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I, INTRODUCTION

In mmsects the growth 1s essentially o determinate process, and
the size 18 also inherently determivate since it is the end product
of growth, [t is not very difficult to demonstrate the existence
of a deepseated and slable genetic constitution or the value of
the constants of the relative growth function which determines
size and the growth process Ly which 1t 15 attained in individual
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insects. In other words the size may be said as the ultimate
result from the interaction of a series of excitatory aud inhibitory
stimuli, modifiers or genetic constants of relative. growth during-
the course of development and growth-of an individual, whereby
its growth follows quite closely a definite and predictable course,
terminating when adult stage is attained. : Further it must be
noted that the termination of size growth is especially: <efinite in
the case of insects where almost -without exception :the. imaginal
or reproductive stage marks sharply the arrival of the final size
and form. During the recent cycle of biological investigation
much attention has been turned to-the phenomenon of growth of
insects. Many entomologists Have attemipted. to analyze the growth
of insects either in size or in weight, and the works in this hne
of research cover a great part of the literature” in Entomclogy.
Many hypotheses have been established wpon:several groups: of.
insects and applied actually to detect the growth process of .some
injurious .or non-injurious insects. Nevertheless: it may .seem
surprising that much should. be further: investigated and. re-ex:
amined from different points: of -view.

Further in studying- the gradation of insect . populations;
especially in case of pests, economic entomologists shouid: not
forget to consider the status of parasites, the. climatic -environ:
ment, the reproductive powers and the food corditions. Since the
primary requirement for: growth is'foed -we- may ‘expect to-find
that the size in insects is dependent at-least to some.extent upon
quantity or quality of food. - Vegetarian diet furnishes a much
more constant and plentiful source of food material than. that
available for forms that depend upon animal foods,” but larger
amounts are necessary to supply equal energy. It should be
actually necessary to take into account the quantity of food,
and such consideration may be regarded as equally important or
useful as those of chemical requirement of the food. Although
aimost every entomologist is aware of the fact that the food must
play an important role on gradation in insect pests, it is never
theless curious to see, how little study, as compared with those
carried out on the effect of other factors, has yet been .done
in-this line of investigation.. &

The present work has - been:carried-out_in. the. . Entomological
Laboratory of - the Kyiisyi- Imperial-University, ITukuocka, wsing
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{Orthop-
The aim
record

a4 very convenient inscct. Phraortes bumiamotoensis SHIRAKI
tora, Phasmidae . in order to fulfill some of these gaps.
of the former part of this paper is, firstly, to examine and .
the growth of the regenerates in the course of the postfml?ryonlc
development ;. secondly, to note any possible variations in the
erowth of such regenerates from that of normal parts; thirdly,
in using the records to analyze the growth of the regenerat¢d
parts, mamely the growth-ratios and regeneration curves together
with the laws of Dyak. PrziBraM and the formulae of TOKUNAGA
and PatiiaN,  The ultimate object is, if possible, to determine OT
establish norms of an ideal growth both in size and weight. The
latter part of the present work is attempted, firstly, to determine
the necessary amount of the food for the completion of a normal
postembryonic development and for the continuation of 2 normal
aviposition ; secondly, to establish a criterion for estimation of
damage caused or will be caused by insects. For the economic
entomologists the chief aim or the actual interest of the work is
to prevent a calamity as early as possible and as a rule, little
attention is paid by them what happens afterwards. In some cases,
however, 1t may be necessary and useful to know some bases to
estimate the losses for the future cultivation or protection of crops
from injurious insects and further to know the effects of shortage
of food on the gradation in the following generations of the
pests.  In this connection it should be stressed to remember that
such theorctical prototypes as given in the present study have
some limitations to its practical application already pointed owut
by WOODRUFF, but may serve as a guide for comparative study and
a basis for quantitative consideration in the field of both thoreti-
cal and applied entomology.
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L NOTES ON THE MA‘FERIAL

The Phasmids used in the present study were from an inbred
stock which has "been maintained for experimental purposes in
the Entomological Laboratory of the Kyasyd Imperial University,
Hukuoka. They belong to Phraortes kumamotoensis SHIRAKI, which
is very common in Japan proper and of a convenient size for
experimental use, namely the newly hatched larvae measuring
11.39-13.24 millimetres in body-length and 0.0030-0.0039 grams in
weight, the adults measuring 66.5-73.8 millimetres in body-length
for the male, 86.1-102.9 millimetres for the female. The newly
hatched Phasmids -as well ‘as those in the following instars ‘are
very quiet in motion and may be handled duite easily by availing
their cataleptic attitude when they slip to the ground, either with
their appendages spread out or-all packed closely parallel to the
body. “Such attitude facilitates the use of the material in various
kinds of apparatus in weighing and transferring from one container
to another. They are voracious feeders and can consume many
different species of plants as food, growing rapidly to the adult
stage. Those dimensions as mentioned above are attained in 65—
75 days for the male, 74-90 days for the female in natural con-
ditions. - The duration of the larval qtadla are qummarized m the
foIIowmg table.

As 1s seen in the Table 1 a general trend that the average
number ' of _uay;s in Luu;p;cuug each instar decreases with age,
except for the last instar in the fernale, is to be noted, ie, the

first stadium is the lorigest,’the fourth and fifth are almost cqual
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Cable 1A stmmary of development for Pliraortes
Frmaidocists reared in the laboratory. Figuares
depate the time in days.

Larvai stadia

e SR _Teral
i il 1t v v V1
Kaximmm 29 19 14 13 13 N )
1 Alimimum 21 12 11 . a 10 74
! Average 25.4 154 12.2 s 110 a4 83.4
Afaximum 2 1R 15 12 12 75
Minimum 24 11 1t ] A 65
l Average 254 1.7 131 11.0 T 711
Muamun: st 19 15 13 ) 13 90
Average Minimum 23 11 e a S 65
l:’\\'ﬁf.’iﬁt‘ . 252 151 126 11.3 1.5 78.1

and the shortest, and the second and third are successively longer.
According to my rearing experiments of about 500 individuals,
the males moult five times without exceptions while the females

undergo pormally six moulis under natural conditions.  In Hukuoka .

Province, the fwrvae hatch out early in April and reach maturity
later i dune or carly in July, The length of life of adult females
kept uider natural  conditions vavies from three to five months.
The male has a shorter life. Thus the insect has but a single
generatiom vach year. The population of the two sexes seems to
be more o dess equal. The females undergo a preoviposition
porkxd o about ten days.  Thercafter, they drop one to ten eggs
a day, the average for six females being 4.5 eggs. The number
of vpps lad by a normal female s considerably variable. The
resulls of any observations show thal a single “female is often
capable of daving 600 c¢ges or even more but whether they Iay
this number of cgrs under field conditions is questionable. The
eges dropped by the females were kept in paper or wooden boxes
laced m the reom until the next spring under natural conditions
and passed the winter, and no. meisture control was provided.
The imcubuzion pmm? varies from 150 (o 250 davs, thus covering
an extreme sange of about 200 days. Only a small percentage
{286 por centl ot larvace are able to complete the hatching from
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the egos, and therefore a large number of eges were needed - for
my experimental study. The range of temperature of the labora-
tory during the post-embryonic development of the material was
between 15" ‘and 23°C, and those of relative humidily was between
70 and 85 per cent. This range of temperature, though great, is
believed not to have unduly affected the results of this study, as
the oblect of the present investigation lies on the Iine of the
normal growth of the insects under field or natural conditions,
and often znalyses of the experimented data were carried out
under consideration of eliminating the time factors. - The results
of rearing experiments made in various relative humidities have
shown that the optimum relative humidities lie . between 65 and
90 per cent, and when the relative humidities are below 50 per
cent ot in water-saturated conditions the  material cannot ‘con-
tinue its normal development. Further detailed accounts of the
material may be scen in my carlier papers (1930-1633). - '

IVf GROWTH . I¥ LENGTH
A. _Gmwth in Absolute Length

- Percentage increse v length in each instar. The percentage
increase («)} in length (or width) in each instar was calculated by
the following formula

- (,(_.Ln-»‘LLﬂ Ln % 100

where L, designates the length of a part in the instar n. The
values are shOWn in the Table 4 and LhL fo]lowmg results were
obtalmd

1. In the second mstar the h:ghest valuea of = are found in
the lengths of the pronotum, the mesonotum, the metanotum the
total length of the thorax, the antenmae (@), the fore femur, the
fore tibia (), the mid-femur, the mid-tibia, the hind femur and
of the hind tibia £

2. In the thxrd 1istar the h1ghest values of « are observed
in the length of the head (&), the totai 1ength of the body and
in the width of the head. '

3. In the fourth instar the value of ' in the length of the
abdomen is the highest. =
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i tho sixth wstar the = takes the highest Ya.iue i the
.. the head { @), the fore tibia (&) and

i.
fetrthe of the gntenma 3

<1 the hind tibia {24 .
5. In the last instar the values of « in such items as the

length and width of the head, the lengths of the pronotum, the
abdomen and of the total body of the male sex are always\lower .
than thase in the female sex. ,

6. The curves showing the percentage increase in width of.
the head throughout the post-embryonic developmental period are
similar to those of the length of the abdomen. The curves of the
same of such parts as the whole thorax, the metanotum only, the
femur and the tarsus show the same feature. :

7. The sex  differentiation in the rates of increase was
emphasized in the following order : the length of the hind femur,
the length of the antenna and of the fore tibia, the length of the
fore femur, the length of the mid-femur. the length of the head
and of the midtibia, the length of the pronotum, the length of
the mesonotum, the total length of the thorax, the width of the
head and the length of the hind tibia, the total length of the body
and finally the fength of the metanoctum.

Pereentage length of the allometric organs during the post-emibryo-
nie developriiental period.  The percentage length (7) of any allome-
tric organs in each instar was calculated by the following formula

P Length of the part in the instar n 100
d Ultimate length of the part ’

and the results are shown in the Table 5 given below.

From this table we can definitely see the following™ facts.
In the appendages 3 takes the value of 50 per cent in the fourth
instar. In the allometric organs (except for the appendages) of
the female § secures the value of 50 per cent also in the fourth
mstar, while in the male 7 attains the value of 50 per cent as
early as in the third instar.

Change of the partial indices of the allometric organs during

tie post-embryvonic developmental peried. The partial index () of
any allometric organ was calculated by the following formula

Length of the allometric organ
Total length of the body ~ * 100-

The results obtained are given in the Table §.

;’::




Table 2. Average iength (or width) of different parts in Phraortes kumamotoensts
larvae at different instars of growth. In millimetres.

Head - Thorax
A ———— - e -
E‘ a £ Fore leg Mid-leg Hind tes
. a g g B PR e, preAT S i
= & = ] 3 2 2
Instar ':t-?n - g ‘g“ % g . = 'é- a 5 o E . E Body
. 2 & g £ 3 3 5 =2 § = 5§ 2 2
= = = & p p= &= A w = tr. = =
I .2 1.0 7.7 09 32 20 5.1 34 32 28 28 30 35 11.3 13.5
11 14 13 11.4 L2 47 30 9.0 5.5 438 .3 4.2 418 52 145 23.5
I 19 17 16.1 1.5 65 43 12.4 78 7.1 59 - 6.0 66 73 183 3346
v 7 2.;1 22 22.7 19 88 56 184 105 9.7 78 81 39 95 258 417
[ 33.7 150 148 110 11.1 125 132 :
v 29 28 1 : 24 117 7.8 223 : 34.1 59.4
g 289 . 133 127 99 100 10.7 127
*{ 5 35 31 54.9 27 196 99 28.8 21.0 228 160 160 1836 202 - 397 71.3
V1 .
g 40 34 380 30 145 98 245 167 159 127 122 41 446 42.8 741
Vﬁ 149 4.1 51,1 ¢ 3.6 187 120 M5 219 217 165 154 18.7 194 54.1 3.4

# V1 and VI represent mé!e and fémale adults reé;ﬁectively.
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Table 4. Percentage increase in length of different parts in
Phraorles kumamoloensis at different instars of growth.

Head " Thorax

% g — e -Fore leg . Mid.leg Hind leg
. § g & B e Bmls
= 2 8 8. 3 2 N . y b
- Instar s = g g § . B = 3 a E: e E : 5
§ 2 E 3 & &5 5 § &4 B & 5 2 3
LB a - = = & = = g, = &= =
= i 166 30.0 48.0 333 468 5Hou 47.5 617  50.0 53.5 500 60.0 485 233

418 479 372 428 375 403 33.1

(8]
151
<
e
.
ta
W
4
=]

-1 357 307 41.2
- 1v 263 294 409 266 353 303 322 346 366 322 3.0 343 . 301 335

{ 5484 - 428 52.5 41.0 37.0 40.4 38.9.
Iv- ¥ 208 272 263 329 392 359 ) . 321
. | 9273 3 266 309 269 234 202 328 :
v nr[ 3206 107 61.1 125 333 260 201 0.0 540 154 41 488 530 16.4
7379 214 314 250 239 230 3.8 255 251 282 220 316 149 25.5
VI-ViL 22.5 205 . 34.4 200 289 250 408 311 364 209 262  3ib a2 264

asipny

“q,:ﬂ;ﬂlif jo iMooy 3] uo s

it
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Table 5. Percentage length of the allometric organs
during the larval instars.

