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Quantitative Measurement of Nutritive Relationship of the Food
Chain: Rice plant-leafhoppers-spiders by the Fluorescence

Labeling Method

HU Zi-Qiang, HE Yi-Yuan, YAN Heng-Mei, YANG Hai-Ming, ZHU Ze-Rui, WANG
Hong-Quan (Life Science College of Hunan Normal Universitys Changsha 410081+ China). Acta Ecologica Sinica»
2002,22(7):1079~1084.

Abstract; The rice leafhopper is one of the main paddy pest species in China, while the paddy spider is the
primary predator of the rice leafhopper. In the past, the degree of damage that suffered as a result of
paddy pests and the control manifested by paddy spiders toward pests was generally determined by the
qualitative research method, which can hardly accurately reflect the dangerous degree of the pest toward
the rice and the controlling ability of the spider toward the pest. This research focuses primarily on the
quantitative measure of the nutritive relationship in the food chain among the rice plant, leafhoppers and
spiders of the dominant species. By adopting lanthanide-europium as a fluorescent tracer for the first time.
this test aims to provide the theoretical basis for further discovery of the function of the spider
community’s control over leafhoppers’ reproduction.

Research materials The rice plant, leafhoppers (Nephotettix bipunctatus), dominant spider species :
Pirate subpiraticus. Tetragnatha japonica, Ummelita insecticeps, Eu,O;, etc.

In this experiment by planting early rice and late rice during the 2000 season, the following results
were obtained :

The chosen lanthanide-europium was used in the experiment in which the dissolved europium in the
soil was absorbed by the rice plant. Leafhoppers live on the plant while spiders prey on the leafhoppers for
food. So the feasibility of using the fluorescent tracer in the quantitative analysis of the nutritive
relationship in the food chain had been proven.

Seven days after the europium was applied to the soil, the content of the europium in the rice plant
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was measured. In the early rice plant during its pregnant stage ., each gram of fresh stem and leaf
contained europium at 1. 799pg and 2. 610pg.respectively. Whereas, during the middle of tiller period of
the late rice plant, each gram of fresh sheath and leaf contained europium at 1.701pg and 3.10pg,
respectively. The content of europium in the leaf was always more than that in the stem or in the sheath.

Measuring the amount of europium in the leafhoppers who lived on early rice plant and late rice plant
after three days, each gram of fresh insects contained europium at 17.456pg and 13.64pg levels
respectively. Based on the total weight of 100 leafhoppers (428mg in early rice, 373mg in late rice) , then
each group of 100 leathoppers contained europium at 7.475pg in early rice and 5. 074pg in late rice 100
leafhoppers ate 1. 13g early rice plant and 0. 71g late rice plant every day by estimation.

Tested spiders were fed leafhoppers. After three days, the average amount of europium content in
each gram of fresh spiders Pirate subpiraticus, Tetragnatha japonica and Ummelita insecticeps was 7. 5518
4.12pg and 11. 96ug, respectively. Each gram of spiders contain 50 Pirate subpiraticus or 45 Tetragnatha
japonica or 370 Ummelita insecticeps. 15.10pg, 9. 17pg and 3. 23pg of europium were found in 100 spiders
of Pirate subpiraticus, Tetragnatha japonica and Ummelita insecticeps respectively. Therefore, the
individual number of eaten leafhoppers by Pirate subpiraticus or Tetragnatha japonica or Ummelita
insecticeps in one day was 4. 63 or 2. 81 or 1.0, respectively.

The predatory ability of the spider Pirate subpiraticus against leafhoppers is superior to that of
Tetragnatha japoica, while Tetragnatha japoica’s ability is superior to that of Ummelita insecticep.

Key words: lanthanide; fluorescent tracking; rice plant-leafhopper-spider; food chain; nutrition
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Table 1 The amount of rare earth element Eu in the rice-plant after marking it 7 days
(mg) (pg) (pg)
. . Stage of me Intensity of ffg m%
Treatment Materials Wet mass png of Eu/  Net pg of Eu/
development fluorescence
g.wet mass g.wet mass
1320 29.159 2.22 1.799
Marked by Eu Early rice stem Heading stage d 7 ! ’
1320 5.68 0.428
Control Early rice stem Heading stage
930 28. 286 3. 068 2.610
Marked by Eu Early rice leal blade  Heading stage
924 4.194 0.458
Control Early rice leaf blade = Heading stage
900 19. 950 2.222 1.701
Marked by Eu Late rice leaf sheath  Jointing stage 7
900 4. 65 0.521
Control Late rice leaf sheath  Jointing stage ’ ’
568 20.17 3.710 3.100
Marked by Eu Late rice leaf blade Jointing stage
568 3. 434 0.610

