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L arg e  g roups of E u ro p ean  h a re s  (from  400 to 1400 in d iv id u a ls  in  n u m ­
b er, d ep en d in g  on th e  size o f th e  a rea ), w e re  in tro d u c e d  in to  
th re e  a re a s  d iffe rin g  as to  th e  den sity  of th e  local h a re  p o p u la tio n  an d  
q u a lity  of th e  h a b ita t. T h e  h a re s  in tro d u ced  w ere  m ark ed  so th a t  th ey  
could  be  d is tin g u ish ed  fro m  in d iv id u a ls  belong ing  to th e  lo ca l p o p u la ­
tion . O b se rv a tio n s  m a d e  by m eans of th e  a ssessm en t b e lt m e th o d  and  
cap tu re s  of th e  a n im a ls  fo r check ing  show ed th a t  th e  in tro d u c e d  h a re s  
d isap p ea r from  th e  se ttle d  a re a s  to a g re a te r  degree  th a n  w o u ld  a p p e a r  
to be th e  case  w ith  n o rm a l in te rc h a n g e  of in d iv id u a ls  in a p o p u la tio n .
T h e  in te n s ity  and  r a te  of th is  p rocess is g re a te r  w h e re  th e  loca l p o ­
p u la tio n  is m ore  n u m ero u s , b u t it  does n o t seem  to depend  on h a b ita t 
cond itions. T he h a re s  in tro d u ced  occupy a re la tiv e ly  sm a lle r p e rcen tag e  
of th e  c rops p re fe rre d  by  th e  local p o pu la tion . T he d is tr ib u tio n  in  space  
of th e  h a re s  tak e s  th e  fo rm  of co n cen tra tio n s. I t  w as no t fo und  th a t  th e  
n u m b ers  of th e  p o p u la tio n s  ex am in ed  w ere  in creased  as a re s u l t  of th e  
in tro d u c tio n  of o th e r  h a re s .
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I. IN T R O D U C TIO N

E co lo g ica l s tu d ie s  on gam e an im a ls  possess th a t  p a r t ic u la r  a sp ec t w h ich  u su a lly  
c h a r a c te r i s e s  s tu d ie s  on ob jec ts  of u se  to m an , th a t  is, th e  d u a l c h a ra c te r  of such  
sttuidies, th e o re tic a l and  p ra c tic a l . T he p u rp o se  of th e  p re se n t s tu d ie s  w as s im ila r —
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on one h an d  th ey  w ere  a im ed  a t com paring , u n d e r n a tu ra l conditions, som e of th e  
re su lts  o b ta ined  by la b o ra to ry  ex p erim en ts , and  on th e  o th e r th e y  w ere  in tended  
as a p re lim in a ry  a tte m p t a t sc ien tific  assessm en t of th e  m ethod  in g en e ra l u se  in 
gam e m an ag em en t of in c reasin g  th e  h a re  p o pu la tion  by in tro d u c in g  new  in ­
d iv iduals .

T h e  in tro d u c tio n  of new  in d iv id u a ls  in to  popu la tions liv ing  in  a g iven  a rea  is 
no t in itse lf an  a r t if ic ia l phenom enon  from  th e  n a tu re  po in t of v iew , since the  
co n tin u ity  of any  pop u la tio n  is only possib le  by m eans of th e  co nstan t ad d itio n  to 
it of new  in d iv id u a ls  of th e  sam e species. T h is is e ffected  p r im a rily  by the  e n try  
of young  in d iv id u a ls  bo rn  from  in d iv id u a ls  of th e  local p o p u la tion . I t is also 
know n, how ever, th a t  in te rch an g e  of a d u lt ind iv id u a ls  tak es  p lace  in v e r te b ra te  
p o p u la tions by m eans of m ig ra tio n  and  th e re fo re  p rocesses of e n try  and  se ttlem en t 
also ex is t ( R a i l ,  1936; N a u m o v ,  1956, 1961; A 11 e e et al., 1958; A n d r z e j e w s k i  
& W i e r z b o w s k a ,  1961; A n d r z e j e w s k i  & W r o c ł a w e k ,  1962; A n d r z e ­
j e w s k i ,  1963; O d u m ,  1963; P e t r u s e w i c z ,  1965, and o th ers . If  th e re fo re  th e  
phenom enon  of n a tu ra l  in tro d u c tio n  of new  in d iv id u a ls  tak es p lace  in n a tu re , e x ­
p e rim e n ta l in tro d u c tio n  shou ld  m ak e  it possib le  to define th e  fac to rs  govern ing  
th e  course of th is  phenom enon  and  its effec t on th e  popu la tion . I t  w ould  th e re fo re  
ap p ea r u sefu l to p re sen t som e of th e  opinions h e ld  on th is  sub jec t.