Head  Head ¥Pronotum  Mesonctum  Metanotums  Thorax  Abdomen

Trstar length  width length length iength length length
O | 24.4 24.3 250 171 16.6 176 20.8
i 285 317 33.3 25.1 25.0 260 26.8

11 387 414 416 34.7 35.8 359 356
v 489 516 52.7 7.0 466 47.5 476
y 501 68.2 666 - 625 £5.0 64.6 (3.0

vl 816 829 83.3 775 BN 710 79.1
VI 1000 1oon 100.0 100.0 1600 190.0 100.0
I 34.2 322 333 0.5 20.2 215 28.4
I 4.0 41.9 44.4 30.1 303 . 31.8 36.5
T 54.2 518 55.5 41.6 43.4 43.8 48.8
v £85 709 70.3 56.3 . 565 578 649
Y 82.8 9.3 88.3 75.0 787 787 85.8
VI W00 1000 100.0 1000 100.0 000 1000

Fore leg Mid-leg Hind leg

Instar Antenny - s Ve 5 hi
length Femur Tibia Femur Tibia Femur Tibia
length fength fength length “length length
¢ 1 150 15.5 14.7 16. 181 16.0 18.0
it 223 25.1 22.1 26.0 27.2 256 26.8
I 315 356 327 35.7 388 352 37.6
v 44.4 478 4.6 47.2 82.5 47.5 48.9
i 66.5 60.7 585 600 649 572 65.4
Vi 74.3 v ;732 76.9 79.2 75.3 75.2
v 100.0 100.0 100.7 100.0 10010 100.0 1000
FO 14.1 16.1 140 17.5 175 161 - 173
I 20.9 25.1 21.0 26.8 262 25.8 257
i 28.6 37.1 L0 368 375 354 36.1
v 41.8 5.0 42.5 48.7 50.6 478 47.0
v 62.0 714 64.9 68.7 69.3 67.1 65.0

VI 1000 100.0 100.0 1000 10040 100.0 1000
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Table 6. Partial indices of the allometric organs of
Phraortes kumamotoensis SHIRAKI during the instars.

Jatis Heud Head  Pronotum ‘ Mesonotum Metanotum  Thorax  Abdomen
length width length Iength length length " .length
1 64 57 5.7 17.1 10.8 328" 60.6
11 6.1 58 5.1 20.0 12.9 385 616
11 56 - 51 . 44 193 128 369 57.4
v 55 49 4.2 19.6 12.7 36.8 57.3
v 4.9 46 39 19.6 132 37.4 57.4
5 45 43 3.7 21.8 13.8 395 55.3
VI{ 5.2 4.6 C o4l 19.5 13.0 368 - 576
viI 5.2 4.3 4.0 '19.8 12.7 36.7 57.5
Instar Alglt:;rt:gd fel:‘n?l{:i ‘?:Eg fé‘ld'r:ﬂ;' t.hfl;:ia fggxl::i {-illl:»ri’:
length length length length length length
1 413 199 18.4 16.1 16.4 176 20.1
i} 485 2.8 205 185 175 20.4 223
I 47.9 23.2 212 17.7 17.8 198 216
v 50.6 231 217 18.0 16.0 19.9 212
s 556 24.7 24.3 181 18.4 205 217
v { v 496 22.8 218 17.0 17.0 191 206
: 764 293 319 224 229 25.4 283
Iy sz 25. 214 17.1 16.5 190 199
VII 52.7 23.2 23.1 17.5 16.7 19.9 208

In careful observations on - the data given above the following
conclusions may be derived.

1. The .value of y of the head length undergoes a very
gradual reduction from the first instar to the adult stage. From
the fourth instar the value of 7 of the head length in the female
shows no change, thus the curve indicating the change of the
value of y with the instars of the same sex may be represented
by two straight lines. This fact means that in the three later
instars the rates of increase in lengths of the head aud of the
body are entirely the same as.each other. On the contrary the
value of 7 of the head length in the male decreases. steadily in
the successive instars. Therefore the curve indicating the change
of the value of r with the ages may be represented by a single
straight. line.
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2. The value of ;" of the head width decreases more steadily
in the successive instars.. The behaviour of the values in the
increase of the width of the head mas be shown by a smg‘le
straight line.

3. The value of v of the pmnotum lt,np:th undergoes -a reduc-
tion in the varlier instars. The behaviour of the wvalues of r is
quite similar to those of the head length of the female sex.

4. The vzlue of y of the length of the mesonotum shows a
tendency to rise prominently in the second instar, whieh is
followed by a consiancy in the female sex and by a marked
increase agal: in the sixth instar in the male sex. Thus the
curve indicating the change of the value of y of the mesonolum
length with the instars may be represented by two straight lines
in the female and three in the male, .

5. The behaviour of the values of y of the mttauotum length
is very much similar to that of the niesonotum.

6. The behaviour of the values of y of the total length of
the thorax is also similar to that in the above case. But in this
case the value of y of the thorax length shows a thdency to
decrease prominently in the third instar. '

7. The value of y of the length of the abdomen increases
steadily in the second instar which is followed by a steep decrease
in the third Instar, then keeps practically constant value from the
third instar to the adult stage in the female. In the male the
value of ; decreases prominently from the fifth instar to the adult
stage or the relative increase in length of the abdomen is notably
smaller in the instar in question. This fact has a close connection -
with the high value of ; of the lengths of the male appendages
from the fifth instar to the adult stage.

8. The behaviour' of the value of y of the length of the
female antenna is similar to those of the fore femur and of the
fore tibia in the same sex. In the second instar the valie in-
creases prominently. The value of y of the length of the femur
in the female keeps almost constant throught the following instars.
The value of 7 of the length of the female antenna shows a
tendency to risc very much slowly in the following instars while
those of the fore tibia shows a markcd increasc in the sarﬁe

instars,
9. The value of v of the fe nqth of. the mid-femuor increases
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markedly in the second instar which is followed by a gradual
decrease up to the fifth instar. then further- followed by a slight
increase from the next instar. The behaviour of ‘the values of r
of the lengths of the hind femur and tarsusis as follows:-in the
second instar the value increases markedly, from-the third fo the
sixth instars the value decreases steadily, and in the seventh
instar the value increases again though very slightly. The value
of v of the length of the midtibia increases more or less in the
second, third and the fifth instars and decreases in the fourth and
the sixth instars. In the seventh instar the value keeps constant.

10. The curve indicating the change of the value of 7 of the
lengths of the female antenna, fore tibia and fore femur with the
instars may be represented by two straight lines. The curve
showing the change of the value of y of the.lengths of the female
mid-tibia, mid-femur, hind tibia and hind femur may be divided
into three straight lines.

11. The value of 7 of the lengths of the male appendages
shows a marked increase in the sixth instar. Thus the curve -
indicating the change of the value of y with the instars may be
shown by four straight lnes. _

12. Generally speaking the values or r show a*tendency to
{ix themselves constant much earlier in the female than in the
male, and this statement coincides very well with the results
obtained in the case of the relative growth.

B. Relative Growth

In 1632 J. HuxiLeYy has produced an exponential formula which
expresses by means of an abstract value the rate of growth of
any one of ailometric organs in relation to that of ancther organ
whose growth is taken as a standard. Using his method we may
be able to compare the rates of development of several parts and
to investigate the intensity of growth which is’ characterized by
the growth-gradients. 1 applied the formula established by HUuxiey
to the data shown in Tables 2-3 in order to analyze the charac-
teristics of the growth in length of several allométric organs
measured in Phraorfes kumamotoenszs SHIRAKIL, Taki'ng the total
length of the body as the standard growing organ (x), and the
head, pronotum, mesonotum, ‘metanotum, antenna, fore femur, fore
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tibia, mid-femur, mid-tibia, hind femur, hind tibia a-nd abdomen as‘
the differential growing parts (v, I fitted the data into the expres-
sion ¥=be' (from this formula is derived: log y=log b+« log x;
this ﬁmms that if the logarithms of the magnitudes are _plotted,
we should expect a straight line, from the slope of which the
value of » or the constant differential growth-ratio can be read
offj, which expresses logarithmically the relations between the
body and the differential growing parts. Thus using the formula
and assigning to x and y their corresponding values up to the
aduit stage, a series of results were secured and classified into

several growthphases, These were summarized in the following

table.

Tabke 7. Valuces of « obtainable during the post-embryonic
growth of Phraortes kumamiofoensis SHIRAKL

-3
Sex ‘ R
Phase [ Phase Il Phase [II  Phase IV
Ed Head length 0.76 0.76 0.76 0.76
" Head width 085 u.62 0.62 0.62
Pronotum length 1.09 Lo 0.62 0.62
Mesonotum length 1.54 1.00. 1.62 1.62
Metanotum length 1.54 140 1.25 1.25
Antenna length 1.54 108 1.41 2.62
Fore femmur length 1.90 Lo 1.25 1.87
Fore tibia length 1.63 1.08 1.58 2.25
Mid temur length 1.72 096 125 2.00
Mid-tibia length 1.63 .93 1.16 . 2.00
Hind femur length 1.90 .98 1.25 2.12
Hind tibix length 1.50 0.95 1.25 2.25
Abdomen length 0.95 .75 o075 R R
Heud length 0.78 .76 1.55 0.81
Head width 0.85 085 0.85 0.85
Pronotum length 1.09 100 1.00 1.00
Mesonotum length 1.54 1.00 L0 1.00
Metanotum length 1.54 1.00 1.00 1.00
Antenna length 1.54 1.08 1.08 ‘1.08
Fore femur length 1.90 Leo 1.00 1.00
thrc tibia length 1.63 1.08 1.08 o 1.08
Mid-femur length 1.72 0.96 0.96 0.96
Mid-tibia length 1.63 093 0.94 0.93
lhnd f-r_-rlnur length 1.9 0.98 (.98 0.98
Hind tibia ifength 150 095 0.5 - 0.95

Abdomen fenpth 0.95 0.95 0.95  Dos
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1, The female insects- generally exhibit-two - phases . in’ the :
relative growth, while the males have one to three phases m ‘the
growth according to the different parts on the body- -axis and four
phases in the growth of the appendages.

2. In the male the head length ‘shows a marked negative
allometry with the growth ccefficient 0.76 throughout the instars.
In the female the relative increase in'length of the head is divided
into three phases, fe. the first phase lasts during the  four earliet
instars, showing a marked negative allometry, the -second phese is
seen in the fifth instar indicating the value of « with a marked‘
positive allometry, and the third phase shows a marked negatwe
aIlornetry in the sixth instar.

3. In the female the relative increase-in the width of head
shows a marked negative allometry with the ‘growth coefficient
0.85 throughout the instars. A fall in the seconmd instar occurs

in the male, after which the .valie of « is- constant until the’ adult :
stage. :

4. The pronotum is characterized: by its almost isometric

_ growth. In the male a marked fall occurs in the fifth instar.

5. The mesonotum is a highly positive allometric part in the
first instar in both sexes. After the second mstar the mesomotum
is characterized by its isometri¢ growth throughout all the instars
up to the adult in the female, while it attains: its former value in
the fifth instar (third 'phase) in the male. :

6. The relative increase in length of the metanotum is almost -
similar to those of the mesonotum.

7. In the male the relative growth of the appendages may
be represented by four phases. The first phase (the first instar)
is. characterized by a marked positive allometric growth.  With
increase in absolute size the velocity of growth of the appendages
in length increases during the instars second to fifth. - Therefore
the allometry varies from isometric to highly positive.

8. In the female the relative growth of the appendages may-'
be represented-by only two phases. In the ﬁrst mstar the growth
coefficient takes the value of highly positive. A fall takes place
in the second instar, after which the value of « is: COnsi:_ant and’

~the growth is almost isometric until the adult stage

-9 A higher vanatlon in the intensitv of- aHometry of any of
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the appendages between-the sexes seems to initiate in the fourth
instar. ‘

10. The abdomen is also characterized by its almost isometric
growth. In the male a slight fall occurs in.the fifth instar.

In 1931 HuxiEy studied the relative growth of a stag-beetle,
Lucanus cervus, and demonstrated that in this beetle‘the growth-
gradient slopes down from the head to the hind legs, with the
highest values in the mandibles, and between the first and second
pair of legs the allometry changes from positive to negative. In
1934 Dixgy and GARDINER analyzed the allometric growth of an
ant, Messor barbarus, and gave the following conclusions. In this
ant the growth-gradient slopes down in an antero-posterior direc-
tion with a high value growth-centre localized in the head, and
the gradient reaches a negative value in the last pair of legs. In
1938 I investigated the allometry of an ichneumondly, Thalessa
citraria (3 ),-and found the following facts. Contrary to all the
known cases of the allometry in_ insects, this ichneumon-fly has a
high ‘allometry-coefficient posteriorly and a postero-anterior gradient
in the distribution of growth potential in other parts of the body.
Correlated with positive allometry of the abdomen, in which the
growth-centre seems to exist, the length of the hind leg shows a
slight positive allometry. In the legs, there exists a distinct but
slight growth-gradient sloping down centripetally. In the same
year DUARTE published the results of his study on the allo-
metry of a locust, Locusta migratoria. According to DUARTE the
following three distinct features characterize the growth-gtadients
in this insect. The gradient fises steeply from a negative value
in the head to a high positive value in some part of the pronotum,
and falls to a negative value in the hind legs. Therefore the
growth centre is localized in the zone of the pronotum. Generally
with the increase of the insect in size the relative growth-ratio
decreases correspondingly. The fall is more conspicuous in the
middle (pronotum) than in the extremities. The most extreme
variafion is shown by the. pronotum as against the little variation
in- the head. The decrease in intensity of the growth-centre is
_greater in the fifth-adult instar than in the previous insfars. The
third feature of the gradient is the reverse variation of the growth
of the most posterior portions, viz;, the hind femur, as if the curve’
was rotating round the middle femur in an anti-clockwise direc-
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tion. This feature is more marked in gregariotis forms than.in'
~the solitary.

In the case of Phraon‘es Fumamotoensis. SHIRAKI. the features
of the growth-gradients are quite different from any of the known
cases given above and very much complicated.

