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On the Relation between the Diameter of Container and the Lergth of Pupae in the

Course of Mass Culture of the Common Housefly, Musca domestica vicina Macquardt,
using the “Okara” Culture Medium. Problems on the Breeding of Insects for Biological
Assay of Insecticides. XXIII. Sumio NAGAsawa and _Michiko Kisuixo (Ohno Laboratory,
Insitute for Chemical Research, Kyoto University. Takatsuki, Ohsaka). Received Jan. 17,
1959. Botyu- Kagau, 24, 1- 10, 1959 (thh Enghsh résumé, 9).
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Table 1. Design for experiment with 3 replicates (1958).

Date 1 =
deposited 19/VIII 21/VIII 23/VIII 25/VIII 27/VIIL | - 29/VIII 31/VIIl®
- --eggs . . R . ) . o
Date e : ] ] B
t:alnsferred | 21/VIT | 23/VII |~ 25/VII | -27/VHI:| 29/VIIL | "81/VIII | ""2/IX
arvae - . ' - . : . .
Dian;eter 4 6 7 10 5 8 .9
o _ .
container 3 8 .6 4 9 10 7
(cm) 7 4 10 9 6 5 8

Table 2. Frequency distributions of length of pupae of ‘the common housefly, Musca

domestica vicina Macquardt, reared ih the seven kinds of containers having the diameters

of 4, 5, 6, 7, 8, 9 and 10cm.

Date trans- : ‘ N o
ferred lagvae 21/viL | 23/VIIL | 25/VIIL 27/VIL | 29/VIIL | 31/VII 2/1X
Diameter of - . . . )
e 4 5716 8 4|7 6 1010 4 9 5 9 68 10 5/9 7 8

42.5 . 1

43.5 ! 1

4.5 .| 1. 1 3.

45.5 | 2 1 1

46.5 . 1 1

47.5 1 2 3 3

48.5 ° 1 1 1 . 11 1 3 1 1

49.5 1. 1 1 1 2 12 1|1 1
, 50.5 1 2] 1 1 2 3 1 2. 1] 2 1 1 1
£ 51.5 1 2 2 4|2 5 1|2 4 {1 1 1 -6 3
g 52.5 ' 1 3 2 1 1(-1 4 2|7 2 7 8| 3
g 53.5 . 3 6|3 2 6|1 8 2|2 2 1/1 512 2 1
> 54.5 3|4 1 9/ 3 5 8/1 8 1/3-1 3|5 6 9|1 2 2
S 555 | 1 - |5 3 14|3 5 9|1 18 5.3 1[14 10 19| 3 6 4
o 56.5 |. 1 . 8 6 17| 4 .5 12| 3 19 1| 4 5 5|13 12 24|10 5 9
= 57.5 | 21 11 7 81/10 14 22) 2 17 ' 3|.8 9 9|18 21 23|15 13 12
b 58.5 | 2 1. 22 15°18{14 20 25( 7 16 7(16 14 12|22 17 16|24 .20 22
T 505 |10 3 3|16 28.22114 24 27| 7 15 8|24 18 18|22 12 11|44 21 21
» 60.5 |12 7 10|23 16 6|20 23 21| 5 10 6|16 1518|100 9 13|18 25 29
S| 6L5 |12°11 7|25 18 13|23 17 16/14 7 18|22°23 19111 3 8|19 17 22
: 62.5 |23 15 13|13 16 6|25 13 11{17 5 16|21 20 24| 4 1 8|19 21 18
2 63.5 |22 22 21|.7 9 4(14.15 5|28 9 24|17 11 10| 3 1 2| 5 10 14
8 64.5 | 2729 28| 7 10 2| 7 7 1|21 17|10 4 11 1. 1] 2 4 7
© | 6.5 {18 27223 1 1| 6 .5 1|22 136 2 5|3 .2 3

