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~Quetelet. (1871) was the first who worked out the variability of human

bodies by the statistical .method, and established his law which later enabled
Galton and others to .recagnize. the coincidence of the variation -curve with
the binomial curve.. Actual investigations, so far completed, support -the law
-by which the general phases  of variation in the organic world are explained.
i In~the year of 1894 Boteson worked on the wvariation of the - stagbeetle
‘vz(Xylétrupes | gideon) and,’ later ‘on that of the earwig (Forficila auricularia)
-and ' detected thedimorphic curve of frequency of variates. <He was’followed
by a series of investigators on :this question including de Vries (1895) on
Chrysanthemum, Weldon (1895) on crabfish, Heincke (1897) on herring, Jen-
nings (1911) on Paramaecmm, Goldschmxdt (1897) on moth and so forth.

As is well known, Bat&éa’ dxsfmgmshes “high”’ 'and “ow’ individuals, ap-
plying the terms respectively to large and small sized individuals of the
Same sex of 3 species, that he had found by measurement of the horns of
Lucanid stagbeetles. ’vl_‘bve tegms refer, however, not only to the horns byt
also to the body\itsefl(.;.acoe;ding: to its. strength. . Bateson regrets .‘no suffi-

- [Trans.-of Sappéen: Natial Mlistoty Soc:.Vol. X, Part 1. 1984] -~ © .7 i
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cient number of male stagbeetles has yet been received to warrant -any state-
ment as' to frequency of the various types of male.” 'Now the Lucanid
stagbeetles are, however, very common in forest localities in this country.

The stagbeetles occur very abundantly .in our university grounds, being
represented by two species called respectively Cladognathus inclinatus, Motsch;
and Lucanus maculifemoratus, Motsch. During the last few years (1917-1919),
a number of specimens was collected chiefly by Dr. Yoshimaro Tanaka. As
is very well known, the male beetles are built very strohgly and carry a pair
of splendid antlers which are nothing else than vigorous mandibles. The
females are furnished with a pair of solid but short jaws. Accordingly, these
features of both sexes afford us already an excellent example‘ of sexual di-
mérphism; but this is not the oniy difference. Upén further examination we
find that there are in these forms other features which show the facts of
variation. ,

Last spring, I had an opportunity to study the above mentioned collec-
tion which consists of 1362 males and 1333 females of (Zadognathus and 320
males -and 809 females of Lucanus. In specimens, taken at random, measure-
ments and examinations of severa#! facts have been carried out, and we find
that the law of ‘high’ and ‘low’ individuals quite obviously applies to them.
As the ody lingth 1 have taken the extent from the top of the caput to the
hind extremity of the sheathwings. ; 4

In this place, I wish to express my thanks to Dr. Hatta for his courtesy

shown during my present study. - I am also very much indebted to Dr. Tana-
ka who allowed me the free use of the collection.

I. Cladognathus inclinatus, Motsch.

Male —The de{/elépment of the mandibles in étr'ehgth and otherwise, ‘m'ay
be said to be proportional to the bodybulld a large s:zed ‘hlgh’ form is built
Solid and carries, together with strong legs, arched and vigorous antlers” with
several strong tines (Fig. I, a—c), while ‘the sm,all ‘low forms have straxght
short antlers looking like. a: pair of 'scissors Wwith serrated. edges, giving a
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weak appearance (Fig. I, ¢. £) As Fig. I shows, a complete gradation (Fig.
I, a—%) occurs between the two extreme forms, and a ccntinuous, fluctuating.

variation is quite obvious in this species (Fig. I, a—%).

Fig. 1. Cladognathus inclinatus Motsch. male. View of continuous variation between
~ largest (46mm) ¢ and smallest (25mm) % variates. & (36mm) small form of
high tyge, & (3omm) large individual of low type, while ¢, (37mm), ¢ (35mm)

and f (34mm) show intermediate forms from high to low. (Natural size).

