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I. IN TR O D U C TIO N

N um erous a u th o rs  have  show n  th a t  p o p u la tions of v e r te b ra te s  consists of se ttled  
and m ig ra tin g  an im als . T he f i r s t  of th ese  possess a d efined  a re a  of p en e tra tio n , 
o ften  su rro u n d in g  th e  p lace  in  w h ich  th ey  live (nest, b u rro w  etc.), th e  second 
w an d e r ab o u t w ith in  th e  lim its  of th e  w ho le  p o p u la tio n . T he connection  of each 
in d iv id u a l w ith  th e se  tw o  g ro u p s is n o t co n s tan t; a s e ttle d  in d iv id u a l m ay  change 
to being  a m ig ra tin g  in d iv id u a l and  vice versa.  T his p rob lem  has been  d e a lt w ith  
in  co llec tive  s tu d ie s  ( K a l e l a ,  1954; N a u m o v ,  1956).

T h e re fo re , if  w e  beg in  o b se rv in g  a sec tion  of an  a re a  occupied  by a po p u la tio n  
of an im als , th e  com position  of th e  in d iv id u a ls  th e re  is su b jec t to  co n stan t change 
(ro ta tion ); c e r ta in  in d iv id u a ls  com e in to  th e  s tu d y  a rea  an d  a c e rta in  n u m b e r of 
in d iv id u a ls  co n s tan tly  leav e  it  (R a 11,1^36).

T h is c o n s ta n t p rocess of ro ta tio n  is caused  by: on th e  one h an d  re p ro d u c tio n  and 
m o rta lity , an d  on th e  o th e r  th e  m ig ra tio n  of an im als  w ith in  th e  pop u la tio n  
(im m ig ra tio n  in to  th e  g iv en  sec tio n  of a re a  and  em ig ra tio n  from  it).

T he a im  of th e  p re s e n t s tu d y  w as to  tra ce , in  th e  d e fin ed  sec tion  of th e  a rea , 
ov er a long  period , th e  cou rse  ta k e n  by v a ria tio n s  in  th e  n u m b ers  of th e  an im als  
and  th e  b asic  causes g o v ern in g  th ese  v a ria tio n s , th a t  is, th e  processes of incom ing  
and  d is ap p ea ran ce  of in d iv id u a ls .

T he o b jec t of o u r in v es tig a tio n s  w as fo rm ed  by th re s  species of ro d en ts , p red o 
m in a tin g  in  n u m b e rs  in  th e  ro d e n t fa u n a  of th e  fo re s t h a b ita t  exam ined , as follow s: 
C le th r io n o m y s  g lareolus  (S c h r  e b  e r, 1780), A p o d e m u s  agrarius  ( P a l l a s ,  1771) 
and  A p o d e m u s  (S y lv a e m u s )  f lavicollis  ( M e l c h i o r ,  1834).

A ck n o w led g em en ts: I hav e  p le a su re  in  reco rd in g  m y th an k s , w h ich  a re  due  to 
T .W ierzbow ska, M.Sc., and  J. G łogow ska, M.Sc. fo r consu lting  w ith  m e th e  s ta tis tic a l 
w o rk  on th e  m a te r ia ls , and  to th e  w ho le  g roup  of sc ien tific  and  te ch n ica l s ta f f  of 
th e  F ie ld  S ta tio n  of th e  In s ti tu te  of Ecology, P o lish  A cadem y of Sciences a t D zie
k an ó w  L eśny  fo r th e ir  h e lp  in co llec ting  m a te r ia l and m ak in g  calcu la tions.

II . IN V E ST IG A T IO N  M ETH O D S

T he m o st su ita b le  m e th o d  fo r e s tim a tin g  th e  n u m b ers , th e  incom ing an d  d is a p 
p ea ran ce  of an im a ls  fro m  th e  g iven  a re a  is u n d o u b ted ly  th e  in d iv id u a l m a rk in g  of 
each a n im a l in  o rd e r  to  be  ab le  to  tra c e  th e ir  m ovem en ts . F o r th is  re a so n  th e  
re g is tra tio n  of ro d e n ts  liv ing  in  th e  s tu d y  a re a  w as based  on cap tu re , in d iv id u a l 
m a rk in g  an d  re lea se  of th e  an im als .

F o re s t h a b ita ts , on acco u n t of th e ir  inaccessib ility  fo r o b se rv a tio n s and  p e 
n e tra tio n  by th e  in v e s tig a to r  of th e  p laces in  w h ich  th e  ro d en ts  live, p re s e n t 
co n sid e rab le  obstac les to  th e  ra p id  and  accu ra te  c a p tu re  and m a rk in g  of a ll th e  
in d iv id u a ls . S im ila r d ifficu ltie s , o ccu rr in g  w h en  ex am in in g  sy n a n th ro p ic  ro d en ts , 
w ere  successfu lly  overcom e by te ac h in g  th e  an im als  liv in g  in  th e  s tu d y  a re a  to 
m ak e  use of th e  a tt ra c t iv e  and  su ita b ly  a rra n g e d  b a it ( C h i t t y  & S h o r t e n ,  1946; 
C z y ż e w s k i ,  1953).

In the present investigations the research method forming a combina
tion of bait-laying and the capture and marking of animals was used 
( A n d r z e j e w s k i  & P i e l o w s k i ,  1956).

Bait was laid in places distributed in the form of a network covering 
the whole area. Distribution was therefore independent of the topography
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of the area, differences in the biotope, and the possible distribution of 
burrows, feeding grounds of the rodents etc.

The intervals between the places where bait was laid were about 14 m. 
The diameter of the home ranges of the species examined is far greater 
than the interval used between the bait sites ( N a u m o v ,  1951; N i k i 
t i n a ,  1958 a and b), thus ensuring that three should be bait sites in all 
the home ranges of the rodents living in the study area. In this way all 
the individuals in the study area should be able to find and learn to visit 
at least one of the sites, which were given numbers and letters similarly 
to a chequerboard to make it easy to identify them.

Oats were used as bait, since according to data in literature, also con
firmed by our own observations, they make a sufficiently attractive bait 
under forest conditions to be readily eaten whatever the supply of natural 
food (L i n n ,  1954; P o n u g a y e v a ,  1954).

The oats were placed once daily in portions consisting of several grains, 
in houses built of two or four half-bricks (thinwalled long cavity bricks) 
roofed by a metal plate, tile etc., or in wooden boxes with holes through 
which the rodents entered.

The process of finding the sites with the bait and learning to visit them 
lasts from 4—10 days, and the percentage of places in which the mice eat 
the bait depends in the first place (although not only) on the density of 
the mice in the given area ( A n d r z e j e w s k i  & P i e l o w s k i ,  1956).

The second element of registration was the capture of the animals. The 
rodents were caught in wooden live-traps set once a week on the bait 
sites, the traps being set one day in rows with odd numbers, and the next 
day in rows with even numbers. The animals were twice removed from 
the traps — at midnight and in the morning. The traps were set in the 
study area about noon, and inspection made twice during the night in- 
order to shorten as far as possible the time spent by each individual in the 
trap, thus reducing to a minimum the disturbance in the course of its life.

The trap was placed by the house containing the bait, in the space left 
by removing one of the four half-bricks so that the doors opened into the 
interior of the house. In the case of the wooden boxes with bait, the trap 
was placed at one of the entry holes. Bait was placed in the trap only.

The rodents caught were marked on the spot by toes climbing, after 
which they were at once released. Mice caught which already had 
a number were also immediately released after the number had been read. 
The method of numbering adopted by N a u m o v  (1951) was used.

The area chosen for the investigations was covered by 150 sites (15X10 
rows) on which the bait was sprinkled and on which the mice were caught, 
This area was approximately 3 ha in extent.
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A ccounts of th e  re s u lts  of c a p tu re s  w ere  m ad e  by re co rd in g  on th e  sp o t th e  fo llow 
ing  d a ta : p lace  of c a p tu re  (row  and  n u m b e r of th e  b a it  site), species, n u m b e r of th e  
in d iv id u a l and  its  sex  and  th e  d a te  and  tim e  of in sp ec tio n  of th e  t r a p  fo r th e  w hole 
reco rd . T h e  n ig h t and  m o rn in g  in spections m ad e  d u rin g  one n ig h t w e re  reco rded  
u n d e r  one d a te  (m orn ing  date). In  v iew  of th e  poor le g ib ility  of th e  e n tr ie s  m ade  in 
th e  a rea , especia lly  w h en  i t  w as ra in in g  d u rin g  in sp ec tio n  of th e  tra p s , th e  accoun t 
w as w r it te n  u p  on co llec tive  card s fo r each  species jo in tly  fo r a w ho le  w eek , an d  a t 
th e  sam e tim e  th e  d a te  an d  p lace  of c a p tu re  of each  in d iv id u a l w e re  e n te re d  on its 
in d iv id u a l ca rd , on w h ich  e n tr ie s  of each  consecu tive  c a p tu re  w e re  th u s  reco rded .

T hese  tw o  k in d s of accounts, th a t  is, th e  w eek ly  co llec tive  ca rd s  and  th e  card  
in d ex  of each  n u m b er, w e re  u sed  la te r  on in  w o rk in g  o u t th e  com parisons con ta ined  
in  th is  s tu d y . T he basic  co llec tive  com parison  w as m ade  by  th e  ’’c a le n d a r of c a p tu re s” 
m ethod  ( P e t r u s e w i c z  & A n d r z e j e w s k i ,  1962). T his com parison  w as used 
fo r th e  g re a te r  p a r t  of th e  w o rk  done on th ese  m a te ria ls .

W here  a  c e r ta in  ana ly s is  of th e  m a te r ia l has b een  considered  in  y ea rly  in te rv a ls , 
th e n  th e  period  of O ctober 1st of one y ea r to  S ep tem b e r 30th of th e  fo llow ing  y ea r 
has been  ta k e n  as fo rm in g  one y ear.

II I . D E S C R IPT IO N  O F T H E  STU D Y  A REA

T he in v es tig a tio n s  w ere  m ad e  on th e  F ie ld  S ta tio n  of th e  In s ti tu te  of Ecology of 
th e  P o lish  A cadem y of S ciences, a t D ziekanów  L eśny  n e a r  W arsaw . T he s tu d y  a rea  
w as s itu a te d  in  S ection  29 of th e  L ask i F o re s t A d m in is tra tio n  D is tric t of th e  K a m 
pinos N a tio n a l P a rk  (K am pinos F o re s t ) ‘I.

V aria tio n s in  th is  en v iro n m e n t of th e  s tu d y  a re a  w e re  fo rm ed  by tw o  h ig h e r and 
d rie r  b e lts , and tw o  lo w er and  w e tte r  b e lts , s itu a te d  a lte rn a te ly , ru n n in g  p a ra lle l to  
th e  n a rro w e r  b o rd e r of th e  a rea .

A d ra in a g e  d itch , n o t ren ew ed  or c leaned  o u t fo r a co n sid erab le  tim e, a b o u t 1.5 m . 
w ide, and  perio d ica lly  filled  w ith  w a te r , r a n  th ro u g h  th e  w e tte r  b e lt s itu a te d  on th e  
b o rd e r of th e  area .

T he d r ie r  be lts  w e re  covered  by tre e s  fo rm in g  th e  Vaccinio m y r ty l i i -P in e tu m  
K o b e n d z a ,  1930 association . T he age of th e  p in e  tre e s  in  th is  associa tion  w as 
a b o u t 50 years . T he w e tte r  be lts  w ere  covered  by fo re s t fo rm in g  th e  Carici e lonya-  
t a e - A ln e tu m  W. K o c h ,  1926 association . T he a ld e r s ta n d  in  th is  association  had  
g row n  fro m  shoots fro m  th e  p o lla rd ed  tru n k , th e  tre e s  be ing  ab o u t 45 y ea rs  old.2)

T he K am p in o s F o re s t is c h a ra c te rise d  by fa ir ly  considerab le  am p litu d e  of f lu c 
tu a tio n s  in  th e  leve l of g ro u n d  w a te r  ov er th e  cou rse  of a  y ea r. W ith  a m ed ium , 
and  even  m o re  so w ith  a  h igh  lev e l of g round  w a te r , w a te r  sp read s  over th e  su rface  
of th e  g ro u n d  in  a la rg e  p a r t  of th e  a ld e r w oods, le av in g  only  th e  em erg ed  clum ps 
of th e  a ld e r  tre e s  desc rib ed  above. D u rin g  th is  perio d  th e  ro d en ts  can  live  only  in 
th ese  c lum ps. T he d r ie r  w oods a re  n ev e r flooded.

A ccord ing  to  th e  m easu rem en ts  m ad e  by th e  F ie ld  S ta tio n  of th e  In s ti tu te  of E co
logy, th e  m ax im u m  lev e l of g ro u n d  w a te r  occurs a t th e  b eg inn ing  of A pril, and  th e  
q u ick es t r ise  in  th e  w a te r  level is connected  w ith  th e  th a w  period  of snow  and  ice. 
T he m in im u m  lev e l is n o ted  in  Ju ly  or S ep tem b er.

‘) T he estab lish ed  n u m e ra tio n  of a reas  of re se a rc h  on ro d en ts  c a rr ied  o u t by th e  
F ie ld  S ta tio n  of th e  In s ti tu te  of Ecology, P o lish  A cadem y of Sciences, m a rk s  th is 
a re a  as n u m b e r I.

2) I am  m ost g ra te fu l to  D r. T. T r a c z y k  for id en tify in g  th e  p la n t associations 
in th e  s tu d y  area .
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T h e  low er be lts  in  th e  s tu d y  a re a  w ere  p a r tly  flooded  even  w ith  a  m ed iu m  level 
of w a te r , b u t i t  w as only  w ith  th e  h ig h es t leve l of g ro u n d  w a te r  th a t  i t  w as possib le  
to  n o tice  a d ecrease  in  th e  t r a p p a b il i ty  of th e  m ice  in  c e r ta in  p a r ts  of th e  a re a . T he 
b a it s ite s  in  flooded  sec tions w e re  s itu a te d  on c lum ps of a lders.

T he level of th e  g ro u n d  w a te r  in  th e  b e lts  w ith  th e  p in e  s ta n d  (Vaccinio m y r ty l i i -  
P in e tu m  association) in  th e  s tu d y  a re a  w as a t le a s t 50—80 cm. low er th a n  g round  
level.

IV. A M O U N T O F M A T E R IA L S C OLLECTED

T he in v es tig a tio n s  w e re  m ad e  fro m  O ct. 1st 1955 to  O ct. 1st 1961, in itia l o b se rv a 
tio n s being  co n tin u ed  fo r 30 w eeks b e fo re  O ctober 1st 1955 in  th e  s tu d y  a rea , w h ich  
m ad e  it  possib le  to  d e te rm in e  th e  c h a ra c te r is tic s  of th e  com position  of ro d en ts  in 
th e  s tu d y  a rea  on O ct. 1st 1955. A fte r  O ct. 1st 1961 o b se rv a tio n s w ere  co n tin u ed  u n til 
th e  m o m en t w h en  a ll th e  in d iv id u a ls  re g is te re d  th e re  on  O ctober 1st 1961 had 
d isap p ea red  from  th e  a rea .

