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I. M A T E R IA L  AND M ETH O D S

The object was to explore the regularities, if any, of m ales and 
fem ales num erical dynamics in confined populations of laboratory 
w hite  mice. Specific points were: m ale - to - female num erical ratio, 
the rate, character and am plitude of num erical changes in relation
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to the phase (lows and highs) of the population, the duration of the 
num erical predom inance 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 cm; and
type A  size: 38 X 15 X 15 cm 1).
Cages of types P, Z, L, D and V differed in in terior arrangem ent:

P w ere the sim plest and V the most complicated ( P e t r u s e w i c z ,
1957).

Some data rela ted  to type H populations bred in roughly 6-sq. m. 
enclosures after C a l h o u n  (1956) w ith some m odifications2).

The populations were started  by putting into particular cages some 
mice. In type Z cages the usual num ber was eight fem ales and th ree  
males, either litte r-m ates or kept together since their early days. 
This precaution w ith males was necessary because otherwise one 
or two of them  w ere almost as a ru le  killed w ith in  the first few 
days. Once a population has been started  no individuals were added 
to it or taken away. The population’s num erical status was regulated  
m erely by natu ra l processes within.

The anim als were invariably fed and w atered ad libitum , and the 
cages were cleaned fortnightly . Births, num ber of living young ones, 
and deaths of adults (if known) were recorded daily. Juveniles a t 
the age of th ree  weeks were sexed and m arked w ith an individual 
num ber. All adults w ere counted and weighed half-m onthly (on the 
1st and 15th of each m onth). 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  T ab le  I an d  e lsew here  re fe ren ce  m ay  be fo u n d  to  p o p u la tions m a r 
ked  A  in  ty p e  Z cages. T his is because a p o p u la tio n  s ta r te d  in  cage A  w as 
su b seq u en tly  t r a n s fe r re d  to  cage Z o r  B. In  such  cases an a ly s is  concerned  
th e  d a ta  an d  life - tim e  of th e  po p u la tio n  in th e  ac tu a l ty p e  o f cage w ith o u t
ch ang ing  th e  p o p u la tio n ’s num ber.

2) T ype H  p o p u la tio n s  have  been bred  by th e  a u th o r  jo in tly  w ith  R. A n -
d r z e j e w s k i  a nd  W.  W a ł k o w a  in In s ti tu te  o f Ecology P . A. Sc., w ho
used  th em  also  fo r  o th e r  p u rp o ses (cf. A n d r z e j e w s k i ,  P e t r u s e w i c z  
& W a ł k o w a ,  1959),
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60 populations of size Z, w ith an over-all life tim e of 1504 months; 
7 „ B, „ 204

15 ,, A, ,, 191 ,,
4 „ H, „ 128

The basis fcr the analyses 3) was provided by populations of type 
Z (80 X 80 cm), since th is type had the largest num ber of replications 
and the longest period of observation (Fig. 1 gives some examples of 
the num erical dynamics of Z-type populations). The data recorded 
from the rem aining types of cages were trea ted  in principle as m a
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 too scant (in H — 4, in B — 7) 
or observation was too short (A).

For statistical analyses use was m ade of the data from  only such 
type Z populations which have lived m ore than  12 months. The ana
lyses concerned only the data recorded since the first peak of any 
given population, to elim inate from consideration the period in 
which the sex ratio  m ay have been affected by the original one; 
as has been said, the original sex ratio  was not always the same.

II. N UM BERS O F M A LES AND FE M A LE S

For each population the tim e has been computed over which 
fem ales out-num bered the males (Y9 >  Ycf), and tha t over which 
the males equalled or exceeded the fem ales in num bers (Y? ^ Y d 1). 
This tim e was subsequently calculated in term s of per cent of the 
population’s over-all life-tim e.

This gave the  tim e (in per cent) of predom inance for females:
tim e over which Y? >  YcT

TD$ =  100 ' —----------- r— — -————-------, and for males:T =  population s life-tim e
tim e over which Y ? ^ Y c f

TDcT =  100 •  ----------- — — ,  , (TDcf -  100% - TD$ — see
T =  population s life-tim e

Table 1, column 5).
An analysis of the TDc? score (Table 3) for populations bred in 

type Z cages (80 X 80 cm) shows tha t the  num ber of populations 
where

TD9 >  TDcT was 48 (80% =  P x), , ,
TD? <TDd*  was 12 (20% =  P 2). r8

3) F o r he lp  w ith  the  s ta tis tic a l an a ly ses  of th e  m a te r ia l th e  a u to r  is g re 
a tly  in deb ted  to  Mr§. T. W i e r z b o w s k a  ( In s ti tu te  pf Ecology P. Ą. Sc.),
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Table 1.
N u m erica l d a ta  re la tin g  to p o p u la tions b red  in size Z cages.

NO. — p o p u la t io n ’s n u m b e r ;  t — t im e  o f  l i v in g  o f  p o p u la t io n  ( in  m o n th s ) ;  Y  — a v e r a g e  
n u m b e r  o f  in d iv id u a ls  ( f e m a le s  or  m a le s);  T D D  — p e r io d  o f  t im e  o f  n u m e r ic a l  p r e d o 

m in a n c e  o f  f e m a le s ;  A — a m p litu d e ;  S t  — d u r a t io n  o f  n u m e r ic a l  s t a b i l iz a t io n ;
D  — m o r ta l it y .

No
t ftr n P TD$ Acf Stef S t j Dtf

l 2 3 4 5 6 7 0 9 10 11

Z1 4 2 .0 6 10 .000 69 20 16 9 . 3 8 . 7 100 80

Z7 5 8 .0 10 14 .000 81 39 26 6.8 6.0 150 93

Z1 30. 5 16 31 .000 100 40 32 6.1 5 .8 125 87

z, 1 3 .0 11 19 .000 100 54 54 5 .0 5 . 0 236 152
4

ZS 2 9 . 0 9 18 .000 93 36 35 6.1 5 .5 100 67

3 4 . 5 10 18 .000 93 37 28 7 . 6 5 .2 150 83

z_ 1 5 .0 18 26 .000 68 24 7 8 . 3 8 . 5 139 38
7

z n 1 7 .0 8 23 .000 100 21 26 6 .3 6.0 150 65

Z12 
Z„ ,

14. 0 17 30 .o c o 100 30 11 4 . 0 6.0 188 63

1 5 .0 9 16 .000 41 42 16 6 .4 6 . 4 130 59
13

z ia. 1 8 . 0 6 12 .000 50 34 26 4 . 8 3 . 8 306 153

Z.o 1 9 .0 13 24 .000 100 37 40 6.0 6.2 1 54 78
18

1 9 .5 16 26 .000 100 40 35 5 .2 5 .2 121 56
19

Z„„ 18. 0 20 21 .001 84 51 32 4 . 4 5 .6 112 5720
Z21
Z22
Z23
Z24
Z25
Z26
Z27
Z28

1 7 .5 19 18 . 1 9 5 35 38 32 7. 5 7 . 0 93 62

1 8 . 0 18 24 .000 100 43 37 5 .3 4 . 5 122 67

1 7 .0 19 18 .2 2 9 25 72 47 2 . 4 3 . 2 160 107

1 7 .0 19 19 .381 44 53 46 4 . 8 4 . 0 135 97

1 7 . 0 11 20 .000 100 33 34 10.0 8.0 153 68
1 8 .0 22 28 .000 94 42 34 7 . 2 8 . 4 73 34

1 7 .0 18 22 .000 81 58 50 6.8 2.8 133 102
1 7 . 0 15 24 .000 93 38 50 5 . 0 3 . 0 106 80

1 6 .5 10 19 .000 74 27 25 6.0 7 . 2 144 25
29

Z30
Z31
Z32
Z33

P,

1 2 .5 12 18 .000 100 28 25 3 .3 4 . 0 108 39

1 2 .5 14 20 .000 100 44 29 1 . 9 2.6 136 45

12.0 ' 13 14 .2 9 5 50 37 31 6.0 5 .4 54 62

12.0 27 21 .000 18 51 30 4 . 5 5 . 0 67 38

7 7 . 0 11 12 .0 3 6 77 47 32 5 .8 5 .3 223 1 46

Po 20.0 10 23 .000 100 34 43 8.0 5 . 0 170 87

p 3 47 . 5 10 12 .071 70 23 20 8 . 5 6 . 5 136 113

p, 3 8 . 0 9 21 .000 100 25 38 6.1 3 . 6 155 119

? 5
P6

20.0 8 7 .3 2 2 30 14 17 10.2 7 . 8 88 143

2 8 . 5 8 11 .000 70 24 9 8.8 7 . 5 125 64

P7 1 6 .0 12 25 .000 100 21 18 8.2 8.1 1 58 36

P q
18. 5 13 28 .000 100 56 56 5 .2 5 .2 169 678

P q 1 6 .0 15 21 .000 100 48 33 7 . 5 6 . 5 160 57

1 6 .0 20 32 .000 100 55 68 5 .3 2 . 3 73 53

3 7 .5 10 16 .000 82 36 26 6.0 7 . 0 170 94

Zra, . 4 3 . 0 7 19 .000 100 25 27 8.0 5 .5 204 692
ZDt 5 5 .5 11 15 .000 82 36 32 7 . 3 5 . 6 172 108

z ®4 2 7 .  q 8 12 .000 100 22 20- 9 . 0 7 . 0 100 75
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Table 1 (continued).

