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Fig. 1. Fluctuation of herbivore family density on eggplant leaves in plots that (A) had been and
(B) had not been treated with various kinds of pesticides. Arrows denote application date,
and numerals indicate the kind of pesticide that was applied, as follow: (1) imidacloprid, (2)
A-cyhalothrin, (3) deltamethin, (4) carbosulfan, and (5) milbemectin.
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Fig. 2. Fluctuation of herbivore family density on eggplant flowers in plots that (A) had been and
(B) had not been treated with pesticides. Arrows denote pesticide application date and
numerals indicate the kind of pesticide that was applied, as follows: (1) imidacloprid, (2)
A-cyhalothrin, (3) deltamethin, (4) carbosulfan, and (5) milbemectin.
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Fig. 3. Fluctuation of predator family density on eggplant leaves in plots that (A) had been and
(B) had not been treated with pesticides. Arrows denote pesticide application date and
numerals indicate the kind of pesticide that was applied, as follows: (1) imidacloprid, (2)
A-cyhalothrin, (3) deltamethin, (4) carbosulfan, and (5) milbemectin.
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Fig. 4. Fluctuation of predator family density on eggplant flowers in plots that (A) had been and
(B) had not been treated with pesticides. Arrows denote pesticide application date and
numerals indicate the kind of pesticide that was applied, as follows: (1) imidacloprid, (2)
A-cyhalothrin, (3) deltamethin, (4) carbosulfan, and (5) milbemectin.
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been and (B) had not been treated with pesticides.
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(A) Pesticides application (B) Without pesticides
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plots that (A) had been and (B) had not been treated with pesticides.
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K— EFHARENERGEEBERMEERENERIE LZ Iwao’s m*-m regression X
Taylor’s power law FURE(E
Table 1. Parameters of Iwao’s m*-m and Taylor’s power law for the analysis of herbivores found on
leaves and flowers in an eggplant plot that had not been treated with pesticides

Herbivore Iwao’s m*-m regression Taylor’s power law

family " o B P Log(a) b R P

Spire leaf

Thripidae 24 0.267 2.009 0.468 0.000 0.637 1.131 0.870 0.000
(0.281)"  (0.457)**? (0.106)**  (0.093)

Aphididae 19 2.575 3.873 0.238 0.034 1.844 1.419 0.945 0.000
(1.536) (1.680) (0.167)**  (0.083)**

Tarsonemi- 24  29.396 1.408 0.359 0.002 2.859 1.270 0.870 0.000

dae (6.145)** (0.401) (0.226)**  (0.105)**

Expanded leaf

Thripidac 24 2.053 3.277 0.859 0.000 1.545 1.708 0.966 0.000
(1.962) (0.137)** (0.106)**  (0.067)**

Aphididae 24  32.264 4.270 0.510 0.000 2.055 1.888 0.949 0.000
(16.400) (0.583)** (0.210)**  (0.094)**

Aleyrodi- 24 -0.069 3.903 0.908 0.000 1.574 1.605 0.943 0.000

dae (2.376) (0.266)** (0.143)**  (0.084)**

Typhlocy- 24 0.628 1.454 0.955 0.000 0.958 1.295 0.986 0.000

binae (0.362) (0.068)** (0.066)**  (0.032)**

Tetranych- 24 170.572 5.777 0.174 0.042  -0.090 0.484 0.920 0.000

oidea (100.700) (2.676) (0.236)**  (0.031)**

Tarsonemi- 23  22.225 0.944 0.841 0.000 2.401 1.197 0.721 0.000

dae (5.763)**  (0.089)** (0.257)**  (0.163)

Flower

Thripidae 21 1.661 0.985 0.731 0.000 0.869 0.913 0.151 0.082
(0.477) (0.137)** (0.580) (0.498)

Aphididae 19 5.443 4.706 0.794 0.000 2.443 1.508 0.980 0.000
(2.306)** (0.583)** (0.108)**  (0.053)**

