STUDIES ON THE KINETO-ADAPTATION

(I. On the Index of Limb Bones and the Locomotion in some Frogs)

By
MITSUO SHIMIZU
(Fac. Edu., Shinshi Univ., Matsumoto, Nagano Pref.)

General Introduction

We can see at the same time the adaptive character and the hereditary
-one in the living body. Althoﬁgli in many cases it is difficult to distinguish
thislfrom that, it is‘generally said that in animals adaptive characters are found
in the locorhoti‘Je organ, and in plants they are found in the nutritive organ.

In higher animals, limbs and wings are the typical locomotive organs,
and, as it was said, they show adaptive characters in general. A¢co1‘dz'ngly,
there must exist a close relationship between these ljocomotive organs and
the locomotion type of animals., Therefore, it would be véry ‘ihteresting to
investigate this relationship, in the related animals which live in different
environments and have different habits. Especially, the invesﬁgaﬁoh of the
relationship concerning the relative sizes of limbs and wings, the mutual
sizes in their long bones or segments, vnamely, the index, on the one

ide and the Iocomotion type of animals, on the other, is important from
both the standpoints of morphology and of oecology. Davenport (1933)
made clear the relationship between the crural index and the locomotion type
in mammals. Shimizu and Suzuki (1943) studied the index of limb bones
in Triton, and further the author (1847) investigated the relative growth of
bones in the albino rat, and also at the same time studied the development
of the index of limb bones. And the author also investigated, the effect of
the abnormal behavior on the growth of bones of the operated albino rat
whose lower arm, when newly born, is cut off at the elbow joint without
damaging the humerus. Now the author would call all the studies such
as above-mentioned, ‘“‘Studies on the kineto-adaptation”. Such investigation
of the operated albino rat as was said is “‘Studies on the Kineto-adaptation
through Experiments’. )

I wish to‘continu_e the study “On the Kineto-adaptation’ hereafter, but
I live in the inconvenient epvironment ‘to take advantage of the literature
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concerned, and I sincerely hope that the reports would instruct me on the:

literatures.

I. On the Index of Limb Beones and the Locomotion
in some Frogs.”

Introduction

As we all know, the Anura is very popular animal and we can easily
collect some species of them with different locomotive types. Namely, they are.
Bufo which is inactive in both locomotions, jumping and swimming, Rana
nigromacuiata which is skilful in both locomotions and Rana temporaria which
is a good jumper, etc.

The author investigated the relation between the mutuality on size of
fore and hind limb bones, and of homologous bones of both limbs, the index
of two long bones of them, on one side, and the locomotion type, on the
other.

And 1 obtained some results, so I will report here about them. Here
I am thankful to Mr. Takao Higuchi and Mr. Kazuo Iwamoto who are the
students of the Shinshd Univ., to whom I owe in collecting the materials.

Materials and Methods

Frogs taken in this study are all adult; their species names and
numbers are given in Table 1.

* 1. The summary of this study was reported at the 22nd General Meeting of
the Zool. Soci. of Japan, in Hiroshima, 12 October 1951.

2. “Studies on the Kineto-adaptation II. On the Relationship between the Rela-
tive Sizes of the Locomotive Organ and the Locomotion in some Insects of Or-
thoptera” was issued on Bull. Fac. Edu. Shinsha Univ., No. 2, March, 1952.
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Table 1. Notes on Materials

Species Name N Collecting Place B
Bufo vulearis formosus g } 16 | Tokyo
\Arcifera
Hyla arborea japonica Guenther gé’é} 45 | Matsumoto, Nagano Pref.
Rana japonica Guenther g } 14 | Katsuta, Ibaraki Pref.
R. nigromacuiaia gig} 31 H%g%ii’o I—%irge?hichikuma.
Firmistorna | R. rugosa Shlegel 223} 31 ”
R. fatesbez‘ana Shaw Q 3 K%:ggaﬁol%izafl_ﬁ: Shimosuwa,
R. temporaria ornativentris g é} 4 M;‘c:lgx{:ggvap,ri{t_i.taazumi,

In the investigation, frogs are mot divided by the sex. Of Bull frogs
and R. ftemporaria, their numbers are very few, compared with the lothers,
-and as to the results, I put this point into consideration.