T he en try  of new  in d iv id u a ls  evokes th e  reac tio n  of re s is ta n c e  on th e  p a r t of 
th e  p o pu la tion , w h ich  m ay  p rove  d isad v an tag eo u s to th em  not only d irec tly  
in th e  physica l sense, e.g. as th e  re s u lt of in tensive  fig h tin g  in w hich  the  
new com ers lose ( A n d r z e j e w s k i  et al., 1963) b u t also on accoun t of th e  fac t 
th a t  th ese  an im als  m ay  be su b jec ted  to m ore pow erfu l and la s tin g  effec ts of s tress  
( C h r i s t i a n ,  1960). S o l d a t o v a  (1962) d raw s a tten tio n  to  th e  re su lts  of 
re s is ta n c e  from  th e  po p u la tio n  to w ard s  n ew com ers in her d iscussion  of th e  w ay  
in w h ich  C itellus p y g m a e u s  ( P a l l a s ,  1778) occupies an a re a  in cases of h igh  
pop u la tio n  d ensity  of th is  species. A d a m c z y k  & R y s z k o w s k i  (1965) also 
d em o n s tra ted  th a t  a g re a te r  p e rcen tag e  of in d iv id u a ls  in tro d u ced  in to  an  em pty  
a re a  se ttle  th e re  th a n  th o se  in tro d u ced  in to  an  a re a  occupied  by a popu la tion  of 
th e  sam e species. T hey  also show ed th a t  in d iv id u a ls  in tro d u ced  into an  occupied 
a re a  d isap p ea r from  it m o re  q u ick ly  th a n  from  an em pty  a re a , and also th a t in 
th e  f i r s t  case th ey  d isap p ea r e a r lie r  th a n  local ind iv idua ls . I t m u s t how ever be 
added  th a t  it is d ifficu lt to say  w h e th e r such  a s itu a tio n  is typ ica l. A n d r z e ­
j e w s k i  (1963) in ex am in in g  th e  p rocesses of incom ing, se ttlem en t and  d isap p ea ran ce  
of sm all roden ts , found  th a t th e  n u m b er of an im a ls  en te rin g  and se ttlin g  is in 
p ro p o rtio n  to th e  n u m b er of re s id e n t an im als .

T his s itu a tio n  of course  involves fu r th e r  consequences to th e  in d iv idua ls  in tro ­
duced. A n d r z e j e w s k i  et al. (1963) d ra w  a tten tio n  to th e  h igh  m o rta lity  ra te  
of in tro d u ced  in d iv idua ls , as did A d a m c z y k  & R y s z k o w s k i  (1965) w ho also 
show ed th a t in tro d u ced  an im a ls  a re  ch a ra c te rise d  by sm alle r rep ro d u c tiv ity , 
considerab le  a c tiv ity  an d  a lesse r deg ree  of a tta c h m e n t to a g iven p lace. T h is 
la t te r  c h a ra c te r is tic  po in ts to th e  tendency  of in troduced  an im a ls  to m ig ra tio n  and  
in th is  connection  it m u s t be rem em b ered  th a t  th e  gen era lly  u n fav o u rab le  s itu a tio n  
of a m ig ra n t and  its  red u ced  ch an ces of su rv iv a l as th e  re s u lt of p oo rer k n o w ­
ledge of th e  a rea , g re a te r  ex p o su re  to  p re d a to rs  etc. a re  w ell know n ( A n d r z e ­
j e w s k i  & W r o c ł a w e k ,  1961; P i e l o w s k i ,  1962; P e t r u s e w i c z ,  1965). A n ­
d r z e j e w s k i  et al. (1963) show ed th a t  in tro d u ced  in d iv id u a ls  w h ich  succeeded  in 
in te g ra tin g  them selves w ith  th e  local pop u la tio n  occupy th e  low est p laces in th e  
social h ie ra rc h y  of th e  p o pu la tion . A ll th is  of cou rse  app lies  fo r as long as th e
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in d iv id u a l con tinues to re ta in  th e  c h a ra c te r  of an in troduced  in d iv id u a l. A fte r 
a c e rta in  tim e  th e  in tro d u ced  in d iv id u a l becom es in teg ra ted  w ith  th e  p o pu la tion  
and  it is th en  th a t its advance  w ith in  th e  socia l s tru c tu re  of th e  po p u la tio n  becom es 
possib le ( W a ł k o w a ,  1964).

