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Abstract; The ecological niches of the insect pests and their natural enemies on apple leaves ,including vertical , horizontal
and temporal niches ,were researched in the ecological management apple orchard in Muping District of Yantai City located
in the east part of China. The vertical and temporal niche breadth had significant difference among the eight species of insect
pests ,but the horizontal niche breadth was high and showed no significant difference except two suckers, a leafthopper,
Erythroneura sudra, and a phytophagous thrip, indicating that the resources were exploited differently in the vertical
dimension of the canopy of apple tree and in the temporal sequences,but similarly in the horizontal dimension. The three-
dimensional niche overlaps were calculated by using Cody’ s summation o and used to classify the guilds of the insect pests
and their natural enemies. The community of the insect pests was classified into four guilds,including®the guild of apple
green aphid ,Aphis citricola ” ,“ the guild of Lithocolletis ringoniella” , “the guild of spider mites” and “ the guild of pests
feeding on tender leaves”. The formation of pest guilds resulted from the life history, the feeding behaviors, the resources
requirement of the insect pests and the developmental stages of the apple tree. The community of the natural enemies
consisted of four guilds,including”the guild of aphidophagous natural enemies” , “the guild of obligatory predators of spider
mites” ,“the guild of parasitoids of Lithocolletis ringoniella” and “the guild of spiders”. The classification of guilds can help

elucidate how the insect community organized and the pests and their natural enemies interacted. The spatial and the
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temporal niche overlaps obviously showed close sympatry in space and close synchrony in time between the insect pests and
their natural enemies,indicating that the natural enemies could respond quickly to the occurrence of insect pests and then
exerted suppressing effect on insect pests. The criteria of classifying guilds of the insect community on apple leaves and the

competition of organisms from different guilds were also discussed.

Key Words: ecological niche;guild ; community ;insect pests ;natural enemies ;apple
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BEXUER, TPRMHBNAERRETAE, REEREERATHERE, £ EELIPITH§
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F1 SHENNEEESIEE(B)MESTESE(0)
Table 1 The vertical niche breadth and overlaps of the insect pests

YRy ESMRE(B)

Species Niche breadth 1 2 3 4 5 6 7 8
1 0.83 1.00
2 0.98 0.91 1.00
3 0.93 0.86 0.99 1.00
4 0.74 0.72 0.95 0.97 1.00
5 0.19 0.85 0.60 0.50 0.32 1.00
6 0.94 0.93 0.97 0.93 0.87 0.74 1.00
7 0.14 0.82 0.58 0.47 0.30 0.99 0.74 1.00
8 0.72 0.99 0.86 0.81 0.65 0.87 0.88 0.83 1.00

1. G5ER3GWE Aphis citricola;2 ; WIAEM W Tetranychus viennensis ;3 ; 3£ R MW Panonychus ulmi;4 . &8 4 Lithocolletis ringoniella ;5 ; R4
Lyonetia prunifoliella ;6 ; 3E/NEWH i} Adoxophyes orana ;7 ; B 5 Thrip; 8 /MR W Erythroneura sudra; = AP HEIE N ESMEERME,FK2~4 [

The data in the triangular matrix are niche overlaps, all the species in Table 2 ~4 below are the same as in Table 1

£2 SHEHMKEERMIEE(B) MESTESE(O)
Table 2 The horizontal niche breadth and overlaps of the insect pests

YRy ESMRE(B)

Species Niche breadth 1 2 3 4 5 6 7 8
1 0.99 1.00
2 0.99 0.99 1.00
3 0.96 0.98 0.99 1.00
4 0.99 0.99 0.99 0.99 1.00
5 0.93 0.95 0.97 0.95 0.97 1.00
6 0.97 0.99 0.99 0.99 0.99 0.94 1.00
7 0.84 0.90 0.94 0.92 0.95 0.97 0.90 1.00
8 0.62 0.82 0.83 0.78 0.85 0.89 0.77 0.93 1.00

£3 SHEMMMBEERMIEE(B) MESTEE(O)
Table 3 The temporal niche breadth and overlaps of the insect pests

YRy ESMRE(B)