11. In the first phase of allometry of the female: sex there
exists a hwhly positive growth-centre in_the regions of meso- ‘and
metathorax from where very steep growthgradiénts are gTaded
down both anteriorly and_ posteriorly along the main axis of » the’
‘body.. There is a high growth-gradient graded down, prox;maliy
in the antennae. In the legs there is found a definite high g‘rowth
centre in the femoral region from Wwhere strong positive growth-
gradients are graded both in centrifugal and centrlpetal dxrect:ons

_ - 12." In the second phase of allometry of -the female 8eX, the:
_-growth of the thorax as well as the fore femur become completely’
isometric. The abdomen undergoes a low negatwe allometry.
-The head is a negative growth centre along the main axis of ‘the
body In the fore legs there exists a centripetal growth-gradient
" in “the tibial region. In both the mid- and hind legs there is a
centrifugal growth gradlent both in the femoral and: tlbxal regions.

13. Meanwhile the bead represents a high positive growth-
centre only in the fifth instar, when very steep growth gradients
are sloping down from the head to the antennae and the pronotum.

14, In both the first and second " phaSes of allo'netry of the.
' male sex, the distribution of the growth-potential -along the mam
axis of the body is quite similar to those of the female.

15 In the third phase of *allometry of the male sex, ' the
‘mesonotum becomes ~a high positive growth ,cen,t_re “from W_here.
steep” positive gradients are sloping down both. anteriorly and
posterlorly In the head region there existsa low growthgradlent
sloping dowrl towards the pronotum. A very steep growth gradlent
is sleping down - posterlorly from the metathorax {o the abdomen
There exists, a_centripetal growth gradlent in the “fore legs and a.
'centnfugal one in the midlegs. In the hmd legs the value. of : the
'growth -partition coefficient of the femur is the same as those of

the nb1a as well as the metathorax

16. In the fourth phase of allometry -of the male sex, the

:dlStI‘lbutIOn of the growth-potential along* the mam axis of the
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As in the third phase

body is similar to that of the third phase.
loping down proximally

there exists a definite growth- -gradient §

Fig. 1. Change of gmmh-gradwnt in the body of tharles kumamotoemis{s)
The abscissa axis represents the antero-posterior axis of the body. The'
ordinate axis represents the « value. A:antenna H: head P :pronotum
F:femur T: tibia M : mesothorax Mt : metathorax G :@ abdomen
@ : ist phase i : 2nd phase O : 3rd phase [ : 4th phase. )

with a very high positive growth-centre in the antennae. Inr s

fore legs there exists a definite growthcentre in the femoral

region, from where strong positive growthgradients are graded
both in centripetal and centrifugal directions. In  the midle

both the ft‘?t?mr and tibia take the same value of a very hig;

Rro:itl;wartmon coefficient and there exists a centripetal growfh

gradient in the femur. In the hind legs . J
gs a steep ‘growth-gradi

is graded centripetally and the tibi RTECIEn:

ia bec
growth-centre. omes a high posmve
17. Generally with the increase of the insect in size the



Analyses on the Growth of Insects 21

‘relative growthratios of the antenna, thorax and ‘all legs. decrease..
correspondingly.  The fall is prominent in such an order asfollows:
the hind femur, fore femur, mid-femur, mid-tibia, fore tibia, meso-.,
thorax, metathorax, hind tibia and the anténna.

18. From the thlrd growth-phase of .. the ‘male ‘the: Telative
growthratios of the antennae and all legs increase correspond—
ingly with the growth of the insect in size. The rise is prom—
inent in such an order as: the antenna, hind tibia, fore fernur
hind femur, mid-tibia, mid-femur and fore tibia.

19. In the male prongtum the relative growth-rat:o decreases
in the third phase and does not change its value in the. next
phase.

" Fig. 2. Change of growth-gradient in the body of Phraortes kumamotoensis ( 9)
The abscissa and ordinate as in Fig 1. @ : 1st phase Il : 2nd phase.

- 20. In the male meso- and metathorax -the relative. growth- .
ratio increases comnspicuously in the third phase and-does not alter
its value. in the next phase. The rise is more conspicuous in the
mesothorax than in the metathorax.

31, In the male abdomen the relative grawth ratw decreases
slightly in the ‘ second phase, and then’ mcreases._very -slightly
in.the following phases with the increase -of the  insect in ‘size
correspondingly.
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22. The increase or decrease in intensity of the growth-
centre along the main axis of the body is greater in value in the
. second-third phase than in the first-second phase. The most-
extreme variation in intensity -of the growth-centre along the
main axis of the body is shown by the mesothorax or ‘metathorax
as against the little variation in the head or abdomen.

C. Regeneration Experiments

Material and Methods

In. the present series of experiments on the growth of
Phraortes kumamotoensis SHIRAKI, more than three hundred
individuals were used, and Lyonia Neziki was used as food
rearing the material. The observations were carefully made on
insects isolated from the first instar one each in a separate rear-
ing box. In all cases the insects were fed on plentiful food.
Extensive biometrical works were begun from the first instar and
covered all the instars up to the adult. The measurements were
made in each case after the insect had moulted and the °cuticle
had acquired the usual degree of rigidity. The parts of the larvae
in the first instar were measured under a microscope fitted with
a micrometer eye-piece. When the parts became too large to be
measured under an ordinary microscope, a binocular microscope
fitted with a micrometer eye-piece was used.

Measurements were made on the following parts.

Length of body (B)
Length of mesonotum (M)
Length of metanotum’(P)
Length of fore femur (F)
Length of fore tibia (FT)
- Length of mid-femur (MF)
‘Length of mid-tibia (MT) -
Length of hind femur (HF)
“Length of hind tibia (HT)
Length of tarsus

Bl e o

-
S©oxN

-
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In all cases the length of the mesopotum was takenas:the
standard growing organ (x), and the length of the femur ..i_t::bla-
and tarsus as the differetial growing parts (v). By -using the
allometric formula y=Dba® the constant dlfferentlal growth-ratlos'__
of allometric organs were calculated, and the logarithms of “the
measurements were plotted graphically.

The legs of the material are very responsible for ‘autotomy
by a sudden stimulus. The autotomy of this species occlirs at
the trochantero-femoral suture as in all members of the: farmly
Phasmidae. This character of autotomy was utilized in ‘the present
investigdtion. Further it was needed to amputate the legs at any
point and at-any time. . The amputations were"made by means of
a pair of fine scissors. In order to keep the insects quiet-and to
prevent the autotomy, this operation was performed- Wlﬂl -the
larvae which were anesthetized with ether, -otherwise xt ‘was very
difficult or almost 1mp0331b1e to cut- off the parts of - the 1egs at
-any desired point.

The experiments were ~ classified in  the followmg groups :
Experiments class 1 : Operation of one fore leg in the ﬁrst mstarr‘

Twenty individuals just after hatching were selected - for ex-

_ perlmentatl_on

Experiments class 2 : Operation of one fore leg in the second
instar. Ten individuals just after the first: moult were used.
for this purpose. )

Experiments class 3 Operation of ‘one. fore leg’ in ‘the thlrd
instar. Ten individuals just after the second moult were
used. ) ,

Experiments class 4 : Operation of one fore leg in “the fourth

_instar. Ten individuals just after the. third moult were used.

Experiments class 5 : Operatxon of one mid-leg in the first instar.
Twenty 1nd1v1duals just after hatching were se!ected _

Experiments class 6 : Operation of one midleg *in - the - eecond'
instar. Ten individuals just after the first moult were - used

Experiments class 7 : Operation of -one mid-leg in the third mstar-
Ten individuals }ust after the second‘moult were: tsed. '

Experiments class 8 : Operation of one midleg  in.-the’ fourth
instar. ‘Eight individuals justafter. the third moult were used.

Experlments class 9 : Operation of one mid- leg in: the fifth instar.
Five individuals ]ust after the fourth mOUIt were selected.
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Experiments class 10 : Operation of one hind leg i the first
instar. Twenty individuals just after hatching "..w;re used.

Experiments class 11 : Operation of one hind leg in the SeCOI{d

instar. Thirteen individuals just after the first m‘oult. were

used. . . .
. Experiments class 12 : Operation of one hind leg in the third

instar. Twenty individuals just after the second moult were
sélected. '

Experiments class 13 : Operation of onc hind leg in the fourth
instar. Ten individuals just after the third moult were used.

Experiments class 14 : Operation of one hind leg in the fifth
instar. Eight individuals just after the fourth moult were
used. )

Experiments class 15 : Operation of two fore legs. Four in-
dividuals were uscd.

Experiments class 16 : Operation of two mid-legs. Ten individuals
were selected. ,

Experiments class 17 : Operation of two hind legs. Twenty
individuals were used.

Experiments class 18 : Simultaneous operations of two or three
different series of legs. Twonty individuals were used. -

Experiments class 19 : Successive operations of two or more legs
of different series. Sixty individuals were selected. - ,

D.‘ Descriptions of the Results
"1. Experiments Series 1

Experiments Class 1

No. 1 The right-hand fore leg of a newly hatched larva
was removed by amputation from the trochanterofemoral suture.
This individual died just after the second ecdysis. The valﬁes'of.'
« for the growth of the regenerate were 3.61 for the tibia and
246 for the femur. : : o
No. 2 The left-hand fore leg of a newly hatched femaleﬁ
larva was removed by amputation from the trochanterofemoral
suture, This individual lost its left-hand mid-leg by autotomy
The values of « for the growth of the fore regenerate were Sm::
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- cessively 2.88 and 1.00 for the tibia and 0.88 and 1.90 for the
femur during the two last larval instars respectwely “The. va]ues
of « for the growth of the mid-regenerate were 2.00 - and 1. 20 for
the tibia and 2.00 and 1.30 for the femur during the sam- ; :
No. 23 ., Distal 1.75 mm' of the righthand fore tibia: of 4.
newly hatched male larva was removed - by amputation. The &
operated tibia continued ‘to grow during the course of the larval s
development and reached 175 mm in.length in the last larval
instar which was 1 mm shorter than the unamputated tibia of
the opposite side. It was apparently demonstrated in this experi-
ment that the growth of the fore femur with an arnputated tibia
was obviously checked by the regeneration of the lost parts and
reached 185 mm in length (2 mm shorter than the opposite
femur with the normal tibia) after the last ecdysis.. Further- it
must be noted that the values of @ for the growth of the -re-
generate tibia -were increased 0.72, 2.20 and - 2.42 sucoesswe}y
The differentiation of the segmientation in- the regenerate -tarsus
appeared externally after the second ecdysis. The total length of
the regenerate tarsus in succeeding instars were 0.7 mm (third
instar), -3.50 mm (fifth instar) and 4.75 mm (sixth-instar) respec-
tively. The length of the- regenerate tarsal segments - attained
2.0 mm (lst .segment) ‘and 1.5 mm (2 +3+4 segments} in the
preadult instar and 3.0mm (lst segment) and 175mm (2+3+4

-segments) just after the final ecdysis respectively. - Here it is™
evident that the value of « for the growth of the regenerate first
tarsal segment is larger than that of the distal segments.

No. 40 The nght-hand fore leg of a newly hatched female
larva was removed by amputatxon from the trochanterofemoral
suture. The observation -was stopped ‘at the sixth instar, as the
regenerated leg was lost by autotomy after the sixth ecdy51s 5
The values of « for the growth of the.regenerate were decreasing
in successive instars. The differentiation of the segmentation in

‘the regenerate tarsus took. place externally after the second
ecdysis. The total length of the regenerate tarsus in. _succe.edtng_
instars was 0.7 mm (third instar), 2.1 mm (fifth jnstar) and
40mm (sixth instar) respectively. The values: of @ for - the
growth of the regenerate first tarsal segment were larger than
that of the regenerate ‘distal tarsal segments as in the experiment

No. 23.
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No. 282 Distal 0.9 mm of the right-hand fore femur of a
newly hatched male larva was removed by qmpmatm“- The
wounded femur decreased in length at first, being 2.0 mm after
the first ecdysic and 1.2 mm after the second one and. then
became 2.6 mm (still 0.1 mm shorter than in. the f_i:rst instar)
after the third ccdysis. It is very clear that in this case the
growth of the wounded femur was strikingly checked by  the
reconstruction or regeneration of the lost apical part of femur,
entire tibia and tarsus. After the second ecdysis the femur in-
creased in length very much. The bud of the tibia and tarsus
did not appear externally in the second instar, but became
observable as a emall but distinct segment after the second
ecdysis. The bud of the tarsus appeared separately after the
third ecdysis. The values of # for the growth of the wounded
femur for successive instars were —0.76, —1.29, 3.09, 5.00 and
2.66 respectively.  The last two values of « would indicate the
existence of a regulation power within the regenerate itself. _
No. 283 Distal 1.0 mm of the right-hand fore femur of a .
newly hatched male larva was removed by amputation. The
wounded femur decreased in length from ecdysis to ecdysis at
first, being 1.4 mm after the first ¢fdysis and 1.5 mm after the
second one. The bud of the regenerate tibia and tarsus. appeared
externally in the third instar. In this case, too, the growth of
‘the wounded femur was apparently influenced by the reconstruc-.
tion of the lost parts. The values of « for the growth of the
wounded femur for successive instars were —1.06, —0.62, 6.40,
0.27 and 3.85 respectively. The growth of the regenerate was
regulated twice during its larval developmental stages. The reason

of the appearance of the second-regulation force in the fourth =
instar is not clear. . : '

No. 284 Distal 1.7 mm of the lefthand fore femur of a
newly hatched male larva was removed by amputation.  The
wounded femur decreased in length ccdysis after cedysis, being -

L8 mm after the first ecdysis and 1.5 mm after the second one.