Examined more precisely, the strength of the antlers together with their
curvature is diminished from @ to / (Fig. I) by grades until both mandibles
are almost parallel to each other, as seen in g and ~  The tines are also
diminished in strength towards the small sized individuals, in which case they
are represented merely by the serrated inner edge of the antlers; on the
other hand, they get more numerous from the high forms to the low ones
(see Fig. I, a-%). The variation is indeed, fluctuating; it is, however, not
shown by a straight line, but describes a curve; as the following accounts show. .
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According' to the length of the: body, ‘which' was.' measured with an ex-~
actness of about 1/10 mm, the individuals have beem grouped into 23 classes
which comprise all those which stand between a'given unit and the next one.
As the result of these measurements the following table was obtained (Table
0. o o

Table I

Class. (mm) 24 25 26 27 28 29 30 31 32 33 34 35
Frequency. 2 7 1z 35 52 75 81 61 66 47 43 52

Class. (mm) 36 37 38 30 40 41 42 43 44 45 46
_ Frequency. 62 70 9o 104 187 124 99 66 60 15 2

From this table it is evident, in the first place, that the body size is
found to vary from 24mm to 46 mm. Consequently the .Iargest individuals
attain about twice the size of the smallest ones; this fact in itself is already
striking. In.the second place, the number of individuals is gradually in-
creased to the height of the 30mm class, which is represented by 81 mem-
bers, while the smallest i. e. the 24 mm -class, contains only 2 individuals.
Then, the number is decreased by grades to 43 in the 34mm class, losing
about 4o in passing through 3 classes. From the 35 mm class on, the num-
bers of the respective classes rapidly increase again and finally attain, in the
40mm class, the climax with 137 individuals. Then, the number falls again
by grades ‘a's far as the 44 mm class with 62 individuals. In the next class,
45 mm, the number drops very- suddenly and still more so in the class of
46 mm, which consists of only 2 of the biggest forms. “Taken as a whole,
the prevalent distribution of variates of the 23 classes .is met with twice, i.c. at
t/ze 30mm class. and at the 40 mm, fhg_‘two being s_epara,ted. by a-wide gap
near the 34 mm class. ' ‘ . '

I have. endeavored to- show the results grapl'ucally in Fxg 2. The figures
on the ordinate show the number of individuals, these oh the abscissa. giving
the body’ length in milimeters. - - o

A glancé at"the curve makes it évident that the présent species may ‘be
assurned. to- be: dimorphic, so far-as the majority of ‘individuals is comcerned.




STATISTICAL STUDIES, ON THE VARIATION OF..STAGBEETLES. ) 8t

In this respect the species is provided with two apices around which the popula-

tion is crowded: the first
I.!'o .

Figo = > " apex corresponds to the 30

X mm group, while the second

Iz falls in the 40 mm class. .
From the curve above

given, it is evident that A‘the

0 two apices represent . the

TTTTTTT]

majority of variates: firstly,

I 1] it falls on the 30mm class -

HEEENEERSNNEEENE N
30 - 35 #a 45 .

’ which exhibits the class of

Fig. 2. Curve showing frequeucy of various body

. greatest frequency of moder-
- lengths of male in Cladognathus. Ordinates, numder of 2 9 24 ) :

individuals ; abscissa, body length in mm. ately ‘IOW' individuals, and

: secondly on the 40 mm class
which marks the maximum number of moderately high types, while all the in-
termediate forms (Fig. I. 8-f) lie around the sinus, that is 34mm, which indicates
the rarer occurrence; the 37 mm class marks the higher limit beyond which
none of the low types ai‘é met with, and the 33mm~ class the lower limit,

which is never crossed by any of the high forms.

Female— In contrast to the male which is armed with powerful antlers
the female possesses only a pair of inconspicuous mandibles like forceps.
~ The body size of the female is much inferior to that of the male. The
largest female attains at most the body length of 34mm, or a point which
reaches hardly the height of the male variates of middle length. It then
fluctuates and runs "straig‘ht to the minimum one of 23mm, so that -thére can
ntot be drawn a distinct line of demarcation, as shown by a cotfparison- of
the two individuals (Fig: 3) standing. at the extremities of a row in which.
1333 females are- serially arranged ‘accerding to 'their body length, i.e. ‘magni-
tude. It is evident that the biggest individual () is in every respect nothing
more than the smallest: one () magnified.  -More ‘accurate data 'cah be gath-
ered with the same:method which: consists in thestudy of the males, in group~
ing ‘the- total population “into "gettain /classes: acdording-to the body lengh.-
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Fig. 3. Cladognathus inclinatus, Motsch. female.
Surface view, giving 2 extreme variates of population.
a, largest 34 mm; 64, smallest 24mm form. (Natural

size).

All 1333 female beetles were grouped according
to the units of the scale used in case of the
males and we obtained 12 classes as follows
(Table 2).

