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ABSTRACT

The arrowhead scale, Unaspis Yanonensis (Kuwana) (Hemiptera:
Diaspididae), is known as an important pest in citrus orchards. This
study was carried out to investigate the settling behavior of U.
yanonensis on citrus leaves and 1its ecological effects on the
populations. The results obtained were as follows.

1. The individual male of U. yanonensis in a male cluster showed a regular
directivity in settlement angle: a 86.1 % of male nymphs was located within
the settlement angle of 30° deviation in right or left direction.

2. The distribution pattern of individual U. yanonensis males in male
clusters was examined by using T-square sampling distance. Mean distance
between two nearest males was a 045 mm. Index of spatial pattern
(C-index) was estimated to be 0.58, resulting in clumped distribution since a
null hypothesis C = 0.5 was rejected. While the distance index of dispersion
(I-index) showed a random distribution, as estimated I = 2.29 was not
statistically different with critical value 2.0.

3. A motion tracking technology was applied to analysis the movement path
of U. yanonensis hatched nymphs. The movement path of males showed a
tortuous curve with moving and turning around their mother female or
pre-settled male nymphs within the border of experimental arena. While
female nymphs showed a linear movement path touching frequently with the
border of experimental arena.

4. Male nymphs showed much more numbers of turns more than 90° and
encounters to pre-settled males during the movement than those of females.
Also, the time to settlement was significantly longer when pre-settled males

were less than 2 nymphs, compared with that of more than 5 nymphs.



5. Male nymphs which newly emerged from the mother female settled down
keeping an average 11.4° from the head to body parallel line based on the
last nymph encountered.

6. Females of U. yanonensis settled down in singleton 92.1 9% and
overlapping 7.9 % in the field. The overlapping rates were not correlated with
the density of males or females per leaf.

7. U. yanonensis females attacked by predacious natural enemy Chilocorus
kuwanae was averaged to 495 % in the field The attacked rate was
significantly higher on overlapped females (11.96 %) than singleton females.

8. Also, U. yanonensis females settled in male clusters were significantly
escaped from the attack of C kuwanae than that of females settled out of
male clusters, showing the attacked rates of 0.7 and 4.3 %, respectively.

Judging from the integration of all results, it was considered that the
settling behavior of U. yanonensis males in cluster would be related with an
ecological mechanism for the preservation of the species by protecting their

females from the predator in the nature.
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Fig. 1. The measurement method for the settlement angle of Unaspis
yvanonensis male nymphs; the biased angles from parallel line to a randomly

selected nymph (head to body end) were measured.
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Fig. 2. T-square sampling distances used for the analysis of distribution
pattern of Unaspis yanonensis male nymphs in the cluster; x = distance
between point Q and the nearest individual P, and y = distance individual P
and its nearest neighbor Q. Individuals that lie in the same "half-plane” as O
(i.e. below the line perpendicular to OP) are excluded when selecting Q

(Ludwig & Reynolds, 1988).
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No. of contact to

Settlement angle

No. of turns
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Fig. 3. The variables measured to analysis the moving path of Unaspis

yanonensis nymphs.
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Settled out of
»10% male cluster

Overlapped

Fig. 4. The -category in the settling behavior of Unaspis yanonensis
females. The division of overlapped settlement (A) and settlement position (B)

of females.
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Table 1. Frequency distribution of settlement angle (left or right
direction) from randomly selected nymph of Unaspis yanonensis in male

clusters on citrus leaves.

Angle range Frequency Angle range Frequency

(Left ) (Left )

0-15 192 0-15 2lz
15-30 43 15-30 100
30-45 30 30-45 31
45-60 4 45-60 1
60-75 4 60-75 0
75-90 1 75-90 1
90-105 1 90-105 0
105-120 1 105-120 1
120-135 0 120-135 0
135-150 0 135-150 0
150-165 2 150-165 0
165-180 2 165-180 0
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Fig. 5. Frequency distribution (%) of settlement angle (all data combined)
from randomly selected nymph of Unaspis yanonensis in male clusters on

citrus leaves.
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Fig. 6. The x— and y-distance plot of T-square distance in the male cluster

of Unaspis yanonensis on citrus leaves.

_22_

1.2



Table 2. T-square index of spatial pattern (C) and distance index of dispersion (I) and their statistical test in the

distribution pattern of the hatched nymphs of Unaspis yanonensis on citrus leaves
Estimated Ho-hypothesis Z-statistics Result
Mean distance £ SE (mm) 0.45 £ 0.022
C-value 0.58 C =05 3.05 Clumped
I-Value 2.29 1=20 1.55 Random
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A : Moving path of female

B : Moving path of male

Fig. 7. Typical examples of moving path of Unaspis yanonensis hatched

nymphs.
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A': Encount to pre-settled nymphs B : Tum more than 90°

50 100
*% *
40 1 T 80
@
2 »
% 30 S 60
Q S
2 i
S 5]
0 .
i o i
o. 20 2 40
o
z T
10 20+
0 T T 0 T T
Male Female Male Female

