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1. MATERIAL AND METHODS

The object was to explore the regularities, if any, of males and
females numerical dynamics in confined populations of laboratory
white mice. Specific points were: male - to - female numerical ratio,
the rate, character and amplitude of numerical changes in relation
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to the phase (lows and highs) of the population, the duration of the
numerical predominance of either sex, and others.

The data were obtained from populations bred in closed cages of
the following types:

type Z (P,Z,L,D, and V), size: 80 X 80 X 15 cm;

type B size: 160 X 80 X 15 c¢m; and

type A size: 38 X 15X 15 eml),

Cages of types P, Z, L, D and V differed in interior arrangement:
P were the simplest and V the most complicated (Petrusewicz,
1957).

Some data related to type H populations bred in roughly 6-sq. m.
enclosures after Calhoun (1956) with some modifications 2).

The populations were started by putting into particular cages some
mice. In type Z cages the usual number was eight females and three
males, either litter-mates or kept together since their early days.
This precaution with males was necessary because otherwise one
or two of them were almost as a rule killed within the first few
days. Once a population has been started no individuals were added
to it or taken away. The population’s numerical status was regulated
merely by natural processes within.

The animals were invariably fed and watered ad libitum, and the
cages were cleaned fortnightly. Births, number of living young ones,
and deaths of adults (if known) were recorded daily. Juveniles at
the age of three weeks were sexed and marked with an individual
number. All adults were counted and weighed half-monthly (on the
1st and 15th of each month). The analyses are based on these data.

Between 1953 and Jan. 1, 1960, the following populations were
bred, and the data recorded from them analyzed:

1) In Table I and elsewhere reference may be found to populations mar-
ked A in type Z cages. This is because a population started in cage A was
subsequently transferred to cage Z or B. In such cases analysis concerned
the data and life-time of the population in the actual type of cage without
changing the population’s number.

2) Type H populations have been bred by the author jointly with R. An-
drzejewski and W. Walkowa in Institute of Ecology P.A.Sc, who
used them also for other purposes (cf. Andrzejewski, Petrusewicg
& Walkowa, 1959),
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60 populations of size Z, with an over-all life time of 1504 months;

7 " B: ” 204 9
15 » A, ” 191 ”
4 9 Hr ” 128 )

The basis fcr the analyses 3) was provided by populations of type
Z (80 X 80 cm), since this type had the largest number of replications
and the longest period of observation (Fig. 1 gives some examples of
the numerical dynamics of Z-type populations). The data recorded
from the remaining types of cages were treated in principle as ma-
terial for comparisons. The statistical likelihood of the data from
these populations has not always been checked, for, in this type
of cages, either replications were toco scant (in H — 4, in B — 7)
or observation was too short (A).

For statistical analyses use was made of the data from only such
type Z pcpulations which have lived more than 12 months. The ana-
lyses concerned only the data recorded since the first peak of any
given population, to eliminate from consideration the period in
which the sex ratio may have been affected by the original one;
as has been said, the original sex ratio was not always the same.

II. NUMBERS OF MALES AND FEMALES

For each population the time has been computed over which
females out-numbered the males (Y® > YJ"), and that over which
the males equalled or exceeded the females in numbers (Y$ < YJ).
This time was subsequently calculated in terms of per cent of the
population’s over-all life-time.

This gave the time (in per cent) of predominance for females:

time over which Y% = YJ'

TD? = 100" :
00 T = population’s life-time '’ and for males

time over which Y? <YJ
TDJ = 100" — ; , (TDJ' =100% - TD? — see
T = population’s life-time
Table 1, column 5).

An analysis of the TDJ score (Table 3) for populations bred in
type Z cages (80 X 80 cm) shows that the number of populations
where ’

TD? = TDJ was 48 (80% = P)),
TD? < TDJ was 12 (20% = Py).

and where

%) For help with the statistical analyses of the material the autor is gre-
atly indebted to Mrs. T, Wierzbowska (Institute of Ecology P.A.Sc),
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Table 1.
Numerical data relating to populations bred in size Z cages.

No. — population’s number; t — time of living of population (ix months); Y — average
number of individuals (females or males); TDQ — period of time of numerical predo-
minance of females; A — amplitude; St — Auration of numerical stabilization;

D - mortality.

t 7 | Yo P T | AT | Ag | St& | stg | DS Dg
" { 2 3 4 5 6 7 8 9 10 1
z, 42.0 6 | 10 [.oo0 | 6 |20 | 16 9.3 | 8.7 | 100 | 80
z, s8.0 | 10 | 34 | .000 | 8t |39 | 26 6.8 | 6.0 | 150 93
z, 30.5 | 16 | 31 | .000 | 100 | &0 | 32 6.1 | 5.8 | 125 87
z, 13.0 | 11 | 19 | .000 | 100 |5 54 5.0 | 5.0 | 236 | 152
zg 29.0 9 | 18 | .o00 | 93 |36 | 35 6.1 | 5.5 | 100 | 67
Zg 34,5 | 10 | 18 | .000 | 93 |37 | 28 7.6 | 5.2 | 150 83
z, 15.0 18 26 . 000 68 24 7 8.3 | 8.5 | 139 38
zg 17.0 | 8 | 23 | .000 | 100 |21 | 26 | 6.3 | 6.0 | 150 65
212 14.0 17 30 .0C0 100 30 11 4.0 | 6.0 188 63
2,5 | 15-0 9 | 16 | .000 | 41 | w2 | 16 6.6 | 6.4 | 130 59
z,, | 180 6 | 12 | .ooo 50 | 34 | 26 | 4.8 | 3.8 [ 306 [ 153
Zug | 19.0 | 13 | 2« | .o00 | 100 | 37 | 40 6.0 | 6.2 | 158 78
2y | 19-5 [ 16 | 26 | .000 | 100 | 40 | 35 5.2 | 5.2 | 12 56
220 18.0 20 21 - 001 84 51 32 bel 5.6 12 57
2y, | 17.5 | 19| 18 | .195 | 35 | 38 | 32 7.5 [ 7.0 | 9 62
Z,, | 18.0 | 18 | 26 | .000 | 100 | &3 | 37 5.3 | 4.5 | 122 67
T,y | 17.0 | 19 | 18 | 220} 23 | 72 | 47 2.4 | 3.2 | 160 | 107
2o | 170 | 19| 19 f .38t | s |53 | 46 | 4.8 | 4.0 | 135 97
2y, | 17.0 | 11 | 20 | .000 | 100 233 | 34 | 10.0 | 8.0 | 15 68
26 | 180 | 22 | 28 | .000 | 9% |42 | 34 7.2_| 8.8 73 34
a7 | 7.0 | 18 | 22 | .c00 | 8t ] 58 | 50 | 6.8 | 2.8 | 133 | 102
Zpg | 17-0 | 15 | 2« | .0c0 | 93 | 38 | 50 [ 5.0 | 3.0 | 106 | 80
Zpg | 16.5 | 10 | 13 | .000 | 74 27 | 25 6.0 | 7.2 | 14 25
Zy0 | 2.5 | 12 | 18 | .000 | 100 | 28 | 25 3.3 | 4.0 | 108 39
zy, | 12.5 | 14 | 20 | .000 | 100 | &4 |2 1.9 | 2.6 | 136 | 45
2y, | 12.0 [ 13 | % | .295 | 50 | 37 | 3 6.0 [ 5.6 | 54 | 62
2y, | 12.0 | 27 ] 21 | 000 | 18 | 51 | 30 | 4.5 | 5.0 | 67 38
P, 77,0 { 11 | 12 | .03 | 77 | 47 | 32 5.8 | 5.3 | 223 | s
?, 20.0 | 10 | 23 | .o00 | 100 | 34 | 43 | 8.0 | 5.0 | 170 87
P, 47.5 | 10 | 12 | .om 70 | 23 | 20 | 85 | 6.5 | 136 | 113
P, 38.0 9 | 21 | .000 | 100 [ 25 | 38 | 6.1 | 3.6 [ 155 | 119
pg |20.0 | B L 7| .32 | 30 f 1k | 17 | 10.2 | 7.8 } 88 ] 14
P, | 285 e | 11 | o000 | 70 | 24 9 | 8.8 | 7.5 | 125 64
P, 16,0 | 1z | 25 | .o00 | 100 | 2t | 18 | 8.2 | 81 | 158 36
Py 18.5 | 13 | 28 | .000 | 100 | 36 | 56 5.2 [ 5.2 | 169 67
Py 16,0 | 15 | 21 | .o00 | 100 | 48 | 33 7.5 | 6.5 | 160 57
Py | 16.0 | 20 | 32 | .000 | 400 | 35 | 68 | 5.3 | 2.3 73 58
za, | 37.5 | 10} 46 | .o00 | 82 | 36 | 26 6.0 | 7.0 | 170 94
Zn,. | 43.0 [ 7 | 19 | .o00 | 100 [ 25 | 27 8.0 | 5.5 | 204 69
zay | 55.5 [ 11 | 15 | .000 [ 82 | 36 | 32 7.3 | 5.6 | 172 | 108
zo, | 27.Q | 8 | 12 [ .000 | 100 | 22 | 20| 9.0 | 7.0 | 100 75
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Table 1 (continued).

