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Table 2. #AizHT 3HIOVTOLFERONSEICET 2 XERE TOEEE
Number of plots relevant to the four cases in the 2x2 table for interrelational
distribution on term of nests and its chi-square value in each month.

e O e X B % No. of plots 4 EITHE
E B |=v¥7 |7axXs | dFaH| T &2 b3 |F F| Chisquare test
Date > X 3 B Co- Sole-occurrence NQ e
Red- |Ainu mouseloccurrence| - — existence 2
backed | +geisha CA* CA AC CA x P
vole mouse (a) (¢c) [€D) d)
1953 Sept. 16 12+16 5 7 14 38 0.58 | 0.50~0.30
Nov. 12 11+ 4 2 7 13 42 0.10 | 0.80~0.50
1954 May 3 6+ 2 0 2 6 56 0.59 0.50~0.30
July 18 11+ 6 4 8 8 44 1.05 | 0.50~0.30
Oct. 54 6+ 6 4 30 6 24 3.14 0.10~0.50
1955 May 10 6+ 1 0 8 6 58 0.10 | 0.80~0.50
July 15 74+ 0 1 11 6 46 0.03 | 0.90~0.80
Oct. 75 16+ 0 9 39 4 12 0.03 | 0.90~0.80
1956 May 11 5+ 0 0 8 4 52 0 —
July 25 14+ 1 5 13 7 39 1.02 |} 0.50~0.30
Sept. 37 14+15 6 24 12 22 1.16 | 0.30~0.20
Nov. 35 9+ 1 1 22 5 36 0.41 0.80~0.50
1957 May 9 3+ 0 1 6 1 56 0.08 | 0.80~0.50
Aug. 4 8+ 0 0 4 7 53 0.01 0.95~0.90
Sept. 17 5+ 0 1 14 4 45 0.03 | 0.90~0.80
Nov. 4 94 0 1 4 4 55 0.03 | 0.90~0.80
1958 May 8 4+ 0 0 7 54 0.10 | 0.80~0.50
Sept. 17 7+ 0 1 13 4 46 0.20 | 0.80~0.50
Nov. 25 8+ 0 0 17 5 42 0.76 | 0.50~0.30
1959  July 45 11+ 2 2 28 7 27 1.87 0.20~0.10
Sept. 82 20+ 8 18 28 4 14 0.97 0.50~0.30
Nov. 67 22+ 0 13 30 4 17 0.42 | 0.80~0.50

* C=Clethrionomys rufocanus bedfordiae
A =Apodemus spp.
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Table 3.

£ RCBT BTHEIC DWW ToOSHEEOESRICHET AKERE F0ERYE

Number of plots relevant to the four cases in the 2X2 table for interrelational distribution

on term of home range and its chi-square value in each month.

B} . e

lz i1} & No Of plOtS 7 ’f a % & =

E A . T A& b 7T lﬂ‘f‘on- 3 Chi-square test

Date Co-occurrence Sole-occurrence existence
CA CA CA CA 12 P
(a) Ce) (%) d)

1953 Sept. 10 15 12 27 0.023 0.90~0.80
Nov. 2 11 11 40 0.012 0.95~0.90
1954 May 1 3 5 55 0.049 0.90~0.80
July 11 13 42 0.851 0.50~0.30"
Oct. 38 6 13 0.012 0.95~0.90
1955 May 0 8 6. 50 0.042 0.90~0.80
July 2 15 5 42 0.106 0.95~0.90
Oct. 15 41 6 2 0.524 0.50~0.30
1956 May 0 11 4 49 0.066 0.80~0.50
July 9 26 9 20 0.036 0.90~0.80
Sept. 17 21 14 12 0.213 0.80~0.50
Nov. 3 31 4 26 0.030 0.90~0.80
1957 May 1 10 4 49 0.196 0.20~0.10
Aug. 0 4 9 51 0.086 0.80~0.50
Sept. 1 20 4 39 0.086 0.80~0.50
Nov. 2 5 5 57 0.888 0.50~0.30
1958 May 6] 9 3 52 0.018 0.90~0.80
Sept. 2 27 2 33 0.105 0.80~0.50
Nov. 3 23 4 34 0.078 0.80~0.50
1959 July 10 33 3 18 0.256 0.80~0.50
Sept. 35 22 2 1.573 0.30~0.20
Nov. 21 34 5 0.381 | 0.80~0.50
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Population Ecology on Small Mammals and its Contrel (II).

