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During th ree  years of studies on the reproduction  of an island popu
lation of C. glareolus it was found th a t the num bers of adult females 
stabilized in the sum m er m onths independently  of population num bers 
and of im m ature females. It w as suggested th a t the fac to r stabilizing 
num bers of adult fem ales is the ir te rrito ria l tendency. This was verified 
by exam ining the spatial distribution , overlapping of hom e ranges, and 
home range utilization by adult and im m ature fem ales. The num bers of 
pregnant fem ales w ere always low er than  the num bers of adult females 
and varia tions in th e ir  abundance was d iffe ren t in successive years. The 
individual days of pregnancy, and therefore the num ber of young born, 
was nevertheless constant on a yearly  basis. This is th e  resu lt of the 
inversely proportional relation betw een the value of this index in old 
adults and in fem ales born the cu rren t year. Social contact betw een young 
and adult fem ales, w ith only the la tte r  show ing te rrito ria l tendencies, is 
discussed. In trapopulation  m echanism s influence the num ber of fem ales 
attain ing  reproductive status, thus affecting the reproductive capacity 
of the en tire  population. An hypothetical schem e of population stabi
lizing m echanism s is suggested on the basis of the results.
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1. INTRODUCTION

V aria tio n s in rep red u c tio n  a re  of fu n d am en ta l im p o rtan ce  in  reg u la tin g  
th e  d en s ity  of sm all roden ts. In ten siv e  rep ro d u ctio n  ch a rac te rizes  po
p u la tio n s w ith  low  o r increasing  density , w h ile  populations w ith  high or 
decreasin g  density  ex p erien ce  low  rep ro d u ctio n  ( H a m i l t o n ,  1937; 
H o f f m a n ,  1958; N a u m o v  & N i k o l s k i j ,  1962; S v i r i d e n k o ,  
1967 and  others). O ne population  fac to r s tu d ied  in d e ta il is th e  in fluence 
of m ale  social s tru c tu re  on v a ria tio n  in rep roduction  of lab o ra to ry  m ouse 
p opu la tion  ( P e t r u s e w i c z ,  1957, 1960, 1963, 1966).

A lso m an y  a u th o rs  ( C h i  t t y ,  1952, 1960; C l a r k e ,  1955; K  a 1 e I a, 
1957; Z e j d a ,  1961, 1967; K  o ś k i n a, 1965; J e w e l l ,  1966) have d raw n  
a tten tio n  to  th e  in h ib itio n  of p u b e r ty  in  fem ales in  v e ry  dense popu lations.

T he n u m b er of rep roducing  fem ales, w hich  ra re ly  app roaches th e  
n u m b er of sexua lly  m a tu re  fem ales, ind icates th a t  rep ro d u ctio n  is lim it
ed in som e popu lations of th e  red -b ack ed  vole, C. glareolus. P re g n a n t fe 
m ales in  a p o pu la tion  of C. pZareolus exam ined  by S v i r i d e n k o  (1967) 
v aried  dn successive y e a rs  from  20 to  60%. B u j a l s k a  & R y s z k ó w -  
s k i  (1966) found seasonal v a ria tio n s  in th e  n u m b er of p re g n a n t fem ales 
w ith in  lim its  of 10 to  50%, and  B u j a l s k a ,  A n d r z e j e w s k i  & P e 
t r u s e w i c z  (1968) from  20 to 96%.

T h ere  is less v a ria tio n  in o th er rep ro d u c tiv e  indices in red -b ack ed  vole 
popu la tions, e.g. in  th e  n u m b er of in d iv id u a ls  born  in  a u n it of tim e (the 
average  n u m b er of young  in  a l i t te r  and  d u ra tio n  of gestation). T he av e r
age n u m b er of young  p e r l i t te r  v a rie s  s ligh tly  over the season from  4.4 
to 5.2 ( Z e j d a ,  1966), or from  4.0 to  5.6 young  ( S v i r i d e n k o ,  1967). 
The d u ra tio n  of g esta tion  also varies w ith in  re la tiv e ly  n arro w  lim its: 17.5 
days (W r a n g  e l ,  1940), 17 to 18 days ( P o p o v ,  1960), 18 to  25 days 
(m ost o ften  20 days) ( D r o ż d ż ,  1963), 22 days ( B u j a l s k a  & R y s z 
k o  w  s k  i, 1966).

V aria tio n  in th e  n u m b er of p re g n an t an im als w ould  th e re fo re  seem 
a p a ra m e te r  of p rim e  im p o rtan ce  in  red -backed  vole rep ro d u ctio n .

T he p re se n t s tu d y  is an  a tte m p t to  d efin e  som e p o pu la tion  processes 
affecting  th e  ab u n d an ce  of a d u lt and  p re g n an t fem ales in a p o p u la tio n  of 
the red -b ack ed  vole, C leth rio n o m ys glareolus  ( S c h r e b e r ,  1780). The 
population  s tu d ied  lived  on an  is land  in  a lake and  co nsequen tly , owing 
to th e  e lim in a tio n  of m ig ra tio n  ( 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 s z k i e w i c z - G l i w i c z ,  1967), dynam ics of p o p u la tio n  num bers 
w ere lim ited  to th e  fu n c tio n  of rep ro d u ctio n  an d  m o rta lity .
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2. STUDY AREA AND METHODS OF COLLECTING INFORM ATION

2.1. Description of Area

T he island, know n as »Crab Apple Island«, is four hectares in area, and is s i tu 
a ted  in lake Beldany (northeast Poland), It is covered by m ixed forest in w hich  
th ree  phytosocioiogical associations are distinguished, according to  T r a c z y k
(1965): the fringe area  — Satici-Franpuletum  M a l e .  1929 (Fig. 1); the cen tra l p a r t  — 
Tilio-Carpinetum  T r a c z y k  1962 (Fig. 1) occurring in two sub-associations as Tj- 
lio-Carpinetum typicum  and Tilio-Carpinetum stachyetosum sylvaticae, and in  the 
depressions of the area — Circaeo-Alnetum  O b e r d ö r f e r ,  1953. T iîio-C orpine- 
twm occupies 78, SaUci-Franguletum  15 and Circaeo-A ineiuirt 7Vo of th e  to ta l area  
of the island.

In  addition to  C. glareolus two other species of rodents live on the island: A po-  
demus  flavicollis ( M e l c h i o r ,  1834) and Aftcroius aprestis ( L i n n a e u s ,  1761). 
During the study period the populations of these two species were com prised of 
only a few individuals w hich w ere caught during the  course of the year. Sorex  
araneus L i n n a e u s ,  1758, Sorex m inutus L i n n a e u s ,  1766 and T alpa europea 
L i n n a e u s ,  1758 constituted the insectivore fauna. No carnivores w ere observed 
on the island during the study period.

2.2. Scope of Inform ation Collected

A to tal num ber of 159 trap  sites w ere evenly d istribu ted  a t intervals of 15 m 
over the en tire  island. In 1966 and 1967 tw o live-traps, baited w ith oat grains, w ere 
placed at each site and inspected at 7.00 and 19,00 daily. In 1963 live-traps w ere re 
placed by pitfalls sunk in to  the ground ( A n d r z e j e w s k i  & W r o c i a w e k ,  1963). 
Bait (also oat grains) was offered at the site for a period of three hours afte r each 
inspection. During this tim e the pitfalls w ere covered. As the p itfalls w ere also 
exam ined twice daily (7.00 and 19.00) they w ere the re fo re  left open for a shorter tim e 
than w ere the live traps, i.e., 18 h r per day. This change in trapping  m ethod lim ited 
com parison of some variables — such as trappab ility  or size of home range — w ith 
data from  1966 and 1967.

Inform ation obtained by the catch-m ark-release m ethod m ade it possible to 
arrive  at an accurate estim ate of population num bers, since all the individuals 
thought to be living on the  island w ere registered  ( A n d r z e j e w s k i  et al., 1967). 
Records w ere kept of tim e of capture, sex, and body weight. The reproductive con
dition of fem ales was also assessed (see 2.4). Since every individual was m arked 
all the inform ation collected — com pared by the  »calendar of captures« m ethod of 
P e t r u s e w i c z  & A n d r z e j e w s k i  (1962) and A n d r z e j e w s k i  (1969) served 
to define variations in  the ecological characters of the  d iffe ren t groups of voles.

2.3. Study Periods

Five censuses w ere m ade each year, beginning in  m id-A pril and ending the last 
of October or beginning of November. Each census lasted  14 days (28 trap  inspect
ions), except for A pril 1966, in w hich trapping  lasted  only one week. In tervals be
tw een censuses w ere about one m onth. The fifth  census (end of October or beginn
ing of November) alw ays occurred when all fem ales w ere in w inter anoestrus, 
hence analyses of the ir reproductive condition and rela ted  param eters w ere limited 
to the April, June, Ju ly  and Septem ber censuses.
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Fig. 1. Dom inating forest assotiations of the study area. A — Tilio-Car pine turn
B — Salici-Franguletum.
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All th e  inform ation on population num bers and groups of individuals distinguish
ed for each census was elaborated  according to »general census« principles. A total 
of 5,116 captures of adult fem ales, 4,958 vaginal sm ears, and 3,387 captures of im
m atu re fem ales w ere analyzed during  1966—1968 (Table 1).

