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3. Sub-probability with respect to a type of child.

We now turn to the third standpoint stated at § 1, namely, the
decomposition of whole probability of proving non-paternity into
sub-probabilities with respect to a type of child.

Necessary components for the purpose have already been esta-
blished. In fact, the table for V(is; hk) listed in § 2 of VII remains
here algo utile. The results which will anew be obtained in the
present section are those derived by summing up the quantities
P(ij; hk) with respect to all the possible types A,; of wife (mother
of child), while, in (2.8) of VII, the summation has been extended
over the types A,, of child. We thus introduce here the quantity

3.1) R(ij)= 7%P(hk; 9),

the letters 4, j, h, k being interchanged only for the sake of con-
venience.
First, in case of a homozygotic child 4,, we obtain

R(it)=P(it; 1) + f:“'ip(ij 5 21)
(3.2) =pil—p)+ 12#1 pip1—p.)
=pi(1—p)’.
Next, in case of a heterozygotic child 4,(i==5), we obtain
R(i5)=P(it; ig)+ P(jj; ig) + P(ig; ij) +h§ J(P(z'h: i9) + P(3h; 7))
=pip(1—p)+ ppi1—p) + 20D+ D)L —Di— D))

3.8) +h§, j(pt'p 01(1—D5) + D01 — Di)*)

=pip{(2—2(p; + py) + Pt + i—4p0;+ BP0 (Di + D)))-

The partial sums corresponding to (3.1) to (3.8), (3.5) and (3.7)
of VII now become

(3.4) ;"_",1 P(35; 45) =S, — 28, +S;,
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B5) 3 5Pl i0)=8,—35,+38,—S,

(B.6) 3 (P i)+ PUij3 i) =Si—Si—2SH+ 2.+ 5,5, — 5,y
(BT %P i) =Si— 85— 2S1+58,+35:5,—48,,

58) 2 2 (PGh; i) +P(3h; 1))

It will be quite evident that the total sum of (3.4) to (3.8) again
implies just the whole probability (2.19).
On the other hand, we get, from (3.2) and (3.3),

(3.9) ﬁ R(i))=8,—28,+S,,
(810) 5 R(if)=1—85,+85,—281+8,+35,5, — 8.

The sum of both expressions (3.9) and (3.10) yields also the whole
probability.

Now, the standpoint of the present section is rather in closer
relation with the argument in the preceding chapter, than that in
§1. If a type of child is regarded as basis, it will be necessary
to enumerate possible types of husband never producing a child of
given type with his wife (its mother). The question hecomes thus
to determine the probability of mating which consists of a wife
being mother of a given child and her husband not being father
of the child. In the present case, the probability of deniable mat-
ings may, however, not be regarded as a simple product of general
frequencies. In fact, since a type of child is preassigned, the pro-
bability of wife, i.e., mother of child, must rather be given by
the probability a posteriori introduced in (1.28) of IV.

Given a child A4;, the probability of such a mating that a wife
A,, is its mother but her husband A4, is not its father, is thus
equal to

(3.11) nhkid) . g,

Aij
Hence, the probability of such a deniable mating in which the fre-
quency of child is also taken into account is given by

(3.12) A,V 7 (Wl 1) A

i

a result which is also quite plausible. The standpoint of the pre-
ceding chapter consisted in summing up the quantities (3.12) over
all the deniable types Ay, of husband, obtaining

(3.13) P(hk; ij)= Zn(hk i) Az,
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while that of §1 consits in summing up (3.12) over all the inadmis-
sible types A;; of child, obtaining

W(hk; fg)= Zj n(hk; ) Az,

(3.14)

t

The quantity defined in (8.1) is nothing but the total sum of (8.13)
over all the possible types A,, of wife (mother of child):

(3.15)

R(i)= ’% P(hk; ig) =

)

S5 wlb; 4) A
y Jy 9

The results contained in the present section may be tabulated

as follows.

Child Mother Non-father Prob. of Sub-prob. against| Partial sum over
of child of child triple-comb. each child mother-child comb.
Au | Awl,1350) | pd(l—po)? 83— 28+ S5
Au . Pi(1—pi)?
Aij | Ak, l3c7) pps(1—pe)? S;—-88;+38,-S;
Au | Awlle, 13g) | pipsl-pj)? } {Sz —8;-28;?
Agy | Awlle,lxx1) | ppfA-pi) | PpI2—2pi+py) |’ “+2S1+8:S5— S5
. o | [DPeps(Pi+Dy) X _ S, —88;— 28,2
Aiy | Ay | Aal, 1350 0) WA g || TP PR 400511 58, 1'88,8, - 45,
Am | Aal,l7) | ppprd-pi)? | +3pipspi+py) } { 1-5S,+785+252
A | Ak, 1351) | pipspr(l—pi)? —6S,—8,8;+28;

The results discussed above concern exclusively genotypes.