1 2 3 6 5 6 7 8 9 0 "
1, 26.5 8 | 18 [ .000 96 | 50 | 32 7.0 | 7.0 | 200 | 100
L, 26,0 7 1 45 | .000 | 100 | 30 § 3% 6.0 | 6.0 | 143 93
1, 23.0 6 9 | .oo0 91 | 25 | 18 7.0 | 6.5 | 150 | 111
L, 15.0 | 11 | 14 { .000 72 | 33 | 27 9.0 | 8.4 | 127 71
L, 36,0 8 6 | .322 43 | 22 | 18 7.3 | 7.0 | 159 | 188
L, 14,0 8 4 | .000 11 | 2 | 15 7.2 | 6.5 | 100 | 250
D, 48.5 | 10 | 15 | .o000 88 | 39 | 37 6.3 | 4.9 | 203 | 133
D, 52.0 | 12 | 1 | .ot1 69 | w0 | 27 6.6 | 6.0 | 164 88
v, 48.0 5 9 | .ooo er | 30 | 2 7.8 | 6.4 | 304 | 1848
v, 13.0 | 17 | 13 | .000 20 | 45 | 26 6.5 | 6.0 | 178 | 107
A, 20.5 8 | 14 | .oo0 | 100 | 35 | 29 8.0 | 7.2 | 225 | 100
Ay 58.0 7 | 13 | .oo0 86 | 26 | 20 7.2 | 6.1 | 194 80
Ag 21.5 o | 11 | .000 83 | 19 | 17 6.9 [ 5.9 [ 150 92
Ag 24,0 | 11 | 20 | .000 | 100 | 26 | 23 9.0 [ 7.8 | 136 55
Ag 18.0 | 16 | 19 [ .000 50 | 30 | 2 8.3 | 7.0 68 7
hio | 16:0 | 18 | 17 | .229 | 38 | 37 | 22 7.1 | 7.6 95 53
Agg | rses | [ 13| a2 87 | 32 | au 8.6 | 7.4 69 57
Agp | 180 | 41 | 18 | Lo00 | 100 | 30 [ 32 8.0 | 6.4 45 50
Ag | 12:0 9| 19 | .ooo | 100 [ 29 | 28 9.5 | %.0 | 167 63
Avg. | 25,1 | 2. 479 7729 | 356 | 295| 6.7 | 6.0 | 143 85

The statistical significance of the difference in the number of
cases as between TD? = TDJ and TD® < TDJ was checked with
the aid of the criterion: the difference between P; and P; ist statisti-
cally significant when Py — Pyl 6 = 34),

The difference proved statistically significant since IPy— Pl : 6 =
= 6.91 = 3.

Further (Fig. 2), the number of populations has been found to be:

23 cases (38%) when TD?® = 100%
0 cases (0%) when TD® = 0%, and
38 cases (63 = P3) when TD® = 80%.

The number of populations where females outnumbered males
over 80% of the time, or longer (Pj), differed significantly from the
number of populations where TD? < TDJ (P,), since [Py —Psl: 6 =
= 3.03 > 3.

1) Py — percentage of populations where TDQ > TDJ'; P: — number of
populations where TDQ s<<TDJ'; and 6 is the standard deviation of the
variable expressed as: '

- // P, 1100—P,) P (100-R)
n; ny
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Table 2.
Numerical data relating to populations bred in size A, B and H cages.

No t Yo T TDg Ad AQ nd bl
A, 24.0 11 7 100 8 7 99 58
A2 9.0 7 13 100 17 10 67 30
AJ 7.0 19 7 100 12 3 171 15
A‘. 22.0 14 7 100 8 | 1 1C4 70
Ag 7.0 16 7 100 24 12 43 | %
A,, 26.5 10 6 100 0 | 0N 140 139
Ag 18.0 A 47 8 | 18 69 | 228
Ag 7.5 12 11 59 6 1 12 52| 98
A10 9.0 13 8 92 35 13 18? 46
A“ 13.95 12 11 60 23 20 38 83
Ayp 12,5 8 5 100 6 |11 175 26
A13 11.5 4 L RLY 17 11 34| 210
Ay, 8.0 8 12 & 24 13 31 67
A17 7.0 17 10 100 11 5 54 10
A18 9.0 13 7 100 17 13 97 58
Average 12.8 12 9 78 15 " 91 80
B1 51.9 19 19 69 47 32 127 101
B, 255 25 13 100 2 | 3 115 u8
33 19.5 23 10 100 28 27 220 70
B, 21.0 27 15 100 59 | 63 133 67
Bg, 31.9 18 | 18 36 23 19 104 79
By 31.9 19 | 19 68 32 23 167 9
”8 24.0 12 [ 95 VAl 57 294 147
Average 29.2 20 14 81 42 36 163 86
H1 32.2 27 22 72 81 82 189 153
.'12 32.2 39 30 88 96 88 151 108
"3 32.2 58 53 65 144 135 142 123
HA 32.2 T4 67 82 158 166 111 101
Average 32.2 49 43 77 120 118 148 121

Characteristic is the distribution of the magnitude TD% — TD4,
namely: '
the value TD$ —TDd' : <—50%, —50%6—0%, 1%/6—50%,  51°/6—100%
Number of cases: 3 9 9 39
percentage of cases: 5% 15% 15% 65%o

Calculations have also been made for all populations jointly of
the average time over which females outnumbered the males (TD?)
and when Y? < YJ (TDJ). It has been found (Table 3) that
TD? > TDJ in all types of populations.
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The magnitude of difference between TD? and TDS , analyzed
by Studen t’s test for populations Z and A, was statistically signi-
ficant (for Z-populations at the level of 0.0000, and for A-popula-
tions — 0.01). The difference has not been checked statistically for
populations B and H owing to scarcity of replications. However,
the long period of observation (128 months for H and 204 for B),
and the fact that all results point in one direction, allow these re-
sults to be trusted.

Table 3.
TD-score in populations of varying types.

No. of Percentage of cases wken: Average
Cage | popu- —

Jation | TDQ > TDd | TDg ¢ TDJ' ]| TDQ > 80% | TDQ=100% TDG=100% TDg TDe
2 60 80 20 63 38 0 78 22
A 15 80 20 67 60 0 78 22
B 7 86 14 100 43 o] 81 19
H 4 100 0 50 0 0 77 23

d
Table 4.

Statistical analysis of differences between average numbers of sexes (P < .01).

Number of cases when :
Statistical Total
To> ¥4 Yo < ¥
significant 47 3 50
non significant 3 7 10
Total 0 10 60

Hence, the numerical predominance of females in confined mice
populations over most of the time may be supposed to be a generally
regular phenomenon 5).