Four age groups, term ed »cohorts«, w ere distinguished am ong the individuals 
born in the given cu rren t year ( G l i w i c z ,  A n d r z e j e w s k i ,  B u j a l s k a  & 
P e t r u s e w i c z ,  1968). Individuals recorded for the  first tim e in  the June census, 
and produced solely by old adults, i.e., cohort Kc, w ere te rm ed  the spring cohort 
(Kj). Young anim als w hich appeared  for the  firs t tim e in the Ju ly  census w ere 
called the early  sum m er cohort (Kj), those in the Septem ber census — th e  late 
sum m er cohort (K3), and those in the October census — the au tum n cohort (Ką),

It was assum ed th a t young red-backed  voles w ere trappable soon afte r leaving 
the nest at the age of 21 days ( K o w a l s k i ,  1964). Individuals recorded fo r the 
first tim e in any census (e.g., June) therefore w ere born at least 21 days before the 
final trapp ing  day in this census. Individuals born one day la te r could, however, 
not have been caught un til the subsequent census (July): they  thus form ed p a r t of 
the nex t cohort. The beginning and end of the b irth  period of each cohort was 
determ ined in  this way (Table 2).

Division of age classes into cohorts thus m akes it possible to com pare the ecological 
characteristics of fem ales born a t d iffe ren t tim es of the year. Justifica tion  for th is di
vision is provided by previous studies which dem onstrated th a t cohorts differ from 
each other in respect to such ecological indices as m orta lity  (G 1 i w  i c z et al., 1968), 
reproduction ( B u j a l s k a  et al., 1968; G l i w i c z  et al., 1968), and biom ass p ro
duction ( P e t r u s e w i c z  et al., 1968), Cohorts K l and K2 correspond to the spring 
generation distinguished by S c h w a r z ,  P o k r o w s k i ,  I s t c h e n k o ,  O l e n j e v ,  
O v t s c h i n n i k o v a  & P j a s t o l o v a  (1963), and cohorts K3 and K , — to the 
au tum n generation.

2.4. Determination of Female Reproductive Condition
■' '  •r*s

Vaginal sm ears w ere taken from  each fem ale having a pa ten t vagina by gently 
swabbing the vagina w ith  a sm all, cotton-tipped stick and transfering  the adhering  
m aterial to a glass slide !), The sm ears were sta ined  w ith m ethyl blue in the  labo
ratory. This technique is sufficiently  accurate for distinguishing the vaginal phases 
of anim als w ith  a short oestrous cycle ( N a l b a n d o v ,  1966). I t has been used in 
field studies by L a r i n a  & G o l i k o v a  (1960), B u j a l s k a  & R y s z k o w s k i
(1966) and B u j a l s k a  et al. (1968) w here no sym ptom s of perm anen t oestrus w ere 
induced as a resu lt in ra ts  ( W a d e  & D o i s y ,  1935).

The day on which oestrus w as f irs t observed in adolescent fem ales was taken 
as the tim e of a tta inm en t of puberty  by th a t v o te !), This criterion is more accurate 
than estim ating puberty  by the date of vaginal opening. In 42 observed cases, 
oestrus was found sim ultaneous w ith  opening of the vagina 34 tim es. In one case 
oestrus followed vaginal opening by 8.5 days and in  seven cases oestrus (or any 
other phase of the  cycle) was not observed during nex t 4.5 to  11.5 days.

’) The possibility th a t pseudopregnancy could be induced in oestrus voles by use 
of a rod such as this cannot be ignored. Such induction has been dem onstrated in 
other rodents (see N a l d a n d o v ,  1966) and would therefore affect the duration  of 
the cycle. M echanical induction of-pseudopregnancy has, how ever, not been reported  
in Clethrionomys.

2) This applies to fem ales w hich attained  puberty  during the  tim e covered by 
the given census.
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Table 1,
N um erical com parison of data collected.

L ast date  of censuses

Fem ales N um ber of: 1966 1967 1968
E

29 IV 16 VI 31 VII 18 IX 29 IV 14 VI 30 VII 14 IX 1 V 14 VI 30 VII 14 IX
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0

24

108

15

125

21
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0

0

122
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151
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122

546

632

3387
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Field m ethods used by d ifferen t authors for diagnosing pregnancy (except au to
psy) are obviously enlarged abdom en ( K a l e  l a ,  1957), palpation of em bryos (N e
g u s ,  G o u l d  & C h i p m a n ,  1961) and detection of pubic sym physis relaxation 
before partu rition  ( K r e b s ,  1966), Ind irect m ethods based on assessm ent of the 
num ber of lactating  fem ales ( D a v i s ,  1953) have also been used. Some of the above
-m entioned m ethods establish only advanced gestation, and consequently females 
in the in itia l stages of gestation escape observation (e.g., in C. rufocanus  gestation 
is not ap p aren t un til the 15th day ( K a l e  la ,  1957),

Several m ethods w ere used para lle l w ith  each other in this study in o rder to 
distinguish pregnant females. This perm itted  diagnosis of unadvanced pregnancies. 
A fem ale was considered pregnant w hen the following were found:

1. P resence of vaginal plug.
2. Occurence of bloody exudate originating from  the placenta visible in the 

sm ear even to the naked eye.
3. Obvious abdom inal sw elling or d istinct and system atic increase in body weight. 

These observations distinguished advanced pregnancies, 2 to 6 days before p a r tu 
rition.
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Table 2.
Periods of b irths of cohorts.

Cohorts 1966 1967 1068

K , 1 IV — 26 V 25 III — 24 V 30 III -  24 V
K s 27 V — 10 VII 25 V — 9 VII 25 V — 8 VII
K , 11 VII — 28 VIII 10 VII — 24 VIII 9 VII — 22 VIII

29 VIII — 1 X 25 VIII — 10 X 23 VIII — 1 X

4. P artu rition  in the trap.
5. P lucked fur around  the teats , indicating lactation. This criterion, like the 

preceding one, perm ited  establish ing recen t pregnancy.
6. Absence of oestrous cycle in an adu lt female for at least 8 succesive days, i.e. 

during a period equal to the average cycle length in  C. glareolus ( L a r i n a  & G o 
l i k o v a ,  1960).

7. Smooth, structureless form  of m ucus in the sm ear, frequently  w ith  a few 
leukocytes. This type of mucus w as observed in 361 sm ears in 1966 and 1967, 90% 
of which occurred during pregnancy and the rem aining 10%  occurred chiefly d u r
ing diestrus. This index was used in 1968, when the small num ber of fem ale recap tures 
(Table 1) reduced chances of diagnosing gestation by other methods. This m ethod 
was used for the firs t tim e in the p resen t studies.

The m ethods used for diagnosing puberty  and pregnancy m ade it possible to 
distinguish the following categories of fem ales: sexually  im m ature, sexually m ature, 
and pregnant. In each census two fu rth e r  categories w ere distinguished among 
sexually m ature females, depending on the tim e of puberty . Fem ales w hich a ttained  
puberty  in the preceding census w ere term ed early  m atu red  females, and those 
which reached puberty during the present census or afte r com pletion of the previous 
census w ere term ed adolescent.



38 8 G, Bujalska

3. ABUNDANCE OF ADULT FEMALES AND FACTORS LIM ITING  ABUNDANCE

3.1. Abundance of A dult and Im m ature Fem ales

In  A p ril th e  population  consisted  so lely  of old adu lts . A nalysis of v a 
g inal sm ears  show ed th a t all th e  fem ales h ad  a tta in ed  p u b erty . This w as 
th e re fo re  th e  n u m b er of fem ales w hich  su rv iv ed  th e  w in te r  an d  w hich  
d e te rm in e d  th e  abundance of a d u lt fem ales in A pril —  v ary in g  in  su c- 
cesive y ea rs  from  24 to  40 ind iv iduals.

/
/ '

/

IV
1966 1967

W l  29VII 12IX 
1968

Fig. 2. V ariations in  num ber of the population and categories of fem ales
distinguished.

1 — population, 2 — im m ature fem ales, 3 — adu lt females. The dates of last day 
of censuses are given on the 2 axis.

I

I

T he ab u n d an ce  of ad u lt fem ales in  th e  Ju n e , Ju ly , an d  S ep tem b er 
censuses w as re la tiv e ly  co n stan t in  th e  s tu d y  y ea rs  v a ry in g  from  57 to 
63 in d iv id u a ls  (Fig, 2). In  these censuses th e  p resence of im m atu re  fem a
les p e rm itte d  m ain ta in in g  th e  n u m b ers  of ad u lt fem ales on a co n stan t 
level. A n excep tion  to  th is  is th e  period  in  Ju ly  1968, w h en  only  38 fe 
m ales w e re  reco rd ed  and  five of th em  (belonging to  cohort and  reach 
ing p u b e r ty  in  Ju n e ) w ere  in  an estro u s a s  in d ica ted  by  closed vaginae.



D uring  th e  period  from  Ju n e  to S ep tem b er the stab ilized  n u m b ers  of 
a d u lt fem ales w ere  accom panied  by considerab le  varia tions in  n u m b ers  
of im m atu re  fem ales and  varia tions in  n u m b er of popu lation  as a w hole 
(Pig. 2). I t can  th e re fo re  be concluded  th a t  num bers of a d u lt fem ales do 
not depend  on these  variab les.

3.2. Factors L im iting A bundance of Adult Females

E xam ination  w as m ade of th e  age s tru c tu re  of fem ales reach ing  p u b e rty  
in J u ly  in  th e  successive stu d y  y ea rs  (only fem ales from  cohort could 
a tta in  p u b e r ty  in  Ju n e). In  Ju ly  1966 fem ales from  cohort K z p red o m i
n a ted  am ong ado lescen ts desp ite  th e  p resen ce  of im m atu re  fem ales from  
cohort Ky (Tab. 3), w hereas it was p rim a rily  fem ales from  cohort Ky 
w hich  a tta in e d  p u b e r ty  in the Ju ly  censuses of 1967 and  1968. A nalysis 
of th e  age s tru c tu re  of fem ales a tta in in g  p u b e r ty  in S ep tem b er 1966 and
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Table 3.
Age s truc tu re  of adolescent fem ales in successive m onths and years 

(num ber N and the ir percentage am ong fem ales in  given cohort).