A tten tio n  m u s t n e x t be d raw n  to th e  d irec tions in w hich in tro d u c tio n  m ay  a ffec t 
a p o pu la tion  into w hich  it takes p lace . T h is p rob lem  is d irec tly  connected  w ith  
a question  of considerab le  econom ic im p o rtan ce  to gam e m an ag em en t, th a t  is, 
in c rease  in popu la tion  num bers fo rm ing  th e  re s u lt of m an ’s in ten tio n a l efforts .

In  po p u la tio n s in w h ich  changes in  th e  com position  of in d iv id u a ls  a re  of defined  
in ten s ity  and  thus in w hich  th e re  is a c e rta in  constan t or only s ligh tly  v a riab le  
leve l of in te rch an g e  b e tw een  in d iv id u a ls , it w ould  seem  th a t  th e  ecological o rg a ­
n isa tio n  is also of a re la tiv e  s tab le  ch a ra c te r . T h is s tab ility  m ay  be d is tu rb ed  by 
a  change in  in ten s ity  of in te rchange  b e tw een  ind iv idua ls  in th e  p o pu la tion , causing  
as a re s u lt reco n s tru c tio n  of th e  popu la tion  o rgan isa tion  and  in consequence, 
v a ria tio n s  in  p o pu la tion  num bers. A change in th e  in ten sity  of in d iv id u a l in te r ­
change m ay  also evoke in th e  p o pu la tion  th e  phenom enon of co n se rv a tiv e  co u n te r­
ac tion  to th e  changes in th e  ex is tin g  o rgan isa tion .

W hen considering  in tro d u c tio n  p rob lem s from  th is  aspect it m u st be em phasised  
th a t  th e  e ffec t of in tro d u c tio n  on a local pop u la tio n  m ay be ex p ressed  not only 
by an im m ed ia te  in c rease  in th e  n u m b ers  of th is  popu la tion  to th e  e x te n t of th e  
n u m b er of in d iv id u a ls  in troduced  or by th e ir  rep ro d u c tio n  d u rin g  th e  period  
d irec tly  su b seq u en t to  in troduction . T his la t te r , in th e  lig h t of th e  stud ies  m ade 
by A d a m c z y k  & R y s z k o w s k i  (1965) w ould  in fac t a p p e a r  to be of v e ry  
l i t t le  im p o rtan ce  in c e r ta in  cases, p a r tic u la r ly  w hen  in troduc tion  tak es p lace  in to  
a rea s  a lre a d y  occupied  by a popu la tion  of th e  sam e species. In tro d u c tio n  m ay  also 
h av e  an  inducing  e ffec t on v a ria tio n s  in n u m b ers  of the  local p o p u la tio n  as th e  
re s u lt of d is tu rb in g  its  popu la tion  s tru c tu re  ( P e t r u s e w i c z ,  1963). I t  w ould  no t 
ap p ea r, how ever, th a t  such  d is tu rb an ce  is la s tin g  in character,, since as show n by 
th e  in v estig a tio n  m ad e  by A n d r z e j e w s k i  et al. (1963) a f te r  a c e rta in  tim e  the  
in tro d u ced  in d iv id u a ls  occupy th e  low est p laces in th e  h ie ra rc h ic  s tru c tu re  of th e  
p o p u la tio n  w h ile  th e  basic system  of re la tio n s  betw een  local in d iv id u a ls  d e te r ­
m in ing  th a t  s tru c tu re , rem a in s unchanged . It is possib le how ever th a t  th e  in tro ­
duction  of a su ffic ien tly  la rge  g roup  of in d iv id u a ls  is capab le  of causing  th e  
th resh o ld  of th e  p o p u la tio n ’s re s is tan ce  to a change in its  o rg an isa tio n  to be 
crossed. In  such  cases th is o rg an isa tion  m ay  undergo  fa r -re a c h in g  reco n s tru c tio n  
or d isso lu tion , w hich  as a re su lt leads to th e  c rea tio n  of a new  m odel of o rg an isa ­
tion . S u p p o rt fo r th is  hypo thesis is p rov ided  by th e  fac t th a t  A n d r z e j e w s k i  
et al. (1963) found a decrease  in th e  n u m b er of f igh ts  per one in tro d u ced  in d iv id u a l 
w ith  an  in c rease  in th e  ra tio  of in tro d u ced  to local in d iv idua ls  in fav o u r of th e  
fo rm er. I t  is possib le  th a t  w ith  the  in tro d u c tio n  of so la rge  a  g roup  of ind iv idua ls , 
in th is  case  also th e ir  lo t m ay  be d if fe re n t from  th a t  p resen ted  p rev iously .

