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High habitat heterogeneity and connectivity promote the diver sity
and survival of predatory natural enemiesin paddy fields

LIU Yu-Fang YANG Guang-Mei ZHAO Wen-Hua YANG Fei
XIE Mei-Qi TIAN Teng-Teng

(College of Life Sciences, Hunan University of Science and Technology, Xiangtan 411201, China)

Abstract [Objectives] To investigate whether habitat heterogeneity is beneficial to predatory arthropods in rice fields and
thereby the natural control of rice pests, and whether habitat connectivity can help conserve predatory arthropod populations.
[Methods] The diversity and abundance of predatory arthropods in 20 natural paddy fields with different levels of marginal
habitat heterogeneity and connectivity in a hilly region of central Hunan province were investigated using community ecology
methods. The diversity and abundance of predatory arthropods was compared between 10 pairs of relatively high heterogeneity

(RHH) and low heterogeneity (RLH) marginal habitat rice fields, and 10 pairs of relatively high connectivity (RHGC) and
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relatively poor connectivity (RHPC) paddy fields. [Results] Species richness in 6 and 7 pairs of fields was higher in RHH
fields than in RLH fields in the early and late rice growing periods, respectively. Total species richness in RHH fields was 1.13
times higher than that in RLH fields, but this difference was not significant (P>0.05). The number of individuals per unit area
in 8 pairs of fields was higher in RHH than in RLH fields both in the early and late rice growing periods. The total number of
individuals in RHH fields was higher than in RLH fields in early rice crops, although this difference was not significant (P>0.05) it
was significantly different to the number measured in late rice (P<0.05). In 10 and 8 pairs of fields, the ratio of predatory natural
enemies to main rice pests (Npi) was higher in RHH than in RLH fields in both early and late rice crops but these differences
were not significant (P>0.05). Species richness in 9 pairs of fields was higher in RHGC than in RHPC fields in both early and
late rice crops. The number of individuals per unit area in all 10 pairs of fields was significantly higher in RHGC than RHPC
fields in both early and late rice crops (P<0.01). In the early rice season, the Npi values of all 10 RHGC and RHPC fields
were>1, whereas in the late rice season the Npi values of 8 RHGC fields and 6 RHPC fields were>1. [Conclusion] The
number of predatory natural enemies in RHH fields was significantly higher than in LHH fields. Habitat heterogeneity and
connectivity significantly increases the number of predatory natural enemies in rice fields, and the potential for ecological
control in such fields is obviously better than in fields with low habitat heterogeneity and poor connectivity. High habitat

heterogeneity and connectivity increase the numbers of predatory natural enemies in rice fields, thereby facilitating the natural
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control of rice pests.

Key words habitat heterogeneity; habitat connectivity; rice field; predatory natural enemies
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BRI PSTREAR TR 90 525 55 B E Mo i

2 GREHSH

21 BEWEIEERTFTIN

211 EHSHEEUKRBEABRFAE £
1 KMO ( Kaiser-Meyer-Olkin ) I B 4RF]4EBRIE

JERE, R KMO = 0.503>0.5, P=0<0.05,
W FE T KMO = 0.540>0.5, P=0<0.05, 2 M4k
G SR e o 1 ) 2 o [N (5 ONER 7 s e S
(X)) MEEE (X)), RBFEEE (X).
RPN EEE (Xq). ZFREHERRE (Xs). 201
FEE(Xe). BB RYE (X)) 7 M EEHEE(E
BN 1, il B R, RN A R
PRI B0 X, =0.995, X,=0.993, X;=
0.980, Xs=0.981, Xs=0.986, Xs=0.978, X;=
0.965, WA HA S A48 B g S2 IO 5 8 40 3o
X;=0.995, X,=1.000, X;=0.998, X;=0.998,
Xs=0.993, X¢=0.986, X;=0.972, R4
IR EPSEI eI e SEIE g SN
212 FRAERBFEMRE HLTHE>1,
Al LR AR S =90%, BEEHRE 4 S
FRUfE, YRR 7 AR AT R AT . 45 R
FEHH  FEE 3-4 > F A5 ] o3 A e LR R AR
S0 93.26% (3 A>T ) 898.27% (4 4> F ik
A% ). BEREHA MR S 95.22% (3 A4y ) B
99.17% (4 NERST ) (3R 1), FFRBISHE
M (%2),