* * *

The numbers of males and females (Y and Y} ?) have been ana-
lyzed for 60 populations bred in type Z cages. With this in view,

5) It will be remembered that the expression TDJ' also covers the period
of numerical equilibrium between the sexes within a population.
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the mean numbers of males and females (?d‘ and _S—{?) have been
calculated separately for each population of type Z (Table 1, co-
lumns 2 and 3). This mean has been computed from the half-monthly
counts recorded in the graph, for the period between the end of the
first peak and the end of the experiment (death of the population
or termination of observations) or, alternatively, January 1, 1960.
By ignoring the period before the first peak, the pre-existing nu-
merical disproportion between the sexes, due to the starting of the
population with different numbers of males and females, has been
discounted (in the cages of types Z, A and B, the populations were
usually started with three males and five to eight females) ).

Subsequently, the statistical significance of the differences be-
tween mean number of females (Y?) and males (YJ) in each popu-
lation was checked with the aid of Student’s test and by ana-
lyzing the series Zk = Y% — YJ', where Y is the number of the
animals of the given sex at the time k. The differences proved sta-
tistically significant at the levels of 0.01 in 50 (83%) and at 0.001
in 49 (82%) cases (Table 1, column 4 and Table 4). There were only
3 cases (5%) where the differences was statistically significant and
Y? < YJ.

A check-up has been made to see whether the differences between
the percentages of all these cases were statistically significant:

Number

of cases
Y? > YS 50 P1 = 83
Y? <YJ 10 P2 = 17%
Y? > YJ and this difference is signicant 47 P3 = 78%
all the remaining cases (100% — Ps3) 13 P4 = 22%
Y? <XYJ and significant 3 Ps = 5%

The computations gave:
IP, —Pyl: 5= 8693
[P;—Pyl: 5 = 8.11>3

%) To see whether the starting numerical differences between the sexes

affect mean numbers, YJ and ?9 have been calculated for three popula-
tions ignoring altogether the periods till the death of starting animals. The
differences between the means calculated with and without the starting
animals were expressed in centesimal fractions and not above 0.1, while

Yo oat Y7 overe ured in found figures.
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Hence, the difference may be said to have been statistically signi-
ficant in all comparisons. And even the percentage of the ca-
ses where the females significantly outnumber the males is signi-
ficantly larger than the percentage of the remaining cases, that is,
of those where the numerical difference between the sexes is sta-
tistically nonsignificant or the females are less numerous than males.
And the criterion used in this case is rather severe. For, among
the ten populations where the differences between the sexes were
not statistically significant, there doubtless are such where this was
due to small n (brief obserwation period).

Table 5.

Frequency of the values of differences and quotients of females and males
numbers (expresed in percentage of the number of cases).

Quotient 0.1-0.50 0.6-1.0f 1.4-1,5 11.6-2.0| 2.1-2.5]2.6-3.0| 3.1 < Avg.

Yg : Yd 2 16 35 34 10 3 0 5.3
L} at peaks 4 27 37 19 7 4 2 4.2
S+| at min. 3 11 17 16 7 7 40 €.4
Difference |< 8 -7 - 4 - 3.0 1 -4 5 -8 9 - 12|13 - 16 17 <

YQ - Yd 0 5 13 28 25 19 10 0 1.42
2 at peaks [} 10 15 21 24 13 ] 5 145
1
;3“ at min. 2 3 9 24 30 16 10 6 2.00

To have a more comprehensive numerical comparison of males
and females within the populations concerned, an analysis was made
of the frequencies of: the mean numbers of females (:f'?) and males
(YS) and the differences and quotients of the mean numbers of
females and males (Y® — YJ and Y@ : YJ) in Z-type populations
(Table 5, and fig. 3).

The average number of males (i(_d’ ) varies between the populations
from 5 to 27, and for almost half of the cases (26 cases, i.e., 43%)
from 8 to 11 (Fig. 3a). The usual range is 8—19 males per population
(in 49 populations, i. e., 82% of cases).

Females averaged from 4-—32 per population, with peak more
extending than for males and distinctly shifted towards higher
values (Fig. 3a).

An analysis of the ratio between female and male averages
(Y? : YJ') shows (Table 5) those from 1.1 to 1.5 and from 1.6 to 2.0
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to be the most frequent since these apply to 41 populations, which
makes 69% of all the populations investigated. It will be noted that
in a fair number of populations the average sex ratic (¢ : J) was
distinctly larger than a unit (in 47 populations Y? :YS = 1.6).
In only 11 populations (18%) the females averaged less than the
males. An analysis of the frequency of the differences Y? — Y
(Table 5) shows that in 54% of the populations (32 in 60) females
outnumbered males more than 5.

Percentage of cases
3

%

v T v T T T Y
0 0-19 2039 4059 60-79 80-99 100
Size of Td—=

Fig. 2. Td score distribution.

Percentage of cases

Fig. 3. Frequency of male and female
numbers; a — over-all mean; b — at
peak periods;c—at minimum periods.

0-
4
8-
12-15
16-

20-23 |
2
28-31
32-35

Size of ¥

The mean from all Z-type populations (grand mean) was for ma-
les 12.6 and for females 17.9; hence, an over-all average female-to-
-male ratio of 1.42 is obtained.

It will be interesting to compare the figures now obtained with
those reported in the preliminary communication (Petrusewicz,
1958). The latter have been derived from a scantier material (47 v.
60 populations) and shorter observation, and yet — as regards the
differences and averages — agreement is striking:

Y? YS Y —YJ  YQ:YY

Petrusewicz (1959) 15,9 10.9 5.0 1.49

present paper 17.9 12.6 5.3 1.42

It has been demonstrated that the number of cases where
Y? > YJdwas significantly larger than where Y? < J, To check
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whether the magnitudes of thes difference is also statistically signifi-
cant, Student’s test was used. The analyses concerned the diffe-
rence (Y?—YJ') as well as quotients (Y2:Yd); the computations gave
for t—7.20 and 24.83 respectively. This means that in either case the
analysis has shown the likelihood of Y$ = Y& to be P (Itl = ta) =
= 0.0000.

Since in 49 of the 60 populations Y9 > YJ and the grand average
for any one Z-type population Y9 = 179> YJ = 12.6, the average
number of females (?9) may be said to exceed in confined popula-
tions the average number of males (YO’ ) in a statistically significant
way.

For the sake comparison, computations were made of average
male and female numbers, differences and quotients of these num-

bers, as well as the number of cases where Y? > YJ, for popula-
tions bred in cages of sizes 4, B and H. In all these populations the
females proved to outnumber males (Table 6).

Table 6.
Numbers of females and males in population bred in varying types of cages.

Number ;2 Number of cases when:
Cage of popula- ?g ¥é ?g—id‘ _— - = — -
tion ’ Yo Yo > Y& o< I
2 60 17.9 12,6 5.3 1.42 50 10
A 15 12 9 3 1.3 12
B 7 20 14 6 1.4 5 2
H 4 49 43 6 1.1 4 0 J
* * *

It has, consequently, been demonstrated that on the whole females
are more numerous in confined populations than males. A survey,
though, of the basic data (Fig. 1) shows these numerical differences
between the sexes tc be inconstant — as could be expected after
all. At times males outnumber females, for instance, in population
L1 in November 1954 (Fig. 1), while at other times, the females
outnumber males even some dozens of times. Hence, it has been
investigated whether variations in the sex ratio are in some regular
relation to phases in the population’s dynamic, With this in view,
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for populations, bred in Z-type cages the numbers of males and
females (YJ' and Y?) were computed separately for the periods
of population highs (peaks) and lows 7). The numerical differences
between the sexes proved to be smaller in the peak periods, what
was proved with both the differences and the quotients of average
numbers as well as the number of cases when Y?~>YJ (see table 7).
The distribution of the magnitudes Y% and YJ (Figs. 3b and c) also
shows in the peak periods smaller dissimilarities between the curves
as for males and females.

Table 7.
Numbers of females and males in type Z population at peaks and minimum
periods.
Yg P Percentage of cases when:
No. -
of - 4 |5 54 T Yoo¥Ye | toctd Py=Py
Perzod | oo | Yo Td |To-Yd| I [0 ¢ Yg for >
cetiom Yo-Td | Yo: ¥ =>2| I>3 -
r, P, | Y& Yd
Min. 208 [12.5| 6.1 6.4 |2.05|.0000|.0000 | 86% | 14% | S4% | 40% | 21.43
Max. 213 [20.3 | 16.1] 4.2 {1.45].0000 | .0000 | ©9% 31% | 13% 2% | 8.76

It has further been shown that at both highs and lows of a po-
pulation the difference between the percentages as of cases where
Y® > YJS (P) and Y? S YJ (P,) was statistically significant since
t=1IP,—Pyl: 6> 3 (at peaks t = 8.76; at lows t = 21.43 — see
table 7).

