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So- called "Koprometrie" which, aims at ,the

estimation' of the rate of development of noxious

insects or that of the damage by utilizing various

figures obtained from the faecal pellets .such as

weight, size, shape, colour or numbe~ .per time

and area has been especially developed in the field

of forest' entomology where direct observation of

the -development of noxious i~sccts or the damages

due to them are' relatively difficult to ·perform.

In order to furnish fundamental knowledges on

the p~oblems of breeding of insects for biological

assay of insecticides, the writertl - 15) carried out

'the measurements of width, of head capsule of

some Lepidopterous insects, , and tried in a

previous paper to represent the relation of

* Supported (in 'part)' by a Grant In Aid for
• Fundamental Sci~mti(ic,'Research from the

Ministry ot' Education (56-61217).
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log-width of head capsule to instar numbers by

the linear equation of ,Dyar2> or the, quadratic

equation of Gaines:and Campbell:". In the present

paper, the writ~r wishes to desi:rib~ the, result

of an experiment which, was conducted to study

whether the relation found in the .growth of the

sci erotized head caps~le is also obser~~bl,e in ~he
, . . ..

increment of width of faecal pellets and to discuss

'on th,e possibility of determination of in~tar by

the size of faecal pellets. Here, the writer

wishes to express his sincere thanks to 'Prof. ' S.

Takci and Prof. M. Ohno for their helpful

encouragement. He is' also indebted to Prof. 'C.

Harukawa for thexevlsion of. this manuscript.

Material and Method

The material used in this experiment was the

faecal pellets of a male larva of the' gypsy moth



hat~hed' out on May 5 from an egg collected at

Sapporo in the early spring 'of 1956. Under the

constant environmental condition of 25° and 89;-'
relative humidity the larva was reared on leaves

of the zelkova-tree;. Zelkova serrata Makino, . in

a pair of petri dishes measuring 1. 5 ern high

6.0 cmin diameter. This larva moulted five times

in its larval period of 34 days; namely, it had

six larval ins tars. When the food leaves were

renewed at every 9 0' clock of morning, the faecal

pellets were collected into a parchment envelope

from the petri dishes and preserved in a desiccator

containing amorphous calcium 'chloride. Later,

the, wi~th of faecal pellets, r, e., the maximum

diameter ,which meets the longitudinal axis at

right angle, was measured by the scale'onthe

glass plate ofthe projector.

Result and Discussion

The result of measurement is shown in Table 1

together with the mean width of faecal pellets

excreted daily. No faecal pellets were obtained

on the 4, 8, 13, 18, and 24th days after hatching

on which the larva moulted.

1. Increment of width of faecal pellets on

successive days: In the first place, ~ the writer

wishes to discuss on the increment of mean width

of faecal pellets which were collected every 24 I '

, "

Table 1. Mean width of faecal pellets excreted daily by a male larva
of the gypsy moth, Ly~antria disPa.r L., which ~oulted five times.

I .;

"Variation
coefficient

Standard
deviationMeanI

Number of
faecal pellets

Days after
hatching

mm mm %
1 42 O.180±0. 003 0.019 1. 05

2 93 O.221±0. 002 0.016 7.31

3 127 0.247±O. 002 , 0.017 6.71

5 85 O.336±0. 003 0.031 9.18
6 113 0.387 ±O. 003 0.028 7.21

7 118 O.462±0. 005 0.050 10.81

9 70 O.683±0. 008 0.069 10.14

10 90 O.694±0. 006 0.061 8.71

11 90 O.692±0. 007 0.065 9.32

12 63 . O.662±0. 007 0.053 7.98
14 69 O.928±0. 008 0.065 6.98..
15 100 1. 007±O. 006 0.063 6.26

16 106 1. 005±0. 005 0.050 5.01

17 105 1. 027±O. OOS 0.054 5.26

19 53 1. 311±0. 014 0.103 7.85

20 94 1. 206±0. 011 0.104 8.62

21 103 1. 588±0. 013 0.130 8.'16

22 93 1. 213±0. 008 0.087 ,,5.32

23 65 1. 643±0. 014 0.112 6.82

25 19 'I. 967±O. 025 0.110 '5.61

26 58 1. 864±0. 017 0.127 6.81

27 64 2. 151±0. 027 0.218 10.11

28 57 2. 135±0. 013 0.094 4.40

29 74 2. 071±O. 010 0.088 4.23
I

30 67 2. 089±0. 012 0.094 4.49

31 76 .2. 185±0. 010 0.088 4.01

-32 73 2. 271±0. 013 0.107 4.69

33 74 2. 465±0. 016 0.139 , 5.62

34 29 2. 561±0. 030 0.162 6.32
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between the mean log-width of faecal pellets