T he choice m ade of tim e  of in tro d u c tio n  is also of im p o rtan ce  to th e  course 
tak en  by  in tro d u c tio n . P e t r u s e w i c z  (1963) found  th a t in ten sity  of increase  
caused  by in tro d u c tio n  m ay  v a ry  depend ing  on th e  phase  of th e  p o p u la tio n ’s life  
and  its  g en e ra l p red isposition  to g ro w th  a t th e  tim e  of in tro d u c tio n . A n d r z e ­
j e w s k i  (1963), on th e  o th e r hand , show ed th a t  in ten sity  of se ttlem en t in re la tio n  
to th e  n u m b ers  of re s id e n t in d iv idua ls  is, in th e  case of sm all fo re s t ro d en ts , low  
d u rin g  th e  w in te r m on ths, th en  increases  to a tta in  a peak  in th e  a u tu m n  m onths.

In  gam e m an ag em en t p rac tice  in tro d u c tio n  of fre sh  an im als h as  long since been 
used as a b reed in g  p rac tice . T he f irs t reco rd s on th is  su b jec t re fe r  to p h easan ts
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in tro d u ced  fo r gam e pu rposes by C h arlem ag n e  ab o u t 800 A.D. In  th e  16th an d  
17th cen tu ry  re s e ttle m e n t of gam e w as re la tiv e ly  o ften  c a rr ie d  ou t, a lth o u g h  th is  
ap p lied  only to  th e  »noble« species — E u ropean  bison,, e lk , fa llow  deer, w ild  goat, 
bear,, w ild  cat, b eav er ( B i e g e r ,  1941; N i e t h a m m e r ,  1963). T h is  m ethod  
becam e com m on p rac tic e  in th e  19th cen tu ry , p a r t ic u la r ly  in re la tio n  to  re d  deer, 
p h easan ts  and  h a re s  ( T h u n  g e n ,  1911; B i e g e r ,  1941; N i e t h a m m e r ,  1963), 
and  w h a t is m o re  it is s till h e ld  to  be h ig h ly  effec tive . M any a u th o rs  ex p ress  
th e ir  conviction  as to its  e ffec tiveness in re la tio n  to th e  h a re  ( T h u n  g e n ,  1911; 
B i e g e r ,  1941; B e r g e r ,  1944; K o k  e ś, 1948; S z c z e p k o w s k i ,  1951; B u ­
d z y ń s k i ,  1953; T i l g n e r ,  1954a; S z e d e r j e i ,  1958 an d  o thers). I t  is p e rh a p s  
w o rth y  of n o te  th a t  th is  conviction  g en e ra lly  sh a red  by p ra c tic a l sp o rtm en  has 
re su lted  in sev e ra l h u n d red  th o u san d  h a re s  being  in tro d u ced  in E u ro p e  ev e ry  y ea r, 
a t g re a t expense,, b u t th e  sc ien tific  basis of th ese  o p era tio n s is v e ry  shaky .

II. D ESC R IPT IO N  OF T H E  STUDY A REA

T h ree  a rea s  w ith  d iffe ren t h a b ita t  cond itions and  d if fe re n t den sity  of th e  local 
pop u la tio n  w ere  chosen fo r th e  p u rposes of th ese  s tu d ies . T he p rin c ip le  observed  
w as th a t  p o o re r h a b ita t  conditions o ccu rred  to g e th e r w ith  a dec rease  in pop u la tio n  
density . P o p u la tio n  n u m b ers  and  h a b ita t conditions w ere  a rra n g e d  in th is  g ra d ie n t 
in o rd e r to fa c ili ta te  ana ly s is  of th e  e ffec t of th e se  tw o fac to rs  on th e  course  of 
in tro d u c tio n .

T he a rea s  chosen  w ere  th re e  gam e a reas : (1) »Brody«, in th e  N ow y T om yśl 
d is tr ic t of th e  P oznań  prov ince , 6.947 h a  in a re a , (2) »Lutom «, in th e  M iędzychód 
d is tr ic t of th e  P oznań  p rov ince , 7.535 h a  in a re a , (3) »Sokółka«, in  th e  S okółka 
d is tr ic t of th e  B ia ły stok  prov ince , 28.960 h a  in a re a  (Fig. 1—3).

D eta ils  of th e  soil conditions of these  a re a s  w e re  g iven in th e  stu d ies  by  L e n -  
c e w i c z  & K o n d r a c k i  (1952), K r y g o w s k i  (1961) an d  th e  In s titu te  of Soil 
Science, C u ltiv a tio n  and  F e rtiliz a tio n  (1961). T he basic  a g r ic u ltu ra l ch a ra c te r is tic s  
can  be sum m ed  up  as fo llow s:

C u ltiv a ted  soils of I I—IV  b o n ita tio n  class p red o m in a te  in  th e  B rody  a rea , 
belong ing  m a in ly  to la rg e  fa rm s, in ten siv e ly  c u ltiv a ted  an d  on a re la tiv e ly  h igh  
leve l of ag ro -te ch n ica l opera tions. C rops of th e  w h e a t-b e e t type .