Therefore, highs and lows were compared as to the percentage
of cases where Y? > YJ', which was found to be 86 and 69 re-
spectively. The difference proved statistically significant, since
[P, —Pyl:0 =4.19> 3.

The cases where females (Y?) outnumber males (YJ') twice or
thrice are conspicuously fewer at peaks (Table 7).

Next, population highs and lows have been compared as to the
value of the differences between Y? and YJ'. This has been done
with the Student’s test, analyzing the series of both the differences

7) The calculations have been made for the same periods as the means
tor the population’s entire life-time (cf. p. 112). As points of peaks have been
taken the points of an increase by 5 or more individuals after which there
was a fall. The numbers for the period of population low were calculated
for the last point before a rise by not less than five individuals,
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(Y, —Y,J) and quotients (Y, ? :Y, ). The calculations have
shown the differences between Y% and YJ to be statistically
significant at either, population highs and lows (cf. table 7).

The numerical superiority of females as at highs and lows was
compared with the aid of Student’s test.

Calculations shoved that at lows the numerical superiority of
females was statistically significantly larger than at peaks
(P <0.001).

The analysis bears out that:

1. the numerical differences as between populations where
Y? > YJd and such where Y® < YJare statistically significant;

2. the mean average number of females within a population
is above that of males (the difference being statistically signifi-
cant) for the population’s entire life-time as well as for its highs
and lows;

3. the sex ratios — defined by either Y& —Y? or Y? :YJ —
are variable, depending on the phase in the population’s cycle.
The numerical superiority of females is greatest at population
lows, and least at population highs.

III. THE RATE AND AMPLITUDE OF NUMERICAL CHANGES

In order to investigate the numerical dynamics for either sex, the
respective absolute increments and decrements as revealed by
consecutive counts, i.e., on the 1st and 15th of each month, have
been summed up for each population separately (X|Z,—Y,_,|®
This sum gives the amplitude of the numerical changes for the
given sex. Since the particular populations were bred and obser-
ved over different periods of time, the values have bzen pro-
rated on a one-year basis to have comparable magnitudes and
A — Y, —Y,_ |12

2n
totals for the given sex at two consecutive half-monthly counts
(cf. Fig. 1), and n the number of such counts (2 n = number of
months).

has been obtained, where Y, | and Y, the

8) The values of numerical changes have been computed for the period
ending January 1, 1960 for populations still alive, and for the entire life-time
for populations liquidated earlier.



i18 Kazimierz Petrusewicz

Thus calculated, the amplitude of numerical changes (4) cor-
responds roughly to the sum of the animals born and surviving at
least three weeks and of the deaths of animals more than three
weeks old. In some cases, the numerical data taken from the
graph are by a few units lower than the real natality plus mor-
tality. This is so because the census was taken half-monthly (1st
and 15th of each month). Within that half-month of the count
there may have been deaths as well as maturations. The diffe-
rences were slight, For the sake of control, the differences between
the real annual amplitudes and those calculated from the graphs
have been computed for two populations. The differences were
-—0.3 and + 1.4 for P5; and P, respectively. The unreliability, in
some cases, of daily death recordings prompted the use of accurate
half-monthly counts — from which the basic graphs have been
plotted (Fig. 1) — as the basis calculating the amplitude difference
for the sexes.
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Fig. 4. Distribution of male and female amplitudes and their differences
(Ad" —AQ).

Comparison of the frequencies of the amplitude values (Fig. 4)
shows that the curve for AJ is distinctly shifted to the right (to-
wards higher values). The mean annual amplitude for all popula-
tions also is higher for males than for females, since AS = 35.6
versus A9 = 29.5. Hence, the mean difference between the annual

amplitudes as for males and females (AS — A?) is 6.1. An ana-
lysis of the frequencies of the differences between male and fe-
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male amplitudes (AS — A?) in particular populatinos shows 1—i0
to be the usual range (32 cases, i.e., 53%) and A? = Ad in only
13 cases (22%), but AJd > A% in 47 (78%) populations. The nu-
merical difference between the cases where Ad = A®? (78%) and
AQ = AJF (22%) is statistically significant since IPy,—P,l: 5 =
=17.93> 3.

To see whether the value of difference between male and female
amplitudes is statistically significant, use was made of Student’s
test. The test has proved it is, since the likelihood that AJ and

"AQ are not different was a = 0.000. Since AJ > A%, the ampli-
tude of numerical changes in confined Z-type populations may be

said to be for males higher.
Table 8.
The annual amplitude of changes in the numbers of males and females.

Number of cases when
Cage Number id i ¢ - Xg
A& > ag Ad ¢ ag
Z 60 35.6 29.5 6.1 47 13
A 15 15.1 11.3 3.8 10 5
B 5 41.8 36.4 Se4 5 2
H 4 120.1 117.8 2’.3 3 1

In order to check whether this applies generally, annual ampli-
tudes of numerical changes in A, B, and H type cages have been
computed for males and females. The data obtained (Table 8) show
that the amplitudes were in all the types of populations higher
for males.

* * *

As the score the rate of numerical changes (rate of growth) has
been taken the difference between the numbers of males (or fema-
les) at two consecutive moments expressed as per cent (3) of the
Y, — YT, _ [-100

de—l '
where 8, — the score of the rate of growth, and Yd, the number
of males at the moment k and Y&, | that a half-month earlier (and
analogically for females).

The rate of growth scores (8,) have been calculated for the pe-
riod till July 1, 1957, for the 41 Z-type populations then observed
(Table 9). On analysis, the mean rate of growth score for a given

first: Ed‘k =
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population (3) proved (Fig. 5) to be distinctly higher for males
(") than for females (9). The curve for 983 is distinctly shifted
towards higher values (Fig. 5) and notably extended. In most cases
3% is 5% —12.5%, the maximum being 21.6%. With males the
maximum is 68% and in as many as 14 (34%) population 33" is
above 25%, a value never attained by 8%.

The number of population in which 33 >89 was 37, as against
only four in which 35 <?9. Obviously, this differences is statisti-
cally significant since |P; —P,l:6 =122>3.
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Fig. 5. Frequency of the growth rate score.

Student’s test was used to see whether in general the diffe-
rence between the rate of growth indices as for males and females
(' -——39) was for all populations statistically significant. It pro-
ved to be so (3 #d89), since ta = 5.265>1t = 3.551.

Since 09 >09? in 37 of the 41 populations investigated, and
§ & =2582>5 ? = 8.74, the rate of growth score may be said
to have been higher for males than for females in a statistically
significant manner for the entire material.

To compare in character the rate of growth indexes as for females
and males the differences in their variations have been investi-
gated for each population (Table 9, columns 3—5).

Differences in variation between male and female rates of
growth will be considered statistically significant within a popula-
tion when IS — S| =3 5, or which amounts to the same, when

S —S¢9

o= =2,
o)
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In 33 of the 41 populations statistically analysed was ® >3
(cf. Table 8, col. 5), and, consequently, the difference in the varia-
tion of the rate of growth index as between males (SJ') and
females (S?) — statistically significant. In 36 cases was SJ >S9,
and SJ' < S? in only five. Hence in 31 (76%) of 41 populations,

Table 9.
Index of the rate of numerical changes (3) and its dispersion (S)?9).

