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Population density and spatial distribution pattern of Curculio chinensis
(Coleoptera: Curculionidae) in Hunan, China
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(Hunan Provincial Key Laboratory for Biology and Control of Plant Diseases and Insect Pests ,
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Abstract The camellia weevil, Curculio chinensis Chevrolat, is an important pest attacking fruits of Camellia
spp- » an endemic genus in China, and causes fruit drop. To provide theoretical basis for survey sampling, long-
term monitoring and scientific prevention and control of the weevil pest, its spatial distribution pattern and popu-
lation fluctuation were investigated. During the egg-laying season of the weevil, systematic investigations were
conducted on the Camellia oleifera farm in Changning city, Hunan province in 2017 and C. meiocarpa farm in
Yiyang city, Hunan province in 2016 and 2017, respectively. The fruits collected were dissected and the weevil
immatures contained in them were recorded; then the spatial distribution pattern of the immatures was analyzed
using 6 aggregation indices (m* /m,I;, C,I,C, and k) and 2 regression models (Taylor’s Power Law and Iwao’
s Patchiness Regression), and finally key factors affecting spatial pattern were identified. The egg-laying of the
weevil females initiated in early to mid-June. The population density of the immatures showed a single peak
change and the highest density was recorded on 18th July and 25th July. The density on C. meiocarpa farm was
obviously higher than that on C. oleifera farm in the same season; the peak density of the former was 17. 95+

1.53 immatures per tree in 2016 and 16.27+1. 06 immatures per tree in 2017, 2.20 and 1.99 times higher than
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that of the latter (8. 164 1. 23 immatures per tree) in 2017, respectively. The analysis of aggregation indices

showed that it was aggregated on C. oleifera farm for each sampling of the immatures, but random or aggregated

distribution on C. meiocarpa farm. The regression models indicated that the weevil immature’s spatial distribution

pattern was clustered on each farm. It was proposed that the combined action of the oviposition behavior of the

parent females and its host fruit traits led to the aggregation distribution pattern of the weevil immatures, as the

Blackith A value was more than 2. The formula of optimal sample size and the curve charts of optimum sample size

changing with population density of the weevil immature were presented. In conclusion, the spatial pattern, popu-

lation density and fluctuation of the weevil immatures were clarified, and the key influencing factors were also dis-

cussed. The experimental results can provide a theoretical basis for survey sampling, long-term monitoring and sci-

entific prevention and control of the weevil pest.
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Fig. 1 Population densities and fluctuation of

Curculio chinensis immatures
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Table 1 Aggregation indices of Curculio chinensis immatures
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HEH W e e TH O RRE SR B T
H-H-4E ) PG B8 o RfE 4EEC dEEC BB RE BN
Host plant . m S ) .
Sampling date m* m* /m k 1 1 C, C A
w2 07-05-17 4,645 12.903 6. 423 1. 383 2.613 1.778 1.392 0.383 2.778 4, 045
Camellia olei fera 07-15-17 7.440  20.507 9.196 1. 236 4, 236 1.756  1.243 0.236 2.756  7.104
07-25-17 8.160 38.057 11.824 1. 449 2.227 3.664  1.456  0.449  4.664 7. 060
08-05-17 5.000 20. 750 8. 150 1. 630 1. 587 3.150 1.643 0.630 4.150 4. 039
08-14-17 4. 040 9. 290 5. 340 1. 322 3. 109 1.300 1.335 0.322 2.300 3. 606
08-24-17 4.000 10. 583 5. 646 1. 411 2. 430 1. 646 1.426  0.411  2.646 3. 499
09-03-17 3. 280 8.710 4. 935 1. 505 1. 981 1. 655 1.523  0.505  2.655 2.779
N2 07-02-16 10. 813  39.229 13.441 1. 243 4,114 2.628 1.250 0.243 3.628 10.039
Camellia meiocar pa 07-13-16 13.381 50.348 16. 144 1. 206 4, 844 2.763 1.211  0.206 3.763 12.694
07-25-16 17.952  49.048 19. 684 1. 096 10. 365 1.732 1.099 0.096 2.732 17.356
08-06-16 15.571 50.657 17.825 1. 145 6.911 2.253 1.148 0.145 3.253 14.804
08-18-16 12.905 41.190 15.097 1. 170 5. 888 2.192 1.174 0.170 3.192 12.209
08-31-16 6.333  8.033 6. 602 1. 042 23.595 0.268 1.050 0.042 1.268  6.245
N2 06-14-17 1. 444 1. 949 1. 794 1. 242 4.137 0. 349 1.274  0.242  1.349 1. 360
Camellia meiocar pa 06 -27-17 9.409 19.777 10.511 1. 117 8. 539 1.102 1.123 0.117 2.102 9. 058
07-06-17 14,636  20.433 15.032 1. 027 36. 957 0. 396 1.030 0.027 1.396 14.502
07-18-17 16. 269  29.405 17.077 1. 050 20. 151 0.807 1.052 0.050 1.807 16.000
07-27-17 13.048 22.848 13.799 1. 058 17.371 0.751 1.061 0.058 1.751 12.782
08-08-17 9.227 22.565 10.673 1. 157 6. 384 1. 445 1.162  0.157  2.445 8. 774
08-17-17 6.773 12.946 7.684 1. 135 7.431 0.911 1.142  0.135 1.911 6. 490
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Fig. 2 Linear regression analysis of the mean population density of Curculio chinensis

immatures, variance and mean crowding
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Table 2 Parameters and fitting effect of regression

models of Taylor’s power law

TURE Hl 5 2% Parameter AR Fitting effect
Sampling site g a b e F P
7 Changning 0.148  1.481 0. 823 28.806  0.003
%5 FH Yiyang 0. 058 1. 287 0. 857 72.692  0.000
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Table 3 Parameters and fitting effect of Iwao’s

patchiness regression model

HURE Hb 15, 24 Parameter PUEROR Fitting effect
Sampling site a B i F P
# 7 Changning 0.576  1.299 0. 905 58.466  0.001
25 FH Yiyang 0.447  1.080 0.973  433.501 0.000
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Fig. 3 Optimal sample sizes of Curculio chinensis immatures
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a: A female of Curculio chinensis drilling with her long rostrum into the pericarp of Camellia oleifera fruit; b: C. oleifera seeds of early development
(mid-June to early July); c: The cross-section of C. oleifera fruit, showing seeds of medium development (early to late July) and a puncture made
by female weevil (arrow); d: C. oleifera seed of late development (late July to mid-August), arrow showing the trace on the seed episperm
excavated by female weevils; e: The cross-section of C. oleifera fruit, showing mature seeds (after early August) and the frass (arrow) made by
larvae out of seeds; f: A mature larva of C. chinensis coming out of C. meiocarpa fruit by excavating the pericarp using its mouthparts
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Fig. 4 Curculio chinensis and its host fruit and seed
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