Soils of th e  I I I—IV bo n ita tio n  class p red o m in a te  in  th e  L u tom  d is tr ic t, th e  
g re a t m a jo rity  be ing  p r iv a te  fa rm s of m ed ium  size. A sm all p a r t  of th e  a re a  
consists of w aste  lan d  and d eg rad ed  p a s tu re  (abou t 2%>). T he a re a  is m o d e ra te ly  
in ten siv e ly  c u ltiv a ted , th e  ag ro tech n ica l op era tio n s on th e  w ho le  th o ro u g h . C rops 
of th e  ry e -p o ta to  type.

Soils of th e  I I I—IV bo n ita tio n  class p red o m in a te  in  th e  S okó łka  a re a , w h ich  
consists a lm ost en tire ly  of sm all p r iv a te  fa rm s. W aste  lan d  an d  d eg rad ed  p a s tu re  
occupies a co n sid erab le  p a r t  (abou t 23%) of th e  a re a . C u ltiv a tio n  is n o t v e ry  
in tensive , ag ro tech n ica l opera tions so m ew h a t p rim itiv e . C rops of th e  ry e -p o ta to  
type.

III . M ETH O D S AND M A T ER IA L

T he s tu d ies  consisted  of th re e  m a in  s tag es: (1) p re -e x p e r im e n ta l in spection ,
(2) in tro d u c tio n  and  (3) in spection  a f te r  in tro d u c tio n .

(1) R outes w ere  m ark ed  ou t (Fig. 1—3) in  th e  f i r s t  stage , a long  w hich  an  e s t i­
m a te  w as tw ice  m ad e  of local po p u la tio n  n u m b ers , u sing  th e  a ssessm en t be lt
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m ethod , d u rin g  th e  la s t 70 days befo re  in tro d u c tio n . C e rta in  m o d ifica tions w ere  
m ade  to  th e  assessm en t be lt m ethod  ( J e z i e r s k i  & P i e l o w s k i ,  1958; P  i e- 
l o w s k i ,  1966), as th e  re su lt of experien ce  gained  over th e  perio d  of sev e ra l 
y ea rs  of m ak in g  stud ies, and  also th e  m eth o d ica l re q u ire m e n ts  of th e  stud ies 
described .

B elt a ssessm en t w as ca rr ied  ou t in th e  fo llow ing  w ay. F ou r peop le  (an assesso r 
+  3 a ss is tan ts)  w alked  along a b e lt 50 m  w ide  in  such  a w ay  th a t  th e  tw o peop le  
on th e  o u ts ide  m ark ed  out th e  b re a d th  of th e  b e lt and  th e  o th e r tw o w a lk ed

Fig. l .  P lan  of th e  B rody  ex p e rim e n ta l a rea .

Fig. 2. P lan  of th e  L u tom  e x p e rim e n ta l a rea .

be tw een  th e m  a t  even in te rv a ls  of ab o u t 16.5 m . T he assesso r reco rd ed  in h is 
re p o r t  a ll th e  h a re s  s ta r te d  up, keep ing  those  s ta r tin g  up  from  th e  b e lt an d  those  
from  ou ts id e  th e  be lt sep a ra te . T he fo llow ing d e ta ils  w ere  n o ted  fo r each  h a re : 
e x a c t tim e  a t  w h ich  it s ta r te d  up, d is tan ce  fro m  th e  lin e  of assesso rs  and  k ind  
of crop  fro m  w hich  i t  s ta r te d  up. By m u ltip ly in g  th e  len g th  of th e  be lt by its  
b re a d th  an a re a  is ob ta ined  to w hich  th e  h a re s  observed  in  th e  b e lt can  be re la te d  
and  th e  d en sity  p e r u n it of a re a  ca lcu la ted . B elt a ssessm en t w as used  only from
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S ep tem b er to  A pril, as du rin g  th e  rem a in in g  m onths th e  crops m ak e  it im possib le  
to use th is  m ethod .

It w as show n in th e  stud ies by P i e l o w s k i  (1966) and  J e z i e r s k i  (in p r e ­
p a ra tio n ) th a t  b e lt a ssessm en t e x h ib its  a tendency  to re g is te r in g  a la rg e r  n u m b er 
of h a re s  d u rin g  th e  w in te r  m onths, D ecem ber, Ja n u a ry , F eb ru a ry  and  som etim es

F ig . 3. P lan  of th e  S okółka ex p e rim en ta l a rea .