Species Niche breadth ! 2 3 4 5 6 7 8

1 0.15 1.00

2 0.30 0.07 1.00

3 0.25 0.13 0.95 1.00

4 0.57 0.08 0.67 0.64 1.00

5 0.21 0.01 0.46 0.44 0.92 1.00

6 0.16 0.01 0.14 0.11 0.79 0.91 1.00

7 0.18 0.10 0.77 0.76 0.84 0.85 0.60 1.00

8 0.14 0.01 0.09 0.10 0.78 0.89 0.96 0.57 1.00
214 EHRAM

FRM=ZHETVERENR4, ERNERERILE 1, HPEEE R%0.280 <D<0.409 it 5 F o153
N4 ANER
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F4 SHEAN=HESUTEE (o)

Table 4 The three-dimensional niche overlaps of the insect pests( )

Y% Species 1 2 3 4 5 6 7 8
1 1.00
2 0.66 1.00
3 0.66 0.98 1.00
4 0.60 0.87 0.87 1.00
5 0.60 0.68 0.63 0.74 1.00
6 0.64 0.70 0.68 0.88 0.87 1.00
7 0.61 0.76 0.72 0.70 0.94 0.75 1.00
8 0.61 0.59 0.56 0.76 0.88 0.87 0.78 1.00
0 5 10 15 20 25
Num T T T T T T
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WAZHRY, XUMERUBERFHFIH NBERS, PR Fig 1 Dendrogram of cluster analysis of eight species of pests
“EREMER, YEMMRMERKH RN EZK  BPHET -8 RROYFHILR]L TOUMS  The number 1 —8
B, HpSRguBRkE L R4, 8 EHBIF IRyt reprosents the same species as Table 1
F TR il HGE
2.2 FREFHRUHESMVMER ST

B 12 Fp (28) R4 BB RW KBTI, 0 AR S5 L35 5 5F /)N Aphelinus sp. | 5758 (5 = L F 8
Trioxy sp. F4fKIF A Ephedreus sp. ) .4 20 40k Z 45 e ( S LU IR W /N & Sympiesis soriceicornis F14x £ 41 WK,
G AE Apanteles sp. ) B UFEN B (A0 FE @D H ( Harmonia axyridis) M2 1 ( Propylaea japonica) ) \HH4EiE
B8 ( Chrysoperla sinica) . K E ¥ ( Chrysopa pallens) | 1 /N 45 %8 ( Orius minutus ) | & 5 £ 45 2L By ( Stethorus
punctillum) \3& 75 8] 5 ( Scolothrips takahashii ) | £ $5 8 WY ( Feltiella acarisuga ) . % 75 5§ 2% ¥ ( Amblyseius
orientalis ) IR S (L FEER]/NIE ( Erigonidium graminicola) F1 = €35k ( Misumenops tricuspidatus) ) ,
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£5 RBHXBHEEESAEE(B) MESTEEO)
Table 5 The vertical niche breadth and overlaps of the natural enemies

sﬁis %ﬁ% 1 2 3 4 5 6 7 8 9 10 11 12
1 0.99 1.00
2 0.65 0.87 1.00
3 0.94 0.98 0.94 1.00
4 0.85 0.96 0.92 0.99 1.00
5 0.95 0.97 0.89 0.95 0.90 1.00
6 0.91 0.97 0.97 0.98 0.95 0.97 1.00
7 0.95 0.99 0.78 0.94 0.90 0.95 0.91 1.00
8 0.97 0.99 0.81 0.96 0.94 0.95 0.93 0.99 1.00
9 0.78 0.93 0.98 0.98 0.98 0.90 0.98 0.85 0.88 1.00
10 0.19 0.67 0.92 0.74 0.70 0.75 0.83 0.54 0.57 0.83 1.00
11 0.98 0.99 0.91 0.99 0.98 0.97 0.98 0.96 0.98 0.96 0.71 1.00
12 0.58 0.85 0.99 0.90 0.87 0.89 0.95 0.74 0.77 0.95 0.96 0.88 1.00

