAILEE A 30 H). FEXEDER
MRS FERIETEMEEREKERE SRR,
SRR s B Sau sk HEMaE
FFEERERS-L RG] BESREER(H) BT
EH(D) MAEIEE() )R A Shannon-Wiener {5 B i 8 3
HtE A B RS EE R AL Shannon- Wiener & FE4%
%ﬁﬁﬁﬂ%iﬁ&ﬁ}i#‘é&”"“‘"23'25”3”.
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fh, EERXRHAE W EEEY (Lasius fuliginosus ) 7%
WY ( Lasius niger L.) EE % (Inoccllia sp. ) EE
%E ( Coccinella septempunctata L. DA 5 % ﬂ.%ﬂ
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( Chilocorus rubidus )« K F 8 ( Chrysopa septem-
punctata) 5 B % ( Chrysopa shansiensis ) J]
(Tenodera capitata ) 18 1% ( Nabis sinoferus )&
i B £ 8 ( Typhladromus unigaris)- ¥ Bt & Bf 47
(Melanostoma scalare ). W & /N 35 8% ( Paragus
quadrifasciatus) 7 B 5 B8 ( Syrphus nitens )\ JB
¥ ( Pardosa tinsignita ) W) B0 ¥k ( Xysticus later-
alis) \ZRIEWR (Misumenopos tricuspidata ) -1
Y7k ( Heptathela sinensis ) JRREE Bk (Araneus ar-
copictus ) INTE B %k ( Araneus displicatus), & EHERE
W HY (Frontina laeta) B3 78 3 4 ( Cuphocera
varia) E BB T ¥ (Prosema siberita ) 1 70 )
8 ( Chaetexorista palpis) R Y45 %% ( Baryly-
pa sp. ) J IR E WG ( Chlorocryptus purpuratus) K
& ¥ W ( Brulleia shibuensis ). 3% W 8% /) I &
(Megasty sp. ) 3 & /N ( Anysis saissetiae ) 555
KIE& /N (Anysis sp. ). Bb/N B 8 35 % ( Chelonus
chinensis ) FI ¥ =@ Bk /N (Clausenia purpuria).
HE 1AW, 4 FAR L2 HHEE R REEH 2
MR RHESR. FRAREREE A REE B R
F(P<0.05) KB FHENTHE, frES&HEE
ERHRFHER T (P<0.05)FF % MBiaHE .
AR ER B FE R RS FRP AR, ®id
RAGEHETEEREEEEHREFHREEN
HRIRTE .
3.2 REFARFHEEDS .
3.2.1 FEFHRHMREBE W 4 FORF 2 # -
FHREZFXKFEN T EEL S H TR, FREK
B, PR B IE I | Rh R R LB I AR AR B A
bl Y RE R PR R R B 0 B 43 538 0 187.99%
151.82%#1210.03% . 1T LAF i, 4 H P AAT
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Table 1 Comparison of natural enemy species of jujube insect pests in
the jujube yards of different treatments

bl &b & Treatment

Item A B C D
g B Family  10£0.015a 8%0.021b 11£0.016a 7+0.017b
Hymenoptera i Speces  20£0.046b 15£0.035c 24£0.041a 1230.076d
#igy Ft Family ~ 140.008a 1:0.011a 1£0.010a 1£0.007:
Mantodea FiiSpedes  2£0.006a  1£0.009% 2£0.020a 1£0.006a
NAE F Famly  7£0.012b 5£0.009bc 9£0.013a 3+0.007c
Diptera FiSpedes  13£0.047a 1040.053b 14£0.020a 7£0.037¢
Lid 3| F Family  1£0.004a 1£0.008a 1£0.002a 1+0.007a
Rhaphidodea B Speces  14£0.002a  1+0.003a  1£0.00la 1£0.006a
= F Family  4+0.014a 310.016ab 410.011a 210.007b
Coleopterz FSpedes  1140.051a 9+0.064b 1240.049a 6+0.03%c
+8H # Famly  4%0.0092 3£0.011ab 4%0.012a 2+0.005b
Hemiptera FoSpeces  640.014a 410.012ab 610.021a 220.011b
W#H $ Famly  1%£0.005a 1£0.007a 1£0.013a 1+0.008
Neuropteta i Speces  6£0.026a  5£0.031a 6+0.023a 340.032b
e B Famly  320.019a 30.021a 3%0.026a 210.007a
(Odonata FiSpedes  340.018a 3+0.021a 3+0.0352 2£0.028a
KibH F Family  740.027a  6£0.019a 8£0.032a 410.021b
Other order i Species 10200255 920.041b  12£0.087a 610.025¢
- Ft Family 3841357 31£1.246b 42£1.87% 23+1.425¢
Total FliSpecies  7242.317a 5742.431b 80£3.246a 40+2.802¢

