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The Distribution of Phraedon brassicae BALY, with Special
Reference to Influences of the Dispersal of the Adults

upon the Distribution of their Next Generation
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Figure 1. A: The map of a vegetable field
at Nogi, Matsue City, in which observations
on the distribution of Phuedon brassicae
were carried out, and the distribution of the
adults on the 15th of September, 1957. B:
The cross section of a part where radishes
(or Chinese cabbages) were cultivated.

Letters a and b represent the northern and the
southern part of the field, respectively, in which ra-
dishes and Chinese cabbages were cultivated. Ridges

extended trom north to south, and each consisted of

two rows of plants. Seven of easterly ridges in a

were those of Chinese cabbages, and the others in a
and the whole of b were of radishes. The length of
each ridge was divided into units, a unit being one
metre in length. Symbols @, A, x and O represent
beetles discovered in each unmit at 8, 11, 14 and 17
o’clock, respectively, on the 15th of September.
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Figure 2, Diurnal activity of the adults of

Phaedon brassicae in a vegetable field at
Nogi, Matsue City, and weather conditions,
during the period from the 15th to the 23rd
of September, 1957,

Observations were carried out four times at 8,11,
14 and 17 on the 15th of September. In each of the
other days, five observations were made at 4, 9, 12,
15 and 18. Total number of beetles discovered on
plants and on the ground is shown in each observa-
tion. Symbols represent the weathers when the
observations were made : O is ‘fine’, ® ‘cloudy’,
and @ °‘rainy’.
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Figure 3. Distribution of the adults of Phaedon brassicae in a vegetable
" field at Nogi, Matsue City, from the 14th to the 23rd of September, 1957

The average number of beetles discovered in five observations each day is shown in each
unit. Different éymbols are used every day: ¢, @, A, B, %, +, Y and T represent
the results on the 16th, 17th, 18th, 19th, 20th, 21st, 22nd and 23rd, respectivel\;. In each
symbol the smaller shows the value 0.2, and the larger 1.0.
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Figure 4 ., Distributions of the eggs and larvae
of Phaedon brassicae in a vegetable field at
Nogi, Matsue City, during the period from
the 20th of September to the 8th of Octo-
ber, 1957.
Distribution of the larvae,

A: Distribution of the eggs. B:

The part of a area where Chinese cabbeges were
cultivated was not observed. One quarter to one-
third (10—25plants) of all young plants was picked up
in each unit observed. The density of the eggs
or larvae in each unit is shown by the number of
individuals per plant. Symbols show the density

as follows:
0 0.1—0.2 0.3—0.4 0.5—0.8 0.9—1.6
[ 1 e T R T B V7|
1.7—3.2 3.3—6.4
x

Dotted parts were not observed. No larva was
recorded on the 20th of September. The results on
the larval distributions obtained on the 24th and 27th
of September, were omitted, because the densities of
the larvae in the field were very low on these days.
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Table 1. Seasonal change of the age const-
ruction in the immature stages of Phaedon
brassicae in a vegetable field at Nogi, Ma-
tsue City, in 1957.

The pupae were not collected, because they pupate
in the soil. After an observation was made, the den-
sity in each stage was calculated by dividing the num-
ber of all individuals collected from young radishes
picked up by the number of the plants.

Total Density in immla:it{lr'é" stage
no. of . arva
Date radishes| Egg |[1st | 2nd 3rd
observed instar| instar; _instar
Sept.20 704 | 0.6781 O 0 0
24 983 | 1.333| 0.011| O 0

