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Shape, Size and Distribution of Home Ranges 
of Cletfirionomys glareolus ( S c h r e b e r ,  1780)

[ W i th  10 T a b le s  & 11 F ig s ]

A nalysis was m ade of m ateria l obtained in 1966 and 1967 from  studies 
of a free-liv ing  population w ith  know n dynam ics of num bers and age 
structu re . I t was found that there is a rela tion  between the exam ined 
fea tu res of the home range: shape, size, location in the study area  
degree of overlapping and sh ift from  the  phenological tim e of the an ­
nual cycle, population num bers and social m om ent of en try  of a cohort 
(a group of individuals of identical age). Due to the high level of num ­
bers the location of home ranges in the area  was m ore random  and the 
ranges sh ifted  to a lesser ex ten t. The degree of elongation and the size 
of the home range decreased independently  of dynam ics of population 
num bers. The size and shape of the home range of the various cohorts 
depended on the tim e of the ir en try  into the population: the la te r the 
cohort’s en try  into the  population, the sm aller and rounder the home 
ranges of its individuals. W ithin the cohorts analysed, males w ere fount1 
to  possess larger home ranges than females.
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1. INTRODUCTION

The space around established home of an anim al, over which it moves in connec­
tion w ith its norm al v ita l activities such as obtaining food, reproduction and care 
of progeny, is defined by the concept of the home range, as given by B u r t  
(1943). D efinition of the  size of this space, and exam ination  of its rela tion  to d if­
feren t habitat, biocenotic and population factors, has become the subject of a whole 
section of ecological litera tu re . This was due to the  in terest in the relation between 
the  size of the  home range as a specific character of the species and the  spatial 
organization of the population connected w ith  it (interrelations in  space between 
individuals) and other aspects of population organization ( B r o w n ,  1966), dynamics 
of its num bers ( N a u m o v ,  1956; G e t z ,  1961; R y s z k o w s k i ,  1961), com petition 
( A n d r z e j e w s k i  & O l s z e w s k i ,  1963; D o m i n a s  & T a r w i d ,  1964; C a l ­
h o u n ,  1963), epizootics ( K a r a s e v a ,  1956).

Considerable methodological difficulty is encountered in studies on the  size of 
the home range and spatial organization of a population. Exam ination of methods 
h ithe r to used shows th a t there are two approaches to  this problem — the carto­
graphical approach and th a t based on a sta tistica l model.

The firs t of these attem pts is based on the accum ulation inform ation in order 
to form  the most reliable representation  possible of the ex ten t of the individuals’ 
movem ents and on this basis to define the size of the ir home ranges. Ranges 
defined in this way are then fu rth er analysed. This m ethod of approach is used 
when elaborating  the results of the C ateh-M ark-R elease (CMR) method, using 
a suitable grid of traps, defining the so-called »minimum area« (D a 1 k e & S i m e, 
1938; M o h r ,  1947). The m ethod defines the area of a m inim um  convex polygon 
covering 100% of the cap ture sites of an individual; it was used by m any re­
searchers ( B l a i r ,  1940a; B u r t ,  1943; L a y n e ,  1954; S t i c k a 1, 1954; R e  ic  li­
s t  e i n, 1962; T a s t ,  1966; R a d  d a , 1968 and others). Home range is sim ilarly  de­
fined from  m ateria l collected by m ethods based on direct observations of animals 
( S o l d a t o v a ,  1962) and on recording of the traces they  leave ( H o w a r d ,  1949; 
D a v i s ,  1953; J u s t i c e ,  1961; S h e p p e, 1967; K u l i k  & F a t e e v ,  1969) or by 
m ethods based on the application of radioisotopes ( G o d f r e y ,  1953, 1954a, 1954b; 
M i l l e r ,  1957; K a y ,  1961) or on radiolocation (Le M u n y a n ,  W h i t e  & N e b e r t ,  
1959; C o n c h r a n  & R e x f o r d ,  1963; S i n i f f  & T e s t e r ,  1965; S t o r m ,  1965; 
T e s t e r  & S i n i f f ,  1963).

The second m ethodological approach aims at creating  a model of the home range 
by means of which, using collected inform ation on the anim al's m ovem ents and 
in tu rn  statistical analysis, an objective m easure can be obtained of the  size of 
the home range. The collected data for sta tistica l definition of home range size 
consists of the m aterial norm ally collected by m eans of th e  CMR m ethod in various 
trapping devices arranged  in defined areas.

»Observed range length« and »Adjusted range length« m ethods define the m ax i­
m um  distance covered by an individual during the study period ( C h i t t y ,  1937; 
G o d f r e y ,  1954a; B r o w n ,  1956).

A d ifferent m ethod for statistical definition of the home range was suggested 
by A d a m c z y k  et at. (1966), basing estim ation of its size on the relation between 
the probability  of visits by an individual of defined catch points located w ithin its 
home range and home range size.

H a y n e  (1949) showed th a t it is possible to  define the centre of an ind iv idual’s 
activity  as the arithm etical mean of all of its capture sites, and to  define home
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range area on the basis of degree of probability  of an individual’s capture. He 
also found decrease in th is probability  as distance increased from  the centre.

Using H a y n e ’s sta tistica l concept (1949) as a basis, D i c e  & C l a r k  (1953) 
and C a l h o u n  & C a s b y  (1958) elaborated  a theoretical model of the home 
range. They accepted a circular home range, D i c e  & C l a r k  (1953) defining the 
d istribution  of probability  of an individual’s capture along the radius of the area 
as P earson’s type III, w hile C a l h o u n  & C a s b y  (1958) as the b ivariate  norm al 
d istribution over the area of the circle.

Many authors ( G o d f r e y ,  1954a; T a n a k a ,  1963a; M o h r ,  1965) draw  a tten ­
tion to the inadequacy of a circle to express the real shape of the home range of 
sm all m am m als in the field conditions. O bservations of maps of home ranges found 
in m any studies, chiefly analysing home range size, such as those by N a u m o v  
(1951), K a r a s e v a  (1956), R e i c h s t e i n  (1959, 1962), T a s t  (1966), leads to  the 
assum ption th a t in the m ajority  of cases the home range is elongated in shape.

T hese data , and  also th e  m ethod ical considerations d iscussed above 
fo r ac cu ra te  estim ation  of hom e ran g e  size, fo rm ed  a basis for m od ifica­
tion  of th e  m odel proposed  by  C a l h o u n  & C a s b y  (1958). T he p ro ­
posed m odification ( M a z u r k i e w i c z ,  1969) is a generaliza tion , 
accepting an  e llip tic  shape fo r th e  hom e ran g e  and  trea tin g  th e  c ircu la r 
shape as a special case. The e llip tic  m odel of th e  hom e range h as  also 
been  p ropesed  by  J e n n r i c h  & T u r n e r  (1969) for Cnem idophorus  
tigris.

T he purpose of the p re sen t s tudy  was to  check em pirica lly  th e  su ita ­
b ility  of th e  m ethodological m odel of th e  hom e ran g e  proposed  by  M a- 
z u r k i e w i c z ,  1969 and , by  using it, to  trace  changes in th e  size and 
shape of th e  hom e range and  th e  w ay  in  w hich  ind iv iduals  a re  d is tri­
b u ted  over th e  s tu d y  area  depending  on age and  sex s tru c tu re  and  d y n a ­
m ics of popu lation  num b ers of C lethrionom ys glareolus  ( S c h r e b e r ,  
1780).

2. AREA, METHOD, MATERIAL

The basis for the analysis was form ed by m aterials obtained in 1966 and 1967 
from  studies of a population of C. glareo lus  inhabiting an island of 4 ha area, 
located on Lake Beldany (northern Poland, 53°40'N, 21°35'E).

The island is covered by forest belonging to 4 phytosociological associations. 
The hum id coastal belt is covered by the Sa lic i-F ra n g u la tu m  Maic., 1929 associa­
tion, the central part of the island (the driest) by T ilio -C a rp in e tu m  ty p ic u m  T r a ­
c z y k  1962, and in certain  parts  passes into the sub-association T ilio -C a rp in e tu m  
s ta ch ye to su m  silva ticae  and in the w et depressions of the island into C irca eo -A l-  
n e tu m  O b e r d ö r f e r ,  1953 (Fig. 1), ( T r a c z y k ,  1965). M inim um  distance betw een 
island and the lake shore is approx. 120 m.

The island creates conditions of isolation for the population living on it. This 
isolation, w ith absence of phenom ena of em igration and im m igration, greatly  facili­
ta tes determ ination of certain  population param eters, such a varia tions in num ­
bers, m ortality , reproduction and age structure . The data e ither published or in
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course of preparation , on general dynam ics of population num bers on the island, 
th e  participation  of the cohorts differentiated in the population dynamics the m or­
ta lity  of the cohorts and  th e ir  role in reproduction. ( B u j a l s k a  et al., 1968; G 1 i- 
w i c z  et al., 1968; P e t r u s e w i c z  e t al., in  litt.) have been used in this study 
as the background for the analysis of home ranges made.

The m ethods used for collecting data w ere based on the C atch-M ark-R elease 
(CMR) principle.

During the whole cycle of studies the island was covered by a g rid  of 159 catch 
points, d istributed  chequerw ise at intervals of 15 m. Two live traps w ere placed 
at each trap  station.

Fig, 1. D istribution of forest associations on »Crab Apple Island«.
1 — Sa lic i-F ra n g u le tu m , 2 — C ircaeo -A lne tum , 3 — T ilio -C arp ine tum  s ta ch ye to -  

sum  silva ticae , 4 — T ilio -C a rp in e tu m  typ icu m  (after T r a c z y k ,  1965).

Five series of trappings w ere made from spring to autum n each year (total 10 
series), a t approxim ately  one-m onthly intervals. Each series of trappings lasted  14 
days, w ith  the exception of A pril 1966, when this period was 7 days only.

Traps w ere inspected twice daily, a t 7,00 and 19,00, in every trapping series. The 
trapped individual was rem oved from the trap  its num ber (the anim als had been 
m arked by toe-clipping), and weight, sex and trapping site recorded.

The m ateria l collected consisted of a to tal of 8334 captures of 939 individuals in 
1966, and 7213 captures of 785 individuals in 1967 (Table 1).

G l i w i c z  et al. (1968) and P e t r u s e w i c z  e t al. (in litt.) described the m ethod 
of general census of the num bers of individuals on the island in successive trapping  
series (five tim es each year). The following findings argue in favour of the accu­
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racy of the num bers given. In the  firs t place, the 14-day period of trapp ing  makes 
it possible to record all the individuals on the island, since the re  was not a single 
case of an individual missing out one trapping series and then m aking its 
appearance in  the following series (A n d r z e j e w s k i e t  al. 1967). In the second 
place, cap ture and rem oval of m arked individuals in previous trapping  series was 
very rapid , so th a t 95#/o of the individuals had been recorded during the first th ree 
days of the given trapping  period. F inally , individuals recorded for the  firs t tim e 
weighed so little  th a t it could be assum ed th a t they had not yet reached trappable 
age during earlier censuses (G1 i w i c z  e t ai., 1968).

T able 1
D istribution of individuals depending on num ber of captures in successive censuses.