A:Fh B 45 & B 38 Integrated pest management jujube field intercropped with
herbage; B: FH B % Bl fif #§ Conventional management jujube field intercropped
with herbage; C: ¥ E &R B 3§ Non-management jujube field intercropped with
herbage; D:; % P B % # B ¥§ Conventional management jujube field without
herbage. T8 The same below.
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Fig.1 Seasonal dynamics of predators in jujube orchards of different treatments.

A:FhEER 5B 6 Integrated pest management jujube field intercropped with herbage; B: ¥ # #LFF I Conventional management jujube field inter-
cropped with herbage; C: FHE A Bl 1 Non-management jujube field intercropped with herbage; D: R # X % #8514 Conventional management jujube

field without herbage. T[] The same below.
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3.2.2 REFANRBDEARRNT B4 FHF
(] 4k B [ o R R B8 R A7 KA RAEAFi00
TR EA R R I R KT
REMAF EERPRF-LKREF, 4R GHK T & HK5]
BB T REFEEE, FR MK 2.
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Table 2 Total number and abundance functional groups of predator per
plant in the jujube yards of different treatments

M KEYE FEE
ltem Number of natural enemies Abundance( %)
(ind. +plant™?)
A B C D A B C D

F 262 198 292 124
F2 52 44 63 21
F3 234 214 258 114
Fq 35 27 42 18
Fs 246 179 276 112
Fe 195 173 219 165 0.1576 0.1732 0.1585 0.2508
Fp 213 164  232- 104 0.1722 0.1642 0.1679 0.1581

Fi: ¥ 828 Ladybirds; Fo: 882K Lacewings; Fy: & B 8828 Predacious bugs; Fy:
83 Inoccllia; Fs: B 883 Spiders; Fy : HE IR ZE Others; Fy: F 4 12 Para-
sitoids. T [i] The same below.

mER2AR, MERXEHEANKERHE
RFRMERE, FHMERD IGE>MWESEEH
TRE > FhE R HLB A B >R FRCR LR RE . N E
B KR, R EMERM, FER KT
H S EY B R T ARF R, R E R E
PORENZE e 0b: IOV RS

PR & T B B A 7 () b 3 Bl A R N B
BERE, MERENBATARMERE, R 8K
IRE AR R B W R R B 25 TR E
HEDHEERBEBARKE RE, FREE IR
HREERBREGFEEREE, G EENTE
BRSNS T A T BE AL B B DU R R BB 26
TSRS A 3 NI B F, P BN R R REA
FIR S RE N B M > R ARG > FEERYL>
SRS, TR T E R RS R KRB
B > WK > R HIER > HFARREE BIF

0.2118 0.1982 0.2113 0.1884
0.0420 0.0440 0.0456 0.0319
0.1892 0.2142 0.1867 0.1733
0.0283 0.0270 0.0304 0.0274
0.1989 0.1792 0.1997 0.1702

B, AMERESRRENEARESHERT

FRECRE  BIE AR, e 25 B8/, K-
BB £ B S 1 R R AL B A el i AR b B e —
BOECRE BV ek S RH, RREHAKSEAH
%,

3.2.3 AEFRPHRETERAN B __FAETMRE
MEE HEITWLUESL, 7 4 HARLE LR
5 MFAEENBRYEREF RIS 4
AESMEHREENAS LR REMESZSNEE
(0.6779 £ 0.0576) > F B A By {6 & (0.6704 =