Table 1.

A m o u n t of m a te r ia ls  collected .
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1 9 5 5 / 5 6 2 3 0 3 261 844 2 3 0 4 7 6 121 3 623 612 1 5 3 0 0 0 . 2 3

1 9 5 6 / 5 7 891 2 03 594 323 163 53 1 6 4 8 579 1 5 3 0 0 0 . 1 1
1 9 5 7 / 5 8 4 4 7 13 8 194 63 61 34 702 2 3 5 1 3 8 0 0 0 . 0 3
1 9 5 8 / 5 9 654 2 4 8 159 4 3 8 0 4 1 8 17 8 2 6 6 6 8 0 6 1 5 6 0 0 0 . 1 7
1 9 5 9 / 6 0 4 7 9 1 54 4 24 176 171 88 1074 4 1 8 1 3 8 0 0 0 .  08

1 9 6 0 / 6 1 874 24 9 193 88 274 124 1341 461 1 5 3 0 0 0 . 0 9

T o t a l 5 6 4 8 1253 3 8 4 3 1 2 6 0 1 5 6 3 5 9 8 11 0 5 4 3111 8 9 1 0 0 0 . 1 2

A d d i t i o n a l  
c a p t u r e s  

i n  1 9 6 1 / 6 2
79 - 34 - 17 - 1 3 0

D u rin g  th e  f i r s t  th re e  y ea rs  of o b se rv a tio n s  in sp ec tio n  w as m ade  daily , w ith  th e  
ex cep tio n  of S undays, of th e  b a it, to  see w h a t h ad  been  ea te n  and  n ew  b a it w as 
sp r in k le d  on a ll th e  sites. In  th e  fo llow ing  th re e  y ea rs  b a it  w as sp r in k le d  ev e ry  o th e r  
day  so  th a t  th e  d ay  fo r  c a p tu r in g  th e  m ice w as p reced ed  by  th e  d ay  on w h ich  b a it 
w as sp rin k led . I t  p ro v ed  th a t  b a it la id  in  th is  w ay  did n o t red u ce  th e  n u m b e r of 
cap tu re s .

In  acco rdance  w ith  th e  m e th o d  adop ted , tr a p s  w ere  se t in  th e  s tu d y  fo r tw o  days 
in  each  w eek  (usually  T u esd ay s an d  W ednesdays). A lo n g er in te rv a l occu red  on ly  in 
M arch  1958, and  in  J a n u a ry  up  to  m id -F e b ru a ry  1960, on accoun t of th e  v e ry  h eavy  
fa ll of snow , w h ich  red u ced  th e  effic iency  of th e  tra p s  to  such  an  e x te n t th a t  th e  
c a p tu re s  w e re  n o t co m p a rab le  (ba it w as sp r in k le d  as u su a l d u rin g  th is  tim e).

D u rin g  th e  o b se rv a tio n  p e rio d  297 tim es , tr a p s  w e re  se t fo r tw o  days. A fte r  m u l t i 
p ly in g  by 4 (num ber of in spections) and  75 (n u m b er of tra p s  se t a t one tim e) a to ta l
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of 89 100 chances of ca tch ing  th e  ro d en ts  w as ob ta ined . T his is a f ig u re  an a lo g ica l to 
th e  f re q u e n tly -u se d  in d ex  of tra p -d a y s . T h is fig u re  ch a rac te rise s  th e  in te n s ity  of 
p e n e tra tio n  of th e  a re a  by th e  in v es tig a to r.

T he n u m b e r of c a p tu re s , n u m b e r of in d iv id u a ls  c ap tu red , n u m b er of chances of 
c a p tu re  and  p e rc e n ta g e  of occu p a tio n  of th e  trap s , d iv ided  accord ing  to  each  species 
and  y e a r  of o b se rv a tio n , a re  g iven  in  ta b le  1.

V. T R A P P A B IL IT Y

1. D escrip tion  of tra p p a b ility

A basic condition for the solution of the problem discussed in this study 
is the attainm ent of such intensive capture of the animals living in the 
study area as to be able within the shortest possible time to capture and 
mark every individual.

It was found that by means of the method used 75—95% of all the 
individuals living in the study area were caught within 6 days of trapping 
( A n d r z e j e w s k i  & W r o c ł a w e k, 1962).

A description of frequency of captures by the mean number of captures 
of an individual w ithin a defined unit of time involves the determination 
of the periods of stay of individuals in the study area. This is impossible 
without a certain preliminary method of capture. This is discussed in 
greater detail in Section VII. W ithout making this analysis, however, it is 
possible to describe frequency of capture by an analysis of the intervals 
of time between two consecutive captures of each individual.

If the first capture of the individual, which is necessary in order to 
reveal its presence in the study area, is excluded from calculations, then 
the mean section of time between captures is the reciprocal of the mean 
number of captures of an individual w ithin a unit of time.

The mean number of captures in a unit of time (m) is expressed by the 
ratio of number of captures of an individual (m) minus the first capture, 
to the number of weeks (t) which elapsed between the first and last 
capture: _ m _ 1

m  = -------
t

It is obvious that the reciprocal relation expresses the mean section of 
time between captures. Therefore the higher the values taken on by the 
mean section between captures, the more seldom the animals are caught; 
the lower the values, the more frequent the captures.

As explained in the description of methods used, the traps were set 
twice a week in the study area. The animals were removed from them 
twice during the day, about midnight and in the morning. Since, as our 
observations showed, the diameter of the home ranges of the species 
discussed in this study was greater than the distance between two rows 
of traps, each individual was liable to be caught 4 times in a week; twice



Processes of incom ing , se ttle m e n t and d isap p ea ran ce 175

on the first day of trapping in the row with odd numbers, and twice on the 
second day of trapping in the row with even numbers.

The method of trapping meant that we could expect the following 
sections of time separating two consecutive captures of the same indivi
dual: half a night, 24 hours, 24 hours +  half a night, two 24-hour periods, 
one week, one week and half a night etc. In continuing these reasonings 
one week has been taken for purposes of simplification as the unit of time 
between two consecutive captures, and the sections of time separating 
two captures within one week have been treated jointly, marking them as 
less than one week.

5 10 15
A agranus

!i i i i i i

42 1 5 10 , 34weeks
A fla v ico llis

Fig . 1. D is tr ib u tio n s  of tim e  in te rv a ls  b e tw een  cap tu re s  (jo in tly  fo r a ll th e  o b se r
v a tio n  y ears). A xis x  — °/o fo rm ed  by  in te rv a ls  of g iven  len g th  in re la tio n  to  all 
in te rv a ls , ax is  y — len g th  of in te rw a ls  in  w eeks.

After defining, in accordance with the weekly scale described above, 
the intervals of time for each consecutive two captures, calculation was 
made of the frequency of occurrence of each value of these intervals 
(Fig. 1).

In tu rn  calculation was made of the series of values illustrating the 
percentage formed jointly by the sections of time shorter than one week 
plus weekly sections, sections shorter than weekly ones plus weekly 
sections, plus two-weekly ones etc. (cumulated distribution of time 
sections between captures).

We can see that, generally speaking, for the whole study period in the 
case of C. glareolus 90% of all intervals between captures come within 
limits of up to 3 weeks, A. flavicollis 4 weeks and A. agrarius to 5 weeks 
(Table 2).

Comparison of the periods within which 90% of all captures for the 
whole m aterial and for different years of observations are distributed
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shows that with C. glareolus this period did not change during successive 
years. The value of the percentage attained in 1957/58 and in 1958/59 after 
3 weeks does not differ significantly from the value of 90% attained 
jointly during the whole study period up to this week (Table 2).

In the case of A. agrarius greater fluctuations occur in different years. 
Statistically significant deviations are exhibited in 1955/56 and 1960/61, 
in which this species was captured less frequently than jointly in all the

Table 2.
C u m u la ted  d is tr ib u tio n s  of tim e  sections b e tw een  cap tu re s  of:

C l e t h r i o n o m y s  g l a r e o l u s

Kea r 1 9 5 5 / 5 6 1 9 5 6 / 5 7 1 9 5 7 / 5 8 1 9 5 8 / 5 9 1 9 5 9 / 6 0 1 9 6 0 / 6 1 S5 T o t a l 1 9 5 5 / 5 6

Z 1 3 6 8 617 3 19 4 3 5 • 3 3 0 624 1 664 2 0 2 9 3 6 9 3 598

<1 3 1 . 3 6 3 3 . 8 7 2 9 . 4 7 3 1 . 2 6 3 8 . 7 8 2 4 . 5 1 3 1 . 1 1 3 1 .1 1 3 1 . 1 1 2 5 . 4 1
1 70 .  83 7 3 .  57 6 6 . 1 4 6 8 .  50 7 6 . 9 6 7 5 . 9 5 7 2 . 0 0 72 .  00 7 2 .  02 5 1 . 6 6
2 8 4 .  06 8 7 . 0 2 8 0 .  56 8 1 . 3 7 - 8 6 . 9 6 8 8 .  61 8 5 .  50 8 4 .  50 8 4 . 9 6 6 6 . 3 7

3 9 0 . 0 5 9 2 . 2 1 8 7 . 1 4 8 7 . 8 1 9 1 . 8 1 9 3 . 1 0 9 0 . 9 0 9 0 . 3 0 9 0 . 5 6 7 3 . 7 3

4 9 3 . 1 9 9 4 . 3 2 9 2 . 1 5 8 9 . 8 8 9 5 . 1 4 9 6 . 3 0 9 3 . 8 8 9 3 . 4 0 I??. 59| 8 0 .  08

5 9 4 .  94 9 6 . 2 6 9 5 . 2 8 9 3 . 1 0 9 6 . 9 6 9 7 . 2 6 9 6 . 0 0 9 5 . 2 0 9 5 . 5 4 8 4 . 2 6

6 9 6 . 4 0 9 6 . 9 1 9 7 . 1  6 9 4 .  71 9 8 . 1 7 9 8 . 2 2 9 6 .  9 0 9 6 . 8 0 9 6 . 8 1 8 6 . 4 3

7 9 6 . 9 1 9 7 . 8 8 9 5 . 1 7  . 9 8 . 4 7 9 8 . 3 8 9 7 . 3 2 9 7 . 2 9 9 7 . 2 7 8 8 .  77

8 9 7 . 7 9 9 8 . 5 3 9 7 . 7 9 9 5 . 4 0 9 8 . 7 7 98 .  54 97-. 74 9 7 .  98 9 7 . 8 4 9 0 . 6 1

9 9 6 . 4 5 9 9 . 0 2 9 6 .  73 9 6 . 3 2 9 8 .  88 9 0 . 3 4 9 8 .  52 ' 9 8 7 4 3 9 1 . 2 8

10 9 8 . 8 1 9 9 . 3 4 9 6 . 7 8 9 9 . 1 8 9 8 .  58 9 6 . 8 6 9 8 .  71 9 3 . 1 2

11 9 8 . 9 6 9 9 . 0 4 9 8 . 3 9 9 9 . 3 9 9 9 .  06 9 9 . 0 6 9 9 . 0 3 9 3 . 9 6

12 9 9 . 0 3 9 9 . 3 5 9 9 . 0 9 9 9 . 1 2 9 9 . 2 6 9 9 . 1 6 9 4 . 4 6

1 J 9 9 .  50 9 9 . 1 8 9 9 .3 1 9 9 . 2 1 9 4 .  96

14 9 9 . 1 8 9 9 . 5 0 9 9 . 2 4 9 9 .4 1 9 9 . 2 9 9 5 . 2 9

15 9 9 . 3 3 9 9 . 6 6 9 9 . 3 2 9 9 . 3 0 9 9 .  56 9 9 . 4 0 9 5 . 7 9

> 1 5 1 0 0 .  00 1 0 0 .  00 1 0 0 .  00 1 0 0 . 0 0 1 0 0 .  00 1 0 0 . 0 0 1 00 .  00 1 0 0 .  00 1 CO. 0 0 1 00 .  00

years and in 1958/59, in which it was caught more frequently. I canr.ot 
put forward any suggestions as to the cause of these variations.

The small numbers of A. jlavicollis occurring in the study area made 
it impossible to calculate the deviations shown by this index for each year.

The results obtained mean that C. glareolus is more often caught in 
traps than A. agrarius and A. flavicollis. The frequency of capture is 
therefore different in the case of different species even when the same 
method is used.

If the same indices for the two sexes are compared, we see very 
considerable coincidence between males and females in each species. This 
means that sex does not affect the frequency of visits made to the traps.

2. Seasonal variations in trappability

It is not possible to describe the seasonal variations in trappability on 
the basis of the index used above, since frequently the sections of time
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between captures are so long that they cover the whole season observed, 
or only partly come within the season observed, and partly overlap into 
the successive season.

As indicated at the beginning of this section, determination of the life 
span of an individual in the study area involves the use of the analysis 
made in section VII. Taking these data as a basis, calculation was made 
for each month of the mean numbers of captures per week of stay of the

a) C le th r io no m ys  glareolus,  b) A p o d e m u s  agrarius,  c) A p o d e m u s  flnvicollis.