1 2 3 4 5 6 7 8 0 10 11

L1 26. 5 8 14 .000 96 50 32 7.0 7.0 00 100
L2 26.0 7 15 .000 100 30 35 6.0 6.0 143 93
h 23.0 6 9 .000 91 25 18 7.0 6. 5 1 50 111

L4 15.0 11 14 .000 72 33 27 9.0 8. 4 127 71
h 36.0 8 6 .322 43 22 18 7.3 7.0 159 186
L6 14.0 e 4 . 000 11 24 15 7.2 6.5 100 250

Di~ 48.5 10 1 5 .000 88 39 37 6.3 4.9 203 133
»2 52.0 12 14 .011 69 40 27 6.6 6.0 164 88

V1 48.0 5 9 . 000 81 30 24 7.8 6. 4 304 148
v2 13.0 17 13 . 000 20 45 26 6.5 6.0 178 107

A2 20.5 8 14 .000 100 35 29 8.0 7.2 225 100
A3 58.0 7 13 . 000 86 26 20 7.2 6. 1 194 80
A5 21.5 9 11 .000 83 .19 17 6. 9 5.9 150 92
A6 24.0 11 20 .000 100 24 23 9.0 7.8 1 36 55
a9 18.0 16 19 :ooo 50 30 24 8. 3 7.0 68 71
A10 161.0 18 17 .229 38 37 22 7.1 7. 6 95 53
A11 15.5 14 13 .172 47 32 24 8.6 7.4 69 57
A17 14.0 11 18 .000 100 30 32 8.0 6. 4 45 50
A18 12i 0 9 19 .000 100 29 28 9.5 9.0 167 63

Avg. 25.1 12.6 17.9 779 35.6 29.5 6.7 6.0 143 85 ■

The statistical significance of the difference in the num ber of 
cases as betw een TD? >  TDcf and TD? ^  TDcf was checked with 
the aid of the criterion: the difference betw een Pi and P 2 ist sta tisti
cally significant when !Pi — P 2I : a ^  3 4).

The difference proved statistically  significant since iPi — P 2I : 6 =  
=  6.91 >  3.

F u rthe r (Fig. 2), the num ber 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 num ber of populations where fem ales outnum bered males 

over 80% of the time, or longer (P3), differed significantly from the 
num ber of populations where TD? ^  TDcf (Pi), since IPi — P 3I : 6 =  
=  3.03 >  3.

4) Pi -T-- p e rcen tag e  of p o p u la tions w h ere  T D $  > T D c f ;  P 2 — n u m b er of 
p o p u la tio n s w h ere  T D 9  ^ T D c f ;  and  6 is th e  s ta n d a rd  d ev ia tio n  o f the  
v a r ia b le  exp ressed  as:

_ /  P, . 100—PD P 2 (100-P j)
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Table 2.
N u m erica l d a ta  re la tin g  to popu la tions b red  in size A , B  and  H cages.

No t Ц Td- TDj Acf A? Dtf D?

A1 24. 0 11 7 100 8 7 99 58

a2 9 . 0 17 13 100 17 10 67 30

4 7 . 0 19 7 100 12 3 171 15
2 2 .0 14 7 100 8 11 104 70

s 7 . 0 16 7 100 24 12 43 ____ 56

A? 2 6 . 5 10 6 100 Ю 11 140 139

A8
A9

18. 0 7 7 47 8 18 69 228

7. 5 12 11 59 6 _ _  12 52 98

9 . 0 13 8 92 35 13 185 46

A11 
A12 
A13

1 9 .5 12 1 1 60 23 20 38 83
12.  5 8 5 100 6 11 175 26

1 1 .5 4 U 14 17 11 34__ 210

A14 
A17

8 . 0 8 12 4 24 13 31 67
7 . 0 17 10 100 11 5 54 Ю

a 4 9 . 0 13 7 100 17 13 97 58

Average 1 2 .8 12 9 78 15 11 9 1 80

B1 51. 5 19 15 69 47 32 127 101

B-> 25 . 5 25 13 100 32 34 115 48
3 3 19. 5 23 10 100 28 27 220 70

B5
Б6

2 1 . 0 27 15 100 59 63 133 67
9 1 .5 18___ __ 18 36 23 19 104 79

B7 3 1 .5 19 ____ 19 68 32 23 147 91

B8 2 4 . 0 12 b 95 71 57 294 147

Average 2 9 .2 20 14 81 42 36 163 86

H1 32 .2 27 22 72 81 82 189 153

;,2 3 2 .2 39 30 88 96 88 151 108

H3 32 .2 58 53 65 144 135 142 123

«4 32 .2 74 67 82 158 166 111 101

Average 3 2 .2 49 43 77 120 118 148 121

Characteristic is the distribution of the m agnitude TD? — TDd1, 
namely:
the value T D ? —TDc? : < —50%, — 50°/o— 0%, l°/o—50% 51%— 100% 
Number of cases: 3 9 9 39
percentage of cases: 5% 15% 15% 65%

Calculations have also been made for all populations jo in tly  of 
the average tim e over which females outnum bered the m ales (TD 9) 
and when Y9 ^  Ycf (TDcT). i t  has been found (Table 3) that 
TD? >  TDcT in all types of populations.
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The m agnitude of difference betw een TD$ and TDd1, analyzed 
by S t u d e n 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 m onths for H and 204 for B), 
and the fact th a t all results point in one direction, allow these re 
sults to be trusted.

Table 3.
T D -score  in  p o p u la tio n s  of v a ry in g  types.

Cage
No. o f  
popu
l a t i o n

P e r c e n t a g e  o f  o a s e s when: A verage

TDj > TD<f TDj <  TDif TD(j> >  80« TD£=100« TD<f=100« TD<j> ÏB <3*

Z 60 80 20 63 38 0 78 22

A 15 80 20 67 60 0 78 22

B 7 8b 14 100 43 0 81 19

H 4 100 0 50 0 0 77 23

Table 4.
S ta tis tic a l an a ly s is  of d iffe ren ces  b e tw een  av e rag e  n u m b ers  of sex es  (P <  .01).

S t a t i s t i c a l
Nunber  o f  c a s e s  when :

T o t a l

ï 2 > ?2  <  X<f

s i g n i f i c a n t 47 3 50

non s i g n i f i c a n t 3 7 10

T o t a l 50 10 60

Hence, the  num erical predom inance of females in confined mice 
populations over m ost of the tim e m ay be supposed to be a generally 
regular phenomenon 5).

* * *

The num bers of males and fem ales (Y^cT and ? ) have been ana
lyzed for 60 populations bred in type Z cages. W ith th is in view,

5) I t  w ill be rem em b ered  th a t  th e  ex p ress io n  TDcf also  covers th e  period  
of n u m erica l e q u ilib r iu m  be tw een  th e  sexes w ith in  a p o p u la tion .



the mean num bers of males and females (YcT and Y ?) 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-m onthly 
counts recorded in the graph, for the period between the end of the 
first peak and the end of the experim ent (death of the population 
or term ination of observations) or, alternatively, January  1, 1960. 
By ignoring the period before the first peak, the  pre-existing nu
m erical disproportion between the sexes, due to the starting  of the 
population with different num bers 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 fem ales)6).

Subsequently, the statistical significance of the differences be
tween m ean num ber of females (Y ?) and males (YcT) in each popu
lation was checked with the aid of S t u d e n t ’s test and by ana
lyzing the series Zk =  Y ?k — Ycfk where Y ¡< is the num ber of the  
anim als of the given sex at the time k. The differences proved s ta 
tistically significant at the levels of 0.01 in 50 (83%>) and at 0.001 
in 49 (82°/o) cases (Table 1, column 4 and Table 4). There were only 
3 cases (5%>) where the differences was statistically  significant and 
Y ? <  YcT.