Tzz—ﬁ:&'@”:]/ : -Z(k_?:)%@:?ﬁ’_:ﬁ

s .
Y n n—1 " 5 3
k—1
k—1
7o 7d So sd * ] I 7 So sd 8
1 2 31 & 5 1 2 3 4 5
z, 7.8 | 17.5 1 12,9 | 1.2 | 8.37 | zmy | 8.0 | 275 | 15.6 | 850 | .17
z, 8t [ 3301 | 1.7 [ 79,8 | 1192 | zmy | 6.9 | 17.2 | v2.2 | 63.7 | s.os
2, {11.7 | 29.7 | 36,0 | 76.7 | s.42 . . vee | anso
z, |17.2 | 55.3 | wsr | 1539 | ass Py 9.5 2:-" 3 "‘1'6 6'“
2g (+7.5 | 1709 | 125 | weee | o7aan | T2 | 128 100 : sa. ‘“6'2 B
zg 7.2 | 37.4 | 14.3 | 165.8 | 10.17 | T3 &7 | 221 | 108 ;0'2 P
s | e . .
z, 1.7 | 10,9 | 2.8 15.1 | s.30| P |07 | 2 z 1 4 SSObA e
zg 7.7 | 68.8 | 12.0 | 328.0 | 7.21 | 5 | 110 ‘0'8 %; | o
2, | 205 [ 0| 2 | 63| sz | Be 6.3 1?'7 IOl DS
2y | 36 | 110 | ss | 7.3 ] s Py 55 . . . .
Bag | 202 99 b} 20T eTh g M2z | ss.w | 1800 | 236.3 | 9.08
Ay 6.7 | 2.7 | 10.7 | 4.2 | 7.4 | L2 | Y20 | 6.7 | 20.5 —Zf“’ _2‘?‘;
Ay | 65 | w0 | tus | 205 | ei22 | B0 ) B0 2913 A I
Ay | 6.7 [ 35 | 130 | w27 | 690 |k, | %06 . 2“'3 PR It
Ag 5.6 | 10.4 | 13.9 | 22.1 | 331 ] L5 ‘?'8 268 ’_‘, 1;2'0 ;.oo
ag | 7.0 | 51| 226 | 29| 329 | Te |21 | 332 | 70 . .
Ao [12:8] 7.8 | 2us | 428 | d.s0 | 7.7 | we | e | ez | n
Ayg |86 1 13.3 1 23.9 ) 0.4 10t g 7.8 | 168 | 16,2 | 23.6 | 1.0a
Ayg | 12.0 ] 15.6 | 31,9 38.7 1.03 |
hg | 2.0 0.5 | twe | 26,0 | 2.75 | v, |12.5 | w32 | 3.3 7000 | 5.7
: v, 7.9 | 27.3 8.9y 8.8 | .24
2m, | 7.6 | 26.7 | 18.8 | 60.3 | 18.80
20, |.8.9 | 17.7 | 12.3 | ar.9 | 7.11
avg. | 8.78 ] 22,59 18.0 | 6u.15

9 S4' and SQ stand for the variation of 85" and 89 resp., and are defi-

n
ned as Sg = ‘/J_l Y139, —59)* (s analogically), and 5 is the

n- k=1
standard error of the difference S& —SQ and isg, = ]/%(SO"Z_SQ"’)
n I’
while n indicates the number of observations — in our case twice the

number of the months over which the populations had been surveyed.
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the difference S — S? was statistically significant and SJ' > S¢.

To see whether the higher variation of the 3J index, i.e, S9,
is not generally (for all populations) due to chance, use was made
of the criterion [P, — P,/ 2 35, where P, is the cases where ® =3
31100

41
the number of cases where the difference S — S? is statistically
nonsignificant (® < 3), or alternatively SJ <S?. Consequently,
the difference in question proved significant, since |P; — P, = 0.447,
and ¢ = 0.092, i e, |[P;— Pyl = 0.447> 35 = 0.276.

Hence, in general term, considering all populations jointly, the

variation of the rate of growth index, may be said to be higher
for males.

and at the same time SJ > S% (P11 = }; P, stands for

IV. DURATION OF THE PERIODS OF NUMERICAL STABILIZATION
FOR MALES AND FEMALES

With a view to exploring more fully sex differences in numeri-
cal dynamics within a population, the sum has been calculated for
each population of the periods over which the given sex remained
on a constant numerical level. As such periods have been asumed
those where not more than one animal of the given sex died
between four consecutive counts (i. e. during 3 halfmonths perdiods).
The absolute lenght of the constancy periods obviously depended
on the period of observation. Since this period was not alike for
all the populations, the results have been prorated on a one-year
basis in order to obtain comparable values as between individual
populations; thus has been obtained the average number of months
in a year over which the number of animals of the given sex re-
mained constant within a population (Table 1, col. 8 and 9). Thes=
magnitudes are here referred to as stabilization indexes for males
or females (St% or Std).

The frequency of these indexes (Fig. 6) shows that those for
males are usually of a higher order of magnitude. The maximal
indexes also are those for males. The average value of the index
for all the populations is for males higher since Std = 7.24, and

St = 6.48 (Std —'St? = 0.76). The cases where the difference
in stabilization indexes as between males and females is 0.6—1.0
are the most frequent (Fig. 6).
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St? = Std was in 18 populations (including seven where
St? = Std) and Std > Std, in 42 populations. The difference
between the two groups of cases is significant since I[Py — Pyl : 6 =
= 478> 3.

The difference between the mean stabilization indexes as for
male and females (Std' — St9), calculated for all Z-type popula-
tions, also is statistically significant, as has been shown by Stu-
d e n t's test at the signifcance level a = 0.001 19). This gave t = 5.93,
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Fig. 6. Distribution of the index of numerical stabilization periods.

and t, ., = 3.551. which means that the value Std" is significantly
different from St?. And since Std' > St?, and the number of cases

where Std = St? is 70%, we may say that the stabilization index
has been proved to be for males higher.

V. MORTALITY AND NATALITY RATIO ACCORDING TO SEX

Youngs were sexed when 18—21 days. The number of young
ones which survive three weeks is obviously much smaller than
the number of births. In 47 Z and B-type populations, with an
over-all life-time of 1107 months, there were 13121 youngs born,
which gave only 2801 animals that survived three weeks. There

10) The series Stgd —StQ had to be transformed into one having normal
distribution (St’ = St + a, where a = 134, and V = log St’).
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is much likelihood that mortality among the newborns, mostly due
to devouring and killing, is in absolutely no relation to sex. In
a dozen or so cases the animals were sexed at an age of 6—8 days,
and up to the age of 21 days no differences in mortality were noted
between the sexes!l). Hence, it is safe to assume that the sex
ratio among three-week olds is roughly the same as among new-
borns.
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Fig. 7. Distribution of the numbers of young animals which have survived
3 weeks.

Now, among the 2801 animals which survived the first three
weeks there were 1415 females and 1388 males, which makes
50.51% and 49.49% respectively. In 22 (47%) of the populations
analyzed, the male/female ratio was among the animals which
survived the first three weeks 0.9—1.1, and in most (40 in 47)
of the populations the ratio was : 0.6—1.4 (Fig. 7). This shows that
males and females are born and added to the populations in virtu-
ally equal numbers.

To calculate mortality, the number of deaths of males (or fe-
mals) aged three weeks or more (i. e. marked and reckoned among
adults) recorded for a population was divided by the number of
years of observation. From the annual average of deaths thus obta-

1) Altogether sexed — 123 youngs; including 60 males and 63 females;
left after three weeks: 16 (26.7%) males and 16 (25.4%) females.
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ned was computed the percentage it constituted of the average

number of males or females, and this has been termed the morta-

Number of males died X 100
Number of years X Yd'

see table 1, column 10 and 11, and table 10).

lity index DdJ = (D? analogically —

Table 10.
Annual mortality (as percentage of mean numbers).

Number of cases when:
Cage Number ity D¢ Dd — By - =
Bd' > B L4 ¢ By
A 15 91 80 11 9 [
2 60 143 8% 58 ou [
B 7 163 86 77 K o]
H 4 148 121 27 4 0

12 pd« 0% 0d) 0% ..
8 4 \
%o

Y [EEL

g

3 —

g 1 5026 250  1-25 2650 5175 76100 10M125  126¢
HA Size of D&'- D% —>
E P

z

& ® R
\
5 \ e
a \\
\
\
\
\
/
/
/
/
/
7
]
Ve
7
v
/ .
\
\
\
)
/
/
(
\

N\~ Nal -

———— ———— T — f 1
20-40 41-60 61-80 81-10C 171-120  121-40 141160 161180 181¢
Size of Do and D —*>

Fig. 8. Distribution of males and females mortality.