1966 1967 1968
Cohort

Ju ly Sept. Ju ly Sept. July Sept.

N 6 0 18 0 6 26
K. % 75 0 100 0 6.2 30.2

N 10 26 12 12 1 7
K2 % 9.3 34.6 44.5 92.4 1.6 18.9

N 0 2 0 4 0 2
K, % 0 11.1 0 16.7 0 5.9

1967 show ed th a t th ey  w ere  m ain ly  fem ales from  cohort K 2 w hich  a tta in 
ed p u b erty . In  S ep tem b er 1968, how ever, ado lescen t fem ales belonged 
m ain ly  to cohort K y .  T his show s th a t inh ib ition  of p u b e rty  w as n o t due 
to  th e  y o u th  of th e  fem ales.

E x am in atio n  w as th en  m ade of w h e th e r  th e re  w as a connection  b e 
tw een  body w eigh t and  a tta in m en t of p u b erty . F o r th is purpose  body 
w eight d u rin g  th e  f irs t days of p u b e rty  w as d e term in ed  3).

It was found  th a t fem ales from  a g iven  co h o rt w hich  a tta in ed  p u b e rty  
in ea rlie r censuses are  d istingu ished  by s lig h tly  low er body w e ig h t th an  
th a t of fem ales a tta in in g  p u b e r ty  in  la te r  censuses (Tab. 4). T his p h en o 
m enon is u su a lly  rep ea ted  in each cohort and  show s th a t a tta in m e n t of

a) In order to  elim inate the possibility of e rro r  w hen w eight w as exam ined only 
once consecutive w eights of a female (which a tta ined  puberty  during th a t census) 
w ere taken  for analysis, beginning w ith firs t oestrus.
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a ce rta in  w eigh t is n o t au to m atica lly  accom panied  by a tta in m e n t of 
p u b e r ty  4).

T he above re su lts  ju s tify  search ing  fo r th e  causes of lim ita tio n  of th e  
n u m b er of ado lescen t an d  a d u lt fem ales, n o t in ind iv idual ch a rac te rs  
(such as age and  w eight), b u t in  p o pu la tion  phenom ena. A ccord ing  to  
N a u m o v  (1951), T a n a k a  (1953) and  K  o s  k i n a  (1965) th e  hom e 
ran g es of a d u lt fem ales of C. glareolus, C. ru focanus  and  C. ru tilu s  a re  
sep a ra te  or only  p a rtly  overlap. N a u m o v  (1951) and  K o s k i n a  (1965) 
te rm  th is  phenom enon te rr ito r ia lity , and  T a n a k a  (1953) te r r ito r ia l te n 
dency. T e rrito ria l tendency  in  ad u lt fem ales of C. ru focanus  o ccu rred  
d u rin g  th e  b reed ing  season  w hen  p o pu la tion  d en sity  w as low. A d u lt m ales 
d id  not ex h ib it te rr ito r ia l tendency  d u rin g  th is  period ( T a n a k a ,  1953).

Table 4.
M ean w eight of fem ales at tim e of atta in ing  puberty (given in grams).

Y ear Cohort
Months

VI VII IX

14.0+2.7 19.6 +  2.5 17.0'
1966 K, — 14.3±4.3 16.5+2.6

K3 -- ■— 16.5*

K, 15.5+2.2 17.2+3.0 _
1967 Ka — 17.3 +  2.2 17.1+3.2

Ka — — 17.5+1.9

1968 K l 16.0±1.1 18.0* —

* S tandard  deviations w ere not calculated w hen sam ple size was very  small.

K o s k i n a  (1965) suggests th a t  th e  te r r ito r ia li ty  of a d u lt fem ales m ay  
lim it n u m b ers  of ad u lt fem ales by d e lay in g  p u b e r ty  in  young fem ales. 
T he m echanism  of th is  process m ay be exp lained  by th e  s tu d ies  of 
C h r i s t i a n ,  L l o y d  & D a v i s  (1965) w ho found  th a t  increased  
n u m b er of social co n tac t in h ib its  a tta in m e n t of p u b e r ty  th ro u g h  changes 
in  th e  p itu ita ry — a d ren a l— gonad system  (»stress«).

T herefo re , if increased  hom e ran g e  overlapp ing  is acom panied  by  in 
creased  n u m b er of con tac ts, th e n  th e  ab u n d an ce  of ad u lt fem ales liv ing 
on a  g iven  area  shou ld  be lim ited  by area  of th e  hom e ran g es and  the  
d eg ree  of overlapp ing  to lera ted .

Fem ales from  cohort Kj attain  puberty  in June w ith  low er body w eight than 
fem ales from  cohort K2 in Ju ly  and from  cohort K 3 in Septem ber. This m ay show 
th a t it is p rim arily  only the  heaviest fem ales w hich a ttain  puberty  in cohorts K2 
and K3.
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T he d ata  w ere  ana lyzed  to  estab lish  w h e th e r stab ilized  n u m b ers  of 
a d u lt fem ales can re su lt from  th e ir  te r r ito r ia l tendency . The sp a tia l r e 
q u irem en ts  of ad u lt and  im m atu re  fem ales w ere  d e term in ed  for th is 
purpose. If th e  lim iting  fac to r of n u m b ers  of a d u lt fem ales w as in  fac t 
th e ir  sp a tia l req u irem en t, th a n  th e  re q u irem en t should  be d iffe ren t for 
ad u lt fem ales (w ith  co n stan t num bers) an d  im m atu re  fem ales (w ith  
v ary in g  num bers).

D ifferences in  th e  spatia l req u irem en ts  of these  categories of fem ales 
w ere  defined  by  m eans of th e  fo llow ing indices:

1. In d ex  of sp a tia l d is trib u tio n . In  o rd e r to d e te rm in e  th e  d is trib u tio n  
of fem ales on th e  island, lasts w ere  m ade of th e  nu m b er of fem ales cau g h t 
on each trap  site. D is trib u tio n s of th is  k in d  w ere  m ade for ad u lt an d  
im m atu re  fem ales for each census in 1966 an d  1967. T he m easu re  of d if
fe ren ce  b etw een  em pirica l d is trib u tio n  and  Poisson’s d is trib u tio n  (this 
d is trib u tio n  takes p lace w ith  ran d o m  d is trib u tio n  of ind iv iduals o v er an

ds
area  —  C o l e ,  1946) used w as th e  in d ex  of v a ria tio n  v  =  —  w h e re  a is

x
stan d a rd  d ev ia tion  an d  cc th e  m ean  n u m b er of fem ales caugh t a t a site. 
W hen V =  1, d is trib u tio n  is random , values V <  1 ind icates u n ifo rm  
d is trib u tio n  and  V >  1 its  c lum ped  ch a rac te r . In  o rd e r to  v e rify  the  
hypothesis as to s ign ificance of th e  d iffe ren ce  b e tw een  th e  tw o d is tr i
bu tions (em pirical and  th eo re tica l) th e  s ta tis tic

was used, w h ere  S  expresses th e  n u m b er of a ll trap  sites on the island. 
This s ta tis tic  h as  S tu d e n t’s d is trib u tio n  w ith  n  — 1 degrees of freedom  
( G r e i g - S m i t h ,  1957).

V erification  m ade in  th is w ay  show ed th a t in  five cases the sp a tia l 
d is trib u tio n  of ad u lt fem ales d iffe rs  s ig n ifican tly  from  random  d is tr ib u 
tion  and  is un ifo rm . In  th e  o th e r th re e  cases th e  d is trib u tio n  of fem ales 
did n o t in fac t d iffe r from  th e  random , b u t tw o  of th em  w ere  close to  
un ifo rm  d is trib u tio n  (Tab. 5). T he d is tr ib u tio n  of im m a tu re  fem ales, on 
th e  o th er hand , s ig n ifican tly  d iffe red  in  th re e  cases from  random , and 
was clum ped. In  th e  o th e r th re e  cases th e  d is tr ib u tio n  of fem ales in th is  
ca tegory  did n o t d iffe r from  ran d o m  b u t tw o of them  w ere  close to c lu m 
ped d is trib u tio n  (Tab. 5). A d u lt fem ales th u s  h av e  a tendency  to w ard  
even, and  im m atu re  tow ard  clum ped, d is trib u tio n  in  space.

U niform  sp a tia l d is tr ib u tio n  of a d u lt fem ales w o u ld  ap p ear to ind icate  
th e ir  ten d en cy  of m u tu a l avoidance, w h e reas  th e  c lum ped  d is trib u tio n  of 
im m atu re  fem ales ind icates close social to le rance . A nalysis of th e  degree 
to w hich  th e ir  hom e ranges overlap  su p p o rts  these  conclusions.

v — lt
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2. D egree of overlapp ing  of hom e ranges. T h is  is th e  fu n c tio n  of th e  
ex te n t of th e  hom e range an d  abundance of ind iv idua ls . As th e  n u m b ers  
of fem ales has been  d e term in ed  (section 3.1., Fig. 2) it is possib le to  d e 
fin e  th e  ex te n t of th e  hom e range.