Year M onth No. of 
captures

K
9 9

0
cCtf

K
9 9 cf o'

K
9 9

s
c v

K
9 9

3
o 'o ’

K
9 9 <fcf

April 1—4
5 -1 4

5
19

3
29

to June 16 16 22
23
34

43
13

to
ON Ju ly 1—4

5—28 8 12
6

36
11
28

34
71

27
72

pH Sept. 1—4
5—28 3 3

6
18

7
20

20
59

36
49

4
14

10
13

Nov. 1—4
5—28 1

2
12

4
14

5
53

3
60

3
10 3

1
2

1
2

A pril 1—4
5—28

1
36

4
27

c- June 1—4
6—28

1
21 14

28
32

25
39

«
<» Ju ly 1—4

6—28 8 4
6

37
6

39
11
16

21
19

pH Sept.
1—4
5—28 5 2

2
26

5
23

3
16

3
29

4
20

19
19

Nov. 1—4
5—28 2

— 2
15

4
16

2
12

7
17

7
9

7
11

26
9

42
14

On the  basis of the analysis of the above m aterial, G 1 i w i c z e t al. (I.e.) divided 
all the individuals in the population into several age groups (cohorts):

C ohort Kfl — individuals w hich had lived through a w in ter (old adults), aged 
from  6 to 11 m onths th e  following spring

Cohort K j — early spring generation born between A pril 23rd and May 26th 
C ohort K2 — early  sum m er generation, bom  between May 27th and Ju ly  10th 
C ohort K3 — la te  sum m er generation, born between Ju ly  11th and A ugust 28th 
C ohort K A — early  autum n generation born between A ugust 28th and October 

1st.
The num ber variations of the distinguished cohorts (Fig. 2) form ed a basis for 

analysing relations between the population’s age structu re  and the param eters of 
is spa tia l structu re . Calculations were m ade using a ZAM-21 alpha com puter.
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3. MODEL OF HOME RANGE

In itia l ana lysis  of th e  shape of th e  hom e ran g e  of C. glareolus  (M a- 
z u r k i e w i c z ,  1969) confirm ed th e  re su lts  g iven  by  M o h r  (1965), 
G o d f r e y  (1954a) and  o th ers  on the  e lo n g a te d ‘ shape of th e  hom e 
range, bo th  in  an  iso lated  (island) an d  open area. T hese re su lts  ju stified  
accep tance of a m odel assum ing no c ircu lar hom e range.

C ap tu re  sites fo r each ind iv idual liv ing in th e  stud ied  population, 
w ere  defined  by th e  C M R  m ethod  by  tw o n u m b ers  (abscissa and  ord i­
nate) ind icating  respectively  th e  nu m b er and  position  in  the row  of

N
300 

260 

220 

too

140

mo 

eo 

20

Fig. 2. Population dynam ics in  1966 and 1967.
K0—K4 — cohorts. Axis x  — tim e (dates of general census underlined). Axis y  — 
num erousness of individuals (after G l i w i c z  et a l  1968, and P e t r u s e w i c z

et al. in litt.).

trap s . A ll cap tu re  sites  of a g iven ind iv idual can be described  s ta tis tica lly  
by giving five param ete rs : th e  m ean abscissa, th e  m ean ord inate , devia­
tion from  m ean abscissa, dev iation  from  m ean o rd ina te , covariance of 
deviations. The f irs t tw o p a ram e te rs  ind icate  th e  co-ord inates of the  
sta tis tica l cen tre  of th e  in d iv id u a l’s hom e range, th e  la s t th ree  indicate 
th e  w ay  in  w hich  cap tu re  s ites a re  d is trib u ted  a ro u n d  th is  cen trum . 
These five  s ta tis tica l p a ram ete rs  ap p ro x im ate ly  define  th e  w ay in w hich 
th e  ind iv idual m akes use of th e  area  and  p e rm its  defin ing , also ap p ro x i­
m ately , th e  an im a l’s hom e range.
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S ta tis tica l e labo ra tion  of coord inates of ca tch  poin ts, such as the one of 
C a l h o u n  & C a s b y ’s (1958), is lim ited  only  to  th ree  p aram eters , the  
f irs t tw o of w hich  a re  iden tical w ith  those g iven above, w h ile  the th ird  
rep laces th e  rem ain ing  th ree . T his th ird  is th e  d is tan ce  of trap  poin ts 
from  th e  s ta tis tica l cen tre  of th e  range. C a l h o u n  & C a s b y  (I.e.) do 
n o t th u s  m ake use of p a r t of th e  in fo rm atio n  p rovided  by record ing  
cap tu re  sites; in p a r tic u la r  th ey  do no t take  in to  consideration  th e  fact 
th a t  an  ind iv idual living in  th e  area  m ay p re fe r  one (or several) d irec­
tion of m ovem ent over the  a rea , b u t tre a t a ll d irec tio n s equally . This con­
seq u en tly  leads to  acceptance of th e  c ircu la r m odel of th e  hom e range. 
F rom  th e  sta tis tica l po in t of view , th e  lim ita tio n  in h eren t in C a l h o u n  
& C a s b y ’s (1958) m ethod  is th a t it fails to tak e  into account th e  fac t 
th a t  deviation from  th e  m ean along th e  row s of tra p s  m ay not be of the  
sam e value as dev iation  across th e  row s and  th a t covariance of devia­
tions m ay  no t be equal to zero.

In  o rder to u tilize th e  five above-m entioned  s ta tis tica l p a ram ete rs  the 
follow ing assum ptions w ere  accep ted  as a w ork ing  hypo thesis: (1) an  in ­
d iv id u a l m oving ab o u t th e  a rea  p re fe rs  one p a r tic u la r  d irection , (2) p ro ­
b ab ility  of rev e la tio n  of trap p in g  sites  by an  ind iv idua l is su b jec t to 
th e  ru les  of tw o-d im ensional no rm al d is trib u tio n , (3) th e  boundary  of 
a hom e range is a closed curve connecting sites in an  area  of un iform  
p ro b ab ility  *) of encoun te ring  an  ind iv idual and  closing th e  defined  d is tri­
b u tio n  of p ercen tages of all cap tu res.

In  o rd e r to check the  re liab ility  of assum ptions (2) and (3) th e  ellipses 
correspond ing  to  hom e ran g es of 50 ind iv iduals chosen a t random  w ere  
d raw n. If the  d istribu tion  of cap tu res  of an ind iv idual should  contain  
63.2% of cap tu res  in  th e  a rea  corresponded to  th e  tw o-dim ensional n o r­
m al d istribu tion . T he rea l n u m b er of cap tu res  w ith in  th e  defined  ellipses 
w ere  th en  counted, com bining 5 ind iv iduals in each group.

I t  w as found  by  m eans of the  %2 te s t th a t th e  fig u re  ob ta ined  did no t 
d iffe r s ign ifican tly  from  th e  theo re tica l va lu e  of 63.2% (Table 3). Al­
though  th is  find ing  is no t su ffic ien t p roof of th e  n o rm ality  of the d is tri­
bu tio n , th e re  are  no g rounds for re jec tin g  th is  hypo thesis and it is ju s ti­
fiab le  to use the norm al d is trib u tio n  w hen  describ ing  the hom e range. 
A ssum ing  th a t d is trib u tio n  of likelihood of enco u n te rin g  an  ind iv idual 
w ith in  its ow n hom e range is a no rm al d is trib u tio n , th en  it is possible to 
describe  th e  w ay  in w hich th e  area  is used by an  ind iv idual. D istribu tion  
of p ro b ab ility  of en co u n te r of an  ind iv idual w ith in  th e  hom e range creates 
an  a rea  sim ilar in shape to a » b ila te ra lly  f la tten e d  bell«, w ith  its  apex 
above th e  geom etrical cen tre . E llipses w ith  a com m on cen tre  and  un ifo rm

*) S trictly  speaking: density of probability.
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degree of f la tten in g  correspond  to  th e  curves on the  surface of a un ifo rm  
p ro b ab ility  of en co u n te rin g  an  ind iv idual. If the c ircu lar hom e range is 
accepted, th e  a rea  ob ta ined  is s im ilar in shape to a »bell« w ith  c irc les 
in stead  of ellipses.

On th e  basis of th e  assum ptions accepted, sim ple s ta tis tica l e laboration  
leads to  the  d e te rm in a tio n  of th e  hom e range boundary  w hich  is an  
ellipse w ith  its  cen tre  in  th e  geom etrical cen tre , w ith  ax is deflec ted  to  
th e  lines of row s a t a ce rta in  ang le  90 and  w ith  a given degree  of f la t-

Table 2
Num erousness, num ber of captures and average num ber o f.cap tu res  of observed

males and females.

Year Month Sex N No. of 
captures

No. of 
captures 

of individual
P e r  cen t of 
population

April qV
9 9

29
19

265
148

' 9.0 
7.7 85.7

to June cfcf 
9 9

35
50

521
590

14.9
11.8 55.9

<0
at July cfcf

9 9
100
108

1085
1225

10.9
11.6 67.8

rH Sept. cfcf
9 9

81
91

890
1072

11.0
11.8 65.6

Nov. o 'o ’
9 9

07
75

758
984

11.3
13.1 85.6

April cfcf 
9 9

27
36

342
451

12.7
12.5 92.6

June cfcf
9 9

53
53

544
694

10.3 
. 11.2 62 5

CO
09 Ju ly cfcf

9 9
58
53

717
641

12.4
12.1 04.3

t-4 Sept. cfcf
9 9

71
64

1021
933

14.4
14.6 76.3

Nov. cfcf
9 9

58
45

583
523

10.1
11.6 51.2

ten ing . A hom e ran g e  m odel of th is  kind is called  an ellip tic  m odel. 
B oth  angle <p and  f la tten in g  of th e  ellipse can be easily ca lcu la ted  from  
th e  five s ta tis tica l p a ram ete rs  given (cf. A ppendix), A ngle q> defines th e  
d irec tion  of m ovem en t p re fe rred  by  an  ind iv idual, and  th e  f la tten in g  
of the  ellipses (ratio  of axes) th e  degree of p reference for th is  d irection.

Hom e range defined  in th is  w ay has a d efin ite  shape and location  in 
th e  a rea  b u t an  undefined  size, d im ensions of the  ellipse fo rm ing  the 
b ou n d ary  of th e  hom e range depend on w hat percen tage of all cap tu res
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it is to  contain . D epending  on th e  assum ed p ercen tag e  th e  b o u n d ary  
ellipse w ill be g re a te r  or sm aller, b u t w ill re ta in  a co n stan t cen tre , d i­
rection of m ain ax es  and  fla tten in g . W ith  the  d e te rm in a tio n  of a c e rta in  
p ercen tag e  of c ap tu res  (in th e  p re sen t s tudy  —  95%) w hich, in  accord­
ance w ith  th e  assum ed  n o rm ality  of d is trib u tio n  is to  be enclosed w ith in  
the ellip tical a rea , we can  define th e  abso lu te sizes of th e  ellipses fo r th e

Table 3
Com parison of the percentage of captures in elliptic home 
ranges w ith theore tical value 63.2°/« (according to noram i 

distribution).

Groups
Pecentage of captures

Xs
Em pirical Theoretical

1 64.3 0.019
2 67.1 0.240
3 61.8 0.031
4 66.3 63.2 0.152
5 69.2 0.569
6 68.2 0.396
7 68.6 0.461
8 66.7 0.193
9 74.6 2.050

10 59.4 0.228
4.339

rap tures

Fig. 3. N um ber of captures and  estim ated size of home range.
1 — standard  deviation along axis x ,  2 — standard  deviation along axis y, 3 —

sh ift in centre of home range.

given ind iv iduals. By com paring  these sizes conclusions can be reached  
on th e  recip rocal re la tio n  of th e  re a l hom e ranges of these individuals.

