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Effects of host density on parasitoids and hyper-parasitoids of cereal aphids in

different agricultural landscapes
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2 Department of biological Engineering, Huanghuai University, Zhumadian, Henan 463000, China

3 State Key Laboratory of Integrated Management of Pest Insects and Rodents, Institute of Zoology, Chinese Academy of Sciences, Betjing 100101, China

Abstract ; Several studies have shown positive responses of parasitism to either host density or landscape complexity. Many
semi-natural arable habitats ( Grasslands, woodlands, and wetlands) have been shaped by centuries of farming in China and
worldwide. Established parasitoid populations have been recognized to provide pest management due to their high rates of
consumption and precedence in wheat fields. However, no previous experiments have manipulated host density in
agricultural landscapes of various complexity. Here we report the results of a field experiment conducted to determine how
agricultural landscape complexity affects cereal aphids and how host density and agricultural landscape complexity jointly
affect the parasitism, hyper-parasitism, and species diversity of parasitoids. Parasitism and hyper-parasitism were assessed
by experimentally adding cereal aphids at low and high densities to commercial wheat fields located in two different
agricultural landscapes in order to detect parasitism therein. Results showed that landscape complexity did not influence
population density in cereal aphids. Landscape structure also did not influence parasitism and hyper-parasitism, contrary to

our expectations. Increased host densities caused a trend of increasing abundance and species diversity in parasitoids and
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hyperparasitoids. Aphidius avenae Haliday parasitized a significantly greater proportion of hosts at low-host densities, while
the opposite effect occurred for Aphidius gifuensis Ashmead. The discrepancy in responses of these parasitoids and hyper-
parasitoids to host density is discussed in relation to differences in morphological traits, body size, and historical
characteristics. The specific composition of parasitoid and hyper-parasitoid assemblage could significantly alter parasitism at
various host densities at which landscape complexity and habitat composition impart negligible influence. Future studies
should both evaluate plants with a more diverse range of traits and behaviors in landscapes with non-crop herbivore densities
and span over more years to fully understand the impact of agricultural landscapes on species diversity and biological control

service of parasitoids.
Key Words:; agricultural landscape; wheat aphids; landscape structure; parasitism; hyper-parasitism
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F1 AERULSHWUTEHAZERFARBEST
Table 1 Analysis and Characteristics of wheatfields variables( mean+SE ) in different agricultural landscapes

FH W) 2 A 3R A S iy Bl S

Fields border variable Complex agricultural landscape Simple agricultural landscape Fre P

F& % Width 5.9x£1.3 2.8£0.8 5.62 0.03
=& Height 9.6+1.2 3.3£1.0 5.53 0.04
FFh Number of tree species 5+0.8 2£0.5 15.36 0.01
#§5 K LB Proportion of trees and shurbs 0.41+0.2 0.16=+0.1 4.26 0.05

2.1. 1 AN E A Xk 22 55 70 A )R )

52 A AN S5V HP AR 2 KA IOF 5 R i A SO A R T T PR M S L T B SR WP 22— U A Rl
AR AN SR 5 ] B S L A R 200 (234, 5445) 55 (254£59.2) S/ FIRR (F, 5,=1.36,
P=0.370) ,3 Fiief dOmfiibe o B2 26 e AR AN 38 A2 — SUBFRT A T A IR TRD RS I T 22 (A I, 22 — SUIBFA S B 7
5 7 2 HEATHIRIT RIEAZZ W B KB 15d 2oy, SOl SOUL 22 A I AT A 2 2 TR 4
SOULHY A T SEULAS R 3 b A2 00F A% S A SR 4 R A RO e A 2 3 (LT R AR b5t O P AT S F) I A g
TRIZMAM T,

K2 FUGEHXEFFHEENFID

Table 2 Effects of landscape suructure on wheat aphids

bk AAAL S AL 5
Aphids on each hundred wheat plants Complex agricultural landscape Simple agricultural landscape
ZRKAEWF M. avenae 79.5+14.0 72.5+18.5
Y WES. graminum 111.5+£22.3 139.5+27.1
ARUE R, padi 43.5+8.7 38.0=13.6
SSF B Aphids 234.5+45 254.0+59.2

2.2 A EEE SRR RN A AR S RIS A B
2.2.1 AT JR) X A A SRR S A 4 5 R

HREF EWE (P08 135.0 S/ A bk ) I, S 2 A0l 5 UL fa] Bl 5 0L rh ) 2 A 3 2 A AR ) I 22 5
(F,,,=2.26,P=0.28) B Z Al oW A4 A A e 8 e, 43 Il DA HE S W B0 Aphidius avenae MW HE I A.
gifuensis WU 1| WF H0E A, sichuanensis RS WRIREUE B4 Lysiphlebus confusus 3B IS Praon volucre R J5 W A1
HWE P, orientale 43 & BFANENE P rhopalosiphum Y = SUUF B Trioxys asiaticus , = X W T. sp. 5 Wf
oI Toxares sp. GWE/NE Phelinus sp. , iS50 i JA 5 A A 2 5ol i/ D 3 BF Sh H% Praon volucre 7R
TTEFANEIE P, orientale 54555 BF AN P, rhopalosiphum , Hi AR 2R —E, Mo E& R, SF5 8 286. 0
Ske/ BB, OGS X A0) 25 A e 2 A Rt C W 25 5 (F, ,=2.96,P=0.34) B A o) 27 £y 11 Fh

M Fh(ER3) .