Investigated indices are as follows; the indices as to indicate the mutuality
-of size of fore and hind limbs and of homologous bones of both limbs are the
intermembral index, the index of radio-ulna to tibio-fibula and the index of
Jhumerus to femur, the indices as to indicate the mutuality of long bones of
limbs are the brachial index and the crural index. The lengths of bones were
‘measured with the caliper at the longest par:t, and the lengths of radio-ulna+
-humerus and tibio-fibula+femur are taken as those of fore and hind limbs,
respectively. Indices are shown with percentage in all cases.

Indices can be cbjectively indicated clear as above-stated, but the type
-and force of the locomotion cannot be done so. Therefore, the forces of
jumping and swimming were subjectively judged by their environments and
Jhabits.

The difference of indices by the species was tested by the confidence of
‘intervals as follows. Namely, first, the sample mean and the unbiased estimate
-of variance of indices were calculated in each species. The sample mean %,
and the unbiased estimate of variance #? are given by the following formulae;
‘here x; is the sample value and N is the size of sample:
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Based on these values the confidence of intervals of the population mean (2}
is determined as follows;

—A4<m<z+ 4

here 4 =—§”~, # is Student 7 in the level of significance 19%.

~'N

In the above method the confidence of intervals is calculated in each:

species; for instance, in two species, in the case of sample means are x, Z,
and the confidence -of intervals are Zi+d4), F*+ds, if these ranges do not
overlap each other, the difference of 7 and % is significant, and if they do

it is insignificant.

Results and Discussion

Results are given in Table 2, Fig. 1 and 2.
Indices of homologous bones of the fore and hind limbs.

1. The intermembral index (fore limb/hind limb x 100)

As is shown in Table 2, this index is smaller than 160 in all species,
in other words the fore limb is shorter than the hind one in the length.
In B. vuigeris this index is 78.6, and is remarkably high, compared with the-

Table 2. Statistic values on the index of the limb bone in Some Anura.

intermembral index ‘ humerus/femur

Species Name N - - 7
i Y .Mi.~Ma. £ | Ek4 |Mi~Ma,

' | = . 1
B. vulgaris 165, 2)) 718.6 | o0, T 318 738 825 88.0 [g?iﬁgsiﬁﬁgg 82.6~93.0

_ L — ‘ -

b i {517 50.5 + 1.28 59.0 & 0.99 .o

H. arborea _,fa;an,ca1 45 { S8 | 505 4giansy7g 485539 59.0 58'01'“59'%5 55.8~62.8
o 42 + 281 . lsT3 208, . o
R. japonica 14(5, 2)| 4.2 41.7~48.1 57.3 | 53.6~61.9
\ | 41.39~47.9} hl 54'35~50'251 %

R. temporaria (5 1 |

OTRAtIVENETIS 4 Vg 3| 444 56.3 ‘
R. rugosa s1{8,5 | 82 2% L8l 458505 60.2 | 8050~ a0 ] 57.5~633
R. catesbeiana | 3 (3) 47.2 ; 58.7 ‘

o 520 53.2 & 1.38 64.0 + 1.71
R. nigromaculata | 31 { i1 | 532 51825458 47.9~56.4 64.0 | 25’00 ooy 59.7~69.5
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others. Except B. vulgaris, this index is 53.2 in R. nigromaculata, and is the
highest and that is 44.2 in R. Japonica and is the lowest. And between these
two, the other species are in a line in descending order, as follows: H.
arborea, R. rugosa, R. catesbeiana and R. temporaria. This will make it
clear that in this index there is no remarkable difference by species, with
the exception of B. vulgaris. And further it is clear that in this index, the
difference is insignificant in many species. Therefore, based on this index
frogs will'be_ divided ‘into the following -two groups: Bufo and the others.
Namely, in Bufo the fore limb reaches about 809% of the hind limb, but in
others the fore limb is about half of the hind limb, and the relative length
of the fore limb is very short compared with that of Bufa.‘

2. The uidex of radic-ulna to tibio-fibula: the index of humerus to
femur.

As it is cle r from Fig. 1., these indices are essentially in accord with
the above -intermembral “index about” the relation among species. This ac-
cordance is narural result from the fact that, as already stated, the length
of fore and hind limbs is humerus-radio-ulna and femur-+tibio-fibula, respec-
tively.