66.5 {10 25 30| 1 2 3 4 1|5 1141 -2 ' 1 3 3

67.5 | 7 17 20| 2 ‘2 e "9l 3 1 1 o2

68.5 | 4 13 16 1 2 1 11 ,

695 | 7 4-5

70.5 ‘1.6

715 2 ,

72.5 2 1 1

73.5 | 1 1 i

153 169 173 |145 150 145 |169 133 141 |136 123 160 |167 155 169

Total ~|158 181 187 |154 143 158
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4 5 .6 B 7 8 9 10
Fig. 1. Schematic drawings of “Okara”
culture media showing their final states
when the pupations. are occurred. Area
hatched obliquely shows the part unused by
the larvae for their growing. Empty and’
dotted areas show the part used by the
larvae for their growing, and dotted area
is the part dried up and broken into small
pieces by the time when almost all larvae
pupate. ’
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‘Fig. 2. Histograms for the frequency dis-
tributions of length of pupae of the common
housefly, Musca domestica vicina Macqardt,
. which were reared in the three kinds of
containers having the diameters of 4, 8 and
" 6cm (top to bottom), started on August 23,
1938. '
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Cumulative frequency in probits
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Fig. 3. Cumulative frequency distributions
"of length of pupae of the common housefly,
Musca domestica viciia Macquardt, which
~were reared in the three kinds of containers
having the diameters of 4, 6 and 8cm (left
to right), started on August 23, 1958.
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= (252. 78"'+2§8. 612+ ee +207. 99?) — 4573. 09%/21
=14323.86770 &7z 4. $B55%IH Ogﬂ‘ﬁ(éﬁi) i,
0v2) DS BAD 2R B2 § DT, 14323, 86770—

. 1888.83800—11321. 43395=1113.59575 &725. Th

5 ORIED F NI DD 4 F 3 ROB 1THO
HIT, M2FECUD UIPEHELD &', B %

LBNT, DX¥DRIE->THRM ¢ 26 ED 3.

c= A =B
v(E—DA

A . 1886. 90566 —159. 08511 N ‘
LODHER c= 7 (3—1) 1556, 90566 = 0.065406

) &&5- Ve @ﬁﬁﬂfﬁﬁ Y, i3, O%’O)iﬁ?é&:b%.

.»YJ=VJ+CW‘

el ZiE, B 4dom OHERMDPSAONII Ve -
i, Y, = 628,14+ (0.065406) (—893. 08) =
569.73 T, EHUNLEHOEIOH R, Y.=
560.73/3=189.91 &/z%. ZLTLD x103 DD
35 57.48 1% WEOBDLADMKT, Thic
0.098 f5 U7z 5.63mm 23, FEHEDOMOE 4cm OFEF
HWTA LN HOEIOREME L 3. AZLT,
M 5,6, 7, 8 9 2X0° 10cm ORNEABDLAS
NIBORI %, KROEIOKMETULDTE, Z2h
Zi 5.90, 5.93, 5.98, 5.96, 5.95 3¢ X ¢ 5.91mm



B B ¥ o424 B
Table 3. Pupal length in cube of observed value X 1/10 (1 unit = 0.098mm), per cent
area truncated for the calculation of cumulative frequency curve of pupal length, standard

deviation, and per cent pupuation for each series.

