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Abstract [Objectives] To clarify the damage characteristics and spatial distribution of larvae of Paralipsa gularis (Zeller),
an emerging pest of maize in southwestern China, in order to provide theoretical support for the prediction and control of this
species. [Methods] A five-point random sampling method was used to survey the occurrence and damage caused by P.
gularis larvae in summer maize fields in Jiangcheng county, Yunnan province. The spatial distribution patterns of larvae in
maize fields were analyzed using the aggregation index method and regression analysis. [Results] Field investigations found
that larvae began to damage maize during the milk stage, and bored into maize ears, cores and stalks, causing grain defects and

ear rot. Damaged areas had obvious borer holes, tunnels and white excrement, and mature larvae pupated on maize bracts and
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ears. Average larval densities ranged from 0.02 to 3.62 individuals per plant, and the rate of maize-damaged plants was 2% to

58%. The rate of damage to maize ears was positively correlated with average larval density. Larvae had an aggregated

distribution in maize ears, indicating that individuals attracted each other. The basic component of the distribution was the

individual group. The aggregation average A indicated that larvae aggregated in response to environmental factors. Based on

these results, we derived the theoretical sampling formula: N =(3.8416/D*)(4.9015/% +3.5031) for larvae of P. gularis and the

larval density control index sampling formula: 7,

wao(n)

=nm, i1.96\/ 7(4.901 5m, +3.503 1m]) . [Conclusion] The damage characteristics,

spatial distribution habits of P. gularis larvae in maize fields were determined and a sampling method for field populations

proposed. The results provide a scientific basis for population density surveys and the control of this pest in maize fields.
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Tablel Relationship between range of aggregation index and spatial distribution

RELE SRR
Aggregation index

Y HBUEHL C Diffusion coefficient C
SF-HIYIHFE M” Mean crowding M
MAFEHC T Clumping index 7

A IR R K
Negative binomial distribution index K

Caf815 Ca index
¥ 35 b5 I5 Population diffusion index I3
BHAEH M/ x Aggregating index M /%

¥y oA iRl RAE M
Uniform distribution ~ Random distribution Aggregate distribution
<1 =1 >1
<1 =1 >1
<0 =0 >0
<0 —> 0 >0
<0 =0 >0
<1 =1 >1
<1 =1 >1
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Fig. 1 The population density of larvae occurring at
different developmental stages of maize
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Fig. 2 Thedamaging symptoms of Paralipsa gularisin maize fields

A, BEEEREE; B RAEMECREE; C O RBALE; D. MR RBURES; E. BAEEZEAT; OB

A. Bored maize ear; B. Gather to feed on maize ear; C. Pupate on maize ear;
D. Feed on the bottom of maize ear; E. Bored stalks; F. Ear rot.
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Fig. 3 Relationship between larval density of Paralipsa
gularis and maize plant damage rate
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Table2 Larval aggregation indices of Paralipsa gularisin maize fields
. . 7 —I014 . R .
PRI PHRECFIIE e (’Kﬂ)\ pHdE L R
b x (Sk/BR) 2 (Cc) B (M) N H . Fohr (I3) (A)
. o (1) Negative ~Ca 0P8 . Aggre-

Sampling Average . Diffusion = Mean . . . : Population . Aggre-

) Variance . . Clumping binomial Caindex =~ * ™ gating ;
field density 2 coefficient crowding . s diffusion - gation

(ind/planty &) (©) 7y  ‘ndex () distribution index (I3) index  erage %)

P index (K) )t w) TOE
1 0.130 0.599 4.608 3.738 3.608 0.036 27.757  30.769 28.757 0.000
2 0.240 1.396 5.818 5.058 4.818 0.050 20.076  21.739 21.076 0.000

3 0.000 / / / / / / / / —

4 0.020 0.020 0.990 0.010 -0.010 -1.980 —0.505 0.000 0.495 —
5 0.150 0.452 3.013 2.163 2.013 0.074 13.423  15.238 14.423 0.000
6 0.120 0.309 2.572 1.692 1.572 0.076 13.103  15.152 14.103 0.000
7 0.190 0.863 4.540 3.730 3.540 0.054 18.630  20.468 19.630 0.000
8 0.110 0.261 2.368 1.478 1.368 0.080 12.438  14.545 13.438 0.000
9 0.180 0.351 1.951 1.131 0.951 0.189 5.281 6.536 6.281 0.016
10 0.420 1.478 3.520 2.940 2.520 0.167 6.000 7.085 7.000 0.025
11 0.210 1.319 6.281 5.491 5.281 0.040 25.149  27.143 26.149 0.000