TESL RO FWLT | 2F 28 BE XS 0] 3 AR R BRI .25 (F, , =36.96,P=0.01) ; 7E R AV ZW T, 2 &
WEEXT I A E AR M IR B3 (F, (o =46.93,P=0.01) , =3 E8 BT RAE M0 AR I ay BT Y
L5 A T e 8 B 27 IR AR B Ar 00 1.4 A% SRR S0 Wb 2 325 2 X400 A A e ) S R 2 AR LY

TEPIRN Y 8 BT, e IF B0 5 A0 0 A e 0 O 0 o A e RO DR ol i B ) AT AR MR R 74, 49% 5
19.94% (3 3) . FELARTAYSCRR A, 2200400 25 A 3 0 A T~ W v 86 Jasy | 308 /1 st e gy S A0 88 I S e s | AR SCH
FEUEE RO ALHE = SUF W S | WF A S /NI TR Y 5 R, DA AR MR LRI B B AR e (H AR
LRI AR R B T I A 27 Y (F) 5, =5.36,P=0.05) , 5t UZEH 6 40) 7 A 88 1 2 1 50
R (HS )2 A M R MR (F, 5 =7. 62, P=0.02) , ¥ 75 25 8 2Rk 52 2 32 % 2 R0 i Il 2
(F,3=17.85,P=0.01),
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Table 3 Numbers and Species of Parasitoids in different host density and agricultural landscapes

K3 T2 Low host density 77 2% % High host density
V12 W 2k IR W iy LA S W A M A7 LA 57 WL
Family Species L?mplex slmple C(')mplex Simple
agricultural agricultural agricultural agricultural
landscape landscape landscape landscape
gf B R e WF 8% Aphidius avenae 234 221 347 311
Aphidiidae JHAT H0% A, gifuensis 49 75 71 103
VU1 BF 8 A, sichuanensis 3 5 6 9
TR B AT WE P 0% Lysiphlebus confusus 3 3 5 9
FLUFHL U Praon volucre 2 0 5 2
HRI7 A P, orientale 1 0 3 1
GG IF SN P, rhopalosiphum 1 0 2 1
VYN = S WF #0% Trioxys asiaticus 0 0 2 2
SN IFEE T, sp. 0 0 1 0
U Tovares sp. 0 0 | 0
i”; ’dﬁie /NI Phelinus sp. 3 2 8 3

2.2.2 A EEEE RN RN E AT A RS A S
MIAF B P2 135.0 S/ EbR) B, S 20 S-S5 ] S 35 0 b o A 2 e 2 2R R 0 . 22 572
(Fl 19=2.65,P=0.35) (A5 Aol S0 A7 AL 10 Fh 0o O TT I Alloxysta sp. 1 9P P e K T 4
sp. 2 W AT A, sp. 3 W HUBE 2k 4/ Pachyneuron aphidis | 568 BIVE 4 /NI Asaphes suspensus F
EEE% 4 /N Asaphes vulgaris 4z /N4 Preromalidae sp. M B Bk/INEE Aphidencyrtus aphidivorus \Wi/N¥ Tetrastichus
sp. S E YN Dendrocerus carpenteri,, fij B L RIFEEAA 10 FF A2 —20, Y& EH R, 1 (286+
76.69) 3K/ A Bk, SFOWLE I X E A A e T A AR TE W] i 25 5 (F, ,, =3.06,P=0.46) , A 5L i d 75 R iy
10 7, TR EAFOR P FIRE 10 Fl (3R 4) o

R4 FARFEZESRUSUATNFEENTHRENE

Table 4 Numbers and Species of Hyperparasitoids in different host density and agricultural landscapes