Tarsonemi- 21 1.402 3.493 0.904 0.000 1.649 1.611 0.966 0.000

dae (0.693) (0.261)** (0.104)**  (0.070)**

Y Standard error values are listed in parentheses.
2*x denotes significant difference in Student-t test results at a level of o = 0.05. Null hypothesis of ¢, and log(a)
parameters are 0; 3 and b are 1.
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Taylor’s power law FVASE
Table 2. Parameters of Iwao’s m*-m and Taylor’s power law for the analysis of herbivores found
on leaves and flowers in an eggplant plot that had been treated with pesticides
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EFMAEMERERER M E BTN E K L Z Iwao’s m*-m regression

Herbivore Iwao’s m*-m regression Taylor’s power law

family " o B R’ P Log(a) b r p

Spire leaf

Thripidae 28  0.403 1.224 0.968 0.000 0.541 1.148 0.968 0.000
(0.109)**"  (0.044)**? (0.045)**  (0.040)**

Aphididae 16 -0.156 9.469 0.697 0.000 1.837 1.554 0.927 0.000
(0.795) (1.669)** (0.265)**  (0.117)**

Tarsonemi- 28 14.880 1.464 0.889 0.000 1.419 1.592 0.951 0.000

dae (5.273)**  (0.101)** (0.227)**  (0.070)**

Expanded

leaf

Thripidaec 28 -0.250 3.615 0.916 0.000 1.378 1.819 0.976 0.000
(6.228) (0.215)** (0.142)**  (0.056)**

Aphididae 24  7.392 2.277 0.234 0.017 1.880 1.566 0.918 0.000
(4.317) (0.878)** (0.177)**  (0.100)**

Aleyrodi- 25  3.156 2.018 0.778 0.000 1.489 1.403 0.882 0.000

dae (1.434)**  (0.224)** (0.167)**  (0.107)**

Typhlocy- 19  0.066 2.804 0.638 0.000 0.974 1.324 0.972 0.000

bidnae (0.256) (0.511)** (0.129)**  (0.055)**

Tetranych- 26 20.664 2.695 0.801 0.000 1.991 1.723 0.968 0.000

oidea (25.173) (0.275)** (0.164)**  (0.065)**

Tarsonemi- 28 60.033 2.542 0.689 0.000 1.872 1.821 0.972 0.000

dae (20.407)**  (0.335)** (0.184)**  (0.061)**

Flower

Thripidae 25  1.119 1.179 0.960 0.000 0.715 1.252 0.927 0.000
(0.352)**  (0.050)** (0.127)**  (0.073)**

Aphididae 13 -2.219 19.775 0.947 0.000 2.517 1.776 0.939 0.000
(1.834) (1.425)** (0.292)**  (0.137)**

Tarsonemi- 25  3.467 1.381 0.548 0.000 1.357 1.328 0.901 0.000

dae (0.975)**  (0.262) (0.112)**  (0.092)**

Y Standard error values are listed in parentheses.

2% denotes significant difference in Student-t test results at a level of ¢ = 0.05. Null hypothesis of o and log(a)

parameters are 0; 3 and b are 1.
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= ENHAEMERNERMERHLREF (feeding guild) 2348

Table 3. Species composition of herbivorous feeding guilds

Guild category Family Species - Leal Flower  Fruit
Spire  Expand
Piercing Aphididae Aphis gossypii Glover v v v
sucker Myzus persicae Sulzer v
Typhlocybinae  Amrasca biguttula biguttula v v
(Ishida)
Aleyrodidae Bemisia argentifolii Bel- v v v
lows & Perring
Aleurodicus disperses Rus- v
sell
Tetranychoidea  Tetranychus spp. v v v
Tenuipalpidae  Brevipalpus spp. v v
Tarsonemidae  Polyphagotarsonemus latus v v 4 v
Banks
Thripidae Thrips palmi Karny v v v v
Scirtothrips dorsalis Hood v v
Frankliniella intonsa (Try- v
bom)
Thrips hawaiiensis (Mor- v
gan)
Hoplandrothrips sp. v v
Internal sucker Agromyzidae  Liriomyza spp. v
Chewer Noctuidae Spodoptera litura Fabricius v v
Trichoplusia ni Hubner v
Lymantriidae Orgyia postica (Walker) v
Euproctis taiwana Shiraki v
Pyrallidae Leucinodes orbonalis Gue- v
nee
Coccinellidae ~ Henosepilachna vigintioc- v

topunctata Fabricius
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plots that (A) had been and (B) had not been treated with pesticides.
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leaves in eggplant plots that (A) had been and (B) had not been treated with pesticides.
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Fig. 13. Changes in dispersion index over time for various herbivorous feeding guilds on

expanded leaves in eggplant plots that (A) had been and (B) had not been treated with
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=M~ =P AREMEANEERERMEEENRERE (feeding guild) EMERELZ
Iwao’s m*-m regression A Taylor’s power law AI{REE