T he m easu re  of the  ex ten t of th e  hom e ran g e  has been given using  the  
m ethod  suggested  by W i e r z b o w s k a  (in litt .) ; ex te n t of th e  hom e 
ran g e  w as expressed  by  th e  n u m b er of tra p  sites (r) con ta ined  in th is 
a rea . This ex ten t w as defined  by  using th e  co rre la tio n  b e tw een  expected  
v a lu e  -E(-X) of th e  n u m b er of revealed  tra p  sites and  n u m b er of cap tu res  
of an  ind iv idua l (k ) and  p a ram e te r r:

H om e ran g e  area  w as estim ated  on th e  basis of th e  f irs t  five  cap tu res  
of an  in d iv id u a l in a g iven  census (k =  5). T his value  w as d e te rm in ed

Tabic 5.
V ariations in index of spatial distribution of adult and im m ature females.

Dates of last day of successive censuses

Fem ales Indices
1966

29 IV j 16 VI |31 VII 18 IX

1

29 IV j 14 VI

967

30 VII 14 IX

A dult V
t

0.79
1.875

0.19
2.729

0.65
3.084

1.02
0.178

0.58
3.776

0.74
2.311

0.83
1.511

0.50
4.453

Im m ature V
t

— 1.37
3.315

1.12
1.075

0.88
1.067 —

1.83
7.431

1.13
1.173

1.32
2.809

V =  1— random  distribution
V <  1 — uniform  distribution
V >  1 — clum ped distribution
t >  1.97 — distribution  significantly  d ifferent from  random .

fo r a d u lt fem ales in all censuses in 1966 an d  1967, b u t on ly  during  the  
J u ly  an d  S ep tem ber censuses fo r im m a tu re  fem ales 5). T he ex te n t of th e  
hom e ran g e  w as expressed  in  sq u a re  m e te rs  (one trap  s ite  co rresponds to 
225 m 2). T he find ings (Tab. 6) show  th a t th e  ex te n t of th e  hom e ranges 
of ad u lt and  im m a tu re  fem ales is sim ilar and  re la tiv e ly  co n stan t.

T he degree  to  w hich  hom e ranges overlap  w as exam ined  in  each census 
fo r ad u lt fem ales an d  fo r im m a tu re  fem ales, by m eans of th e  index

Z  =
S’

w h ere  r  —  m easu re  of th e  ex te n t of th e  hom e range, ex p ressed  by th e  
n u m b er of trap  sites; N  —  n u m b er of fem ales; S '  —  n u m b er of tra p  sites

5) In Ju n e  the am ount of m ateria l was insufficient.
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on w hich  (a: =  1, 2, 3 . . .  m) fem ales w ere  caught in  a given census: th is  
defines th e  ex ten t of th e  area  occupied by a given ca tegory  of fem ales. 
S ' is an  em pirical v a lu e  depending  on d u ra tio n  of O bservations (only 
a f te r  a ce rta in  period  can  a fem a le  rev ea l a ll the  tra p  sites w ith in  th e  
lim its  of h e r range). If th e  e x te n t of hom e ran g e  varies w ith in  th e  lim its  
of th e  values observed  in  th e  p re se n t m ateria l, th en  accord ing  to  W i e r  z- 
b o w  s k a (in litt.) a f te r  8 cap tu res  the  ind iv idual rev ea ls  a ll th e  sites  in 
its hom e range. As th e  m ean n u m b er of cap tu re s  of a d u lt fem ales w as 
12.4 fo r 1966 an d  1967, and  of im m atu re  fem ales 6.6 (Table 1), th en  the  
d u ra tio n  of th e  census 14 days is su ffic ien t to  accu ra te ly  estim ate  th e  
area  occupied by ad u lt fem ales, w h ile  th e  a rea  occupied by  im m atu re  
fem ales m ay  be s lig h tly  u n d erestim a ted .

If th e  hom e ran g es of fem ales in  a g iven  ca tegory  a re  com plete ly  sep a
ra ted , th en  rN  — S ' an d  th e re fo re  index  Z =  1. If th e  hom e range of each 
fem ale  is com pletly  covered  by  th e  hom e ran g e  of an o th er fem ale, i.e., 
th e  d eg ree  of overlapp ing  of hom e ran g es is 100% —  th en  Z =  2, T he

N

><Uj
Q
a

2 -

291V 1WI 30VII 741X196/
Fig. 3, Com parison of ex ten t of varia tions in hom e range overlapping index (Z)

of adult and  im m ature females.
1 — adult fem ales 1966, 2 — adult fem ales 1967, 3 — im m ature fem ales 1966, 4 — 
im m ature females 1967, 5 — value of index indicating to ta l overlapping of hom e 

ranges. The dates of last day of censuses given on x  axis.

7

v a lu e  of index  Z m ay  be h ig h e r th an  2; if Z =  3 th e n  hom e ran g es 
th re e  fem ales overlap , etc. Index  Z  w ould  tak e  on m axim um  v a lu e  if th e  
hom e ranges of all fem ales in  a g iven  ca teg o ry  com pletely  overlapped  
each o th er. T hen  S ' =  r, and  th e re fo re  Z  =  N.

T he re su lts  ob ta ined  show  (Fig. 3) th a t  th e  d eg ree  of overlapp ing  of 
hom e ranges of ad u lt fem ales in  Ju n e , J u ly  and  S ep tem ber, i.e. d u rin g  
th e  period  of s tab le  n u m b ers  of these  fem ales ■—- is re la tiv e ly  co n stan t 
and  varies from  1.40 to  1.86, In  A pril in d ex  Z varies  w ith in  th e  lim its  of 
0 to  1.45 (Fig. 3). C om plete  o v erlap p in g  of hom e ranges w as th e re fo re  
n ev e r found. Im m atu re  fem ales are , h o w ev er, d istingu ished  by  v a ria b le  
values of th e  index  of overlapp ing  of hom e ranges (Fig. 3). In  1966, w hen  
th e  n u m b ers  of im m atu re  fem ales w e re  h ig h e r th an  in  1967, th is  in d ex
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assum es h ig h er values so th a t treb le  overlapping  of hom e ranges ta k e s  
place.

T his re su lt th u s  confirm s th e  assum ptions advanced  above and  ind ica tes 
th a t  ad u lt fem ales, co n tra ry  to im m a tu re  fem ales, ex h ib it a co n stan t 
ten d en cy  to  sep a ra te  th e ir  hom e ranges.

In v estig a tio n s w ere  continued  to  establish w h e th e r  th e re  are  d iffe re n 
ces in  th e  w ay  th e  hom e range is used by a d u lt an d  im m atu re  fem ales.

Table 6.
Com parison of ex ten t of home range of adult and im m ature fem ales assessed on 
basis of num ber of trap  sites (r) situated  w ithin home range (extent of hom e range 

expressed in square  m etres given in brackets).

Fem ales
1966 1967

IV VI ! VII IX IV ! VI VII IX

A dult 3.76
(816)

3.59
(808)

3.99
(898)

3.52
(792)

2.86
(643)

3.99
(898)

3.70
(832)

3.54
(796)

Im m ature — — 3.03
(682)

3.48
(783) — - 4.29

(965)
3.88

(873)

0.7 ' 

06 -  
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kj
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291V 16VI 31VII 18IX 29tV %Vt 30VII %IX 
1966 1967

Fig. 4. Com parison of trappab ility  index 1/t of adu lt and im m ature females. 
1 — adu lt fem ales, 2 — im m ature females. The dates of la s t day of censuses

given on x  axis.

3. H om e ran g e  u tiliza tion . C onclusions w ere  d raw n  as to  th e  w ay  in 
w hich  a d u lt an d  im m atu re  fem ales use th e  hom e ran g e  on th e  basis of 
frequency  of v isits  to  tra p s  s itu a ted  w ith in  th e  range. T he genera l index  
of freq u en cy  of v isits  to trap s  by  an  ind iv idua l (te rm ed  » trappab ility«) 
w as defined  on th e  basis of th e  average in te rv a l b e tw een  consecutive 
cap tu res  of th e  sam e in d iv id u a l (r) ( P e t r u s e w i c z  & A n d r z e j e w 
s k i ,  1962; A d a m c z y k  & R y s z k o w s k i ,  1965; T r o j a n  & W o j 
c i e c h o w s k a ,  1967). r  is h e re  th e  in te rv a l b e tw een  tw o  consecutive 
cap tu res . T rap p ab ility  index  w as expressed  as I / r  (G r  ii m , 1959).
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C alcu la tions show  th a t  ad u lt fem ales a re  charac te rized  by fa r h ig h er 
trap p a b ility  th an  im m a tu re  fem ales (Fig. 4), w hich ind icates th e ir  g re a te r  
ac tiv ity . T rap p ab ility  d iffe rences of the  tw o categories of fem ales a re  
sign ifican t, since values of s tan d ard  deviations ca lcu la ted  fo r r, in  no 
case overlapped . In  v iew  of these resu lts, th e  lim ited  overlapp ing  of th e  
hom e ran g es of a d u lt fem ales, u n lik e  th a t of im m a tu re  fem ales, m ay  be 
the re su lt of a co n stan t tendency  to reduce th e  n u m b er of m u tu a l con 
tacts. If th is  ten d en cy  tow ard  social isolation is th e  case, th en  red u ctio n  
of ind iv idual co n tac ts  should app ly  to ad u lt fem ales an d  no t to  im m a
tu res.