The

corresponding results concerning phenotypes can be derived by taking
an individual mode of inheritance into aeecount. Of course, only the
cases are then anew essential where recessive genes are existent,
and, for instance, deniable types of non-fathers require to be con-
sidered correspondingly carefully.
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(Comm. by S. KATSUNUMA, M.J.A., March 12, 1952.)

Although some studies (1, 2, 3) were performed hitherto con-
cerning the optimal temperature of the solution for survival of
ascaris tested in vitro, yet there remains another problem about
the influence of the temperature of the fluid environment upon the
locomotion of the worm as described by us in the previous report
4, 5).

1) The period of the movement influenced by changes in the
temperature.—The period of the movement of agearis was markedly

© influenced by changes in the tempe-
© “a¢° rature of the solution in which it was
40 tested. If the temperature was raised,

30
20
10

the period became shorter generally.
But there was no significant difference
between 82°C and 34°C, whereas dif-

Temperatare in contigrade ferences between those and some other

Fig. 1. The period of the move- temperatures were significant (Fig. 1).
ment influenced by the change in 2) Abnormal movements of the
the temperature of the solution porm induced by changes in the tem-
in which ascaris was tested. perature of the solution.—Beside the
normal movement as described in detail already, several abnormal
movements and postures of the worm-body took place in the tem-
perature range of 20°C to 50°C.

(1) Searching movement of the head. The worm can be seen
to make continuous movements with its head as if in search of
something. This is more distinct during the period in standstill
rather than in locomotion, especially in the solution maintained at
a temperature near optimal. But this searching movement became
more marked and severe when the environment for the worm was
abnormally higher in temperature. When the tip of the head of
the worm, in which its central nervous organ is localized, was re-
moved, the searching movement of the head could no longer be ob-
served, while the worm continued the same locomotion. This move-

Period in seconds

26 28 30 J2 34 36 38
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ment of the head of the worm must be, therefore, one of the
normal motor activities that is presumably necessary for the worm
to push itgelf forwards without difficulty.

(2) Backward movement. The worm moved backwards and
reversed the direction of its progression with the initial curvature
starting in the fore part of the body. But the production of cur-
vatures of the body was not as complete as in the ordinary move-
ment, and the velocity was so slow that it may be inadequate to
regard it as a proper retrograde locomotion of ascaris. This could
be seen in the solution at such abnormally high temperatures as
from 36°C to 46°C.

(8) Shape of an ‘infinity sign’ («). The worm changed the
course of its locomotion so repeatedly that it took temporarily the
shape of an infinity sign (). This came often in sight in the solu-
tion at every temperature above 30°C.

(4) Shape of a coil. The worm curled itself somewhat regu-
larly just as a coil of wire. This appeared in the solution at ab-
normally high as well as low temperatures.

(5) Shivering at the head. This appeared distinctly only at
its head in the case of temperature higher than 40°C.

(6) Streching the whole body at a standstill. The worm be-
came to move irregularly and slightly, and then stretched itself
motionless when it was extremely low in vitality near the end of
life in a most unsuitable environment at high and low temperatures,
such as 50°C and 20°C (Table 1).

Table 1

Changes in the type of movement of the worm exposed to a wide range
of temperature. The temperature of the solution in which 8 worms were
tested was raised from 32°C to 50°C, while 8 other worms were put in the
solution whose temperature was lowered down gradually from 82°C to 20°C.

— —>

Temperature i 120 22|24|26|28/80| 52| 32 34/36|38| 40| 42| 44|46 48 50
Normal locomotion 0/0/0(4(8|8|8(8/8|6[8/0[0|0]0|0]0O0