Apodemus a g r a r i u s * Apodemus f l a v i c o l l i s

1 9 5 6 / 5 7 1 9 5 7 / 5 8 1 9 5 8 / 5 9 1 9 5 9 / 6 0 1 9 6 0 / 6 1 S? i i T o t a l n T o t a l

4 1 5 129 1 2 6 9 2 4 8 114 1331 1442 2 7 7 3 4 58 534 992

2 5 . 5 4 2 4 . 8 1 3 2 . 9 4 3 3 . 8 7 1 1 . 4 0 2 9 . 6 0 2 8 . 5 0 2 9 .  03 2 0 .  08 2 2 . 8 5 2 1 .  57
5 5 . 9 0 5 2 .  72 7 2 . 0 2 7 3 . 7 9 4 6 . 4 9 6 3 . 4 0 6 3 . 4 0 6 3 . 4 3 6 0 . 4 7 6 4 . 8 0 6 2 . 8 0

7 2 . 5 3 7 2 . 3 2 8 5 . 2 6 8 7 . 5 0 6 9 . 3 0 7 8 . 7 0 7 7 . 6 0 7 6 . 1 8 7 6 . 4 4 7 8 . 4 7 77 .  52
7 8 .  31 8 0 .  62 8 9 . 5 9 9 3 . 1 4 7 8 .  07 8 4 . 2 0 8 3 . 6 0 8 3 . 9 1 8 4 . 3 0 8 6 . 5 2 8 5 . 4 8

8 2 . 8 9 8 9 . 1 5 9 2 . 4 3 9 4 . 7 5 8 4 . 2 1 8 8 . 4 0 8 7 . 7 0 8 8 .  06 8 8 . 6 7 9 0 . 4 5 8 9 . 6 1

8 5 . 7 8 9 1 . 4 7 9 3 . 6 9 9 5 . 5 6 8 7 . 7  2 9 0 . 3 0 9 0 . 3 0 9 0 . 2 9 9 2 . 6 0 9 3 . 6 3 193.141

8 7 . 9 5 9 4 .  57 9 5 . 1 9 9 7 .  58 8 8 . 6 0 9 2 . 3 0 9 2 . 0 0 9 2 . 1 3 9 4 . 3 5 9 4 . 7 5 9 4 .  55

9 1 . 5 6 9 6 . 2 1 9 8 . 3 9 9 0 . 3 5 9 3 . 6 0 9 4 . 0 0 I9 3 .7 9 I 9 4 . 7 9 9 5 . 8 7 9 5 . 3 6

9 3 . 0 0 9 7 . 0 0 9 1 . 2 3 9 4 . 8 0 9 4 . 8 3 9 4 . 8 0 9 5 . 2 3 9 6 . 8 1 9 6 . 0 7

9 4 . 9 3 9 6 . 1 2 9 7 . 5 5 9 8 . 7 9 9 3 . 8 6 9 5 . 6 3 9 5 . 8 0 9 5 . 7 0 9 6 . 1 0 9 7 , 3 7 9 6 . 7 8

9 5 . 4 1 9 7 . 7 9 9 6 . 4 6 9 6 . 1 5 9 6 . 2 8 9 6 . 9 7 9 7 . 1 8

9 6 . 3 7 9 8 . 1 8 9 4 .  74 9 6 . 7 6 9 6 . 9 1 9 6 . 8 2 9 7 . 4 1 9 7 . 5 6 9 7 . 4 8

9 7 . 0 9 9 8 . 5 7 9 9 . 1 9 9 6 . 4 9 ' 9 7 . 0 6 9 7 . 6  0 9 7 . 3 2 9 7 . 8 5 9 7 . 6 8

9 6 . 6 9 9 8 . 8 1 9 7 . 3 7 9 7 . 5 1 9 7 . 7 4 9 7 . 6 1 9 8 . 2 9 9 8 .  04

9 8 . 9 7 9 7 .  58 9 7 . 9 5 9 7 . 7 5 9 8 .  04

9 7 . 3 3 9 9 . 1 3 9 8 . 2 5 9 7 . 6 5 9 8 . 3 7 98 .  00 98 .  73 9 8 . 1 2 9 8 . 1 4

1 0 0 .  00 1 0 0 .  00 10C. CO 1 00 .  00 1 0 0 .  0 0 1 0 0 .  00 1 0 0 . 0 0 1 00 .  00 1 00 .  00 1 0 0 .  00 1 0 0 .  00

mice in the study area, excluding the week of capture for the first time 
of the given animal (for this week the mean must have a value of >  1, 
since each animal in the first week, during which traps are set for it, must 
be caught at least once in order to be registered a t all).

The index obtained exhibits considerable variation in time. If the mean 
value of the index is calculated for each month, summing up the number 
of captures of rodents and number of weeks of stay of the animals in the 
study area from all the observation years, then the index exhibits certain 
regular variations (Fig. 2).

In the case of C. glareolus we have a decrease in trappability in the 
winter (particularly in January, February) and a balanced higher trapp
ability in the summer (April—October). In the case of A. agrarius with 
a total lower trappability (according to the analysis previously considered 
of the mean section of time between captures), there is also a distinct 
winter decrease in trappability (the smallest values of the index are those
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for January, February); during the summer period the index of trapp- 
ability exhibits mean values, to rise in September and October to a higher 
index of trappability. With A. flavicollis the general picture of trapp- 
ability is fairly similar to that of C. glareolus.

Trappability may depend on: 1. the method of capture used (effective
ness of capture of animals by the traps used), and 2. the actual tendancy 
of the animals to enter the traps.

y

1.0

0.5-

0 1 -

XI V IX

Fig. 2. V aria tio n s  in  tr a p p a b il ity  d u rin g  th e  y early  cycle. A xis x —m o n th s, ax is  
y — m ean  n u m b e r of c a p tu re s  p e r w eek  of res idence  of th e  in d iv id u a l in  th e  s tu d y  
a r e a , -----------------C. g la r e o lu s , -------------------- A. agrarius  — • — • — • A. flavicollis.

The winter reduction in trappability, which occurs in all the species 
examined, may be the result either of the real decrease m activity of 
visits by the animals to the baited sites with the traps, or may be the 
result of the reduction of the efficiency of the traps caused by weather 
conditions (freezing up of the movable parts). The difficulties which the 
animals have in searching for food from the natural food supply should 
rather cause more intensive visiting of the sites — the decrease in trapp
ability would therefore seem to be caused by the method of trapping. 
This may be further indicated by the parallel character of the decrease 
in all three species.
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The autum n increase in the frequency of captures in the case of A. agro- 
rius is rather due to the actual increase in trappability, since there is no 
reason for supposing that the traps acted better under autumn weather 
conditions (in relation to the summer functioning should rather be worse) 
and selectively in relation to one species only.

3. T ra p p a b ility  of an  in d iv id u a l du rin g  th e  period  of its  s tay  in  th e  s tu d y  a rea

A condition for the success of the method used in this work is that with 
the repeated captures, the individual should not learn either to avoid

y
14-

0 5 10 15 20 25 30 *

Fig. 3. V a ria tio n s  in  tra p p a b il ity  d u rin g  th e  tim e  sp en t by  th e  in d iv id u a l in  the 
s tu d y  area . A xis x — w eeks of res id en ce  of th e  in d iv id u a l in  th e  s tu d y  a rea , axis 
y — m ean  n u m b e r of cap tu re s  p e r w eek  of residence . Sym bols fo r species as in  Fig. 2.

being caught in the trap, or to visit it more often. If either of these two 
eventualities did occur, it would cause variations in trappability with the
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lapse of time from the first capture of the given rodent. Calculation was 
made for each species of the mean number of captures in successive weeks 
of stay of the individual in the study area. A series of such mean values 
illustrates the variations in frequency of capture during the time the 
individual is living in the study area (Fig. 3).

The mean values obtained for all the species fluctuate in successive 
weeks, from the second week of stay of the individual in the study area 
fortuitously in plus and in minus round the straight line parallel to 
axis X. This makes it possible to conclude that despite intensive trapping 
the individuals do not change their trappability with the lapse of time 
from the moment of settling in the study area (Fig. 3). This shows that 
under oUr conditions we did not observe any directional process of 
avoiding or becoming accustomed to being caught during the time the 
individuals spent in the study area.

Different authors in other investigations found that the frequency of 
captures may change directionally during consecutive captures (e.g. 
Y o u n g ,  S t r e c k e r  & E m l e n ,  1950). It must therefore be concluded 
that the directional charakter of the course taken by variations in 
frequency of capture may vary in different conditions.

4. T o ta l c a p tu re  of new  in d iv id u a ls

If the frequency of captures of mice from the time of the first to the 
last capture, as I showed above, does not undergo any changes, then it 
would seem probable that the process of catching new individuals from 
the time that they settle in the area (or from the traps are set in the first 
phase of investigations in the given area) to their first capture, should 
take place according to the frequency of capture defined by the 
distribution of trappability (Fig. 1). Thus 90% of the freshly settled 
C. glareolus will have been caught, for instance, after three weeks, but 
not until after 5 weeks in the case of A. agrarius.

In reality, however, this period may be slightly shorter, since among 
the long intervals of time between consecutive captures intervals may 
occur which are caused by a certain mouse leaving the study area and 
returning to it after a certain time. The exclusion of such intervals would 
reduce the total number of intervals and thus raise the percentage of 
short time sections.

It should therefore be expected that the time required for catching and 
marking all the individuals in a given area for each species of rodents 
(that is, the species considered in this study), will be different and 
characterised by the frequency of their captures (in our case, e.g. d istri
butions of intervals of time between captures).
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VI. L E N G T H  O F STA Y  OF IN D IV ID U A L S IN  T H E  STUDY AREA

1. G eneral rem arks

It must be expected that two groups of individuals — settled and 
migrating individuals, can be distinguished in the study area in the po
pulations of each species of rodents.

If repeat captures of a certain individual in the area occur sufficiently 
frequently, then we can take it that between these captures this indivi
duals lives in that area or at least near its limit — and is therefore settled.

If-the period between two captures of a given individual is a long one 
it may have happened, in accordance with what we said previously, that 
the given individual emigrated for some time from the area, after which 
time it came back into the area.

The statistical picture of these two possibilities is the distribution of 
sections of time between two consecutive captures (discussed in Section 
V — Fig. 1).

Taking into consideration the previous reasonings as to the possibilities 
of capturing all the individuals of different species and also simplifying 
the case, I took it that among all the sections of time between captures, 
only 7% of the longest can indicate that during this time the given 
individual emigrated from the study area and then returned to it again 
The remaining 93% were captures within the limits of the constant 
movements of the animals through the study area.

The different frequency of captures in the case of each species causes 
the accepted 7% to include in different species a different range of length 
of time sections between captures. Thus the permissible interval for 
assuming that the individual emigrated from the study area and returned 
to it is in the case of C. glareolus, over 4 weeks, for A. agrarius over 
7 weeks and for A. flavicollis over 5 weeks, since time sections of these 
lengths between two captures form the accepted 7% for these species 
(Table 2).

It would seem that the accepted 7% sufficiently reduces the increase 
in the time of stay and abundance of animals caused by intervals in the 
stay in the study area of different individuals.

On the other hand the acceptance of different values of this percentage 
does not .basically alter the picture of variations in numbers (P e t r u s e- 
w i c z ,  in litt.).

By now applying these assumptions we can establish for each individual 
its probable time of stay in the study area. This time will be equal to the 
period which has elapsed from the first to the last capture of the given 
mouse, unless a time section longer than that fixed above occurred 
between each capture. W here such an interval occured in captures I have
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assumed that the given mouse left the study area and returned to it 
again.

Sections established in the way of the time spent by the individuals in 
the study area are shorter than the real times of stay of different 
individuals by the time between settlement in the area and the first 
capture, and by the time which elapsed from the last capture to the true 
disappearance from the study area. As already stated, the length of the 
section before the first capture and similarly the length of the section 
after the final capture, depends on and is defined by the frequency 
(distribution) of captures of the given species.

After determining the time of stay in the study area for each individual 
we can begin to analyse the material from the aspect of the composition 
of the population in the study area.

2. D is tr ib u tio n  of len g th  of stay

The distributions of length of stay in the study area of the given group 
of individuals were compared, and graphically represented by curves of 
length of stay ( A n d r z e j e w s k i  & W i e r z b o w s k a ,  1960; 1961: 
A n d r z e j e w s k i  & W r o c ł a w e k ,  1961).

Data for defining these distributions were obtained from comparisons 
made by the ’’calendar of captures” method ( P e t r u s - e w i c z  & A n 
d r z e j e w s k i ,  1962), cumulated according to the enclosed formula 
(Table 3).

In this plan the figures distributed in diagonal lines make it possible 
to trace the number of rodents which lived for a defined number of weeks 
from the group of rodents caught for the first time in a certain period 
(a week — A). The diagonal row of figures is therefore the cumulated 
distribution of length of stay of the group of animals caught for the first 
time in a defined week. In order to obtain the distribution of length of 
stay of the group of animals caught for the first time during a longer 
section of time, it is only necessary to sum up the figures in the lines 
contained between the two diagonal lines forming the limits of this section 
of time. At the same time the vertical column indicates to which week 
from the start of observations (or from the calendar time) the given group 
of mice survived.

A n d r z e j e w s k i  & W i e r z b o w s k a  (1960, 1961), using the
present materials from 1955/56 — 1957/58, showed that:

1. the group of individuals caught for the first time has a higher 
percentage of disappearance during the first week after capture than in 
the following weeks of stay in the study area.

2. if we exclude from the curve (distribution) of stay the week in which 
the individuals were caught for the first time (t0), then the remaining
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section of the curve (distribution) has the form of an exponential function. 
This means that the rate of disappearance of the group of animals staying 
in the study area for longer than one week (caught several times), and 
therefore resident in the area, is constant.

If the rate of disappearance of the settled animals is constant then it 
may be assumed, that it also is constant and similar in the first week 
after the first capture ( A n d r z e j e w s k i  & W i e r z b o w s k a ,  I960; 
1961).

An analysis of trappability makes it possible to assume that only a small 
percentage of the rodents are caught as early as the week of actual 
settlement in the given area, and that the majority of them have chances 
of being caught after two or three weeks of trapping. This means therefore

Table 3.
C um ula ted  d a ta  from  ’’c a le n d a r of c a p tu re s” — sec to r of com parison  

(D escrip tion  in  tex t).
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that the settled individuals caught for the first time usually live in  the 
study area for a certain period before they are caught for the first time 
Therefore the greater part of these individuals have time to gel 
accustomed to a habitat situation (getting to know the area, building nestr- 
etc.) and population situation (defining of contacts with their neighbours

T able 4
R esu lts  of an a ly s is  of d is tr ib u tio n s  of leng ti

S p e c i e s A . f l a v i c o l l i s C . g l a r e o l u s

'¿ear 1 9 5 5 / 5 6 .1 9 5 5 /5 6 1 9 5 6 / 5 7 1 9 5 7 / 5 8 1 9 5 8 / 5 9 1 9 5 9 / 6 0 1 9 6 0 / 6 1 1 9 5 5 / 5 6

0 . 3 0 2 7 C. 165 5 0.  3225 0. 32 17 0. 2 8 9 8 0.  279 3 0 . 2  331 0. 3959

t 5 . 2 5 7 .  82 4 .  46 4 .  50 3 . 4 6 3. 58 4 .  29 5 . 2 5

S(t) 0 . 6 3 3 0.  55 6 0. 369 0 . 4 7 5 0 . 3 0 2 0.  3 58 0. 4 2 0 0 . 3 8 9

No 1 17 261 2 03 132 2 48 154 2 49 2 3 0

k 6 8 . 9 1 9 7 .  76 1 3 2 . 4 8 9 9 .  9 1 3 0 . 8 4 9 2 .  53 1 6 6 . 6 3 1 2 2 . 3 )

»■ 4 8 .  1 6 3 . 2 4 70 .  52 4 8 .  1 1 1 7 . 1 6 6 1 . 4 7 8 2 .  37 1 0 7 . 6 7

No. o f  m i g r a t i n g  
I n  t 0.  41 0. 24 0 .  35 0 .  35 0 . 4 7 0 . 6 0 0 . 6 7 0.  4 7

He. o f  s e t t l e d  
i n  t 0.  59 0 .  76 0 . 6 5 0 .  65 0 .  53 0 . 4 0 0.  33 0 .  53

N1 57 174 106 72 98 70 132 97

Pi — in d ex  of d isa p p e a ra n c e  (°/o d isap p ea rin g  in each w eek), 
t — av e rag e  len g th  of residence ,
S t — e r ro r  in  average ,
N 0 — n u m b e r of ro d e n ts  c ap tu re d  fo r th e  f ir s t  tim e,
N 0 — n u m b er of m ig ra tin g  in d iv id u a ls ,
N 0 — n u m b e r of fre sh ly  se ttle d  in d iv id u a ls ,
N 1 — n u m b e r of an im als se ttled  fo r a t le a s t one w eek .

similar to that of the individuals caught in the weeks following the firs: 
capture.