Table 2.

Class (mm) 23 24 25 26 27 28 29 30 31 32 33 34
Frequency 9 19 61 129 187 224 226 221 163 68 21 5

From this table (Table 2) we can gather 4 important facts, as the follow-
ing descriptions show. First, the individuals standing at both the extremities
are far inferior to the males in body length, as can be seen at once by com-
paring table 2 with table 1.! Second, the variation in this respect passes over
from each unit to the adjacent ones not abruptly as in the males, but fluc-
tuating continuously; accordingly, its range is shorter than in the case of males.
Third, there are, in consequence, only 12 classes instead of 23 as in the
males. Lastly, the number of individuals in each class increases suddenly
towards the high types and then decreases likewise suddenly.

- These data can be represented graphically by a curve which is shown in
Fig. 4.

The curve starts at first rather slowly and ascends suddenly from 26mm
to 28mm; then it slowly attains the mode and descends likewise slowly to
3omm which is at about the same. height as 28mm on the opposite limb. -
From this point to 33mm it descends steeply just as the opposite limb ascends.
Then it slides into the high type.

Both limbs of the curve, as is evident from Fig. 4, are nearly symmet~
rical and' the curve is unimodal having an apex at 29mm. It follows that
the mean value of the variates, 28.6mm, nearly coincides with the empirical
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mode, 20mm, the middle standing class; that is, it is very near to the normal

variation curve. The value of the standard deviation 4/ 2(#f) , where f
: 7

represents the frequency, # the deviation of any class from the mean, and #

‘the number of variates, is 2.06.

250 Fivg

The female is, in this respect at least,
much more condensed than the other sei?x
200 and may be taken to be homogenetic, modi-
fying itself in the normal way in which

Galton’s single variation curve is drawn. :
150
In addition to these facts the mandi-

bles of the females are formed always uni-
r00 formly like a pair of claws with a fine
serrated inner edge; they are neither arched

antlers, nor severally tined, nor develope:tl

in several strengths according to the size
! of the body, as in the case of the males.

111l IJ'I ANEEE) It follows that the variation in the
25 JO 3 5 .

VPP TP T T T T T T I T I T T !

N ; females is very much narrower in its range
Fig. 4. Diagram showing frequency of
body length of female in Cladognathus. than that of the male.

Figures on axis as previous figure. : e .

II. Lucanus maculifemoratus, Motsch.

Male.—This species was collected also from our university grounds; it is
in the habit of living close together with the previous species, althogh it is
more rare. ’ '
" In the male, the big antlers may be said to be uniformly built through-
out the whole collection; the most conspicuous feature of this pair of ap-
pendages consists in the bifurcation at their terminus. -Fig. 5 shows that the
antlers are by no means complicated or simplified, according to the body type,
i.e. whether thé Body type is high or low; they are always arched and tined
in several ways;ii‘i the low type (&) as well as in the high type (), except
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that the tines of the former- are inferior. in development -to those of the latter.

The only .externally noficeable distinc-
7| tion between the two .types is found
"in the cagut whtch in the low type,
] -is truncated on both sides of its hind
part, while in the high type this part
.- is not truncated. ;
Taking the.same: unit of mea-
~;Surement as in Chdognw‘/zus, the total
* 320 male specimens whose body length.
| I measured may be arranged in 23
| calsses (Iéble 3).

_ Fxg 5. Lucanus macul; femomtm, Motsch. Photo

of representatives of two extreme variations.

‘ @, largest 5omm; &, smallest 28mm: indivi-
dual. (Natural:size). ’

, Table 3.
Class (mm) 28 20 30 31 32 "33 34.35 36 37 38 39
Frequency I 2 2 I0 8 10 10 9 I0 18 15 14

Class (mm) 40 41 42. 43 .44 45 46 47 48 49 50
Frequency 24 20 22 20 42 35 26 12 8 I 1

. From thxs table we notice, in thc‘ first place, that the present specxesw%s '
larger than the male of C(ladognatkus in both the high and low. types; .in
-the second place, -the - variation ; passes abyruptly. from one umit- to' the ﬁixt
-one; consequently there ate,. thirdly,.23 classes as i, Gladognathsus, thasé&t
and near the extremities being mpmm-ky ‘only. a few W &
Table 1); and lastly, the numibers of -each elass are .at first -doypg
‘creasing- and decreasing. . The individuals shows a smidw ais in m
from the 43mm class to’ the 44mm  class; ‘thereafter’ a. steady declite - takes
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place down to the 49mm class from which no more are added.