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

1 i ź  K azim ierz P e tru sew icz

Y? >  YcT 
Y ? <YcT
Y$ >  YcT and this difference is signicant 
all the rem aining cases (100% — P 3)
Y ? ^  YcT and significant 
The computations gave:

|Pi — P 2I : a -  8.69 >  3 
|P3 — P 4I : a = 8.11 > 3

Number
of cases

50 Pi = 83%
10 P 2 = 17%
47 Ps = 78%
13 P 4 = 22V o
3 P 5 - 5%

®) To see w h e th e r  th e  starting ' num erica l d iffe rences betw een  th e  sexes 
a ffec t m ean  num bers, YcT and Y ?  have been ca lcu la ted  fo r th re e  p o p u la 
tio n s  ignoring  a lto g e th e r th e  periods till th e  d ea th  of s ta r tin g  an im als . The 
d iffe ren ces b e tw een  th e  m eans ca lcu la ted  w ith  and  w ith o u t th e  s ta r tin g  
an im a ls  w ere  exp ressed  in centesim al frac tio n s and  not above 0.1, w hile 

Y o  and  Y ?  v cre  u red  in round figures.
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Hence, the difference m ay be said to have been statistically  signi
ficant in all comparisons. And even the percentage of the ca
ses where the females significantly outnum ber the males is signi
ficantly larger than the percentage of the rem aining cases, tha t is, 
of those w here the num erical difference betw een the sexes is sta- 

* tistically nonsignificant or the fem ales are less num erous than  males. 
And the criterion used in this case is ra ther severe. For, among 
the ten populations where the differences betw een the sexes were 
not statistically  significant, there doubtless are such where this was 
due to small n (brief obserw ation period).

Table 5.
F req u en cy  of th e  v a lu es of d iffe ren ces and  q u o tien ts  of fem ales an d  m ales 

n u m b ers  (expresed  in p e rcen tag e  of th e  n u m b er o f cases).

Q u o t i e n t 0 . 1 - 0 .  5 0 . 6 - 1 . 0 1 . 1 - 1 . 5 1 . 6 - 2 . 0 2 . 1 - 2 . 5 2 . 6 - 3 . 0 3 .1  < A v g .

Yj : Ycf 2 16 35 34 10 3 0 5 .3

>3 f a t  p eak s Cl 27 37 19 7 4 2 4 . 2

o+ i a t  rain. 3 11 17 16 7 7 40 £ . 4

D i f f e r e n c e
CO*

- 7 - 4 -  3 . 0 1 -  4 5 - 8 9 - 1 2 13 -  16 17 <

Yj -  Ycf 0 5 1 3 28 25 19 10 0 1 . 4 2

j  a t  p ea k s 6 10 15 21 24 13 6 5 1 . 4 5

® t | . a t  rain. 2 3 9 24 30 16 10 6 2 . 0 0

To have a m ore comprehensive num erical comparison of males 
and females w ith in  the populations concerned, an analysis was m ade 
of the frequencies of: the m ean num bers of fem ales (Y ?) and males 
(Ycf) and the differences and quotients of the m ean num bers of 
females and males (Y? — YcT and Y9 : YcT) in Z-type populations 
(Table 5, and fig. 3).

The average num ber of m ales (YcT) varies between the populations 
from 5 to 27, and for almost half of the  cases (26 cases, i.e., 43°/o) 
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, w ith peak m ore 
extending than  for males and distinctly  shifted towards higher 
values (Fig. 3a).

An analysis of the ra tio  betw een fem ale and m ale averages 
(Y$ : Ycf) shows (Table 5) those from  1.1 to 1.5 and from  1.6 to 2.Q
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to be the m ost frequent since these apply to 41 populations, which 
makes 69% of all the populations investigated. It will be noted that 
in a fair num ber of populations the  average sex ra tio  (? : d )  was 
distinctly larger than a unit (in 47 populations Y ? : Yc? ^ 1 .6). 
In only 11 populations (18%) the females averaged less than the 
males. An analysis of the frequency of the differences Y9 — Yd 
(Table 5) shows th a t in 54% of the  populations (32 in 80) females 
outnum bered m ales more than 5.

S iz e  o f T d -

Fig. 2. Td score d is tr ib u tio n .

Fig. 3. F req u en cy  of m ale  and  fem ale 
n u m b ers ; a  — o v e r-a ll  m ean ; b — a t 
p eak  periods; c — a t m in im u m  periods.

Size of Y

The m ean from all Z -type populations (grand mean) was for m a
les 12.6 and for females 17.9; hence, an over-all average fem ale-to- 
-m ale ratio  of 1.42 is obtained.

It will be interesting to compare the figures now obtained w ith 
those reported  in the prelim inary  communication ( P e t r u s e w i c z ,  
1958). The la tte r  have been derived from  a scantier m aterial (47 v. 
60 populations) and shorter observation, and yet — as regards the 
differences and averages — agreem ent is striking:

Y9 Y d Y? — Y d Y9 : Yd 
P e t r  u s e w i c z (1959) 15,9 10.9 5.0 1.49
present paper 17.9 12.6 5.3 1.42
It has been dem onstrated th a t th e  num ber of cases where 

Y9 >  Y d was significantly larger than  w here Y$ ^ d t To check
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w hether the m agnitudes of thes difference is also statistically  signifi
cant, S t u d e n t ’s test was used. The analyses concerned the diffe
rence (Y 9—YcT) as well as quotients (Y9 :Ycf); the computations gave 
for t—7.20 and 24.83 respectively. This m eans th a t in either case the 
analysis has shown the likelihood of Y ? =  YcT to be P (Itl ^ t a )  =  
=  0 .0000 .

Since in 49 of the 60 populations Y9 >  Yd1 and the grand average 
for any one Z-type population Y9 =  17.9 >  YcT =  12.6, the average 
num ber of females (Y9)  m ay be said to exceed in confined popula
tions the average num ber of males (YcT) in a statistically  significant 
way.

For the sake comparison, computations were made of average 
male and fem ale num bers, differences and quotients of these num 
bers, as well as the  num ber of cases where Y9 >  YcT, for popula
tions bred in cages of sizes A, B and H. In all these populations the 
fem ales proved to outnum ber m ales (Table 6).

Table 6.
N um bers of fem ales and  m ales in pop u la tio n  b red  in v a ry in g  types of cages.

Cage
Number 
o f  p o p u la 
t i o n

k Y<? Yij>-Y(? h
Yo"

Number o f  c a s e s  when:

Y$ >  Yt? Y? <  Ycf

Z 60 1 7 .9 1 2 .6 5 .3 1 .4 2 50 10

A 15 12 9 3 1 . 3 12 3

B 7 20 14 6 1 .4 5 2

H 4 49 43 6 1.1 4 0

* * *

It has, consequently, been dem onstrated th a t on the whole females 
are m ore num erous in confined populations than males. A survey, 
though, of the basic data  (Fig. 1) shows these num erical differences 
betw een the sexes to be inconstant — as could be expected after 
all. At tim es males outnum ber females, for instance, in population 
Li in November 1954 (Fig. 1), while at other times, the females 
outnum ber males even some dozens of times. Hence, it has been 
investigated w hether variations in the  sex ratio  are  in some regular 
relation to phases in the  populatiQn’s dynamic, W ith this in view,
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for populations, bred in Z-type cages the num bers of males and 
fem ales (Yd1 and Y ?) were computed separately for the periods 
of population highs (peaks) and lows 7). The num erical differences 
betw een the sexes proved to be sm aller in the  peak periods, what 
was proved w ith both the differences and the quotients of average 
num bers as well as the num ber of cases when Y $ > Y d  (see table 7). 
The distribution of the magnitudes Y ?  and Yd" (Figs. 3b and c) also 
shows in the peak periods smaller dissim ilarities between the curves 
as for males and females.

Table 7.
N u m b ers  of fem ales and  m ales in type  Z po p u la tio n  a t peaks and  m in im um

periods.

No.
o f

o b s e r 
v a t i o n

n P P e r c e n t a g e  o f c a s e s when:

Perl-od Yd1 Yj-Y Ć Ytf
Y$-Ycf Yę:YcT

YS>Y£f

P1

Yo^Yd1

P2
—  > 2  
Yd1

Y?
—  > 3  
Yd1

P1~P2
*

Min. 208 1 2 .5 6.1 6 .4 ro o VJ
I . 0 0 0 0 .0 0 0 0 86* 14* 54* 40* 2 1 .4 3

Max. 213 2 0 . 3 16.1 4 .2 1 .4 5 .0 0 0 0 .0 0 0 0 b 9 * 3 1 * 1 3 * 2 * 8 .7 6

It has fu rther been shown that at both highs and lows of a po
pulation the difference between the percentages as of cases where 
Y ? >  Y d (Pj) and Y? ^  Y d (P2) was statistically  significant since 
t =  iPi — P 2I : a ^  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$ >  Y d, which was found to be 86 and 69 re 
spectively. The difference proved statistically  significant, since 
IPi —■ P 2I :  ̂ =  4.19 >  3.