Acceptance of the assumption that settled individuals disappear during 
the first week following the first capture in the same way as in late’ 
weeks makes it possible to extrapolate the function of disappearance d 
the animals to the first week after the first capture (t0) and estimate th; 
number of settled individuals in the group of individuals caught for th.' 
first time ( A n d r z e j e w s k i  & W i e r z b o w s k a, 1960; 1961).

In tu rn  definition of the param eters of the exponential function m ake 
it easy to calculate the mean length of stay of settled individuals in th5 
study area in different years ( A n d r z e j e w s k i  & W i e r z b o w s k i ,  
1960; 1961).

Using the method described above, the function of periods of th? 
rodents’ stay in the study area was defined for each species and in eaci 
year, with the exception of A. flavicollis, where the size of the materiel
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only perm itted of calculations for 1955/56 and for the whole material 
(Table 4 )3). The distribution of length of stay of the animals is expo
nential for all the three species living in the study area in each year of 
observations, and for the males and females of each species for the whole 
observation period, with the' exception of A. agrarius in 1958/59,

of re s id en ce  of ro d en ts  in th e  s tu d y  area .

A . a g r a r i u s A. f l a v i c o l l l s C . g l a r e o l u s A . a g r a r i u s

1 9 5 6 / 5 7 1 9 5 7 / 5 8 1 9 5 8 / 5 9 1 9 5 9 / 6 0 1 3 6 0 / 6 1
n

1 9 5 5 - 6 1
<SV

1 9 5 5 - 6 1
«

1 9 5 5 - 6 1
A f

1 9 5 5 - 6 1
n

1 9 5 5 - 6 1
ć<f

1 9 5 5 - 6 1

0 .  5 0 0 8 0 . 4 2 1 / , 0 . 1 4 6 6 0 . 2 4 9 4 0 . 2 4 9 3 0 . 2 1 1 4 0 . 2 3 8 6 0 . 1 9 5 5 0 . 1 9 2 6 0 . 2 0 7 6 0 . 1 9 6 4

4 . 9 0 3 . 2 5 4 . 0 1 4 . 0 1 4 ,  74 4 . 1 8 5 . 1 2 8 5 .1 8 1 4 . 6 1 5 . 0 5

0 . 2 4 5 0 . 6 1 4 0.  6 14 0 . 4 8 5 0 . 4 8 3 6 0 . 3 9 4 7 0 . 4 0 5 4 0 . 3 0 2 7 0 . 3 4 3 4 0 . 3 2 2 7

32 6 63 3 8 0 1 76 88 2 7 0 3 2 8 555 6 98 55 6 704

1 7 6 . 7 1 3 6 . 6 7 0 .  55 5 1 . 3 1 1 4 6 . 9 5 1 8 1 . 4 2 3 5 9 . 7 3 4 3 1 . 3 5 2 9 6 .  72 3 6 4 . 4 7

1 4 9 . 2 8 2 6 . 4 1 0 5 . 4 5 3 6 . 6 9 1 2 3 . 0 5 1 4 6 .  58 1 9 5 . 2 7 2 6 6 . 6 5 2 5 9 . 2 8 3 3 9 .  55

0 . 6 5 0 . 4 2 0 . 4 0 0 .  58 0. 54 0 . 5 5 0 . 6 5 0.  62 0 .  53 0 . 5 2

0 . 3 5 0 .  58 0 .  60 0 . 4 2 0 . 4 6 0 . 4 5 0 . 3 5 0 . 3 8 0 . 4 7 0 . 4 8

1 3 0 28 19 0
______

55 4 0 119 143 29 6 35 6 241 2 8 9

The distribution of the periods of stay of A. agrarius in 1958/59 has 
certain significant deviations from the exponential distribution calculated 
theoretically. This year is characterised by an exceptionally great 
abundance of this species, combined with a high mean length of stay of 
the animals in the study area (high degree of residency). It is possible 
that this last phenomenon caused difference in the rate of disappearance 
of the animals and in effect the distribution of disappearance does not 
fulfil the exponential function ( A n d r z e j e w s k i  & W r o c ł a w e k ,  
1961).

This fact prevented calculation directly from the exponential distribut
ion of the mean length of stay of A. agrarius. This latter value was there
fore estimated by calculating the sum of length of stay of each settled 
individual, assuming the first and last capture to define their length of 
stay, and dividing the sum thus obtained by the number of rodents.

The mean length of stay in all three species does not differ in principle, 
although there are fairly considerable deviations in the different years of 
observation. Neither does the mean time of stay of females and males 
differ (Table 4).

3) T h e  e s tim a te  fo r 1955/56 — 1957/58 w as m ad e  in  th e  s tu d y  by A n d r z e j e w -  
s k y  & W i e r z b o w s k a  (1960; 1961), fo r  1958/59 in  th e  s tu d y  by  A n d r z e j e w 
s k i  & W r o c ł a w e k  (1961) and  fo r th e  y ea rs  m en tio n ed  above th e  m a te ria l 
con ta in ed  in th e  ta b le  w ere  ta k e n  fro m  th e se  s tu d ies ,
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V II. V A R IA T IO N S IN  NUM BERS

1. Introductory rem arks

Permanent and intensive trapping of rodents for 6 years continously 
makes it possible to assume that all the rodents caught for the first time 
in the study area are individuals new to this area, entering from the 
surrounding areas, or young individuals born in the study area and 
beginning active life in it. This also applies to rodents caught in the first 
captures entering into the scope of the materials presented in the present 
study (from October 1st 1955), since, as already stated, preliminary obser
vations in the study area were carried out for 30 weeks before October 
1st 1955 and the initial number of settled mice established.

As stated in the previous section, the group of rodents caught for the 
first time consists of the following individuals:

1. rodents about which we known that they are settled, as they continue 
to be caught in the following weeks,

2. ephemeral mice (this term  was accapted after P e t r u s e w i c z  & 
A n d r z e j e w s k i ,  1962) which are caught in the study area only in the 
week in which they were caught for the first time.

This latter group was divided into two categories on the basis of extra
polation of the distribution of periods of stay of the mice in the study 
area: a. migrating mice, not settling in the study area; b. pseudo-migrating 
mice, that is, also caught only in the week of their first capture, but 
originating from settled mice; they disappear from the study area either 
on account of re-transition into a migrating condition, or as a result of 
mortality in the week of their first capture ( P e t r u s e w i c z  & A n 
d r z e j e w s k i ,  1962).

While each individual captured may be allocated to either the first or 
second group, groups a and b can only be distinguished statistically, 
estimating their participation in the second group (if we find that the 
distribution of periods of stay of the group of animals is exponential).

A condition essential to making such an estimate is that the number of 
animals entering in the section of time investigated is sufficiently large 
for a statistical estimation. This involves either the marking out of very 
large study areas, or to an estimate of the participation of settled, m igrat
ing and pseudo-migrating animals for long periods of time.

An estimate of this kind was made for C. glareolus and A. agrarius in 
each observation year, but in the case of A. flavicollis, on account of the 
insufficient number of individuals, it was made only for 1955/56 and also 
for all the species jointly from all the observation years, divided into 
males and females (Table 4).
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These calculations show that the participation of migrating individuals 
fluctuates within limits of 24— 67%, the range of fluctuations in the case 
of C. glareolus being slightly greater that with A. agrarius.

The percentage of pseudomigrating mice (comparison of N0 and Ni also 
exhibits fairly considerable variations, dictated chiefly by the coefficient 
of disappearance (P^) of settled mice (by their rate of disappearance).

The variability of the percentage of migrating mice and the coefficient 
of rate of disappearance cause differences in each year in the number of 
ephemeral mice.

The conclusion as to the variations in numbers of each species which 
can be drawn from data on the number of settled mice in each year are 
very poor in relation to the amount of work required to obtain them.

In order to trace variations in numbers in shorter sections of time, use 
was made only of those of the groups of mice distinguished, to which we 
can allocate individual animals on the basis of the picture of their capt
ures. These will be:

1. individuals entering the area (new individuals) which are caught for 
the first time in the given week of inspection, and among them: 
a. ephemeral individuals, caught only in the first week following their 
first capture; b. individuals settling in and continuing to be caught in the 
weeks following the first capture;

2. settled individuals, caught again in the second and later weeks after 
the first capture;

3. disappearing individuals which were caught for the last time in the 
preceding week.

In summing up the number of individuals in the above groups in 
consecutive weeks of observations for the whole study area, it is possible 
to obtain the following table:

W eeks of d u ra tio n  of in v es tig a tio n s T, T 2 T 3 • ■ • Tn — i Tn
N u m b er of new  m ice Ai a 2 A3 ..■ • An — l An
N u m b er of m ice s e ttl in g  in a i a2 a3 .. . 3n — i an
N u m b er of m ice d isap p ea rin g bi b 2 b 3 . . • bn — 1 b n
N u m b er of m ice liv ing  in  th e  s tu d y  a rea x t x 2 x3 .. • X n _ j Xn

This comparison balances as follows:
X n  =  X n —i 4* 3 n  —  b n

Therefore the value X! to Xn give us a picture of the variation in 
numbers of the given species of rodent during the period from Tt to Tn. 

The number of ephemeral mice (Bn) in each of the weeks is:
Bn = An — an

The group of ephemeral mice does not enter into the number of mice (X„) 
calculated in this way. The ’’pseudomigrating” individuals do not enter
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into the estimation of the number of settled rodents, since as we already 
know (see Section V) they are also settled individuals, which however 
quickly disappear after the first capture. The number of settled mice is 
therefore reduced by the percentage formed by these individuals in relat
ion to the number of settled mice. The total value of this percentage for 
each year of observation can be estimated from determining the number 
of pseudomigrating individuals, established on the basis of distributions of 
length of stay (Table 4).

The acceptance of such simplification in the determination of variations 
in numbers makes it possible to deal with the number of settled mice in 
very short units of time (equal to one sample).

In order to calculate the number of settled mice, use was made of 
comparisons of data obtained by the ’’calendar of captures” method, 
cumulating the data obtained in the form of a diagonal list (Table 3). The 
vertical sums of figures in this comparison, excluding the first column, 
give the number of settled mice in weekly intervals. This comparison also 
gives the number of incoming mice (new) and also the number of mice 
settling in. The number of disappearing mice can be calculated according 
to the balance given above.

2. V ariations in num bers during the yearly  cycle

Variations in the numbers of each species during the study period in 
certain sections of time had certain features in common, and others diff
ered considerably. Commonness of variations is probably the result of the 
similarity in the biology of these species and hence their similar reaction 
to the habitat and phenological variations taking place in the study area. 
On the other hand differences in the course taken by variations in 
numbers of these species may indicate periodic differences in their ecolo
gical situation.

In order to demonstrate certain regularities in the variations in numbers 
of the rodents in the yearly cycle, calculation was made from all the 
observations years of the mean numbers of individuals for each species in 
consecutive months of the year.

The data obtained in this way described the regularities on the basis of 
a mean value of 6 repeats (6 years observations). This is a fairly short 
time for this type of generalisation, since different factors such as 
phenological variations or variations the dynamics of the abundance of 
each species may cause wide deviations from this mean value (e.g. mass 
appearance of A. agrarius in 1959, A n d r z e j  e w s k i & W r o c l a w e k ,  
1961).
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In comparing curves of variations in numbers over the yearly cycle we 
can observe a fairly high degree of coincidence in the course they take in 
all three species. C. glareolus exhibits the least amplitude of variations, 
with the highest level of abundance. A. flavicollis has a small amplitude 
with the lowest level of abundance. A. agrarius exhibits the greatest 
differences in the levels of the number of individuals between spring and 
autumn (Fig. 4).

A summary of the variations in numbers in all three species faithfully 
reflects the synchronisation of these variations in the different species.

Taking the above variations in the 
number of rodents as a basis, we can 
distinguish during the yearly cycle two 
periods of peak numbers, and certain 
indications of a third: 1. the maximum 
autumn peak occurring in October—No
vember, strongly expressed in all three 
species; 2. a spring peak, occurring in 
February—March. A certain inhibition 
of the summer tendency to increase is 
often observed in August, sometimes 
even becoming a slight decrease — this 
can be treated as defining the third 
summer period of peak numbers.

If we desire to present the dynamics 
discussed in the form of the decreases 
or increases which took place in a given 
month in comparison with the forego
ing month, then 6 periods can be distin
guished in the yearly cycle of varia
tions in numbers in the study area 
(Fig. 6).

The first period (September, October 
and partly November) is a period of rapid increase and maximum abun
dance of the rodents.

The second period (December, January and often February as well) is 
a period of winter reduction in numbers; as a result the numbers of the 
animals reach a low level at the end of the winter.

The third period (February, and in particular March) is the pre-spring 
increase in abundance.

The fourth period (April), a further w inter reduction of the animals 
depression in abundance, deepens still further in relation to the winter 
minimum.

XI i lil V VII IX
Fig. 4. V aria tio n s  in  th e  n u m b e rs  of 
th e  ro d en ts  over th e  y ea rly  cycle. 
A xis x  — m on ths, ax is y — m ean  
n u m b ers  of in d iv idua ls . Sym bols fo r 

spec ies as in  Fig. 2.
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The fifth period (May—July) — spring-summer increase in numbers.
The sixth period (August) — inhibition of the increase in numbers or 

even a certain slight tendency to decrease (Figs. 4, 5, 6).
It would seem that three factors play a decisive role in the formation of 

variations in numbers over the yearly cycle in the study area: during the 
summer period the increase in abundance takes place after the mating 
season, and it is difficult to state the causes for the inhibition of the 
process in August; during the winter and early spring period in principle

</)o
CD

O

Fig. 5. R ate  of in c rease  and d ecrease  in th e  n u m b er of ro d en ts  in each m onth  of 
th e  year.

a reduction of the rodents by mortality takes place (reproduction, if it 
occurs during this period, does not play a significant part in variations in 
abundance); the process of reduction is interrupted during the pre-spring 
period by an increase in numbers, caused, it seems, by the immigration of 
rodents into the study area, connected with the spring thaw.

As indicated in the description of the area in which the investigations 
were made, fluctuations in the level of the ground water in the KampinoF 
Forest are characterised by about 1.5 m amplitude. The spring thaw as 
a rule produces a violent and rapid rise in the level of ground water,
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Fig. 6. P o p u la tio n  dy n am ics of th e  ro d e n ts  d u rin g  th e  y e a rs  1956—1961. A x is y — 
m o n th ly  ave rag es of th e  n u m b e r of ro d en ts . Sym bols fo r  species as in F ig  2.



