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Sampling Techniques Applicable to Studies on
Rice-Stem Borer Egg-Mass Populations®

Akio OTAKE**

(Laboratory of Applied Entomology)
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During the three years 1957 —1959, the writer made observations on the egg mortality of the
rice-stem borer, Chilo suppressalis WALKER, in its first brood, in a paddy field at Nogi, Matsue
City. Every observation day in the first two years, a new map was drawn showing the location
of rice-bunches which bore, on that day, egg masses not yet hatched or just after hatching in a
plot established in the field. In 1960, a map of the same kind was made only once.

The writer intends, in this paper, to investigate whether some of these maps answer the
following two questions:

1) Whether the sequential sampling technique is applicable to classifying given paddy fields
according to population levels of egg masses existing in them.

2) Whether a kind of the spacing method as proposed by MORISITA (1957) is adequate for

estimating the population density of egg masses in a given paddy field.

Making of Maps Showing the Distribution of Egg Masses in the Plot

In the paddy field where the plot was established in 1957, rice-bunches had regularly been
planted at distances of 24 cm. from each other. The plot was large enough to contain 600
bunches at first and in the next year it was enlarged to double size (14.4m. X4.8m.) towards
the west (cf. Fig. 1). In each of these two years, egg masses deposited in the plot were searched
at intervals of one or two days through their first occurrence period (from the end of May to
the beginning of July). In 1960, the plot was again enlarged to double size (28.8m. x4.8m.)
and such a search was made only once on the 20th of June.

In 1957 and 1958, every egg mass discovered in the plot was marked by a stick and wire set
beside the bunch bearing it, and at the same time the location of the bunch was recorded on a
map where each of all the bunches planted in the plot was expressed as a point. Such a map
was newly made every observation day to show the existence of egg masses. It was not until

the ascertainment of their hatching that they were taken away from the bunches and ceased to

¥ Contributions from Laboratory of Applied Entomology, Shimane Agricultural College, No. 31.
*%* Now at: Hokuriku National Agricultural Experiment Station, Takada, Niigata Prefecture.
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Distribution of rice-stem borer egg masses in the plot, observed on the 10th of June, 1958. On

Fig. 1.

a, a+b and a+b+c are the

areas observed in 1957, 1958 and 1960, respectively. A dot is a rice-bunch bearing no egg mass. A

)

the left upside is shown the situation of the plot in the paddy field

hollow circle represents a mass deposited on a bunch. Th plot is divided into 48 units by soli

lines, each of them being numbered for making a sequential analysis.
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Fig. 2.

Distribution of rice-stem borer egg masses in the plot, observed on the 19th of June,%1958.

The symbols are the same as in Fig. 1.

observed on the ZOth of June,

ded into 96 units. The symbols are the same as

1960.

Distribution of rice-stem borer egg masses in the plot,

Fig. 3.
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moths of the borer in its first brood and the latter in the period when egg masses were most
abundantly existing in the plot. The data obtained in 1957 are not used here, the reason for
which is that area observed in that year was so small that the data seemed to be insufficient

for giving any statistical analysis.
Application of Sequential Analysis

The sequential sampling technique has often been used, mainly in forest entomology, as a
rapid method for predicting the infestation which may be caused by a given insect pest, for
determing the degree of parasitism by a given parasite and for other purposes (MORRIS, 1960).
Involving no fixed number of samples is a distinctive feature of this method. In this paper, the
writer will explore the possibility of applying it to classification of paddy fields by population
levels of rice-stem borer egg masses.

(1) Determination of the type of frequency distribution. ---The first step in the application of
the sequential technique is to determine the type of frequency distribution. We devide the plot

into squares containing 25 rice-bunches (1.2m.x1.2m.) as shown in Figs. 1-3 and assume

Table 1. Frequency distributions of rice-stem borer egg masses obtained from all the units in Figs.

1-3. Agreement of observed counts with those expected by Poisson series is tested by chi-square.

No. of egg masses June 10, 1958 (Fig. 1) June 19, 1958 (Fig. 2) June 20, 1960 (Fig. 3)
) . Observed| Expected Observed | Expected Observed | Expected
In an unit frequency| frequency xz frequency| frequency xe frequency| frequency x2
0 33 |32.30 0.0 6 | 7.8 0.438 47 45.35 0.041
1 ?1 1 12.79 16 14.22 0.223 31 34.01 0.266
2 4] 253 0l 0,031 14 12.87 0100 14) | 12.75
3 H I 6] 7.76[ ) 5j18 5‘19{16.64 0.111
4 5112 3.51 12.05] 0.084 1 0.60
5 1 1.27J )
Total 48 48.00. 0.046| 48~ 48.00 0.847] 96 96.00 0.418
Average 0.396 d.f.=1 1.813 d.f.=3 0.750 d.f.=2
P> P> P>
| 0.80 0.80 0.80

each of them as an unit. Then we can get, in each of the {igures, a frequency distribution exhibited

by the egg mass count in the whole units. As shown in Table ], all the distributions conform
very well to the Poisson, m ¢/ r1