4. In ten s ity  of contacts. In ten sity  of co n tac ts  w as defined  in d irec tly  by
investigating  w h e th e r th e  p resence of a fem ale  in  th e  given tra p  s ite
lim ited  th e  n u m b er of cap tu res  of o th e r fem ales. F o r th is  p u rp o se  com 
parison  w as m ade of th e  em pirical n u m b er of cap tu res  (M*) a t  tra p  sites 
w here one ( r  =  1), tw o  (a; - 2) an d  th re e  or m ore (x ^  3) fem ales w ere  
cau g h t a t  a given s ite  w ith  th e  nu m b er of cap tu res  ca lcu la ted  th eo re tic 
a lly  (M ' x), assum ing  th a t th is n u m b er is p ro p o rtio n a te  to  th e  n u m b er of 
fem ales (x) a t g iven trap  site  (and th u s  assum ing  th a t  th e  increase  in  
num b er of fem ales a t  th e  trap  site  does n o t a ffec t th e ir  trap p ab ility ). T he 
th eo re tica l n u m b er of cap tu res  w as ca lcu la ted  by  m eans of th e  equa tion :

£
M' = ____£__ v  m M

* r  v  m c  2JX= l1V1x

w here: S x —  n u m b er of fem ales occuring sing ly  (x  =  1), in  tw os (x  = 2 ), 
th rees (x  =  3) etc. on th e  tra p  site.

V -r̂ S i  —  sum  of n u m b ers  of fem ales occuring  singly, in tw o  or th ree s  
on th e  tra p  site  ®).

s *  .m  defines th e  percen tage  of fem ales occurring  singly, in tw os or

th ree s  etc. of th e  to ta l n u m b er of fem ales.
2 i = i ^ x  —  jo in t n u m b er o f cap tu res  on a ll tra p  sites.
F o r th e  p u rp o se  of s ta tis tica l verification  of th e  hypo thesis  as to  th e  

constancy  of th e  m ean  nu m b er of cap tu res, com parison  w as m ade of the  
em pirica l sequence M x and  th eo re tica l sequence M 'x by m eans of te s t %2 
accep ting  a confidence level a =  0.05 (Tab. 7).

R esults show  th a t  th e  trap p ab ility  of im m a tu re  fem ales does n o t dep 
end on th e  n u m b er of fem ales cau g h t on a g iven  tra p  site. M atu re  fem a
les, on th e  o th e r h an d , a re  caught less f re q u e n tly  th an  random  on trap  
site a t w hich m o re  th a n  one fem ale occurs (x  =  2, x  ^  3; Fig. 5). This

is always g rea ter than  the num bers of femalesi(JV) in a given category, 
because each fem ale was recorded on several tra p  sites and was thus counted 
several times.



Table T.
C om parison o | agreem ent of sequences M ' x  and  Mx (explanations in  text) by m eans of test y}

OJ
CD05

F e Date of last day M 'x N um ber of fem ales recorded on trap  site
d.f. Z’emp.m ales of census M x 1 2 3 4 B 6 7

16 VI 1966 M 'x 155 237 181 20 2 14.990«
M x 178 256 148 11

31 VII 1966 M ’x 195 310 95 56 28 3 7.900*
M x 227 297 34 52 24

18 IX 1966 M 'x 168 176 115 99 14 3 18.140*
M x 173 183 118 72 26

3 29 IV 1967 M ’x 256 188 10 1 3.630
< M x 239 201 14

14 VI 1967 M ’x 145 222 126 30 2 13.120*
M x 175 216 98 34

30 VII 1967 M 'x 125 215 206 68 36 3 11.500*
M x 157 213 188 63 29

14 IX 1967 M 'x 219 379 180 41 2 8.220*
M x 250 347 187 35

16 VI 1966 M 'x 32.1 6.8 10.1 1 0.124
M x 31 7 11

31 VII 1966 M 'x 70.3 158.8 136.0 93.7 36.0 21.7 12.5 5 9.529
M x 70 163 145 70 43 27 11

18 IX 1966 M 'x 119 232 109 87 V
2 5.531u

3 M x 112 223 103 109
*->a
£ 14 VI 1967 M 'x 43.0 12.6 33.3 19.1 2 2.755
6 M x 39 14 40 15

30 VII 1967 M 'x 67.8 41.6 15.6 1 0.426
M x 66 41 18

14 IX 1967 M ’x 89.8 69.1 27.7 18.4 2 1.733
M x 98 68 25 14

* Differences betw een sequences M 'x and M x sta tistica lly  significant, d.f. — num ber of degrees of freedom.

. 
B

ujalska



R eproduction stabilizing elem ents in population of C, grtareolus 39 7

agrees w ith  th e  ten d en cy  found  above fo r clum ped d is trib u tio n  of im m a
tu re  fem ales an d  th e  ten d en cy  to w ard  even d is trib u tio n  of ad u lt fem ales.

It w ould  no t ap p e a r th a t  th e  d iffe rences ob ta ined  in  respect to  th e  w ay  
th e  hom e ran g e  is used by  a d u lt an d  im m a tu re  fem ales w ere  due to  
blocking of trap s . T he possib ility  of trap s  being  blocked should  v ary  
d epend ing  on th e  num b ers of th e  w hole popu lation . I t  was n o t found, 
how ever, th a t  v a ria tio n s  in  th e  num b ers of th e  popu lation  caused  sign i
fican t v a ria tio n s  in  tra p p a b ility  of fem ales. In  Ju ly  1966 fo r exam ple  the  
popu lation  n u m b er w as tw ice  th a t those of J u ly  1967 (Fig. 2) y e t  in  bo th  
th ese  censuses th e  n u m b er of c ap tu res  p e r ad u lt fem ale  decreased  w ith  in 
crease  in  th e  n u m b er of fem ales in  th is  ca teg o ry  a t th e  tra p  site. The

Uj
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Fig. 5. V ariations in  num ber of captures per given fem ale, w hich accom panies 
increase in  num ber of fem ales recorded on trap  site.

1 — adult fem ales, varia tions sta tistica lly  insignificant, 2 — adult fem ales, v a ria 
tions sta tistically  significant, 3 — im m ature fem ales, varia tions sta tistica lly  insig

nificant. N um ber of fem ales recorded on trap  site given on x  axis.

n u m b er of cap tu res  of im m atu re  fem ales, on th e  o ther hand , w as indep
en d en t of th e  n u m b er of fem ales m eeting  on a given trap  site  (Fig. 5).

T he above in te rp re ta tio n s  in d ica te  th a t a d u lt fem ales —  c o n tra ry  to 
im m atu re  fem ales —  rec ip ro ca lly  lim it th e  possib ility  of ex ten siv e  in 
vasion of th e  w hole hom e range.

As th e  n u m b ers  of a d u lt fem ales did n o t change in th e  Ju n e , J u ly  and  
S ep tem b er censuses, i t  is obvious th a t  on ly  as m an y  fem ales a tta in ed  
p u b e r ty  as a d u lt fem ales died. If  th e  hypo thesis  as to  th e  im p o rtan t ro le
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of te rr ito r ia l tendency  in  lim iting  num bers of ad u lt fem ales is co rrect, 
th e n  th e  n u m b er of adolescent fem ales should  depend  on th e  e x te n t of 
th e  a rea  n o t p en e tra te d  by fem ales w hich  reached  p u b e r ty  ea rlie r. A check 
w as th e re fo re  m ade to  see w h e th e r th e  nu m b er of ado lescen t fem ales w as 
p ro p o rtio n a l to  th e  n u m b er of tra p  sites u n v is ited  by  fem ales w h ich  a tta in -
ed p u b e r ty  ea rlier.

N1 n2
50 -■100

4 0 - ■80

3 0 ' •60

20 ■■40

10 ■■20

7966 1967
Fig. 6. Com parison of num ber of adolescent females w ith  num ber of trap  sites not 

visited  by fem ales which m atured  earlier.
1 — num ber of fem ales, 2 num ber of trap  sites. The dates of last day of censuses 

given on x  axis.

NO. OF TRAP SITES
Fig. 7. Relation betw een num ber of adolescent fem ales and num ber of trap  sites not 

visited by fem ales which m atured  earlier.

T he g rea te s t n u m b er of ado lescen t fem ales w as found  in  Ju n e  1966, 
w hen  low  n u m b ers  of old ad u lts  re su lted  in  a la rg e  n u m b er of tra p  sites 
n o t being  v isited  by them  (Fig. 6). The sm allest n u m b er of »free« trap  
sites  w as reco rded  in Ju ly  1966. This w as accom panied  by  a sm all num ber 
of c u r re n tly  ado lescen t fem ales. W hen com parison  w as m ade in th is w ay 
of d a ta  from  th e  Ju n e , J u ly  and  S ep tem ber censuses fo r 1966 an d  1967, 
d irec t re la tio n  w as found  b etw een  th e  nu m b er of ado lescen t fem ales and 
th e  n u m b er of tra p  sites n o t v isited  by fem ales w h ich  h ad  previously  
a tta in e d  p u b e r ty  (Fig, 6). M ore accu ra te  ana lysis show ed th a t th e  re la tion
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betw een  th e  n u m b er of ado lescen t fem ales (y) and  the  nu m b er of free  
trap  sites (x) is a sim ple re la tio n  of th e  ty p e  y  =  3.48 +  0.43 x  (Fig. 7).

This re la tio n  confirm s th e  hypothesis th a t  th e  te rr ito r ia l ten d en cy  cha
rac teriz in g  a d u lt fem ales lim its th e ir  abundance.

T he ana lyses m ade in d ica te  a te rr ito r ia l tendency  am ong ad u lt fem ales 
in th e  popu lation  of C. glareolus  stud ied . This tendency  is il lu s tra te d  by 
th e  fo llow ing resu lts:

1. U niform , or a tendency  tow ard  un ifo rm  d is trib u tio n  of ad u lt fem ales 
as opposed to th e  clum ped, or tendency  tow ard  clum ped d is trib u tio n  of 
im m atu re  fem ales.