R. A ndrze jew sk i

combined with the flooding of certain of the lower parts of the forest. The 
study area was partly above water level during the spring flooding. The 
spring period of peak numbers usually occurred immediately after the 
thaw, which as a rule takes place at the end of February or in March.

3. V a ria tio n s  in  n u m b ers  of p a r t ic u la r  species 

A) C. glareolus

D u rin g  th e  s tu d y  p e rio d  th is  species ex h ib ited  th e  h ig h es t m ean  ab u n d an ce  (the 
m ore  so if th e  sh o r t period  of m ass a p p ea ran ce  of A. agrarius  is n o t ta k e n  in to  
co n sid e ra tio n  (T able 5).

T he cou rse  ta k e n  by  v a ria tio n s  in th e  n u m b ers  of C. glareolus  from  1955— 1961 
w as as fo llow s:

In  th e  a u tu m n  of 1955 C. glareolus  a tta in s  a re la tiv e ly  h igh  level of abundance. 
A fte r a s lig h t w in te r  red u c tio n  a n d  co n sid erab le  in c rease  in  n u m b ers  d u rin g  the 
sp r in g  th a w  period  th e  h ig h  lev e l is m a in ta in e d  th ro u g h  th e  su m m er and  au tu m n  
of 1956. T he w in te r  red u c tio n  of 1956/57 con sid erab ly  lessened  th e  n u m b e r of in d iv 
idua ls , n ev e rth e le ss  th e  leve l of ab u n d an ce  in th e  a u tu m n  (S ep tem ber 1957) w as 
eq u a l to th e  ab u n d an ce  in  th e  a u tu m n  of th e  p reced ing  yea rs . T he w in te r  red u c tio n  
of 1957/58 w as aga in  v e ry  considerab le , and  1958 w as in  g e n e ra l a y e a r  of lo w  levei 
of n u m b ers  (as it  w as in  th e  case of th e  o th e r  species). T he a u tu m n  in c rease  in 
n u m b ers  th a t  y ea rs  w as v e ry  s ligh t, an d  th e  w in te r  red u c tio n  of 1958/59 led  to  th e  
m ax im u m  dep ressio n  fo u n d  th ro u g h o u t th e  w ho le  s tu d y  period .

T he d ev e lo p m en t of th e  p o p u la tio n  in  th e  sp r in g  of 1959 is so m ew h a t in ten siv e , 
b u t n u m b ers  r ise  slow ly  u p  to  th e  au tu m n  and  th e  a u tu m n  p eak  period  is on ly  very  
s ligh tly  g re a te r  th a n  th a t  of 1958. A ttem p ts  w ere  m ad e  to  co n n ec t th is  fa c t w ith  the 
sim u ltan eo u s  m ass a p p e a ra n c e  of A. agrarius  ( A n d r z e j e w s k i  & W r o c l a w e k ,  
1961).

T he w in te r  red u c tio n  of 1959/60 is re la tiv e ly  s lig h t an d  in J u ly —A u g u st th e  po 
p u la tio n  a tta in s  n u m b ers  eq u a l to  those  of 1956 and  1957. T his is h o w ever th e  p eak  
perio d  of ab u n d an ce  in  th a t  y ea r, and  is fo llow ed by a red u c tio n , w h ile  th e  a u tu m n  
peak  is n e v e r  a tta in e d . T he ph en o m en o n  is once again  com m on to  a ll th re e  species 
and  i t  is possib le  th a t  it is caused  by  th e  h eav y  ra in fu ll in  th e  second h a lf  of th e  
sum m er.

A fu r th e r  w in te r  re d u c tio n  red u ced  n u m b ers  to  a v e ry  low  leve l b u t as fro m  th e  
sp rin g  of 1961 n u m b ers  r ise  qu ick ly , a tta in in g  as ea rly  as Ju ly  an  a b u n d an ce  equa l 
to  th a t  in  the au tu m n s  1955— 1957.

B) A. agrarius

F ro m  th e  asp ec t of ab u n d an ce  th is  species tak es  second p lace in  th e  s tu d y  a rea  
(T able 5). T his p ic tu re  is d is tu rb e d  by th e  m ass ap p ea ran ce  w hich  took p lace  in  1959, 
ra is in g  to ta l n u m b e rs  to  th e  level of C. glareolus.  T he to ta l am p litu d e  of f lu c tu a tio n s  
in n u m b ers  is re la tiv e ly  w ide, ir re sp ec tiv e  of th e  m ass ap p ea ran ce .

T he cou rse  ta k e n  by  v a ria tio n s  in  n u m b ers  fro m  1955— 1961 is as fo llow s (Fig. 6):
T he w in te r  of 1955/56 red u ced  th e  n u m b ers  of th is species fa ir ly  in ten s iv e ly . T he 

sp rin g -su m m e r in c rease  in n u m b ers  p ro d u ced  in  th e  a u tu m n  of 1956 a  level 
s lig h tly  low er th a n  th a t  of C. glareolus. T he w in te r  red u c tio n  of 1956/57 is s lig h tly  
w eak e r th a n  th a t  d u rin g  th is  period  in C. glareolus,  so th a t  as from  Ja n u a ry ,
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th ro g h o u t th e  w ho le  su m m er period , th e  n u m b ers  of A. agrarius  w ere  h ig h e r th a n  
those  of C. glareolus. T he  a u tu m n  in c rea se  in th is  ab u n d an ce  is re la tiv e ly  sm all 
(abou t 30°/o) and  is fo llow ed  by th e  co n sid e rab le  w in te r  red u c tio n  of 1957/58, n u m b ers  
in  th e  u n fav o u rab le  y e a r  1958 being  v e ry  low . T he au tu m n  peak  period , a lth o u g h  
sev e ra l tim es g re a te r  th a n  th e  su m m er level, is also sm all. A fte r a c e r ta in  w in te r  
red u c tio n , as from  F e b ru a ry  1959 th e re  is a v e ry  ra p id  rise  in  th e  p o p u la tio n  lead ing  
to m ass a p p ea ran ce  of th is  species. In  A p ril th e  a b u n d an ce  of A. agrarius  exceeds 
th a t  of C. glareolus.  F ro m  J u n e  to  S ep tem b er th e  in c rease  in  n u m b ers  tak es  p lace  in 
a lm ost g eo m etrica l p rog ression . If  in  Ju n e  th e  m ean  fig u re  w as 16 an im als , by  Ju ly  
i t  w as 39 and  in  A u g u st 60, an d  in S ep tem b e r 82. R educ tion  is only  s lig h t up  to 
O ctober (m ean f ig u re  fo r O ctober =  77), th a n  becom es v io len t (in D ecem ber the  
m ean  fig u re  is only  10, and  in  J a n u a ry  3 ind iv iduals).

T he n u m b e r of A. agrarius  in  1960 is m a in ta in e d  on a v e ry  low  level, and  th e  
a u tu m n  p eak  is ex p ressed  ex cep tio n a lly  w eak ly . T he low  leve l is m a in ta in e d  th ro u g h  
th e  w hole su m m er 1961, and  e x h ib its  a  c e r ta in  r ise  only in  S ep tem ber.

T he p rob lem  of th e  m ass ap p ea ran ce  of th is  species in  1959 w as d iscussed  in 
d e ta il in  th e  s tu d y  by A n d r z e j e w s k i  & W r o c l a w e k  (1961).

C) A. flavicollis

T his is th e  le a s t n u m ero u s  species in th e  e n v iro n m e n t d iscussed  (T able 5).
I ts  n u m b ers  a re  as a  ru le  m a in ta in e d  on a re la tiv e ly  low  level of s e v e ra l 'in d iv id u 

als (Fig. 6). W ith  th is  s ta te  even  sm all v a ria tio n s  in n u m b ers  co n s titu te  re la tiv e ly  
w ide  d ev ia tio n s (T ab le  5).

T able 5.
M ean ab undances of each  species of roden t.

' /ear C. g l a r e o l u s A . a g r a r i u s A. f l a v i c o l l i s

1 9 5 5 / 5 6 2 4 .  14 - 0 .8 1 1 0 .  51 1 1 . 3 9 7 .  78 2 0 . 9 5

1 9 5 6 / 5 7 1 2 . 8 5 2 0. 81 1 6 . 2 7 Z 1. 31 2 . 2 5 + 3 . 3 2

1 9 5 7 / 5 8 9 . 61 * 0. 71 6. 02 z 0. 8 6 0 . 9 6 V 4 .  68

1 9 5 8 / 5 9 6 . 8 8 + 1. 82 1 9 .  50 2 0 . 2 9 6 . 6 2 2 1. 62

1 9 5 9 / 6 0 7 . 5 2 + 2 . 4 5 1 4 .  02 + 0. 27 3 . 2 0 2 2 . 9 1

1 9 6 0 / 6 1 < 1 .4 3 2 0 . 7 0 3 . 7 2 + 2.  82 4 . 0 6 + 2 . 2 9

T o t a l 1 2 . 1 9 1 . 7 6 1 1 .  79 1. 08 4 . 2 2 2 3 . 6 1

T he h ig h e r leve l of ab u n d an ce  of th is  species w as observed  in O ctober and  N o 
v em b er 1955, a f te r  w h ich  th e re  w as an  in ten siv e  red u c tio n  up  to M ay 1956. In  the  
fo llow ing  y ea rs  n u m b ers  a re  ex tre m e ly  low , fa llin g  a t  tim es a lm ost to  zero . T he 
a u tu m n  increases  in  n u m b e rs  a re  a lm o st im p ercep tib le . O nly  in  1959 is th e  lev e l of 
n u m b ers  of A. flav ico l l is  s lig h tly  h ig h e r, b u t th e  p eak  n u m b ers  occur e a r lie r  th a n  is 
th e  case  w ith  A. agrarius  (Ju ly) and  in  fa c t exceed  those  of C. glareolus  a t th is  tim e, 
a lth o u g h  th e  m a x im u m  m ean  n u m b e r is only  15 in d iv id u a ls .

4. C hanges in  num bers of rodents

The total number of rodents occurring, irrespective of the participation 
in this number of each species, may be of importance in economic quest
ions (and also in biocenotic ones).
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Over the whole period of 6 year of observations, 3 years can be dist
inguished with average abundance of rodents — 1956, 1957 and 1961.

1958 and 1960 are distinguished by a very small num ber of these 
animals.

Finally in 1955 there was an exceptionally great abundance of rodents, 
owing to the mass appearance of A. agrarius, their mean number over the 
whole year thus giving a poor ilustration of the relations prevailing, since 
the main intensity of abundance occurred in the autumn months (Table 5).

The general variations in the numbers of these rodents were as follows 
(Fig. 6).

At the end of 1955 and in 1956 and 1957 there was a fairly great abund
ance of the rodents. The dominant species is C. glareolus, with the numer
ous participation of A. agrarius. A. flavicollis in only numerous in 1955.

T able 6.
S e ttlin g  of ro d en ts  in  th e  s tu d y  a re a  d u rin g  th e  y ea rly  cycle.

The autum n peak periods of abundance of the rodents are distinct and 
exceed the spring minima by over twice as much.

1958 is distinguished by a very small number of the rodents; the pro
portion of spring minimum to autumn peak is similar to that of the 
preceding years.

1959 from the spring onwards was distinguished by a very rapid 
increase in numbers, chiefly at the expense of A. agrarius and A. flavi
collis, to such an extent that in the autumn the level of abundance of the 
rodents exceeded the maxima in preceding years by over twice as much. 
In October and November there was a violent reduction in numbers.

In 1960 after a fairly good spring increase in abundance, an inhibition 
of increase occured in the summer and hence in the autum n the normal 
peak was not formed.
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1961 was distinguished by an increase in the numbers of the rodents, 
chiefly of C. glareolus; a situation similar to that in 1955—1957 was 
therefore created.

V III. E X C H A N G E  O F IN D IV ID U A L S

The direct formation of variations in numbers on a defined small area 
(our study area) takes place through the processes of incoming, settlem ent 
and disappearance of individuals.

1. Incom ing

New individuals, not hitherto registered, were caught in the study area 
throughout the whole observation period. The high degree of trappabilitv 
and hence accurate marking of the settled part of the population makes 
it possible to assume that during the period in which there is no reproduct
ion of the rodents, these new individuals were either immigrants or 
migrants passing through the study area. During the breeding season, as 
stated previously, these may be newly-born individuals in the study area. 
No exact observations of the age of the animals captured were made, but 
judging by the size, in the reproduction season also the basic number of 
individuals entering the area consist of older animals, and not those which 
have only just left the nests.

The number of rodents passing through the study area is certainly 
greater than the number of new animals caught in the traps. This is 
caused on the one hand by the short time for which the traps are set 
(2 days per week) and on the other by the probability of the mice being 
caught (see Section VI). The new individuals caught (newcomers) form 
a group composed of respective percentages (Table 6) of immigrants 
settling in and migrants passing through the study area.

The chances of catching individuals settling in are far greater than of 
catching migrating individuals, owing to the repeated opportunities cl 
this first group coming into contact with the traps. They are further 
increased by the bait which is placed on the site of the traps on the days 
when no trapping is done.

The number of migrating individuals caught depends directly on the 
actual number of migrants and on the probability of their encountering 
the traps (the time for which they are set and their density), the time 
during which these individuals have the opportunity of contacting the 
traps being relatively short owing to the brief period which the migrating 
individuals spend in the study area.
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It may therefore be assumed that variations in the numbers of migrants 
passing through the area will be only proportionally and faithfully 
registered by limited, in numbers and time, but constant setting of traps. 
For this reason it would seem that despite the fact that settled rodents

Table 7.
C o rre la tio n  b e tw een  th e  n u m b e r of im m ig ra tin g  in d iv id u a ls  (x) and  se ttle d  

in d iv id u a ls  (y) of C. glareolus  in  th e  s tu d y  a rea .

Table 8.
C o rre la tio n  b e tw een  th e  n u m b e r of im m ig ra tin g  in d iv id u a ls  (x) and se ttled  

in d iv id u a ls  (y) of A. agrarius  in  th e  s tu d y  a rea .

form part of it, the group of new individuals is a certain indication of the 
process of incoming of migrating animals into the study area, and there
fore simultaneously expresses the intensity of penetration of the area by 
the migrants.
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7.
10 1

The number of rodents entering the study area in a given period is in 
principle directly in proportion to the number of settled rodents during 
this period.

This is indicated by the statistically significant and high coefficients of 
correlation between the mean number of settled animals in each month 
and the mean number of animals incoming into the study area in these 
months, calculated for C. glareolus (r =  0.46) and A. agrarius (r =  0.89). 
Calculation of the correlation was not 
made for A. flavicollis on account of 
the low numbers of the species (Table 
7, 8).

Since the migrating and settled indi
viduals form the abundance of the po
pulation it may therefore be stated, 
that the total number of migrating 
animals measured by the number of 
animals entering a defined space in 
a unit of time is in principle proportio
nal to the total numbers of the popu
lation.

At the same time the incomplete 
correlation of these two values (of im
migrant and settled animals) that is, 
the values of coefficients diverging from 
1.00, indicate that these proportions 
vary in time, and therefore immigra
tion does not give a complete picture 
of numbers.