T hus th e  p a ram ete rs  of th e  ellipses ob tained  from  th e  ca lcu la ted  five 
sta tis tica l p a ram e te rs  p rov ide a conven ien t m ethod  fo r in vestiga ting  size 
and  rec ip ro ca l d is trib u tio n  of hom e ran g es of d iffe re n t ind iv iduals, p re ­



32 M. Mazurkiewicz

fe rred  d irec tion  of th e  ind iv idual’s m ovem ents and  the  in ten s ity  of th is  
p reference.

4. NUMBER OF CAPTURES AND ESTIMATED HOME RANGE SIZE

In o rd e r to find  out how  the nu m b er of cap tu res of an  ind iv idual affec ts 
the  es tim ate  of th e  size of its hom e range, w e chose 50 ind iv iduals, m ales 
and  fem ales, charac terized  by a high n u m b er of cap tu res  (from  14 to  26 
cap tu res  in one trapp ing  series) and p resence in several series of 
trapp ings. C alcu lation  was m ade for each Ind iv idual of the geom etrical 
cen tre  of its  hom e range and stan d ard  dev iation  of d istances of successive 
cap tu res  from  th is cen tre  along each of th e  axes of the co -o rd inates of 
the trap p in g  grid , s ta rtin g  from  tw o cap tu res, and  th en  adding  one con­
secutive cap tu re  up to th e  to ta l nu m b er of cap tu res of th e  g iven indi­
vidual. C alcu lation  was m ade of th e  average  sh ift in th e  geom etrical 
cen tre  of th e  hom e range and average s tan d a rd  dev iation  of d istan ce  of 
cap tu res  from  th is  cep tre  each tim e a cap tu re  was added  (Fig. 3).

20-

■6
i t

10-

5 -

0            1—
10 127 IV  2.0 2.51 3.16 m  >00 6.31 w  ia.o 

ratio  of axes (log. s c a le )

Fig. 4. D istribution of all individuals depending of degree of elongation of home 
range m easured by the ratio of axes of elliptic home ranges.

I t w as found th a t  th e  average sh ift in th e  geom etrical cen tre  of hom e 
ranges is s lig h t and  g radually  decreases w ith  increase  in  n u m b er of 
cap tu res. It is not u n til th e  19th rep eat cap tu re  th a t  it is  estab lished  on 
a d efin ite  level. S tan d ard  deviations of d istance of cap tu re  from  the  
cen tre , how ever, increase sharp ly  up to 3 cap tu res, th en  continuously , 
b u t v e ry  sligh tly , increase up to  the m ax im um  n u m b er of cap tu res.

S evera l au th o rs  ( B l a i r ,  1942; H a y n e, 1950; S t i c k  e 1, 1954) con­
sider th a t  re liab le  size of th e  hom e area  is ob tained  only  a f te r  th e  ind iv i­
dual h as  been cau g h t 10 tim es. The above re su lts  show  th a t  e r ro r  in  esti­
m ating  hom e range size (calculated on the basis of s tan d a rd  deviations) 
does no t s ign ifican tly  increase w hen a m inim um  n u m b er of 5 cap tu re  is



Shape, size and distribution of home ranges of C, glareolus 33

accepted  (dn one trap p in g  series) as q u alify ing  an  ind iv idual fo r co llecti­
ve  analysis. In  th is  w ay  analysis included  in d iffe ren t trap p in g  series 
from  51.2 to 92.6% of ind iv iduals of th e  s tu d y  popu lation  and  th e  m ean  
nu m b er of cap tu res v aried  from  7.7 to  14.6 fo r fem ales and  from  9.0 to 
14.9 for m ales (T able 2). R eduction  of th e  m a te r ia l concerned  p rim arily  
the youngest in d iv id u a ls  in  a given trap p in g  series, w hich w ere  caugh t 
fo r th e  f irs t tim e to w ard s th e  end  of th e  s tu d y  perio d  (Table 1).

5. SHAPE OF HOME RANGE

The shape of th e  hom e ran g e  w as ch arac te rized  by  th e  degree to w hich 
the  ellipse w as fla tten e d , accepting as an  in d ex  th e  ra tio  of len g th  of the  
m ain axes of th e  ellipses. In  th is w ay a  nu m erica l index w as ob ta in ed

Fig. 5. A verage elongation of home range of males and females.

for each ind iv idual defin ing  how  m any tim es longer one ax is  of the  
e llip tic  hom e range w as th an  th e  o ther. A h istog ram  (Fig. 4) of th e  
degree  of elongation  of th e  hom e ran g e  w as m ade for all th e  ind iv iduals 
exam ined, and  m ean  elongation of th e  hom e ran g e  ca lcu la ted  for fem a­
les and  m ales in each trap p in g  series (Fig. 5). T he coefficien t of v a ria ­
tions in  elongation  of th e  hom e range w ith in  th e  cohorts o ccu rring  in 
the  given trap p in g  series a re  given in T able 4.
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5.1. Elliptic Shape of Home Range

A nalysis of th e  shape of th e  hom e ran g e  in successive trap p in g  series 
show ed th a t in th e  m a jo rity  of ind iv iduals  it w as sim ilar in shape 
to a m ore or less f la tte n e d  ellipse, on an average w ith  one axis 2.51 tim es 
longer th an  th e  o ther. O ut of th e  1157 analyses, 30% of th e  ind iv iduals 
had  an a lm ost c ircu la r hom e ran g e  (w ith  ax is ra tio  1— 1.57), 40% of th e  
ind iv iduals had  a hom e ran g e  w ith  ax is  ra tio  of 1.57— 2.51, 30% of th e  
ind iv iduals h ad  a m ore e longated  hom e ran g e  up  to an  ax is ra tio  of 10.00 
(Fig- 4).

T able 4
Coefficient of varia tion  in  elongation of home ranges of individuals belonging

to d iffe ren t cohorts.

Cohort Sex
1966 1967

A pril June Ju ly Sept. Oct. A pril June Ju ly Sept. Oct.

d V
9 9

12.7
12.1

6.4
8.6

11.2
5.4

¿.7
13.8

K, cfcf
9 9

16.9
7.6

11.1
9.9

10.1
14.5

173
9.6

16.5
10-3

7.7
8.5

8.0
5.7

15.2
9.1

K , o'd"
9 9

10.3
9.3

8.0
4.7

8.9
7.4

13.0
24.4

12.4
10.4

5.9
12-6

K , cfcT
9 9

* 10.3
10.6

12.0
22.4

The above da ta  show  th a t th e  ellip tic m odel of th e  hom e range is 
a m ore accu ra te  sim u la tion  of th e  ac tu a l d istribu tion  of cap tu res  of an 
ind iv idual in  the  s tu d y  area  th an  a m odel assum ing  th e  hom e range to 
be round.

5.2. Changes in Shape of the Home Range of D ifferent Cohorts

The shape of th e  hom e range for ind iv iduals belonging to  d iffe ren t 
cohorts w as tra c ed  (m easured  by th e  ra tio  of axis len g th s  of th e  ellipse) 
a t various tim es of th e  an n u a l cycle, defined  by th e  trap p in g  periods 
(Fig. 5).

I t  w as found  th a t  th e  shape  of th e  hom e range for ind iv iduals belonging 
to  d iffe ren t cohorts ex h ib its  irre g u la r  changes in  tim e w ith  a d istinc t 
tendency  to ro und ing  of th e  hom e ran g e  from  sp rin g  to  au tu m n .

T he m ost elongated  hom e ranges a re  those of cohort K„ m ales in sp ring  
(April). D uring  th is  tim e  a d iffe ren ce  is  observed in  th e  degree  of e lon­
gation of th e  hom e ran g e  betw een  m ales and  fem ales. F rom  Ju n e  th e  
degree of elongation of th e  hom e range is s im ila r fo r fem ales and  m ales
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in  both cohort K 0 and  also in  cohorts  K ,, K 2 a n d  K 3 successively  en tering  
th e  population.

The hom e range of cohort K : ind iv iduals, w h e th e r fem ales o r m ales, 
is most e longated  a t th e  tim e th is cohort en te rs  th e  popu la tion  (June). 
T he course taken  by seasonal v aria tio n s in  degree  of elongation  of the  
home range is sim ilar in both s tu d y  y ea rs  fo r th is  g roup  of ind iv iduals 
(Fig. 5). T he shape of the hom e range of co h o rt K 2, en terin g  th e  popula­
tion in Ju ly , is s im ilar to  th a t  of th e  cohort K x d u rin g  th is  period. T he 
home range of ind iv iduals belonging to  cohort K 3 exh ib its a ten d en cy  to 
elongation fro m  the  tim e th is  cohort en te rs  th e  p o pu la tion  ti l l  au tu m n  
(Fig. 5).

Analysis w as m ade of th e  d iffe ren tia tio n  of fem ales an d  m ales in 
respect of th e  shape of th e ir  hom e ranges w ith in  th e  d iffe re n t cohort in 
successive trap p in g  series, using th e  v aria tio n  coefficien t (ra tio  of e rro r 
in mean to  th e  m ean). I t  w as found  th a t th e  d iffe ren t cohorts do no t form  
a uniform  g roup  in respect of hom e ran g e  shape. T he degree  of d iffe ren ­
tiation of th e  ind iv iduals in the cohorts v a rie s  in  tim e, b u t such  v a r ia ­
tions do n o t ex h ib it any  reg u la ritie s  (Table 4).

C om parison of th e  hom e ran g e  shape fo r in d iv idua ls  in th e  d iffe ren t 
cohoits a t th e  sam e age show ed th a t its  shape is n o t connected  w ith  th is 
p a rticu la r age.

Concluding it can be said th a t th e  hom e range is e llip tic  in  shape, w ith  
average ax is  ra tio  of 2.5; m ax im um  elongation  is found  in  th e  hom e 
ranges co h o rt K 0 m ales (old adu lts) in sp ring ; d u rin g  th is season  d iffe ­
rences occur betw een  th e  shape of th e  hom e ran g e  of m ales (axis ra tio  
3.0— 1.6) an d  of fem ales (axis ra tio  2.1— 2.4). No co rre la tio n s  w ere  found 
betw een th e  age of ind iv iduals  an d  d eg ree  of e longation  of th e ir  hom e 
range. T he hom e ran g e  of ind iv iduals of th e  w hole p o p u la tio n  tends 
gradually  to becom e ro u n d er from  spring  to au tu m n .

6. SIZE OF HOME RANGE

The .size of th e  hom e range w as defined  by th e  area  of an  ellipse 
containing 95% of cap tu res of an  ind iv idua l an d  expressed  in  u n its  
related to  one catch  po in t (1 =  225 m 2). C alcu la tion  was m a d e -o f  the  
average size of th e  hom e ran g e  fo r m ales an d  fem ales in th e  d iffe ren t 
cohorts ap p earin g  in  th e  given trap p in g  series (Fig. 6). D iffe ren tia tio n  
in  hem e ran g e  size w ith in  the cohorts w as defined  by m eans of th e  
varia tion  coefficien t (Table 5). A ssum ing  th a t m ales an d  fem ales in the  
d iffe ien t cohorts excluded  from  analysis  have hom e ranges equal to the  
m ean hom e ran g e  of ind iv iduals ana lysed  in  th e  g iven  groups, ca lcu la­
tion v a s  m ade of th e  to ta l sum  of hom e ranges, av erag e  hom e ran g e  and
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degree  to  w hich  th ey  overlap  for th e  w hole popu lation  in successive 
trap p in g  series (Table 6).

6.1. Changes in Size of Home Range of D ifferent Cohorts

T he la rg est hom e ranges a re  those of m ales belonging to cohort K 0, 
p a r tic u la rly  in  J u n e  (Fig. 6). T he m ales of each successive cohort en tering  
th e  p o pu la tion  alw ays have sm aller hom e ran g es th an  those of m ales 
in th e  p rev ious cohort w hich  has a lread y  en te red  th e  population.