. marked olo;j0l0(0o(0l0|0]|0|1|2|8|5|1]|1|070
.alsfsgggllgri{moderateOOO36888876426310
& mild ol4al6|slalolo]ololojol1|1|1{al8]0
% | Backward movement |0 |0 /0|0 o0|of0]o|1|{3|56/8]8 7|3|0]|0
“4| Shape of infinity sign{0 0|00 /0 2356|617 318 (7|4]1]0
& | Shape of coil 3 4/6(8|2/2/1]1/0(8|2]1{83|6|43]|1
Z| Shivering at head |0 |0|0|0|0/0(0|0/0]0|0{0|0 48|80
Stretching olo|s/alololofolololof1|1|2/a 7|0
Standstill glal2/2/0lolo|ololojolojolojolo]|s
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3) Change in postures and movements of the worm kept under
one of the several temperatures maintained throughout the observa-
tion in relation to the lapse of time.—When the worm was observed
in the solution maintained at 82°C until it came to the end of life,
there appeared various abnormal movements, such as the shape of
an infinity sign, the backward movement and the shape of a coil,
after it had gone through the normal locomotion. The shape of a
coil could be recognized in the relatively late stage of survival of
the worm, while the searching movement of the head continued
more or less throughout the test. The relatively high temperature
range from 86°C to 46°C caused always the backward movement
of the worm immediately after the exposure to the solution which
was then followed by the complete standstill at such a high tem-
perature as 44°C or 46°C; while some of the worms resumed the
normal type of the locomotion with a much longer period than that
of the original one, if it was tested in the solution at a somewhat
lower temperature, i.e., at 40°C or 42°C. But, most of the worms
showed a much shorter period of the movement in the locomotion
than that in the ordinary one at 88°C, indicating the remarkable
sensibility to the slight change in the temperature of the environ-
ment of the worm.

4) Change in the sensibility to the temperature of the environ-
ment caused by deprivation of the central nervous organ of the worm.—
It was confirmed that, by deprivation of the head, there was almost
no change in the type of the locomotion and the period of the
movement in most of the worms, except the searching movement
of the head, if it was tested in the solution at 32°C. 8 out of 10
worms which moved abnormally backwards by being kept in the
solution maintained at 40°C resumed the normal forward locomotion
after deprived of their heads, whereas the rest of them ceased
their locomotion and curled themselves just in the shape of a coil.
This happened regardless of whether the head was removed before
or after exposure to such a high temperature. Now, it was re-
cognized that the worm, which showed a much longer period of
the movement, indicating much reduced vitality of it, after its
central nervous organ had been deprived, was apt to take the shape
of a coil of wire, if it was exposed to a high temperature. It is
concluded that the head which contains the central nervous organ
must be the most sensible part of the body to the change of the
temperature.

5) Survival time influenced by changes in the temperature in the
solution.—The survival time of the worm was the longest at 32°C
and became shorter at any other temperature higher or lower (Fig.
2), and also the number of worms keeping on their locomotion was
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largest in the solution main-
tained at 32°C when the tem-
perature of the solution was
raised as well as lowered
gradually in a wide range
(Table 2). All the worms were
killed in a moment when they
were put into the solution of
60°C (4). After an exposure Log (duration of maintaining movements in hours)
within 80 minutes to the solu- Fig. 2. The time-interval from the begin-

tion at 0°C, the worm began ning of the test until the worm showed no
its ‘movement again when spontaneous movement at various tempe-

transferred in the solution of rtures of the solution.
the temperature near optimal. Female worms were a little more
resistant to the higher temperature; on the contrary, male ones
generally tolerated the lower temperature better.

Table 2

Number of worms showing their locomotion in the solution
maintained at various temperatures.

o
<

~

~—

o
N -

Temperature in centigrade

2 A 0 i 2 3

Temperature in

contigrade . 26 ‘ 28 30 l 32 384 ‘ 36 38

Locomotion 2 4 5 6 4 1 1

Standstill 6 4 3 2 4 7 7
Summary.

The period of the movement of ascaris was markedly influenced
by changes in the temperature of the solution in which it was tested.
If the temperature was raised, the period became shorter generally.
It was also revealed that several abnormal movements and postures
of the worm took place in the glass tube filled with the solution
whose temperature was raised as well as lowered gradually over a
wide range. Each of the postures differentiated from the original one
was shown in a certain range of the temperature which was changed.
But, when the worm was exposed to a relatively high temperature
maintained throughout the survival time, it showed the normal type
of the locomotion with a much longer period than that of the origi-
nal one, indicating less active in vitality, after it had gone through
several abnormal movements. The highest and lowest temperatures
of the solution in which few worms could hardly move were 50°C
and 20°C respectively. The time-interval from the beginning of
the test until the worm ceased completely its movement, was
measured in the solution of various temperatures. As far as ob-
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served by us, it was longest at 32°C, and became shorter in living
at any other temperature higher or lower. When the central nervous
organ of the worm was cut away, the influence of the temperature
upon the locomotion did not happen to be observed. It is sub-
sequently concluded that the part of the body most sensible to the
temperature may be identified as the central nervous organ placed
in its head, and that the optimal temperature of the solution for
our experiments concerning the locomotion of. ascaris is 32°C.
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