1. G5ER3GWFIE/ N Aphelinus sp. ; 2: WFHEE Aphidiids; 3; & 2R EF 42 48 Parasitoids of Lithocolletis ringoniella; 4 ; R UFHLH ladybird beetles
feeding on aphids; 5; H4EEE M Chrysoperla sinica; 6 : ] E WS Chrysopa pallens;7 ;. 1/MEIS Orius minutus; 8 S B UHIEL A Stethorus punctillum ;
9. BB Scolothrips takahashii; 10. B WY Feltiella acarisuga; 11. R 77 8i8E Wi Amblyseius orientalis; 12. Wik Spiders; T [F] the same below;
ZABEPRBAE RS EEE, 7 6 ~8 [F] The data in the triangular matrix are niche overlaps,all the species in Table 6 — 8 below are the same as in
Table 5

£6 12 HRWHAKLESMERE(B) MESHESR(0)

Table 6 The horizontal niche breadth and overlaps of the natural enemies

sﬁis 1 2 3 4 5 6 7 8 9 10 11 12
1 0.99 1.00
2 0.78 0.91 1.00
3 0.91 0.96 0.85 1.00
4 0.92 0.97 0.88 0.88 1.00
5 0.97 0.99 0.96 0.94 0.96 1.00
6 0.87 0.94 0.81 0.98 0.91 0.92 1.00
7 0.96 0.99 0.87 0.92 0.99 0.97 0.92 1.00
8 0.98 0.99 0.86 0.95 0.98 0.97 0.95 0.99 1.00
9 0.99 0.99 0.88 0.95 0.98 0.98 0.94 0.99 0.99 1.00
10 0.85 0.95 0.74 0.88 0.95 0.90 0.90 0.98 0.98 0.97 1.00
11 0.94 0.98 0.81 0.97 0.94 0.94 0.97 0.97 0.99 0.99 0.97 1.00
12 0.99 0.99 0.90 0.94 0.98 0.99 0.93 0.99 0.99 0.99 0.96 0.98 1.00

2.2.3 WHEAESN

12 #REM 6 A EAZE 8 A TAIKIN HASMIERMETNMESNR T, KEENEFFI LK EES
KT, B ) A A BB R R Sh 4 20 B 7 /) e v AR B i IR/ NI R | A A T R/ N R A
R A AT B R AR R . MR R AERVESRRE A HERABYE —RENRR AR
NEERHER.
2.2.4 KEHIRE D

R =HEBVENR 8, HPFLBE KB A MK MK =4SV ERER, KiEHR
HIRRERIE 2, HEREARFIN0.199 < D < 0.263 i K Ko 4 1~EH,
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£7 12 HREHNEERIEE(B) MESTESEO)
Table 7 The temporal niche breadth and niche overlaps of the natural enemies
Yy#h Species B 1 2 3 4 5 6 7 8 9 10 11 12
1 0.57 1.00
2 0.26 0.95 1.00
3 0.18 0.31 0.12 1.00
4 0.18 0.77 0.78 0.10 1.00
5 0.31 0.84 0.83 0.28 0.96 1.00
6 0.26 0.79 0.77 0.10 0.92 0.87 1.00
7 0.55 0.68 0.53 0.29 0.79 0.74 0.79 1.00
8 0.19 0.30 0.15 0.32 0.04 0.20 0.07 0.23 1.00
9 0.24 0.31 0.11 0.52 0.02 0.21 0.07 0.25 0.92 1.00
10 0.24 0.31 0.11 0.68 0.02 0.21 0.06 0.26 0.87 0.98 1.00
11 0.17 0.26 0.10 0.35 0.01 0.18 0.08 0.21 0.84 0.95 0.88 1.00
12 0.65 0.68 0.51 0.53 0.69 0.69 0.71 0.94 0.31 0.34 0.40 0.22 1.00

1. ZEERZGUFUE/ NS Aphelinus sp; 2 WM& Aphidiids; 3. 4204274 %% Parasitoids of Lithocolletis ringoniella; 4 . R 4FEL A ladybird beetles
feeding on aphids; 5; HF#EE WS Chrysoperla sinica; 6 : KEW Chrysopa pallens;7: {/MES Orius minutus; 8 : TR R WG Stethorus punctillum ;
9. ¥ B BT Scolothrips takahashii; 10. YR Feltiella acarisuga; 11. 7R 7 eh B4 Amblyseius orientalis; 12. ¥k Spiders

£8 RMABH=HESNEE (o)