M arch  — th a n  in th e  au tu m n  and  sp rin g  m on ths (cf. also Fig. 4). T hese  au th o rs  
a tte m p te d  to e v a lu a te  th js phenom enon, po in ting  ou t th e  po ss ib ility  th a t  th e  
im p erfec tio n  of th e  m eth o d  itse lf m ay  e x e rt som e in fluence  — as m ay  also  th e  
fa c t th a t  h a re s  a re  less shy w hen  occu rring  in fields of som e crops,, th e  seasonal
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m ig ra tio n s w ith in  the  p o p u la tio n ’s h o m e-ran g e  to p laces w h ich  of necess ity  w ere  
not in c lu d ed  in th e  assessm en t be lt (low er head  in au tu m n ) — and  th e  w in te r 
m o rta lity  of th e  basic stock of th e  popu la tion  (low er head  in spring). W ithou t 
en te r in g  in to  v e ry  deta iled  an a ly s is  of th e  va lue  of th is  m ethod  for th e  pu rpose  
of e s tim a tin g  th e  ac tu a l h a re  p o pu la tion  num bers, it  w ou ld  a p p e a r  th a t  th is  
m ethod  is su ffic ien tly  re liab le  for com paring  the  levels of p opu la tion  n um bers . 
T h e re  a re  u n fo r tu n a te ly  no o th e r m ethods by m eans of w h ich  in fo rm atio n  on 
v a ria tio n s  in  h a re  popu la tion  n u m b ers  can be ob ta ined  u n d e r fie ld  conditions.

In th e  case of th e  B rody  and  L u tom  a reas  d a ta  on age  an d  sex  s tru c tu re  of th e  
p o p u la tio n  w ere  collected  im m ed ia te ly  befo re  in tro d u c tio n  on th e  basis of th e  
h a re s  sho t d u rin g  shoots, in o rd e r to com pare  them  w ith  s im ila r d a ta  ob ta ined  
a f te r  in tro d u c tio n . Som e re se a rc h e rs  use ana ly s is  of th is  k in d , desp ite  th e  va rio u s 
ob jec tions w h ich  can be m ade  to it (T i 1 g n e r, 1954b, 1957a, 1957b; R i e c k , 1955, 
1956; A n d r z e j e w s k i  & P i e l o w s k i ,  1957; J e z i e r s k i  & P i e l o w s k i ,  
1958; S z e d e r j e i ,  1958; J e z i e r s k i ,  1959, 1965; H e l l ,  1960; P i e l o w s k i ,  
1961; P e t r o v  & D r a g o e v ,  1962 and others).

Table 1.
C om parison  of m a te r ia l ob ta ined  befo re  in tro d u c tio n .

P lace  of 
in tro ­

duction

A ssessm ent
belts

N
um

be
r 

of
 

as
se

ss
m

en
ts

 
be

fo
re

 
in

tr
o-

 
du

ct
 

on

T o tal 
nu m b er 

of 
hares 

in belt

N um ber of h a re s  shot im m edia te ly  
befo re  in tro d u c tio n

L
en

gt
h,

km A
re

a
ha

T o tal c f c f 9 9 Y oung
O ver 

1 y ear 
old

B rody 30 150 2 172 276 135 141 105 171
L utom 20 100 2 33 278 106 172 131 147
Sokółka 35 175 1 22 — — — — —

(2) T he second stage  covered  th e  re lease  of h a re s  in to  th e  va rio u s a reas . T he 
h a re s  in ten d ed  for in tro d u c tio n  w ere  ob ta ined  by o rd in a ry  cap tu re s  m ade  in o th e r 
a reas . B efo re  th e ir  in tro d u c tio n  they  w ere  exam ined  to a sce rta in  age and sex  
s t ru c tu re  and  m ark ed  by docking  one th ird  of th e  r ig h t e a r and ring ing  th e  ear 
w ith  a consecu tive  num ber. T he sex  of the  h a res  w as e s tab lish ed  by ex am in in g  
th e  e x te rn a l gen ita lia , and th e  age by th e  classic S t r o h  m ethod  (1931). R ecen tly  
th is m eth o d  has been som ew hat c ritic ised  ( B u j a l s k a ,  C a b o ń - R a c z y ń s k a  
& R a c z y ń s k i ,  1965), bu t th e re  is a t p re sen t no o th e r m o re  re liab le  m ethod  by 
m eans of w h ich  la rg e  n u m b ers  of live  h a res  can be ex am in ed  u n d er field' 
conditions.