The bud of the regenerate tibia appeared after the second ecdysis, -
anff that of the tarsus was observed after the third ecdysis. In
this case, too, the growth of the wounded femur was prominently
checked by the regeneration of the lost parts. o "t
No. 285 ‘Distal 1.6 mm of the left-hand fore femur of a
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newly hatched female larva was removed by amputation. The-
wounded femur decreased in length ecdysis aftér ecdysis. at ﬁrst
‘being 0.25 mm (one-eighth the length of the remalmng.: part of
the femur at the operation) after the first ecdysis and O-mm'
1.0 mm and 1.5 mm after respective ecdyses. This fa t 01
strates clearly that the growth of the wounded. femur was very'_
much checked by the reconstruction of the lost parts, or; in other
words, there was needed a great quantlty of energy to.regenerate’
the lost.part of the femur, entire tibia "and tarsus. Consequently
the external appearance of the bud of the tibia was exceedingly
delayed as late as in the fifth instar. The.bud of  the tarsus
appeared after the fifth ecdysis. "
No. 289 ‘Distal 0.5 mm length of the right-hand fore fergur
of .a -newly hatched larva was removed by amputatlon. The
wounded femur gently reconstructed the . lost parts ecdys:s af.ter
_ecdysxs being 4.0 mm after the first ecdysis and 45'mm after
the second ome. But the bud of the tibia and tarsus ‘never
appeared even in the third instar when death occurred. =
No. 202 . -~ Distal 25 mm of the right-hand fore femur of a
newly hatched male- larva was removed by amputation. - The
growth of the. wounded femur was apparently mﬁuenced by the
regeneration of the lost parts. and decreased “in- length in the'two’
earlier instars, being. 1.0 mm after the first ecdy51s and . 0.9 mm
after the second one. The bud of the regenerate tibia: and tarsus
-was first appeared. just after the third moult. _ -
No. 293 . . Distal 1.5mm of the left-hand fore femur of a
newly hatched female Jarva was cut. ‘This individual. died after
the sixth ecdysis by an unknown cause. The growth of ‘the
wounded femur was very much influenced and delayed by the
reconstruction of the -lost parts. The length of the wounded
femur decreased from ecdysis to ecdysis at first, .being 2.0 mm
after the first ecdysis, 1.6 mm - after the second -one. and 1.7 n‘iin__
- after the third onz. The bud of the regenerate - t!bla and tarsus
appeared- exzemaIIy dft"r the fourth ecdysis.”

Experiments Class 2

No. 57 ‘- Distal 0.4 mm of the left—hand fore feu}ur of a
larva just after the ﬁrst ecdysxs was cut This md1_v1d_ual _dropped
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its regenerate in the adult stage without being measgred and died.
st of the wounded femur was very much affected by

v H e
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nstruction of the Jost parts, and the values of .“ f.or it
;2: sraj:zcssivc instars were ~0.80, 0.50, 0.00 and ‘0.30 respectively,
all representing the negative allometric growth.” The bud of the
regenerate Libia appeared after the third ecdysis, and that of the
regenerate tarsus was scen i the fifth instar. The value of__.a of
the initial growth for the regenerate tibia was normal and very
high. The regenerate tarsus was not tetramerous but composéed
of five segments and 0.75 mm in total length; the basal segment
waz .25 mm in length, and as long as the fourth, or as long as .
the second and third taken together, the secorid was as long as
the third and the fifth was about one half as long as the basal
one. After the next moult, the basal segment of the tarsu's be-
came 0.5 mm in length but the remaining segmerts were etiolated:
No. 58 The right-hand fore tibia of a male larva just after
the first ecdysis was removed from the base. The growth of the
fore fcmur without tibia was slightly but apparently affected arnid
checked by the reconstruction of the distal segments. Therefore
the valugs of « for the growth of the femur in question were 1.27
for the initial phase (1.36 for the control femur) and 0.66 for the
second phase {111 for the control femur). In the adult stage the
femur in question was 1.2 mm shorter than the control of the
opposite side. The bud of the regenerate parts appeared just
after the second ecdysis, and the parts were differentiated dufing’
the third instar. The growth of the regenerate tibia was very
rapid, values of ¢« being 5.63, 461 and 8.80 for successive phases
respectively. The growth of the regenerate basal tarsal segment
was strikingly checked after the fourth ecdysis. :
" No. 76 - Distal 2.6 mm of the righthand fore tibia of a
female larva just after the first ecdysis was removed by amputa-
tion. This individual died after the fifth ecdysis. The growth of
the wounded tibia was checked after the operation by the re- -
generation of its lost parts. It must be noted that the growth of
the femur with the wounded tibia was not at all affected by the
recenstruction of the lost part of the tibia and the entire tarsus.
The bud of the regenerate parts appeared after the second
cedysis. | The regenerated part of the tibia was narrower than the
basal part. As in the usual cases, the value of « for the growth
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of the regenerate basal tarsal segment -was larger than: that of
the remaining parts of the tarsus. In the fourth instar the basal
segment of the regenerate tarsus was shorter than the - -rémaining,
while in the next instar the relation became reversed. '
No. 12 Distal 1.45 mm of the right-hand. fore ferhur-of &
newly hatched male larva was cut by amputation.’. The growth’
of the wounded femur was pronouncedly affected or checked by
the reconstruction of the lost parts, and the values of « for the
growth of it for -successive instars were —0.64, 0.80, 209, 2.83
and 2.16 respectively. The regenerate tibia appeared . just after
the second -ecdysis and was bluish green in colour, ‘measuring -
0.5 mm in length. It is also' apparent from this' experiment that
the growth of the regenerate tibia. was at. first. checked- by the
reconstruction of the.tarsus.  The length of the regenerate tibia
still remained 0.5 mm in the fourth instar.+ The valuesiof & for
the growth of the regenerate- tzbla were 583 and ‘3.61 ‘in the two
later phases. The bud-of the regenerate tarsus. appeared after
the fourth ecdysis. The differentiation of the segments occurred
in the fifth instar, and after the last ‘ecdysis threesegmented
tarsus appeared. The length of the tarsus was 0.75 mm, and the-
third segment wag longer than the two basal ones taken together.

: . Expetiments Class 3

No. 13 Distal 1.8 mm of the left-hand. fore femur of .a neWIy
hatched female larva was removed by amputation.  The growth
of the wounded femur Was dxstmctly checked by the reconstruct:on
of the lost parts. The values of ‘« for the growth of the two
earlier phases were —0.55 and —1 54 reSpectxvely The ‘bud of -
the regenerate tibia appeared« after the second ecuys:s and looked'
like a cone, being 0.5 mm in length. In the next instar one side’
of the short regenerate. tibia was almost completely fused with "
the apex of the femur, the tibia did not increase in length, ‘and -
the apical part of the femur was somewhat thlckened From: one
side of the apex of the. femur, where . the tibia had been fused,_ ‘a
-distinct regenerate tarsus appeared after -the third ecdysis. The
-regenerate basal segment of -the tarsus was. 0.75mm in length
it the fifth instar, 1.5 mm in length in the _s:xth and 24 mm in
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the seventh, ie. the adult stage. The values of « for the gm‘;'th
of the regencrate basal tarsal segment were apparently larger than

ing scgment.
;(h:mmuf the re?i:ﬂ_nnzht hand fore leg of a female larva just after
the second ccdysis was removed by amputation. The regenerate
developed similarly as in the case of the regenerate of the larva
which was operated just after the hatching.
No. 78 The left-hand fore leg of a male larva just after
the second cedysis was removed by amputation: fI‘hg values of
a for the growth of the regenerate were successively 8.07 and
6.66 for the tibia and 3.61 and 555 for the femur. The values
of a for the growth of the regenerate tarsus were 6.66 for the
first segment and 2.55 for the remaining segments. The length
of the mregenerate first tarsal segment was 0.35 mm and 1.40 mm .
for successive instars, while those of the remaining tarsal seg-
ments were 0.60 mm and 1.0 mm' respectively.
No. 79 - The right-hand fore tibia of a female larva just
after the second ecdysis was amputated from the base. The
growth of the fore femur without the tibia was not at all affected
by the reconstruction of the lost parts. The bud of the regenerate
tibia ﬂ'ppea*ed after the third ecdysis and was hemispherical in
shape. In the fifth instar the tegenerate tarsal segments were
recognizable, and they were two in number, being of an equal -
length. In the sixth instar the differentiation of a tetramerous
tarsus was seen.  The basal segment ,was 0.7 mm in length,
while the remaining parts being 0.7mm. The apical (fourth)
segment was slightly longer than the second segment. The
values of « for the growth of the regenerate of the fore femur
were 508, 4.81 and 5.66 respectively.
No. 211 The righthand fore leg of a female larva: just
after the second ecdysis was removed by amputation. from the
trochantero-femoral suture. The values of @ for the growth -of
the regenerate ,were 3.85, 5.09 and 3.10 in order for the tibia and
4.07, 527 and 210 in order for the femur. The bud of the:
regenerate tarsus appeared after the sixth ecdysis.

Experiments Cléss 4

No. 11. The left-hand aﬁtenna‘_ was amputated ffom the
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base of the flagellum, and the right- hand - antenna was cut’ hear
"the base of the flagellum leaving only 0.5 mm - length of the‘l
basal flagellar segment just after the first ecdysis. - This’ mdmaua]i
-was a female and lost its rlp:ht hand fore leg by’ ‘autotomy at
the end of the third instar. It was clearly. shown that the"gr'owth‘
" of the antenna with a 0.5 mm long flagellar segment ‘Wwas at" ﬁrst'
checked by the reconstruction of the lost parts, and ‘the. values of
~ « were changed as —1.30,-5.50, 2.77, 1.21 and 1. o0 for successxve'
phases. The left-hand antenna without any stump of the ﬂagellum"
never regenerated the lost parts as the flagellum, but it developed-
as a leg. After the third ecdysis the apex of the pedlcel was
ellghtly constricted. In the next’ mst\ar six segments were re-
generated, the length of each segment being in' the following
- 'decreasmg order—I1IL; IT or V, VL1, IV. - The three basai segments
were firmly united and. slightly curved. The fourth - segment was
attached to the antero-lateral portion of the third one. - “The. angle
made by the longitudinal axes of the three basa! and of the three
apical segments was very acute. Afier the fifth 'écdysis the"t'hre\e 4
apical segments- turned into a tetramerous tarsus, the third seg
_ment to the “tibia and the two basal ones fused into the femur,
The longitudinal axis of the. femur and the -same of-the tarsus
were almost parailel to each other.. At the base of the femur: an'
incomplete articulation was still observable and the aprcai portlon
of the tibia was somewhat reflexed. ‘The values of & for. the
growth of the regenerate fore leg were 5.50 and ‘244 for the

femur and 6.70 and 3.33 for ‘the tibia respectively. T he: values “of

e_for the growth of the regenerate fore tarsus were 233 for: the

first segment and 1. 11 for the remaining ones ‘respectxvely

No. 8  Distal.5.2 mm of the left-hand fore tibia of a ‘male’
larva just after the third. ecdysis was cuat. by arnputatlon -1t ‘must
be noted .that the growth of the femur with the wounded t1bxa

was not affected by the regeneration of the lost parts of the. Ieg

Further it was evident that the growth of the wounded tibia wa.

more or. less similar to that of the normal one.. The bud of the.
regenerate tarsus  appeared in: the fiftth instar. . The “absolute
" lengths of the first tarsal _segment: were 0.60- mm for the- fifth

instar -and 2.00 for the adult stage. The same of the three re-

maining segments were 0.90 mm for the fifth instar and 1.50 mm
for the adulf- stage.” Here- it was ciearly demonstrated that the
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values of z of the basal segment were greater than those of the
remaining parts. _ )
No. 88 . The left-hand fore femur of a female larva just
before the third ecdysis was amputated from the trochantero-
femoral suture. The bud of the regenerate appeared after the
fourth ecdysis. This individual died after the sixth ecdysis. The
value of o for the growth of the regenerate femur was 6.33 for
the first phase. The tibia and tarsus were not seen until the
sixth instar. :

No. 101 The left-hand fore femur of a female larva just
before the third moult was amputated from the trochantero-femoral
suture. The bud of the regenerate appeared after the fourth
- ecdysis. The absolute lengths of the regenerate basal segment
were 0.9 mm and 2.0 mm successively, and the same of the
remainder were 1.25 mm and 1.5 mm respectively. The value of
a for the growth of the basal tarsal segment was 4.50, and that
of the remaining parts was 0.80. The values of « for the growth
of the regenerate were successively 11,37 and 4.60 for the femur
and 7.12 and 5.60 for the tibia. .

No. 102 The right-hand fore femur of -a male larva just
before the third ecdysis was amputated from the trochantero-
femoral suture. The bud of the regenerate appeared just after

the fourth ecdysis.

2., Experiments Series 2

Experiments Class 5

No. 3 The right-hand mideg of a newly hatched female
larva was removed by amputation from the trochantero-femoral
suture. The bud of the regenerate appeared after the ﬁrst
ecdysis.  After the third ecdysis the regenerate tibia was de-
formed—there occurred a broad constriction at the base, and the
entire tibia was deep green in colour. After the fourth ecdysis
there occurred a distinct node just basalto the middle portion of
the tibia, and this node never disappeared until the adult stage,
The bud of the regenerate tarsus appeared after the ‘second-
ecdysis, but the differentiation of the segments occurred just after
the fourth ecdysis. The absolute lengths of the regenerate tarsal
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basal segment were 0.7 mm, 1.8 mm and 26 mm for sficcessive
instars, and those of the remaining parts were 0.9 mm, 1.25 mm
and 1.6 mm for respective .instars. The values of « for the "
‘growth of the regenerate midfemur were 5.06, 491, 291, 1.81

~.and 150 for successive instars, and those for .the regerierate” mid-

tibia were 5.26, 1.37, 2.91, 3.63 and 1.90 respectively. The values
of « for the regenerate basal tarsal segment were aiways larger-
than those of the remaining parts.