0.0317) > FELH HLBH 15 (0.6420 + 0.0470) > K
FhBLH HLEE 15 5 (0.5748 £ 0.0308), HEE HH &
ZR(P>0.05), RARREREARLERYE
(6] L fy o A A B 6] _E A o 3G F R R E A
Bl AR REN TR RMER
Biig E (0.6957 + 0.0342) > FE LS EHE
(0.6354£0.0311) > FEH M AE (0.5612 +
0.0276) > K FEH MBI (0.3844 £ 0.0137), Fl
ERZEREHEER(P>0.05), B EERE
ERRPINEAWNE HESUFHRENE
(P<0.05)K-FARFMERME, 7] K FHEEEN R
THEEF LR PR R A A ) & PR, AR TR
M BB A E R TR HREEREXR
HEhteAmntE AT N ERBRSRE, ERRE
WEEWWARE T B BUAAEE, FEREER
SRETGEAM N B _EETMTFHESEENE
(P<0.05) KFARFERR . EHH L ZF AR
WU R, M EABIAE (0.4847 £ 0.0432
0.6613+ 0.0166) > FE & & Biia H (0.3373 £
0.0291 #1 0.5155 + 0.0378) > FhE # W By A H
(0.3371 +0.0253 1 0.4926 + 0.0158) > RFE ¥
HBFIAE(0.2516 £ 0.0111 #1 0.4297 +0.0226) ; 3
ARG RY, HELSSHIEE (0.7963 +
0.0358) >FE R 15[ (0.7928 £ 0.0194) > FE
T AR 16 (0.8778 £0.0185) > A R # L5515 E
(0.5281£0.0226) ; BRI KfE AR A, HE
BFIEE (0.7562 £0.0134 1 0.5859 £0.0303) >
FhE S B 5 E (0.6429 + 0.0402 F1 0.5529 +
0.0456) > F 2% HL B ¥4 B (0.6069 + 0.0189
0.3920+0.0283) > AR FEH M55 (0.5316 +
0.0169 1 0.4529+0.0298) ; Al ., EEM KM AL EH
BB, FRECEUE E R A R EO R A AR
BRTARMELH.

3.3 HEFEARHHEEREHE

3.3.1 REIGEA SR EEE AARL
B ) R E ) F - SO A 5 R LR
&, MEARBIAE (12.86 £0.0920) >FELFBIR
BE (12.52 £ 0.0948) > F B # #LB7 15 (11.05 £
0.0970) > A Fh B % HB5 IH & (8.190 £ 0.0777),
ERFEWHE (P<0.05) K FRAERE; REIAE
P 40 R BOR AR F B % MU I5 B (0.5628 +
0.2589) > FhEi ¥ M BH 1A (0.4268 +0.2148) > F
BEA B A (0.3929 + 0.1928) > FE R ik E
(0.3878+0.1892), KA HEEFME(P<0.05)K
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Table 3 Breadth and overlapped index of two dimension temperal-spatial niches of functional groups of natural enemy in the jujube yards of different

treatments

T I I I\ A Fy Fa F3 Fs Fs Fs Fy
A 1 0.3697

I 0.2262 0.8329

M 0.2896 0.3629 0.9685

N 0.3109  0.3427 0.9269 0.8526

v 0.2982 0.5467 0.7827 0.7175 0.3656

F, 0.1846 0.3268 0.9146 0.7966 0.4653 0.5369

Fa 0.0183 0.1984 0.8442 0.7509 0.3018 0.7552 0.5697

Fi 0.2108 0.5465 0.9798 0.6893 0.6458 0.8675 0.5854 0.3938

Fs 0.4268 0.4426 0.2468 0.0128 0.0082 0.4523 0.4326 0.7812 0.6856

Fs 0.5865 0.7849 0.7873 0.7397 0.6825 0.4943 0.7986 0.6478 0.7857 0.4268

Fe 0.5108 0.9434¢ 0.8594 0.7012 0.8697 0.7075 0.6874 0.8769 0.7918 0.8575 0.8579

Fy 0.4235 0.3658 0.9420 0.8098 0.8968 0.3618 0.3689 0.8626 0.5686 0.6046 0.6453 0.9768
B I 0.3756