(3) T he th ird  s tage  began on th e  5th day a f te r  in tro d u c tio n , by ca rry in g  out 
be lt a sse ssm en t every  14 days on th e  sam e belts  as b efo re  in tro d u c tio n  and by 
using  th e  sam e m ethod . A 10X m ag n ify ing  fie ld -g lass  w as used to a sce rta in  
w h e th e r  th e  h a re s  belonged to th e  local p o pu la tion  or w as one of th e  in tro d u ced  
an im als . I t w as found th a t th is  g lass w as su ffic ien t to d is tin g u ish  m ark ed  from  
u n m a rk e d  h a re s  a t d is tance  up  to 400 m.

In  o rd e r to  estab lish  th e  percen tag e  of d iffe ren t crops covering  th e  s tu d y  a reas  
w e a lso  c a rr ie d  out ch ro n o m etry  of th e  crops. O ne of th e  assesso rs reco rded  each 
ch ange  in th e  k ind  of crop th ro u g h  w hich  th e  assessing  g roup  passed , w ith  ex ac t 
tim in g  (w ith  accu racy  up to V* of a m inu te).
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D uring  th e  tw o -y e a r  period  fo llow ing  in tro d u c tio n  d a ta  on age and  sex  s tru c tu re  
w ere  co llec ted  in  each  stu d y  a rea  from  th e  h a re s  sh o t in th em , an d  d a ta  w e re  
co llec ted  u p  to th e  tim e  of e lab o ra tin g  m a te ria l, from  th o se  tak in g  p a r t  in  shoots 
on th e  n u m b er of m a rk e d  h a re s  (in troduced) shot.

A  su m m arised  p re se n ta tio n  of th e  m a te r ia l co llected  is g iven  in  tab les  1— 3.

T ab le  2.
N um bers  and  sex  and  age ra tio s  in th e  in tro d u ced  groups of h ares .

P lace of 
in tro d u c tio n

D ate of 
in tro d u c tio n

P lace of 
o rig in N ç fc f 9 9 Y oung

O ver 
1 y ea r 

old

B rody Jan . 21, 1960 C zem piń 473 213 260 129 344
L utom Jan . 28, 1961 C zem piń 398 156 242 42 356

Sokółka F eb r. 13, 1962 O lszyny
G ierłoż 1.376 491 885 467 909

T ab le  3.
C om parison  of m a te r ia l ob ta ined  a f te r  in tro d u c tio n .

P lace  of 
in tro ­

d u c tion

A ssessm ent
b e lts

N
o.

 
of

 
as

se
ss

m
en

ts No. of h a res  observed

L
en

gt
h,

km A
re

a,
ha

T o tal
In  be lt B eside be lt

Local In tro d u ced L ocal In tro d u ced

B rody 41 205 8 2.392 702 40 1.595 55
L utom 20 100 7 436 147 54 181 54
Sokółka 35 175 7 352 129 80 78 65

N um ber of h ares sho t ov er p e rio d  of 2 y ears  a fte r  
in tro d u c tio n No. of

recoveries
T o ta l cTo* 9 9 Y oung O ver 1 y ea r old

B rody 490 259 231 78 412 7
L utom 227 105 122 73 154 49
Sokółka 274 120 154 93 181 24

D ifferences in  th e  len g th  and  a re a  of a ssessm en t be lts  in  th e  B rody  a re a  due  to 
th e  fa c t th a t  th e  in itia l e s tim a te  of n u m b ers  w as m ad e  using  tw o  be lts , b u t 
o b serva tions w ere  m ad e  on th re e  be lts  a f te r  in tro d u c tio n .

IV. R ESU L TS

1. N um bers of th e  L ocal P o p u la tio n

The relative density of local populations was defined by averages for 
the whole study period. The density of hares in the Lutom area — 23
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hares per 100 ha — was approximately twice, and in the Brody area — 
48 hares per 100 ha — four times greater than in the Sokółka area — 
11 hares per 100 ha. These differences are statistically significant. This 
was checked by the t Student test for significance of differences in two 
independent means.

The hare populations in the study area did not exhibit marked 
differences in numbers over the whole period during which material 
was collected, which would seem to form evidence of their considerable 
stability, which even the introduction carried out was incapable of

*•  60  O0
:  so

340 0>
1  30 
*+-.
© 20 k
I 10

'----------- 1— u  11— i— i— i— i— i— i-----------------------------------
C 6  30  107 O S 19 3 3 4 7 6 1  75 6 9  

days before *— 1— * and after Introduction

  Brody
— —  Lutom  
 Sokó łka

. — '  c -î °  
-9  8 n - ° -

" 8T

Fig . 4. C u rv es of local popu la tion  n u m b ers  (using  m o v ab le  m eans).

disturbing (Fig. 4). The absence of variations in numbers observed 280 
days after introduction, that is, after the reproduction period of the 
resident populations, is particularly noteworthy.