n 27 859 | 0.979 | 0.049 | 0.004| O
Oct. 1| 1,076 | 1.713| 0.118 | 0.043 | 0.002
8 459 | 0.510| 0.137 | 0.133| 0.102
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Figure 5. A : The map of the experimental plots HNTAHDITHSN TV S,
prepared at Nogi, Matsue City, in the autumn of HEERIT, HPHRLTH D H 3 XENCHET
1957, and the dispersal of the adults of Phaedon B TOREARTL (FIHTIEHZ0EZN
brassicae, B : The cross. section of the experi- PUEOBRMRMEEHINIIER2 3 -T, Z0OXE
mental plots. ADHFUNLVRBOBIEHETR) , H
Four or five ridges, each of which consisted of two rows of - e . [
young radishes, extended from north to south in each plot. 1z, %EXOD’%f»’) AR G)E‘E]ER‘OI‘\
A ridge was divided into units, a unit being half a metre in T, N L VEROSHEORER PR U, BT
length. At 8 on the 21st of September, 400 beetles were rele- ~ , o ¢ amns 3
ased in the unit which lay in the northeastern corner of Plot UTCH® 5 BiT Ea@ig i3 ST - 72h3, B
Ea, and then observations were made at 8 and 17 every day iz -3 8563, 2HEIRIE Eapiz
until the Ist of October. Symbols in units represent the dates N - . . 2y
when beetles were first discovered: FEESICaH L, Eb D 1 XENC § B2HD
Sept. 21 22 25 24 25 26 27 28 29 30 Oct 1 UTZo BEIIHUTS S RITH > THENIELS 5D

BXX HXNIE Tisd, MUTRERFTHIFERC Eap
P RIEH > T 12D T & %, Ea OXBIHT

Table 2. The discovery rate ‘of adults of o YEEADRENEL, 7THETH-T (bo &b
Phaedon brassicae in the experimental plots
at Nogi, Matsue City. SEPT 21 17:00 SEPT 22 17:00

Four hundreds were released at a corner of an ex- D D | 'h; I:l D ;

perimental plot at 8 on the 21st of September, 1957.

Date El(;. gifs,ciggi‘;ziu. Discovery rate SEPT28 w00 SEPT26 s00 _
O’clock %
Sept. 21 17 208 52.0
22 8 146 36.5
: 17 176 44.0 ] T
23 8 110 27.5 _ i e
17 129 82.3 N 4 I O I R
2 1? 12?1 ggg Figure 4. Distributions of the adults of
25 3 48 120 Phaedon brassicae in the experimental
17 100 25:0 plots in those six observations in which
26 8 131 328 the discovery rates were considerably
17 64 16.0 higher, in the autumn of 1957.
27 8 104 26.0 The beetles were released at the northeastern
17 41 - 10:5 corner of the easternmost plot at 8 on the 21st of
September. The number of insects discovered in
28 1? ;g };g each unit is shown as follows:
2 5 ) - 16‘2 1—2 3—4 5—8 9—16 17—32 33—64 65—
17 2% 6.5 T R
20 8 54 13.0 . . .
17 74 18.5 DIONHROTH & mipo 12120 T, KB - LR
Oct. 1 8 47 1.7 { Ea &I - THTZOM» H LIZWY) o ETAW
i 20 5.0 . BACIREL & 3 B EIT, #E EORXEIT 2 LOR
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Figure7 . A: The map of the experimental
plots showing the dates when units were
observed.

The symbol / represents the 26th of September,
— the 3rd of October, and ™ the 10th of October,
1957. Plot Ea is divided into three parts, I, IT and
III, for the present purpose (see Fig. 8).

B and C: Distributions of the larvae (B)
and pupae (C) of Phaedon brassicae on the
22nd of October, 1957.

As for the pupae in the soil an observation was
made in Plot Ea alone. The number of indivi-
duals collected in each unit is shown as follows:
1—2 3—4 5—8 9—16 17—32 33—64 65—
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Blackened pérts were not observed.
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Figure 8. Difference in the densities of
the eggs and larvae of Phaedon brassicae
among the experimental plots at Nogi, Ma-
tsue City, on the 24th of September, the
2z rd and 10th of October, 1957.

Plot Ea was divided into three parts as shown in
Fig. 7A. In each plot (each part in the case of
Ea), units are put in order of the density. The
solid part is the eggs and the hollow part the larvae.
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Table3 . The mean, variance and test for the random distribution, of the numbers
of eggs of Phaedon brassicae on young radishes, in each of 9 of 47 units
observed in Plot Ea on the 24th of September, 1957.
From each of three groups of units which contained the different mean numbers of eggs,
namely, 18—17, about 6 and about 1.5, three units were taken up at random, the total number
being 9. Ten young plants in each unit were picked up for examination.
Mean () | 17.8 | 17.6 | 16.8 6.0 6.0 5.7 1.6 ‘ 1.5 1.5
Variance(7)| 325.73 99.38 55.51 10.67 13.11 24.68 0.{2 3.17 2.72
v/= 2.01 5.65 3.30 1.78 | 2.19 4.33 3.27 ‘ 2.1 1.81
P >0.05 | >0.01 | >0.01 NN >0.05 | >0.01 | >0.05 | >0.05 | =0.05