No. 4 « The left-hand -midleg of a newly hatched female
larva was removed by amputation from the trochantero-femoral”
-suture.  The bud of the regenerate appeared after the first ecdysis.
The bud of the regenerate tarsus. appeared also after thé second
~ écdysis, but it was conical in outline and deep greenish in colour. |
In the fourth instar the regenerate tarsus still remained in
the same condition and not differentiated int_é segments, -~ After
the fourth ecdysis the regenerate tarsus was divided into two
segments, the basal one being 0.75 mm in length and the apical
one being 0.5 mm in length with the colour deep greenish—blue '

Tha rannnarohnh n‘F ﬂnu: anurnl_nnr‘- wran  ~rhanrlred o A iha
A1 regeneration apifal part. was CneCECcd u.uJ.Au& e

course.of development. The absolute lengths of the basal part

for successive instars were 1.65 mm and 3.0 mm.

No. 15. The left-hand mid-leg of a newly hatched male_
larva was removed by amputation from . the trochantero—femoralf
suture. In this individual the bud of the regenerate tarsus was
unable to differentiate. In the fourth instar about 3.2 mm le_tigth_-."
of the right-hand fore femiir was removed by amputation. The
growth of - this wotnded femur was arrested in the fifth instar.
The values of « for the growth of the regenerate mid- femur wWere
" 6.36, 4.07, 4.60 -and 5.40, and those of the mid- tlbla were 6.36, 307

6.00 and 5.40 for successive instars, :

No. 24 * - Distal' 1.15 mm, length -of the right-hand mid-tibia
of a newly hatched female was removed by amputation. - This
individual died after the sixth ecdysis.. The. growth of the wound--
ed fernur was appatently checked in the first and second phases
at first.. The values of « for the growth of the regenerate mid-
tibia were 0.45, 1.12,.091, 2.81 and 0.78 for successive ingtars,

. The bud of the -regenerate.. tarsus appeared dfter. the-second
ecdysis. After the. third ecdysis ‘the differentiation: of the tetra-
merous segments fook place. . The absolute values of the regene-
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rate tarsus were 1.0 mm and 1.5 mm in Jength both for the basal
and the remaining segments for fifth and sixth instars respectively.
There was a node just before the apex of the regenerate tibia.
No. 4] The righthand midleg of a newly hatched larva
was removed by amputation. This, individual died after the ﬁf.th-
ecdysis. This individual regenerated the right-hand midleg with
tetramerous tarsus just after the first ecdysis. The growth of the
regenerate femur was strongly arrested, a deep incision occurred
at the middle of the underside of it in the third instar, and the
incised portion turned to a prominent constriction after the foutth
ecdysis. Accordingly the growth of the regenerate tibia was also
checked. The tetramerous tarsus was reduced to a single-segment-
cd tarsus after the fourth ecdysis.

No. 47 The left-hand mid-leg of a newly hatched female
larva was removed by amputation from the trochantero-femoral
suture. The bud of the regenerate tarsus which had appeared
after the first ccdysis was etiolated after the second ecdysis.
After the third ecdysis the differentiation of the tetramerous seg-
ments took place. The absolute lengths of the basal segment
were 0.35 mm, {4 mm and 1.9 mm for the fourth, sixth and
seventh instars respectively. The absolute lengths of the remain-
ing part were 0.3 mm, 1.5 mm, aad 1.9 mm for the fourth, sixth
and seventh instars respectively. The values of « for the growth
of the regenerate were 3.25, 423 and 1.33 for the femur and 3.87,
338 and 1.44 for the tibia successively. .

No. 62 Distal 2.5 mm length of the right-hand mid-tibia of -
a newly hatched female was removed by amputation. The growth
of the wounded tibia was comparatively very slow, the values of
« being 1.13, 0.87, 1.33 and 130 for successive instars. After the
third ecdysis a tarsus was regenerated, measuring 0.35 mm in
length, and the complete tetramerous segments was differentiated
in the next instar (basal segment—0.6_mm, remaining parts
0.8 mm). But the regenerate tarsus was again reduced to a very
small-single attachment after the fifth ecdysis. The regenerated
part of the tibia was easily detectable owing to its narrowness
and pale coloration.

No. 287 Distal 1.4 mm length of the righthand mid-femur -
of ‘a newly hatched female larva was removed by amputation,
The growth of the wounded femur was highly arrested at first
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by the reconstruction of the lost parts. The values of « for the
regenerate femur were —3.15, 1.33, 2.60, 2.72 and 1.38 for respec-
tive instars. The bud of the regererate tibia and tarsus appeared
just -after the second ecdysis. The growth of the regenerate tibia
and the basal segment of the tarsus was rapid at the third phase
and gradually regulated to the slow development, the values of «
" being 4.66, 4.27 and 1.38 for the tibia and 4. 53, 3.18 and 0.23 for
the tarsus respectively. .

No. 291 - Distal 1.8 mm of the rrght hand mid femur of a
newly hatched larva was removed by amputation. The growth
of the wounded femur was highly checked at first by the recon-
struction of the lost parts, the values of « being —0.92, —1.0(},,
444 and 2.64 for successive instars. The bud of the regehera'te'
tibia appeared just after the second . ecdysis. . The ‘bud. of. the
_regenerate tarsus appeared . after - the fourth ecdyms and 0.8 mm
in length. This individual died in the fifth instar.

No. 296 Distal 2.0 mm length of the left-hand midfemur
of a newly hatched larva was removed by amputation. The
growth of the wounded femur was apparently checked by the
regeneration of the lost parts, the values of « being ~0.95, 0.33,
3.07, 3.09, 1.87 and 0.72 for successive. instars. The values of @
for the regenerate basal tarsal segment were 281 2, 12 and —O 27
for successive instars.
- No. 301 Distal 1.2 mm length of the r_ight-harid‘ mid—femur.
of a newly hatched female larva was removed by amputation.
- The growth of the wounded femur was checked as in the experi-
ment No. 296, the values of « being —1.66, 212, 1.87, 263 and
1.80 successively. The bud of the - regenerate trbla appeared just
after the third ecdysis..

No. 14 Distal 1.6 mm. length of the rlght hand midfemur
of a newly hatched female larva was removed by amputation.
The growth of the wounded femur was as in the experiment No.
301, the values of « being 0.00, —1.21, 3.00, 1.23, 4.25 and 2.77
for successive instars. After the second ecdysis the bud .of the
regenerate tibia appeared and it measured 0.5 mm in iength. After‘
the third ecdysis the tibia was very much curved, and the side was
fuséd with the apex of the regenerate part. of the femur. F urther
the tetramerous tarsus appeared and was 1.0 mm in [ength The
-longitudinal axis of the tarsus was thus perpendlcular to that of
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the femur. The tibia made no change untill the adult stage.
After the fourth ecdysis the regenerate part of the femur was
slightly narrowed, and the tarsus was 1.25 mm in Iezfgth. The
longitudinal axis of the tarsus made an acute an_g}e vvn."i that of
the femur. After the fifth ecdysis the longitudinal axis of the
tarsus became again perpendicular to that of the femur. The
absolute length of the tarsus was 1.0 mm for the metatarsus and

1.4 mm for the remaining parts.

Experiments Class 6

No. 32 The right-hand mid-leg of a male larva just after
the first ecdysis was removed by amputation from the trochantero-
femoral suture. ‘After the second ecdysis the leg regenerated.
The values of « for the growth of the regenerate were 8.14 for
the femur and 7.57 for the tibia in the second phase of the
regencration. In the regenerate leg of the adult stage of this
individual, the metatarsus (0.75 mm) was shorter than the remain-
ing parts (1.0 mm). o

No. 52 The left-hand mid-leg of a female larva just after
the first ecdysis was removed by amputation from the trochantero-.
femoral suture. The values of « for the growth of the regenerate
were 5.41 for the femur and tibia in the second phase of the
regeneration. The absolute lengths of the mid-metatarsus were
035 mm for the fourth instar- and 1.5 mm for the sixth instar.
The absolute length of the remaining parts of the tarsus of the
same adult was 1.9 mm, and distinctly longer than the metatarsus.
The tarsus of the left-hand hind leg was cut by amputation from .
the base after the first ecdysis. After the second ecdysis the
bud of the regenerate tarsus appeared; and it was 0.5 mm in
length and two-segmented. After the third ecdysis the  tarsus
turned to tetramerous. The absolute lengths of the metatarsus
were (.3 mm for the fourth imstar and 2.15 mm for the sixth
instar, and those of the remaining parts were 0.75 mm for the
fourth instar and 1.90 mm for the sixth instar. The value of «
was greater for the regenerate hind metatarsus than that for the
regenerate mid-metatarsus. ' )

No. 53 Distal 2.5 mm of the right-hand midfemur of a
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male larve just after the first ecdysis was removed by amputation.

The growth of the regenerate femur was very much arrested by

the reconstruction of the lost parts. After the second ecdysis the

bud of the regenerated tibia (0.35 mm) appeared. After the third

ecdysis there appeared 0.5 mm length of the tibia with 05
mm length of the tarsus. The, regenerate tarsus was twoseg-

mented and very much constricted at the-base. -The colour of

the apex of the tibia and the entire tarsus was deep bluish-green.

After the fourth ecdysis the regenerate tibia and tarsus were

almost entirely etiolated or diminished only leaving a very sho'rt,

slender, blackish attachment, and the femyr was gradually narrow-

ing apically. After the fifth moult the rudiments of the regenerate

tibia and tarsus entirely disappeared, and the apex of -the re-

generate femur was. rounded. The values of « for the growth of

the wounded femur were 0.42, —1.54 and 0.83 successively..

No. 59. .~ The right-hand mid-tibia of a male larva just after -
the first ecdysis was cut from the base by amputation. The bud

of the regenerate tibia appeared just after the second ecdysis, and

was 0.35 mm in length and spherical in size. The growth of the

regenerate tibia was very well, the values of « being 191, 6.91 and

. 671 for-successive instars. The bud of the regenerate tarsus

_appeared just after the third ecdysis and 0.3 mm in length. After

the fourth ecdysis the tetramerous tarsus appeared. The absolute

lengths of the regenerate metatarsus were 0.8.mm for the fifth

lnstar and 2.0 mm for the sixth instar, and those of the remain-

ing parts were 1.0 mm for the fifth and 1.35 for the sixth instar.
The growth of the femur with an Jmperfect tibia - was almost -
unaffected by the regeneration of the tibia. It must be noted

that the growth of the regenerate tibia was not at all influenced
by the reconstruction of the tarsus. The -value of « for the
growth of the metatarsus was larger than those of the remalmng

portions.

No. 75 Distal 1.3 mm :of the right-hand mid-tibia of a

female larva just after the first ecdysis was™ removed by amputa-

tion. The growth of the righthand mid-femur with a wounded

tibia seemed to have been very slightly affected by the recon

struction of the lost parts. ‘The values of a for the gmwth of the

femur in question was 0.93, 1.00 and 0.86 successively. ~The bud

of the regenerate tarsus appeared after the thu'd ecdysm The
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regenerate tarsus was 0.73 mm in length and only one-segmented
in the fourth instar. In the fifth instar it became teframerous
(the basitarsus was 0.35 mm and the distal part was 0.75 mm in
length.). It is apparent that the growth of the wounded tibia was
distinctly checked by the reconstruction of theA_Iqst parts, and the
values of « were 0.06, 1.50 and 1.40 for successive instars.

No. 203 - The right-hand mid-leg of a male larva just before
the second ccdysis was removed by amputation from the tro-
chantero-femoral suture. In this individual no regeneration took
place. The reason was not clear.

No. 280 Distal 1.2 mm of the right-hand mid-femur of a
femalc larva just after the first ecdysis was removed by amputa-
tion. The growth of the wounded femur was highly checked by
the reconstruction of the lost parls in the earlier phases of the
regeneration. The values of « of the wounded femur were —0.08,
-1.50, 266, 291 and 0.80 for successive instars. The regenera-
tion of the lost tibia was not complete, the regenerate was 1.2 mm
in length in the fifth instar, but it disappeared in the next instar.
In the seventh instar the tibia again regenerated and it was 3.3

mm in length,
Experiments Class 7

No. 77 The right-hand mid-leg of a female larva just after
the second eccdysis was removed by amputation from the tro-
chanterofemoral suture.  After the third ecdysis the bud of the
regenerate appeared. The growth of the regenerate was very
rapid in the two earlier phases of the regeneration,- but checked
in the third phase. The length of the regenerate tarsus was
20 mm for the basal segment and 1.75 mm for the remaininé‘
parts in the sixth instar. The same of ‘,the regenerate tarsus .in
the adult stage was 2.9 mm for the basal segment and 2.00 mm
for the remaining parts. The value of « for the growth of the