K3 T2 Low host densily %%I%F‘F High host density
. L Complex Complex Complex Complex
Family Species . . . .
agricultural agricultural agricultural agricultural
landscape landscape landscape landscape
TR MoF B W K A B Alloxysta sp. 1 47 37 91 76
Charipidae W O TR A, sp. 2 18 14 34 29
ST A, sp.3 3 2 6 5
N2 WiF 10 55 2k 4 /N Pachyneuron aphidis 69 54 134 112
Pteromalidae T JH B 4 /N Asaphes suspensus 52 41 102 86
o A 4y /N Asaphes vulgaris 29 23 57 48
4 /N Pleromalidae sp. 1 1 2 2
N ES
B/l ﬁﬂ g Bk /N Aphide-neyrtus aphidivorus 4 3 7 6
Encyrtidae
o/ N} /] e ) | 5 3
EuloPhidae Tetrastichus sp.
IR A ) ) \ \
Megaspilidae Dendrocerus carpenteri
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TESL AN BT, 75 B X A AL R & (F, , =75.62,P=0.01) ; 7Ef A SO, 75 &
9L A AR R AR R [R5 (F 16 =69.69,P=0.01) . =27 B8 HE TR A AR IRH EH AL TR
2.1 5 T AT IR AT B 1.4 A5, AR S0 T W6 A0 25 35 25 0 3 A A e S R ALY

FEPIRNEF EBEE T, W B8 S G /N W 5 WO A0 K T B I S Ry B A W 0 O R 3] o A AR W Y
30.23% 5 20.26% (£ 4) , 7ELAHTAY SCHR Y, 22 5 F0 27 A2 8 oA T30 SO e B /NI | LR 2
IR 5 TE 5 A/ NI AR SCIIF o 2 8 R B I A /N0 S W A Bk /N SR 1 2 ., EE AR BRI RSP AN 2
eI 5 HARERAFP A E i R I T A S A 5 R RN (F, 5, =81.26,P=0.01) , SoME5HX )27 £
BT AT A R TC 3 S W W) A AR I R RN R LA K (F 40 =1.62,P=0.62) , HAF AR RN 52 a7 R R
Wit 83 (F, 5, =2.02,P=0.41)

2.2.3 A EBE S SO R0 B R W S 2

TEARA EHET , FOWSS 0T S 27 AR i s FE RS2 B3 (F, ,=25.03,P=0.01) , & 50U S 37 A 0
19 Ffr, RSO A 15 B ARSSLZE R X S 27 A e ) 2 REE RS O RN 3 (F, ,=3.09,P=0.21) , 5 4¢
SO RSSO ZREPE SR 0 3.24 5 2,87 M A EW BT, oW SE 0T A AR e R R R R A
BE(F, ,=4.01,P=0.13) 20U M2 A0y 21 Bl AT B SEW AR 19 Bl SEXRSE A0 X 5L 2 A e 1 &2
FEVERZ A 2 (F, ,=3.82,P=0.15) S5O0 5 T B 50 b ZREVESR 80030 5. 48 15 4.39,

26 1
B 2R
24| DR Lo 1
o
gy T Est |
] L * )
g7 2 L T HE4T
EC 181 \ = il
5 RT3
216 | [ 2
5 gE 2t
Z 14 f =
12 1
10 N . N ! 0 - L .
R £ R EXi fRAF L% E AR
Low hostdensity High hostdensity Low hostdensity High hostdensity

B1 ARERVSVTAMARNGFEIZENTEENFTEESSFNE
Fig.1 Mean =SD parasitoid species richness and diversity obtained wheat aphids at low and high densities in simple and complex

agricultural landscapes
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Table 5 Analysis of the effect of host density and agricultural structure on the parasitism and hyperparasitism

A

R WFh FEEE A .
. - _— . Host densityx
Source of variation Species Host density Landscape structure
Landscape structure
A HE df 1,30 1,30 1,24
W2 Y% Parasitoid A WF HHE A, avenae F 19.62 2.06 1.25
P <0.01 <0.35 <0.63
HHUF e A, gifuensis F 29.29 1.83 1.62
P <0.01 <0.36 <0.56
423 Overall F 5.36 1.63 1.35
P <0.05 <0.56 <0.69
oA R W WSSk /N P, aphidis F 76.36 2.05 1.26
Hyperparasitoid P <0.01 <0.36 <0.52
MEF P K TR Alloxysta sp. F 66.38 2.62 2.23
P <0.01 <0.39 <0.71
423 Overall F 81.36 1.66 3.79
P <0.01 <0.52 <0.06
MRS o 80T
= 357 mFsEi T - O\E 70
£ | £ 60 f
Z BT ‘ : £ 50
£ 201 g 40 T T
o > Il
E 15 r T 30 +
10 B o0l
R
5 I ‘BQE 10 |-
0 1 1 ﬂm 0 1 J
R B E (o= RAFEEE CLEX
Low host density High hostdensity Low host density High hostdensity

B2 ARRISVNEMTARFTEZEMNVNEFELZEEFTERNZM
Fig.2 Percent parasitism and hyperparasitism ( mean+SD) of wheat aphids and parasitoids at low and high densities in simple and complex

agricultural landscapes
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