Anp analysis of D magnitude shows mortality to have been very
high under the experimental conditions. Among the 60 populations
there were for females 16 and for males 49 where D = 100%, and,
consequently, annual deaths above the average number of females
or males in a given population (Fig. 8). In extreme cases, the index
was higher than 200% (Table 1, col. 10 and 11). The frequency of
the values D? and DJ (Fig. 8) indicates major differences between
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the sexes. D? was commonly 41—81%, namely in 37 (62%) of the
populations. DJ' was on average much higher, usually 121—180%o,
In only six (10%) populations was D® = DJ. The difference
D? —Dd is large, for it was in a vast majority, 45 cases, within
the range of 26—125% (Fig. 7). These differences are so conspi-
cuous that no statistical analysis is needed to say that mortality
is higher among males.

VI. DISCUSSION

The discussion is made necessary by the seeming contradiction
between, on the one hand, the larger amplitude (A) and larger and
more variable index of numerical changes () for males, and, on
the other, their longer periods of numerical stabilization. This
means that numerical changes among males last shorter but are
more pronounced. Since numerical differences between the sexes
are among 3 weeks old animals virtually nil, mortality is the factor
responsible for these changes. After reaching a certain numerical
level, males begin to die rapidly, and this swift numerical decline
is followed by a period in which there are no changes. This is not
always plainly evident in the graphs showing numerical dynamics
(Fig. 1) but can be demonstrated by statistical analysis. In some
cases, though, this difference between males and females in the
character of numerical dynamics may be noted even in the graphs,
especially at periods of numerical decline, where for males there
is a rapid fall with a subsequent period of relative stabilization,
and for females, a prolonged but mild fall. This is the pattern, for
instance, for population Zm: in February 1957 (cf. Fig. 1).

Many of the observations on confined populations of mice stron-
gly suggest population numbers to be regulated by noncompetitive
fights between males. This view may also be found in literature
(Southwick, 16556b; Scott & Friedericson, 1951). How-
ever, in support of the view that fights are responsible for rapid
numerical declines of males, one may quote only general quantita-
tive observations. For, on examination of dead males, only a mi-
nimum percentage was found to have been outright killed. Killings
occur only at populaticn highs, and over a brief period of the be-
ginning of numerical decline. In the usually long periods of nu-
merical decline, continuing occasionally even over more than one



Regularities in Sex Ratio Dynamic in Mice 127

year, one finds dead mice with no signs of injury. Nor could any
infection be revealed to explain mortality among males. Usually,
neither injury nor disease could be demonstrated in the dead ma-
- les. Though we cannot prove it, it seems reasonable to assume that
the deaths involve males occupying a lower rank in the structure
of dominance, which are continually harassed and, therefore, under-
fed and weakened. This appears to be confirmed by literature.
Southwick(1955a) says that during overcrowding the per ca-
pita food intake was smaller irrespective of an actual excess of
food.

The numerical superiority of females is more pronounced at po-
pulation lows. This also can be explained by the higher male morta-
lity caused by fights. Since mortality is higher among males, po-
pulation lows are attributable primarily, though not exclusively
of course, to a numerical decline of males. At population peaks
there always are many young animals only just reaching adult
stage; their sex ratio is more or less balanced. Hence, at peak
periods, numerical differences between males and females are
less, especially when only the diffrence (Y? — YdJ') but the pro-
portion (Y? : YJ') too is considered.

Similary, the larger amplitude of numerical changes among males
also can be explained by higher mortality.

According to the above discusion, the mechanism responsible
for many, or even most ecological phenomena in confined popula-
tions of mice may be perceived in noncompetitive fights between
males. Southwick (1955b) gave an elegant analysis of intra-
population processes which promote survival of the young and
ultimately depend all on fights between the mice. Scott & Fre-
dericson (1951) have demonstrated how noncompetitive fights
between males intensify spontaneously as triggerd reactions and
involve eventually also females. Behaviour, reciprocal relations,
the number of fights, pregnancy and numerous other phenomena
determining in general living conditions, consequently also morta-
lity among females, are thus secondary processes consequent upon
noncompetitive fights between males, or are at least affected by
these. The noncompetitive fights between males are in themselves
the primary phenomenon. They are a population’s psrmanent
feature and primarily determine its structure (Petrusewicz,
1958). These noncompetitive fights between males are in their
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turn intensified and aggravated in relation to the population’s
structure.

Hence, noncompetitive fights between males seem to be the main
factor, regulating numbers as well as the character and rate of nu-
merical changes in confined populations of mice.

The next pcint question: the regularities revealed in the nume-
rical dynamics of sexes in mice, are they universal. As to the du-
ration of the numerical domination of one sex, and amplitude and
rate of numerical changes, no data have been found in the litera-
ture available to us. But the data characterizing numerically the
sex ratio and mortality are confirmed by ecological literature.

Brown (1953) found mortality in confined populations of mice
to be higher for males. The difference was distinct, since in his
experiments the death roll was for males 50, versus 11 for females.

- In a work essentially concerned with different aspects, South-
wick gives graphs of the numbers of six populations (South-
wick, 1955a, Figs. 5—10). Although no totals are given separately
for the sexes, there are curves showing the numbers of ,,diseased
or wounded” adult males and females. In five populations the cor-
responding figures were higher for females, and the difference was
indistinct in only one population (population marked E), though
even here the figure seems to have been higher for females !2).
Although these figures illustrate the numerical proportions bet-
ween ,,diseased and wounded” animals, the numbers of such males
and females may safely be assumed as in some way related to the
ratio within the given population. Hence, if wounded females are
more numerous than wounded males, females may safely be assu-
med to be more numerous in general in the given population. This
is all the more certain as in confined populations the percentage
of wounded animals is in males always higher than in females.
If this is so, males must have been in South wick’s material
numerically even more inferior to females than would appear from
the data for ,,diseased and wounded” animals.

The indirect data are further ccnfirmed by the numerical status
of the sexes in Southwick’s populations on termination of
the experiments, as males totalled 224 and females 270. And it
should be noted that Southwick discontinued the experiments

12) Owing to notable reduction, the figures cannot be read with adequate
accuracy from Southwick’s graphs,
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at a time when all the populations were at a numerical high, that
is, when — as has been demonstrated before — numerical diffe-
rences between the sexes are usually less than at lows.

It is interesting to see whether the numerical dominance of fe-
males — which has bezen shown to be regular in confined popula-
tions — is confirmed by observations on free-living populations
of house mice. Relevant data are not always unequivocal for, re-
ports on natural populations frequently quote only numbers of
trapedd animals or only trapability (trappings per time unit, e. g.,
per trap-day, or per 100 trap-hours, etc.). And it is not always
possible to derive from these data the actual numbers of males
and females, and, consequently, the sex ratio. For, the number of
captures may reflect the numbers of, and proportions between the
elements trapped (sexes, age groups, etc.) only in the case of their
random trapability. The number of trappings with any automatic
devices is proportiocnate not only to the numerical status of the
animals captured and trapping intensity (number and concentra-
tion of traps, and trapping time) but to the activity of the animals
intensity of their cruising, extension of roving or home range etc.

In German literature on invertebrate ecology explicit distinction
is. made between trapability (number of individuals captured per
time unit or encountered per area unit) and numerousness. The
notion of trapability is rendered by the term ,Aktivitdtsdichte”
(Heydemann, 1953 — after Balogh, 1958; Tischler, 1955),
»Aktivitdtsdominanz” (Balogh, 1958), and ,dynamische Besiad-
lungsdichte (Heydemann, 1953). , Aktivitdtsdominanz” is defi-
ned by Balogh (1958, p. 154) as ,,die Anzahl der eine bestimmte
Linie oder Flidche durch eigene Aktivitit in einer bestimmten
Zeiteinheit beriihrenden Individuen (,,Aktivitdtsdichte” oder ,,dy-
namische Besiedlungsdichte” nach Heydemann)”’ ,Aktivitdts-
dichte” is contrasted with ,Individuendichte” (or ,,Individuendomi-
nanz”), which indicates absolute numbers of the percentage they
constitute. )

Obviously, trapping results reflect the actual proportions within
a population only when the elements trapped are equally liable
to be captured. If any of these elements are more liable to be
trapped than the others, the proportions in the catches will be
distorted — in comparison to those actually existing — in favour
of such elements as are more likely to enter the traps (i.e., those
more active, having a larger roving area, less shy of, or more
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attracted by the traps, etc.).