Table 4. Parameters of Iwao’s m*-m regression and Taylor’s power law for the analysis of different
herbivorous feeding guilds found on leaves and flowers in an eggplant plot that had not

been treated with pesticides

Feeding Iwao’s m*-m regression Taylor’s power law

guilds " o B E P Log(a) b R P

Spire leaf

Sucking- 24 0.861 2.307 0.317 0.004  0.980 1.609  0.734 0.000

insects (1.103)"  (0.722) (0.118)**  (0.207)**

Sucking- 24  38.524 1.311 0.116 0.104  2.762 1337 0.745 0.000

mites (12.162)***  (0.773) (0.374)**  (0.167)

Expanded

leaf

Chewers 11 0.254 19.814 0.508 0.014  2.460 1.591  0.943 0.000
(1.459) (6.491)** (0.456)**  (0.130)**

Sucking- 24  -14.839 3.535 0.656 0.000  -0.448 2254 0.696 0.000

insects (17.988) (0.545)** (0.798)  (0.245)**

Sucking- 24  225.969 4.180 0.096 0.141 4.039 1360  0.794 0.000

mites (107.628)**  (2.736) (0.572)**  (0.192)

Flower

Sucking- 21 -6.703 3.542 0.933 0.000  -0.868 2,575 0.960 0.000

insects (2.317)**  (0.358)** (0.506)  (0.305)**

Sucking- 21 1.125 3.516 0.837 0.000 1.545 1.689  0.790 0.000

mites (0.579) (0.216)** (0.087)**  (0.078)**

" Standard error values are listed in parentheses.

?#x denotes significant difference in Student-t test results at a level of o, = 0.05. Null hypothesis of ¢, and log(a)

parameters are 0; 3 and b are 1.

JiEEE 3 fELL B EFLL Iwao’s m*-m regres-
sion 1Y B {E 2K & > sucking-insects 1 7 [ 5
ZE | > sucking-mites /£ {E_FHY 717 B =08 2
TRALISN - It 3 T B R R A EE - R
FAt B 2RI AR (1) K Taylor’s
power law A4S SR RIL 3 R B REEARE
FAEE - ERASE A 3B SR AT -

H~ BBz AbE

Ry T EGAEMEN RS 55 HE - BUSEEmY
LHEETERE T — « AR HZEE
FAE Lk > DL Taylor’s power law (EEE{H (a)
BRI (b) 2RAL BB — IR KR R I &R
1F 53 5-200 SRR EEER > 52

H
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Table 5. Parameters of Iwao’s m*-m regression and Taylor’s power law for the analysis of different

R ZERBERMHEEEANRLREE (feeding guild) 7EHIZELIELZ Iwao’s

herbivorous feeding guilds found on leaves and flowers in an eggplant plot treated with

pesticides
Feeding Iwao’s m*-m regression Taylor’s power law
. n
guilds o B R’ P a b R P
Spire leaf
Sucking- 25 1.072 1.146 0.640 1.220
. 1 0.581 0.000 0.880 0.000
insects (0.565) (0.209) (0.091)**  (0.088)**
Sucking- 25 14.704 1.485 1.358 1.618
0.903 0.000 0.956 0.000
mites (05.019)**  (0.096)** (0.216)**  (0.067)**
Expanded
leaf
Chewers 12 0.066 5.588 1.478 1.430
0.920 0.000 0.956 0.000
(0.163) (0.520)** (0.246)**  (0.096)**
Sucking- 28  -0.484 3.533 0.918 0.000 1.179 1.892 0.958 0.000
insects (6.269) (0.209)** ’ (0.206)**  (0.078)** ’
Sucking- 28 31.959 2.961 1.933 1.759
. 0.899 0.000 0.955 0.000
mites (14.942)** (0.196)** (0.259)**  (0.076)**
Flower
Sucking- 25  -0.502 1.561 0797 0.000 0.580 1.394 0.884 0.000
insects (1.229) (0.164)** ’ (0.188)**  (0.106)** ’
Sucking- 25  0.292 1.288 1.317 1.322
. 0.453 0.000 0.874 0.000
mites (1.114) (0.295) (0.125)**  (0.104)**

Y Standard error values are listed in parentheses.