Fig. 6. M ean size of home range of m ales and fem ales in 1966 and 1967
(1 =  225 m2).

T he d iffe ren t course tak en  by  v aria tio n s in  th e  size of hom e ranges 
of m ales belonging  to d iffe ren t cohorts in 1966 and  1967 is p robab ly  
connected w ith  d iffe ren t popu lation  num b ers in  Ju ly  and  S ep tem ber
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(Fig. 2). In  1967 the  level of num b ers is fa r low er in  th ese  m onths, w hich 
enables ind iv idua ls  to  ex ten d  th e ir  hom e ranges. T he second fac to r p ro ­
bab ly  co n trib u tin g  to increase in size o f hom e ran g e  of m ales in  cohorts 
Kj and  K 2 up  to S ep tem ber is th e  pro longed  rep ro d u ctio n  season (B u ­
j a 1 s k  a in litt.). The size of hom e ranges in  co h o rt K 3 m ales (which 
p robab ly  do n o t p a rtic ip a te  in  reproduction) is m ain ta in ed  on a sim ilar 
low level in S ep tem b er and N ovem ber.

The size of hom e ranges fo r fem ales belonging to  cohort K 0 varies 
very  litt le  from  A pril to J u n e  (Fig. 6). The hom e range of cohort 
fem ales a t th e  tim e of th e ir  e n try  in to  th e  popu la tion  is la rg e r o r the 
sam e as th a t  of cohort K n d u rin g  th is period. T he hom e range of fem ales 
belonging to  cohorts K 2 and  K 3 is sm alle r a t  th e  tim e of e n try  of these 
cohorts in to  th e  population  in  re la tio n  to  th e  hom e ranges of fem ales

Table 5
Coefficient of variation  in home range size of individuals belonging to different

cohorts.

Cohort Sex
1966 1967

April June Ju ly Sept. Oct. A pril June July Sept. Oct.

K 0 o’ cf  
9 9

9.8
34.0

11.6
3.7

9.9
62.9

19.4
14.5

Ki cfcf
9 9

32.9
16.9

13.2
10.7

12.2
15.2

21.2
16.7

17.5
14.2

16.3
24.7

17,4
9.7

18.9
12.9

K 2 <f o '
9 9

49.4
19.3

17.3
20.0

18.4
11.3

29.0
35.8

21.9
16.5

41.1
12.1

K3 o 'o ’ 
9 9

34.0
12.0

36.3
7.9

12.2
36.1

9.8
24.6

w hich  h ad  en te red  the  population  ea rlie r (hom e range of cohort K 2 in 
re la tio n  to  th a t of cohort K 3, hom e ran g e  of cohort K 3 in  re la tio n  to  th a t  
of cohort K 2).

In  the au tu m n , in N evem ber, th e re  is a d ecrease  in th e  size of hom e 
ran g e  of bo th  fem ales and  m ales (Fig. 6). W hen th e  w hole of th e  m ate ­
ria l is ana lysed  th e  average  size of th e  hom e a rea  was found to  be d if­
fe ren t fo r fem ales and  males. In  cohort fCn, K 1 and  K 2 the  m ales’ hom e 
ranges a re  g rea te r th an  those of fem ales, the  g rea test d iffe rence occur­
ring  in  cohort K a. In  cohort K 3 the fem ales’ hom e range tis sligh tly  
g re a te r  th an  th a t of m ales.

V ery considerab le  d ifferences w ere  found b etw een  fem ales and  m ales 
in respect of size of the  hom e range w ith in  th e  d iffe ren t cohorts (Table 
5). T hese d ifferences a re  g re a te r  th an  the d iffe rences betw een  ind iv iduals
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discussed in  th e  p rev ious section, in  respect of shape of hom e range 
(Tahle 4). As in  th e  case of shape  of th e  hom e range, v aria tio n s in  tim e 
do not ex h ib it any  reg u la ritie s .

6.2, Seasonal Changes in Mean Size of Home Range and Degree
of O verlapping

T he m ean  size of th e  hom e ran g e  ca lcu la ted  fo r th e  w hole population  
exh ib ited  a tendency  to decrease  from  A pril to  N ovem ber, in a s im ilar 
w ay  in both  stu d y  y ea rs  (Table 6). T he inverse  re la tio n  betw een  m ean 
size of hom e ran g e  and  lev e l of popu lation  n u m b ers  occurs in  A pril and  
Ju n e  1966 an d  1967, and  the  fo llow ing m on ths of 1967. In  1966, how ­
ever, th e  m ean hom e ran g e  decreased  w ith  decreasing  popu lations n u m ­
bers from  J u ly  to  N ovem ber 1966.

Table 6
Num erousness, sum  to tal od home ranges, average home range and degree to  which 

they overlap in successive censuses

Year M onth
No of 

individuals 
studied

Total 
num ber of 

population

Sum of 
home 

ranges

Mean
home
range

' D egree of 
overlapping

A pril 48 56 1154.4 20.6 7.3
to Ju n e 85 152 2425.6 15.9 15.2
o* Ju ly 206 304 3202.6 10.5 20.1

Sept. 172 262 2501.8 9.5 15.7
Nov. 142 166 1482.0 8.3 9.3

April 63 68 1648.6 24.2 10.4
Er- June 100 160 2565.0 16.1 16.1
OS Ju ly 108 168 2626.0 15.0 15.9

Sept. 135 177 2010.3 11.2 12.6
Nov. 103 201 1433.6 7.1 9.0

The degree  of overlapp ing  of hom e ranges (ratio  of to ta l sum  of hom e 
ranges to  n u m b er o f ca tch  po in ts  —  in th e  a rea) is th e  fu n c tio n  of size 
of hom e ranges an d  popu lation  num bers. In  1966 it ex h ib its  a positive 
re la tio n  to  level of n u m b ers  in  consecutive trap p in g  series. In  1967 both 
population  num bers and  av erag e  size of hom e range, an d  also th e  degree 
to w hich th ey  overlap , exh ib it sligh t d ifferences in  J u n e  an d  Ju ly . In ­
crease in  n u m b ers  up  to  N ovem ber is connected  w ith  red u ctio n  of the  
average hom e range size and  degree of overlapp ing  of hom e ranges.

To sum  up it m ay be said th a t: fem ales belonging  to cohort K 0 (old 
adults) have th e  largest hom e ranges; hom e ranges of m ales a re  la rg e r 
th an  those of fem ales. T he g rea te s t d iffe ren ce  occurs in  cohort K 0. The 
la te r  th e  cohort en te rs  th e  popu lation  th e  sm aller th e  hom e ranges of
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the  ind iv iduals form ing the  cohort (except fo r fem ales in cohort K,). In 
au tu m n  th e  hom e range and  its  d iffe ren tia tio n  b etw een  cohorts, and  also 
betw een  m ales and  fem ales wiithin th e  cohorts, decreases. T he m ean size 
of th e  hom e ran g e  decreases from  sp rin g  to au tu m n  irre sp ec tiv e  of d if­
fe rences in the  level of num b ers in d iffe ren t m on ths of th e  tw o years. 
The level of num bers and  m ean size of the  hom e range d e te rm in e  th e  
degree of overlapping  of hom e ranges.

7. DISTRIBUTION OF INDIVIDUALS IN THE AREA AND ITS VARIATIONS
IN TIME

7.1. Distribution of the Geometrical Centres of Home Ranges in the Area

Using th e  stud ies m ade by F i t c h  (1947) and  B r a n t  (1962) as a ba­
sis, th e  d is trib u tio n  of ind iv iduals over th e  island  w as defined  by  the  
d is trib u tio n  of th e  geom etrical cen tres of th e ir  hom e ranges. For th is  
purpose th e  geom etrical cen tres of hom e ranges of ind iv iduals recorded.

Table 7
D istribution of squares in trapping grid depending on num ber of centres of home

ranges.

Year Period
D istribution of the num ber of individuals

Avg.
0 I 2 3 4 5

April 111 33 4 1 1 _ 0.3
ca June 62 58 29 9 1 — 0.9
03 Ju ly 28 40 38 31 15 7 1.9

Sept. 25 55 44 22 10 2 1.8
Oct. 57 63 25 14 — — 1.0

April 107 44 5 3 _ — 04
t- June 85 47 25 1 1 — 0.6

Ju ly 79 46 26 7 1 — 0.8
Sept. 55 72 26 5 I — 0.9
Oct. 81 54 20 4 — -- 0.7

in a given trap p in g  series w ere  p lo tted  on a m ap of the island. T he 
su rface  of th e  island  was d iv ided  accord ing  to th e  d is tr ib u tio n  of catch 
points. The d is trib u tio n  of th e  geom etrical cen tres of hom e ranges of 
ind iv iduals in the various squares w as com pared  w ith  Poisson’s th eo re­
tical d istribu tion . A nalysis was m ade jo in tly  fo r all ind iv iduals in a given 
trap p in g  series, and also sep a ra te ly  fo r various cohorts.

It was found th a t the  d is trib u tio n  of geom etrical cen tres of hom e 
ranges over th e  island agrees w ith  P o isson’s d is trib u tio n  in all th e  t r a p ­
ping series w hen th e  w hole popu lation  is tak en  in to  consideration  (Ta­
ble 7). W hen th e  variu s cohorts  w ere  tak en  sep a ra te ly , it w as only  in
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one case th a t  a c lum ped  d is trib u tio n  w as ob tained , nam ely  in  Ju ly  1966 
fo r cohort K 2, th e  youngest in th e  given trap p in g  series. C ohort K 2 w as 
v e ry  nu m ero u s th is  y ea r (Fig. 2), and  in  J u ly  is form ed 70% of the ind i­
v iduals  of th e  w hole popu lation . It is possible th a t  th e  ind iv iduals be­
longing to th is  young cohort shared  nests  and  had  n o t y e t dispersed.

7.2. Degree to Which Geometrical Centre of Home Ranges Shifts during 
the Course of the Year

In  o rder to  de term ine  how  g rea t is th e  sh ift in geom etrical cen tre  of 
hom e ran g es in tim e, th e  geom etrical cen tres of hom e ranges of each 
ind iv idual w ere  p lo tted  on a m ap  of th e  island  for each of tw o successive 
censuses. H aving  m arked  tw o geom etrical cen tres of hom e ranges w hich
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Fig. 7. E xtent of sh ift in  home range centre betw een two successive censuses 
(unit =  15 m, in terval betw een traps).

correspond to tw o  successive censuses, th e  d is tan ce  was m easu red  be­
tw een  them . In  th is  w ay  th e  ex ten t of sh if t tak in g  p lace d u rin g  th e  in ­
te rv a l betw een  censuses w as ob tained . C alcu la tion  w as m ade o f th e  d i­
s trib u tio n  of e x te n t of sh ift in  th e  geom etrical cen tre  of th e  hom e range 
jo in tly  fo r all th e  in d iv id u a ls  exam ined  (a to ta l n u m b er of 805 sh ifts 
was m easured) (Fig. 7). C alcu lation  w as m ade of th e  m ean sh ift in cen­
tres  betw een  consecutive censuses for fem ales an d  m ales w ith in  cohorts 
K 0> Kj, K 2 in  both  s tu d y  years (Fig. 8).