Control

Late rice leaf blade

Jointing stage
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3d ( 2), 14.51~20. 68p.g»
17. 465pg; 6.805~21. 667ug, 13. 64pg., 100

428mg . 7.475ng ( 17.465pg/g X 428mg) , 100
1.13g{ 7.475pg+[(1.799 +2.61 ) +2]pg/g+3d}, 100 372mg ,
5.074pg( 13.64pg/g X 372mg) , 100 0.71g{ 5.074pg—+—[(1.701
+3.10)+2]pg/g+3d} ., . . .
( 100 56mg) , .
2 3d

Table 2 The amount of rare earth element Eu in the marked leafhoppers’body after feeding 3 days

Treatment

Marked by Eu

Control

Marked by Eu

Control

Marked by Eu

Control

Marked by Eu

Control

Marked by Eu

Control

Marked by Eu

Control

Materials

The leafhopper

on early rice

The leafhopper

on early rice

The leafhopper

on early rice

The leafhopper

on early rice

The leafhopper

on early rice

The leafhopper

on early rice

The leafhopper

on late rice

The leafhopper

on late rice

The leafhopper

on late rice

The leafhopper

on late rice

The leafhopper

on late rice

The leafhopper

on late rice

Stage of
development

3
From 3th instar

larva to adult

3

From 3th instar
larva to adult

3

From 3th instar

larva to adult

3
From 3th instar

larva to adult

3
From 3th instar

larva to adult

3
From 3th instar

larva to adult

5 .
5th instar

larva and adult

5 .
5th instar

larva and adult

5 .
5th instar
larva and adult

5 .

5th instar
larva and adult

5

5th instar
larva and adult
5

5th instar

larva and adult

Num.

11

17

20

20

20

20

20

(G (mg)
(ind. ) Wet mass

26.8

39.7

39.8

38.4

60. 6

74.6

68.8

84. 8

72.1

Intensity of

fluorescence

15.

10.

13.5

663

. 679

. 191

. 850

549

. 677

. 028

(ng)
pg of Eu/

g,wet mass

34.

17.

31.

10.

26.

12.

10.

229

033

673

984

76

. 927

. 085

. 637

17.

20.

14.

12.

(pg)

Net pg of Eu/

g,wet mass

196

689

51

. 667

. 805

448
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Table 3 The amount of rare earth element Eu in the marked spiders’body after feeding 3 days
(G (mg) . (pg) (ng)
X Stage of i Intensily of
Treatment Materials Num. (ind. )Wet mass pg of Eu/  Net pg of Eu/
development fluorescence
g,wet mass  g,wet mass
Marked by Eu Tlle spidérs p'irala From adult to 4 64.7 9.424 16. 469 10. 086
in early rice field subadult
. The spiders pirata From adult to 3. 61.6 3.721 6.383
Control . . .
in early rice field subadult
. The spiders Tetragnatha From adult to 4 78.8 6.873 8. 749 4.696
Marked by Eu | . .
in early rice field subadult
. The spiders Tetragnatha From adult to 4 105.7 3.861 4.053
Control . L
in early rice field subadult
The spiders Ummeliata From adult to 6 12.7 4. 256 32.906 11. 880
Marked by Eu . . .
in early rice field subadult
The spiders Ummeliata From adult to 6 20. 4 4.253 21.026
Control . . .
in early rice field subadult
Marked by Eu The spiqers ‘pirata From adult to 4 54.2 4.683 8. 755 5.015
in late rice field subadult
. The spiders pirata From adult to 7 113 4.197 3.740
Control . -
in late rice field subadult
The spiders Tetragnatha From adult to 6 151.7 10. 776 7.180 3.559
Marked by Eu . L
in late rice field subadult
. The spiders Tetragnatha From adult to 5 105 3.771 3.621
Control . . .
in late rice field subadult
The spiders Ummeliata From adult to 8 24.5 6.530 26.560 12. 028
Marked by Eu | —
in late rice field subadult
The spiders Ummeliata  From adult to 6 15.2 2.191 14.532

Control

in late rice field

subadult
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