excreted daily and the days after hatching. The

mean square for the quadratic term is highly

significant as is seen from the figure of the last

row of Table 2.

Table 2. Test of significance of departure
from linear regression between mean log
widths of faecal, pellets excreted daily and
days after hatching of a male larva of the
gypsy moth, Lymantria dispar L., which
moulted five times.

Mean
square

56.38

Sum of "squaresI
Degrees'

, ' of
freedo

F

Source-of
variation m

Deviation 'from
linear 27 0.1066

regression

Deviation from
curved 26 0.0333 0.0013

regression

Curvilinearity "**of 1 .0.0733 0.0733
regression

I -

hours. Heretofore, the growth .of various parts

" of .Insect larvae such as width or length of head

capsule, diameter of spiracle, length of mandible,

<;ltc., has been studied in relation to' the ins tar \

numbers using the logarithms of measurements,

and the relation has been expressed either by

Dyar's linear equation or by the quadratic equa

tion of Gaines and Campbell in .almost all cases.

In the present study, . the writer also adopted the

figures, ,;,f measurement of width in logarithms

(mm} plus 1, YJ, for the ordinate and the number

of days after hatching, X', for the abscissa, and'

plotted the relation of these two variables on a

'graph. Unity has been added to the logarithm of

measurement for the sake- of convenience in

computation by avoiding' the negative values of

logarithmic values. The subscript letterf of Y means

the faecal pellet. As is seen Fig. 1, a curvilinear

relation has been found between these two vari

ables. It is clear that Gaines and Campbell's

quadratic equation should' be adopted to express

Y1=0.234-0. 0637X' -0. 000886X' 2

TJIe figures' shown in Table 2 are result of test of

significance for the departure from linear regression

the relatio~ between the rate of increment of the

mean log-width of faecal pellets on successive

days and the number of days after hatching. The

equation computed based on the figures of. Table 1

is

Days after hatching,' X'

Fig. 1. Relation of mean log-widths of faecal
pellets excreted daily, 'Yl=l+log (mm), to'
number of days after hatching, X', of a male
larva 'of the gypsy moth,' Lymantria dispar
L., which moulted five times.

\

2. Increment of. width of faecal pellets in suc-

cessive instars c In the preceding paragraph, it

has been proved that the gradual increment of mean'

log-width of faecal pellets excreted daily proceeds

curvilinearly and it can be 'roughly expressed

.by the quadratic equation of Gaines and Campbell

which is widely applied for the expression of

relation between the mean .log-values of various

body dimensions and the number of larval instars.

As is seen in Fig. 1., however, there ,are some

points which are far apart from the curve;

b~sides, all the durations of instars are not equal. ,

Accordingly, the writer wishes to examine the

increment of mean Iog-width of faecal pellets in

successiveinstars. Mean values of widths of"

faecal pellets grouped by each ins tar are shown

in Table 3. It is at once evident that the increment

ratioes in the last column of Table 3 can be

divided into two different groups, that is, I

the one comprising the values for the Ist-s-Srd

ins tars and the other, the values for the 3rd-6th

Instars.. They are approximately the .same within

a"group, but they are quite different between the
I

two groups. This fact suggests that the application

of a linear equation for expressing the relation

2117~I..
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Table 3. Mean width of faecal pellets grouped by each instar of a male larva of
the gypsy moth, Lymantrla dispar L, which moulted five times.