A nalysis show ed th a t  51% of all th e  ind iv iduals sh ifted  th e  cen tre  of 
th e ir  hom e ranges only  s ligh tly  over the course of 1.5 m onths (on an  
average 7.5 m), 25% of ind iv iduals sh ifted  it, an  average  of 15 m and  only
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24% of in d iv idua ls  sh ifted  these  cen tres to  a g re a te r  e x te n t (from  30 to 
150 m) (Fig. 7).

C om parison of the average  sh ift in  geom etrical ce n tre  of hom e ranges 
of m ales and  fem ales in  the  d iffe ren t cohorts  show ed th a t in  th e  m ajo rity  
of cases th e  sh ift w as g re a te r  in  th e  case of m ales th en  fem ales belonging 
to  th e  sam e cohort (Fig. 8). C om parison of consecutive sh ifts  in these 
cen tres fo r th e  cohorts K 0, K u K z in  bo th  years show ed th a t  th e re  is

Fig. B. M ean shift in home range centre (1 =  15 m) of d iffe ren t cohorts
in 1966 and 1967.

a  ten d en cy  to decrease  of th e  value  of sh ift in tim e (Fig. 8). An ex ­
cep tion  is fo rm ed  by m ales in cohorts Kj and K 2 in  1967. C ohort K c, in 
p a r tic u la r  th e  m ales, exh ib its a considerable sh ift b e tw een  N ovem ber 
and  A p ril in  bo th  years, b u t th is sh ift takes place o v er a p e rio d  fo u r 
tim es longer (5.5 m onths) th a n  sh ift in the case of cohort Kj an d  K 2 
(1.5 m onths).

A nalysis of d iffe rences in  ex ten t of sh ift of th ese  cen tres  fo r fem ales 
and  m ales w ith in  th e  d iffe ren t cohorts (described  by th e  ra tio  of e rro r 
of m ean  to the m ean) (Table 8) show ed th a t cohorts a re  no t hom ogeneous
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groups, and  the d eg ree  of d iffe ren tia tio n  of ind iv iduals depends on th e  
n u m b ers  of th e  co h o rt and  density  of th e  w hole population . P a r t i ­
cu larly  s trik ing  d iffe rences occur in  th e  degree of d iffe ren tia tio n  of in d i­
v iduals in  cohort K 2 in  1966 an d  1967. In 1966 ow ing to  th e  h igh  po p u ­
la tion  n u m b ers  th e re  a re  only  sligh t d iffe ren ces b e tw een  in d iv id u a ls  in 
th is cohort in re sp ec t of sh ift in  cen tres  of hom e ranges. In  1967 the  
e n try  of new  in d iv id u a ls  into th e  popu la tion  took place g rad u a lly  {there 
is no d is tin c t peak  in  num bers) and  th e  d iffe ren tia tio n  of ind iv iduals  in 
cohort K 2 is fa r  g re a te r , p a r tic u la r ly  am ong m ales.

C ohort K lt th e  n u m b ers  of w hich  w ere  s im ila r in  bo th  y ears , exh ib its  
a sim ilar degree  of d iffe ren tia tio n  in respect of am o u n t of sh ift of the  
cen tre  of hom e ranges. This degree  has a tendency  to increase in th e  case 
of m ales, and  to  rem a in  on a s im ila r level fo r fem ales.

Table 8
Coefficient of varia tion  in shift of home range centres of individuals belonging 

to d iffe ren t cohorts taking place betw een successive censuses.

Cohort Sex
1966 1967 i

XI-IV IV-VI VI-VII V II-IX  IX -X I XI-IV  IV-VI VI-VII V II-IX  IX -X I

0*0* 13.5 10.5 _ 9.5 14.5/Vo 9 9 19.8 18.1 — — — 10.8 14.9 — — —
cfcf — — 8.5 17.4 15.2 — — 13.0 16.6 15.3
Q Q — — 15.2 16.2 12.5 — — 17.1 13.3 14.1
d d — — — 8.9 11.5 — — — 21.1 25.6Ka 9 9 ““ 8.0 8.8 — — 17.8 .14.9

f

To sum  up  i t  w as found th a t: d is trib u tio n  of th e  geom etrical cen tres 
of the  hom e ranges fo r ind iv iduals in  th e  w hole popu la tion  an d  in d iffe ­
re n t cohorts (except fo r cohort K 2 in Ju ly  1966) w as random  in all cen ­
suses. The sh ift in th e  geom etrical cen tres of hom e ran g es in tim e was 
sligh t in  th e  m ajo rity  of cases, b u t g re a te r  fo r m ales th an  fem ales. D if­
ferences b etw een  ind iv iduals in th e  various cohorts  in respect of ex ten t 
of sh ift in cen tres of hom e ranges w ould ap p e a r to depend on num bers 
of the  cohort an d  popu lation  density .

8. ARRANGEMENT OF HOME RANGES IN THE AREA

8.1. Methodical Remarks

A nalysis of th e  d is trib u tio n  of geom etrica l cen tres of hom e ranges in 
the s tu d y  area  show ed th a t th e ir  d is trib u tio n  is random . T he ellip tical 
shape of th e  hom e range, how ever, suggests th a t  ex te rn a l fac to rs  have
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1967 1966

-5cT

KlHN K2{ iii K3n  *5®
Fig. 9. Location of home range of females and m ales in 6 directions distinguished

in successive censuses.
--------------- standarized average for all censuses.
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a vary in g  in fluence on th e  w ay in w hich th e  ind iv idual m oves over the  
area. I t m ay  be assum ed th a t the long axis of th e  e llip tic  hom e ran g e  is 
th e  d irec tion  in  w hich  th e  ind iv idual p re fe rs  to move, ra th e r  th an  
a d irec tion  correspond ing  to th e  sh o rt ax is of th e  hom e range.

A nalysis was m ade of the d irec tions in w hich  th e  hom e ranges w e re  
a rran g ed  in  the  s tu d y  area . The analysis w as based on calcu lations of the  
follow ing d a ta  fo r each individual: (1) angle tp form ed by long axis of th e  
ellipse w ith  th e  ax is  of th e  catch  point g rid  in  th e  area, describ ing  the  
d irec tion  of location of th e  hom e range in th e  s tu d y  area, and  (2) the  
eccentric of the ellipse, w hich  ds a m easu re  of th e  ra tio  of the  m ain axes 
of the  ellipse and  sim u ltaneously  a m easure of its fla tten in g  in  the ran g e  
of 0— 1 (in th e  case of a c ircle it is zero, and  in  th e  case of a s tra ig h t 
line —  un ity ) (a d e ta iled  descrip tion  of th e  m ethod  is to  be found in  the  
s tu d y  by  M a z u r k i e w i c z ,  1970).

Table 9
D istribution of individuals depending on direction in which their home ranges are

located in the study area.

Y ear Month
0 - -29° 3 0 - 69° 6 0 --89° 9 0 - 119° 120—149° 150— 180°

d V

oо

9 9 cfcf 9 5 cfcf 9  9 cf< f Q Q СТО' 9 9

April 0 5 4 5 5 l l i 6 6 2 s 0
"D June 3 6 2 10 7 i is 16 5 10 3 2
<J3 Ju ly 16 12 9 8 13 14 21 25 8 17 9 8

Sept. 14 7 11 10 19 22 32 36 28 16 7 4
Oct. 11 12 7 8 11 8 23 24 10 14 10 13

A pril 2 6 2 7 9 3 8 11 3 6 3 4
r- June 8 12 8 6 3 5 21 13 8 10 3 7
03 Ju ly 8 8 10 11 14 11 20 17 4 8 7 5

Sept. 7 14 4 8 15 ’4 23 18 16 10 8 6
Oct. 5 9 5 4 7 14 24 13 11 5 6 3

H istogram s w ere  m ade of th e  m ain  d irec tions of a rran g em en t of hom e 
ranges described  by  to ta l sum  of eccen trics fo r each trap p in g  series 
(Fig. 9). T he ran g e  of angles 0— 180° w as considered in  re la tio n  to the 
axis x  of th e  catch  po in t g rid  in the a rea  (short axis of the island). This 
range w as divided into 6 classes w ith  30° in te rv a ls  betw een  them . The 
d ifference betw een  th e  to ta l sum  of eccen trics an d  th e  standarized  m ean 
fo r all trap p in g  series w as taken as a m easure  of p references fo r a given 
d irection . S im ultaneously  fo r th e  sake of com parison the  abso lu te num ­
b ers of fem ales and  m ales w ere  given, th e  hom e ranges of w hich w ere  
a rran g ed  in th e  6 d iffe ren t classes of angles, fo r all th e  trap p in g  series 
(Table 9).
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8.2. Main Direction of Location of Home Ranges

It was found  th a t  th e  degree  of use m ade of the  d is tinqu ished  directions 
varied  in  successive trap p in g  series. T he degree to w hich  d iffe ren t d irec­
tions w ere  used coincided fo r fem ales and  m ales (co rre la tion  coefficient — 
0.582, s ign ifican t on a level of 0.05).

T he ch ief d irec tion  in w hich  hom e ranges w ere  located  in  th e  stu d y  
a rea  was th e  d irec tion  con tained  in  th e  angle class 90— 119°. In all the  
trap p in g  series th e  to ta l sum  of eccentrics revealed  a v a lu e  considerably  
above th e  accep ted  m ean (Table 10). In  re la tio n  to  th e  s tu d y  area  the 
ang le  class 90— 119° corresponds to th e  longest ax is of th e  island. This 
w ould m ean  th a t ind iv iduals ex ten d  th e ir  hom e ranges in the d irec tion  
offering  th e  g rea tes t possib ilities of p en e tra tio n .

Table 10
Intensiveness of use m ade of directions in w hich home ranges are located in the 

» study area.

Year M onth
0—-29° 3 0 -•69° 6 0 -•89° 9 0 - 119° 120--149° 150--180°

d d

o+O

d d

oo

d d 9 9 d d 9  9 d d 9 9 d d 9 9

April 0 7.86 4.06 7.34 4.50 1.73 11.79 10.45 6.33 2.63 3.33 0
CO June 2.50 3.30 1.81 6.31 6.14 3.52 12.15 9.61 4.49 6.37 2.91 0.79
Ol Ju ly 4.06 4.12 3.39 3.17 5.54 5.02 9.54 8.96 3.39 6.25 3.48 2.60

Sept, 3.59 2.56 2.99 3.04 5.37 7.07 9.04 11.45 7.60 5.00 1,88 1.08
Oct. 4.01 4.38 2.61 2.59 4.56 2.23 8.99 9.52 4.22 5.13 4.16 4.50

A pril 2.32 4.60 2.23 6.20 10.00 2.60 8.99 8.30 3.34 4.54 3.17 3.65
c- June 4.44 6.36 4.64 3.42 1.73 2.93 13.01 7.78 4.83 5.78 1.73 3.71
cn Ju ly 3.62 4.11 4.41 5.05 6.85 5.66 9.97 9.07 1.89 3.93 3.07 2.38

Sept. 2.11 5.14 1.77 3.20 6.29 6.07 9.72 8.25 6.67 4.29 3.34 2.45
Oct. 2.47 5.04 3.03 2.54 3.45 8.65 13.09 8.84 5.43 3.13 2.77 1.98

A n d r z e j e w s k i  et al. (1967) found  th a t ind iv iduals considered as 
dom inating  in  th e  popu lation  on th e  basis of m ax im um  trap p ab ility  
occupy th e  coasta l s tr ip  of th e  island. C onsequen tly  a check w as m ade 
to d e te rm in e  th e  location of th e  geom etrical cen tres  of hom e ranges in 
th e  case of ind iv iduals fo r w hich th e  long axes of ellip tic  hom e ranges 
a re  located  along th e  long axis of th e  island  (90— 119°). T his analysis 
w as m ade as follow s. A  coastal s tr ip  w as m ark ed  out w hich  contained 
th e  tw o e x te rn a l row s of ca tch  po in ts and  h a lf th e  d istan ce  to th e  nex t 
row . Ind iv iduals w ere  nex t chosen fo r w hich  th e  cen tres of hom e ranges 
w ere  s itu a ted  in th is  belt, and  ind iv iduals fo r w hich th e  cen tres  of hom e 
ran g es w ere  s itu a ted  in th e  rem ain ing  cen tra l p a r t  of th e  (island. T he 
sam e analysis w as m ade for ind iv idua ls  for w hich the  location of hom e
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ranges corresponded  to angle classes 0— 59° and  150— 180°, th a t is, the  
w id th  of th e  island  an d  ranges least used by th e  ind iv iduals.