(2) Calculation of acceptance and rejection lines.---The drawing of acceptance and rejection lines
is the point in the sequential plan; the accumulated total of egg masses counted in sampling
units which are chosen at random in a paddy field is plotted as a series of points on a graph
in which the lines have been drawn, and when these points cross either of the lines, the
population level of egg masses is determined and sampling can be discontinued, as far as the

field is concerned.
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The following formulae are used in obtaining the lines for a Poisson distribution (MILLER,

1955):
di=—hi+sn
and do=hg+sn
where
. b _ l —«
h1 = lOge my — IOge m and b—lOge B )
_ a _ 1 -3
hy = Toge ma — logs 7, and a=log, P
s mo — M4
loge mg — loge my
dy and dy=cumulative number of egg masses;
| I | /
16
l I | /
| Density greater than
1.5 egg masses per |
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Fig. 4. Graph of sequential sampling plan. Accumulated number of rice-stem borer egg masses counted

in units randomly chosen from Fig. 1 (see text). O : Series a;; A : Series as; X : Series ag.
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Fig. 5. Graph of sequential sampling plan. Accumulated number of rice-stem borer egg masses

counted in units randomly chosen from Fig. 2. O : Series by; A : Series by; X : Series bs.
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n=number of sampling units containing 25 rice-bunches,

hy and hy=intercepts of one s
s=slope of the line,
mq=the smaller mean,

mq =the larger mean,"

et of lines,

a=the probability of accepting m=my when m=m1,

p=the probability of accepting

The set of lines shown in each of Figs. 4—6 are got by substituting the following values in

the above formulae:

m=m4, when m=ms,.

my1=1.0, ie., the density of one egg mass per 25 rice-bunches,

This means that an egg-mass population is determined to be on either of the two

levels : densities less than 1.0 (72<{1.0) and greater than 1.5 (m>>1.5).

a and $=0.10, ie, 10 chances in 100 that a given paddy field will be incorrectly

classified as either of the two population levels.
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Fig. 6. Graph of sequential sampling plan. Accumulated number of rice-stem borer egg masses

counted in units randomly chosen from Fig. 3. O : Series cy; A : Series co;

X : Series cg.
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(3) Sampling made on the maps. --- As shown in each of Figs. 1—3, the whole units are
numbered consecutively. Then, using a table of random numbers, we draw out the following

three series of unit numbers from each of the figures:

Fig. 1:a; 33 6 3 44 45 20 18 17 32 8 41 11 37 23 22 ......
ag 22 28 16 10 41 33 9 32 20 34 21 23 35 45 12 -----
az 46 0 26 31 27 42 18 48 20 38 10 35 46 3 11 .-----

Fig. 22 by 48 6 19 29 22 43 26 5 42 15 38 10 4 2 45 ......
b, 2 3 43 39 7 21 20 12 48 18 34 47 27 11 17 ------
bg 37 44 2 34 17 26 31 28 3 11 25 40 21 20 35 «----

Fig. 3: ¢y 74 69 60 72 11 5 71 62 53 94 65 17 36 31 23 -----
co 81 64 69 6 8 15 49 11 78 28 95 33 12 91 50 -----
cg3 39 94 4 10 34 60 28 49 76 73 18 38 2 75 62 ----.-

Now, assuming that the units arranged above are to be sampled successively, we proceed on
Figs. 4—6 to plot the cumulative numbers of egg masses counted in them.

In Series bs, for example, the first unit sampled, No. 37, contains 4 egg masses and then a
mark is made on Fig. 5 at (=1, d=4); the second unit, No. 44, has one mass, so a mark of
4+1=5 masses is plotted over n=2, leaving us still in the band, “Continue sampling.” A mark
of the cumulated 11 masses plotted over n=4 puts us outside the band and into the area of “Density
greater than 1.5 egg masses” and sampling is discontinued. Here, only by taking up the first
four units we can state (in 90 per cent confidence) that the average number of egg masses per
25 rice-bunches in the plot was above 1.5 on the 19th of June, 1958. This statement is not
contradictory to the result shown in Table 1 (7=1.813).

In other series, generally speaking, much more units are necessary to determine the population
level of egg masses as seen in Figs. 4—6, the maximum being 15 units as in Series by, ¢4 and
cg. In any case, however, we can recognize that the determination of population level in this
way is regarded as appropriate, judging from the actual mean density (cf. Table 1).