I 0.2773  0.7988

I 0.3354 0.4212  0.8697

v 0.2759 0.4836 0.6102 0.7649

\ 0.2741 0.2888 0.6146 0.6745 0.4012

F, 0.1572  0.4972 0.5142 0.5789 0.3844 0.4859

F2 0.0498  0.2945 0.7058 0.7742 0.4802 0.3979  0.4469

Fs 0.3283  0.4421 0.6516 0.5344 0.3375 0.5429 0.6412 0.3549

Fu 0.3751 0.6613 0.7417 0.4402 0.0489 0.0764 0.0823 0.0387 0.5876

Fs 0.4272  0.5011 0.5032 0.6744 0.6851 0.5112 0.5137 0.5462 0.6107 0.4126

Fe 0.4732  0.5070 0.7932 0.7613 0.3032 0.4147 0.4772 0.6053 0.5349 0.7282 0.7659

Fy 0.5492  0.5451 0.8350 0.4851 0.5046 0.6418 0.4779 0.5972 0.6642 0.5624 0.4198 0.8749
C I 0.4215

I 0.2429 0.7871

i 0.4564 0.3476 0.8192

Wi 0.3458 0.5194 0.6307 0.6244

v 0.3533  0.3468 0.8525 0.7244 0.6997

F 0.1072  0.5146 0.6106 0.6982 0.5116 0.4960

F; 0.0238 0.5268 0.8242 0.8101 0.8243 0.5052 0.4456

Fs 0.6777 0.7865 0.6784 0.7866 0.5796 0.6961 0.5905 0.6556

Fu 0.5242  0.5944 0.7016 0.6482 0.1932 0.1882 0.1954 0.0971 0.4546

Fs 0.7784  0.6865 0.9824 0.8825 0.7843 0.5986 0.4927 0.5073 0.6874 0.8972

Fe 0.5403 0.7867 0.8262 0.6423 0.5215 0.4982 0.5091 0.6884 0.8462 0.7845 0.9775

Fy 0.7412  0.7338 0.9265 0.8266 0.6866 0.6224 0.4649 0.3866 0.7628 0.4512 0.6174 0.9435
D I 0.4032

I 0.2593  0.6592

Il 0.3412  0.2662  0.7959

v 0.2046 0.4231 0.4887 0.5175

\% 0.2932  0.2305 0.5892 0.4232 0.4982

Fy 0.3076  0.3332  0.5946 0.5776 0.4311 0.3673

F2 0.1043  0.5867 0.4595 0.4592 0.3390 0.3633 0.4042

Fs 0.2912 0.4816 0.7882 0.5863 0.5808 0.4834 0.4883 0.4024

F4 0.3245  0.2032 0.6076 0.2925 0.0499 0.0842 0.0404 0.0652 0.3706

Fs 0.2538  0.4723  0.4503 0.6304 0.5152  0.3346 0.2795 0.4893 0.3316 0.5087

Fs 0.2863 0.6354 0.5154 0.6072 0.6760 0.4235 0.5727 0.3855 0.4087 0.6802 0.4412

Fy 0.1932  0.2952  0.2812 0.5683 0.5781 0.3127 _0.3172  0.2467 0.3346  0.4514 0.3402 0.1967

T . HW&EZFME (3 A 10 BE 4 A 30 H) Before sprouting of jujube tree (Mar. 10~ Apr.30); I . XWHFERUHM (S A1 BES J20 B) Dur-
ing sprouting of jujube tree (May 1~May 20); I ; EHFHELFH (5 21 BE7 A 30 B) During blossom of jujube tree (May 21~ Jul. 30); IV
HRWAH (8 H1 BZE9 A 10 B) During developing fruit of jujube tree (Aug.1~Sept. 10); VX R HFARMAI (9 A11 BE9 A30 B) Dur-

ing jujube date ripening (Sept. 11~ Sept.30).