I t was found th a t th e  percen tage  of ind iv iduals, fo r w hich  th e  cen tres 
of hom e ranges w ere  situ a ted  in  th e  dem arcated  coastal belt, was sim ilar 
(d ifference not s ta tis tica lly  sign ifican t) in bo th  th e  p re fe rred  angle class 
and  in th e  class of avoided  angles. T hus ind iv idua ls  w ith  hom e ranges 
elongated in th e  d irec tion  of th e  long ax is  of th e  island  do no t p re fe r 
its  coastal belt.

C om parison w as m ade of th e  trap p ab ility  of ind iv iduals w ith  hom e 
ranges located along th e  long axis of th e  island  w ith  th e  m ean tra p p a ­
b ility  of ind iv iduals in  successive trap p in g  senies ( G l i w i c z ,  1970). I t  
was found  th a t they  coincide, and  th u s  th e  trap p a b ility  of these indivi­
duals is no t h igher th an  th e  average  trap p ab ility  of all ind iv iduals. In d i­
v iduals possessing hom e ranges in  a d irec tion  coinciding w ith  th e  long 
ax is of the  island  w ere  no t found  to possess th e  fe a tu res  m entioned  by  
A n d r z e j e w s k i  et al. (1967) as ch a rac te ris tic  of (individual do m in at­
ing in a population.

i
\

8.3. Changes in A rrangem ent of Home Ranges in the Area During the Year

T he location of hom e ranges in  th e  d irec tions defined  in successive 
trap p in g  series from  A pril to N ovem ber a lte r  in  respect of n u m b er of 
d irec tions m ore in ten siv e ly  used and  in  th e  in tensiveness of th e ir  use. 
I t w ould  ap p ear th a t  th e  location of th e  hom e ranges depends on the  
dynam ics of p o pu la tion  num bers, and  p a rtly  on phenological factors.

In  1966 th ere  w as a rap id  increase  in p o pu la tion  n u m b ers  from  A pril 
to J u ly  (Fig. 2) accom panied by g rad u a lly  increasing  u n ifo rm ity  of use 
of all d irections. In  A pril (1966) in  add ition  to  th e  m ain  direction  along 
th e  long axis of th e  island  (90— 119°) m ales also p re fe r  th e  neighbouring  
d irec tion  (120— 149°), an d  fem ales th e  d irec tion  along th e  sh o rt ax is  of 
th e  island  (0— 29°) an d  its n e ighbour (30— 59°) (Fig. 9). In  Ju n e  m ales 
and  fem ales use p re fe rred  d irections wiith th e  sam e in tensiveness as in 
A pril (Fig.- 9). In Ju ly , a t  th e  peak  of popu lation  num bers, on ly  th e  d irec­
tion along th e  long ax is of th e  island  rem ains th e  p re fe rred  d irec tion  in 
w hich  hom e ranges a re  located  (Fig. 9). As n u m b ers  decrease  from  Ju ly  
to S ep tem b er p re ferences for o th er d irec tions 'increase, in th e  case of 
m ales in class 120— 149°, an d  fem ales in  class 60— 89°. W ith con tinu ing  
decrease from  S ep tem b er to  N ovem ber th e re  is a m ore un ifo rm  d is tr ib u ­
tion  of hom e ran g es in all th e  observed d irections, in  addition  to  the  
m ain  p re fe rred  d irection .

T he y ea r 1967 w as d istingu ished  by  g rad u a l increase  in population  
n u m b ers  from  A pril to N ovem ber (Fig. 2). As a re su lt m ore un ifo rm  use
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was m ade of th e  various d irec tio n s in  consecutive censuses th an  in  1966 
(Fig. 9). F em ales p re fe rred  th e  sam e d irec tions as in 1966, b u t w ith  low er 
in tenseness from  A pril to S ep tem ber, w h ile  in N ovem ber th e re  is an 
increase  in  th e  use m ade of the d irection  in class 60— 89°. M ales use di­
rections w ith  sim ila r in tenseness in consecutive censuses from  A pril to 
S ep tem ber. In  N ovem ber th e re  is increased  p re fe ren ce  fo r th e  m ain d irec­
tion, co n tra ry  to  1966, w hen it con tinued  ,to be  used to  th e  sam e ex ten t 
as in S ep tem ber.

C om parison of dynam ics of num bers (Fig. 2) w ith  location of hom e 
ran g es in  th e  stu d y  area  of ind iv iduals belonging  to  th e  d iffe ren t cohorts 
(Fig. 9) revealed  th a t the g re a te r  the  popu lation  n u m b ers  a t the tim e of 
e n try  of th e  cohort, and  th e  la te r  the  en try  of th e  cohort in to  th e  po­
pu lation , th e  m ore random  the  d irec tions in  w hich  th e  hom e ran g es of 
th e  g iven cohort a re  located.

To conclude it  m ay  be said th a t: th e re  is one m ain p re fe rred  direction 
in w hich  hom e ran g es a re  located; high popu la tion  n u m b ers  cause m ore 
random  location of hom e ranges in  th e  s tu d y  area; th e  la te r  the  cohort 
en te rs  th e  popu lation , th e  m ore random  th e  location of th e  hom e ranges 
of m em bers of th is  cohort in th e  popu lation  area.

9. DISCUSSION

A larg e  n u m b er of da ta  ind icate  th a t the shape of th e  hom e range is 
lo n g itu d in a l in th e  m ajo rity  of cases ( G o d f r e y ,  1954; T a n a k a ,  1953), 
an d  th a t  th e  an im als m ove along defined  paths, p re fe rr in g  ce rta in  d irec­
tions ( H o w a r d ,  1949; D a v i s ,  1953; K a y ,  1961). In  p a r tic u la r  M o h r  
(1965) found  th a t  th e  hom e range is ellip tic in shape, b u t used a rectang le 
to describe th e  size of the hom e range.

D i c e  & C l a r k  (1953) tak ing  a c ircu la r hom e range as a m odel, m ake 
th e  re serv a tio n  th a t  th e  assum ption  th a t  all p a r ts  of a given c ircu lar 
a rea  are  u n ifo rm ly  used by an ind iv idual co n stitu te s  a g rea t sim plifica­
tion  of th e  an im al's  rea l m ovem ents. The m odel of the  hom e ranges 
p re sen ted  in  th e  p re sen t s tudy , w hich  is a m odification  of the c ircu lar 
m odel ( D i c e  & C l a r k ,  1953; C a l h o u n  & C a s b y ,  1958), is an  
a tte m p t a t c rea tin g  g rea te r possib ilities of ana lysing  the  shape of the 
hom e range. I t does not, how ever, com pletely  solve th is  problem , as it 
p rov ides no o p p o rtu n ity  of ind icating  th e  cases in  w h ich  th e  ind iv idual 
p re fe rs  m ore (e.g. two) d irec tions w ith in  its hom e range. F rom  th e  po in t 
of s ta tis tica l p rem ises it is no t necessary  to  accept th e  assum ption  of 
a c ircu la r shaped  hom e range, th a t  is, th a t  th e  average deviation  in 
d is tan ce  of cap tu re  sites of an ind iv idual from  th e  geom etrical cen tre  of 
th e  hom e range is un ifo rm  for all d irection , These deviations be calcu-
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Iated  ind ep en d en tly  fo r the tw o axes of co -o rd inate  (Appendix). In  th is  
w ay  we obtain  a generalization  of th e  m odel based on th e  assum ption 
th a t th e  hom e range is c ircu lar ( D i c e  & C l a r k ,  1953; C a l h o u n  & 
C a s b y ,  1958).

T he p re sen ted  re su lts  of investigations of th e  shape of th e  hom e 
range in over 1000 ind iv iduals show  th a t an  ellipse is m ore sim ilar to  
th e  real d is trib u tio n  of cap tu res of an ind iv idual in th e  area  th an  a circle 
(Fig. 4).

It m ust be em phasised th a t the ellip tic shape  found  fo r the hom e ran g e  
of ind iv iduals is n o t the re su lt of th e  lim ited  area  of the  island or its 
shape. In  an open fo rest area ind iv iduals also had  ellip tic  hom e ranges, 
and  the average elongation  of hom e ranges w as 3.6 fo r bo th  fem ales an d  
m ales ( M a z u r k i e w i c z ,  1969).

T he influence of ex te rn a l h ab ita t, b iocenotic or in trapopu la tion  facto rs  
m ay have a lim itin g  effect on som e of th e  d irec tions in w hich th e  
ind iv iduals m ove, and  a stim u lating  e ffec t on o thers. The assum ption  
th a t the hom e range is c ircu lar lim its such action, since it is assum ed th en  
th a t e ith e r ex te rn a l facto rs ex e rt no in fluence on th e  m ovem ents of th e  
ind iv idual, or do so w ith  un ifo rm  s tren g th  from  all sides.

W hen th e  size of th e  c ircu lar an d  ellip tic hom e ranges is com pared it  
can be proved  m athem atica lly  th a t the ellip tic  hom e range contain ing  
th e  sam e p ercen tag e  of cap tu res  of an ind iv iduals  w ill a lw ays be sm aller, 
and  thus m ore filled  w ith  in fo rm ation  in th e  form  of cap tu res th an  the  
c ircu la r hom e range. T he c ircu lar hom e ran g e  includes too m uch »em pty« 
space, i.e. space offering  no proof th a t th e  ind iv idua l has en tered  at. T he 
m ore elongated  th e  rea l hom e range th e  g re a te r  th e  e rro r in estim ated  
size of th e  hom e range w hen using the  m odel based on a c ircu lar hom e 
range.

The accep tance in th is  s tu d y  of an  ellipse con tain ing  95% of cap tu res 
of an  ind iv idual fo r th e  purpose of describ ing  th e  size of the  hom e range 
w as d ic ta ted  by the  ease of conversions (A ppendix) and  corresponds to 
2.8 5 a f te r  C a l h o u n & C a s b y  (1958).

Use of an  ellip tic  m odel in troduces a new  p a ram e te r in descrip tion  of 
th e  hom e range, th e  p aram eter of d irection , m ak ing  it possible to  exam ine 
th e  d is trib u tio n  of ind iv idua ls’ hom e ran g es in the  area, w hich is n o t the 
case w ith  the  c ircu la r m odel of the  hom e range.