Item Diameter | _
disoom 4l of |21/VIII|23/VIIT} 25/ VII1| 27/VILI| 29/VIII|81/VIII| 2/IX | Vi, W, Y.
container .
4 | 252.78] 190.90 184. 46 _ 628.14—893.08] 569.73
5 | 268.61] ' 218,13 183,40 670.14!—217.96 655.89
e 6 |. 211.34] . 212.59 221.59 645.52] 306.€0, 665.57
g 7 | 273.30 . 219.79 213.72] 706.81|—404.94) 680.33
= 8 1 214.85 193.51] 215.94 624.30| 773.24) 674.87
g 9 246. 81| '216.08 207.99 670.88 — 12.14| 670.09
B 10 198.34). 248.92 . 180. 04 627.30) 448.22 656.61
T, 794.69 617.00| 630.72 680.19] 655.80| 556.95 637.65 4573.09  0.00/ 4573.09
4 12.03]  0.00 13.33 25.36|~ 4.28] 25.68
$ 5 3.87 16.56) 1.25 © 21.68/— 40.12] 24.69
S 6. 6.85 9.47 4.26 ‘ 20.58 40.02 17.58
] 7 1.60 8.50 : 7.100 17.20, 9136 10.34
ot 8 8.39 | 1177y 4.73] 24.89 64.70] 20.03
8 9 19.41] 8.27 , 4.19) 31.87]— 52.46 35.81
5 10 13.30] 20.69 30.08 64.07— 99.22| 71.52
= T, | 1750 15.24 3127 5. 43} 29. 09[ 43.10 16.02] 205.65] 0.00 205.65
4 30.51 30.86 -34.01 1 95.38|~ 65.00] 93.09
g 5 32.36 32.56 27.93 92.85] 10.62] 93.22
f 6 3L.88 33.75 29.94 95.57|— 25.90| 94.66
_§ 7 35.24 30.58 28.65| 94.47| 7.86] 94.75
= 8 . 31.15 _ 27.08. 27.88| 86.11 72.46] 88.66
S 9 31.95| 27.98 - 23.37| 83.30] 16.40| 83.88
8 ‘10 ‘ 27.86) 24.99 25.06 77.91|— 16.44| 77.33
12}
T, 98.11 93.89 92.19 90.95 90.48 80.07 79.90 €25.59 0.00, 625.59
4 79.0| 79.0 75.0 233.0 |- 62.0 | 230.3
K 5 9.5 | - 84.5|. 80.0 255.0 | 125.0 | 260.4
= 6 77.0| 845 70.5 232.0| -18.0| 232.8
g 7 93.5 76.5 ' | 77.5| 247.5|-277.0| 235.5
o 8 71.5 68.0| 84.5| 224.0| 70.0| 227.0
8 9 72.5| €6.5 83.5| 222.5( 37.0| 224.1
£ 10 8.5 | 72.5 | eLs 220.5| 89.0 | 221.4
T, 263.0 | 227.5| 247.5| 220.0| 221.5| 209.5| 245.5|1634.5 | 0.0 | 1634.5
&3, b, Al oOTHMOKEITIE, DX¥DRb B
wHha. :

D XIS,

" e | BEw-DA —(v-kBJ
Sy‘*:/ vE(E—1) A’ -

ORILE->ThEHs. COBA

#Jus t significant difference” =12 S5,

ZCTtit, HHE n=v(k—2)+1 L LI L 3O
T, t E DS b EHhuLI. TLTR n=7(3-2)

S5, = '/ 159. 08511 E3(7—1)1886.90566-—(7—3)159.08511]

(7) (3) (3—1) (1886, 90566)

=8, 17936

+1=8 T, Pr=0.05 O ¢t Offi
13 2.365 THB. WAIT "just .

9
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- Table 4. - Analysis of variance for separating variation between days from remainder.
It Variation | Diameters of con- | Days, exclusive -of | Error within days ]
dis em d due tainers, ignoring | diameters of con- | and diameters of |, Total
iscusse to days, from V. tainers, from' W, containers
Degrees | . . : o A - . E :
" of v—1=6 v—1=6. v=7 - 19

: freedom S i ’

s v SV | (W= - » -
£ (vin==SUe) s . 2y G

g Sum of ‘ . S (W3 (Y -V,-(W,3 UQJ=S(.‘)")'T

g squares - (I:J kv(v-—k’)(k—l) o :
‘ CW -] UQJ,EVHQJ_EWOQJ
Mean s ——A' v
square v—1l =B -

L Sum of i - 8 .
= :Eg squar s 1888. 83800 11321, 43395 1113. 59575 14323, 86770
ﬁg-:g ‘ M a;n . . . !