2. M utual overlapping  of hom e ranges of ad u lt fem ales is n ev e r com 
plete, w h ile  th e  hom e ran g es of im m atu re  fem ales can  com pletely  overlap  
(even hom e ranges of th re e  fem ales can  com pletely  overlap  each o ther).

3. In  add ition  i t  m ay  be assum ed th a t ad u lt fem ales —  c o n tra ry  to 
im m atu re  fem ales —  m u tu a lly  lim it m ajo r hom e range trespassing .

4. A consequence of te r r ito r ia l ten d en cy  —  as has been show n —  is to 
re n d e r a tta in m en t of p u b e r ty  by a fem ale  dependen t on th e  p resen ce  of 
a »free« place not cu rre n tly  v isited  by  any  ad u lt fem ale.

T he above discussion poin ts to  lim ita tion  of th e  rep ro d u ctiv e  p o ten tia 
lities of th e  s tu d y  popu lation , resu ltin g  from  lim ita tion  of th e  n u m b ers  
of fem ales physiologically  capable of rep roduction , i.e. sex u a lly  m a tu re  
fem ales. The fac to r lim iting  th e  n u m b ers  of m a tu re  fem ales w ou ld  ap p ear 
to  be th e ir te rr ito r ia l tendency .

4. REPRODUCTION IN THE STUDY POPULATION
4.1. V ariations in Abundance of P regnan t Females

T he dynam ics of ab u n d an ce  of p reg n an t fem ales was described  on the  
basis of a know ledge of th e  beginning  and  end of th e  rep ro d u c tiv e  season 
and th e  abundance of th ese  fem ales in successive censuses.

T he beginning  and  end  of th e  rep ro d u c tiv e  season —  ly ing  ou tside  the  
observation  period  —  w ere  d e term in ed  in d irec tly . T he s ta r t  of th e  season 
w as defined  by  su b trac tin g  th e  len g th  of gestation , i.e. 22 days (B u j a 1- 
s k a  & R y s z k o w s k i ,  1966) from  th e  d a te  of th e  f irs t  sp rin g  b ir th s  
(A pril 23rd 1966, A pril 16th 1967, A pril 21st 1968). O ctober 1st w as taken  
as end  of th e  rep ro d u ctio n  season in 1966 and  1968 (A s  d e l l ,  1964). J u 
s tifica tio n  for th e  choice of th is  d a te  w as th e  observations m ade on O cto
ber 14th 1966 and O ctober 14th 1968, w hen all th e  fem ales had  a lread y  
reached  w in te r an o estru s . T erm ina tion  of th e  rep ro d u c tiv e  season m ust 
th e re fo re  have taken  place betw een  th e  final day  of th e  S ep tem b er cen
suses and  O ctober 14th. In  1967 th e  rep ro d u ctiv e  season w as lo n g er, and  
in  add ition  to  its  e a rlie r  beginning, was ind icated  by  th e  considerab le  
n u m b er of p reg n an t fem ales in  S ep tem b er an d  th e  p resence of recen t
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w eanlings as la te  as th e  end oi O ctober, In  th a t y ea r th e  cessation  of the  
b reed ing  season w as d e term in ed  by  su b trac tin g  21 days from  th e  final 
day of O ctober censuses, th a t  is, th e  age a t w hich  red -backed  voles could 
ea rlies t trapped . S im ilar p ro longation  of th e  rep ro d u ctio n  season w as 
reco rded  by  B e r g s t e d t  (1965) in  a p opu la tion  of C, glareolus  in y ea r 
w ith  low  population  num bers.

T he s ta r t  of the rep ro d u ctiv e  season of fem ales from  cohorts and  K 2 
was d e te rm in ed  in a s im ila r w ay, i.e., su b trac tin g  len g th  of gestation  
from  th e  da te  of th e  f irs t  observed  p a r tu r itio n  of a fem ale in  th e  given 
cohort. In  these absence of such observations, th e  m ean tim e b e tw een  the

Fig, 8. V ariations in abundance of pregnant females.
The dates of beginning and end of breeding season and the dates of last day of 

censuses given on x  axis. P ercentage of p regnan t fem ales given in brackets.

last observed  p reg n an cy  (of th e  f irs t  p re g n an t fem ales an th e  given 
cohort) and  th e  f irs t observation  of absence of gestation  in th e  fem ale 
ex am in ed  (and th u s  observation  of one of th e  phases of th e  o es tru s  cycle 
or signs of lactation). D ates of f irs t b ir th s  d e te rm in ed  in  th is w ay  a re  as 
follow s: —  J u n e  7th  1966, J u n e  4th 1967, J u n e  9th  1968, K 2 — Ju ly
31st 1966 and  J u ly  30th 1967.

It w as found th a t th e  abun d an ce  of p re g n a n t fem ales varies d u rin g  the  
rep roduction  season (Fig, 8) an d  is n o t p ro p o rtio n a te  to  th e  ab u n d an ce  of 
ad u lt fem ales (variab le  percen tag e  of p re g n a n t fem ales am ong th e  to ta l 
n u m b er of ad u lt fem ales). T he freq u en cy  of n u m b ers  of p re g n a n t fem ales 
is also d iffe ren t. In  1966 and  1968 th e  m ax im um  n u m b er of p reg n an t 
fem ales w ere  recorded  in Ju n e , an d  th e  low est in S ep tem b er (Fig. 8). 
A bim odal cu rve of abun d an ce  of p re g n a n t fem ales ch a rac te rized  1967, 
nam ely  peaks in  A pril and  S ep tem b er (Fig. 8). In  J u ly  1968 th e re  w as 
considerab le reduction  of th e  n u m b ers  of ad u lt fem ales (Fig. 2), accom -
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panded by  red u c tio n  in the num bers of p reg n an t fem ales. R eduction  in 
th e  n u m b ers  of p reg n an t fem ales in th is m onth  could  th u s  be  due to 
in h ib ition  of p u b erty , and  an estru s  observed in som e of th e  adu lts. 
A sim ilar phenom enon  w as observed  by K o s k i n a  (1965) in  a high 
d en sity  y e a r  of C. rufocanus. This phenom enon was also accom panied by 
m an ifesta tions of popu lation  overcrow ding.

F o r th e  pu rposes of a general descrip tion  of rep roduction  in  th e  s tu d y  
population , th e  to ta l num b er of ind iv idual days of p re g n an t fem ales 
(IVpT) was defined  fo r each year. T he nu m b er of ind iv iduals bo rn  during  
the  y ea r (w ith  an  accepted  constan t leng th  of gesta tion  and  l i t te r  size 
su b jec t to  v ery  litt le  varia tion) is d irec tly  p ro p o rtio n a te  to th e  value 
N PT  (B u  j a 1 s k a, 1967; B u j a 1 s k a e t al., 1968).

I t was found th a t  N PT  —  despite  seasonal v aria tio n s in th e  n u m b ers  of 
p reg n an t fem ales — is  an  alm ost s tab le  value  on a y ea rly  scale (Tab. 4).

4.2. Contribution of Cohorts and K2 to Maintenance 
of a Constant Value of Reproduction

I t w as ch iefly  fem ales of cohort K 1 w hich rep roduced  in  1966, and  in 
1967 and  1968 fem ales of cohort K 0 (Fig. 8). The h ig h er value  N PT  ca lcu
la ted  for fem ales of cohort K 0 w as accom panied by  the low er value  of 
N PT  for fem ales from  cohorts Kj and K 2. In  1968 w hen  value N PT  cha
rac teriz in g  rep ro d u ctio n  of cohort K 0 w as p a rtic u la rly  high, fem ales from  
cohort K 2 d id  not rep roduce a t a ll (Tab. 8).

A  check w as m ade to see if th e  above re la tions a re  connected  w ith  the  
num bers of ad u lt fem ales in  each of th e  cohorts. I t w as found th a t the  
percen tage  of p re g n an t voles am ong ad u lt fem ales from  cohort K 2 is 
h igh, a lth o u g h  it a lw ays decreases from  A pril to Ju ly  (Fig. 9). T he sm all 
num ber of fem ales in  th is  cohort w hich su rv ive  to au tu m n  m ade it im 
possible to ca lcu la te  th e  p e rcen tag e  of p reg n an t fem ales in S ep tem ber. 
In  th e  S ep tem b er censuses, how ever, fem ales from  cohort K 0 con tinued  
to rep ro d u ce  in tensively  (in 1966 an d  1968 all th e  fem ales w hich  su rv iv ed  
w ere  p reg n an t, w h ile  in 1967 fo u r out of six fem ales w ere  p reg n an t). The 
percen tage  of p re g n an t fem ales am ong ad u lt fem ales from  cohorts and 
K 2 varied  considerab ly  in  succesive censuses (Fig. 9). T he labile ch a rac te r 
of p artic ip a tio n  of young fem ales in rep roduction  has been reco rd ed  by 
D a v i s  & H a l l  (1951) and  K  o s k i n a (1965).