A m in im um  n u m b er of 5 cap tu res of an  ind iv idual was accepted  in 
the p re sen t s tu d y  in  order to  estim ate hom e ran g e  size, since it  was 
found  th a t su b seq u en t cap tu res  do no t ex e rt any  sign ifican t effect on 
the value of s tan d a rd  deviations (Section 4). S im ilar re su lts  w ere ob tain­
ed by L i d i c k e r  (1966) and  Q u a d a n g u o  (1968) for M. musculus.  
N um erous au th o rs , how ever ( B l a i r ,  1942; H a y n  e, 1950; S t  i c k e 1,
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1954) s ta te  th a t  th e  rea l size of the  hom e ran g e  of sm all roden ts  can  be 
ca lcu la ted  a f te r  ob tain ing  10 cap tu res of an  ind iv idual. R a j s k  a (in litt) 
who used th e  m ethod of assessing hom e ran g e  g iven  by A d a m c z y k  
et al. (1966), and  ana lysed  th e  sam e m ate ria l as th a t  discussed in  th is
paper, found  th a t the size of th e  hom e ran g e  increases in d efin ite ly
to g e th e r w ith  the  nu m b er of cap tu res for old ind iv iduals, p a r tic u la rly
m ales. In  th e  case of young individuals, how ever, especially  fem ales, th e
size of th e  hom e range is estab lished  a f te r  only  a few  cap tu res . T he e rro r 
in assessing the  size of the hom e range by m eans of d e te rm in in g  the  
geom etrical cen tre  and s tan d a rd  deviations m ay  be due  to  th e  fac t th a t  
s tan d a rd  deviations from  th e  cen tre  d e term in ed  a f te r  several cap tu res  
a re  no t su ffic ien tly  sensitive to sing le new  c a p tu re  sites of an  ind iv idual.

T he m a te r ia l analysed  in  respect of shape an d  size of th e  hom e range 
and  d is tr ib u tio n  of ind iv iduals in th e  area  w as e lab o ra ted  in d e ta il in 
respect of dynam ics of popu lation  num bers, age s tru c tu re  an d  rep ro d u c­
tion (B u  j a 1 s k a et al., 1968; G l i w i c z  et al., 1968; P e t r u s e w i c z  
et al., in litt.). N um erous au thors, w hose in v estig a tio n s w e re  p rim arily  
concerned  w ith  th e  th e  size of th e  hom e range, found th a t it varies de­
pend ing  on a large n u m b er of factors, such as popu la tion  density  
(Y e r g e r, 1953; S t i c k e 1, 1960; G e t z ,  1961), age an d  sex  s tru c tu re  
( N a u m o v ,  1951; Y e r  g e r, 1953), cover of th e  a rea  ( B l a i r ,  1951; 
Y e r  g e r, 1953), food, season of the y ea r ( Y e r g e r ,  1953). T he sim ul­
taneous action  of these facto rs on th e  sp a tia l d is trib u tio n  of th e  p opu la­
tion  freq u en tly  m akes it im possible to  trace  th e  m ost im p o rtan t fac to r 
ac tin g  a t th e  given m om ent.

T he shape of th e  hom e range did  no t ex h ib it any  d irec t dependence 
on popu lation  density , n e ith e r did th e  age of ind iv iduals d irec tly  affec t 
th e  d eg ree  of elongation of th e  hom e range. M o h r  (1965), who gives 
several exam ples of elongated hom e ran g e  of sm all m am m als, s ta tes  th a t 
th e  d eg ree  of elongation of th e  hom e ran g e  .is constan t, an d  it is only  its 
size w hich  varies.

T he d iffe ren tia tio n  in size of hom e range depending  on sex, m ost 
d is tin c tly  expressed  in  cohort K 0, ag rees w ith  th e  da ta  ob ta in ed  fo r C. 
glareolus  by M a n v i l l e  (1949), N a u m o v  (1951), B r o w n  (1956), 
R a d d a  (1968), R a j  s k a  (in litt.). S ligh t d ifferences b e tw een  th e  size 
of th e  hom e range of fem ales in  th e  various cohorts  and  slig h t varia tions 
in  hom e ran g e  size in  tim e show  th a t th e  fem ale is less ac tiv e  th an  th e  
m ale, R a d d a  (1968) found  th a t the fem ales of C, glareolus  v isit the  
sam e or neighbouring  ca tch  points. M ales on th e  o th e r h an d  change th e ir 
ac tiv ity  an d  the  size of hom e range d u rin g  a year, p ro b ab ly  depending  
on  th e  p a r t  w hich th ey  p lay  in reproduction . G rea t ac tiv ity  increases 
bo th  th e  possib ility  and  freq u en cy  of con tac t w ith  fem ales, and  the
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decrease  in a c tiv ity  in  au tu m n  is p ro b ab ly  due to th e  te rm in a tio n  of 
th e  rep ro d u c tio n  season. The second basic re la tion  found  is the  effect 
ex e rted  by th e  tim e of e n try  of ind iv iduals in to  th e  p o pu la tion  on th e  
size of th e  hom e range. T hus it is no t only  th e  age of ind iv iduals, b u t 
also th e  c u r re n t com position of ind iv iduals in th e  popu la tion , w hich 
in fluences sp a tia l re la tions betw een  ind iv iduals. S im ilar re su lts  w ere 
ob ta ined  by  R a j s k a  (in litt.). G l i w i c z  (1970) found th a t th e  la te r  
a cohort e n te red  th e  population , the  low er its  trap p ab ility . On th e  basis 
of s tud ies by C r o w c r o f t  & J e f f e r s  (1961) an d  A n d r z e j e w ­
s k i  et al. (1967) th is a u th o r in te rp re ts  th ese  d ifferences as being  caused 
by  social re la tio n s betw een  ind iv iduals. I t w ould  ap p ear th a t  th e  observed  
d ifferences in  hom e range size of the sam e cohorts can  also be  exp lained  
by these  phenom ena. T he d iffe ren t course tak en  by v a ria tio n s  in  hom e 
a rea  size of d iffe ren t cohorts d u rin g  th e  season in both  y ea rs  m ay  re su lt 
fro m  th e  d iffe re n t dynam ics of num b ers and  d iffe ren t d u ra tio n  of the  
rep ro d u c tio n  p e rio d  (B u j a 1 s k  a in litt.), and  also c lim atic  an d  h ab ita t 
d ifferences.

T he size of th e  hom e ran g e  p ro b ab ly  depends not on ly  on popu lation  
d ensity , as show n by decrease in  size of th e  ran g e  from  sp rin g  to au tu m n  
in d ep en d en tly  of p o pu la tion  dynam ics. T he d eg ree  of overlapp ing  of 
hom e ranges, how ever, is th e  func tion  of v aria tio n s  dn p o p u la tio n  nu m ­
bers and  size of hom e range. S im ilar re su lts  w ere  ob ta ined  by K a r a ­
s e v a  (1956) an d  R a j s k a  (in litt.). T he considerab le  overlapp ing  of hom e 
ran g es in  sp rin g  in re la tio n  to  n u m b ers  m ay be exp lained  by th e  size of 
th e  hom e range. I t is m ain ly  m ales w hich  a re  responsib le  fo r th is, as 
d u rin g  th is  tim e th e ir  hom e ran g es a re  v e ry  ex tensive . D ecrease in  over­
lapp ing  of hom e ranges dn au tu m n  (not co inciding w ith  popu la tion  dy­
nam ics in  1967) is due to ind iv iduals reducing  th e  size of th e ir  hom e 
ran g es a t th is  tim e.

T he random  d is trib u tio n  of geom etrical cen tres  of hom e ran g es found  
in  th e  s tu d y  w ould  ap p ear to  confirm  th e  assum ption  th a t ind iv iduals 
of th e  p o pu la tion  organize them selves spatia lly  by  red u cin g  or increasing  
th e ir  hom e ranges.

A nalysis of location of hom e ranges in th e  6 d irec tions d istingu ished  
show ed th a t  th ey  v a ry  depending  on the  level of p o pu la tion  n um bers. 
T he d irec tion  of location  of hom e ranges co rrespond ing  to  th e  longest 
a x is  of he  is land  is m ost in ten siv e ly  used in consecutive censuses in 
both  years . L ocation  of hom e ranges in the o th e r d irec tio n s d istingu ished  
is m o re  random  w hen  popu lation  n u m b ers  a re  h igh  (Ju ly  1966).

A nalysis of sh ift in geom etrical cen tres of hom e ranges show ed th a t  
th e re  is a ten d en cy  to  a s lig h t b u t constan t sh ift of hom e ranges over 
th e  area  (Section 4 an d  7.3). This agrees w ith  th e  d a ta  given by M i l l e r
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(1958), S o l d a t o v a  (1962), H o w  (1963), K i k k a w a  (1964). The 
g rea te r sh ift in th e  cen tres  of th e  hom e ranges of m ales th a n  fem ales 
show s tha t fem ales a re  charac te rized  by no t o n ly  a fa ir ly  co n stan t size 
of th e  hom e range b u t also by its  location in th e  stu d y  area . M ales ex tend  
or reduce th e ir  hom e ranges, s im u ltaneously  sh iftin g  them . W hen th ere  
are only slig h t v a ria tio n s  in  th e  size of the hom e ran g e  th e re  is a te n ­
dency  to red u c tio n  in sh ift in  tim e (fem ales of cohort K 1 and  K 2 in  1966, 
1967, m ales of cohorts and  K 2 in  1966), w h ile  sudden  changes in the  
size of the hom e ran g e  (m ales of cohorts K 1 an d  K 2 in 1967) a re  con­
nected w ith  considerab le sh ift in  th e  cen tre  of th e  hom e range, w hich,

Fig. 10. M ain factors influencing the home range characters investigated.

w ith  reduction  in  th e  hom e range betw een  S ep tem b er an d  N ovem ber 
leads to  th e  location of th e  cen tra l p a r t  of th e  hom e ran g e  in  th e  p a r t 
w hich  was p rev iously  perip h era l.

S patia l o rgan ization  of th e  popu lation  on th e  is lan d  can  th u s  be 
described as follow s: in  sp ring  th e  popu lation  consists of ind iv iduals 
w hich  have lived th ro u g h  th e  w in te r. M ales have  large and  elongated 
hom e ranges, located  in  several of th e  m ost conven ien t d irec tio n  co rres­
ponding  to th e  location of th e  hom e ranges of fem ales. T h is creates 
favourab le conditions fo r rep ro d u ctio n  w hich begins a t th a t  tim e, since 
it perm its  of freq u en t con tac ts betw een  m ales an d  fem ales.
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The place in th e  sp a tia l o rgan ization  of cohorts en te rin g  th e  popula­
tion  from  J u n e  to  O ctober depends on m any  facto rs. I t w ould  seem  th a t 
th e  basic facto rs a re  th e  c u r re n t com position of ind iv iduals and  popula­
tion  n u m b ers  a t th e  tim e of th e  co h o rt’s en try , and  th e  num bers an d  role 
in rep roduction  of th e  la tte r . T h is  is show n by th e  re la tio n  betw een  the  
o rder in  w hich th e  cohorts e n te r  th e  population  and  th e  size, shape and 
location of hom e ranges in th e  s tu d y  area.

A fte r the rep roduction  season h as  ended  fe a tu res  such as age, sexual
m a tu rity  and  p artic ip a tio n  in rep ro d u ctio n  do no t s ign ifican tly  influence 
th e  spatia l organization. C o nsequen tly  in au tu m n  d iffe ren tia tio n  betw een 
cohorts (age) and  betw een  m ales an d  fem ales (sex) decreases, and  the  
overlapp ing  of hom e ranges lessens, as does th e  size of hom e ranges, 
p a r ticu la rly  of m ales.

The ch a rac te r of th e  in fluence ex e rted  by fac to rs considered  as basic 
ones on the observed  fe a tu res  of th e  hom e ran g e  a re  show n in Fig. 10.