Increment
ratio

Variation
coefficient

Standard
deviationMeanI

Number of
faecal pelletsInstar

mm mm 0/
,0

.1 262 O.227±O. 002 0.029 12.90 -
I 316 O.402±0. 004 0.061 9.18 1.77

I 313 O.685 ± O.004 0.061 9.39 1. 70

lV 380 O. 998±0. 004 0.068 6.83 . 10'46

V 408 1. 482±0. 011 0.213 14.34 1.48

\1 591 2. 177±0. 009 Q.227 10.14 1.47

Table 4. Equation for the increment of mean
log-widths of faecal pellets, Yl=I+log (mm),
in succesive ins tars, X, of a male larva of the
gypsy moth, Lymantria dispar L., which
moulted five times.

between the mean log-width of faecal pellets,

ypl+log (mm), and the instar numbers, X, is

possible within each group, but the relation does

. not hold good when all theInstars are taken into.

consideration. According to this conception, the

equations .were vcalculated using the figures of

Table 3. The result is shown in' Table 4. And

the relatio~ between these two variables is shown

in Fig. 2.

2 3 .~ I) 6

Number of instars, X

Fig. 2. Relation of'mean log-widths of faecal
'pellets grouped by each instar, ypl+log
(mm), to instar numbers, X, of a male larva
of the gypsy moth, Lymantria dispar L,
which moulted five times.

3. Growth of width of head capsule in

successive instars : In order to know whether

the rate of increment of width of faecal pellets

'in s~ccessive instars is similar to the growth of. ,
head capsule, the writer conducted the measu

rement of width of the exuviae of head cepsule

simultaneously. The result of measurement is

shown in Table 5. The figures .of growth ratio

shown in the ·last column of Table 5 can also be

classified into two different groups, 'within each
I·' ' ~ J "."

of the' growth ratloes are almost the same. .It is

obvious that a linear equation can be applied

respectively' to each of these two groups of figures

representing the relations between log-width of

exuviae of head capsule,' y,,=I+]og (rnm), and

1.74

1.47

log-I bYl=a+bX

Yl=0.1187 +0. 2400X

Yf=0.3309+0.1678X

Instar

I-I

lI[-'-lV

Up to date, there have been considerable

papersl ,3,6, 8,9) in which the increment of weight

of faecal pellets in successive instars has been'

dealt with. but the papers reporting on the

increment of size of faecal pellets are rather

scanty. Yemanouchll'" reported that the increment

of length of faecal .pellets of six Orthopterous

insects in successive instars . could be roughly

expressed by an exponential curve. And, in some

cases, he got the values of increment ratio of

approximately 1. 26. The figure 1. 26= (}-2" is

Przibram and Mcgusars constantl'v which was

found in the growth in various dim~nsioms of

-. the preying mantis, Sphodromantis bioculata

Burm. As is seen in the last column of Table 4,

however, the two increment ratioes calculated

from writer's. data are somewhat apart from the

figure 1. 26.
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Table 5. Width of exuviae of head capsule
of a male larva of the gypsy moth. Lymantria
dispar L.. which moulted five times, 11

Instar y,,=a+bX log-l b

I-I y,,=O.5697+0.2290X L69

1-'1 y" =0. 8219+0. 1433X 1. 39

Table 6. Equation-for the growth of log-
I' 'width of exuviae of head capsule. y,,;"l+log

(mm), in Successive Instars, X. of a male
larva of the gypsy' moth. .Lymantria dispar
L.. which moulted five times. '

Q7

2 a 40 5 . 6

Number of Instars, X

Fig. 3. Relation of log-width of exuviae of
head capsule; y,,=l+log(mm). to instar
'number. X. of a male larva of the gypsy moth.
Isymantria dispar L.. which moulted five
times.

I, Growth ratioWidthInstar
.. -

I 0.62 -
I

'.
L10 L77

I L78 L62

" lY 2.50 1.40

Y 3.45 L38
'\I 4.80 L39

,I

instar numbers; X. Here. the subscript letter h

o~ y means head capsule. The result of calcula

tion is shown in Table 6. It will be seen that

antilogarithms of b. viz.• ! Dyar's constant. in

Table 6 may. be considered nearly the. same' as

those given in Table 4. Thi~ agreement means. ,

that we can safely estimat~ the rate of growth of

head, capsule in successive instars by' that, of

increment in the mean width of fae~al pellets

grouped by each instar, The relation between

these two variables is shown in Fig. 3.