TRELAR G ; A T R ET AR T B PR TR B
AL E R AR, FEARBIIRE (0.9154 £0.1352) >
FRELSE & BH IR (0.8979 £ 0.2147) > FhEE ¥ #L I 18
B (0.8498 £ 0.2218) > KA & ¥ BT I8 I (0.7279
+£0.2648), PR AU R B.(P <0.05) K F AR FHEH
bl s 2 REVR AR LR & U5 2h TR B R s BB LB R I
>FEWAEG A E > MEE S B aE > FERE A

bl AR B F RS, AT R B R ASE
B, AR MR E T HRUE TR RR.
I BRRNFREHTEN, AT HEN SR

3.3.2 RUMHASHESYMEREH XA &
4 GERTTI, 4 Fhab 58 2 89 R 2 R 5 4
WL SRR I S BBy — 5L B
e R O%, B T RE A S AU i Fh 47 I
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F4 RREFRXFDEASHEESHIHSEMENEXRLK
Table 4 Related coefficients of diversity between functienal groups of
natural enemies and species

HH R H

MR A WHRE

Item Related items  Related coefficients Probability
A Dy - D, 0.86597"* 0.0011
H-H, 0.79686" * 0.0014
I =T, 0.68565" " 0.0013
B D, - D, 0.90126" " 0.0012
H' | -H, 0.89649" " 0.0012
I -T2 0.91264" " 0.0016
C D, - D, 0.88463" " 0.0011
H| - H, 0.84198" " 0.0011
I =71 0.89265"" 0.0013
D Dy - D, 0.96463" * 0.0012
H'| - H; 0.92586" " 0.0011
I =T, 0.94628" * 0.0014

D% Dominance; H' : & ¥ ¥k Diversity; J': ¥ 51 Evenness. 1)
IhEER Functional groups; 2) ¥ Species. * * P<0.01.

LIS € A 20 R n 87 I K o S VA= 0 B
RO B AR EH MG I > FhE R A BIE R > F
HERABIEE >R ARG E . X2 E R A
PR S W T R B R B ROR, TR W LB
B B 0 T S A B R T S BRSO A B
W, T A2 AR 25 th A0 ) B SRR B R i B
B EERE 2 — X PR E R B R A A
AR R &R T I 8, AT HERE T R Fh B HL B
16 R ETh B R &2 (8] 9 22 1

4 Wi

AGFFR LR K Y, B F BRI FEE
BB AT R R X, Fh o I K& AR ) 3 2%
BER K F R R B s R & Sh RE AT B a2 e A
BUREMEENS, MELEH SR ELRZ A
THERBER (P<0.05); NEEXIHERZ H#
M EREEN R LR RR, MELEHER
FoRFE A ; K B R RUEIR 00 1 300 B RR, R
P b AT R R R BPR R AR A (R T
O R A R A R B ECR, B AT N T R
EHRE R E R RE RS ARSI REA E
BARE AR Z M E R A, P E A
BRPAMERE, RERMRYDEAEETRET
MR R B B 2 55 B Ah, A 4 Fiib B8 Il g K
WMREA S YR E R B SR S E LB
B AR — B R, AT RE A R Y Mt T A
RPN e A L P &7 R ERAiRELSS
£ A DA EFEARUG I T TR B,
KT XHEBEHRMAETSHER, TH LA AT L
S5HRER, BE TR E e £ B, EF T BRE
YRR, AW AT RFEE R BETEEZ

FHEMESKRHIERE - ENHLTE L.
FEREEHERMIRD, BEEXIEER
T, RBEMBRLA S ERKEEER > A L
flFnefal & A& EE#, A BB BT EHIEER . R
RO R IR IR TR U R AR S AR AT A
7R B Rt 5 83 R S AR A KA E
BB, REERHEEMREHELE DD
AREFRIEA (3 A10HBE4 A308), ERtER
EREHT|A AL TIRIR, ML T R LA, RFE4HE
HHEREBEHLEERBR]RD, B ERRA LB
B UERFERERMERL B F R (5 A
1HZE S B 20 H)REWFHFRRENHEIEL,
REEFLAERENEHESFEEMZES, HX
AR, RESR R R DRG] M v
R hE BAREMEREREMFRERERR
T e A A ek SR oA ol BE R o T (A B —
HEHAERERMRE BRRFENER (5 A
2QLHET7A30H) MERHAEYEHEENES,
ERERGREHEHESEBREBZ BN, B
ERAE . FhE R EE R AR RERES, &
A 090 TR X AR AT PR B BB BT B E
RS . AP B T T8 SR B4 T 6 b RO M B R
REFEH A RGFH YR MBEEFEER . AR
BAHA (8 H1 BE 9 H 10 H)MERE @ RAM
(9O A11 HE9 H 30 B)RMEMAREHLEHR.
SRMAEREME, TR ERNREE M
WES, MR TEEER.