2 e '

sovare | 1886.90566 159. 08511

g 1 ! i : :
25 Sum of ‘ ‘ ~
§.g squares 510. 33303 168 80317 403. 8§403 1083, 02023
o8 X i '
oS : I
&g :gs_z?e  28. 13386 57.69772
BE Sum of | " g7 16153 64,6432 ' ' " 20004520
&S squares | | -t . 1 38. 24046 1200, 0452
Q>
2% igﬁg 10. 77387 5. 46292
w g Sum of . q : B . :
§ _g ‘squares 346. 99967 659. 00000 301. 16700 - 1307. 16667

© . i ' . .
BB :

&8 xs:;le 109, 83333 43.02386

s1gmf1cant difference” =1.414x2. 365)(8 17936==r '

| 26.670 £33, ‘&F&ﬁca%9t¢5stowm

Cap5 ETAHAR, WK UDULARE Tem
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REBICAROE » 2 BT, AR ?ﬁﬁﬁ%@

6

RERHET DL, LOBE
DTN LTEEERE LY, HEFOLDHO

. m%ﬁ%%ﬁf% LEMBETHAHS.
CFRSNIARRRIOT AREMEETO 5 DUN

, fAHOSR SR Z

FARE A5, U U4 = A =OHHITISNTH
HNBL O, WRREEORMTETHEA, e
HCORBNATACLEOTELN DRI T,

CEEOSRERIE, FRRONAIEBOMBIRE -

Tit, ST ULRMERR SRS D AT, il

 REOLDOMMRE 4 b AZVWAVSH B 2h

WA BRI QRS &2 2RT 3581, TTYH
OEETREL T2 b ED T,  CORIRICWT A
Firbb e



Miom &%
Relative pupal length in cube of observed valuex 1/10 (1 unit = 0. 098mm) per

Table 5.

P mi%;l’

" cent area truncated for the calculatlon of cumulative frequency curvé of pupal. Iength

standard deviation, and per cent pupation of the common housefly, Musca domestzca vicina

. Macquardt, reared in the seven kinds of containers having the diameters of 4, 5 ‘6, 7, 8,

9 and 10cm, corrected for differences between days. Significant difference in 7 =7 and

Py =0.05.
. ]_)ci:r?:;itg;:f Pupal length Per cent truncation .Stan_dard’devia’tion' Per cent pupation

4 ] 189.91 - 8.56 . 31.03 . 76.8

5 218.63 8.23 31.07 86.8

6 221.86 5.86 31.55 77.6

7 226.77 - 3.45 31.58 78.5

8 224.95 6.68 - 29,55 75.7
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késumé

1. In the present paper, the relations of the
diameter of container rearing for the larvae of
the common housefly, Musca -domestica vicina
Macquardt, to the body length of pupae, per
cent area truncated for the calculation of
cumulative frequency curve of pupal length,
standard deviation, and pef cent pupation were
discussed. Seven kinds of containers having the
diameéters of 4, 5, 6, 7, 8, 9 and 10cm were.used
for the experiment. Fifty grams of “okara”
(residual products of “tofu’ making), 5g of rice
bran, and 0.5g of powdered beer yeast per one
container were used for the rearing of 200
individuals of larvae. The rearing was carried
out under the environmental condition of ca
27°C and ¢3 50 25 relative humidi?y. Measure-

mAu E-1

ments were made of the length of pupae by
binocular microscope. Three containers for each
kind were prepared and the experiment was
conducted following an experimental design of
balanced incomplete blocks as shown in Table 1.