?*x denotes significant difference in Student-f test results at a level of o = 0.05. Null hypothesis of ¢, and log(a)

parameters are 0; 3 and b are 1.
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FIN ™ 4K Taylor’s power law R HE LB A EIMEAMEREEE WA NRLREZ
SOERUVRE (D =0.2)"
Table 6. Optimal sample size for key herbivores and feeding guilds in an eggplant plot that was
not treated with pesticide according to Taylor’s power law (D = 0.2)"

Sample size for herbivores families Sample size for feeding guilds
Mean density Thripi- Aphidi- Tar- Tetrany-  Aley- Chewers Sucking- Sucking-
dae dae  sonmidae choidea rodidae insects mites
Spire leaf

5 50 276 579 - - - 153 586

10 28 185 349 - - - 117 370

20 15 123 211 - - - 89 234

40 8 83 127 - - - 68 148

50 7 73 108 - - - 62 127

100 4 49 65 - - - 47 80
200 2 32 39 - - - 36 51

Expand leaf

5 315 701 328 9 275 806 103 21,791

10 257 649 188 3 209 607 123 1,399

20 210 600 108 1 159 457 147 898

40 172 555 62 1 121 344 175 576

50 161 542 52 1 111 314 186 499
100 131 501 30 1 84 237 221 320
200 107 464 17 1 64 178 264 206

Flower

5 45 580 305 - - - 116 311

10 21 413 233 - - - 173 251

20 10 293 177.6 - - - 257 202

40 5 209 136 - - - 383 163

50 4 187 124 - - - 440 152

100 2 133 95 - - - 649 127
200 1 95 73 - - - 967 99

Y«D” denotes the predetermined half-width of the confidence limits for the estimation of the mean.
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Spatial Distribution Patterns and Optimal Sample
Size of Arthropod Feeding Guilds on Eggplant

Li-Hsin Huang"*, Mei-Chueh Lin', Wen-Ying Su', Chiou-Nan Chen’

Abstract

Huang, L. H., Lin, M. C., Su, W. Y., and Chen, C. N. 2016. Spatial distribution patterns and optimal
sample size of arthropod feeding guilds on eggplant. Taiwan Pestic. Sci. 1: 143-177.

This study compared the composition of key pest communities in two eggplant
fields: one that had been treated with pesticides and one that had not. We also sought to
determine whether classifying pests according to feeding guild was useful for integrated pest
management applications. Spire leaves, expanded leaves, and flowers were collected weekly,
and the insects and mites they contained were inspected and classified in the laboratory.
Specifically, we recorded the family and superfamily or subfamily. Insects and mites were
then further classified into one of four feeding guilds according to mouthpart type, including
chewers, sucking-insects, sucking-mites, and internal suckers. Results indicated that sucking-
mites were most abundant on spire leaves; sucking-insects were usually found on expanded
leaves, flowers and fruit calyxes; and internal suckers always occurred on expanded leaves.
Results from Iwao’s m*-m regression and Taylor’s power law showed that sucking-mites
had a random distribution pattern and sucking-insects had a clustered distribution pattern.
When calculating the optimal sample size that is sufficient for effective decision-making
in pest management according to Taylor’s power law, if an expanded leaf contains 10
individuals, then 257, 649, and 209 leaves are needed to sample for Thripidae, Aphididae, and
Aleyrodidae, respectively. Conversely, when feeding guild is used, if there are 10 sucking-
insects on an expanded leaf, then the estimated sample size is 123 leaves. These results
indicate that the optimal sample size is lower for feeding guild than for single populations.
This finding suggests that applications related to pest density monitoring and pest control

decision making can use feeding guild in place of single pests.

Key words: eggplant, feeding guild, spatial distribution patterns, sampling.
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