The cases where females (Y?)  outnum ber males ( Y d )  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 Y d .  This has been done 
with the S tuden t’s test, analyzing the series of both the differences

7) T he ca lcu la tio n s have been  m ade fo r th e  sam e p eriods as th e  m eans 
to r  th e  p o p u la tio n ’s e n tire  life -tim e  (cf. p. 112). A s po in ts of p eaks h av e  been 
ta k e n  th e  po in ts o f an  increase  by 5 o r  m o re  in d iv id u a ls  a f te r  w h ich  th e re  
w as a  fa ll. T he num bers  fo r th e  period  of p o p u la tio n  low  w e re  ca lcu la ted  
fo r th e  la s t p o in t befo re  a rise by not less th a n  five in d iv idua ls ,



(Yk 9 — Ykcf) and quotients (Yk $ : Y k cT). The calculations have 
shown the differences betw een Y9 and YcT to be statistically  
significant at either, population highs and lows (cf. table 7).

The num erical superiority of females as at highs and lows was 
com pared w ith  the aid of S tuden t’s test.

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

The analysis bears out that:
1. the num erical differences as between populations where 

Y9 >  Y d and such where Y9 ^ Y d a r e  statistically  significant;
2 . the m ean average num ber of fem ales w ithin a population 

is above tha t of males (the difference being statistically  signifi
cant) for the population’s en tire  life-tim e as well as for its highs 
and lows;

3. the sex ratios — defined by either Y d — Y9 or Y ? :Y d  — 
are variable, depending on the phase in the population’s cycle. 
The num erical superiority  of females is greatest at population 
lows, and least at population highs.

III . T H E  RA TE AND A M PL IT U D E  OF N U M E R IC A L  C H A N G ES

In order to investigate the num erical dynam ics for either sex, the 
respective absolute increm ents and decrem ents as revealed by 
consecutive counts, i. e., on the 1st and 15th of each m onth, have 
been summ ed up for each population separately (-|Z k— Yk_,| 8j 
This sum gives the am plitude of the num erical changes for the 
given sex. Since the particular populations were bred and obser
ved over different periods of time, the values have been pro
rated  on a one-year basis to have comparable m agnitudes and 

y  Y I • 12
A =  — I—*------ hzi  has been obtained, where Y, , and Y. the2n k i k
totals for the given sex at two consecutive half-m onthly counts 
(cf. Fig. 1), and n the num ber of such counts (2 n = num ber of 
months).

R eg u la ritie s  in  Sex R atio  D ynam ic  in M ice l i t

8) T he v a lu es  of n u m erica l changes have  been com puted  fo r  th e  period  
e n d in g  J a n u a ry  1, 1960 fo r po p u la tio n s s till a live, and  fo r th e  e n tire  life -tim e  
fo r po p u la tio n s liq u id a ted  e a rlie r .



Thus calculated, the  am plitude of num erical changes (A) cor
responds roughly to the sum of the animals born and surviving at 
least th ree  weeks and of the deaths of anim als more than three 
weeks old. In some cases, the num erical data taken from  the 
graph are by a few units lower than  the real natality  plus m or
tality . This is so because the census was taken half-m onthly (1st 
and 15th of each month). W ithin tha t half-m onth of the  count 
there  m ay have been deaths as well as m aturations. The diffe
rences were slight. For the sake of control, the  differences between 
the real annual am plitudes and those calculated from the graphs 
have been com puted for two populations. The differences were 
— 0.3 and + 1.4 for P 5 and P4 respectively. The unreliability, in 
some cases, of daily  death recordings prom pted the use of accurate 
half-m onthly 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. D is tr ib u tio n  of m ale  and  fem ale  am p litu d es  and  th e ir  d iffe rences
(AcT — A?).

Comparison of the frequencies of the am plitude values (Fig. 4) 
shows tha t the  curve for A d is distinctly shifted to the righ t (to
wards higher values). The mean annual am plitude for all popula
tions also is higher for males than for females, since AcT =  35.6 
versus A ? =29.5 .  Hence, the mean difference between the annual 
am plitudes as for males and females ( A d — A?)  is 6.1. An ana
lysis of the frequencies of the differences betw een male and fe-
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m ale am plitudes (Ac? — A? )  in particu lar populatinos shows 1— iO 
to be the usual range (32 cases, i.e ., 53°/o) and A ? ^  Ac? in only 
13 cases (22%), but Ac? >  A 9 in 47 (78%) populations. The nu
m erical difference betw een the  cases w here Acf >  A? (78%) and 
A 9 ^  Ac? (22%) is statistically  significant since i P i — P 2I : 0 r= 
=  7.93 >  3.

To see w hether the value of difference betw een m ale and female 
am plitudes is statistically  significant, use was made of S t u d e n t ’s 
test. The test has proved it is, since the likelihood that AcT and 
A? are not d ifferen t was a =  0.000. Since A c ? > A 9 ,  the am pli
tude of num erical changes in confined Z -type populations m ay be 
said to be for males higher.

Table 8.
T he a n n u a l am p litu d e  of changes -in th e  n u m b ers  of m ales and  fem ales.

Cage Number A.S A{ IS -  1$
Number o f c a s e s  when

A<? > Aj AS ky

Z 60 3 5 .6 29. 5 6.1 47 13

A 15 15.1 11 .3 3 . 8 10 5

3 5 4 1 .8 3 6 .4 5 .4 5 2

H 4 120.1 1 1 7 .8 2 . 3 3 1

In order to check w hether th is applies generally, annual am pli
tudes of num erical changes in A, B, and H type cages have been 
com puted for males and females. The data obtained (Table 8) show 
that the am plitudes were in all the types of populations higher 
for males.

* * *

As the  score the ra te  of num erical changes (rate of growth) has 
been taken  the difference betw een the  num bers of males (or fem a
les) a t tw o consecutive m oments expressed as per cent (5) of the 

|YC — YcT J-100 
« rst: K  =  L j y J  ,

1  k — 1

w here 5k — the score of the ra te  of growth, and Yc?k the num ber 
of m ales a t the m om ent k and Yc?k_, tha t a half-m onth earlier (and 
analogically for females).

The ra te  of grow th scores (&k) have been calculated for the pe
riod till Ju ly  1, 1957, for the 41 Z -type populations then observed 
(Table 9). On analysis, the m ean ra te  of growth score for a given
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population (5) proved (Fig. 5) to be distinctly higher for males 
(6cf) than for females (59). The curve for 5c? is distinctly shifted 
towards higher values (Fig. 5) and notably extended. In most cases 
59 is 5°/o— 12.5%, the maximum being 21.6%. W ith males the 
m axim um  is 68% and in as m any as 14 (34%) population 5c? is 
above 25%, a value never attained b y  5?.

The num ber of population in which 5c? >  69 was 37, as against 
only four in which 5c? < 5 ? .  Obviously, this differences is sta tisti
cally significant since I Pi — : 0 =  12.2 > 3 .

Fig. 5. F requency  of the  g ro w th  ra te  score.

S t u d e n t ’s test was used to see w hether in general the diffe
rence betw een the rate of growth indices as for males and females 
(5c? — 69) was for all populations statistically  significant. It pro
ved to be so (5c? ^  6 $), since ta =  5.265 >  to ooo] =  3.551.

Since 5c? >  69 in 37 of the 41 populations investigated, and 
o cT =  25.82 >  8~ 9 = 8.74, the ra te  of growth score may be said 
to have been higher for males than  for females in a statistically 
significant m anner for the entire m aterial.

To compare in character the ra te  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 m ale and female rates of 
growth will be considered statistically  significant within a popula
tion when IScT — S 9 1 ^  3 a,  or which am ounts to the  same, when

Sc? — S9
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In 33 of the 41 populations statistically  analysed was 0 >  3 
(cf. Table 8, col. 5), and, consequently, the difference in the varia
tion of the rate  of growth index as betw een males (Scf) and 
females (S?)  — statistically  significant. In 36 cases was Scf > S 9 ,  
and Sd S9 in only five. Hence in 31 (76°/o) of 41 populations,

T ab le  9.

In d e x  of th e  ra te  of n u m erica l changes (5) an d  its d isp ersio n  (S )9).

Yk-Y k - i  > 100
n ; si -  / i

n —1
0  = S°* -- S9

9 S$ Scf • e ¿fo+ ¿ V 3$ Scf
1—1

e

1 2 3 ‘ 4 5 ■1 2 3 4 5

Z1 7 . 8 1 7 .5 12 .9 1 1 .2 8 . 3 7 Zra^ 8 . 0 27. 5 1 5 .6 85. 1 3 .1 7

Z2 8.1 33 .1 1 1 .7 7 9 .4 11.92 Zmc, 6 . 9 1 7. 2 12.2 6 3 . 7 8 .0 4

Z, 1 1 .7 29 . 7 3 6 .0 7 6 .7 5 .4 2Jz. 1 7 .2 5 5 .3 48.1 1 53 .9 4 .4 4 P1 9 . 5 25 .4 1 5 .3 34. 4 8.  59
4

; 7. 5 1 7 .9 1 2 .5 4 4 .4 7.41 P2 1 3 .8 51. 4 4 4 . 0 2 2 1 . 6 6 .4 7
?