12 0.000 / / / / / / / / —
13 0.360 5.425 15.068 14.428 14.068 0.026 39.079  40.794 40.079 0.000
14 0.180 0.594 3.297 2477 2.297 0.078 12.763  14.379 13.763 0.000
15 0.140 0.202 1.446 0.586 0.446 0.314 3.185 4.396 4.185 0.037
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£E3R 2 (Table 2 continued)
o . 7 — 151/ N . RIYIRE .
X PHECRE PR A4S %}b (JKIE C/ i /) R
b x (Sk/BR) 2 (Cc) B (M) N H . Fohr (I3) (A)
. (8%) - Negative ~CaTAT8 . Aggre-
Sampling  Average . Diffusion = Mean . . . . Population - Aggre-
. Variance . . Clumping binomial Caindex =~ °* ™ gating ;
field density 2 coefficient crowding . N diffusion gation
(ind/planty &) (©) (7  ‘ndex () distribution index (I5) ndex  verage %)
P index (K) Ot w) TOE
16 0.470 4.837 10.292 9.762 9.292 0.051 19.771 20.999 20.771 0.000
17 0.820 13.200 16.097 15917 15.097 0.054 18.411 19.452 19.411 0.000
18 0.250 0.957 3.828 3.078 2.828 0.088 11.313 12.667 12.313 0.001
19 0.570 9.157 16.064 15.634 15.064 0.038 26.429  27.632 27.429 0.000
20 0.880 11.097 12.610 12.490 11.610 0.076 13.193 14.211 14.193 0.001
21 3.620 49.288 13.616 16.236 12.616 0.287 3.485 4.460 4.485 0.819
22 0.710 3.036 4.276 3.986 3.276 0.217 4.615 5.634 5.615 0.090
IER RSB S A0, RIEEIER AR RES T . /RN HYR B — S8, RITESTSH . —FoRiziHk
— RN ARR A, AR HIRAERL

Bold data indicate uniform distribution, no bold data indicate aggregate distribution. / indicates various parameters cannot be
calculated because of no individual of P. gularis in the specific maize field. — indicates that aggregation average can not be
calculated because of the non-aggregative distribution of P. gularis in the specific maize fields.
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Fig. 6 Relationship between aggregation average
and larval mean density of Paralipsa gularis
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231 BRI K FOKH— S ERIEL AU
TwaoM ™ I x [FIARER ZH o = 3.9015 F1 f =
4.503 1, W AN HEMER 095 (¢ HN
1.96) 554 T W EAE S A AR A .

N =(3.8416/D*)(4.9015/% +3.5031)

EAEARRZESMFT (D=0.1, 0.2, 0.3),
— 1L ZR IR &y TR R N B X IS A B SR AR R
BN (£ 3); mE3 I, FEE—SBIEL N
f R T SR, BE I REBGE W/

*3 AEAHOFETERAR—SBEL ROEISHES
Table3 Larval theoretical sampling number of Paralipsa gularis at different larval densitiesin maize fields

BB HEE 08 (/) The number of theoretical sampling unit (piece)

W2 D

Errors 0.1 0.2 0.4 0.8 1.6 32
0.1 20175 10 761 6 053 3 699 2523 1934
0.2 5044 2 690 1513 925 631 484
0.3 2242 1196 673 411 280 215

232 FRiBE TOKH— S840 ) TwaoM™
A x FEFERE a=3.901 5, p=4.503 1 4 AJF 5T

HIRERERL T = g 20 nl(cr+ Dymg + (B— D]
33— R SRR R FHIRE AT Ty = nmo *
L96Jn(49015n%-+35031n£)0