- Interrelational distribution of rodents.

Sukesaburo HIGUCHI

(Résumé)

How mutual relationship not only of its own species but also of other species, as a compo-
nent of environment may influence distribution is a problem in studying population ecology.
In the first paper of this series, I discussed relations within the red-backed vole species. This
paper deals with the interrelation between the red-backed vole and the two Apodemus spp. mice
in a mixed population.

Method

A grid of the mark and release method for investigating population was set in a secondary
forest with a dense Sasa grass layer which forms a favorable environment as the habitat of the
red-backed vole and with invader trees such as maple, birch, elm that provide the Apodemus

spp. with conditions of their living.
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The grid has 64 unit plots in 8 rows by 8 columns to a total size of about 105 meters
square, and at the center of each plot a living trap was set (Figure 1). A rodent caught at
each center of several plots is regarded as having movement over the plots, and its home range
is mapped out.

Investigations for 7 days were generally done four times in a year, in May, July, September
and November, from September in 1953 to November in 1959.

Result

Three species, that is, the red-backed vole (Clethrionomys rufocanus bedfordiae), the ainu
mouse (Apodemus ainu ainu) and the geisha mouse (Apodemus geisha) were the subjects of
observation.

Monthly changes in the number of individuals in the three species are shown in Figure 2.
In general the red-backed vole prevailed over the two Apodemuus spp. mice in number.

With the ainu mouse, except for the record of 16 mice in September in 1953 and 1956, the
numbers of individuals caught generally were fewer than 5 mice. The number of individuals
with the geisha mouse was a little more than that of the ainu mouse.

It is not evident whether the cause of monthly changes in the number of these individuals
depends on their reproductive ability in itself or on the influence of interaction between three
species. An attempt has been made to obtain a correlation figure by analysis.-

Correlations between the red-backed vole and the geisha mouse in monthly change of number
of individuals are shown in Figure 3. In 1955 the two species have a correlation that is repre-
sented by the regression line ¥Y=0.15 X+4.7, (X : number of individuals of the red-backed vole,
Y : number of individuals of the geisha mouse) and in 1958 they have a correlationship that is
shown by Y=0.24 X+2.3. The two regression lines are significant at the 5% level. That is,
the tendencies of increase and decrease in number of individuals in the two species in the two
years seem to be alike. In the other years there is not any correlationship. As a whole a
relationship througout all the years is shown by the regression line ¥=0.16 X+5.0 with signi-
ficance at the 5% level, which means that the number of individuals in the two species are in
proportion.

Relationship between the red-backed vole and the ainu mouse is shown in Figure 4. Very
few ainu mice were caught in 1953, 1954, 1956. and 1959, and there is a correlationship
between the two species in these years. There is also a correlationship throughout the whole
investigation period.

The relationship between the ainu mouse and the geisha mouse that are a pair of siblings
is shown in Figure 5. A correlationship is not found in every year throughout the whole
investigation period.

There is still a problem as to how the three species choose places to live in and to move
around by themselves or to interact among themselves in such a mixed population. COLE (1949)
has devised a method to analyse interrelational distribution for the purpose of finding out whether
two species live with each other in one plot, or one species lives alone in one plot, or two species
live independently without interspecific relation. In accordance with COLE’s method, the
interrelational distribution of this investigation was analysed by making use of capture record in
the plots of the grid for the mark and release method. The number of plots relevant to the
attributes of present and absent in two species as shown in Table 1 were accounted over the
whole 64 plots. In the 2X2 table (@) is the number of plots in which two species occur, (&)

and (¢) are the number of plots in which a single species occur alone, and (d) is the number
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of plots in which two species are absent. Chi-square values were calculated to test significance
by the YATES® correction formula. In the case of significance about interrelation between two
species, furthermore “habitat segregation” and “joint occurrence” that are concrete indications
of interrelationship were analysed by COLE’s index (¢). HOSOKAWA (1955) named C index
“joint occurrence index” in the case of positive value, and “habitat segregation index” in the
case of negative value. The value of C ranges from +1 to —1 in line, and in the case of C=
0, C means that two species are in independent relation.

In this investigation the number of individuals of the ainu mouse was so very few that the
ainu mouse and the geisha mouse were treated inclusively as the Apodemus genus group, and
interrelation between the red-backed vole and the Apodemus spp. were analysed.