Z fi 7 .2 3 7 .4 1 4 .3 1 6 5 .8 1 0 .1 7 P3 8.  7 22. 3 1 3 .8 76. 2 9 .3 0
O

Z 7 1 . 7 1 0 .9 2 . 8 15. 1 5 .3 0 P4 1 0 .7 2 1 .5 17.4 5 0 .2 6 .8 0
f

ZR 7 . 7 6 8 .8 1 2 .0 3 2 8 .0 7.21 P5 1 1 .0 10. 6 2 1 .4 1 8 . 9 0 .7 8
8

2 1? 2 . 5 1 3 .4 2 .4 1 6 .3 5 .4 7 P6 6. 5 8 . 8 1 2 .5 1 3 .9 0.70,
1 c.

Z13 3 . 6 11.1 4 . 8 17 .3 5.11 P7 5. 5 1 6 .7 1 1 .0 2 9 . 3 4 .0 6

Z14 5 . 5 9 . 9 5 .4 2 0 .7 4 .7 4
L1 1 2 .2 58. 4 18. 0 2 3 6 .3 9 .0 8

A 2 6 . 7 .1 2 .7 1 0 .7 3 4 .2 7 .1 4 ^2 12.1 1 6 .7 25.  5 2 2 . 9 0 .6 8

A1 6 .5 1 4 . 0 1 4 .6 2 9 . 5 6 .2 2 L3 1 1 ,6 2 3 . 9 2 9 . 3 5 1 .9 3 .1 8

A5 6 . 7 1 3 .5 1 3 .0 4 2 .7 6 .9 0 L
lx

9 . 6 1 2 .6 24 .1 2 8 . 0 6 .1 5

A6 5 . 6 1 0 .4 1 3 .9 22. 1 3.31 L5 1 0 .8 3 6 .8 2 4 .3 145. 5 7 .2 5

A9 7 . 0 _5 . J 2 2 .6 1 2 .9 3 .2 9 L6 2 1 .6 3 5 .2 3 7 .0 1 2 2 .0 5 .0 0

*10 1 3 .8 7 . 8 2 4 .5 1 2 .8 3 .8 0
D1 7 . 7 1-1.6 14 .4 18 .2 V.31

A11 • 8 . 4 1 3 .3 2 3 .9 3 0 .4 1.41
P2 7 . 8 1 6 .8 16 .2 23. 6 1 . 94

A1 7 1 2 .0 1 5 .6 3 1 .9 3 8 .7 1 .03

A18 2 . 0 0 . 5 1 4 .6 2 6 .0 2 .7 5 v 3 1 2 .5 4 3 .2 1 3 .3 70. 1 5 .7 3
V p 7 . 9 27. 3 8 . 9 38. 8 5.24

Z ra 1 7 . 6 2 6 . 7 1 8 .8 60. 3 1 8 .8 0 C

Z lD j . 8 . 9 1 7 .7 1 2 .3 4 1 . 9 7.11

A v ^  • 8 . 7 8 2 2 .5 9 1 8 .0 64. 1 5

9) ScT and  S $  s tan d  fo r th e  v a r ia tio n  of Scf an d  6 9 resp., an d  a re  de fi

ned as ScT =  k — a C ) 2 (S 9  analog ically ), and  a is th e
k= I

s ta n d a rd  e r ro r  of th e  d iffe rence  S c f — S 9  and  is a s =

w h ile  n in d ica te s  th e  n u m b er of o b se rv a tio n s  — in o u r  case tw ice  the  
n u m b e r of th e  m on ths o ver w h ich  th e  p o p u la tio n s  had  been su rveyed .
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the difference Scf — S9 was statistically significant and Scf >  S 9 .
To see w hether the higher variation of the 8cf index, i.e., Scf, 

is not generally  (for all populations) due to chance, use was made 
of the criterion iPi — P 21 ^ 3  a, w here Pi is the cases where 0 ^  3

31 * 100
and at the same tim e Scf >  S? ’ (Pi = — —----- ); P 2 stands for

41
the num ber of cases where the difference Scf — S? is statistically 
nonsignificant (© <  3), or alternatively  S c f ^ S ? .  Consequently, 
the difference in question proved significant, since IPi — P2J =  0.447, 
and <3 =  0.092, i e., IPj — P 2I =  0.447 >  3 a =  0.276.

Hence, in general term , considering all populations jointly, the 
variation of the  ra te  of growth index, m ay be said to be higher 
for males.

IV. D U R A T IO N  O F T H E  PE R IO D S OF N U M E R IC A L  ST A B IL IZ A T IO N  
FO R M A LES AND FEM A LES

W ith a view to exploring more fully sex differences in num eri
cal dynamics w ith in  a population, the sum has been calculated for 
each population of the  periods over which the given sex rem ained 
on a constant num erical level. As such periods have been asumed 
those w here not m ore than one anim al of the  given sex died 
between four consecutive counts (i. e. during 3 half m onths 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 num ber of m onths 
in a year over which the num ber of anim als of the given sex re 
m ained constant w ithin a population (Table 1, col. 8 and 9). These 
m agnitudes are here referred  to as stabilization indexes for males 
or fem ales (S t9 or Stef).

The frequency of these indexes (Fig. 6) shows that those for 
males are  usually of a higher order of m agnitude. The m aximal 
indexes also are those for males. The average value of the  index 
for all the  populations is for males higher since Stef =  7.24, and 
S t?  = 6 . 48  (Stef — S t?  =0.76). The cases w here the difference 
in stabilization indexes as between m ales and females is 0 .6— 1.0 
are the m ost frequent (Fig. 6).
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S t?  ^  StcT was in 18 populations (including seven where 
S t?  =  StcT) and StcT >  StcT, in 42 populations. The difference 
betw een the two groups of cases is significant since iPi — P 2I : 6 =  
=  4.78 >  3.

The difference betw een the m ean stabilization indexes as for 
m ale and fem ales (StcT — St?) ,  calculated for all Z -type popula
tions, also is statistically  significant, as has been shown by S t  u- 
d e n t ’s test at the  signifcance level a =  0.001 10). This gave t =  5.93,

o S *" o 8

Fig. 6. D is tr ib u tio n  o f th e  in d ex  of n u m erica l s tab iliz a tio n  periods.

and t o ool =  3.551, which m eans th a t the  value StcT is significantly 
d ifferen t from  S t ? .  And since StcT >  S t ? ,  and the num ber of cases 
where StcT >  S t?  is 70%, we m ay say tha t the  stabilization index 
has been proved to be for m ales higher.

V. M O R TA L IT Y  AND N A T A L IT Y  R A T IO  A CCO RD IN G  TO  SEX

Youngs were sexed when 18—21 days. The num ber of young 
ones which survive th ree  weeks is obviously m uch sm aller than 
the num ber of births. In 47 Z and B -type populations, w ith an 
over-all life-tim e of 1107 m onths, there  w ere 13121 youngs born, 
which gave only 2801 anim als th a t survived th ree  weeks. There

10) T he se ries  S tcT — S t$  h ad  to  be tra n s fo rm e d  in to  one h av in g  no rm al 
d is tr ib u tio n  (S t’ =  S t + a, w h e re  a =  134, an d  V =  log S t’).
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is much likelihood that m ortality  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 m ortality  were noted 
between the se x esn ). Hence, it is safe to assume that the sex 
ratio  among three-w eek olds is roughly the same as among new
borns.

Fig. 7. D is tr ib u tio n  of th e  num bers  of young  an im a ls  w h ich  have su rv ived
3 weeks.

Now, among the 2801 animals which survived the firs t three 
weeks there  were 1415 females and 1386 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 fem ales are born and added to the populations in v irtu 
ally equal numbers.

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

n ) A lto g e th e r sexed  — 123 youngs; inc lu d in g  60 m ales and  63 fem ales; 
le ft a f te r  th re e  w eeks: 16 (26.7°/o) m ales and  16 (25.4%) fem ales.
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ned was computed the percentage it constituted of the average 
num ber of males or females, and this has been term ed the morta-

Num ber of males died X 100 
lity  index Dtf =  - N u - ber o£ years x  Yd.  <D9 a n a lo g ic a l ly -

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

T ab le  10.
A n n u a l m o rta lity  (as p e rcen tag e  of m ean  num bers).

Cage Num ber 5 J D? D<? — D<2
Number o f o a s e s  when:

I5(? y  T»ç

A 15 91 80 11 9 6

2 60 143 85 58 54 6

B 7 163 86 77 7 0

H 4 148 121 27 u 0

20
i6

  ~   ,   , , , %
<51 -5 0 -2 6  -2 5 -0  1-25 26-50 51-75 76-100 10M25 126<

Sire of D<f- DÎ — >

2 0 -4 0  4 1 -6 0  61-80 81-100 1'1-120 121-140 141-160 161-180 181 <

Sire cf D<f and D t  »•

Fig. 8. D is tr ib u tio n  of m ales an d  fem ales m o rta lity .