The differences that exist between these indices are:

i. The index value is higher in the index of humerus to femur, generally.
Namely, in B. vulgaris, though the index of humerus to femur is 169 higher

(under the level of significance 19)

radio-ulnajtibio-fibula | brachial index | Crural index
2| #xd ]M~Ma z ‘ Z44 ‘Mi.~Ma. i\j} S4a i Mi.~Ma.
68’.5!’gg:g4+:7§:gg;-64.2~72.5( 71.2@:%62721221 58.8~75.9 92.9 S22t 34l 830~ 048
21 51T 5 55 391~451 709 gg:*l’oj{éﬁg‘ 65.1~78.1 9.3 gy 0 o'5s o48~105
33.0| 35055 o 58 30-4~35.3 68.4 gg:ésfﬁ%gj 62-7~74-4118~2ﬁgfglilzgﬁggius-gqm'5'
380 68.8 13| |

: ) 1 !
373|573 + 1.08 1089 £ 195,500 1140

36.22~38.38| 50-2~39.0 67.6 | g5'a5" ag' 35 64.9~71.0108.9105'95" 110.85

36.1 ) 64.1 i 103.3

| \
!

‘ |
42.7 + 1.40- 4 67.9 + 1.88 101.5 £ 2.15 .
42.7 41.30~44.10 39.2~45.4] 67.9 66.02~69.78‘ 62.8~74.5101.5 05,85 103.65 97.4~104.9
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apeciss pame .
radio-ulna/tibio-fibula
Bufo wuigeris

Hyla arborca japonics —
Rang japorica —

R. temporaria ornativeatris t

R. rugosa -+

R. ratesbeianc i

R. nigromsculcle -

v
]
{
1
Bufo vulgaris humers/fesaur
1
Iyle arbosea japonic
Rang  japonies
R. Zlemporsria oractivontris
R. rugosa

R. nigiomacuiala
[ i

Bufo walgaris intermembral index
Hyla arborca jeponica
Reng jeponien e
K. temporaria ornativentris i

R. sugese —t]
&, ecleshiona !

B, nigrowamcssicia ——

|
|
i
|
|
R cotesteiena } \
|
|
|
|
]

] 3 H H i 4
20 40 50 &0 70 80 80

Fig. 1. The confidence of interval in the index of the mutual
homologous bones of the fore and hind limbs (xZ+ 4).
The sample mean is indicated with the short line.

than the intermembral index, on the contrary, the index of radio-ulna to
tibio-fibula is 109§ lower than that. In the others, too on this point they are
principally in accord with Bufo: that is to say, the index of humerus to
femur is 609% and 1095 higher than the intermembral index, and the index of
radio-ulna to tibio-fibula is lower than that, but in the latter the difference
by the species considerably remarkable, compared with the former.

ii. By the index of humerus to femur, frogs are divided intc two groups
as was in the case of the intermembral index, but in the index of radic-ulna
1o tibio-fibula, frogs are divided linto three groups: Bwfo: H. arborvez, R.
nigromaculata and R. rugosa, R. catesbeiana, R. tempoyraria, R. japonica.

Indices of two long bones of the fore and hind limbs.

1. The brachial index (radio-ulna/humerusx100)

In R. catesbeiana, this index is 64.1 and is the lowest, in B. vulgaris that
is- 71.2, the highest of all. Accordingly, of this index the difference between
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the lowest and the highest is merely 7.1. And from the index value, it is
said that radio-ulna is slightly longer than /> of humerus, in all species.

Further, sesing m-+4 in Fig. 2, we find the surprising fact. Namely,
the sample mean of this index shows a little difference by the species, but this
diffexrence cannot be significant. In other words, this fact means that this index
has no close relation to the locomotion of frogs.