4. Determlnatlon of instar by width of faecal
, . I

pellets': As has been al,ready pointed out by

Goldschmldr", the number of instars of the larvae

of the gypsy moth varies according to the localities

where they grow. and sexes and also even within

the same sex. Consequently it 'is beyo~d doub~
that it is impossible to determine the instJ.r, by

simply measuring ,the head capsules of larvae'

'captured in the field. This has' been already

po!nted o,ut by Mltamuratv ' in regard to the rice

plant skipper. Paranara gutatx Bremer ct Grey.

Now. let US suppose for the' moment that all, -
the larvae of the gypsy moth have the same number

of moultings and also the same growth ratio

under a constant environmental condition just as

it is the case with the common cabbage butter-;

fl y U , n , l3 , ISI . . Pieris rapae curu~ivora Boisduval,

- and the cabbage moth7,H,15,171. B arathra brassicae

L. Then. would it be possible to determine the '

instar by measuring the width of faecal pellets?

Since it can be expected that the growth ~f the

hind intestine proceeds stepwise with each moul

ting just as- the growth of the sclerotlzed head

capsule does. it seems to be impossible to' group

the measurements of widths of faecal pellets

definitely so as the 'grouping corresponds to the

instar to which they belong.. Still. a clue to

determination of instar might be found. if. there

exist definite gaps in the, frequency distribution

of size of faecal pellets. As a matter of fact; the

histograms as shown in. Fig. 4 are obtained when

the frequency distribution of the results of
. - / ..

measurements. are graphically shown. As is seen

in Fig. 4.. there are considerable overlapping

areas' between Instars. Therefore. even if it be

assumed-that all larvae, of the gypsy moth have

the same number of' instars and the same rate of, \

growth under the constant ,environmental condi 

tion, it must be concluded that 'we shall fail in

determining the ins tar number if we happen to

measure: the faecal pellets I which are found in

these overlapping 'areas. The fact that there are
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Fig. 4. Histogram representing frequency distribution of width of faecal pellets of a male
larva of the gypsy moth, Lymantria dispar L., which moulted five times.
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overlapping areas between successive ins tars ~n '

the frequency distribution of different sizes of

faecal pellets means that the growth of the hind

~ntestine proceeds gradually, and not stepwise,

being different from the growth of the head

capsule. This graduai growth of intestine is also

apparent from the 'increment' of width of daily

faecal . pellets shown in Fig. 1. Sometimes

contradiction in the orders of the mean width of

faecal pellets excreted daily may appear within

an Instar, but no contradictory order~ have been

, observed between ins tars. It' means th~t if we

collect and measure all the faecal pellets excreted

by a larva on a day and conclude the mean width

we can determine' correctly the Instar to which

the larva belongs by the mean width.

. Summary

1) Under the constant environmental condition

of 250 and 89% relative humidity, a male larva

of the gypsy' moth, Lyma~tria dlspar L." was'

reared on the leaves of the zelkova tree, Zelkova

_serrata Makino. The width of f~ecal pellets, i.

e., the maximum diameter that meets the longi

tudinal axis at right angle; was measured.'

2) A curvilinear relation was ob'tained between

the mean log-widths of daily faecal pellets and

days after hatching, and this 'relation could be

expressed by a quadratic equation.

3) The relation between mean log-widths of

faecal pellets 'grouped by each instar and number'

of ins tars was found to be represented' by two

intersecting straight lines.

4) The relation of log-width of exuviae of

head capsule to instar number agreed quite well

with that of mean log-width of faecal pellets

grouped by each Instar to the number of instars.

Therefore; we may estimate the rate of growth

:of head capsule in successive instars from t~e

~at~ of increment in mean width of faecal pellets

'grouped by Instar,

5) The width of f~ecal pellets does not

Increase stepwise as the' width of h~ad capsule,

does. However, if we collect and ~eas~re all

the fae~l pellets excreted by a larva on a day;

'we shall be able to determine correctly the Instar

to which the larva belongs by the mean width of

the faecal pellets.
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