An analysis of D m agnitude shows m ortality  to have been very 
high under the experim ental conditions. Among the 60 populations 
there were for females 16 and for males 49 where D >  100%, and, 
consequently, annual deaths above the average num ber of females 
or males in a given population (Fig. 8). In extrem e cases, the  index 
was higher than 300% (Table 1, col. 10 and 11). The frequency of 
the values D? and Dcf (Fig. 8) indicates m ajor differences betw een
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the sexes. D ? was commonly 41—81%, nam ely in 37 (62%) of the 
populations. Dcf was on average much higher, usually 121—160%. 
In only six (10%) populations was D? ^DcT.  The difference 
D ? — Dcf is large, for it was in  a vast m ajority, 45 cases, w ithin 
the range of 26— 125% (Fig. 7). These differences are so conspi
cuous that no statistical analysis is needed to say tha t m ortality  
is higher among males.

VI. D ISC U SSIO N

The discussion is made necessary by the seeming contradiction 
between, on the  one hand, the larger am plitude (A) and larger and 
more variable index of num erical changes (8) for males, and, on 
the other, their longer periods of num erical stabilization. This 
means tha t num erical changes among males last shorter but are 
more pronounced. Since num erical differences between the sexes 
are among 3 weeks old.animals v irtually  nil, m ortality  is the factor 
responsible for these changes. After reaching a certain num erical 
level, males begin to die rapidly, and th is sw ift num erical decline 
is followed by a period in which there are  no changes. This is not 
always plainly evident in the graphs showing num erical dynamics 
(Fig. 1) but can be dem onstrated by statistical analysis. In some 
cases, though, th is difference between males and females in the 
character of num erical dynamics may be noted even in the graphs, 
especially a t periods of numerical decline, where for males there 
is a rapid  fall w ith a subsequent period of relative stabilization, 
and for females, a prolonged but mild fall. This is the pattern , for 
instance, for population Zm.2 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 betw een males. This view may also be found in litera tu re  
( S o u t h w i c k ,  1955b; S c o t t  & F r i e d e r i c s o n ,  1951). How
ever, in support of the view that fights are responsible for rapid 
num erical declines of males, one m ay quote only general quan tita
tive observations. For, on exam ination of dead males, only a m i
nimum  percentage was found to have been outright killed. Killings 
occur only a t population highs, and over a brief period of the be
ginning of num erical decline. In the usually long periods of nu 
m erical decline, continuing occasionally even over more than  one
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year, one finds dead mice w ith no signs of injury. Nor could any 
infection be revealed to explain m ortality  among males. Usually, 
neither in ju ry  nor disease could be dem onstrated in the  dead m a
les. Though we cannot prove it, it seems reasonable to assum e that 
the  deaths involve males occupying a lower rank  in the  structu re  
of dominance, which are continually harassed and, therefore, under
fed and weakened. This appears to be confirmed by literature . 
S o u t h w i c k (1955a) says th a t during overcrowding the per ca
pita food intake was sm aller irrespective of an actual excess of 
food.

The num erical superiority  of females is m ore pronounced at po
pulation lows. This also can be explained by the  higher m ale m orta
lity  caused by fights. Since m ortality  is higher among males, po
pulation lows are  a ttribu tab le  prim arily , though not exclusively 
of course, to a num erical decline of males. A t population peaks 
there  always are  m any young anim als only just reaching adult 
stage; their sex ra tio  is more or less balanced. Hence, a t peak 
periods, num erical differences betw een m ales and fem ales are 
less, especially when only the diffrence (Y? — Ycf) but the pro
portion (Y9 : Ycf) too is considered.

Similary, the larger am plitude of num erical changes among males 
also can be explained by higher m ortality .

According to the above discusión, the mechanism responsible 
for many, or even most ecological phenomena in confined popula
tions of mice m ay be perceived in noncom petitive fights between 
males. S o u t h w i c k  (1955b) gave an elegant analysis of in tra 
population processes which prom ote survival of the young and 
u ltim ately  depend all on fights betw een the mice. S c o t t  & F r e 
d e r i c s  o n  (1951) have dem onstrated how noncom petitive fights 
betw een males intensify spontaneously as triggerd reactions and 
involve eventually  also females. Behaviour, reciprocal relations, 
the  num ber of fights, pregnancy and num erous other phenomena 
determ ining in general living conditions, consequently also m orta
lity  among females, are thus secondary processes consequent upon 
noncom petitive fights betw een males, or are a t least affected by 
these. The noncom petitive fights betw een m ales are in them selves 
the prim ary phenomenon. They are a population’s perm anent 
fea tu re  and prim arily  determ ine its s tru c tu re  ( P e t r u s e w i c z ,
1958). These noncompetitive fights betw een m ales are  in their
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tu rn  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 ra te  of nu
m erical changes in confined populations of mice.

The next point question: the regularities revealed in the num e
rical dynamics of sexes in mice, are they universal. As to the du
ration of the num erical domination of one sex, and am plitude and 
rate  of num erical changes, no data have been found in the lite ra 
tu re  available to us. But the data characterizing num erically the 
sex ratio and m ortality are confirmed by ecological literature.

B r o w n  (1953) found m ortality in confined populations of mice 
to be higher for males. The difference was distinct, since in his 
experim ents the death roll was for males 50, versus 11 for females.

• In a work essentially concerned w ith different aspects, S o u t h -  
w i c k gives graphs of the num bers of six populations ( S o u t h -  
w i c k, 1955a, Figs. 5— 10). Although no totals are given separately 
for the sexes, there  are curves showing the num bers of „diseased 
or w ounded” 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 m arked E), though 
even here the  figure seems to have been higher for females 12). 
Although these figures illustrate  the num erical proportions bet
ween „diseased and wounded” animals, the num bers of such males 
and fem ales m ay safely be assumed as in some way related to the 
ratio  w ithin the given population. Hence, if wounded females are 
m ore num erous than wounded males, females m ay safely be assu
med to be m ore numerous in general in the given population. This 
is all the m ore certain as in confined populations the percentage 
of wounded anim als is in males always higher than in females. 
If this is so, males must have been in S o u t h w i c  k ’s m aterial 
num erically even more inferior to females than  would appear from 
the data for „diseased and wounded” animals.

The indirect data are fu rther confirmed by the num erical status 
of the sexes in S o u t h w i c  k ’s populations on term ination of 
the experim ents, as males totalled 224 and females 270. And it 
should be noted that S o u t h w i c k  discontinued the experim ents

12) O w ing to no tab le  reduction , th e  fig u res canno t be read  w ith  adequa te  
accu racy  fro m  S o  u  t h w  i c k ’s g raphs.
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a t a tim e w hen all the  populations were a t a num erical high, tha t 
is, when — as has been dem onstrated before — num erical diffe
rences betw een the sexes are usually  less than  at lows.

It is in te resting  to see w hether the num erical dom inance of fe
males — which has been 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 natu ra l populations frequently  quote only num bers of 
trapedd anim als 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 num bers of males 
and females, and, consequently, the sex ratio. For, the num ber of 
captures m ay reflect the num bers of, and proportions betw een the 
elem ents trapped (sexes, age groups, etc.) only in the case of their 
random  trapability . The num ber of trappings w ith any autom atic 
devices is proportionate not only to the num erical status of the 
anim als captured and trapping in tensity  (num ber 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 G erm an lite ra tu re  on invertebra te  ecology explicit distinction 
is-m ade betw een trapability  (num ber of individuals captured per 
tim e unit or encountered per area unit) and num erousness. The 
notion of trapab ility  is rendered by the term  „A ktivitätsdichte” 
( H e y d e m a n n ,  1953 — after B a 1 o g h, 1958; T i s c h l e r ,  1955), 
„Aktivitätsdom inanz” (B a 1 o g h, 1958), and „dynamische Besied
lungsdichte ( H e y d e m a n n ,  1953). „A ktivitätsdom inanz” is defi
ned by B a l o g h  (1958, p. 154) as „die Anzahl der eine bestim m te 
Linie oder Fläche durch eigene A ktiv ität in einer bestim m ten 
Zeiteinheit berührenden Individuen („A ktivitätsdichte” oder „dy
namische Besiedlungsdichte” nach H e y d e m a n  n)” „A ktiv itäts
d ichte” is contrasted with „Individuendichte” (or „Individuendom i
nanz”), which indicates absolute num bers of the percentage they 
constitute.

Obviously, trapping results reflec t the actual proportions w ithin 
a population only when the elem ents trapped are equally liable 
to be captured. If any of these elem ents 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 elem ents as are m ore likely to en ter 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 num erical m ale/fem ale 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 m am mals in general.