It is assumed that the home range of rodents caught would extend over some plots, and
there would be a nest in plots with the most frequent captures among plots of the home range.
Interspecific relation was analysed in terms of nest and home range.

As an example of the interrelations in terms of nest, Figure 6—1 shows that there are 4
plots belonging to “co-occurrence” with the red-backed vole and the Apodemus spp, 4 plots in
which the red-backed vole species inhabits alone, 8 plots in which the Apodemus spp. inhabits
alone, and 44 plots in which neither of the two species occur.

On the interspecific relation in terms of home range, the Figure 6—1 shows that there are
9 plots in which the home ranges of the two species overlap, 13 plots in which the red-backed
vole species moves around alone, 11 plots in which the Apodemus spp. moves around alone,
and 31 plots without any track. .

The interrelational distribution of nest, the number of plots in each of the four cases in
the 2x 2 table, and the significance of relationship in each month are shown in Table 2.

Interrelation between the two species in each month is not recognized as significant at the
5% level. That is, it might be said that nests of the two species were built' up without interac-
tion with each other.

On the interrelational dstribution of home range, the number of plots in each of the four
cases and the significance of relationship in each month are shown in Table 3. In each month
there is no interrrelation. That is, home ranges of the two species distributed without relation.

The situation of co-occurrence and exclusive situation are seemingly found in some plots in
a certain period. Consequently it is difficult to prove interspecific distribution objectively by
observing only some partial situation. However. to analyse interrelation distribution by a
statistical test seems to be objective. That such a situation of interspecific distributon as in
each month in this investigation might take place even in the case that two species are living
without interaction is deduced mathematically.

Discussion

In this investigation, I did not have an opportunity to investigate relation between the
tendency of increase and decrease of each species in number and physical components of envi-
ronment concerned with each species.

If the fluctuation of two species might depend on some physical components of environment
concerned with each species, there would not be found any relationship of two species. However,
in addition to physical components of environment, if the component of exclusive interaction
between two species, fairly powerful, has an influence on the mixed population, a reciprocal
relationship might take place in the fluctuations of two species.

No reciprocal relationship was found from the result of this investigation. Judging from
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this point, it is not considered that the components of interaction between three species plays
such an important role that one species drives out another species from some area.

As regards the habitat selection of the three species, it has been concluded that the red-
backed vole seeks the vegetation of grass land which supplies their food, such as green grass,
and the Apodemus spp. selects the vegetation of wood land for a favorable habitat which
supplies acorns and seed as ordinary food.

From this point of view, the secondary forest utilized in this investigation possessed homo-
genously physical components of environment appropriate to the lives of three species. Never-
theless, considered from the viewpoint of succession stage, the secondary forest has not yet been
developed to an advanced stage, that is, there were not many invader trees; and grasses still
thrived and prevailed more abundantly than trees.

It is considered that such a secondary forest leads to the fact that the red-backed
vole generally outnumbers the Apodemus spp. The situation of interspecific habitat in the
same way is found in Mc CABE’s ecological study on Peromyscus maniculatus, P, truei and P.
californicus.

In the observation of breeding in the laboratory, the vole and the Apodemus never huddled
at the corner of the breeding box. Within the same species animals assumed a competitive
attitude against a new comer at first, but joined in the huddles later on.

The facts of this observation suggest that in the field there might be exclusive and affinitive
relation within the same species, and only exclusive relation between different species. Ac-
cordingly, it is considered that there is the territoriality feature in interspecies as well as
intraspecies, but the interspecies characteristic is not so keen as it is in the intraspecies because
the necessities of life differ among different animals. This view is supported by the findings
in Figure 6 that the home ranges of the two species overlap, furthermore, generally speaking
the ainu mouse moves over a larger range than does the red-backed vole. .

The relationship of interspecies in this investigation seems to be in the same way as that in
OTAKE’s review that the living things insist exsistence by making use of a little divergence in
living mode and zone of life because they divided in morphology and they have been created
different forms of life.

I have an interest in OTA or BROWN’s study that a powerful interactions was found in the
place where two species dispersed from each favorable habitat and associated with each other.
But it is not considered that exclusive relationship between two specics, except territoriality,
would be found in an area which provides two species with necessary of life concerned with

each species.