Table 8 The three-dimensional niche overlaps of the natural enemies (o )

r#h Species 1 2 3 4 5 6 7 8 9 10 1 12
1 1.00
2 0.91  1.00
3 0.75  0.64  1.00
4 0.90 0.8  0.66  1.00
5 0.94 0.8 072  0.94  1.00
6 0.90 0.8  0.69 0.9 092  1.00
7 0.89 072 072 0.8 0.8  0.87  1.00
8 0.76 0.6  0.74  0.65 071  0.65 0.74  1.00
9 0.74  0.66  0.82  0.66 0.69  0.66 0.70  0.94  1.00
10 0.60 0.5 077 055  0.62 0.60 0.5 0.8  0.93  1.00
1 0.75  0.60 077 0.64 0.69  0.67 072  0.94 0.9 0.8  1.00
12 0.8 0.8 079 0.8 085 0.87 0.8  0.69 076  0.77  0.69 1.00
1 BRI/ S e AR RE R P AE R AUNEEE 6 PPN, XEERFTE

Rz L SSEERAGRENRY S, ST RREARAR, RV EREFRER" ., WEBAANTEBRE I E HE
1o REERE BRI A B 2R RS B RN, 8 T A R, AR, K p e imas, sk

ﬁn-l-‘%o

R 2 APCUBRER” , b BN RIRFI = RIESRA . SRR K Y

£H 3 FOV SLUMRFTEERRA” RS SUMIRIE/MET I i, B & SR E B F AR

8R4 BN RBEID RSSO R PR AR B, B O R T MR R KR R
HRBIREER" . RENYREZ R AIHET N EFESME.

HLLE H R A KB B B A PR KRB A . KB PR 3 NSRBI S %o B 1l 3
HERETR 3 AN EE,
2.3 FEEFHRHRECEMRES A SO B A E T

TER 16 FF(38) BEF MAMKHAR RN K 12 = RF RGBT M. FHRAFRE LG L
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I ESR i £ SR ANSE /NG IR s KEL O B RS ER
BG U /N 4 S AT IR A A e R TR AR R
KEWR SHUNMESE R B Rh E S S B S R
B AR S A R
2.3.1 BHRE RIS T

FERER 12 NRRSE L ERESNRENESR
WK 9, FHA AN FEE /MR R LAk i SR
A SE /NG IR S5 R BT L & SR REC N SR A
I /N B/NIE SR BRI B R T i L e
R SEASED R FR R £ S A A | ik
R S igh

HASNES L, RS S REER P K
WA R AR s g S R B D EBARS,
BeAM 5 H A It KB b Al T /N R I A
MR AESVEREORRE. QRS- %

Num 7

— 0 N NN = R

W O O

+

—

B2 12 REMRLRRE

Fig.2 Dendrogram of cluster analysis of 12 species/groups of natural
enemies Bl F 1 ~ 12 AR PYFH ALK S THIRHE  The

number] ~ 12 represent the same species as Table 5

HEBEGER, SHUNMEBNESE GRS, 7EREEEE, MBSt rT RURISE 2% B2 2R R S 8040 )
HORRIRTEEHIN 8 ~9 Afy. S 5RENET /N RSB | AR R RR S N EIE B A AL

HEBHERH,

£9 I HEARRBERNNMZEAESMEE(B)MESNHEE(0)
Table 9 The spatial niche breadth and overlaps of the insect pests and their natural enemies

¥y #h Species B 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 0.86 1.00
2 0.98 0.89 1.00
3 0.92 0.84 0.98 1.00
4 0.80 0.71 0.94 0.9 1.00
5 0.86 0.90 0.92 0.87 0.82 1.00
6 0.98 0.93 0.98 0.96 0.90 0.93 1.00
7 0.64 0.72 0.79 0.81 0.81 0.69 0.80 1.00
8 0.78 0.77 0.91 0.94 0.90 0.71 0.90 0.79 1.00
9 0.86 0.85 0.92 0.90 0.87 0.87 0.90 0.78 0.82 1.00
10 0.58 0.64 0.78 0.76 0.79 0.70 0.81 0.68 0.73 0.65 1.00
11 0.92 0.94 0.95 0.91 0.81 0.90 0.96 0.75 0.8 0.90 0.69 1.00
12 0.90 0.92 0.94 0.92 0.83 0.87 0.95 0.76 0.8 0.91 0.71 0.98 1.00
13 0.81 0.74 0.94 0.97 0.98 0.79 0.92 0.78 0.93 0.83 0.81 0.83 0.85 1.00
14 0.29 0.30 0.63 0.64 0.80 0.58 0.58 0.57 0.53 0.65 0.70 0.44 0.47 0.72 1.00
15 0.87 0.85 0.95 0.93 0.88 0.85 0.94 0.72 0.8 0.85 0.74 0.89 0.91 0.92 0.56 1.00
16 0.61 0.60 0.85 0.8 0.93 0.76 0.78 0.71 0.77 0.77 0.73 0.66 0.68 0.89 0.81 0.80 1.00