B r o w n  (1953), who studied house mice populations in farm  
buildings (barn) says males are more active since points of their 
recaptures are fa rth e r between. Y o u n g ,  S t r e c k e r  & E m l e n  
(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 environm ental conditions).

S t r e c k e r  (1954) reports a slight predom inance of males among 
m igrants (47 : 44), and a distinct predom inance of fem ales (58°/o : 
: 42%) among the  nonm igrating part of the  population.

A n d r z e j e w s k i  & P e t r u s e w i c z  (in litt.) found — in 
a free-living but additionally fed population of house mice — habi
tuation to a defin ite  feeding site to be stronger among females. 
A n d r z e j e w s k i ,  P e t r u s e w i c z  & W a l k o w a  (1959) show 
differences in  trap  success as between males and females, and 
differentiation in trappability  between males according to  the  rank 
occupied in the  structu re  of dominance. The greater activity of 
males has been inferred  from the results of num erous field studies 
concerning various m icromammalia species ( M a k s i m o v ,  1948; 
H a y n e, 1950; L a v r o v ,  1956; H o f f m a n ,  1958; and S a k h n o,
1959).

In view of such concordant results indicating a higher activity 
of males among mice and small mammals in general, we m ay say — 
w herever m erely the num ber of trapped males and fem ales is 
given, and not the  real num bers of a population calculated from 
recaptures or intensive trapping th a t (1) if the num bers of trapped 
males are  sm aller, females m ay be concluded to be num erically 
superior, and (2) if the num bers of trapped anim als are for males 
higher, no conclusions as to the  actual sex ratio  in the population 
may be draw n w ithout additional information.

Below we shall briefly discuss some specific results. E v a n s  
(1949) studied a free-living and initially very  num erous population 
of mice in one of the  laboratory rooms. W ith the aid of intensive 
recaptures he surveyed the entire population continually and was
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able to give in each m onth the actual num bers of m ales and fem a
les. Males w ere less num erous and our calculations (Table 11) 
shows th a t difference in percentages was statistically  significant 
in the  four m onth w hen the population num bers were fairly  high. 
In teresting to note, a t the tim e of the  population’s num erical high 
(January  and February), the  predom inance of females was less 
(the difference betw een the percentages as of males and females 
was nonsignificant). The fem als predom inance increased, however, 
w ith the population’s spontaneous num erical decline, so in March 
and April the figure for fem ales was double, or better, th a t for 
males, and the difference in percentages was statistically  signifi
cant. This fully  confirms the observation, made on confined po
pulations, th a t fem ale num erical predom inance depends on the 
phase in  the cycle of population dynam ics (cf. Fig. 3 and Tables 
5 and 7).

Table 11.
Sex ra tio  in f re e - liv in g  po p u la tio n  o f m ice  (com piled  from  th e  E v a n s ,  1949

data).

Month

t lunber  o f P e r c e n t a g e  o f

c
b

? 1 - P 2

s
Mice tftf ?? a<f »

a b 0 pi P2
J a n u a r 136 60 76 44 .1 55 .9 1 . 3 1 .9 5

F e b r u a r 119 59 60 4 9 . 6 50 .4 1.0 0 .1 3

March 77 26 51 3 3 .8 66.2 1 .9 4 .2 6

A p r i l 37 11 26 2 9 . 7 7 0 .3 2 . 4 3 .8 2

May 5 1 4 20.0 8 0 . 0 4 . 0 2 . 3 6

Y o u n g ,  S t r e c k e r  & E m l e n  (1950) reported recaptures 
for males and fem ales as 731 and 599 respectively. Males clearly 
prédom inante here, but — according to w hat has been said above—  
no conclusions as to the actual sex ratio  in these populations may 
be drawn.

S t r e c k e r  (1954) gives the figures for trappings in artificially 
created but free-living (m igration possible) populations bred in 
the laboratory rooms. In two populations of 87 and 78 mice, males 
were 48 and 42 per cent, and fem ales 52 and 58 per cent. Since 
figures are from  intensive final trappings (liquidation of the po
pulations), they m ay be regarded as a fair approxim ation of the
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real num bers. In either population the females were more num er
ous.

It follows from as yet unpublished results of studies tha t females 
prédom inante 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 w ith 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 establishm ent 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 m ortality. In free-living popu
lations, the mechanism seems to be different. There is nothing to 
suggest direct consequences of fights, and it is ra th e r reasonable 
to assume m ore intensive emigration to be responsible for the nu
m erical reduction of males. Consequently, males decrease in num 
bers more rapidly and relatively  more females ram ain in the po
pulation. Thus we have here an example cf how the same ecological 
process (numerical decrease of males) is produced by different 
mechanisms (m ortality or emigration). It rem ains an open question 
w hether m igration from the native site leads to grater m ortality 
among the m igrants, which are exposed to greater hazards during 
the m igration or pushed into less congenial environm ents, or 
w hether this is a loss m erely affecting the local population. The 
ecological significance of this process also rem ains to be explored.

Finally, the  following points should be called to attention. Data 
from  field studies (woods, thickets, meadows and fields) on small 
m am mals frequently  indicate num erical superiority of males. This 
is reported by, for instance, H o f f m a n  (1958) for two species on 
two sites, S a n d e r s o n  (1950) for five species in a prairie grove, 
B u r t  (1940) for three species, D u n m i r e  (1960) for one species 
at d ifferen t elevations and age classes and A n d r z e j e w s k i  (un
published) for three forest species, and so forth. W hether in these
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field studies the larger num bers of males resulted from a trapa- 
bility enhanced by the greater activty of the  males, w hether the 
rule of fem ale num erical predom inance — established for popula
tions of house mice in buildings, i. e., their most natural environ
m ents — also holds for other sm all mammals, or w hether sex 
ratios in m icrom am m alian populations differ in relation to species 
and ecological conditions, these are questions that rem ain yet to be 
answered.

V II. SUM M ARY

In confined populations of mice:
1. females predom inate num erically over longer periods than 

males;
2 . average num bers are higher for females, whose predominance 

varies according to the phase in the population’s life; the num erical 
differences between males and fem ales are larger at population 
lows, and sm aller a t peak periods;

2 . the ra te  of num erical changes (in per cent of the num ber im m e
diately before the change) is for m ales higher and more variable 
(has greater dispersion);

4. males have a larger am plitude of num erical changes, i. e., 
their num bers vary w ithin a w ider range;

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

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

7. m ortality  is higher among males.
The num erical superiority  of fem ales 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 
attribu tab le to migrancy, m ore pronounced among males, w hile 
in confined ones it is due to noncom petitive fights.

Polish  A cadem y of Sciences, 
In s titu te  of Ecology, 

W arszaw a, Nowy Ś w ia t 72.
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ST R E SZ C Z E N IE

D ane uzyskano  z o b se rw a c ji z am k n ię ty ch  p o p u lac ji m yszy la b o ra to ry j
nych, hodow anych  w  k la tk a c h : ty p u  Z  (P, Z, L, D, V) w ielkości 80 X 80 cm 
(60 p o p u lac ji, k tó re  żyły łączn ie  1504 m iesięcy ); ty p u  A  — 38 X 15 cm (15 
hodow li, 191 m iesięcy); ty p u  B  — 160 X 80 cm (7 popu lac ji, 204 m iesiące) 
i ty p u  H  ok. 6 m 2 (4 hodow le, 128 m iesięcy). P o  w puszczen iu  do k la tk i  p e w 
nej liczby  m yszy, jak o  bazy p o p u lacy jn e j, pozw olono' im m nożyć się sw o
bodnie , nic n ie  dod a jąc  a n i n ie w y jm u jąc . Jed zen ie  i w oda były s ta le  w  n a d 
m iarze . W an a liz ie  o p a rto  się g łów n ie  n a  dan y ch  z p o p u lac ji ty p u  Z (n a jw ię 
cej po w tó rzeń  i na jd łu ższy  czas o b serw acji).

1. O bliczono p ro cen t czasu ja k i p rzec ię tn ie  (rocznie) jed n a  z p łc i je s t licz
n ie jsza  niż in n a

czas w  k tó ry m  Y $  > Y c f
Tcjo  =  ------------ ;— :-------------— - ----- • ioo (T ablice 1 i 3).