F*1 EHHRBAEMRE
Tablel Principal component and total variance explanation

FRIEE ST J5 A
;&ﬁéﬁﬂ WAy Proper value Extract the square sum of the load
emod” Components gif k(%) BEL(%)  gF W% (%) BB(%)
Total Variance (%) Cumulative (%)  Total  Variance (%) Cumulative (%)
=R x| 1 3.558 50.831 50.831 3.558 50.831 50.831
E;felzigilce 2 1.863 26.610 77.441 1.863 26.610 77.441
3 1.107 15.819 93.260 1.107 15.819 93.260
4 0.351 5.013 98.273 0.351 5.013 98.273
5 0.079 1.128 99.402 0.079 1.128 99.402
6 0.040 0.567 99.968 0.040 0.567 99.968
7 0.002 0.032 100.000 0.002 0.032 100.00
% i 1 1 3.342 47.745 47.745 3.342 47.745 47.745
L;zif)ise 2 1.955 27.922 75.667 1.955 27.922 75.667
3 1.368 19.548 95.215 1.368 19.548 95.215
4 0.277 3.956 99.171 0.277 3.956 99.171
5 0.045 0.648 99.819 0.045 0.648 99.819
6 0.010 0.138 99.958 0.010 0.138 99.958
7 0.003 0.042 100.000 0.003 0.042 100.000
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x2 EHOERE

Table2 Matrix of principal component

4y (R AEW] ) Component (early rice) 4> (#EFEH] ) Component (late rice)

FEVR A8 Community variables

1 2 3 4 1 2 3 4
Y £ Species richness -0.242 0831 0330 0366 0.601  0.739  0.125 - 0.269
AMA%UE Individual number -0377 0508 0.672 -0368 0217 0.872 0.187  0.398
A Fh 4 & B Dominant species richness ~ 0.659 - 0.447 0.584 0.041 0.314 -0.222 0.922 - 0.035
M FPE L Dominant value -0364 -0.643  0.632 0204 -0.729 -0.137 0.669  0.014
ZREMESE R Diversity index 0.909 0346 0.074  0.178  0.992  0.046  0.043 - 0.065
Y5848 Even index 0.984  0.008 -0.063 0.027 0.651 -0.717 -0.092  0.199
fhFSE P Dominant concentration -0.929 -0.142 -0.186 0.206 - 0.946 0.257 -0.105 -0.033
213 HMESEEMHLERFIN FAHFER  MEEE . SHEEREE SRR EE,

IR AR S A R F B AR, TR T R
Ja, PR BB ARHEIL IR 1945 A2 i X
T LR e T BN R
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0.495 Zx-

Z, = - 0575 Zxi - 0.159 Zx,+0.569 Zxs
+0.531 Zx4 - 0.188 Zxs+ 0.027 Zxe - 0.038 Zx7y

Z3; = 0462 Zx; + 0.634 Zx, + 0.451 Zxs
+0.262 Zxs + 0.201 Zxs + 0.027 Zxe - 0.241 Zxy

Z, = 0565 Zx; - 0.614 Zy, + 0.106 Zxs
+0.414 Zys + 0.216 Zxs - 0.022 Zxe + 0.272 Zx7

WA . Z,=0.329 Zy; + 0.119 Zxo + 0.172 Zys
- 0.399 Zyy + 0.543 Zys + 0.356 Zxs - 0.517 Zx,

Z, = 0529 Zx; + 0.624 Zx, - 0.159 Zxs

- 0.098 Zx4 +0.033 Zxs - 0.513 Zxe + 0.184 Zx,
Z3 = 0.107 ZXl + 0.160 ZXZ + 0.788 Zx3
+0.572 Zx4 + 0.037 Zxs - 0.079 Zxe - 0.09 Zx;