1 H R T K — 5 2R 4 OB G —
BiivATERR , RIS AL R, B ERT IR
mo A 0.1 3k, THEA RIS (#=50. 60, 70,
80, -+ 200 ) Hf— L ZUE 4 e il 7 BERIRE X ]
FIAF 4, bR, b BRI
TP B = T RIAR TR bR, TEIATRA
AR T BRI SR B AR B AR T B s e bR, A
Wi MPREEL T -, TRZME, A7
ARSEAMAE TR . FEASBIFGT BT BT IAER A | 2
FHFEECH 200 BRLATF B, — S ZRE &) i SR
BORBRM A, BEAMARREI R, — e )

AIREARCER, SRS L3y =Sl i b,
— BRI AT B ) SR AR SR B A G, A SRR
RAH——F5,

3 itig

AT RI, Bk F i — S g 5 £ ok
W ORGHR | RS U M A A U R
IR FEIRA EAEEZE S ( EIRE M E R,
2019; MRSHMEDE, 2020 ), — M 4RIEL M H Tk
FLA B WGRIAAAT o, BRI ORI
ZERT, TESEETA W A FL A EREE , I
FEAERE I A EHEI Y, SBCE KRR R AN
G, PEH AR BT X5 R AE(2018)4H
TH 112 HR FE I R BE AR — B, 2 bR v] Sy (] ]
AR o PRl — r 0y T SRR IZE AT, A i
HONER, WA, 7Eam B VIR oK E

SUBTHRF R A, T A KRR AR, SRS — SRS
&4 ERE—RBIELRMEEF REER
Table4 Larval sequential sampling limits of Paralipsa gularisin maizefields
%#ﬁ(n,) 50 60 70 8 90 100 110 120 130 140 150 160 170 180 190 200
Sampling size
15 17 19 21 22 24 26 28 29 31 32 34 36 37 39 40
Upper limit
TFEB(,,)

-5 -5 -5 —4 —4 —4
Lower limit

4 3 3 2 2 2 -1 -1 0
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A, PR ook 5 — S8 BTN ok
FEEA, FFEARERS 24 B, f£—
ST ERIE R R AT, R I R W K 2 A E
HFPHRR A K S

— J R 4y R AR ) KRR R SR AR
A7, TR 5 3 i L 5 B T R X —
A S WP TR | Bl | AR R RO EY
PR S 5 Fhishd H F A FOREH Y
oA E—E0 (FERIESE, 2004; PRI A, 2016;
FhVINBEE, 2019 ), KRLTHZE (2018 ) KB —A5
ZEIEARI L s HAT R . SRR IR, AT
KLY — p5 ZE Ay s AR TR A EL 5 | A AR
MRS . AW 5E 8 K BRIR b B B e AN RS S sl
7] b DX B0 R ) 4 4 A 2680, 3T Rl Rl ol
FEBRR AT L Gy M I S A 2 T M R X [ 25 5
4 2% ( Serra and Trumpep, 2006 ; FMZTEZ %%, 2007 ;
Hernandez-Mendoza et al., 2008 ), Hit, 4 J5 M
AR LE TR A TE 2 O B A [ 399 20y BOEAS [R] b IX ()
RAENGEN, YRS T MK ERE, 48
S A o

FETF VTR B T K I — o5 B0 23 ) 43 A 4
fiE, FRATTEE S, T B FlRE BB R e B A A
AL, O EOK b s S A R A bR T AR
MRS RO, A T HE A A RO
PRUEFRE O ERG T | 76— i SR 4 AU B A H
Berp (<0.4 3/8k), AHH (EAKT 667 m”)
N 673-2 242 Bk, FI{RIEIR2<0.3; FELIH
FEER ST (>04 Sk/Ak), MW (HEHH
KT 667 m>) 4 208-568 tk, FI{FiFiR%E
<03, HE—SBIEPRYICRE, %575
FEZR, UL 0.1 Sk/ARPESR B G Ha45, filiRE 100 R4
BB KT 24 Sk EEhAE 200 BROK T 40 Sk, 75
PEATBIG o FEARFE R, TN R4l Ul 3 B B
IFEESIAS, BER A A FIBIIA . Rk
WO — A5 BRI 58 T K 1) B I 22 B A8 AR ik A7
58, DMRALT SRR AR
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