Thus C. glareolus has a coefficient 
of correlation lower than that of 
A. agrarius (0.46 and 0.89), that is, this 
species is characterised by a greater
variability in the number of mice entering in relation to the settled mice 
than A. agrarius. This is easy to see in the correlation tables (Table 7, 8).

The materials accumulated in this study make it possible to show the 
influence of the climatic yearly cycle as one of the causes of incomplet
eness of correlation.

The intensity of immigration (Vn) may be expressed by the percentage 
formed during the given period by the individuals entering the area (An) 
in relation to the number of settled mice (Xn):

A n • loo

2 -

\ \ //

XI Tx"
Fig. 7. In te n s ity  of im m ig ra tio n  of 
ro d en ts  in to  th e  s tu d y  a re a  d u rin g  
th e  y ea rly  cycle. A xis x  — m on ths, 
ax is  y — °/o of im m ig ra tin g  in d iv i
duals in  re la tio n  to n u m b e r of re s i
d e n t ro d en ts . Sym bols fo r species as 

in  Fig. 2.

X n
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The distribution of this index in the species examined, calculated 
jointly for all the observation years in each month of the year indicates 
that in the winter months the intensity of immigration is reduced, after 
which it increases as from the spring onwards, to attain its highest value 
in the autum n period (Fig. 7).

2. Settlem ent

A certain part of immigrating individuals into the study area are later 
repeatedly recaptured. An analysis of the distributions of length of stay 
showed (see Section VI) that the mice which remained in the study area 
longer than one week can be treated as having settled in it.

Table 9. Table 11.
C o rre la tio n  b e tw een  n u m b e r of se ttlin g  C o rre la tio n  b e tw een  se ttlin g  in d iv id u a ls  
in d iv id u a ls  (x) and im m ig ra tin g  in d iv i-  (x) and se ttled  in d iv id u a ls  of C. glareolus  

d u a ls  (y) of C. glareolus  (r =  0.86). (r =  0.64).

T able 10.
C o rre la tio n  be tw een  n u m b e r of se ttlin g  in d iv id u a ls  (x) and  im m ig ra tin g  in d iv id u a ls  (y)

of A . agrarius  (r =  0.91).
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The number of animals settling in is principle proportional to the 
number of immigrating animals. This is indicated by the high degree of 
correlation between the mean numbers of immigrating individuals in one 
half of the mice; in different months, and by the corresponding numbers 
settling in, both in the case of C. glareolus (r = 0.86), and A. agrarius 
(r =  0.91) (Table 9, 10).

It would seem that this situation may be due to two causes:
1. Among the animals caught for the first time a considerable percent

age is formed by individuals factually settled. In the case of C. glareolus, 
for instance, this varies' within limits of 33—76% in different years, 
calculated for the whole of the m aterial is 35% for females and 38% lo? 
males (difference not statistically significant (Table 4 and Section V).

Table 12.
C o rre la tio n  b e tw een  se ttlin g  in d iv id u a ls  (x) and se ttled  in d iv id u a ls  of A. agrarius  (y)

(r =  0.84).

2. The migrant individuals incoming onto a defined area may exert 
a certain ’’pressure” on the process of settling in; this would mean that 
the more mice that seek for a place to settle in, the more mice find this 
place.

The participation of these two causes in the process of settling in re
mains to be further investigated.

The correlations mentioned in the previous section between the number 
of immigrant and settled animals and the high degrees of correlations 
referred to above between the number of immigrating and settling animals, 
define the high degree of correlation between the number of animals 
settling in and those already resident (with C. glareolus, r =  0.64, A. agrar
ius, r  =  0.84) (Table 11, 12). This means that in months with a high level 
of numbers of settled mice, the number of mice settling in is also high),
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If the number of individuals settling in is expressed in percentages of
the number of settled individuals in the study area, this calculation being

made for each month in the yearly 
cycle jointly for all the observation 
years, then we can see that in relation 
to the number of settled individuals we 
have a relatively low degree of settle
ment in the winter months, after which 
it increases to attain its highest level in 
the autumn. This process takes a similar 
course in all three species (Fig. 8).

The fact is obvious, since with the 
constant process of disappearance of 
animals from the settled part of the po
pulation caused by mortality and tran
sition to the group of migrants, the high 
level of numbers of the settled animals 
may be attained when there is a high 
degree of settling.

The high degree of correlation be
tween settling and immigrating ani
mals indicates that there are no great 
variations in the process of transition 

from the migrating state to the settled state. Similarly no distinct regular
ities in this process are observed during the yearly cycle (Table 6).

3. D isappearance

Different animals belonging to the group of settled individuals ceases 
to be repeatedly captured at a certain moment. I have taken this moment 
as the date of disappearance of the animal from he study area, with the 
reservations resulting from trappability (Section V).

I have also emphasised that it is impossible, with the method used, to 
distinguish between disappearance of the animal from the study area due 
of its death or due to emigration, with the exception of those animals 
which begin to be caught again after a non-fortuitously long interval 
(Section V). Only in the case of these la tter individuals it is possible to 
conclude that they emigrated from the study area and then returned to it.

The indices of correlation calculated between the mean numbers of 
individuals disappearing for a week in each month of the year, and the 
corresponding numbers both of immigrant and of settling individuals, are

Fig. 8. In te n s ity  of s e ttl in g  of th e  
ro d en ts  over th e  y e a rly  cycle. A xis 
x  — m on ths, ax is y — %  se ttl in g  in 
re la tio n  to  se ttled . Sym bols for 

species as in F ig . 2.
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positive and statistically significant. They are: for C. glareolus, r — 0.56 
and 0.49, for A. agrarius, r — 0.70 and 0.86 (Table 13, 14, 15, 16).

Table 13. T able 15.

C o rre la tio n  be tw een  the  n u m b er of C o rre la tio n  b e tw een  n u m b e r of s e ttlin g  'x) 
d isap p ea rin g  (x) and im m ig ra tin g  (y) and d isappearing  (y) in d iv id u a ls  of C. gla-  
in d iv idua ls  of C. glareolus  (r =  0.56). reolus (— 0.49).

Table 14.
C o rre la tio n  be tw een  th e  nu m b er of d isap p ea rin g  (x) and im m ig ra tin g  (y) in d iv id u a ls

of A. agrarius  (r =  0.70).

If the number of migrating animals in the population increases by the 
transition of the settled part of the population into a state of migration, 
then on the one hand the number of animals entering the study area should 
increase, and on the other the number of animals which disappeared from 
the study area (transferred to a state of migration) should increase.
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Table 16.

C o rre la tio n  b e tw e e n  n u m b er of se ttlin g  (x) and  d isap p ea rin g  (y) in d iv id u a ls
of A. agrarius  (r =  0.86).

T able 17.

C o rre la tio n  b e tw een  n u m b e r of d isa p p e a r
ing (x) and  se ttle d  (y) ind iv id u a ls  of C. qla- 

reolus  (r =  0.63).

The indices of correlation therefore indicate that immigration and 
disappearance (if not caused by mortality) are synchronised in time as an 
expression of the general tendency to redistribution of the animals in 
a given period.

The fairly low value of the indices of correlation between the numbers 
of disappearing individuals and the corresponding numbers of immigrat
ing and settling individuals indicates the divergences from this rule which

may be caused both by the mor
tality of settled animals (the p e r
centage of animals which died in 
the group of disappearing rodents), 
not connected in time with the 
migratoriness of the population, 
and by fortuitous divergences in 
the intensity of immigration and 
disappearance.

It may also be noticed that the 
corresponding indices are lower 
for C. glareolus than for A. agra
rius (Table 13, 14, 15, 16).

The correlation connection between disappearance and immigration and 
settling also gives the correlation of the number of disappearing animals 
with the number of settled animals in the study area (Table 17, 18).
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Table 18.
C o rre la tion  be tw een  th e  n u m b e r of d isa p p e a rin g  (x) and  se ttled  (y) in d iv id u a ls  of

A. agrarius  (r =  0.86).

If the intensity of disappearance is 
characterised by the percentage of 
disappearing, in relation to the number 
of settled animals in each month jointly 
for the whole observation period (Fig. 
9), then we can see that the variations 
in this intensity over the yearly cycle 
are not very violent. Reduction of the 
intensity of disappearance occurs in the 
winter period (January, February), 
while in the summer and autum n 
months in all the species investigated, 
with random fluctuations in intensity 
of disappearance, it is maintained on 
a certain defined level. An increase in 
disappearance can be observed in the 
late autumn (November, December).

It is possible that the la tter pheno
menon is caused by the more intensive 
mortality of the rodents during the 
winter reduction.

Fig . 9. In te n s ity  of d isa p p e a ra n c e  of 
ro d en ts  d u rin g  th e  y e a r ly  cycle. 
A xis x  — m on ths, ax is v — %> of 
an im als d isa p p e a rin g  in  re la tio n  to 
se ttled  in d iv id u a ls . S ym bols fo r 

species as in  F ig . 2.

4. R otation and variations in the degree of settled n ess of the population

The constant process of settlem ent and disappearance of animals in the 
study area causes a constant interchange among the individuals settled in
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T ab le  19.
C o rre la tio n  b e tw een  th e  n u m b er of se ttled  (x) and  se ttlin g  +  d isap p ea rin g  (y) in d i

v idua ls of C. glareolus  (r =  0.73).

Table 20.
C o rre la tio n  be tw een  th e  n u m b er of se ttle d  (x) and  se ttlin g  !- d isap p ea rin g  (y) in d i

v iduals of A. agrarius  (r =  0.93).
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T able 21.
C o rre la tio n  b e tw een  th e  n u m b er ot se ttled  ind iv idua ls  (x) and  in ten s ity  of ro ta tio n  (y)

in C. glareolus  (r =  — 0.56).
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Table 22.
C o rre la tio n  b e tw een  th e  n u m b er of se ttle d  in d iv idua ls  (x) and  in ten s ity  of ro ta tio n  (y)

in  A. agrarius  (r =  — 0.21).
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>15 10-15 5-10 1-5 weeks
Fig . 10. V a ria tio n s  in  th e  deg ree  of res id en cy  of th e  p o p u la tio n  d u rin g  th e  y ea rly  

cycle . O n ax is x  — m o n th s , ax is y — p e rcen tag es  fo rm ed  in  th e  p o pu la tion  
by an im a ls  w ith  a g iven  le n g th  of res id en ce  in  th e  s tu d y  a rea . T he len g th  
of re s id en ce  of each class is m a rk e d  a t th e  bo tto m  of th e  fig u re .
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this area — rotation of the settled part of the population. We can speak 
of the intensity of rotation, meaning by that the ratio of animals in ter
changing (settling in +  disappearing) to the number of settled animals in 
a given period, expressed in percentages.

„  (^n bn) ' 100
R n  -  —

A positive correlation is observed between the sum of individuals 
settling in and disappearing, and the number of settled mice in the study 
area.

This is understandable in view of the correlation connection of each of 
these processes separately with the number of settled mice in the study 
area. Jointly the coefficients of correlation are very high, those for 
A. agrarius (r =  0.93) being higher than those for C. glareolus (r =  0.73) 
(Table 19, 20).

A negative correlation of the index of rotation with the number of 
settled mice in the study area is, however, observed. This correlation is 
statistically real in the case of C. glareolus (r =  — 0.56), with A. agrarius 
it also possesses a negative value, but is not statistically real (r — — 0.21). 
The result of these calculations means, at least for C. glareolus, tha t with 
a low level of numbers of the settled part of the population the intensity 
of interchange of individuals is relatively greater than with a high level 
(Table 21, 22).

This means that the high degree of settledness favours or evokes higher 
population numbers (this view is held by A n d r z e j e w s k i  & W r o c 
l a w  e k, 1961) or that the high level of numbers causes increased settled
ness of the population (the view held by N a u m o v, 1956).

It is obvious that the rotation of individuals affects the degree of 
settledness of the population. At a given moment there may be relatively 
many animals among the settled individuals which have lived in the study 
area for a long time, or else a relatively large number of animals which 
have only recently settled in the area. The composition of the population 
from the aspect of the time in which the individuals belonging to it settled 
in may be characterised by the percentage of these groups (Fig. 10).

The distribution of the times of stay of the settled individuals has an 
exponential character (see Section V), which means that different groups 
of individuals characterised by a defined length of stay in the study area, 
disappear in proportion to their numbers and that there is no defined 
time in which the particular individual would be settled. Disappearance 
affects all the groups of animals in a different period of settledness to an 
equal degree.
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Hence if rotation is relatively low during some period, then with thee ie 
lapse of time accumulation of individuals with a longer period of settled— 1- 
ness occurs in the population.

This explains the fact that during the yearly cycle the classes of indi— i- 
viduals with the longest period of settlement appear after a low level off )f 
winter rotation, that is, in the spring period (Fig. 10).

This phenomenon takes a slightly different course with different spej- 
cies. C. glareolus possesses the smallest fluctuations in the percentage off >f 
groups which have been settled for a considerable time. The greatest! >t 
fluctuations are exhibited by A. agrarius, where the population is mosii ¡t 
settled in January and February. The greatest percentage of individuals s 
only recently settled occurs in the autumn in the population of all thee e 
species. Increased immigration during the early spring period also affectss s 
the renewal of the population (Fig. 10).

Attention was drawn to the high degree of settledness of the population! i 
during the period of mass appearance of A. agrarius in 1959 in the stud\y 7 
by A n d r z e j e w s k i  & W r o c ł a w e k  (1961).

The finding of a correlation between the numbers of immigrating, se ttl-  - 
ing and disappearing animals and the number of settled animals in a given i 
area makes it possible to assume a high degree of interdependence bet - - 
ween all these elements in the populations of small rodents.

The average time of settlement of the animals in the given area is th e  ' 
factor, which, on the one hand, determines abundance and the composit
ion of the settled part of the population, and on the other hand is itself 
modified by the process of rotation of individuals. Settlem ent and dis
appearance, and indirectly migration and immigration, are exponents of 
the process of rotation. Intensification of the la tter two processes is in 
turn modified by the situation in which the population is placed.

IX . SUM M ARY

In  o rd e r to tra c e  as accu ra te ly  as possib le  th e  v a ria tio n  in  th e  q u a li ta t iv e  com 
position  and  th e  v a ria tio n s  in the  n u m b ers  of sm a ll ro d en ts  in  a d e fin ed  fo re s t area, 
th e  m eth o d  consisting  in  in ten siv e  c a p tu re  of th e  an im als  liv in g  in  th is  a re a , m a rk 
ing and  re lea s in g  th em  and con tin u in g  to  tra c e  th e ir  la te r  life , w as used .