2. As is seen-in the schematic drawings of
Fig. 1,
containers having the diameters of 4, 5 and 6cm

some parts of culture media in the

were not used by the larvae for their,growing.
Especially, the greater part of culture medium
was not used in the container léaving the
diameter of 4cm. In the containers over 7cm of
diameter, the culture media were used wholly
by the larvae for their growing. In the contai-
ners having the diameters of .9 and 10cm,
however, the culture media were dried vp wholly
and broken into small pieces by the time when
almost all larvae pupate, and this immoderate
drying of culture medium did not bring the good
result for the growing of larvae and their pupa-
tion. Best state of culture medium at the time
-when almost all larvae pupate was obtained in
the container having the diameter of 7em.

3. When the cumulated percentages of frequ-
ency were plbtted on the ordinate and the pupal
length in cube on the abscissa nearly symmetrical
sigmoid curves were obtained in. all cases of
containers. Fig. 3 shows that these curves can
be converted to the straight lines by trans-
“forming the cumulated percentages of frequency
to a function of the normal curve such as the
probit and with transforming the length to cube. -
On the basis of the idea obtained in this

the data shown in Table 2
were summarized, and the medians and standard

graphic analysis,

deviations calculated from the rectified Straight
lines were used for l?he discussion in the present
paper. - ) o ‘ :
4. The individuals in the lower part departed
from the transformed straight line were consi-
dered the dwarfish pupae resulted due to the
delayed growings, and- the individuals in the
upper p:art are considered the observed . values
of the pupal coloured larvae or that of the
abnormal shaped pupae such as metathetely.
" 5. The maximum value of pupal length was
obtained in the container having the diameter

9
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.of 7em, and for the containers with larger and
smallef diametens it became smaller values.
The minimum value was obtained in the con-
tainer havmg the diameter. of 4cm, and the
'dxfferences between thxs value and the values
obtamed in the other contamers were sxgmflcant
) statxstxcally But the differences of one another
'values obtamed in the containers having the
.dxameters of 5, 6 7, 8 9 and 10cm were not
sxgmf;cant

6. The per cent area truncated for the cal-

: culatlon of cumulative frequency curve of pupal

length was minimum in the container havmg‘

the diameter.of 7cm and it was maximum in
- 'the container llavmg diameter of 10cm. The
differences between this maximum value and
the values obtained in'the other containers were
significant statistically. But the differences of
- one another values obtained in the containers
}laving the diameters of 4, 5, 6,7, 8 and 9cm
were not significant.

7. The standard deviation of pupal length

was minimum in the container having the dia- .

" meter of 10cn1; and it was maximum in the
container having the diameter-of 7cm, ‘and the
. difference between these two values was signi-

ficant. But the differences of one another values = -

obtained in the containers except the one

having the diameter of 10cm were not significant,

-

8. In the container having the diameter of

5cm, the percentage of pupation takes maximum

value 86.724, the dxfferences between this value
and the values obtained in the other containers
were significant statistically. The percentages
of pupation obtained in the containers, except.
the one having the diameter of 5cm were at the
level of 7025 and the differences of one another
values were not significant. ) ,

9. Thinking collectively from the result of

‘the present experiment a conclusion can be

drawn that ’the _many houseflies “suitable for

_biological assay of insecticides will be able to

rear in the container having the diameter of
7cm. When the larger containers are .used for
the mass.culture of housefly, the quantity of
culture medium per container should be regulate
so as to get the final etate of culture medium
likewise that obtained in the container havmg
the diameter of 7cm. ’

10. As the “culture medium kept in a con- .
tainer is not always used wholly by the larvae ‘
for: their growing according ‘to the shape of
container, the effects of population densities to -

the vanous characters of progeny should be

‘discussed from the relation of the number of
. larvae to the culture medium whxch was used by

the- larvae for theu' growmg

On the Relation between the Diameter of Container and the Duration from Oviposition

_to Emergence in the Course of Mass Culture of the Common Housefly, Musca domestica
. vicina Macquardt' using the “Okara” Culture Medium.' Problems on the Breeding of Insects

for Biological Assay of Insecticides.
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