basal segment of the regenerate tarsus was larger than those of .
the remaining parts. The left-hand mid-leg was drobped' by
amputation in the fifth instar. = The bud of the regenerate appeared
in the sixth instar, the femur being 0.75mm in length, the
tibia being of the same length as the femur and the tarsus being
0.5 mm in length. : - '
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No. 204 - The left-hand mid-leg of a female larva- Just after
the second ecdysis was removed by amputatzon from the trochan
tero-femoral suture. - After the third ecdysis. the bud sof - the
regenefate appeared. The values of « for ‘the growth. :
regenerate were 5.66, 3.91 and 3.28 for the bibia,: 5.66,:---:2.25- and{
1.00 for the femur and 3.83 and 1.00 for the basal tarsal segment”
for successive phases. It must be noted that in.the experitnental"
individual the growth of - the midfemur was much ‘more checked
than that of the midtibia in.the two later phases.
No. 210 The left-hand mid-leg of a larva just after the
second ecdysis was removed by amputation from the trochantero-
femoral suture. This individual died after the sixth ecdysis. Ne'
regeneratlon of the lost leg occurred durmg three phases. '
No. 213 ‘The right-hand mld-leg of a larva Just after the
second ecdysis was removed by amputation from the trochantero--
femoral suture. The result was almost the same as that of the
experiment No. 210.
No. 215 Distal 0.3 mm of the right-hand mid- temur of a
male larva just after the -second _e_cdy51s was removed by amputa R
tion. The growth of the wounded femur was slightly but dis-
tinctly checked by the reconstruction of the lost parts, the values _
of « being 0.53, 0.58 and 0.66 for successive instars, and smaller
than  those of the norrnaI' legs. The growth-of the regenerate
tlbla was slightly rapid. - I
No. 220 The" left-hand mid- leg of a. male Jlarva sjust. after .
the second ecaysu; was removed by amputatlon from the. trochan-
tero-femoral suture. In thlS case the grow*th of. the . regenerate
femur was much. more checked than that of the regenerate tﬂna
in the third phase of regeneration. "The values of « for the growth:
of the regenerate were 8.30 and 6.71 for the tibia, 7.60 and 4_._4-2,-'1
for the. femur and 6.14 for the basitarsus foi successive phases. -
No. 64 - "Distal 0.2 mm of the left-hand mid-tibia of .a male
larva Just after the second ecdysis. was removed by amputat:on
The bud of the regenerate appeared after the third ecdysis, ‘the
regenerate apex of the tibia was paler in colour, - -and the regen
" erate tarsus was -1.0 mm in Iength and - of: four segmented; the
third being the shortest, first and ‘_second._ of “the 'same ‘Iength
" fourth the ldrgest.. The growth of the wounded tibia was posi-
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tively accelerated in the two later phases of regeneration, and the
values of « were larger than those of the normal legs. After the
fourth ccdysis each of the tarsal segments was elorfgated, the
basitarsus being 0.8 mm and the remaining parts bem‘g 1.5 mm
in fength. After the fifth ecdysis the absolute. fength of the
basitarsus was 2.25 mm and that of the distal part was 1.9 mm.
This indicates that the growth-rate of the basitarsus in the regenerate
leg was higher than those of the remaining parts.

*

Experiments Class 8

No. 87 Distal 3.5 mm of the left-hand mid-tibia of a female
larva just after the third. ccdysis was removed by amputation.
After the fourth ecdysis the lost part of the tibia and the tetram-
erous tarsus were regenerated. The growth of the wounded tibia -
was not affected by the reconstruction of the lost parts. Further
~ the growth of the femur with the wounded tibia was also unaffect-
¢d by the regeneration of the lost part of the tibia in question.
The lengths of the tetramerous tarsus were 0.50 mm, 1.00 mm
‘and 1.60 mm successively for the basal segment and 0.60 mm,
1.50 mm and 1.80 mm for the remaining parts. The values of «
for the growth of the basal segment were 2.38 and 2.22, and those
of the remaining parts were 3.07 and 0.88 respectively.

No. 93 The left-hand mid-leg of a larva just after the third
ecdysis was removed by amputation from the trochantero-femoral
suture. After the fourth ecdysis the regenerate leg appeared, its
tarsus being 0.6 mm in length. The values of = for the growth
of the regenerate were 8.11 for the femur and 8.11 for the tibia.
This individual died after the sixth ecdysis,

No. 103 The right-hand midleg of a larva just after the
third ecdysis was removed by amputation from the trochantero-
femoral suture. After the fourth ecdysis the regenerate leg
appeared, the femur being 1.15Tm in length, the tibia being
LOmm, and the tarsus being. 0.9 mm. The values of o for the
growth of the regenerate were 8.88 for .the tibia and 7.22 for the
femur.

No. 10'4 -The left-hand mid-leg of a female larva just after
the third ecdysis was removed by amputation from the trochantero-
femoral suture. The régenerate leg was 0.25 mm for the femur
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and 0.75 mm for the tibia in the fifth instar.. The valdes of e
for the growth of the regenerate femur were larger than those;_of'"j
the regenerate tibia. The absolute lengths of the regenerate
tarsus were 0.20 mm, 0.75 mm and 14 mm for the basitarsus’
successively, and 0.1 mm, 1.0mm and 14 mm for the remaining’
parts successively. The value of a for the growth of the regen-
erate basitarsus was larger than that of the distal part in the
first regenerating phase, while an entire reverse was frue in the
second regenerating phase. :

Experlments Class 9

No. 227 The left- ha.nd mid- Ieg of a female larva was re-
moved by armputation from the trochantero femoral - suture after
the fourth ecdysis. After the fifth ecdysxs the bud of the -regen-
erate appeared, the femur being 3.0 mm and the tibia being
22mm in length. The values of « for the growth of the regen-
erate were 10.16 for the tibia and 8.00 for the femur. .

No. 94 The left-hand midleg of a male larva was removed
by amputation from the trochantero-femoral suture  just after the
fourth ecdysis. The regenerate femur was 2.7 mm in length bemg ;
04 mm longer than the regenerate tibia. .
" No. 95 Mid-legs of a male larva were. removed by amputa
tion from the trochantero-femoral suture after the fourth ecdysis. -
The right-hand regenerate femur. was 2.3 mm in length, being
0.2 mm shorter than the regenerate tibia. No regeneratlon oc
curred on the left side. .

3. Exp_ex*iqieﬁ’;s Serieé 3
Expériments Class 100
No. 5 The right-hand hind lég of a newly hatched female -
larva was removed by amputation from -the trochantero-femoral
suture. The values of « for the growth of the regenerate were -
3.00, 7.66, 2.30 and 150 for the femur and 3.00, 7.66, 2.30 ane!--
1.60 for the tibia for successive phases.
No. 6 ~ The righthand hind leg of a newly hatched female _

“larva was removed by amputation from the trochantero-femoral
suture, The value$ of a for the growth of the regenerate were
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440, 216, 2.14, 1.70 and 1.55 for the femur and 5.50, 3.33, 2.78,
. ’ o .ssive phases. The bud of the
980 and 1.88 for the tibia for successive p ) _
sust after the first ecdysis, but seg-
regenerate tarsus appeared just ajter fhe 1 the segmentation
mentation was never seen at that time. Further : g
: or been observed until the fourth
of the regenerate tarsus had never oot g
instar when the bud was 0.35 mm 10 length and conical in shape.
After the fourth ccdysis the tetramerous tarsus was ol_)served, the
basitarsus being 0.75 mm and the remaining parts being 0.9 mm
in length. The absolute lengths of the regenerate basitarsus were
19 mm for the sixth instar and 2.5 mm for the seventh one,
and those of the remaining parts were 17 mm for the sixth
instar and 20 mm for the seventh one. The values of 2 for the
growth of the regenerate basitarsus were 4.00 and 1.3?, and those
of the remaining parts were 2.80 and "0.77 for successive phases.
No. 16 Distal 1.6 mm of the lefthand leg of a newly
hatched larva was removed by amputation. After the third ecdysis
the regenerate was dropped, and the observation was stopped..
The bud of the tarsus did not appeared even after the third
ecdysis. The growth of the wounded femur was very rapid in
the first regenerating phase, and that of the regenerating tarsus
was very rapid in the second phase. _ ’
No. 17 Distal 1.65 mm of the lefthand fore femur of a-
newly haiched larva was rémoved by amputation. The growth of-
the wounded femur was apparently checked by the reconstruction
of the lost parts, the absolute lengths being 1.5 mm, 1.4 mm,
125mm, 2.25 mm and 5.0 mm for successive instars. The re-
generate femur was slightly twisted at the regenerating portion.
After the third ecdysis the basitarsus was curved very much.
No. 22 The left-hand hind leg of a newly hatched female
larva was removed by amputation from the trochantero-femoral
suture. The values of a for the growth of the regenerate femur
were 277, 8.83, 269, 1.45 and 1.27 and those of the tibia were
277, 7.66, 2.92, 2.00 and 1.27 for successive phases. The absolute
lengths of the regenerate basitarsus were 075 mm, 1.5 mm and
20 mm, and those of the remaining parts were 1.0 mm, 1,75 mm’
and 19 mm for successive instars (V, VI, VII." The values of «
for the growth of the regenerating basitarsus were 2.72 and 1.18,
and those of the remaining parts were 2.18 and 0.27 for successive
regenerating phases. '
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No. 25 The right-hand hind leg of a-newly hatched female
larva was removed by amputation. from the trochantero-femoral
suture, The values of « for the growth of the regenerate femur
were 2,81, 6.00, 2.25, 1.72 and 2.00,-and those of tha regenerate
-tibia were 3.36, 5.10, 2.50, 1L.72 and 157 for successive phases.
The absolute lengths of the regéherate. tarsus. for ‘successive instars
were 1.6 mm, 2.25 mm and 2.6 mm, for the “basitarsus and 1.6 mm,
20 mm and 2.0 mm for the remaining tarsal segments. The
“values of « for the growth of the regenerate tarsus were 1.36 and
085 for the basitarsus and 0.90 and 0.00 for the - remaining parts
respectively. No growth  in length was. seen in the regenerating
three apical tarsal segments (taken together) in the last regenerat-
ing phase.

‘No. 42 The right-hand hind leg of a newly batched larva-
was removed by amputation from the trochantero-femoral suture.
This individual died just after the second -ecdysis.  The absolute
lengths of the regenerate was. 06,mm for ‘the - femur and 0.6 mm
for -the tibia. ) - ‘

No. 48 . The lefthand hind leg of a newly hatched female
larva was removed by amputation from the trochanterofemoral
suture. This individual died in the course of the sixth 'ecdysts"'
_The values of « for the growth of the regenerate femur were 2.60
. for the first phase and 3.00 for the fourth" and those of theﬁ
tibia were 2.60 for the first and 210 for- the fourth - In thxs'
individual the regemnerate of the tarsus never appeared durmg the'_'j:
larval period.

No. 53 The antennae of a newly hatched Iarva were.
amputated at the base of the fourth segment. The left- harnd - hmd-‘__
leg was dropped at the middle of-the first instar. The absolute -
lengths of the regenerate antennae were 3.0 mm (IV) and 5.5 mm
(V) for the left side and 3.7 mm (IV). and 55mm (Vy for ‘the
nght side. The values of = for the growth of the regenerate Jeft=
hand antenna were very high but stghtly lower than those “of
.the hind leg. ~ _

No. 286 Distal 2.4 mm of the right-hand hind femur of a’
newly hatched- male larva was removed by amputation. ‘The
growth of the regenerate tibia was very slow. or entirely’ stopped o
Of course the regeneration- of the tarsus ‘neyer. occurred. “The
growth of ‘the wounded femur was. very : ‘much arrested . by the
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reconsiruction of the lost parts. It is notewqrthy that the' wounded
femur had never incrcased in length during the larval stage.
Thus the values of @ for the growth of the woun_ded femur were
—3.15, —1.33, 080, —1.00 and 0.00 for successive regenerating

No. 288 Distal 2.1 mm of “the left-hand hind fel‘nur of a
nfwlff hatched female larva was removed by amputation. The

growth of the wounded femur was apparently 'arrested for the ‘
two first phases, the values of « being —2.00, —1.25, 435 4.33,
210 and 1.54 for successive phases. The regenerate tibia was
very much curved, and the measurement was ~aImost. 1mpossxble.
The values of # for the growth of the regenerate basitarsus were
comparatively large and 4.11, 1.60 and 2.72 for three later phases.
No. 2590 Distal 1.2 mm of the right-hand hind femur of a
newly hatched female larva was removed by amputation. This
individual died during the fourth ecdysis. The growth of the.
wounded fermur was verv slow owing to the regeneration of the
lost parts. After the third ecdysis the bud of the tibia appeared
and was 0.5 mm in length. ;
No. 244 Distal 0.9 mm of the right-hand hind femur of a
newly hatched female larva was removed by amputation. The
growth of the wounded feruur was checked for the “earlier phases,
the values of » being —0.52, 3.50, 146 and 1.85 for successive
phases. The bud of the regenerate tibia appeared after the second
ecdysis and the values of 2 were 3.90, 2.27 and 1.85 for successive
phases. The value of.« for the fourth regenerating phase of the
basitarsus was so high as 3.00, but in the next phase it became
negative, taking the value ~0.27. , o _
No. 205 Distal 0.6 mm of the left-hand hind femur of a
newly hatched larva was removed by amputation. This individual
died after the third ecdysis. The growth of the woundéd femur
was also checked by the recounstruction of the lost pat:ts. The
regeneration never occurred on the tibia. 2 .
No. 297 -~ Distal 1.7 mm of the right-hand hind femur of a
newly hatched larva was removed by amputation. The growth
of the wounded femur was highly checked at first. The v"‘alués
of » for the femur were —650, 6.28, 0.85, 2.55 and 11.1 for
successive phases.  The values of « for the growth of the regen-
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nerate tibia were 3.25 and 3.00, and those of the basitarsus were:
4.20 and 1.22 for successive phases.

Experiments Class 11

No. 33 The left-hand hind leg of a female larva was re
moved by amputation from the trochanterofemoral suture juét
after the first ecdysis. The growth of the Tegenerate . leg was
guite ideal in curve when plotted on the chart. The values of «
for the growth of the regenerate were 4.81, 490, 240 and 1.33
for the femur and 4.81, 4.90, 2.30 and 1.36 for the tibia for succes-
sive phases. N '

No. 38 The left-hand hind leg of a female larva was re-
moved by amputation - from - the: tfochanter&femoral suture just
after the first ecdysis. This individual lost its right-hand fore leg
by autotomy just after the first ecdys:s The values of « for the
growth of the regenerate fore leg were 470, 4.83, 2,40 and 1.30-
for the femur and 4.30, 6.06, -2.10 and 1.90 for the tibia for suc-
cessive phases. Those of the .regenerate hind leg were 2.60, 2.83,
290 and 1.60° for the femur for ‘successive phases “The growth
of the regenerate hind tibia ‘was abnormal.