T he above analysis ind icates th a t  th e  rep roduction  of cohort K 0 is de
te rm in ed  p rim arily  by  th e  n u m b er of ad u lt fem ales (since th e  percen tag e  
of p regnancy  fem ales is h igh  and  varies only  slightly). On th e  o th er 
hand  the  w ide v aria tio n s in percen tag e  of p reg n an t fem ales fro m  cohorts 

and  K 2 suggests th a t  o th e r fac to rs ex e rt an  in fluence here.
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In  view  of the foregoing, th e  co rre la tio n  betw een  value  N PT  of fem ales 
in  cohort K 0 and  th e  m ean percen tag e  of p re g n an t fem ales am ong a d u lt 
fem ales from  cohort K x and  K 2 fo r the  given y ea r w as exam ined . It w as 
found th a t th e  increase in value  N PT  of cohort K0 is alw ays accom panied  
by  red u c tio n  in th e  average  p ercen tag e  of p re g n an t fem ales in  cohort K x 
and  in  g en e ra l (except for 1967) red u c tio n  in th e  average p ercen tag e  of 
p reg n an t fem ales in cohort K 2 (Tab. 9).

Table S.
Com parison — on yearly  _scale — of num 
ber of individual days (_NPT)  of pregnant 

fem ales in each cohort.

Cohorts
Y ear

1966 1967 1968

1859 2697 3260

K ! 2665 1843 1364
K2 341 383 0

V 4865 4923 4624

Table 9.
Com parison of yearly  data referring  to 
value individual days (N PT ) of females 
from cohort K„ and percentage of preg

nant fem ales from  cohorts K, and

Cohorts
Y ear

1966 1967 1968

*0 1859 2697 3260
K, (|) 58.7 45.3 38.5

K2 (%) 30.0 37.5 0.0 j

It follow s from  th is th a t  increase  or d ec rease  in the average  p ercen tage 
of p re g n a n t fem ales from  cohorts K i an d  K 2 is a fac to r su pp lem en ting  
value N PT  of th e  popu la tion  on a y e a rly  basis. In  v iew  of th e  consider
ab le ab u n d an ce  of ad u lt fem ales in  co h o rt K x and  th e ir low  num b ers in 
cohort K 2, it is  m ain ly  th e  f irs t of these  cohorts w hich  is responsib le  for 
b ring ing  N PT  up  to a constan t value.

4.3. A nalysis of V ariations in A bundance of P regnan t Fem ales

T he n u m b ers  of p reg n an t fem ales in  A p ril w ere  alm ost equal to the  
num b ers of ad u lt fem ales (Fig. 8). In  th e  o th e r censuses (Ju n e , Ju ly  and
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S eptem ber), h ow ever, these num bers d iffe red  from  those of a d u lt  fe 
m ales, th e  p e rcen tag e  of p reg n an t fem ales v a ry in g  g re a tly  (Fig. 8).

A check w as m ade to see w h e th e r indices of d is trib u tio n , hom e ran g e  
overlapp ing  a n d  th e  hom e range u tiliza tio n  was ch a rac te ris tic  of ad u lt 
fem ales an d  w h e th e r  these  flu c tu a ted  in ag reem en t w ith  v aria tio n s  in 
th e  p ercen tag e  of p reg n an t fem ales. T he re su lts  ob ta ined  (Tab. 10) do no t 
ju s tify  conclud ing  w h e th e r th e  fa c to r w hich  p ro b ab ly  lim its th e  n u m 
bers of a d u lt fem ales (degree of overlapp ing  of hom e ranges an d  the  
n u m b er of socia l con tac ts invo lved  by this) also  affec ts  v a ria tio n s in  th e  
percen tag e  o f p re g n a n t fem ales.

X
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/  > 
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Fig. 9. V ariations in percentage of pregnant am ong adult fem ales 
from cohorts K0, K lr and J£2.

1 cohort K 0, 2 — cohort K lt 3 — cohort K 2. The dates of last day of censuses given
on x  axis.

Inv estig a tio n s w ere  m ade to see w h e th e r fem a le  rep ro d u c tiv ity  in  the  
c u r re n t y e a r’s cohorts  is connected  w ith  v aria tio n s in  th e  oestrous cycle ,
i.e., w h e th e r p e rcen tag e  of p re g n an t fem ales from  a given cohort and  
n u m b er of oestrous cycles p e r  a d u lt fem ale, and  av e rag e  d u ra tio n  of 
o estrous a re  co rre la ted .

In  o rd e r to  e lim in a te  in co rrec t assessm ent of th e  d u ra tio n  of o estrus, 
investiga tions w ere  m ade to  d e te rm in e  w h e th e r th e  cap tu re  in te rv a ls  fo r 
a given fem ale  e rro n eu sly  caused  succesive observ a tio n s of o estru s to  be 
a lloca ted  th e  sam e, or d iffe ren t oestrous cycles. In te rv a ls  b e tw een  suc
cesive observations of a p a r tic u la r  phase  (24, 36 an d  48 hours) w e re  con
sidered . D epend ing  upon th e ir  d u ra tio n  th e  p e rcen tag e  of cases w as ca l
cu la ted  in  w h ich  tw o succesive cap tu res  d u rin g  th e  oestrus phase  a t in 
te rv a ls  of 24, 36, 48 and  m o re  h o u rs  w ere  no t sep a ra ted  by a d iffe re n t
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phase of th e  oestrous cycle. This percen tag e  ind icates the p ro b ab ility  of 
o estru s  ex is tin g  d u rin g  th e  in te rv a l b etw een  cap tu res. It is h igh  fo r the 
24-hour in te rv a l, i.e. 0.91 and  decreases cosiderably  w hen th e  in te rv a l is 
36 hours (0.55) (Tab. 11).

Table 10.
C om parison of varia tions in indices characterizing the spatial requirem ents of adult 

fem ales, in view  of the  increasing percentage of pregnant females.

Indices
Dates of final day of successive censuses

18 IX 
1966

30 VII 
1967

14 VI 
1967

31 VII 
1966

14 IX
1967

16 VI 
1966

P ercent of p regnan t females 38 40 48 60 63 69

D istribution  characters random random uniform uniform uniform uniform

Home ranges overlapping index 1.744 1.762 1.866 1.664 1.401 1.697

T rappability  index 0.510 0.549 0.545 0.598 0.629 0.510

V ariation in num ber of captures 
w ith  increase in  num ber 
of fem ales on trap  site

decrease decrease decrease decrease decrease decrease

Table 11.
Variations in chances of occurence of oestrus (Pe), and not another phase of the 
cycle, depending on length of in terval (expressed by num ber of hours) betw een two 

succesive observations of oestrus in the same female.

N um ber 
of hours

Num ber of cases

P eNot separated  by 
the ano ther phase 

of the ' cycle

S eparated  by 
th e  another phase 

of the cycle

24 52 5 0.912
36 10 8 0.555
48 5 8 0.384
60 8 12 0.400
72 4 8 0.333
84 2 41 0.35796 3 5

108 1 6 0.083120 0 6
132 3 6
144 0 2 0.214
156 0 1
192 0 2
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O n th is basis i t  w as accep ted  th a t  tw o successive o b serv a tio n s  of o estru s  
sep a ra ted  b y  an  in te rv a l of n o t m ore th an  24 hours a re  o bservations of 
the sam e o estro u s cycle.

In v estig a tio n  w as n ex t m ade to  discover w h e th e r th e re  is connection  
betw een  th e  p ercen tag e  of p re g n an t fem ales in  a g iven  cohort an d  fre 
quency  of occurence of the  oestrous cycle. This freq u en cy  is  defined  b y  
th e  n u m b er of oestrous cycles no t resu ltin g  in fe rtiliza tio n  p e r u n fe rtilized  
fem ale in th e  g iven census. W hen cohort Kj w as ta k e n  as an  exam ple 
(the sm all am o u n t of m a te ria l m ade ana lysis of cohort K 2 im possib le) it 
was found  (Fig. 10) th a t in  1966 an d  d u rin g  th e  perio d  fro m  J u n e  to  J u ly  
1967 th ere  is a positive re la tio n  betw een  these variab les, w h ereas  d u rin g

Fig. 10. Relation between percentage of p regnant fem ales from  cohort K] 
and varia tions in  estrous cycle.

1 •— percentage of pregnant females, 2 — mean num ber of estrous cycles p er fem ale 
during 14 days, 3 — m ean duration  of estrus (in hours). The dates of last day of cen

suses given on x  axis.

the  period  from  Ju ly  to S ep tem b er 1967 th is re la tio n  does n o t occur. T his 
re su lt does no t ju s tify  find ing  a re la tio n  betw een  th e  p e rcen tag e  of p re g 
n a n t fem ales am ong th e  ad u lt fem ales in  cohort K x an d  th e  n u m b er of 
oestrous cycles occurring  p e r u n fe rtilized  fem ale.

In  sea rch ing  fo r th e  m echan ism  responsib le  fo r es tab lish in g  th e  v a lu e  
N PT  du ring  th e  rep ro d u ctiv e  season, com parison w as m ade of th e  p e rc e n 
tage of p re g n an t fem ales from  cohort an d  th e  av e rag e  d u ra tio n  of 
oestru s  in u n fe rtilized  fem ales in  th is cohort. D u ra tio n  of o estru s  w as 
m easu red  by  th e  num b er of succesive observations ( in te rv a l be tw een  ob 
serv a tio n s  w as 12 hours) d u rin g  w hich  th is  phase of th e  cycle w as fo u n d  
in  a fem ale.

T he re la tio n  betw een  the  p ercen tag e  of p re g n an t fem ales and  av e rag e  
d u ra tio n  of oestrus is positive in  bo th  y ea rs  (Fig. 10), an d  th u s  show s 
th a t  p ro longation  of th e  m ean  d u ra tio n  of o estru s co n trib u tes  to in c reas-

g  80-r1.8

16VI 31VII 18IX 
1966

14VI 30VII 14 ix 
1967
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ed likelihood  of th e  being fe rtilized . T h erefo re  varia tions d esc rib ed  in 
th e  oestrous cycle fo rm s one of th e  links in th e  process m odify ing  th e  re 
p roduction  of cohort Kj. This cohort b rings th e  rep roduction  of th e  po
pu lation  up  to a co n stan t v a lu e  N PT  in each of th e  s tu d y  years.