+ czas życia p o p u lac ji
S tw ierdzono , że p ro cen t p rzy p ad k ó w  gdy T d ? > T d c f  (Pi), ja k  ró w n ież  
gdy T d $ > 8 0 %  (P 2), je s t re a ln ie  w iększy  od procen tow ego  u dz ia łu  p rz y 
pad k ó w  gdy T d $  < T d c T  (Ps), gdyż |P i — P*| : o =  6.91 >  3 i |P i — Pa| : 0 =  
=  3.03 >  3. R ów nież w ie lkość  różn icy  m iędzy  T d $  i Tdof je s t s ta ty s ty czn ie
is to tn ą . R ozk ład  T d $  i Tdcf o raz  T $  — TcT o b razu je  fig. 2

2. O bliczono ś red n ią  liczebność (Y) sam ców  i sam ic o raz  rea lność  różn ic  
m iędzy  n im i w  każd e j p o p u lac ji ty p u  Z (T abl. 1 i 4). S tw ierdzono , że ró ż 
n ica  ta  je s t re a ln ą  na  poziom ie 0,01 w  50 p rz y p a d k a c h  (Tab. 4); s ta ty s ty czn ie  
re a ln ą  i jednocześn ie  Y $  > Y c f  je s t w  47 p rzy p ad k ach  (75%). R óżnica m ię 
dzy u dzia łem  p rzy p ad k ó w , gdy Y $  > Y c ?  w  sposób sta ty s ty czn ie  rea ln y  
(75%), i u d z ia łem  pozosta łych  p rzy p ad k ó w  (t. zn. łączny  u dz ia ł p rzy p ad k ó w  
gdy Y ?  ^ Y d '  o ra z  gdy różn ica  m iędzy  p łc iam i je s t n ie is to tna) je s t s ta ty 
styczn ie  re a ln a , gdyż |P i —• P 2I : a  — 8.11 >  3. S tw ierd zo n o  rów n ież  p rzy  p o 
m ocy s ta ty s ty k i S tu d en ta , że w ie lk o śc i różn icy  m iędzy  ogólną ś re d n ią  d la 
w szystk ich  60 p o p u lac ji ty p u  Z liczebnością  sam ic ( Y$ )  i sam ców  (YcT) je s t 
s ta ty s ty czn ie  re a ln a  (analizow ane za rów no  p rzy  pom ocy ciągu Y $  — YcT 
ja k  i c iągu  Y $  :Y cf). Sam ice są liczn ie jsze  niż sam ce rów nież w  in n y ch  
ty p ach  p o p u lac ji (Tab. 6).

S tw ie rd zo n o  (Tab. 5 i fig. 3) że s to su n k i m iędzy liczebnościam i sam ic 
i sam ców  są za leżne  od fazy po p u lac ji. N a jw ięk szą  p rzew agę  ilościow ą m a ją  
sam ice w  o k re sach  ilościow ej d e p re s ji p o p u lac ji; n a jm n ie jsze  zaś różn ice  
m iędzy  liczebnością  obu  p łc i są w  szczy tow ych  fazach  popu lacji. R óżnice 
m iędzy  liczebnością  sam ców  i sam ic są rea ln e , zarów no  w o k resach  m in im u m
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ja k  i m ak s im u m  (T abela 7). R ów nież re a ln ą  je s t różn ica m iędzy stopniem  
p rzew ag i ilościow ej sam ic w o k resach  szczy tów  w  p o ró w n an iu  z tak ąż  p rz e 
w agą w  dep res jach .

3. O bliczono d la  popu lac ji ty p u  Z w sk aźn ik  tem pa  zm ian  liczby obu p łci:
| Y 9 k  — YcTk-i|

6kcT =  ------------------------ • 100 (Yk — liczba p łc i w m om encie k, Y k-i w m c-
Y9k-i

m encie  pop rzedn im  tzn . o dw a tygodn ie  w cześn iejszym ).
S tw ierd zo n o  (T abela  9 i fig. 5), że ś red n ie  dla dane j p o p u lac ji 6cT je s t 

w iększe niż 6 9 w  90°/o po p u lac ji (Pi), podczas gdy 69  ^  5cT ty lko  w 10% 
p opu lac ji (Pa). R óżnica rea lna , gdyż |P i — Pa| : a =  1 2 .2 > 3 . W ielkość róż
n icy  ś red n ie j d la  w szystk ich  p o p u lac ji 5c? — 5 9 je s t rea ln a , gdyż t =  5,265 ."> 
to,00, >  3.551. P o n iew aż  zaś 6 9 =  22.59 a 6cf = 8 .7 8  m ożna stw ierdzić , że d la 
całości m a te r ia łu  w skaźn ik  tem p a  zm ian  liczebności sam ców  jest w iększy 
niż sam ic.

O bliczono i po rów nano  rozproszenie  (zm ienność) w sk aźn ik a  tem pa zm ian  
sam ców  i sam ic  (ScT i S 9  — p a trz  ta b e la  9). D la 76% p o p u lac ji rozprosze
nie  w sk aźn ik a  tem p a  zm ian sam ców  (ScT) je s t is to tn ie  różna i w iększa n i ż S 9 .

4. Za m ia rę  am p litu d y  zm ian liczebności p rz y ję to  p rzec ię tn ą  roczną sum ę 
p rzy rostów  i u b y tk ó w  ilości:

^lYk — Yk-i| • 12
A = »  , gdzie Yk liczebność w m om encie  k, Y k-i zaś liczeb-

2n
ność w m om encie  poprzedn im  (pół m iesiąca  w cześn iej, n  liczba pół m iesięcy 
trw a n ia  p opu lac ji. We w szsy tich  ty p ach  hodow li liczba p opu lac ji gdy 
AcT >  A 9  b y ła  w iększa  niż liczba p o p u lac ji w k tó ry ch  A c f ^ A 9 ,  ja k  
rów n ież  AcT >  A 9 (T abela 8 i fig. 4). D la p o p u la c ji ty p u  Z różn ica m iędzy 
udzia łem  p rzy p ad k ó w  gdy A c T > A 9  i AcT A 9 je s t is to tna , gdyż 
|P i — P 2I : o — 7.93 >  3. R ów nież w ielkość różn icy  m iędzy  AcT i; A ?  je s t 
sta ty sty czn ie  is to tn a  (t >  toono).

5. P rzec ię tn y  o k res  czasu, w  k tó ry m  roczn ie  dan a  płeć n ie  w ykazyw ała  
zm ian  ilościow ych, p rzy ję to  za w sk aźn ik  s tab iliz ac ji (St.) O kazało  się (fig. 6), 
że zarów no liczba  p opu lac ji w  k tó ry ch  S t c f > S t 9  je s t w iększa niż gdy 
S t c T ^ S t 9 ,  ja k  S tc f .=  6 .7 4 >  S t9  = 6 ,0 0  (różn ice te są s ta ty sty czn ie  rea lne  
gdyż |P i — P i| : <3 =  4.78 >  3 i t  =  5.99 >  t0>000 =  3.551).

6. U m yszy o k re ś lan o  płeć w w ieku  18—21 dni. O bliczono, że w  47 po 
p u lac jach , k tó re  żyły łącznie 1107 m iesięcy, u ro d z iło  s ię  13121 m łodych, z n ich  
przeży ło  do 3 ty godn i (czas gdy o k re ś lan o  płeć) 2801, w  ty m  sam ic 1415 
(50,51%) i sam ców  1386 (49,49%). P on iew aż  należy p rzy jąć , że śm iertelność 
now orodków  i  m łodzieży w e w czesnym  w ieku  (nie b ędącej jeszcze sam o
dzielnym  k om ponen tem  popu lacji) n ie je s t zależna od  płci, m ożna p rz y 
puszczać, że rodzi się jednakow a ilość sam ców  i sam ic ; nap ew n o  zaś je d n a 
kow e liczby obu  p łc i w chodzą do popu lac ji, ja k o  sam o is tn e  je j e lem enty  
(fig. 7).

Ś m ierte ln o ść  sam ców  (DcT) je s t w iększa niż sam ic ( D9 )  (fig. 8). D otyczy 
to zarów no  liczby p rzypadków , gdy D c f > D 9  (90%), ja k  i ś red n ie j dla 

60 p o p u lac ji ty p u  Z: Dd* =  1 4 3 % > D 9  = 8 5 %  (por. tab . 10). Śm ierte lność  
W zam k n ię ty ch  p opu lac jach  je s t bardzo  w ysoka. U sam ic  w  16-tu, a u sam 
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ców  w  49 p rzy p ad k ach  na 60 hodow li D >  100u/o, tzn . liczba p ad ły ch  rocz
nie, p rzew yższa  ś red n ią  liczebność.

P rzy p u szcza  się, że w łaśn ie  w y b itn ie  w iększa  śm ierte lność  sam ców  niż  
sam ic , spow odow ana g łów n ie  n iek o n k u ren cy jn y m i w a lk a m i sam ców  je s t o d 
p o w ie d z ia ln a  za: (1) w iększą  liczebność sam ic  (rodzi się obu  p łc i ty le  sam o, 
sam ców  w ięcej pada); (2) za w iększą różn icę  w  liczebności p łc i w  o k resach  
m in im u m  (w  o k re sach  d ep re s ji w ięcej sam ców  padło) n iż  w  o k re sach  szczy
tó w  (dochodzi m łodzież w  ±  rów nych  ilościach płci), ja k  rów n ież  (3) za 
różn ice  w  tem p ie  w zrostu  liczebności sam ców  i sam ic.
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