No. 56 The lefthand hind leg of a female larva “was
removed by amputatlon from “the  trochantero-femoral suture ‘just
after the first ecdysis. - The values .of .a for. the growth ‘of the
regenerate were 2.43, 4. 00 1.90 and 1.33 for the femur and 2. 35,
415, 190 and 1.33 for the tibia for succegsive phases. - The
‘absolute lengths of the regenerate tarsus were. 1.5 tm, 2.4 mm
and 3.0 mm for the basitarsus .and 1.5 mm, 2.2 mm and 2.4 mm
for the remaining parts. The values of -« for the growth of the
basitarsus were always larger than-those of the remaining parts. -

No. 60 . The right-hand hind leg of a larva was removed
by amputation from the trochantero-femoral suture just after the
first ecdysis. This individual died during the fourth ecdysis. The
absolute lengths of the regenerate were 0.5 mm and- 2.0 mm for
successive phases.

No. 63 The right-hand hind- leg - of a female larva, was
removed by amputation from the trochanterofemoral’ suture just
after the first ecdysis. The. values: of -« for.the growth of the
regenerate were 572, 7.25 and 225 for the” femur and 572, 6.62
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and 2.87 for the tibia for successive phases. The absolute lengths
of the regencrate tarsus were 1.25 mm and 1.8 mm for the
basitarsus, and 1.25mm and 1.5 mm fqr the remaining parts.
The value of « for the growth of the basitarsus was larger than
;h;tsoé e dls%fa right-hand hind leg of a larva was removed
by amputation from the trochantero-femoral suture just gfter the
first ccdvsis, This individual died after the fifth ecdysis. The
values 0{ a for the growth of the regenerate were 6.4?.5 and 3.57
for the femur, and 5.57 and 442 for the tibia for successive phases,
The absolute lengths of the regenerate tarsus. were 0.75 mm and
200 mm for the basitarsus, and 0.75 mm and 1.50 mm for the
remaining parts. The value of « for the growth of the basitarsus.
was larger than that of the distal part. _
No. 71 Distal 1.8 mm of the righthand hind femur was
removed by amputation just after the first ecdysis. The growth
of the wounded femur was highly affected by’ the regeneration of
the lost parts. After the second ecdysis a pitlike bud of the.
regenerate appeared. After the third ecdysis 0.65 mm of‘ a tetram-
erous tarsus was- regenerated. After the next ecdysis the re-
generate tarsus was entirely diminished, and the. femuri was
gradually narrowed apically. In this case no regeneration took
place in the tibia. ’ \ L
No. 72 Distal 0.2 mm of the right-hand hind femur of a
Iarva was removed by amputation just after the first ecdysis. -
The growth of the wounded femur was normal, and the regenera-
tion of the lost parts never occurred. The apex of the wounded
femur had a very small tubercle-like minute process. D
No. 73 Distal 2.9 mm of the right-hand hind tibiz was
removed by amputation just after the first ecdysis. This individual
died just after the sixth ecdysis. The values of « for the growth
of the wounded tibia were 1.00 for the first phase and 0.92 for
the third phase. No regeneration took place in the tarsus. .
No. 278 - Distal 2.3 mm of the left-hand hind femur of. .a
female larva was removed by amputation just after the first'
ecdysis. - The growth of the wounded femur was apparently-
affected by the reconstruction of the lost parts at .the earlier
regeneration phases, the values of « being 0.00, 058, —2.40,
430 and 4.25 for successive phasés.  The regenerate tibia at =
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first appeared just after the fourth.ecdysis. The values of “w'
for the growth of the regenerate tibia were 2 50 and 728 for '
-successive phases. i
' No. 281 Distal. 22mm of the left-hand hmd femur of @
male larva was removed by amputation just after the first ecdys:_s. .

The growth of the wounded femur was very much checked by
the reconstruction of the lost parts, the values of o were —0.41;

<0.14, 0.46 and 0.00 for successive phases. After the third ecdysis

045 mm length of the regenerate tibia appeared but the bud"
diminished just after the third ecdysis.

Experiments Class 12

No. 55 The left-hand hind leg of a female larva was re-
moved by amputation from the trochantero-femoral suture just
after the second ecdysis. This individual died after the sixth-
ecdysis. The values of « for the ‘grc}w_th of the regenerate were
440 and 2.55 for the femur, and 4.90 and 2 22' for the tibia for -
successive phases. The absolute lengths of the regenerate tarsus
were 1.85mm and 25mm for the basitarsus, and 1.85 mm and
- 20 mm for the remaining parts. The value of « for the growth
of the basitarsus was lafger than that of the remaining parts. )
No. 80 The right-hand hind leg of a male larva was re-

moved by amputation from the trochantero-femoral suture just

after ‘the second ecdysis. The values of « for the growth of the-

regenerate were 3.75 and.-2.80 for the - femur, ‘and - 5.41 and 3.20

for the tibia for successive phases, ‘The absolute " lengths of the -
regenerate tarsus were 0.6 mm and. 2.0 mm- for the basitarsus,
and 1.0 mm and 1.5 mm for the remaining -parts. The value of
o for the growth of the basitarsus was very large (5.30) and that
of the ‘distal part was 1.70. '

No. 206 * - The righthand hind leg of a male larva .was
‘removed by amputation from the trochantero-femoral suture just’
after- the second ecdysis. In this individual the regeneration never
occurred. _ , o
No. 207 .~ The right-hand hind leg of a female larva was

removed by amputation from. the trochantero-femoral suture just
after the second C‘CdYS_lS In thlS mdmdual the regenerat:on never
occurred.
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No. 209 The right-hand hind leg of a female larva was
removed by amputation from the trochantero- femoral suture just
after the second moult.  After the fourth ecdysis the bud of the
regenerate appeared. The values of « for the growth of the
regenerate were 6.55 for the femur and 7.44 for the tibia. The
regenerate was dropped during the sixth ecdysis.

No. 212 The right-hand hind leg of a female larva was
removed by amputation from the trochantero-femoral suture just
after the sccond moult. Until the adult stage the regeneration

was never observed.

No. 214 The result was the same as in the experiment
No. 212. ) ‘ :
No. 216 The left-hand hind leg of a female larva was

removed by amputation from the trochantero-femoral! suture just
after the second ecdysis. After the ffth ecdysis the bud of the
hind leg was regenerated, the femur being 1.5 mm and the tibia
being 1.2 mm in length. After the sixth ecdysis the regenerate
was etiolated and diminished.

No. 217 The result was the same as in the experlrnent
No. 214. No regeneration took place.
No. 218 . The right-hand hind leg of a male larva was .

removed by amputation from the trochantero-femoral suture just
after the sccond ecdysis. The values of « for the growth of the
regenerate were 7.80 and 4.30 for the femur, 6.10 and 6.00 for
the tibia and 560 for the basitarsus. The basitarsus appeared
just after the fourth ecdysis.

No. 223 The right-hand hind leg of a female larva ‘was
removed by amputation from the trochanterofemoral suture just
after the second ecdysis. The bud- of the regenerate basitarsus
appeared just after the fourth ecdysis. The growth of the re-
generate was quite ideal. The values of « for the growth of the
regenerate were 8.45, 3.75 and 1.90 for the femur, 7.27, 5.08 and
250 for the tibia, and 3.83 and 1.40 for the ba51tarsus for succes-
sive phases. -

No. 224 The left-hand hind leg of a male larva was re-
moved by amputation from the trochantero femoral suture just
after the second ecdysis. In ‘this individual the regenerate tarsus
Never appeared at all. The values of ¢ for the growth of. the
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regenerate were 5.23 and 811 for the femur and 538 and 800
for the tibia for successive phases.

No. 225 . The right-hand hind leg of a fema]e Iarva was
removed by amputation from the trochanterofemoral suture just
- after the second ecdysis. The growth of the regenerate of this
individual was typical. The values of « for the growth of the
_regenerate were 8.63, 590 and 190 for the femur, 9.27, 5.60 and
2.09 for the tibia, and 4.60 and 1.54 for the basitarsus for succes-
sive phases. It must be neted that the regenerate basitarsus ~was
as long as the normal bamtarsus of the opposite side in the aduit
stage.

No. 226 The left—hand. hind. leg of a fernale larva was
removed by amputation from the trochantero-femoral suture just
after the second ecdysis. This individual lost its right-hand hind
leg by autotomy in the third instar. The growths of the regen-
erates were quite typical. The values of « for the left side were
“7.00, 510 and 2.33 for the femur and 7.50, 5.33 and 3.44 for the -
tibia, and those for the right side were 8.50, 510 and 2.55 for the
femur and 7.60, 6.20 and 2.77 for the tibia for successive phases.

_ Experiments Class 13

No. 92 - The-.lefthand hind leg of a - female - larva - was re-
moved by -amputation from the . trochantero-fémoral suture Just

after the third ecdysis. - The.-individual -died. during the -sixth '
ecdysis. The growth of the regenerate femur was rapid, the value

,of « being 6.00, but that of-the tibia was slow.owing to the
reconstruction of the tarsus, the value of « ‘being 2.10. But the

bud of a regenerate tarsus mever appeared.

No. 97 - The right-hand hind leg of a male larva was re:
moved by émpufation- from the trochantero-femoral suture just
after the third ecdysis. The wvalues” of ¢ for the growth of the
ragnnavnfn wers Q Qn fnr' fhn fnmnr ::nr‘ RQﬂ 'Fnr f]'\p 1‘1}\19 :

No. 98 The lefthand hind leg of a female larva was re-
moved by amputation - from - the trochantero-femoral suture just.
after the third ecdysis. The -values of « for the growth of the
regenerate were 11.70 and 7.71 -for the femur, and 10.8G¢ and 7.57
for the tibia for successive phases.

No. 99 - . The lefthand hind- leg -of .2 male larva was re
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moved by amputation from the same suture just after the third
ecdysis. The growth of the regenerate was slightly more rapld
than that of the experiment No. 97.

No. 228 - The right-hand hind leg of a female larva was
removed by amputation from the trochanterofemoral suture just
after the “third ecdysis. In this individual no regeneration took
place in the lost leg.

No 229 The right-hand hmd leg ‘of a female larva was
removed by amputation from. the trochantero-femoral "suture just
after the third ecdysis. The values of « for the growth of the
regenerate were 9.40 for the femur and 9.10 for the tibia.

“No. 234 The right-hand hind leg of a female larva was
removed by amputation from the trochantero-femoral suture just
after the third ecdysis. The values of « for .the growth of the
regenerate were 9.46 and 5.22 for the femur, and 9.76 and 4.33
for the tibia for successive phases.

Experiments Class 14

No. 46 The right-hand hind leg of a female larva was
removed by amputation from the trochantero-femoral suture just
after the fourth ecdysis. After the fifth ecdysis the regenerate
appeared, the femur being 2.1 mm and the tibia 2.0 mm in length.
The metatarsus of the regenerate was 0.35 mm in length. This
individual died just before the sixth ecdysis. The right-hand
antenna of this individual” was cut at the base of the fourth
segment. The growth of the regenerate antenna was at first
slightly checked.

No. 236 The right-hand hind leg of a female larva was
removed by amputation from the trochanterofemoral suture just
after the fourth ecdysis. In this individual no regeneration took
place. ) :

No. 238 - Distal 10.2 mm of the right-hand hind leg of a
larva was removed by amputation just after the fourth ecdysis.
After the fifth ecdysis the wounded femur reg_enerated the lost
parts, the femur being 6.0 mm and the tibia -4.2 mm in length.
In this case the growth of the wounded femur was not checked
by the regeneration of the lost parts, the value of « being 4.00.
No. 237 *  The left-hand hind leg of a female larva was

=3
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removed by amputation from the trochantero-femoral suture just
after the fourth ecdysis. The values of « for the growth of the
regenerate were 590 for the femur, 7.20 for the tibia and 3.10
for the basitarsus.

4. Experiments Series 4

Experiments Class 15

No. 43 The mid-legs of a larva were removed by amputa-
tion from the trochantero-femoral suture just after the hatching.
In the next instar the regenerates appeared, the femur measuring
0.5 mm and.the tibia also being 0.5 mm in length. This indivi-
dual died just before the second ecdysis.

No. 36 The mid-legs of a female larva just after the first
ecdysis were amputated from the trochantero-femoral suture. The
growth of the regenerate mid-legs was as rapid as an ideal case.
The values of « for the growth of the left-hand mid-leg were 4.72,
3.50, 1.58 and 2.14 for the femur and 4.63, 3.41, 1.75 and 2.00 for
the tibia for successive phases. The same of the right-hand mid-
leg were 4.72, 3.50, 1.58 and 2.14 for the femur, and 4.63, 3.41,
1.75 and 2.00 for the tibia. The left-hand fore leg was dropped
by autotomy from the trochantero-femoral suture just after the
third ecdysis. The growth of the regenerate fore leg was also
very rapid, the values of « being 4.75 and 4.00 for the femur and
4.75 for the tibia. The left-hand hind tibia®was damaged in the
fourth instar, and distal 7.0 mm of the tibia was lost. The
growth of the femur with the wounded tibia was apparently
checked, the values of 2 being 0.83, 0.50 for the . first two phases.
The growth of the wounded tibia was highly influenced by the
reconstruction of the lost parts. The values of « were —1.41,
2.91 and 5.00 for successive phases.