{0

FPtgb

o
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The results
show that the species in
question is more variable
than Cladognathus and that
the maximum frequency is
attained at the 44mm class.

The above data are ex-
pressed diagramatically in
Fig. 6.

From its start to the 43mm
class, the curve describes a.
zigzag line and then ascends

, | steeply to the 44mm class,

" Jo 35 40 45

Fig. 6. Curve exhibiting frequency of variates in body
length of Zucanus male; explanation as in previous

figures.

limbs ; then at the end it follows a horizontal course (Fig. 6).

however, unimodal.

so from which it descends near-

ly vertically, forming a very
acute angle with its two

The curve is,

In this unimorphic curve the mode is at 44mm and the

mean at 41mm; the median magnitude, 39mm, is, therefore, distant from the

mean.
to dimorphism similar to that which is

obvious in the male of Cladognat/ius.

Female—The female variates of
Lucanus are as simple as those of
Cladognathus ; the individuals of the
low type can not be distinguished
from those of the high type except
by the much inferior body length in
the former, which is a little more than
half of the latter (Fig. 7). It is
remarkable that the caput is truncated

from both sides at its hind part, just

I dare to assume, nevertheless, that the Lucanus male is on the way

Fig. 7.. Lucanus macu’ifemoratus, Motsch. female.
View representing highest @ (3gmm), and lowest
b (25mm) individuals. (Natural size).
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as in the males of the low type (compare Fig. 7 with Fig. 5); the females
look more gentle than the males, because the anterior side margin of the caput
is round, instead of angular as in the case of the latter.

Concerning the body- length, for the measurement of which 809 females
were employed, the specimens are classified into 15 groups (Table 4), using

the same units as in the foregoing cases.

. Table 4.

Class (mm) 25 26 27 28 29 30 3I 32 33 34 35 36
Frequency 2 3 7 20 36 60 86 121 175 124 94 56

“Class (mm) 37 38 39
. Frequency 18 16 I

Excepting the maximum and minimum .length, in which the present species
surpasses the last cne, the variation resembles in every respect that in the
females of Cladognathus. The highest and the lowest individuals are inferior
in body length to the males. So far as the boby length is concerned, the
variation passes not abruptly from one class to the next one, but fluctuates
continuously.  Accordingly its range is not so wide as in the males, and the
classes are limited to 15, while the males are grouped into 23. The number
of individuals in the respective classes increases at first slowly, then very sud-
denly towards the long types i:e. the 33mm class; finally it decreases likewise
suddenly, until at the end it is gradual again.

The statements given on the females of Cladognathus are, therefore, also
valid in this case. There are, however, two points by which the two species
diverge from each other. First, the females of Lucanus comprise 15 classes,
while those of Cladognathus are divided into only 12 classes. The second
point of divergence, which is very important, consists in the fact that the
individuals of Lucanus are added very abruptly to its maximum and decrease
likewise abruptly, so that the multiplication attains directly the highesf point ;
whereas in the case of Cladognathus both the increased and the decreased
number in some classes near the maximum is only slightly diminished. These

divergencies are shown more clearly in the curve which follows (Fig. 8).
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The curve given from the data above illustrated (Fig. 8.), affords us- an
excellent example of the unimodal type which is nearly symmetrical on both -

200 sides of the mode, 33mm; the mean .is

l: Figs 32.7mm-and the median 33mm. Thus the
— theoretical mode coincides almost com-
IS0 pletely with that of the curve, so that it
— stands very near the normal curve.
— By the calculation of the value of
roo ST Y
E A/ z %Q the standard deviation was
— obtained as 2.14.
So- Comparing this curve with that of
i the females of Cladognathus, we see that
here the apical angle is very acute instead
é 30 \ 0. . ' .
'f d o of being an obtuse angle as in the case
Fig. 8. Curve showing frequency . ..
of various grades of body length - of Clad-o.gnat/zus. The conclusion is, there-
of females in Lucanus. Figures fore, justified that the variation in the
on axis represent units and num-
bers as before. females of Lwucanus fluctuates normally

between the two extremities, 25mm and 39mm.