EE M

1 Chen Y-J(WEWA4), Ma F-X(H ), Zhang Y-LOREM), &
al.1993. Jujube Disease and Pest and Their Control. Beijing: China
Science and Technology Press. (in Chinese)

2 Guan Z-H(BEHM), You ZP(HTF¥), Zhou YA FB), et al.
1981. General Insects. Beijing: Agricultural Press. (in Chinese)

3 Huang K-X(#E ), Liu X-Q(X%E ), Huang B-K(EAM), e
al .1990. Fruit Insects. Beijing: Agricultural Press. (in Chinese)

4 Institute of Zoology of Chinese Academy of Science( o E R 2EBE )
I FR) ed. 1983. Name of Latin and English and Chinese In-
sects. Beijing ; Science Press. (in Chinese)

§ Institute of Zoology of Chinese Academy of Science( ' E#}2Ep 2
MIWFIEI) ed. 1986. China Agricultural Insects. Befjing: China A-
gricultural Press. (in Chinese)

6 Institute of Zoology of Chinese Academy of Science( ' E# 4 Fxz)
ITFIEET), ed. 1978, Pictorial Handbook of Natural Enemies. Bei-
jing: Science Press. (in Chinese)

7 LiL-C(¥#8), Li LZ(FEF ), Fan Y-L(HKIRE), et al.
1992. Chinese Jujube Pests. Beijing: China Agricultural Press. (in
Chinese)

8 Liu W-X(XI %), Wan F-H(JT /7 ¥%), Zhang FGGE ), e al.
2000. Evaluation on roles of predators in Helicoverpa armigera
control. Chin J Biol Control (FEEMEFIE), 16(3):97~101(in
Chinese)



684 | VAt -

=+
i

¥ 17 %

10

11

12

13

14

15

16

17

18

19

20

21
22

MacArthur RH. 1955. Fluctuation of animal population and a mea-
sure of community stability. Ecology, 36533~ 536

MacArthur RH. 1964. Environmental factors affecting spectes di-
versity. Am Nat,98:387~398

Nankai University (8 JF X %), eds. 1982. Entomology. Beijing:
People’ s Educational Press. (in Chinese)

Shi G-L(JiXE4R), Cao H(H  ##),Ge F(X  #), e al.2002 .
The dynamics of diversity and the composition of nuirient classes
and dominant guilds of arthropod community in different intercrop-
ping and managing jujube yard ecosystems. Sei Silwae Sin (FRALB}
£),38(6):79~-86(in Chinese)

Shi G-L(JEFEHR), Cao H(W  #),Ge F(X  #§), et al.2002.
Studies on the diversity and insect community in different inter-
cropped and managed jujube yard ecosystems. Sci Silvae Sin (#RAL
AL4),38(3):94~101(in Chinese)

Shi G-L(WYEHR), Ceo H(W ), Xi Y-BUBHE), et ol .2003.
The seasonal dynamics of vertical distribution of the dominant
guilds and their relationship in arthropod community in inter-
cropped and managed jujube yard ecosystems. Sci Silvae Sin (FKk
FH4),39(4):78~83(in Chinese)

Shi G-L(JEYE#R), Li L-C(EHR ), Zhang Y MK EM), et al.
1992. A preliminary study on Inocellia sp. an important natural en-
emy of jujube pests. J Shanxi Agric Univ (IR KEZR),
(supp. ) :21~23(in Chinese)

Shi G-L(JFYE3R), Liu X-Q(AI ), Li J(ZFE  #8), et al. 1995.
Studies on the life table of Ancylis sativa . Sci Silvae Sin (AL B}
£),31(6) : 520~ 527(in Chinese)