(@) Calculation of the average sample number.---While the sample size is not fixed in a
sequential plan, an average sample number for examining densities at a specified level may be
given. In the Poisson case the formulae which give this number are as follows (MILLER, 1955)*:
_ (—a)hy—ahy

s—my

= A=Bhs— phy

Mo —S

For m =mq, 7y

>

m =mag, ﬁ "o

Here we have
(1—0.1) x5.405—0.1x5. 405

ok 1.233-1.0 =18.56
_ (1-0.1)%5.405—0.1%5. 405 :
Mz = 1.5-1.233 =16.19.

As m approaches the slope of the line, s(=1.233), the average sample number increases,

and in plotting the cumulative number of egg masses on a graph of sequential plan, we can

*See also GOULDEN (1952, p. 434)
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see that since neither line is crossed, density of masses per 25 rice-bunches is greater than
1.0 but less than 1.5.

Application of MORISITA’s Spacing Method

1) Application procedures.------ Differing from the sequential sampling technique, the spacing
method proposed by MORISITA (1957) is used for estimating the population density itself. This
method has an outstanding advantage which may be applicable to any population, distributed
either randomly or non-randomly, without determining the type of the frequency distribution
beforehand.

The application procedures of the method are as follows:

1) Place N sampling points randomly or regularly*, on an observation area, A.

2) Divide the circle of infinite radius surrounding each sampling point into % sectors (k>4)

and measure the distance, 7, from the n-th nearest individual in each sector (#2>3).

3) By putting here

A n-1 N K 1
R A i§ jzﬁ i
and
1’22 _nk—1 % _K
Cll \
J=1

A A
u; and uy become the unbiased estimates of # for therandom distribution in the case of random

sampling,

Y
T=total number of individuals in A,

T/Aépopulation density per unit area.

In the case of regular sampling, too, # can be estimated without a strong bias by calculating
A A
the values of uy and u,.

As for the non-random distribution,

A A
uy tus A A

“o = 2 (whenu 1< u5)

or
A A A
U4 (when 21> usy)

. : . A A
may be used as an estimate of . When N is small, however, ug calculated from‘/ Ui Uus

A A
will be more appropriate to the estimation of z than that from (x4 + u3)/2.

*In its practical use in the field, regular sampling will usually be less laborious than random sampling
although it holds a potential danger that it may bring about a statistically meaningless result if the
organisms to be dealt with take a spatial distribution with high regularity. As pointed out by MILNE

(1959) , however, it may be said that in a field population, there scarcely occurs such a kind of regularity

as makes it impossible to expect it in advance and take adequate procedures for it.
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4) The estimated density per unit area is thus obtained from dividing the estimate of u by
7, the total of individuals being estimated by multiplying the quotient by A.
In the course of practical application, the following should be noted :
1) For the convenience of ready working it will be proper to take k=4 and n=3 (cf. Fig.7).
2) When there are two or more individuals with the same distance from the sampling point
in a sector, they are regarded as in the same order. By numbering them as one the third
nearest individual is determined (cf. the second quadrant in Fig. 7).
3) We cannot use a sector in which r is greater
than the shortest distance from the sampling point
< ' to the border line of the area (cf. the third quadrant
/’Q/ o (©) in Fig. 7) or in which the third nearest individual
Q itself does not exist (cf. the fourth quadrant in
Fig. 7). When this happens, 12\1 and 12\2 are calcu-

lated from the following equations:

Sam.p_lingj . 21 = ﬂ721;<—_1l IXV‘, i B .1.2
point () e O A T
| N
o) H R ;1 Rus.i
and us = S
O where K=the total of used sectors,

%k’ =the number of sectors used at each

sampling point.

. . . . A
Fig. 7. Schema drawn in explanation of practical doi = k (F n—1) - 1
application of MORISITA’s spacing method 3 7i/2
(see text) . 7=1

(2) Application of the method on maps.------ Now, we attempt to apply the method to Fig. 2
representing the egg-mass population on the 19th of June, 1958, the density of which is highest

Table 2. Estimation of the total egg masses existing in the plot on the 19th of June, 1958, by the
use of the spacing method in which the sampling points are arranged as shown in Figs. 34,

B and C. Eighty-seven is the actual number of egg masses existing in Fig. 8.

| Estimated value
Arrangement No. of | AT A
A A .
of sampling “ ,‘ #2 wo = /i ue/\ A Total o
A (when w1 <o) of
sampling points points or uy
(when 1,/;1> ﬁz) .€gg masses
Fig. B8A 7 3.63493 | 3.81997 3.72631 82.0
Fig. 8B 12 4.29481 | 4.20488 4.29481 945
Fig. 8C 8 3.51361 | 3.93601 3.71882 81.8
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sectors; zé\l and u/; are calculated from the equations given at the end of the preceding subsection.
Estimated totals of egg masses on the plot are snown in Table 2, together with calculated
values of &1 and 22 and estimates of u.