A nalysis  of th e  freq u en cy  of c ap tu re s  m ad e  i t  possib le  to  fo rm  an  id ea  of th e  
accu racy  of th e  p ic tu re  o b ta in ed  of se ttle m e n t in  th e  a rea  and  its  v a r ia tio n s  in  tim e.
I t  w as fo u n d  th a t  w ith  he sam e m ethod  of c ap tu re , tra p p a b il i ty  d iffe rs  in  th e  species 
ex am in ed  (Fig. 1), and  hence  the ex a c titu d e  of th e  re g is tra tio n  of th e se  species 
d iffe rs  (Section  V). In  connection  w ith  th is, ap p lica tio n  w as m ad e  of a d iffe ren t 
m ea su re m e n t fo r de fin in g  th e  period  of s e ttle m e n t of th e  in d iv id u a ls  in  th e  stud>r 
a rea , w h ich  co m p en sa ted  th e  d iffe rence  be tw een  th e  species and  w as b ased  on the 
p ro b ab ility  of th e ir  to ta l c a p tu re  (Section  VI).
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T ak in g  tn e  above  as a  basis, th e  sections of len g th  of th e i r  s tay  in  th e  s tu d y  a re a  
w e re  d e te rm in e d  fo r a ll th e  in d iv id u a ls , an d  co n firm a tio n  w as o b ta ined  of th e  d a ta  
g iven  in  e a r l ie r  s tu d ies  ( A n d r z e j e w s k i  & W i e r z b o w s k a ,  1960; 1961; A n 
d r z e j e w s k i  & W r o c ł a w e k ,  1961) as to  th e  e x p o n en tia l c h a ra c te r  of th e  
d is tr ib u tio n  of periods of se ttle m e n t of in d iv id u a ls  (Section  VI). T his m ad e  it  possib le  
to  d e fin e  th e  n u m b ers  of th e  g ro u p  of se ttle d , m ig ra tin g  and p seu d o m ig ra tin g  
an im als  and  th e  m ean  tim e  of se ttle m e n t of th e  ro d en ts  in  th e  s tudy  a rea  in  each  
y e a r  of o b se rv a tio n  (T able 4).

I t  w as sh o w n  th a t  th e  m ean  tim e  of se ttle m e n t of m ales and  fem ales is u n ifo rm  
(T ab le  4).

A ssum ing  th e  le sse r accuracy  of th e  e s tim a te , th e  n u m b e r of im m ig ra tin g , se ttlin g , 
d isa p p e a rin g  and  se ttle d  in d iv id u a ls  w as d efined  fo r consecu tive  w eeks of o b se rv a t
ion, and  also  th e  b a lan c e  of th e  n u m b ers  of th e se  g roups.

O n th e  basis of th e  above d a ta , ca lcu la tio n  w as m ad e  of th e  m ean  n u m b ers  of 
ro d en ts  se ttle d  in  th e  s tu d y  a re a  in  each  m o n th  an d  a d esc r ip tio n  g iven  of th e  
v a ria tio n s  in  th e  n u m b ers  of each species fo r th e  6 -y e a r o b se rv a tio n  period .

I t  w as fo u n d  th a t  i t  is possib le  to  d is tin g u ish  in  th e  s tu d y  a re a  a t le a s t tw o  p e r 
iods of p eak  n u m b e rs  d u rin g  th e  y ea rly  cycle: th e  a u tu m n  period , c rea ted  as a re s u lt  
of th e  s u m m e r-a u tu m n  b reed in g  period , and  th e  p re -sp r in g  p eriod , p ro b ab ly  caused  
by  th e  im m ig ra tio n  of an im als  fro m  th e  a reas  flooded  by  g round  w a te r  w h en  th e  
sp rin g  th a w  se ts  in  (Fig. 5).

T he p re - s p r in g  in c rease  in  n u m b ers  b reak s  u p  th e  w in te r  perio d  of red u c tio n  in  
th e  n u m b e rs  of th e se  ro d en ts .

C om p ariso n  of th e  dynam ics of im m ig ra tio n  of th e  ro d en ts  in to  th e  s tu d y  a re a  
w ith  th e  v a ria tio n s  in  n u m b ers  of th e  se ttle d  p o p u la tio n  m ad e  i t  possib le  to 
d e m o n s tra te  th e  c o rre la tio n  b e tw een  th e  n u m b ers  of im m ig ra tin g  and  se ttled  a n im 
als (T ab le  7, 8).

A c e r ta in  p a r t  of th e  in d iv id u a ls  im m ig ra tin g  in to  th e  s tu d y  a re a  s e ttle  in  i t  
p e rm a n e n tly . T h e  n u m b e r of se t tl in g  an im a ls  is in  p ro p o r tio n  to  th e  n u m b e r of 
im m ig ra tin g  an im als . T h is m ay  be th e  re s u lt  of 1. d e fin e d  p a rtic ip a tio n  in  th e  g roup  
of an im a ls  c a u g h t fo r th e  f i r s t  tim e  (im m ig ra ting ) of in d iv id u a ls  w h ich  hav e  been  
s e ttle d  fo r som e tim e  (T able 4, S ection  V) and  2. a c e r ta in  ’’p re s su re ” of th e  m ig ra t
ing  p a r t  of th e  p o p u la tio n  on th e  process of se ttlin g  in  (Section  V III).

In  m o n th s  w ith  a  h igh  lev e l of n u m b ers  of se ttle d  ro d e n ts  th e  n u m b e r of in d iv id 
uals s e ttl in g  is a lso  la rge . In te n s ity  of s e ttlin g  in  re la tio n  to  th e  ab u n d an ce  of th e  
se ttle d  ro d e n ts  is low  in  th e  w in te r , th e n  in creases  to  a tta in  its  h ig h es t leve l in  th e  
a u tu m n  (Fig. 8).

T he p e rc e n ta g e  of im m ig ra tin g  an im als  w h ich  th e n  tr a n s fe r  to th e  se ttle d  s ta te  
does n o t e x h ib it co n sid e rab le  v a ria tio n s .

P a r t  of th e  an im a ls  c o n stan tly  d isa p p e a r fro m  th e  g ro u p  of ro d en ts  se ttle d  in  th e  
study  a re a . T h e  n u m b e r of d isa p p e a rin g  an im a ls  is in  p ro p o rtio n  to  th e  n u m b e r of 
im m ig ra tin g  and  s e ttl in g  an im als in  th e  sam e tim e  (T ab le  15, 16, 17, 18), b u t  th e re  
are  w id e  d iv e rg en ces  fro m  th is  p ro p o rtio n .

I t  m u s t be  a ssu m ed  th a t  sy n ch ro n isa tio n  of th e  processes of se ttle m e n t an d  d is 
a p p ea ran ce  is caused  by v a ria tio n s  in  th e  g e n e ra l ten d en c y  of th e se  an im als  to  
re d is tr ib u te  th em se lv es. D ev ia tio n s from  com plete  p ro p o r tio n a lity  of th e se  twTo 
groups, a p a r t  fro m  ran d o m  dev ia tio n s , m ay  be  caused  by  th e  p a rtic ip a tio n  in  th e  
g roup  of d is a p p e a rin g  an im als  n o t on ly  of an im als  p ass in g  in to  a  s ta te  of m ig ra tio n  
b u t also  by  th e  d e a th  of th e  s e ttle d  an im als , th e  in ten s ific a tio n s  of w h ich  a re  r o t  
sy n ch ro n ised  w ith  th e  m ig ra tio n  processes.
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D u rin g  th e  y e a rly  cycle v a ria tio n s  in  th e  in te n s ity  of d isap p ea ran ce  a re  s lig h t, an d  d 
a red u c tio n  in  th e  in te n s ity  of d isa p p e a ra n c e  can  be  observed  d u rin g  th e  w in te r  r 
period  an d  also its  in c re a se  in  th e  la te  a u tu m n  p e rio d  (Fig. 9).

T he c o n s ta n t p rocess  of s e ttlin g  and  d is a p p e a ra n c e  of th e  an im als  in th e  s tu d y  /  
a re a  causes in te rc h a n g e  b e tw een  th e  in d iv id u a ls  se ttled  in  i t  — ro ta tio n . T he ? 
q u a n ti ta t iv e  in te n s if ic a tio n  of th e  ro ta tio n  is in  p ro p o r tio n  to  th e  n u m b e r of se ttle d  I 
in d iv id u a ls  in  th e  s tu d y  a rea . In te n sf ic a tio n  of ro ta tio n  (a t le a s t in  th e  case of ? 
C. glareo lus) is g re a te r  w h en  th e re  a re  few e r se ttle d  in d iv id u a ls  in  th e  s tu d y  a rea , , 
and  le sse r w h en  th e re  a re  m o re  of th ese  in d iv id u a ls . T h is m ay  be in te rp re te d  as th e  
h ig h  d eg ree  of se ttle d n e ss  of th e  p o p u la tio n  be ing  fa v o u ra b le  to, or evoking , a m o re  
n u m ero u s  s e t t le d  p o p u la tio n  ( A n d r z e j e w s k i  & W r o c ł a w e k ,  1961), o r th e  
h igh  lev e l of n u m b e rs  of th e  se ttle d  p a r t  of th e  p o p u la tio n  evoking  a re d u c tio n  in 
ro ta tio n  ( N a u m o v ,  1956).

T he p a r t ic ip a tio n  of in d iv id u a ls  re cen tly  se ttled , an d  those  se ttled  fo r a  co n s id e r
ab le  tim e, m ay  v a ry  in  th e  com position  of se ttle d  in d iv id u a ls . T he p a rtic ip a tio n  of 
th e  la t te r  in c re a se s  a f te r  a p e rio d  of red u ced  ro ta tio n . T his is especially  th e  case 
d u rin g  th e  sp r in g  p e rio d , in  w h ich  th e  n u m b e r of an im a ls  long  since se ttled  in  th e  
p o p u la tio n  is g re a te s t  a f te r  th e  w in te r  re d u c tio n  in  ro ta tio n . I t  is possible th a t  th is  
is fa v o u ra b le  to  re p ro d u c io n  d u rin g  th is p e rio d  (Fig. 10).

S ig n ific an t in d ices  o f co rre la tio n  b e tw een  im m ig ra tin g , s e ttlin g  an d  d isap p ea rin g  
in d iv id u a ls  a re  ev idence  th a t  a ll th ese  th re e  p rocesses a re  connected  w ith  each  o th e r 
as d e riv in g  fro m  th e  g e n e ra l p rocess of m ig ra tio n  of p a r t  of th e  population .

C o rre la tio n  of in te n s ity  of m ig ra tio n  w ith  th e  se ttle d  p a r t  of th e  popu la tion  is 
ev idence  th a t  th e  basic  p ro p o rtio n s  b e tw een  th e se  g ro u p s a re  m a in ta in ed , b u t  w ith  
w ide  d iv e rg en ces  cau sed  bo th  by th e  h a b ita t  s i tu a tio n  (v aria tio n s d u ring  the  y ea rly  
cycle), an d  by th e  p o p u la tio n  s itu a tio n  (v a ria tio n s  in  in te n s ity  of ro ta tion , h ig h er 
degree  of s e tt le m e n t of A. agrarius  d u rin g  th e  p e rio d  of m ass appearance).

D iffe ren ces  in  th e  h e ig h t of th e  ind ices b e tw een  C. glareolus  (low er indices) and  
A. agrarius  (h igher indices) in d ica tin g  th e  in te n s ity  of d ev ia tio n s from  th e  sim p le  
p ro p o r tio n  b e tw een  th e  m ig ra tin g  and  se ttle d  p a r ts  of th e  po p u la tio n , n a y  in d ica te  
th e  d iffe ren ces  in  th e  ecological s i tu a tio n  of th e se  tw o  species.

T he c h a ra c te r is tic s  of th e  p o p u la tio n  in  th e  g iven  sec tion  of th e  a rea : th e  n u m b e r 
of s e ttle d  ro d e n ts  an d  th e i r  deg ree  of se ttled n ess  (leng th  of residence) and  of the 
in te n s ity  of t r a n s i t  th ro u g h  i t  of m ig ra n ts , depends on th e  p rocesses of im m igration , 
se ttle m e n t and  d isap p ea ran ce , ta k in g  p lace  in  th e  p o pu la tion .

R E FE R E N C E S

1. A n d r z e j e w s k i ,  R.  & P i e l o w s k i ,  Z., 1956: M etoda bad ań  ekologicznych 
n ad  d ro b n y m i g ry zo n iam i w  w a ru n k a c h  leśnych  w  o p arc iu  o w ykorzystan ie  
p rzy n ę ty , zn ak o w an ie  i w ypuszczan ie  z łow ionych  zw ierzą t. Ekol. poi. B, 2, 3 
209—214, W arszaw a.

2. A n d r z e j e w s k i ,  R.  & W i e r z b o w s k a ,  T., 1960: O n th e  deg ree  cf residency  
and  m ig ran cy  in  p o p u la tio n s  of sm a ll ro d en ts . B ull. A cad. Pol. Sci., Cl. II , 3, 7:
293—300, W arszaw a.

3. A n d r z e j e w s k i ,  R.  & W i e r z b o w s k a ,  T., 1961: A n a tte m p t at assesing  
th e  d u ra tio n  of re s id en ce  of sm a ll ro d e n ts  in  a d e fined  fo re s t a rea  a id  th e  ra te  
of in te rc h a n g e  b e tw een  in d iv id u a ls . A c ta  th e rio l., 5, 12: 153— 172, Białowieża.

4. A n d r z e j e w s k i ,  R.  & W r o c ł a w e k ,  H. 1961: M ass occurence of A p o d e -



Procesy  nachodzen ia , o s ied lan ia  się i u b y w an ia  g ryzon i 211

mus agrarius  ( P a l l a s ,  1771) and  v a ria tio n s  in  th e  n u m b e r of associa ted  M u r i-  
dae. A c ta  th e r io l., 5, 13: 173— 184, B iałow ieża.

5. A n d r z e j e w s k i ,  R.  & W r o c ł a w e k ,  H., 1962: S e ttlin g  by  sm a ll ro d e n ts  
a te r ra in  in  w h ich  ca tch ing  ou t h ad  been  p e rfo rm ed . A c ta  th e rio l., 6, 9: 257— 274, 
B iałow ieża.

6. C h i t t y ,  D.  & S h o r t e n ,  M., 1946: T echnics fo r s tu d y  of th e  N orw eg  R a t 
(R a ttus  norvegicus).  J . M am m al., 27.

7. C z y ż e w s k i ,  J., 1953: Z w alczan ie  szczurów  n a  dużych  obszarach . P rzeg ląd  
epidem ., 7, 4: 277—294.

8. К  a l e  l a ,  O., 1954: Ü ber den  R ev ie rb esitz  bei V ögeln un d  S ä u g e tie re n  als p o 
p u la tio n s eko log ischer F a k to r . A nn. Zool. Soc. „V anam o” , 16, 2: 1—48.