Z, = - 0511 Zx; + 0.756 Zxy - 0.067 Zxs
+0.027 Zxy4 - 0.124 Zys+ 0.378 Zxg - 0.063 Zx7o
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A~RLH.2 /> RHH 5 4 4~ RLH 4: 5545 Bl — 3%,
PR — DR ZERT, —2KE 14 MEEE,
RHH 5 57.14%; %—2&%& 6 A~EBE, RLH
66.67% (& 1: A), BRI 3 2K, 9 4
RHH 5 1> RLH i —2%,9 4~ RLH R l—2%,
—/A~RHH A —2 (Kl 1: B), &%ﬁuiﬁﬁ}ﬁ
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Table3 Matrix of correlation and significance analysis of key parameters of community
SKARE S8 AN Correlation i &V Significance
Sampling period Parameters S N H’ J S N H’ J
g S 1.000 0.475 0.180 -0.198 0.017 0.223 0.201
Early rice period N 0.475 1.000  -0.390 - 0.561 0.017 0.045 0.005
H' 0.180 - 0.390 1.000 0.926 0.223 0.045 0.000
J - 0.198 - 0.561 0.926 1.000 0.201 0.005 0.000
e i 1 S 1.000 0.691 0.653 - 0.195 0.000 0.001 0.205
Late rice period N 0.691 1.000 0238  -0.420 0.000 0.156 0.032
H' 0.653 0.238 1.000 0.600 0.001 0.156 0.003
J - 0.195 - 0.420 0.600 1.000 0.205 0.032 0.003
0 5 10 15 20 25 0 5 10 15 20 25
RHHI1 1 T T T T T RHH2 3 T T T T T
RHH2 3 A|RHH4 7 B
RHH7 13 RHH6 11
BE 2 NI o
RHH7 13
RHH6 11 RHH8 15
RHHY9 17 - RHH1 1 T
RLHY9 18 RHH3 5
RLH10 20 RHH9 17 .
RLH2 4 RLH7 14
RLH3 6 RLH1 2
RLH7 14 RCHIO 20 [
RLH8 16 RLH4 8
RHH3 5 RLHS5 10
RHHS 9 T RLH3 6
RHH10 19 RLH6 12
RLH1 2 RLHS8 16
gLng {8 ! '_\ RLH9 18
RLH2 4
RLH4 gL RHHI10 19
Bl ETEERRESENEEHTERLE
Fig.1 Cluster diagram of community characteristics based on habitat heterogeneity
A. BFEl; B AE.
A. Early rice period; B. Late rice period.
0 5 10 15 20 25 0 5 10 15 20 25
RHGC1 1 - ' ' - ] RHPC3 6 ' ' - - '
RHGC2 3 A |RHPC9 17 B
RHGC7 13 RHPC6 12
RHGC4 7 RHPC8 16
RHGCS8 15 RHPC4 8 ]
RLGC9 18 RHPCS 10| |
RHGC10 20 ] RHPC2 4
RHGC6 11 RHPC1 2
RHGC3 5 RHGC1020
RHGCS 10 RHGC3
RHPC4 8 T RLGC9 18
RHPC10 19 ] RHGC1 1
RHPC5 9 RHGC2 3
RHPC3 6 RHGC4 7
RHPC7 14 RHGC6 11
RHPC8 16 RHGC5 9 ]
RHPC2 4 RHGC7 13
RHPC1 2 RHGCS8 15
RHPCY9 17 Zl— RHPC7 14
RHPC6 12 RHPC10 19

B2 ET4HEEEEESANEEETRTEREE
Fig. 2 Cluster diagram of community characteristics based on habitat connectivity

A, R B. BEAEH.
A. Early rice period; B. Late rice period.
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25 (P>0.05 ), HAEHA RHH A8 7 i AL A
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RLH, HERBHFITFE L LR EES
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Fig. 4 Comparison of number of individual in RHH with RLH

A RAEW; B MRE.
A. Early rice period; B. Late rice period.

B 3 RHH 5 RLH W##MEEELLE
Fig. 3 Comparison of speciesrichnessin RHH with RLH
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A. Early rice period; B. Late rice period.
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Table4 Total comparison of species richness and number of individualsin RHH with RLH
By HH H: 5% Habitat
REEHT 2 e T RHH/RLH P i P value
Sampling period Parameters RHH RLH
LG S 25.70+1.40a 22.80+1.07a 1.13 0.117
Early rice period N 278.03+41.22a 216.30+26.06a 1.29 0.222
it 5 BH S 20.10+1.68a 17.80+1.12a 1.13 0.269
Late rice period N 87.15+11.67a 52.04+6.08b 1.68 0.016

R AR R A A ENG PR AN AR BT JE B 225 (P>0.05), PnA ANF/ING FRER R AR A BE e A 2

%7‘%‘“0

The data followed by same lowercase letters in same line indicate no significant difference (P>0.05), while followed by the
different lowercase letters indicate significant difference (P<0.05). The same as table 6.

F RLH ( Bl RHH/RLH>1), 3 %4 #id i RHH {i%
F RLH (B RHH/RLH<1 ); Wil rettts
A 4 X4 RCHY RHH =T RLH, 6 X 20ty RHH
BSAIK T RLH. PRI SPEFRECR 7 T4
4 RHH &F RLH, 3 X}41 iy RHH it T RLH;
e R S SIS RO 4 WECH RHH & T
RLH, 6 Xt41fid i RHH {XF RLH. M EARS T,
FERAEI, 2R R RHH (1.68+0.07 )
W& T RLH (1.57£0.07 ), ¥5)tkdesdi ety
RHH (0.52+0.03 ) W& T RLH (0.50+0.02 ); M
RSN A B, ZAEPEFE AR RHH (2.15+
0.08 ) MIET RLH (2.20+0.07 ), ¥15)H45%0d
FP A RHH (0.73+0.02 ) WET RLH (0.77+
0.01), H¥HTREZES (P>0.05),

24 PLEEE @A NS S
10 %} RHGC-RHPC Jc 41 (145 5 R B Ag Y

30

A P=0.054

RHPC

MK /m?