2. The crural index (tibio-fibula/femur x 100)

Cm! indez
Bufo vuigiris

Hyle arborea japoniva
Rang japonice

R, temporaria ornaliventris

R. sugosa

R. catesbeionz

S S
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Fig. 2. The confidence of interval in the index of two long bones of the fore
and hind limbs (x+4). The sample mean is indicated with the short line.

We can see in Table 2 that this index, in R. japonica is 118.2 and is the
highest, and in B. vulgoris that is 92.2, the lowest of all; between these
two other species are in line as follows, in descending order: R. femporaria,
R. rugosa, R. catesbeiana, R. nigromaculata and H. arborea. But as it is
clear from Fig. 2, it is difficult to make grouping of Species in a boundary
line. But through the qualitative difference of this index, frogs can be divided
into the following three groups. That is in Bzufo, whose index is the lowest
of all, tibio-fibula is a little over 909 of femur; accordingly, the former
is a little shorter than the latter, then in Hyla, R. migromacwulota and R.
catesbeiana they are about in equal length in both, and in other species tibio-
flbula are longer than  femur, especially in R. japownica whose index is
the highest, tibio-fibula reaches to 1209 of femur in the length. It must be
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said to be interesting and to notice that this grouping is in accord with the
afore-said index of radic-ulna to tibio-fibula, but the order by the index
value is different. - Namely, though in the index of homologous bones of fore
and hind limbs, the index is the lowest in R. japonica, and is the highest in
Bufo, but in the crural index .this order is inverted, and the highest in R.
japonica and is the lowsst in Bujfo. ,

The above indices of the limb bones show a fair difference by species
with the exception of the brachial index. Next, I will comsider this dif-
ference by the species in the relation with the locomotion type and the
environment of frogs.

In adult Bufo, its relation to water being not so intiméte, its chance of
swimming is less, and it is unskilfull and inactive in jumping. Therefore, in
Bufo, both locomotions of swimming and of jumping are inactive, and in a
word, it will be said, that the locomotion is slow and blunt in this species.
And the body type in Bufo is massive. In R. japonica and R. femporaria
the relation to water is.alike as.in Bufo, but there is the following difference
between them; the body type is smart and jumping is skilful in the latter.
In Hyia, R. nigromaculata, R. yugosa and R. catesbeiana, the body type is
as like as in the above two species of genus Rana, and in these four species
there are common characteristics in the environment and lecomotion type.
Namely, they all live in water and moist places, and are skilful in both
locomotions of jumping and of swimming. It may be said that Hyle and
K. rugosa zre inactive in their lecomeotion, compared with R. nigromaculata
and R. catesbziana, but this is doubtful as far as the consideration of the
difference of the body size between them is concerned.

From this, it may be said that the locomotion type of frogs studied here
will be divided into the following three groups:

Bufo: unskilful in swimming and jumping, and are stupid in its motion.

Hyla, R. nigromaculata, R. rugosa, R. catesbeiana: skilful in both of
swimming and jumping. To say the least of it, they oftner swim and
jump.

R. japonica, R. temporaria: skilful in jumping, to say the least of it they
seldom swim.

These three groupings of frogs are in accord with grouping through the
index above-stated. Accordingly, the relation between the index and loco-
motion type is as follows: ) ;

Through the intermembral index and index of humerus to femur, frogs are
divided into two groups; these indices are high in the stupid Bufo and are
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low in the others, especially these are the lowest in R. japomica and R.
femporaria which are good jumpers. In Triton (Urodera) (Shimizu and Suzuki,
’43), the intermembral index reaches to 104~114, and is remarkably higher
than Bufo (Anura) , Tﬁfb"ﬂ cannot jump. Thérefore, it is said that thé short
fore limb relative té hind one and short humerus relative to femur, are profit-
gble in jumping. But, through the index of distal bones of the fore and
hind limbs that is the index of homologous bones, frogs are divided into
the following three groups: Bufo: Hyla, R. nigromaculata: E. jaj)bnica,
‘R. temporaria, R.imgosa, R. catesbeiana. ‘This diserepancy' in grouping is
unaccountable. '

In the brachial indéx, there is no significant difference by the Species. This
is nothing but that this index has no close relation with the locomotion of
frogs. In both locomotions of jumping and of swimming, frogs do not use
the fore limbs so much as the hind ones. It may 'be. said that the ahove
result is due to this fact. In Trifon, tbis index is only 46~59, and is sc low,
compared with that in Anura.