Fig. 8. Comparison of moving path in the number of encounters to the
pre-settled nymphs (A) and turns (> 90°) (B) between hatched females and
males of Unaspis yanonensis on experimental arena. The vertical bars on the
bars are standard error. ** significant at p = 0.01, * significant at p = 0.05

by two sample t-test.
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A : Touch to adult female B : Touch to border

No. of touches
No. of touches
[}

*k

Male Female Male Female

Fig. 9. Comparison in the number of touches to the adult female (mother)
(A) and the border of arena (B) between hatched females and males of
Unaspis yanonensis on experimental arena. The vertical bars on the bars are
standard error. ** significant at p = 0.01, ™ not significant at p = 0.05 by

two sample t-test.
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Fig. 10. Times (hours) required for the settlement of Unaspis yanonensis
nymphs after hatching according to the distinction of sex and pre-settled
condition of males on experimental arena. Pre-settled condition: Less than 2
males in A and B, and more than 5 males in C (A: Settlement time of
female nymphs, B & C: Settlement time of male nymphs). The vertical bars
on the bars are standard error. The same letters on bars are not significantly

different by tukey test at p = 0.05.
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Table 3. Frequency distribution of overlapped females of Unaspis yanonensis in the field.

Overlapped range

Orchard field n singleton
>50% 50 - 30% >10% Total
Jeju Ara-dong 2,115 1,967(93.0) 35(1.7) 35(1.7) 78(3.7) 148(7.0)
Jeju Ora-dong 1,502 1,426(94.9) 13(0.9) 14(0.9) 49(3.3) 76(5.1)
Seogwipo Namwon 2,813 2,526(89.8) 87(3.1) 70(2.5) 130(4.6) 287(10.2)

1973.0 + 317.56 45.0 £ 21.94 39.7 £ 16.33 85.7 £ 23.69 170.3 + 61.93
Mean + SE
(92.1) (2.1) (1.9) (4.0) (7.9)

_33_



W
J_.mo
-
Nfo

il

~

AZF (Al ew, vuk, A=A ofghEs Ag A5l

5ol r =043 (p<O.09)® S By HAZE AAH

%

BB AZE GEFYA] &tk (Fig. 12).

_34_



Ara-dong in Jeju city

0.10 0.15 0.25
Overlapped > 50% Overlapped > 30% Overlapped > 10%
o 008{ r=0.16 (p >0.05) © 0124 r=0.16(p>0.05) @ 0204 r=043(p<0.05) e
8 = . e
= = L] = °
T 0.06 ° S 0.09 L] T 015
© b © i . °
[ L] [ (9]
s 1 * S 0.06 S 0.10 4
g o004 go o* . ° go
5] 53 ) ° 5
> > ° >
(e] O 0.03 1 . O 0.05 4
® e
0.00 09006 T T 0.00
0 10 20 30 40 50 60 70 0
No. of females per leaf surface No. of females per leaf surface No. of females per leaf surface
Ora-dong in Jeju city
0.20 0.20 0.30
Overlapped > 50% Overlapped > 30% Overlapped > 10%
@ 0164 ®r=007(p>0.05) @ 0.16 4 ®r=0.04 (p>0.05) @ 02571 r=021(p>0.05)
s o S LY G ® o
= = ] = 020{e e ®g ©
8 012 * 8 042 ® g ° °
L4 o ° .
3 3 B 0151 °
2 2 ° 2
S 0.084 s 008 {® ®® o a
= = L] = 0.10 4
() » [ [
> L] 5 5 LY
S 004 / 0.05 1 o U
®e ®o ® Se ®
0.00 oo o * 0.00 *—o—0—— * 0.00 +—ese—eean— T T T
0 20 40 60 80 100 120 0 20 40 60 80 100 120 0 20 40 60 80 100 120
No. of females per leaf surface No. of females per leaf surface No. of females per leaf surface
Namwon in Seogwipo city
0.10 0.15 0.25
Overlapped > 50% Overlapped > 30% Overlapped > 10%
0}
@ 0084 r=-0.06(p>0.05) @ 012 r=-0.12(p>0.05) © 0204 r=0.02 (p>0.05)
[ [ ° [ °
= ® Y = ® = L]
T 0.06 o S 0.09 T 015 °
° [y ° . - >*
(9] [ [9]
& 004 S o00{ ® ® S o010,%
T - s - ° =il 4 .
O o021 ®*® 3 003 % ° S 0.05- .
— ] 1’\ .
0.00 om0 T T —® 0.00 oo T T —® 0.00 >80 T T T
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
No. of females per leaf surface No. of females per leaf surface No. of females per leaf surface

Fig. 11. The results of correlation analysis between the number of

overlapped females and female density of Unaspis yanonensis per leaf.
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Fig. 13. Comparison of Unaspis yanonensis females attacked by predacious
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females. The vertical bars on the bars are standard error. ** significant at p

= 0.01 by two sample t-test.
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Fig. 14. Comparison of Unaspis yanonensis females attacked by predacious
natural enemy Chilocorus kuwanae according to the settled sites in/out of

male clusters. The vertical bars on the bars are standard error. ** significant

at p = 0.01 by two sample t-test.
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