Bateson (1804) was the first who made out in his study of stagbeetles
of Xylotrupes, and earwigs, the existence of two apices in the frequency of
variation. Bateson’s case is-based upon the length of the horns of 342 male
beetles and the length of the forceps of 583 male earwigs. In the present
investigation, we took the body length as the chief factor, because the speci-
mens are abundant enough to ascertain the curve which Bateson made out
otherwise. Our curve is, like his, dimorphic in Cladognathus at least.

In the dimorphie curve which de Vries (1895) gave for Chrysanthemum
segetum, the author aseribes its two apices to the influence of the mixed fac-
tors of two different species,. assuming the first maximum to be caused by the
plants with 13 radial petals and the second by those. of 21. In the course
of his experiments with culture selections, from plants with dimorphic curve,
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he produced two plants which have 13 and 21 petals as their single modes
respectively. This assumption is confirmed by Heincke (1898) from a study of
herring and by Jennings (1911) in the culture of Paramaecium.

The statistic demonstration of the dimorphic curve, which was carried
out by Weldon (1894) on crabfish (Carcinus maenas), has been verified by
Gigard (1894) employing the same material; he states that the curve derived
from the small individuals is caused by parasites. '

According to Goldschmidt (1913), who stated on the wings of a moth,
Lymantria mobacha, the inferior apex of the dimorphic curve comes from the
small type moulted always from small pupae which in  their turn come from
poorly nourished caterpillars. ‘

Besides de Vries, the three last named authors assume the dimorphic
curve to be caused by environmental factors. Bateson denies external circum-
stances which drive the animal into the dimorphic condition, inasmuch as the
high and low forms are living close together under one and the same stone.
The results of the present investigation are, therefore, in this respect in agree-
ment with those of Bateson. It follows ‘that the dimorphic condition of a
species living under the same environmental circumstances is an inborn character.

From the results of the present investigation of Cladognathus, the follow-
ing assertions are justified:~ The female is less variable than the male.
Concerning the body length, the latter is dimorphic while the female is, on the
contrary, unimodal. The smandibles, or antlers of the male exhibit modifications
which may be said to be almost endless, until they are reduced to those of
the low types which are nothing more than a pair of forceps; accordingly the
male in this respect, closely resembles the female which is provided  with
merely a pair of claw-like jaws. The resemblance goes not unfrequently so
far that a male and a female, which are about equal in body size, may not
at a glance be distinguished from each other when they are put into an insect
box, containing many others. = Thence, I dare to assume that the primary
form of the species was represented by the female, from which the male form
was derived by the variation acting on it ‘in ' producing the complicated ant-
lers from the claw-like mandibles. © In fact the antlers are undergoing still
further modifications. ' ' '
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For this assertion, the results obtained from Zucanus afford still stronger
evidence. The variation is more striking also in the male than in the female;
but it is less pronounced, compared with (ladognathus, inasmuch as here the
dimorphic condition of the body length is not yet obvious enough, although a
tendency thereto cannot be denied. ~ What concerns the female, the variation
is still simpler; it represents a #ypical unimodal type. ~The female shows, a
striking characteristic which consists in the truncated posterior. side margins of .
the caput. This morphological characteristic is visible again in the low-typed
males (Fig. 5, &) and grows weaker towards the high-typed ones, until it is
totally lost in the highest (Fig. 5, a). Notwithstanding the antlers which
differ widely from the claw-like mandibles of the female, the female has this
criterion referred to in common with the low-typed male. This characteristic,
then, must once have been, I think, one of the conspicuous species characters.
Here we are, therefore, also forced to assume that the female represenfs the
primary type, whence the male type has been derived.

The present results from the study of the two species of stagbeetles in-
terest us so far as they are concerned with variation, in the fact that they
parallel each other, and as to the degree of variation, in the fact that both
the forms are divergent from each other. It is obvious that Lucanus is in
this respect inferior to (ladognathus,; hence the course of v.ariat'ion in the
latter can, to some extent, be deduced in that of the former. For instance,
the obtuse-angled curve in the females of Cladognathus must have been an
acute-angled one as in the case of the same sex of Lucanus; likewise the
zigzag-lined curve in the males of the latter shows, without doubt, a tendency
to pass over later into the dimorphic curve of the former, This multifarious
variety of forms, which both the species of stagbeetles exhibit, forces us to
assume that the beetles in question are in character quite variable. It is this
variability, I think, that caused the beetles to exhibijt sexual dimorphism.
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