T he a rg u m en ts  fo rw ard ed  so fa r ind icate  th a t:
1. R eproduction  (its es tim ate  being N PT)  in  th e  s tu d y  popula tion  w as 

low er th an  th a t p o ten tia lly  possible defined  by  the num b ers of ad u lt 
fem ales. V alues N PT  w as stab le  over th e  y ea rly  cycle, since th e  decrease  
in  rep ro d u ctio n  of fem ales in  cohort K 0 w as alw ays accom panied  by an 
increase  in  rep ro d u ctio n  of fem ales in cohorts K 1 and  K 2. This p o in ts  to 
th e  im p o rtan t ro le  of cohort K j and  K 0 in k eep ing  th e  rep ro d u c tio n  of 
th e  popu lation  up to  a co n stan t value.

2. Inc rease  in  rep ro d u ctio n  of cohorts Kj and  K 2 w as ch a rac te rized  by 
increased  p ercen tag e  of p re g n an t an im als am ong th e  ad u lt fem ales in 
th is  cohort.

3. A n im p o rtan t elem ent in  th e  process m odyfy ing  rep ro d u ctio n  of 
cohort (and p ro b a b ly  K 2) is d u ra tio n  of o estru s (increase in  d u ra tio n  
of oestrus w as accom panied  by  increase in th e  p ercen tag e  o f p re g n an t 
fem ales).

5. DISCUSSION

N um erous s tu d ies  on popu lations of sm all roden ts  living u n d e r  n a tu ra l 
conditions have  rev ea led  a nega tive  co rre la tio n  betw een th e  percen tage 
of ad u lt fem ales and  popu lation  num bers (C h i 11 y, 1952; K  a 1 e 1 a, 
1957; Z e j d a ,  1961, 1967; N e w s o n ,  1963; J e w e l l ,  1966). A sim ilar 
re la tio n  w as also found  in lab o ra to ry  po p u la tio n s  ( C h r i s t i a n ,  1956; 
L i d i c k e r ,  1965). T his phenom enon w as in te rp re ted  as th e  re su lt of 
th e  action  of density  d ep en d en t factors.

T he re su lts  of th is s tu d y  show  th a t th is co rre la tio n  does no t necessa
rily  re flec t a causal re la tio n  b etw een  th e  percen tag e  of ad u lt fem ales and 
popu lation  num bers, b u t only a sim ple a rith m etica l re la tion . If th e  num 
b ers  of ad u lt fem ales a re  stab ilized  and  popu lation  num b ers v a ry  — as 
w as th e  case in  th e  p re se n t stud ies —  th en  th e  au tom atic  consequence 
of th e  above facts is th e  in v erse ly  p roportiona l re la tio n  b e tw een  the  
p ercen tag e  of ad u lt fem ales am ong all fem ales and  popu lation  num b ers 
(Fig. 11). T he n u m b ers  of a d u lt fem ales w ere  stab ilized  as th e  re su lt of 
th e  ac tion  of a fa c to r in d ep en d en t of popu lation  density , nam ely  th e  te r 
rito ria l ten d en cy  in  th is  ca tego ry  of fem ales, w hich  w ould  ap p ea r to be 
connected  w ith  th e  perm issib le  n u m b er of social contacts. T he num bers 
of a d u lt fem ales, in d ep en d en t of popu lation  num bers, also ind icates that 
con tac ts betw een  ad u lt fem ales p layed  a sign ifican t role here , and  not 
con tac ts betw een  ad u lt fem ales an d  th e  o th e r ca tegories of ind iv iduals
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(males an d  im m a tu re  fem ales). In  th e  la t te r  case n u m b ers  of ad u lt fe
m ales w ould  in fact v a ry  together w ith  popu lation  density .

T hese stud ies point to  the ex istence of an  in trap o p u la tio n  m echanism  
lim iting th e  in crease  of population  n u m b ers  as a re su lt  of lim ita tion  of

NUMBERS
Fig. 11 . Decrease in percentage of adu lt fem ales w hich accom panies increase

in population num bers.

Fig. 12. Schem atic representation  of stabilizing effects on fem ale reproductiv ity
in an island population.

th e  num b ers of fem ales capab le  of rep roduction . A ccording to  the as
sum ptions m ade by m any  au th o rs  ( L e o p o l d ,  1933; C a l h o u n ,  1952; 
K  a 1 e 1 a, 1957; L i d i c k e r ,  1962; K o s k i n a ,  1965) in trap o p u la tio n  re 
gu la tin g  m echanism s lim it q u an tita tiv e  g ro w th  of the  population . Con
seq u en tly  th e  population  does no t a tta in  d en sity  a llow ed  by  th e  ca rry in g
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capacity  of th e  h ab ita t, b u t s tab ilizes a t a low er density . T he p re sen t 
stud ies show  th a t  lim ita tio n  of increase  in abun d an ce  of th e  popu lation  
of red -b ack ed  voles is not of a d en sity  dependen t n a tu re , b u t depends on 
popu lation  s tru c tu re . T his agrees w ith  opinions expressed  by  P  e t r  u 
s e w  i c z (1966), w ho considered  th a t  reg u la tio n  of n u m b ers  does no t 
necessarily  have to be a process d ep en d en t on density , b u t dep en d en t on 
s tru c tu re . T he e lem ents of p opu la tion  s tru c tu re  d istingu ished  in the  
p re sen t stud ies a re  sp a tia l s tru c tu re  and  ad eq u a te  physiological (adu lt 
and  im m a tu re  fem ales) s tru c tu re  in  re la tio n  to  regu la tion  of th e  n u m b ers  
of ad u lt fem ales and  age s tru c tu re  (old fem ales and  young of th e  y ea r 
fem ales) in re la tio n  to  regu la tion  of th e  n u m b er of p reg n an t fem ales.

T he above ana lyses show  th a t th e re  a re  tw o levels of s tab iliza tion  
of rep ro d u ctio n  in  th e  popu lation  investigated  (Fig. 12). The firs t level 
is due to  inh ib ition  of a tta in em en t of p u b e rty  by all th e  young fem ales 
(rep roductive  p o ten tia l depends on num bers of m a tu re  fem ales) on th e  
basis th e ir te rr ito r ia l tendency . T he second level is lim ita tio n  of ac tua l 
rep ro d u ctio n  of the  popu lation  to a co n stan t value  of N PT  on  a y ea rly  
scale. This value n ev e r reaches th e  p o ten tia l value  because th e re  is a r e 
ciprocal re la tio n s betw een  N PT  in o v erw in te red  fem ales an d  fem ales born  
d u rin g  th e  cu rre n t year. U n fo rtu n a te ly , ecological m echanism s respon
sible fo r th e  stab ilisa tion  of ac tu a l rep ro d u ctio n  have n o t been  d is tin 
guished  yet.
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G abriela BUJALSKA

ELEMENTY STABILIZACJI ROZRODCZOŚCI W IZOLOWANEJ POPULACJI
NORNICY RUDEJ, C LETH RION OM YS G LAREO LU S  ( S C H R E B E R ,  1780)

Streszczenie

W ciągu trzech la t badań nad rozrodczością żyjącej na w yspie (4 ha) populacji 
C. glareolus stw ierdzono, że liczebność samic dojrzałych charakteryzow ała się du
żym stopniem  stałości (57—63 sam ic — Ryc. 2), Jedynie we wczesnych m iesiącach 
w iosennych liczebność samic dojrzałych zm ieniała się w szerszym zakresie gdyż 
była uzależniona od liczebności sam ic, które przeżyły zimę.

Ustabilizow anej liczebności sam ic dojrzałych tow arzyszyły znaczne zm iany li
czebności populacji (160—399 osobników) oraz liczebności samic niedojrzałych (15— 
151 osobników (Ryc. 2).

W ysunięto hipotezę, że czynnikiem  stabilizującym  liczebność dojrzałych samic 
jest ich tendencja tery torialna. H ipotezę tę w eryfikow ano badając rozmieszczenie 
przestrzenne (Tabela 5), w skaźnik zachodzenia na siebie areałów  osobniczych (Ryc.
3) oraz sposób w ykorzystania areałów  przez sam ice dojrzałe i n iedojrzałe (Tabela 7, 
Ryc. 4—5). Zbadano również zależność między liczbą dojrzew ających sam ic a roz
ległością w olnej przestrzeni, niepenetrow anej przez samice wcześnie dojrzałe (Ryc, 
6—7), W yniki potw ierdzają w ysuniętą  hipotezę.



41 2 G. Bujalska

Liczebność samic ciężarnych była znacznie niższa od liczebności samic dojrzałych 
(17— 44 osobników} a zm iany ich liczebności różne w  kolejnych la tach badań (Ryc, 
8). Nie m niej jednak, w  skali rocznej, w artość w skaźnika osobnikodni samic ciężar
nych (a tym  sam ym  i liczba urodzonych) była praw ie sta ła  (4 865, 4 923, 4 624). Wy
nikało to z odw rotnie proporcjonalnej zależności między w artością w skaźnika u prze- 
zim ków  i samic tegorocznych (Tabela 9). Im więcej rozm nażało się  przezimków, 
tym  niższy był procent rozm nażających się sam ic tegorocznych. Zm iany procentu 
ciężarnych tegorocznych związane były ze zm ianam i czasu trw an ia  estrus (Ryc. 10).