1. BB 35%F Aphis citricola; 2 ; LAEH-45 Tetranychus viennensis; 3 : 3£ B4 Panonychus wlmi ;4 ; 250204, Lithocollesis ringoniellas 53¢ /M0
¥, Adoxophyes orana; 6 554335 AT/ NEE Aphelinus sp; 7 : & S 2M ST 4 e Parasitoids of Lichocolletis ringoniella; 8 £ FH(A ladybird beetles feeding
on aphids;9 ; FFAEE W Chrysoperla sinica; 10 : JCEEWS Chrysopa pallens; 11 .48/ ME¥E Orius minutus; 12 . 3 & B BLER Stethorus punctilium; 13 .38
JRBI T, Scolothrips takahashii; 14 . € WS Feltiella acarisuga;15 : 175 $18L45 Amblyseius orientalis ;16 ; Wik Spiders; 7] the same below; =B
HOBIR N A ESE, % 10 [ The data in the triangular matrix are niche overlaps,all the species in Table 10 below are the same as in Table 10

2.3.2 WHEAERNMVEBSN

16 Fp i RRE R A A S BB LR 10, PRI S5H 4 LR n A SV ESRER, P
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SH R WRR R BR s 1Ak, S HARERE PR E R MR EBEOER . HETS5HREG/ME,
RER RGAE PR RER GUMBBNESERR, SHRNESEHER BRE; SOU4RS5 A E g
HEBERR, SMMBHESEHOER.

F10 16 HERRRAFAHBAESHES

Table 10 The temporal niche overlaps of the insect pests and their natural enemies

Yy#h Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 1.00
2 0.07 1.00
3 0.13 0.95 1.00
4 0.08 0.67 0.64 1.00
5 0.01 0.14 0.11 0.79 1.00
6 0.57 0.41 0.54 0.50 0.23 1.00
7 0.03 0.29 0.28 0.87 0.98 0.31 1.00
8 0.24 0.24 0.37 0.27 0.07 0.77 0.10 1.00
9 0.26 0.37 0.51 0.45 0.21 0.84 0.28 0.96 1.00
10 0.51 0.23 0.32 0.26 0.06 0.79 0.10 0.92 0.87 1.00
11 0.25 0.42 0.38 0.52 0.28 0.68 0.29 0.79 0.74 0.79 1.00
12 0.01 0.8 0.8 0.68 0.15 0.30 0.32 0.04 0.20 0.07 0.23 1.00
13 0.01 0.64 0.63 0.76 0.38 0.31 0.52 0.02 0.21 0.07 0.25 0.92 1.00
14 0.01 0.61 0.60 0.84 0.55 0.31 0.68 0.02 0.21 0.06 0.26 0.87 0.98 1.00
15 0.00 0.47 0.46 0.61 0.23 0.26 0.35 0.01 0.18 0.08 0.21 0.8 0.95 0.8 1.00
16 0.33 0.52 0.47 0.70 0.51 0.68 0.53 0.69 0.69 0.71 0.94 0.31 0.34 0.40 0.22 1.00

3 HAigHitie

I IR B S KBS RE T, 8 FhE Ry 4 NMER 12 B RE 0y 4 AR A
TREERI ARG . TERE A A 25 W) P9 R B R RO 3 B3 MU [R5 , 7E I 18] B — 5 [ 24, R B
BREEBIS o
3.1 EREBRGREERRIRI ST