Reverting to our point numerical male/female proportions in
mice, it will be seen that all the existing data indicate unequivo-
cally a higher activity of males. Besides, this holds for domestic
mice as well as for small mammals in general.

Brown (1953), who studied house mice populations in farm
buildings (barn) says males are more active since points of their
recaptures are farther between. Young, Strecker & Emlen
(1950) conclude from studies on two populations in buildings that
males have a wider roving range (140 feet v. 110) and average home
range (13’ v. 11’ for females), the differences being statistically
significant. The home range differed between the two buildings
(i. e.,, depended on environmental conditions).

Strecker (1954) reports a slight predominance of males among
migrants (47 :44), and a distinct predominance of females (58% :
: 42%) among the nonmigrating part of the population.

Andrzejewski & Petrusewicz (in litt) found — in
a free-living but additionally fed population of house mice — habi-
tuation to a definite feeding site to be stronger among females.
Andrzejewski, Petrusewicz & Walkowa (1959) show
differences in trap success as between males and females, and
differentiation in trappability between males according to the rank
occupied in the structure of dominance. The greater activity of
males has been inferred from the results of numerous field studies
concerning various micromammalia species (Maksimov, 1948;
Hayne 1950; Lavrov, 1956; Hoffman, 1958; and Sakhno,
1959).

In view of such concordant results indicating a higher activity
of males among mice and small mammals in general, we may say —
wherever merely the number of trapped males and females is
given, and not the real numbers of a population calculated from
recaptures or intensive trapping that (1) if the numbers of trapped
males are smaller, females may be concluded to be numerically
superior, and (2) if the numbers of trapped animals are for males
higher, no conclusions as to the actual sex ratio in the population
may be drawn without additional information.

Below we shall briefly discuss some specific results. Evans
(1949) studied a free-living and initially very numerous population
of mice in one of the laboratory rooms. With the aid of intensive
recaptures he surveyed the entire population continually and was
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able to give in each month the actual numbers of males and fema-
les. Males were less numerous and our calculations (Table 11)
shows that difference in percentages was statistically significant
in the four month when the population numbers were fairly high.
Interesting to note, at the time of the population’s numerical high
(January and February), the predominance of females was less
(the difference between the percentages as of males and females
was nonsignificant). The femals predominance increased, however,
with the population’s spontaneous numerical decline, so in March
and April the figure for females was double, or better, that for
males, and the difference in percentages was statistically signifi-
cant. This fully confirms the observation, made on confined po-
pulations, that female numerical predominance depends on the
phase in the cycle of population dynamics (cf. Fig. 3 and Tables
5 and 7).

Table 11.
Sex ratio in free-living population of mice (compiled from the Evans, 1949
data).
Number of Percentage of
Month Mice ad' 29 g 99 % PPy
4
a b c P1 Pz l
Januar 136 60 76 b1 55.9 1.3 | 1.95
Februar 119 " 59 60 49.6 50.4 1.0 0.13
March 77 26 51 33.8 66.2 1.9 4.26
April 37 1 26 29.7 70.3 2.4 3.82
May 5 1 4 20.0 80.0 4.0 2.36

Young, Strecker & Emlen (1950) reported recaptures
for males and females as 731 and 599 respectively. Males clearly
predominante here, but — according to what has been said above —
no conclusions as to the actual sex ratio in these populations may
be drawn.

Strecker (1954) gives the figures for trappings in artificially
created but free-living (migration possible) populations bred in
the laboratory rooms. In two populations of 87 and 78 mice, males
were 48 and 42 per cent, and females 52 and 58 per cent. Since
figures are from intensive final trappings (liquidation of the po-
pulations), they may be regarded as a fair approximation of the
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real numbers. In either population the females were more numer-
ous.

It follows from as yet unpublished results of studies that females
predominante in the free-living population of house mice in the
building of the Field Station of the Institute of Ecology, P. A. Sc.
and in the additionally fed but also free-living population of house
mice in the attic of that building. In 15 months of intensive trap-
ping with live traps 143 males and 111 females have been captured
in the attic, and 115 males and 80 females in the lower floors.

A comparison of the results, as obtained from confined and free-
-living populations of mice in buildings, suggest certain conclusions.
In either case males were less numerous. However, the mechanism
responsible for this fact appears to have been different. In con-
fined populations the factor responsible for this situation is pro-
bably noncompetitive fights between males. Their influence is
occasionally direct (killings), and more frequently indirect through
the establishment of a structure of domination in which the ani-
mals occupying the lower ranks are harassed, underfed and so
forth, and therefore have a higher mortality. In free-living popu-
lations, the mechanism seems to be different. There is nothing to
suggest direct consequences of fights, and it is rather reasonable
to assume more intensive emigration to be responsible for the nu-
merical reduction of males. Consequently, males decrease in num-
bers more rapidly and relatively more females ramain in the po-
pulation. Thus we have here an example ¢f how the same ecological
process (numerical decrease of males) is produced by different
mechanisms (mortality or emigration). It remains an open question
whether migration from the native site leads to grater mortality
among the migrants, which are exposed to greater hazards during
the migration or pushed into less congenial environments, eor
whether this is a loss merely affecting the local population. The
ecological significance of this process also remains to be explored.

Finally, the following points should be called to attention. Data
from field studies (woods, thickets, meadows and fields) on small
mammals frequently indicate numerical superiority of males. This
is reported by, for instance, Hoffman (1958) for two species on
two sites, Sanderson (1950) for five species in a prairie grove,
Burt (1940) for three species, Dunmire (1960) for one species
at different elevations and age classes and Andrzejewski (un-
published) for three forest species, and so forth. Whether in these



Regularities in Sex Ratio Dynamic in Mice 133

field studies the larger numbers of males resulted from a trapa-
bility enhanced by the greater activty of the males, whether the
rule of female numerical predominance — established for popula-
tions of house mice in buildings, i.e., their most natural environ-
ments — also holds for other small mammals, or whether sex
ratios in micromammalian populations differ in relation to species
and ecological conditions, these are questions that remain yet to be
answered.

VII. SUMMARY

In confined populations of mice:

1. females predominate numerically over longer periods than
males;

2. average numbers are higher for females, whose predominance
varies according to the phase in the population’s life; the numerical
differences between males and females are larger at population
lows, and smaller at peak pericds;

2. the rate of numerical changes (in per cent of the number imme-
diately before the change) is for males higher and more variable
(has greater dispearsion);

4. males have a larger amplitude of numerical changes, i.e.,
their numbers vary within a wider range;

5. the over-all time in which there are no numerical changes
is longer for males;

6. the sex ratio is about balanced among newborns and three-
week olds (i. e. those becoming selfsuficient member of the po-
pulation);

7. mortality is higher among males.

The numerical superiority of females in populations is confirmed
by studies on free-living populations of mice in buildings, but the
process responsible for this essentially identical ecological effect
(predominance of females) probably differs between free-living
and confined populations: in free-living populations it is probably
attributable to migrancy, more pronounced among males, while
in confined ones it is due to noncompetitive fights.