The crural index is remarkably high' in R. japomica which is the good
jumper, as compared with others, while this index is very low in Bufo
which is stupid and those of Hyia, R. nigromaculata, R. rugosa which are
skilful in both locomotions of swimming and of jumping lie between these
extremities. Davenport (°33) reported that this index is the highest in
jumpers, compared with those of the other locomotion type in mammals.
Therefore, it is common in A#nzre and mammal that the relative length of
tibio-fibula to femur is longer in jumpers than the animals in other lecomotion
tvpe. In Triton, this index and the brachial index are nearly equal, and it is
45~53, but this is very low, as compared with the crural index of Anura. It
is interesting to consider this difference from the standpoint of the locomotion
type-

As is clear in Table 1, Bwufo and Hyla belong to the same suborder
Arcifera, and the others belong to genus Kane (suborder Firmisterna) from
the viewpoint of taxonomy. As clear from afore-said results, the classifica-
tion of the frogs taken in this study through the index does not accord with
that of taxonomy, and Hwvla belongs to Ranma rather than Bufo. Namely,
through the index, the frogs taken in this study are divided intec two
groups ; Bufo and the others. It is considered that this may be the result of

the adaptive character due to the environment and locomotive obligation.
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Summary

Here the author’s investigation into the relationship between the index of
limb bones and locomotion in some frogs (ref. Table*1), brings the fol-
lowing results:

1. The intermembral index (Table 2, Fig. 1) : Through this index frogs
are divided into the two groups; Bufo and the others. The index of the
former is about 80, the highest of all, and those of the latter are about
50. It is said, therefore, the length of the fore limb to that of the hind
one gains the most in the inactive frogs such as Bufo.

2. The index of humerus to femur (Table 2, Fig. 1) : On grouping and
values of this index, it is essentially in accord with the index above, but this
index is about 109 higher than that in all species.

3. The index of radio-ulna to tibio-fibula (Table 2, Fig. 1) : This index
is essentially in accord with the above indices, too. But in this index in
the grouping differs from the above-stated indices. Namely, it is as follows,
descending order; Bufo vulgaris (68.5) : Hyla arborea, Rana wnigromaculala
(about 42) : R. rugosa, R. japonica, R. temporaria, R. catesbeiana (about 35).
This discrepancy in grouping is unaccountable.

4, The brachial index (Table 2, Fig. 2) : For this index, it shows about
70 in all species, indicating insignificant difference by the species. In- other
words, this index has not much to do with the locomotion of frogs. It may
be said that this is due to the fact that frogs do not use the fore limb so
much in the locomotion.

5. The crural index (Table 2, Fig. 2) : Through this index, frogs are
divided into three groups: in Bufo thisds the lowest, and tibio-fibula is shorter
than femur just slightly; in H. arborea, R. mnigromaculate and R. catesbeiana
tibio-fibula is nearly equal with femur in length; in R. rugosa, R. japonica
and R. femporaria tibio-fibula is longer than femur. In this index the order
of Bufo and R. japonica is in the reverse with the above-stated intermembral
index, accordingly it may be said that in the good jumper such as R. japonica,
tibio-fidula is Ionger than femur.

6. Of the frogs taken in this study, Bufo and Hyla belong to the same
suborder Arcifera, and the others to genus Rana (suborder Firmisterna) from
the viewpoint of taxonomy. But from the above-stated index Hyla belongs
to Rana rather than Bujfo. It is considered that the factual difference of the
grouping in taxonomy and index may result from adaptation due to the

environment and locomotive obligation.
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