Though there is rather a small number of sampling points taken, each of the above three
estimated totals agrees pretty well with the actual total, 87. That obtained from Set B is
remotest from the actual value. This may be attributable to the fact that in this set there are a
considerable number of unused sectors; MORISITA (1957 and personal communication) points out
that the existence of a lot of unused sectors often makes the precision of the estimation reduce,
when the organisms are more or less regularly distributed on an area. In our plot the distribution
of egg masses may have been somewhat affected by regularity in the arrangement of the

rice-bunches*.
Discussion and Conclusion

In the sequential analysis, it is necessary, as mentioned already, to determine the type of
frequency distribution in advance; as for Figs. 1—3, the Poisson was very well applied to the
egg-mass populations shown in them, so that it seems to be regarded as generally applicable to
any population in a paddy field where the egg-mass density remains at least below the highest
of values shown in Table 1 (about two egg masses per 25 rice-bunches). Jn a case where a
much higher density has been attained in a f{ield, we have no clue as to what type of frequency
distribution the egg-mass population has in that field. The writer’s experience, however, tells
that in the Matsue district from late spring to early summer. even if there exist paddy fields
bearing egg masses in such a high density, the frequency of their appearance will be perhaps
very low. The formulae given in this paper for calculating the acceptance and rejection lines
will therefore be brought into general use in our district at least, for classifying paddy fields
quickly according to population levels of rice-stem borer egg masses existing in them.

The sequential analysis proves its intrinsic merit when it is employed to predict the infestation
of a given insect pest by the abundance of the species at any of its earlier developmental stages,
as shown, for example, by MORRIS (1954)on the spruce budworm and by CONNOLA et al. (1957)
on the forest tent caterpillar. In the case of the rice-stem borer, if it is possible to obtain the
data which clearly show, for example, the relationship between the maximum density of egg
masses recorded during their occurrence period in a paddy field and the damage caused by the
borers originating in the masses, we may successfully predict their infestation from the cumulative
number of egg masses found in units sampled successively. Through his observations made in
the plot during 1957—1959, however, the writer could not gain any information about the existence
of such a kind of relationship, so we could, in this paper, get no further than appyling the
sequential sampling method to the classification of egg-mass populations by their density.

Through its application on the map (Fig. 8) showing the distribution of egg masses on the
19th of June, 1958, the spacing method as proposed by MORISITA (1957) seems to prove its

general usefulness in estimating the density of egg masses (per 1 m?2) in a paddy field. As

*In spite of that apprehension, we dared to make regular sampling because the regularity which

might exist in the distribution of egg masses seemed to be very low.
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guessed from Fig. 8, however, in a field where egg masses are not so abundant, a “third nearest
mass” (cf. p. 216) obtained by this’ method will be generally distant from the sampling point
thus compelling us to take a rather hard labor when searching it and measuring the distance.

This method will therefore be most favorably applicable in the case of a high density of egg
masses: the more densely egg masses exist in a field, the shorter the distance to be measured
and accordingly the less laborious the method. '

In this paper, the distance to a “third nearest mass” was measured on the maps in which
rice-bunches were reduced to points. This means that the measurement was made between the
sampling point and the centre of a rice-bunch bearing the mass, regardless of its situation in
the bunch. Such an easier method was permissible because at the time of observation the rice
plants had not been developed so large yet. It is needless to say that we must measure the
distance up to the actual place on a plant where a “third nearest mass” is deposited, in later
season when plants have been developed so large that they come to cover almost completely
the surface of the field.

Acknowledgement: The writer is deeply .indebted to Dr..G. B. OAKLAND, Dominion Bureau of
Statistics, Canada Department of Trade and Commerce, Ottawa, and Dr. C. A. MILLER, Green.
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analysis, and to Dr. M. MORISITA, Department of Biology, Faculty of Science, Kyushu University,
Fukuoka, Japan, for replying his inquiries concerning the spacing method which he proposed,
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Summary

By examining the distribution of rice-stem borer egg masses in an observation plot
established in a paddy field at Nogi, Matsue City, the writer made an attempt to answer the
following two questions:

1) Whether the sequential sampling technique is applicable to classifying paddy fields
according to po.pulation levels of egg masses existing in them.

?2) Whether the spacing method proposed by MORISITA (1957) is adequate for estimating
the population density of egg masses (or the total number of masses) in a given paddy
field.

As a result of their application on the distribution maps, the above two techniques proved

to be useful in principle at least in the case of rice-stem borer egg-mass populations.
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