Shi G-L(JEJ63R), Liu X-Q(XI Bt #), Li L-C(FE ), e al.
1997.Study on natural population life table of the Ziziphus ge-
ometrid and its use in prediction. Sci Silvae Sin (KA FH2£), 33
(3):234~241(in Chinese)

Shi G-L(JiXEHR), Xi Y-BUEHE), Wang HX(EBF), et ol .
2003. The niche of important pests and natural enemies and compe-
tition among the species in jujube orchard ecosystem. S¢i Silvae Sin
(PR Bl), 39(5) : 78~ 86 (in Chinese)

Shi G-L(JEY6R), Xi Y-B(FR E), Wang H-X(EWH), et al.
2004. The diversity of biomass of arthropod comrmunity in jujube
yard ecosystems. Sci Silvae Sin (BRALBHEE), 40(2):107 ~ 112(in
Chinese)

Shi G-L(JiJ6#% ), Zheng W-Y(¥ E X ), Dang Z-P(F %), eds.
1994 . Fruit Pests. Beijing; China Agricultural Press. (in Chinese)
Simpson EH. 1949. Measurement of diversity. Nature, 163688
Strauss RE. 1982. Statistical significance of species clusters in asso-
ciation analysis. Ecology, 63:634 ~ 639

23 Wan F-H(JTF ), Liu W-X(UJT#), Guo J-Y (¥ EEHE) . 2002.
Comparison analyses of the functional groups of natural enemy in
transgenic Bt-cotton field and non-transgenic cotton fields with
1PM, and chemical control. Acta Ecol Sin(EB%), 22(6):935
~942(in Chinese)

24 Zheng J-GGIRARI), Xue J-B(EEERR), Shi G-L(JHXEHR), et al.
2004a. Structure and dynamics of arthropod community in different
intercropped and managed jujube yard ecosystems. J Shanxi Agric
Univ (IR K ZEF4]R), 24(2) 1176~ 182(in Chinese)

25  Zhao HJ(B{FR), Li L-Y(ZEM3E), Kong W-N(FLEEHR), ex al.
2004 . Research on the structure characteristic and diversity of in-
sect community in jujube yards. J Shanzi Agric Univ (I B R X
24),24(1):37~40(in Chinese)

26 Zhao Z-M (B EM), Guo Y-Q(FF KR ). 1990. Principle and
Method of Community Ecology. Chongqing: Science and Technolo-
gy Document Press, Chongging Branch. (in Chinese)

27 Zou Y-D(ARZER), Bi SD(HEFH), Chen G-C(HEF M), et al.
1998. Influence of natural enemies on population of Aphis gosspyii .
Chin J Appl Ecol (REFI 2355 %), 9(5) :499~502(in Chinese)

28 Zou Y-D(4RiEM), Bi SD(HETHR), Zhou X-Z(AEZ), et al.
2002 . Geostatistical analysis on spatial patterns of Erythroneura su-
dra and Erigonidium graminicola . Chin J Appl Ecol (FLFB 75
23),13(12):1645~1648(in Chinese)

29 Zou Y-D(4F:EM), Bi SD(HETHK), Zhou X-ZUAEZ), et al.
2003. Dynamics of the pest and natural enemy communities in
peach orchards. Chin J Appl Ecol (L HE 5 1]), 14(5) 717~
720(in Chinese)

30 Zou Y-D(4FiEM), Meng Q- L(FEKE), Geng J-G(EKHIE), e
al. 1995. Relationship between distribution pattemn of Aphis
gossypii and its natural enemies. Chin J Appl Ecol (M E %
#),6(2):172~175(in Chinese)

31 Zou Y-D(4RiEM), Zhou X-Z(JAE ), Bi SD(HEFLRK), et al.
2003. Three-dimentional distribution pattern dynamics of Ery-
throneura sudra and its natural enemy Erigonidum graminicola .
Chin J Appl Ecol (¥ FIHE B4R ), 14(9) : 1485~ 1488 (in Chi-
nese)

M IR, B, 1960 E A, WG, #8, WLk
S FENAERASEFSENZESHENR, ARIBEX
110 £ 5, AR # AR % F 5 #. Tel: 0354-6225344; E-mail:
glshi@126. com, gl. shi@163. com, glshi326@ yahoo. com. cn

MERM H 4