S tudies w ere  m ade on an  iso lated  popu lation  (island) w h ere  th e re  w ere 
no possib ilities of ind iv iduals im m ig ra tin g  or em igrating . It is not know n 
w h a t effect isolation has on th e  sp a tia l o rganization  of th e  population , 
an d  th e re fo re  fu r th e r  stud ies a re  req u ired  on th e  spatial o rganization
of populations in hab iting  open w ooded land.
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APPENDIX

DEMARCATION OF THE ELLIPTIC HOME RANGE ON THE BASIS OF 
CAPTURE SITES OF AN INDIVIDUAL

Let us assum e th a t the following are determ ined for a given individual from 
em pirical data:

m x  — abscissa of geom etrical centre 
m y  -— ord inate of geom etrical centre
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(1) Sx x  — variance of abscissae of cap ture sites
&xy  — covariance of abscissae and ordinates of capture sites 
Syy — variance of ordinates of cap ture sites 

I t is easy to in te rp re t this inform ation in a suitably chosen system  of rectangu­
lar co-ordinates. We choose this system  (for the given individual) so th a t its be­
ginning coincides w ith the centre of the home range and the covariance of abscissae 
and ordinates in this system  is equal to  zero.

If we indicate the co-ordinates of the new  system by u , v, then  the following 
equation will take place between old and new co-ordinates (old co-ordinates — 
co-ordinates connected w ith  the trap  grid  in  the study area)
(2) u =  ar'cos <p +  y 'sin  qp

V = —x'sin  <p +  y 'cos qp 
w here x '  =  x  — m x , y '  = y  — and <p is the angle form ed by the axis of abscissae 
of the new  system  w ith the axis of abscissae of the old system. Thus, if the 
co-ordinates of the trapping site of an individual in the old system  w ere (x t, y t), 
then in the new system they will be (uit v t).

Equations (2) enable us to express the variances, co-variances and centres in 
the new system  of co-ordinates through param eters (1) calculated em pirically in 
the old system : 

mu =  0 
m v  = 0

^  ¿UU ~  X̂XC0S* f  C0S V +  ¿¡yySin2
d u v  =  d x y cos* ip —  i -  (5x;r —  &y y ) s m 2 < p

&vv  =  5x;ts in ! <p — 2 iS^ySin <p cos qp +  5yJ/cos2 
If in accordance w ith  the prem ises we now accept an angle qp so th a t ¿UB =  0, 

then from  (3) we obtain the equation:

Fig, l i .  Connection betw een old and new  system  of co-ordinates.
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sin 2 tp = 0

which perm its to find the angle rp:
(4) t g 2 9? =  2 6X!/ ( (5IX - a w )
W ith this choice of angle tp from  (3) we obtain by means of easy trigonom etrical 
conversions the following equations:

Knowledge of angle tp, which can easily be calculated from  (4) and of co-ordinates 
of the some range centre enables us to  define completely a new system  of co-ordi­
nates (Fig. 11). This system  is convenient because the tw o-dim ensional function of 
density of probability is expressed in it by the following sim ple equation:

tu re  sites in the new system  of co-ordinates. Curves of uniform  density of pro­
bability  in this system  are the curves

These ellipses have their centre at the beginning of the system  of co-ordinates 
(u, v) (that is, in th e  centre of the individual’s home range) and the ir m ain axes
lie on the axes of the co-ordinates of the new system  (and are  thus inclined to
the axis of the old system  a t an angle <p).

If w e assum e

(8) u =  g . 5ucos a 
v =  q • <5vsin a

then the function of d istribution  of density of probability  (6) takes on the p a r­
ticu larly  sim ple form:

and curves of uniform  density of probability  are expressed by the equation:

E quation (10) defines the sam e ellipse as equation (7). P robability  of occurrence 
of a cap ture site  w ithin the ellipse w ith  equation

®  ö u u  =  äx x  +  

ä u v  “  0 

—  ^yy

(6)

w here <5U = /<5UU. ¿V= | / 5 WW are  standard  deviations of the co-ordinates of cap-

f (u, v) =  const 

th a t is, ellipses w ith equations

(7) u* /  Suu +  vs /  c5vv =  const

(10) Q =  COnSt

(ID I? =  r

(assum ing tha t the d istribution of cap ture sites is in fact a norm al distribution)
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can be calculated by in tegrating  the function of density (6) over the area dem ar­
cated by ellipse (U):

( 12)

PW= $ J 2/f£eXp(-^/2)jed 6 dG = f  exp|~ eS/2j 1~ e3£p|— r2 / 2̂
In particular, assum ing r =  ^ 2  from  (12) we obtain 

P(V~2) =  0.6321

Ellipse w ith equation g =  ]/ 2 has in the system  of co-ordinates u, v the equation

u * /iuu +  v * / ivv = 2

tha t is the length of its half-axes respectively equal

(i3) j/T<5u, ^ r a v

If we assume r = }^ 6 we obtain

P ( ^ 6 )  =  1 — exp (— 3) =  0.9502 

The ellipse w ith equation q =  ^ 6  has axes j / 3 tim es longer than axis (13).

M aria MAZURKIEWICZ

KSZTAŁT I WIELKOŚĆ ORAZ ROZMIESZCZENIE AREAŁÓW OSOBNICZYCH 
C L E T H R IO N O M Y S  G Ł A R E O L U S  ( S C H R E B E E ,  1780)

'  Streszczenie

Prześledzono zm iany kształtu  i w ielkości areałów  oraz rozmieszczenie osobni­
ków w zależności od s tru k tu ry  w iekowej, płciowej i dynam iki liczebności popu­
lacji. Analizę przeprowadzono przy zastosow aniu zaproponowanego eliptycznego 
modelu areału będącego uogólniającą m odyfikacją przyjętego dotąd modelu koli­
stego ( C a l h o u n  & C a s b y ,  1958), M odyfikacja ta, jak  w ykazały niniejsze i póź­
niejsze badania, lepiej oddaje sposób poruszania się osobnika po powierzchni i po­
zw ala na analizę kształtu  areału i kierunków  chętniej przez osobnika w ykorzysty­
wanych, jest też zgodna z obserw acjam i w ielu autorów  wydłużonego areału  drob­
nych ssaków.

M ateriał analizowany został uzyskany w  latach 1966, 1967 z badań populacji C. 
glareolus zam ieszkującej wyspę o pow ierzchni 4 ha na jeziorze Beldany (północna 
Polska) (Fig. 1), k tó ra  pokry ta była 159 punktam i połowu gryzoni. M etodykę zbie­
rania danych oparto na zasadzie łowienia i znakow ania zwierząt, wypuszczania 
i ponownego łowienia (CMR), Co roku od wiosny do jesieni przeprowadzono 5 serii 
połowów.
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G l i w i c z  e t al. (1968) i P e t r u s e w i c z  e t al. (in litt.) określili metodę spi­
su powszechnego liczebność osobników na wyspie w  kolejnych seriach połowu oraz 
podzielili wszystkie osobnika populacji na kilka grup różniących się czasem uro­
dzenia a obejm ujących osobniki o podobnym wieku (Fig, 2). W yróżnione pokole­
nia: wiosenne, wczesnoletnie, póżnoletnie i jesienne były podstaw ą analizy zależ­
ności między stru k tu rą  wiekową populacji a param etram i je j s tru k tu ry  przestrzen­
nej.

Analiza szczegółowa objęła osobniki, które uzyskały co najm niej 5 złowień w 
jednej serii połowów (Tab. 1). W poszczególnych seriach osobniki zrealizowały 
Średnio od 7,7 do 14,9 złowień. Ogółem przeanalizowano 1157 osobników o łącznej 
liczbie 13 882 złowień (Tab. 2).

Analiza uzyskanych w yników  wykazała, że:
1. K ształt areału  osobniczego (mierzonego stosunkiem  osi areałów  eliptycznych) 

był wydłużony, średnio o jednej osi 2,5 raza dłuższej od drugiej. Na 1157 analiz 
areał bliski kolistego (stosunek osi 1—1.57) posiadało 30% osobników. Areał o sto­
sunku osi 1,57—2,51 posiadało 40°/o osobników, a bardziej wydłużony areał o sto­
sunku osi 2,51—10 posiadało 30% osobników (Fig. 4).

Stopień w ydłużenia areału  spada od wiosny do jesieni. N ajbardziej wydłużone 
areały m iały samce w okresie w iosennym. Im później się rodziły osobniki, tym 
ich areały  były bardziej koliste (Fig, 5, Fig. 6).

2. Średnia wielkość areału (wielkość areału  określono pow ierzchnią elipsy za­
w ierającej 95°/o złowień osobnika) wyliczona dla całej populacji spada od wiosny 
do jesieni niezależnie od dynam iki liczebności różnej w obu latach. Stopień n a­
kryw ania się areałów  zależy od wielkości areałów  i poziomu liczebności populacji 
(Tab. 6). We w szystkich seriach połowów stwierdzono zróżnicowanie w wielkości 
areałów  między sam cam i i samicami. Sam ce m iały większe areały niż samice, n a j­
w iększa różnica w ystąpiła w kw ietniu  i czerwcu w śród przezimków. Zarówno sam ­
ce jak  i samice m iały w momencie w ejścia do populacji m niejsze areały  niż osob­
niki, które wcześniej się urodziły (Fig. 7, Fig. 8).

3. Rozmieszczenie osobników na powierzchni scharakteryzow ane rozmieszcze­
niem geom etrycznych centrów  ich areałów  było losowe (Tab. 7). Przesunięcie geo­
m etrycznych centrów  areałów  osobniczych między kolejnym i seriam i połowów 
(1,5 miesiąca) było niewielkie. 51% ogółu osobników przesunęło cen tra swoich are­
ałów średnio 7,5 m, 25% osobników średnio 15 m, a ty lko 24% osobników przesu­
nęło cen tra  swoich areałów  na większe odległości (od 30 do 150 m) (Fig. 9). P o­
równanie średniego przesunięcia geom etrycznego centrum  areałów  samic i sam ­
ców w  różnym wjeku wykazało większe przesuw anie centrum  areału  przez samce 
niż przez samice w tym  samym wieku, szczególnie przy gw ałtownych zmianach 
wielkości areału. (Fig. 10, Fig. 11).

4. Analiza ułożenia areałów  na pow ierzchni określonego przy pomocy kąta  n a­
chylenia długich ich osi do osi rzędów sieci punktów  połowu wykazała, że głów­
nym kierunkiem  utożenia areałów  byl k ierunek  odpow iadający najdłuższej osi 
wyspy (Fig. 12, Fig, 13). Wysoki poziom Liczebności powodował bardziej przypad­
kowe ułożenie areałów  na powierzchni. Również poszczególne grupy wiekowe im 
później wchodziły do populacji, tym  bardziej przypadkowo były ułożone areały 
osobników do nich należących. Mogłoby to sugerować, żc kształt areału  i kierunek 
jego ułożenia jest wynikiem  ograniczonej powierzchni wyspy i je j kształtu. Jed ­
nak w stępna analiza ( M a z u r k i e w i c z ,  1969) wykazała, że eliptyczny kształt 
miały również areały osobników C. glareo lus  na terenie leśnym, o tw artym  (Kam- 
pinowski P ark  Narodowy).
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Przedstaw ione w yniki w skazują, że eliptyczny model areału  osobniczego jest 
bliższy rzeczyw istem u rozłożeniu złowień osobnika niż stosowany ogólnie model 
kolisty. Pozw ala on jednocześnie na pełniejszą charak terystykę s tru k tu ry  p rze­
strzennej populacji poprzez w prow adzenie nowych param etrów  dla jej badania: 
kształtu  areału  i kierunków  ułożenia areałów  na powierzchni.