9. L i n n ,  J., 1954: A s tu d y  based  on tra p in g s  in w est an d  n o r th  N orw ay . O ikos, 
• 5, 1: 1— 77.

10. (N a u  m  о v, N. P.) Н а у м о в ,  H. П., 1951: Н овы й  метод и зу ч ен и я  э к о л о 
гии м ел к и х  л есн ы х  гры зунов. М ат. по гры зун ам  4. Ф ау н а  и  экол оги я  г р ы 
зунов: 3 —  21, М осква. i

11. ( N a u m o v ,  N. Р.) Н а у м о в, Н. П., 1956: М ечение м л екоп и таю щ и х  и и з у 
чение их вн утри ви довы х  связей . Зоол. Ж у р н . 35, 1: 3 — 15: М осква.

12. (N i k  i t  i n а, N. А.) Н и к и т и н а ,  H. A., 1958: О собенности и сп ол ьзован и я  
территории  п олевы м и м ы ш ам и (A p o d e m u s  agrarius  P a l l . ) .  Зоол. Ж у р н . 
37, 9: 1397 —  1408. М осква.

13. ( N i k i t i n a ,  N.  А.) Н и к и т и н а ,  Н. А. 1958 а : О собенности п одвиж ности  
полевы х  м ы ш ей  (A p o d e m u s  agrarius  P a l l . )  Б ю л. М оск. О -ва  И сп. П рир. 
63, 4: 13 —  20. М осква.

14. P e t r u s e w i c z ,  К.  & A n d r z e j e w s k i ,  R., 1962: N a tu ra l  h is to ry  c f a f r e e -  
-liv in g  p o p u la tio n  of house  m ice (M us m u scu lu s ,  L i n n a e u s )  w ith  p a r t ic u la r  
re fe ren ce  to  g ro up ings w ith in  th e  po p u la tio n . Ekol. Po l. 10, 5: 85— 122. W arsza 
w a.

15. (P o n u  g a у e v  a, A. G.) П о п у г а е в а ,  А. Г. 1954: Э ксп ери м ен тал ьн ы е и с 
следовани я деятельности  зап асан и я  корм а ж елтогорлой  мы ш ю . I I I  Э кол. 
конф ., тез. локл. 3: 135 —  136. К иев .

16. ( R a i l ,  J. М.) Р  а л л, Ю. М., 1936: Х ар актер  п ер ед в и ж ен и я  м ы ш еви д н ы х  
гры зунов на н ебольш и х п лощ адках . Зоол. Ж урн ., 51, 3: 472 —  482. М осква

17. Y o u n g ,  H. ,  S t r e c k e r ,  R. L. & E m 1 e n , J. Т., 1950: L oca liza tion  of a c tiv ity  
in  tw o indoor p o p u la tio n s  of house m ice M us m uscu lu s .  J. M am m al., 31: 403— 
410.

Polish  A cadem y of Sciences,
In s ti tu te  of Ecology,
W arsaw , N owy Ś w ia t 72.

ST R E SZ C ZE N IE
*

W o k res ie  6 la t, na  p o w ierzch n i leśnej w ie lkości około 3 ha, śledzono d y n am ik ę  
liczebności, o raz p rocesy  nachodzen ia , o sied lan ia  się i u b y w an ia  osobników  3 g a tu n 
ków  gryzoni: C le th r io n o m y s  glareolus  (S c h r  e b e r, 1780), A p o d e m u s  agrarius  (P a 1- 
1 a s, 1771) i A p o d e m u s  (S y lu aem u s)  flauicollis  ( M e l c h i o r ,  1834).

M eto d ą  bad ań  b y ł in ten sy w n y  połów  zw ie rzą t zam ieszku jących  b a d a n ą  p o 
w ierzchn ię , zn akow an ie  ich, w ypuszczan ie  i poprzez dalsze połow y śledzen ie  ich  
losów.
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A naliza  częstości z łow ień  pozw oliła  zo rien tow ać  się w  dok ładności o t r z y m y w a 
nego o b razu  zasied len ia  te re n u  i jego  zm ian  w  czasie. S tw ierdzono , że p rzy  te j  s s a -  
m ej m etodzie  po łow u, łow ność u b ad an y ch  g a tu n k ó w  je s t ró żn a  (Ryc. 1) i s tą d  różr.na 
dok ładność  re je s tro w a n ia  tych  g a tu n k ó w  (rozdz. V). W zw iązku  z ty m  za s to so w a n ie , 
w y ró w n u jącą  różn icę  łow ności, in n ą  m ia rę  o k re ś len ia  o k resu  o sied lan ia  osobnikóów  
na  pow ierzchn i b ad ań  d la  poszczególnych g a tu n k ó w , o p a r tą  o p ra w d o p o d o b ie ń s tw o  
ich w y łow u  (rozdz. VI).

O p ie ra jąc  się  n a  pow yższym , u sta lono  d la  w szystk ich  osobn ików  o d c ink i czassu  
p rzeb y w an ia  ich n a  pow ie rzch n i bad ań . W w y n ik u  p o tw ierdzono  d an e  z w c z e ś n ie j 
szych op racow ań  ( A n d r z e j e w s k i  & W i e r z b o w s k a ,  1960, 1961; A n d r z e 
j e w s k i  & W r o c ł a w e k ,  1961; P e t r u s e w i c z  & A n d r z e j e w s k i ,  19652) 
o w yk ładn iczości ro zk ład u  czasów  o sied len ia  osobników  (rozdz. VI). P ozw oliło  1to 
o k reślić  liczebność g ru p y  zw ie rzą t osiad łych , m ig ru jący ch , p seu d o m ig ru jący ch  o rraz  
ś red n i czas o sied len ia  zw ie rz ą t n a  p o w ierzchn i b ad ań  w  poszczególnych la ta c h  o b se rr-  
w ac ji (T abela  4).

W ykazano, że ś re d n i czas o sied len ia  sam ców  i sam ic  je s t jed n ak o w y  (T abe la  4).
P rz y jm u ją c  m n ie jszą  dok ładność  oceny, ok reślono  liczbę g ryzon i nachodzącyc łh , 

o sied la jących  się, u b y w a jący ch  i osied lonych  d la  k o le jn y ch  ty godn i o b se rw ac ji oreaz 
b ilan s liczebności ty ch  g ru p .

W o p arc iu  o pow yższe d an e  w yliczono ś re d n ie  liczebności g ryzon i osied lonych  m a 
p o w ierzchn i b ad ań  w  poszczególnych m iesiącach  i op isano  d y n am ik ę  liczebności p o 
szczególnych g a tu n k ó w  g ryzon i w  ok res ie  6 la t  obserw acji.

S tw ierdzono , że w  cy k lu  rocznym  n a  te re n a c h  bad an y ch  d a je  się  w yróżn ić  przyy- 
n a jm n ie j d w a  szczyty  liczebności: je s ien n y , po w sta ły  w  w y n ik u  le tn io - je s ie n n e g o  
o k resu  ro zm n ażan ia  i p rzed w io sen n y  p o w sta ły  p raw d o p o d o b n ie  n a  sk u te k  im ig r a c j i  
zw ie rzą t z te ren ó w  za lew an y ch  p rzez w ody g ru n to w e  w  w y n ik u  roz topów  w iosennycih  
(Ryc. 5). P rzed w io sen n a  zw yżka liczebności rozdz ie la  z im ow y okres re d u k c ji pogło)- 
w ia  gryzoni.

P o ró w n an ie  d y n am ik i n ach o d zen ia  g ryzon i n a  b a d a n ą  po w ierzch n ię  z dynam ikcą 
liczebności p o p u lac ji o siad łe j, pozw oliło  w ykazać  k o re la c ję  m iędzy  ilośc iam i zwie?- 
r z ą t nachodzących  i osied lonych  (T abela  7, 8).

P o zw ala  to p rzypuszczać , że w  g łów nych  zary sach , zm ianom  liczebności popu lac jji 
od p o w iad a ją  p ro p o rc jo n a ln e  zm iany  liczebności zarów no  części o siad łe j ja k  i m ig ru i-  
jące j. T ym  n ie  m n ie j ś red n io  w ysok ie  w sk aźn ik i k o re la c ji w sk a z u ją  n a  is tn ie n ie  d u '-  
żych odchy leń  od te j p ro p o rc ji. I ta k  zaobserw ow ano , że liczba  zw ie rzą t n ach o d zą
cych je s t p ro p o rc jo n a ln ie  do liczby zw ie rzą t o sied lonych , w  o k res ie  z im ow ym  m niej 
sza n iż w  okres ie  le tn im , a szczególnie je s ien n y m  (Ryc. 7).

P e w n a  część osobn ików  nachodzących  n a  b a d a n ą  pow ie rzch n ię  s ta le  się  n a  n ie j  
o sied la . L iczba  zw ie rzą t o sied la jących  s ię  je s t p ro p o rc jo n a ln a  do liczby zw ie rzą t n a 
chodzących. M oże to  być w y n ik iem  1) ok reślonego  u d z ia łu  w  g ru p ie  zw ie rzą t łow io
nych  po  raz  p ie rw szy  (nachodzących) osobników  osied lonych  ju ż  od jak ieg o ś czasiu 
(T abela  4, rozdz. V) i 2) pew nego  „c iśn ien ia” m ig ru ją c e j części p o p u lac ji n a  p ro ces  
o sied lan ia  się (rozdz. V III).

W m iesiącach  o w ysok ie j liczebności o sobn ików  osiad łych , liczba  osobnikóvw 
osied la jący ch  się je s t  ró w n ież  duża. N asilen ie  o sied lan ia  w  s to su n k u  do liczebności 
g ryzon i osiad łych  je s t n isk ie  w  zim ie, a n a s tę p n ie  w z ra s ta , by  w  je s ien i osiągnąć  po
ziom  na jw yższy  (Ryc. 8).

P ro c e n t zw ie rzą t nachodzących , p rzechodzących  n as tęp n ie  w  s tan  osiad ły , n ie w y
k azu je  w iększych  w ah ań .

Z g ru p y  zw ie rzą t osied lonych  n a  pow ierzchn i b ad ań  s ta le  u b y w a  część osobników..
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L iczba zw ie rzą t u b y w a jący ch  je s t  p ro p o rc jo n a ln a  do liczby  zw ie rzą t nachodzących  
i o sied la jący ch  się  w  ty m  sam y m  czasie (T abela  15, 16, 17, 18), je d n a k  od te j p ro 
p o rc ji is tn ie ją  duże  odchy len ia .

N ależy  przypuszczać , że zsy n ch ro n izo w an ie  p rocesów  osied lan ia  się i u b y w an ia  
je s t  w y w o łan e  zm ian am i w  ogólnej te n d e n c ji do p rzem ieszczan ia  się  zw ie rzą t. O d
chy len ia  od p e łn e j p ro p o rc jo n a ln o śc i ty ch  dw óch g ru p , poza odchy len iam i p rz y p a d 
kow ym i, m ogą być w y w o łan e  u d z ia łem  w  g ru p ie  z w ie rz ą t u b y w ający ch  n ie  ty lko  
zw ie rzą t p rzechodzących  w  s ta n  m ig racy jn y , lecz tak że  śm ie rc ią  zw ie rzą t osiad łych , 
k tó re j n a s ilen ia  n ie  są  zsynch ron izow ane  z p rocesam i m ig rac ji.

W cy k lu  rocznym  zm iany  n as ilen ia  u b y w an ia  są  n iew ie lk ie , o b se rw u jem y  z m n ie j
szen ie  u b y w a n ia  w  ok res ie  zim y i jego  w z ro st w  ok res ie  p ó źn o -je s ien n y m  (Ryc. 9).

S ta ły  p roces o sied lan ia  s ię  i u b y w an ia  zw ie rzą t n a  b a d a n e j p o w ierzchn i pow odu je  
w y m ian ę  n a  n ie j osobn ików  osied lonych  —  ro tac ję . Ilościow o n asilen ie  w y m ian y  
je s t p ro p o rc jo n a ln e  do liczebności o sobn ików  osiad łych  n a  p o w ierzch n i b ad ań . N a 
silen ie  ro ta c ji  (p rzy n am n ie j u C. glareolus)  je s t tym  w iększe  im  m n ie j je s t osiad łych  
o sobn ików  n a  p o w ie rzch n i b ad ań  i ty m  m n ie jsze  im  je s t ich  w ięcej. M ożna to  
in te rp re to w a ć , że w ysoka  osiad łość p o p u lac ji sp rz y ja  bąd ź  w y w o łu je  zw iększoną 
liczebność p o p u lac ji o siad łe j ( A n d r z e j e w s k i  & W r o c ł a w e k ,  1961), lu b  też, 
że w ysoka  liczebność części o siad łe j w y w o łu je  zm n ie jszen ie  ro ta c ji  ( N a u m o v ,  1956).

W sk ład z ie  osobn ików  osied lonych  m oże zm ien iać  s ię  u d z ia ł o sobników  n iedaw no  
i od d a w n a  w  p o p u lac ji o siad łych . U dział ty ch  o s ta tn ich  zw iększa  się po o k res ie  
zm niejszonej ro ta c ji . D zie je  się ta k  szczególnie w  ok res ie  w iosennym , w  k tó ry m  
w  p o p u lac ji liczba  z w ie rzą t od d a w n a  osiad łych  je s t n a jw ię k sz a  po zim ow ej zniżce 
ro ta c ji . M ożliw e, iż s p rz y ja  to  rozrodczości w  ty m  o k res ie  (Ryc. 10).

Is to tn e  w sk aźn ik i k o re la c ji m iędzy  osobn ikam i nachodzącym i, o sied la jący m i się 
i u b y w a jący m i św iadczą , że w szy stk ie  te  trzy  p rocesy  są  ze sobą p ow iązane  ja k o  po
chodne ogólnego p rocesu  m ig rac ji części p o pu lac ji.

S k o re lo w an ie  n a s ilen ia  m ig rac ji z o siad łą  częścią p o p u lac ji św iadczy , że z a sa d n i
cze p ro p o rc je  m iędzy  ty m i g ru p a m i są  u trzy m y w an e , je d n a k  z pow ażnym i od ch y le 
n iam i w y w o łan y m i ta k  sy tu a c ją  środow iskow ą (zm iany w  cy k lu  rocznym ), ja k  i po 
p u la c y jn ą  (zm iany n as ilen ia  ro ta c ji, w ysok ie  osied len ie  A . agrarius  w  o k res ie  m aso 
w ego po jaw u).

R óżnice w w ysokości w sk aźn ik ó w  m iędzy  C. glareolus  (w skaźn ik i niższe) 
św iadczące  o n a s ilen iu  odchyleń  od p ro s te j p ro p o rc ji m iędzy  częścią m ig ru ją c ą  
i o siad łą  p o p u lac ji m ogą w skazyw ać  n a  różn ice  w  sy tu a c ji ekolog icznej tych  dw óch 
g a tu n k ó w .

C h a ra k te ry s ty k a  p o p u lac ji n a  d an y m  w y c in k u  te re n u : liczba o sobn ików  osiad 
łych i ich  sto p ień  osiad łości (długość ich p rzeb y w an ia ) ja k  i n as ilen ie  p rzechodzen ia  
p rzez n ią  m ig ran tó w , zależy od zachodzących  w  p o p u lac ji p rocesów  nachodzenia 
o sied lan ia  i u b y w an ia .
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