No. 58 b The mid-legs of a female larva were amputated
from the trochanterc-femoral suture just after the second ecdysis.
The values of « for the growth of the left-hand mid-leg were 2.54,
2.80 and 1.50 for the femur, and 2.45, 2.60 and 1.62 for the tibia
for successive phases. The same of the right-hand mid-leg were
2.70 and 2.00 for the femur, and 2.45, 2.80 and 1.50 for the tibia
for successive phases.
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No. 96 The mid-legs of a male larva were removed from
the trochantero-femoral suture just after the third ecdysis. The
values of « were 5.70 for the growth of the regenerate femur and
6.00 for the regenerate tibia.

Experiments Class 16

No. 10 The hind legs of a newly hatched female larva
were removed by amputation from the {rochantero-femoral suture.
The values of « for the growth of the left-hand regenerate were
4.36, 4.16 and 2.30 for the tibia, and 5.00, 2.98 and 1.50 for the
femur, and those of the right-hand regenerate were 4.36, 1.08 and
1.50 for the tibia, and 4.90, 0.75 and 1.20 for the femur for suc-
cessive phases. The absolute lengths of the regenerate tarsi were
0.75 mm, 2.25mm and 3.00 mm respectively for the left-hand
basitarsus, 1.25 mm, 2.10 mm and 2.60 mm respectively for the
left-hand remaining parts, 1.60 mm, 2.35 mm and 2.80 mm respec-
tively for the right-hand basitarsus, 1.50 mm, 1.75 mm and 2.10 mm
respectively for the right-hand remaining parts. The growth of
the regenerate basitarsus was greater than that of the remaining
parts. The right-hand mid-leg of this individual had a two-seg-
mented tarsus in the fifth instar, but in the next stage the latter
became to assume the normal form with five segments.

No. 44 " *The hind legs of a newly hatched male larva were
removed by amputation from the trochantero-femoral suture. The
growth of the regeherates was typical. The lengths of the
regenerate left-hand tarsus were 1.0 mm and 2.0mm for the
basitarsus, and 1.1 mm and 2.0 mm for the remaining parts for
successive instars. Here it is evident that the growth of the
regenerate basitarsus was higher than that of the remaining parts.
The lengths of the regenerate right-hand tarsus were 1.25 mm and
1.25 mm for the basitarsus, and 0.75 mm  and 1.50 mm for the
remaining parts for successive phases. In this case the regenerate
basitarsus showed no development in length, and only the remain-
ing parts made a rapid growth.

No. 37 The hind legs of a newly hatched female larva
were removed by amputation from the trochantero-femoral suture.
The values of « for the growth of the left-hand regenerate were
450, 5.09, 1.50 and 2.00 for the femur, and 4.63, 1.83 and 1.75
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for the tibia for successive phases. The values of « for the
growth of the right-hand regenerate were 4.50, 5.09, 1.50 and
1.87 for the femur, and 4.50, 4.63, 1.83 and 1.62 for the tibia for
successive phases. The absolute lengths of the regenerate tarsus
were 2.0 mm and 2.5 mm for the basitarsus, and 2.0 mm and 2.2 mm
for the remaining parts for successive phases. In this case the
growth of the regenerate basitarsus was evidently more rapid than
that of the djstal part. ' _
No. 67 The hind legs of a larva were removed by amputa-
tion from the trochantero-femoral suture just after the first ecdysis.
The right-hand regenerate was dropped during the fourth ecdysis.
This individual died in the fifth instar. The values of « for the
growth of the right-hand regenerate were very high, being 6.66
for the femur and 5.60 for the tibia. The same of the left-hand
regenerate were 6.66 and 5.09 for the femur, and 5.40 and 4.90
for the tibia for successive phases. The absolute lengths of the
regenerate tarsus were 0.90 mm. and 2.25 mm for the basitarsus,
and 0.75 mm and 1.75 mm for the remaining parts for successive
phases.  The growth of the regenerate tarsus was very rapid both
for the basitarsus and for the remaining parts.

No. 201 The hind legs of a male larva were amputated
from the trochantero-femoral suture just after the first ecdysis.
The growth of the left-hand regenerate was very rapid, the values"
of # being 5.58, 11.66 and 2.23 for the femur, and 5.58, 11.77 and
2.07 for the tibia for successive phases, while that of the right-
hand regenerate was vexy slow, the values of « being 0.1 for the
femur and tibia. The right-hand regenerate was dropped during
the fourth ecdysis. ‘

No. 208 The hind legs of a male larva were amputated
from the trochantero-femoral suture just after the second ecdysis.
No regeneration took place on the right side. The values of «
for the growth of the left-hand regenerate were 9.77 and 5.80 for
the femur, and 8.66 and 6.70 for the tibia for successive phases.
The absolute lengths of the regenerate basitarsus were 0.5 mm for
the fifth instar and 1.9 mm for the next. Therefore, the growth
of the regenerate basitarsus was very rapid, the value of « being
6.70.

No. 221 The hind legs of a female larva were amputated
from the trochantero-femoral suture just after the second ecdysis.
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The growth of the right-hand regenerate was rapid at first, but
very much checked by the etiolation of the tarsus. The value of
« for the femur was 1.71 in the last phase, and those for the
tibia were 8.27, —0.30 and —1.85 for successive phases. In the
left-hand regenerate the growth was as rapid as in the normal
case, the values of « being 8.54, 5.40 and 3.85 for the femur, and
8.54, 4.70 and 4.71 for the tibia for successive phases.

No. 222 The hind legs of a male larva were amputated
from the trochantero-femoral suture just after the second ecdysis.
The growth of the regenerates was typical. The values of « of
the left-hand regenerate were 10.87 and 4.38 for the femur, 10.87
and 4.07 for the tibia and 4.15 for the basitarsus for successive
phases. The same of the right-hand regenerate were 9.87 and
392 for the femur, 7.50 and 4.92 for the tibia and 5.84 for the
basitarsus for successive phases.

No. 90 The hind legs of a female larva were removed by
amputation from the trochantero-femoral suture just after the third
ccdysis. This individual died in the sixth instar. The values
of « for the regenerate femur and tarsus were 10.00 and 9.75
respectively. .

No. 100 The hind legs of a female larva were amputated
from the trochantero-femoral suture just after the third ecdysis.
The growth of the right-hand regenerate was abnormal. The
values of « for the growth of the regenerate femur and tibia were
5.70 and 5.70 respectively.

Experiments Class 17

No. 30 The right-hand mid-leg and the left-hand hind leg
of a female larva were removed from the trochantero-femoral
suture just after the hatching. The growth of the regenerates
was typical. The valu/es of « for the growth of the regenerates
were 5.50 and 1.54 for the hind tibia, 5.50 and 1.18 for the hind
femora, 5.50 and 1.09 for the mid-tibia, and 5.50 and 1.27 for the
mid-femur for successive phases. This female died in the sixth
instar. The regenerate mid-tibia was almost as long as the normal
mid-tibia of the opposite side in the sixth instar.

No. 34 The right-hand fore leg and the left-hand mid-leg
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of a male larva were amputated from the trochantero-femoral suture
just after the first ecdysis. The growth of the regenerate fore
leg was typical, the values of « being 5.10, 4.38 and 2.50 for the
femur, and 4.30, 4.76 and 2.90 for the tibia for successive phases.
Just after the third ecdysis the apical portion of the regenerate
midfemur was slightly constricted and curved, and the tibia and
tarsus took quite abnormal situation as shown in the text-figure.
In the next ecdysis the tibia and tarsus diminished and were
attaching to the apex of the femora as a small tubercle. The
growth of the femur was checked at the third regenerating phase.
The values of « for the growth of the regenerate mid-femur were
4.80, —0.38 and 2.40 for successive phases.

No. 35 The right-hand mid-leg and the left-hand hind leg
of a female larva were amputated from the trochantero-femoral
suture just after the first ecdysis. The values of « for the growth
of the regenerates were 4.27, 7.83 and 2.71 for the mid-femur,
427, 8.33 and 1.57 for the mid-tibia, 5.00, 12.00 and 1.00 for the
hind femur, and 5.00, 11.33 and 1.00 for the hind tibia for succes-
sive phases. This individual died in the sixth instar.

No. 45 The left-hand mid-leg and the right-hand hind leg
of a newly hatched male larva were removed from the trochantero-
femoral suture. The growth of the regenerates was normal. In
the adult stage the regenerate mid-leg was exactly as long as the
normal mid-leg of the opposite side. The absolute lengths of the
regenerate mid-tarsus were 2.0 mm and 3.0 mm for the basitarsus,
and 1.8 mm and 2.0 mm for the remaining parts for the fifth and
sixth instars respectively.

No. 54 b The hind legs and the left-hand fore leg of a
female larva were amputated from the trochantero-femoral suture.
The values of « for the growth of the hind regenerates were 6.55,
3.69 and 2.22 for the left-hand femur, 5.77, 4.23 and 2.55 for the
left-hand tibia, 6.55, 3.69 and 2.22 for the right-hand femur, and
5.77, 3.07 and 3.55 for the right-hand tibia for successive phases.

No. 59 b The left-hand fore leg and the right-hand mid-leg
of a male larva were removed from the trochantero-femoral suture
just after the second ecdysis. The values of « for the growth of
the regenerates were 3.69 and 5.44 for the left-hand fore femur,
3.46 and 6.00 for the left-hand fore tibia, 3.53 and 5.00 for the
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right-hand mid-femur, and 3.61 and 5.33 for the right-hand mid-
tibia for successive phases.

No. 65 b ' The left-hand mid-leg and the right-hand hind
leg of a larva were amputated from the trochantero-femoral suture
just after the first ecdysis. The values of « for the growth of the
regenerates were 6.50 and 5.20 for the left-hand mid-femur, 7.75
and 5.20 for the left-hand mid-tibia, 7.00 and 4.70 for the right-
hand hind femur, and 6.50 and 5.40 for the right-hand hind tibia
for successive phases. The growth of the regenerate mid-basi-
tarsus was more rapid than that of the' distal part of the re-
generate mid-tarsus. On the contrary the growth of the regenerate
hind tarsus was much more -rapid than that of the distal part.
This individual died during the fifth ecdysis.

No. 66 The right-hand fore leg of a larva was amputated
from . the trochanterofemoral suture just after the first ecdysis.
This individual lost its left-hand mid-leg in the second instar by
autotomy. The values of « for the growth of the regenerates were
6.33 and 5.08 for the right-hand fore femur, 9.22 and 4.91 for the
right-hand fore tibia, 4.20 and 5.00 for the left-hand mid-femur,
and 5.00 and 3.50 for the left-hand mid-tibia for successive phases.
This individual died in the fifth instar. The regenerate tarsus of
the mid-leg was two-segmented.

No. 69 The left-hand fore leg and the right-hand hind leg
of a larva were amputated from the trochantero-femoral suture
just after the first ecdysis. This insect died in the fifth instar.
The values of « for the growth of the regenerates were 7.30 and
3.00 for the left-hand fore femur, 7.61 and 3.68 for the left-hand
. fore tibia, 6.38 and 2.25 for the right-hand hind femur, and 6.69
and 3.50 for the right-hand hind tibia for successive phases. The
absolute lengths of the regenerate tarsi were 0.9 mm and 2.00 mm
for the fore basitarsus, 0.9 mm and 1.75 mm for the remaining
parts of the tarsus, 0.75 mm and 2.00 mm for the hind basitarsus,
and 0.9 mm and 1.75 mm for the remaining parts for successive
phases. »
No. 74 The right-hand fore leg of a larva was amputated
from the trochantero-femoral suture just after the first ecdysis.
Distal 2.6 mm“of the left-hand mid-leg was removed by amputation
in the same instar. The values of « for the growth of the re-
generate fore leg were 9.27 and 3.92 for the femur, and 8.45 and
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450 for the tibia for successive phases. The growth of the
wounded mid-femur was apparently cheqked by the reconstruction
of the lost parts, the values of « being 0.70, —0.45 and 0.00 for
successive phases. After the second ecdysis there appeared a
very low tubercle-like process on the apex of the wounded femur.
After the third ecdysis this process made a slight growth, the
length being 0.35 mm, with an attachment on the apex. In the
next instar it became 0.5mm in length. No tarsus was regenerat-
ed at all. This individual died in the fifth instar.

No. 82 The right-hand hind leg of a female larva was
removed by amputation from the trochantero-femoral suture just
after the second ecdysis. Distal 4.6 mm of the left-hand mid-femur
was removed by amputation in the same instar. The growth of
the regenerates was normal. The lengths of the regenerate hind
tarsus were 0.65 mm and 2.20 mm for the femur, and 0.75 mm
and 2,00 mm for the tibia for successive phases. The regenerate
mid-leg was dropped in the sixth instar. The wounded femur
was very much constricted at the base just before the third
ecdysis, but never dropped. After the fourth ecdysis there
appeared very curious segments: the femur (2.1 mm in length)
and the tibia (2.0 mm in length) were normal, the basitarsus was
0.5 mm in length, the second and third tarsal segments were 0.25
mm in length taken together, the fourth one was very curious
and 0.35 mm in length. At the middle of the fourth segment
there was attached an empodium-like process. At the apex of the
fourth segment there was attached another leg (consisting of a
tibia and a tetramerous tarsus), thus the fourth segment playing
a mirror, of both legs. The measurements of this curious leg are
as follows: tibia 1.5 mm, basitarsus 0.5mm, second and third
segments taken together 0.30 mm. There was recognizable a deep
bluish tubercle on the top of the tibia. The apex of the tibia
was irregularly shaped. This curious leg was dropped in the
course of the next ecdysis.

No. 91 The right-hand fore leg and the left-hand hind leg
of a female larva were amputated from the trochantero-femoral
suture. The values of « for the regenerate legs for the second
regenerating phase were 18.57 for the fore femur, 15.41 for the
fore tibia, 17.28 for the hind femur and 13.00 for the hind tibia.
This individual died in the sixth instar.