Individual number/m?

YFh & BE Species richness

0 L
FLf5H Early rice period Mi&%# Late rice period
SKAEER] Sampling period

YR E s A 9 X RLH RHGC & T RHPC( B
RHGC/RHPC>1), ¥ 1 Xf4HEC N RHGC BEAIX T
RHPC ( RHGC/RHPC = 0.93<1); WaF 4 fh
FEEA 9 X4 RHGC & T RHPC, {V 1
XA RHGC fiF RHPC ( RHGC/RHPC =
0.83<1 ). HLAE 5 R I 0 R RAE S5 R, B qv
T AR LM RO o 10 X4 C A RHGC & T
RHPC ( Bl RHGC/RHPC>1 ), FF5# RHGC/RHPC
FIELERT 1.5 B 7 4, S o Lk E]
2.98; MifE i RHGC/RHPC MAMASR HIE KT
L5 Ik 74, HRF 2 f5R94LEC 6 4>, fem
LA E] 3.01; MEARSHT, R H5 IAes 1
ZRYRh T E B RHGC B 5 & T RHPC, {HR
INBGE R X R 2SS (P>0.05) (A
5: A); FLUREI]S e A IR 2R A A TR L A A
B R AR RHGC )0 & T
RHPC (P<0.01) (5. B),
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Fig.5 Comparison of speciesrichness and number of individuals based on connectivity grouping
A, YIRhFEE LIRS B MR LR

A. Comparison of species richness; B. Comparison of number of individuals.
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RN ZFErEe80f 5 4Rt 2 RHGC
& T RHPC ( H) RHGC/RHPC>1), 5 P4fiHN
RHGC {7 RHPC ( Bl RHGC/RHPC<1 ); MifH
Wi 2R 6 M4y RHGC & F
RHPC, 4 4N RHGC T RHPC., M EfE
0T, RSB R ARSI (RHGC: 1.65+0.08,
RHPC: 1.60+0.07, P=0.662) S5Iifi# ( RHGC:
2.17+0.08, RHPC: 2.18+0.07, P=0.921) ¥k
RHGC &I F RHPC , {H¥ TG i} 3% 22 5#( P>0.05 ),
HREM AR ECE 5 4B RHEGC & T
RHPC, 5 P4 N RHGC {£T RHPC; M AH
B cE 4 41BN RHGC W T
RHPC, 6 N4l RHGC BS{K T RHPC., #fk
G, BISIHEFRECR I . R RHGC (0.51+
0.02 ) W& F RHPC ( 0.52+0.02 ) JC ik &2 5%
(P>0.05), MEAEIH RHGC (0.72+0.02) W%
T RHPC (0.77+0.01 ) ( P<0.05 ),

25 EFEEBEILBRSH

PSR S T R Ay Al bR, SHEE R
SR RE R E MR S FE . Npi (HHE T
B, RS 10 4> RHH 5 RLH B9 Npi {513
=T 1 BRAE Npi (54 8 > RHH>1, 2 4>
RHH<1, 6 /> RLH>1, 5> RLH<1, A/&/Hr,
HAEHIS) RHH /% Npi {ER&IKT RLH, BRIk
RHH f) Npi {E#&E T RLH, (H¥ LR EER
(P>0.05), {BA% & RHH if/& RLH, H: Npi

[\
T

(=]

28,
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g2 6f [777] RHPC
ﬂ:g — — 1Line
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e E 4 [P=0.226
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g

B
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Fig. 6

HEREL

Number ratio of predators to pests
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LA S R R o AR, Xl R R
WGk EEERNEELAEL Npi [E#FTLH
B0, BRI 10 4~ RHGC 5 RHPC fiY Npi {8
e T 1 MRS Npi {645 8 4~ RHGC>1, 2 4~
RHGC<1; 6 /> RHPC>1, 54> RHPC<I, &Kk
Mr, FAEIIAY RHGC B Npi (iK% T RHPC, HE
FEi ] RHGC 1) Npi {ELlg = T RHPC, ¥ 0 3 2%
5 (P>0.05), fHA% & RHGC if /& RHPC, H
Npi [E¥REmT 1 (K 6: B), XrE—ER
JFE b R A BE 0 S kS e T, IR
b o) B A R B
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SR AR A BT IR sh W A v Rk 1 2 )
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Wi, fELX R 22 AN AT 200 . BAT i e B 2 A
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BA v 5 P R e B A R i PR, )
REAS 1 % BlOh 0 25 i v A Tl A R A 1
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Comparison of number ratio of predatorsto pests based on habitat heterogeneity and habitat connectivity