3¢ The value of x/V.
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Table 4. Seasonal change of the age const-
ruction in the immature étages of Phaedon
brassicae in the experimental plots at Nogi,
Matsue City, in 1957,

The pupae were excluded. As for the method of
calcplating the density, see Table 1.

T Total | Density in immature stage
Date rggis(l)lfe's| Egg ll1s’c 21:12(111"73 3rd
observed| | . instar| instar| instar
Sept.26 | 569 | 4.974 ‘ 0 o |o
Oct. 3 702 | 5120 1.352| O 0
10| 508| 2130 1.175| 1.598 | 0.425
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Summary

Phaedon brassicae BALY (Coleoptera : Chryso-
melidae) is one of the most injurious insects to
cruciferous vegetables in Japan : early in autumn
the adults, which move only by crawling, invade
into fields and eat radishes or Chinese cabbages
there, That is the season when the vegetables
begin to extend their seed leaves.

In the autumn of 1957, the writers made a series

. of observations upon the distribution of this spe-

cies in a vegetadle field (Fig. 1) and at the same
time a release experiment of the adults in plots
arranged for the purpose (Fig. 5), at Nogi, Ma-
tsue City.

In the vegetable field the observations began
with those upon adults on the 15th of September,
the. next day on which several adults had first
been discovered, and continued day by day until
the Ist of October.

was shown that some of the beetles having inva-

From these observations it

ded into the field arrived rather sooner at the
centre of the field, though the greater portion
of them remained for a considerably long time at
the edges of the field (Figs, 1 and 8). But late
in September or early in October beetles were
observed to be distributed rather evenly in” the
field,

In the process of these observations it was

clarified that the adults did not display any regu- -

lar diurnal activity on the ground (Fig. 2).

The distributions of eggs and larvae in the
field were examined five times during the period
from the 20th of September to the 8th of October
(Fig. 4), and the result was that the distribution
of eggs corresponded pretty well to that of adults:
at first eggs were found abundantly at the e‘dges
of the field and then they were distributed rather
evenly all over the field. As for the larvae, their
distribution was uneven, but particulars could not
be ascertained, because their density was very low.

At 8 on the 2Ist of September, 400 beetles were
released at the northeastern corner of the experi-
mental plots, where radishes had previously been

cultivated, and then their dispersal was observed
twice a day (Figs.5and 6; Tab.2). They not only
moved along ridges, but also dispersed crawling
écross them: the area invaded by the insects
spread fanwise from the release point. It is note-
worthy that a few insects were discovered in the
remotest plot from that in which they had been
released as early as three days after.

The distributions of eggs and larvae in the
experimental plots were observed four times on
the 26th of September, the 8rd, 10th and 22nd of
October, on the last of which the writers made an
observation upon pupae in the soil, too (Figs. ‘7'
and 8), On the 26th of September no larva was
recorded, and the density of eggs was conspicu~
ously high in the part near the release point.
The more distant the place was from the release
point, the lower the density became, In each of
the other three observations it was noticed that
the ratio of the density in any immature stage to
that in the preceding stage rerﬁarkably differed
among three parts of the plot as seen in Fig. 7TA:
the ratio of the larvae to the eggs, on the 3rd
and 10th of October, and that of the pupae to the
larvae, on the 22nd of that month, were both the
highest in and around the release point, and the
lowest in the remotest part from the release point
(Fig. 8).
viduals distributed around the release point was

It means that the average age of indi-

the oldest and in the remotest place the youngest.

And moreover, the total density of the eggs and

‘the larvae or the larvae and the pupae did not

These

facts seem to proved that the beetles released gra-

so much differ among the three parts.

dually spread all over the plot, depositing their
eggs.

Besides, it was clarified that there existed a
tendency that eggs were concentratively laid on
some particular young radishes, even if they were
all alike growing (Tab. 3).
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