Polish Academy of Sciences,
Institute of Ecology,
Warszawa, Nowy Swiat 72,
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STRESZCZENIE

Dane uzyskano z obserwacji zamknietych populacji myszy laboratoryj-
nych, hodowanych w klatkach: typu Z (P, Z, L, D, V) wielkosci 80 X 80 cm
(60 populacji, ktore zyly lgcznie 1504 miesiecy); typu A — 38X 15 cm (15
hodowli, 191 miesiecy); typu B — 160 X 80 cm (7 populacji, 204 miesigce)
i typu H ok. 6 m? (4 hodowle, 128 miesiecy). Po wpuszczeniu do klatki pew-
nej liczby myszy, jako bazy populacyjnej, pozwolono im mnozyé sig swo-
bodnie, nic nie dodajgc ani nie wyjmujgc. Jedzenie i woda byly stale w nad-
miarze, W analizie oparto sie gldwnie na danych z populacji typu Z (najwie-
cej powtorzen i najdluzszy czas obserwacji).

1. Obliczono procent czasu jaki przecietnie (rocznie) jedna z plci jest licz-
niejsza niz inna

TdQ = czas w I.(tOf‘ym Ye >Yd » 100 (Tablice 1 i 3).
czas zycia populacji
Stwierdzono, ze procent przypadkéw gdy TdQ > Tdd (P1), jak rowniez
gdy TdQ > 80% (P:2), jest realnie wigkszy od procentowego udzialu przy-
padkéw gdy TdQ << Tdg (Ps), gdyz [Pt—P2f: 6 =691>3i|Pi—Ps|: 5=
= 3.03 > 3. Roéwniez wielko$é¢ réznicy miedzy ’ﬁQ i Tdg' jest statystycznie
istotng. Rozkiad TdQ i Tdd' oraz TQ® — Td" obrazuje fig. 2

2. Obliczono srednig liczebnosé (Y) samecoéw i samic oraz realno§é réznic
miedzy nimi w kazdej populacji typu Z (Tabl. 1 i 4). Stwierdzono, ze réz-
nica ta jest realng na poziomie 0,01 w 50 przypadkach (Tab. 4); statystycznie
realng i jednoczednie Y9 >YJ jest w 47 przypadkach (75%). Réznica mie-
dzy udzialem przypadkéw, gdy ’)—{9 >YJd w sposob statystycznie realny
(75%0), i udzialem pozostalych przypadkéw (t. zn. laczny udzial przypadkow
gdy ?9 <YJ3 oraz gdy réznica miedzy piciami jest nieistotna) jest staty-
stycznie realna, gdyz |P1— P:|: 5 = 8.11 > 3. Stwierdzono réwniez przy po-
mocy statystyki Studenta, ze wielkosci réznicy miedzy ogdlng éreEnia dla
wszystkich 60 populacji typu Z liczebnoscia samic (Y Q) i samcow (YdJ') jest
statystycznie realna (analizowane zaréwno przy pomocy ciggu YQ —Yd'
jak i ciggu YQ :Yd'). Samice sg liczniejsze niz samce réwniez w innych
typach populacji (Tab. 6).

Stwierdzono (Tab. 5 i fig. 3) ze stosunki miedzy liczebno$ciami samic
i samcow s3 zalezne od fazy populacji. Najwiekszg przewage iloSciowsg majg
samice w okresach ilo$ciowej depresji populacji; najmniejsze za§ roéznice
migdzy liczebnoscig obu plci sg w szezytowych iazach populacji. Réznice
miedzy liczebnos$cig samcé4w i samic sg realne, zaré6wno w okresach minimum
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jak i maksimum (Tabela 7). Rowniez realng jest réznica miedzy stopniem
przewagi ilociowej samic w okresach szezytéw w poréwnaniu z takaz prze-
waga w depresjach.

3. Obliczono dla populacji typu Z wskaznik tempa zmian liczby obu pici:

[YQx — YT k-1 . . )
kg = —-—‘2-9*:-1-—-— + 100 (Yx — liczba pici w momencie k, Yg-1 w mo-
mencie poprzednim tzn. o dwa tygodnie weczesSniejszym).

Stwierdzono (Tabela 9 i fig. 5), zZe Srednie dla danej populacji 8d" jest
wieksze niz 8@ w 90% populacji (P1), podczas gdy 8% <84 tylko w 10%0
populacji (P2). Réznica realna, gdyz |[P1—P:: ¢ = 12.2> 3. Wielko$¢ réz-
nicy $redniej dla wszystkich populacji 85 — 82 jest realna, gdyz t = 5,265 >
to,001 = 3.551. Poniewaz za$ dQ = 2259 a 44 = 8.78 mozna stwierdzi¢, ze dla
catoéci materialu wskaznik tempa zmian liczebnosci samcédw jest wiekszy
niz samic.

Obliczono i poréwnano rozproszenie (zmienno$¢) wskaznika tempa zmian
samcOw i samic (SJ" i SS9 — patrz tabela 9). Dla 76% populacji rozprosze-
nie wskaznika tempa zmian samcoéw (Sd') jest istotnie rézna i wieksza niz SQ.

4. Za miarg amplitudy zmian liczebnos$ci przyjeto przecigtna roczng sume
przyrostéw i ubytkéw ilosci:

S|k — Yi-1]* 12 . .

A = — gdzie Yx liczebno$¢é w momencie k, Yi-1 za$ liczeb-
nos¢ w momencie poprzednim (p6! miesigca weczeéniej, n liczba pét miesiecy
trwania populacji. We wszsytich typach hodowli liczba populacji gdy
AJd > AQ byla wigksza niz liczba populacji w ktérych Ad' <AQ, jak
réwniez Ad > AQ (Tabela 8 i fig. 4). Dla populacji typu Z réznica miedzy
udzialem przypadkéw gdy A > AQ i AJ <<AQ jest istotna, gdyz
|Pi—P2|: 6 =7.93>3. Réwniez wielko$é réinicy miedzy Ad i AQ jest
statystycznie istotna (t > te.ono),

5. Przecietny okres czasu, w ktéorym rocznie dana pleé nie wykazywala
zmian iloSciowych, przyjeto za wskaznik stabilizacji (St.) Okazato sie (fig. 6),
ze zarOéwno liczba populacjii w ktdrych Stg > StQ jest wigksza niz gdy
Stg' < StQ, jak §fo",= 6.74>§f9 = 6,00 (réznice te sg statystycznie realne
gdyz [P1—Psf: 6 =478>3 i t=599>> ¢4 = 3.551).

6. U myszy okres§lano ple¢ w wieku 18—21 dni. Obliczono, ze w 47 po-
pulacjach, ktore zyly lgcznie 1107 miesiecy, urodzito sie 13121 miodych, z nich
przezyto do 3 tygodni (czas gdy okre$lano pieé¢) 2801, w tym samic 1415
(50,51%) i samcéw 1386 (49,49%). Poniewaz nalezy przyjaé, ze Smiertelnosé
noworodkéw i mlodziezy we weczesnym wieku (nie bedgcej jeszcze samo-
dzielnym komponentem populacji) nie jest zalezna od pilci, moina przy-
puszczaé, ze rodzi sie jednakowa ilo$¢ samcoéw i samic; napewno zas jedna-
kowe liczby obu plei wchodza do populacji, jako samoistne jej elementy
(fig. 7).

Smiertelnos¢ samcoéw (DJ') jest wieksza niz samic (DQ) (fig. 8). Dotyczy
to zaréwno liczby przypadkéw, gdy DJ > D@  (90%), jak i sredniej dla
6C populacji typu Z: D3 = 143°/o>59 = 83% (por. tab. 10).. Smiertelnos¢
w zamknietych populacjach jest b2rdzo vizysoka. U samic w 16-tu, a u sam-
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cOw w 49 przypadkach na 60 hodowli D > 100%, tzn. liczba padlych rocz-
nie, przewyzsza Srednig liczebnosé.

Przypuszeza sie, ze wilasnie wybitnie wigksza $miertelno$§¢ samcéw niz
samic, spowodowana gléwnie niekonkurencyjnymi walkami samcéw jest od-
powiedzialna za: (1) wiekszg liczebno$§¢é samic (rodzi sie obu pici tyle samo,
samcow wiecej pada); (2) za wiekszg réznice w liczebno$ci plei w okresach
minimum (w okresach depresji wiecej samcéw padlo) niz w okresach szczy-
téw (dochodzi mlodziez w * réwnyah ilosciach ptei), jak rowniez (3) za

roznice w tempie wzrostu liczebnos$ci samcoéw i samic,
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