A VISR ; B, LAOEE M.
A. Based on habitat heterogeneity; B. Based on habitat connectivity.
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A EREH BT A R B S  m ER
ZERE I, AEBT A S S 3 SR Sl A R
e AR B P R PR3 5 AR A e B 4

TCie DA S BRI 2 DA 38 M O e 4 R AT
B, HAERELYBERET 1, Ui X
PR A S R G b R e 80 il B b R
AP KRE G B2 E L, RS S e S
A e T 5 | A K R T R 2 T )
ATREMEAR /N, K B KRR A T R AE DS
s Wl K R B ) ) S S PR JETE
—EFEE F 7% RHH A5 H L RLH f#GH . RHGC
FEH . RHPC F FH p R E s il & A A
FLAl, W EE4 RHH 5 RHGC SURHE,
AR S E AR 2 % T LHR 5 RHPC,

Ii] — X o R T S B DX ), AN ] 16 A 5
H T S R A R 2R, (H
AT T RPN T A (A 5 D) R A 385 1) S5 o 3
WA= AR R R 22 5 (XUR DY 48, 2021 ),
e FH 5 T sh i i £ 2 e vk S5 e R R
A, DAMIE S OEE (XI55, 2019), Wk
JETTI R E R, FE A T R R R A
L T EATIE T /& Wi i 2 fe 4k Re e i A
TS, BV R AE e AT H 5 0 0 48 o b = 3
BARA RNt Ht, Pk m g3
W YRR BA #%5 X ( Betz and Tscharntke,
2017) o

RERNWAEANL S EYZREPE R A C,
SR, AT MR M 22 (IR PG R W, 72 AN TR0 25
[F] R (] RUBE |- 2 1 w8 B 7 g o 2B 8% S5
A LU B 1A A9 2 BEPE B T B o AR TR Y
+ Hb F R S T AR 0 AR S IR AEE N
6] i AR D RE T A, BERAEAN TRV R, A b £
BE IR AT DA T R B AR B W R a2 25
KA EATTEE AR OT & 2 [ 8, 358 A R A
B A AR AL TR IR, X FAT BN W Rl A
1 1 3R 5 v 5 2 A7 AE A9 EE ZE AL ( Betz and
Tscharntke, 2017 ) .

i A S R G 45 Fh R BEVE s LB R
AR A BE B AE, W g AP HE I, ©
B UF B 3 o AR T 22 1 RT3 o T A AR

AR T B, BN T — RS R sh P2
HELEABE (R 915 RIS o A 35 i A B KA
A B R R 25 1) £ T RE ), TN EE )2 R 2R
YR AP A2 ( Betz and Tscharntke, 2017 ),
2 AL TR I8 4 e HH R B0 e AT AE AR B 1] 19
3 (Yaoetal., 2012; WEXZESILRA, 2017 ),
XA AT 5T 45 R — 25 A A B PR R R A
FETE Wk, EA AR A K TP AR R, T
ReFFHD T, WAGEREERIER M AR, R
I A B A R TR AL, JF e PR
FIR 2 () EER . B Rb SR AL HEA vh R PRl 7E
s ZU A FAE H S 8L AE ( Stephanie, 2004 ),
LML S RGP A R XU ( Kehoe
etal., 2017 ), FFAME L& H R H R0 A4
Bere e, JF HooT RE Hu il & PE K 2 Hh A7 25
TAL T BRI (Gaigher etal., 2016 ),
JUE AN PR TAEAF 5% X I H 3R A5 A 45 51, AT BEAY
TE A A X B KA R A AR IR 2, EIRAT
SR R BUAE AR = A Al 5o 5 A= 28 S
WY i R T, — T A B S O Y R
B, FeA S E AR AE SR TR, Sy — R
B A SRS P, Rk AR 5 (A
e A I oK R Bt gt i v . 7 AR S AR B
SR IINET, 35 A g A R 8, R L X
FH e [19] 385 3 7 7E (g J3E Vi 2 W), ) S i O B 39 3
T A D AR , 1 Bl A ik S Y HRE ) B 55
Fef R SO fE AR R R A% | ok, sk A
SEEMEE. FE, £ 5205t o]
ARG AL S v RGeS A S EN =
ST
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