FRERETAFEFREYFHESVERRITEAR 8, H I RETRET N E, BV
RRHE, NXTHUR RERW (Arctostaphylos spp. ) M B BUARET B3 73, 73 W H ISR B AL IR SR B o L ¥ B o
FEEE B, EH N REIR R ERGEGIBRISH T . RBLMAR TR 5, BT R B
KA EX R A BN . BTAEDMERRR A B K, AR HET 2 RKE R0 REA AR IE
BARERYFZ XA BUNERE NERARS TRy — 1 RE G e IRE A F AT RN, A
A RIS, WRBUR B8 ShRR, B OAA KB 4 4 S f0 %5 a0 s 0, A1 BUh A — 11,
AR RS AR AR, A RREM SR S RSB, R BRI RER K IR, Bl BT o
R EEBRI A OUR H TR B 75 (8 , T A BB R BUERE RIER AL MR C R, RERA R — AR
RN RPN, BRI R R R AR, B ST AR JOR AT I 28 B (IE A0 Jaksic™ B
H) R RS S 2T EoR CGRRBHF ) R W ER BT RIS
3.2 FRERANKES

WEAR SR B 3 9 R AR R 27 AR A S A R B SR, B, SR 9 i R R AR B B B T 7T AT
BESRN, BRESNERER REFIRAELSW 073 BRI ERE, E0RE Y
KA, B AR A S ESE R, Ee B, RRREE. BRTENT IR, R
S HAE M BT O T LA M 0 SO 5, B R 7R BRAC T B/ N R R RIBE SR 5 R T TR
B A IETECE K, A IR S 3, (BB RR7EM K B9 45095 30, RIS L i 7 A S A
B, LR MRS, X SR ENE MR8 FRFLNE R, D ELRHER” A
/N SRR DRI IR BT T, BARERE KR O BEWE AR R E R, BN 5%/ B IR
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BrigiReg RS AT AU B AR, BARST RES, MEL T,
3.3 KEERANKNRRAHE

MBI Eh SR> RIR XA N &, EEA RIS X T SEMPNGUE BERE N, £EAAYREEE
BEFRFENES, AR EESBERE, RTRAYPRHNEERT Y, ARFEE—EYREN
REEER SN, T REWSI R RPARABRREEENE SIS BENER 4 EBNHR" HL
(intra-guild predation,IGP) , RS FI N KRN BE7E AT 25 B 3LAF, % ¥ AF7E IGP, IGP 8 R7ER —&R M,
FFH SR IR B R B R FER B TR N B E S S A . HAFEREER — M XSRS s
AR, WFESF d R &R Rk A7 IGP, AN U SR B . 1 ~ 2 40 a2l B0l B0 00 R i, 0 M Y
( Aphidoletes aphidimyza) W EriF W8 4h b B £ , R SFIR I IS AR B IS S IR ™, i P Z Al aE
IRIRIF 85 06 (Aphidius ervi) TR , 38 S 308 TUF (Acyrthosiphon, pisuin) 75 E 7 HI P FREEEAE 3G N . LsRak
( Pardosa littoralis) #1 KB\ & WK EE ¥ ( Tytthus vagus) FEAFHF, RERSTHEE S, SBCCAMRHMK™ ., &
@Bk BB HEEE, R EBRRE, BT R 2R, i mB sk, SRaEE L RN S
( Coccinella septempunctata) ,— e B ot Fop SR £ SFBUI R AR HPAR AT

SRAHFSE I« B i 4R A SR U, VA2 v R BRI I B 5 35 IR I/ e e s B R DL R
B o SO, f OB SR A, L R B — E R A AR, S R A B i A S0 MY TR ee B
5% , 5 Brown 1 Miller™ %ot 32 S ] 57 ¢, B ot AU WL ZE AL, M S R BT P o 7 TGP, {BR7E H R SEFRE M T,
W T RE A& H YRR BT SR AR R, 4 2 KEE Fe4b T4 R B A2 A 28 (] o, SR B AR A A1 40 B o
UN B WA — SRR RS T RN A1 EELISF i 2 BR800 e | T ok ) o A A AR S A SN AR IR A A
I s B A e R TE S R AN 1 B A A R A A BRI B It , LA A A A R L, T A5 /N
FENEIT, BT RRER L B A R, TR SRR B, B E R AT, A Tise T
HEEMEIES, 13 T X — A P i i AR B A B A

Xt B WA REC AR, EAINAESMNEBER R, A THE ICP, HiRE bk R Z X AN
2 REGER S W B A SE D MRS, AR — SRR TR RIS H 4.
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