2. Settlem ent of Introduced Hares

The percentage of marked hares in the total number of hares enco­
untered during assessment was determined, taking into consideration 
jointly the hares encountered within the assessment belt and outside it. 
Despite the fact that the hares’ reaction to general assessment conditions 
may differ on different days (Fig. 4) it was assumed that the reaction 
of introduced and local hares should be the same on the same day. This 
was checked by comparing the shyness of introduced and local hares 
statistically (%2). No statistically significant differences were found in this 
respect between Brody and Sokółka, but at Lutom the introduced hares 
proved shyer than the local ones (the ratio of all encountered hares to 
those starting up at a distance of less than 50 m was 2.9 for the local 
hares and 4.2 for the introduced). This makes it possible for assessment 
to register a slightly larger number of introduced hares than was in 
fact really the case in the area. At a distance of about 100 m, however, 
these relations are balanced. For practical purposes this can be ignored, 
assuming that the chances of starting up introduced and local hares are
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particularly in view of the absence of variations in the density 
identical. In this connection the ratio of introduced to local hares 
expressed in percentages should define sufficiently accurately the chan­
ges observed in the number of introduced hares (Fig. 5), of the po­
pulations examined, and thus invariability of the basis for calculating 
the relations in question.

Analysis of the material collected (Tab. 4) was divided into two parts. 
The first of these covered the period from the time the hares were

Fig. 5. C u rves of p e rcen tag es  of m a rk ed  h a re s  in to ta l n u m b er observed .

Table 4.
V aria tio n s in n u m b er of in tro d u ced  h a res  (I%>) defined  in p e rcen tag es  of to ta l 

n u m b e r of h a res  observed  (N) on successive  days of assessm en t.

D ay fo llow ing 
in troduc tion

B rody L utom Sokółka

N I°d N T 0 ! ,o N T » 'A !0

5 291 7.9 69 30.4 46 47.8
19 253 11.6 64 26.6 47 44.7
33 373 3.5 88 26.1 32 40.6
47 448 1.1 52 26.9 51 45.1
61 438 2.7 91 19.8 57 43.9
75 251 2.4 46 30.4 62 48.4
89 205 1.5 — — — —

280 128 2.3 26 3.8 57 19.3

introduced up to the end of April (89th day at Brody and 75th at Lu­
tom and Sokółka), the second — from May to the end of November 
(280 days after introduction). It was anticipated that during the initial 
period after introduction the population situation of the introduced hares 
might be specific and different from that of the local hares.

The material collected indicates that the phenomenon under discussion 
takes a markedly different course in the Brody area on one hand and 
at Lutom and Sokółka on the other. Differences were examined to see 
whether they were statistically significant by means of the z2 statistics. 
The phenomenon of disappearance from the area of introduced hares
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was observed on the 33rd day after introduction at Brody. Continued 
decrease of these hares was found on the 47th day also. The remaining 
days did not reveal significant differences in the numbers of introduced 
hares. At Lutom and Sokółka significant differences were found in the 
percentage of introduced hares during the first 75 days. It was found 
by means of the simple regression test that the difference in the course 
of this phenomenon is statistically significant.

The above findings lead to the assumption that the hares introduced 
at Brody encountered conditions decidedly different from those in the 
Lutom and Sokółka area. It is a characteristic fact there that material 
obtained from these last two areas does not even exhibit changes in 
numbers (losses) due to natural mortality, which at this period should 
be expected to be at least 6—10% ( A n d r z e j e w s k i  & J e z i e r s k i ,  
1966).

The second part of the material was treated somewhat differently on 
account of the long interval (about 200 days). As there were no signi­
ficant differences in the number of hares introduced at Lutom and So­
kółka on successive days, calculation was made of the mean density per 
100 ha for the first 75 days after introduction, next comparing it with 
the density on the 280th day after releasing the animals, which gave 
the decrease in the number of introduced hares during the study period. 
This was 89% for Lutom and 68% for Sokółka.

The material presented above shows that hares introduced into po­
pulations with different degrees of density disappear from these po­
pulations at different rates. An attem pt was made at analysing this 
question in yet another way. The number of hares intended for introd­
uction was divided by the size of the settled area and multiplied by 100. 
The mean number of introduced hares per 100 ha on the day of introd­
uction was obtained in this way. It was assumed that these hares cover 
the area allocated for introduction evenly. The index obtained was 
termed »introduction measure«. Using the formula in which: x  — mean 
number of hares per 100 ha, p — percentage of introduced hares enco­
untered on the assessment belts, calculation was next made of the mean 
numbers of introduced hares per 100 ha observed on the different days 
of assessment (Table 5). Comparison of the introduction measure with 
the mean densities of introduced hares on different assessment days 
permits of concluding that the disappearance of introduced hares took 
place very quickly at Brody, whereas such hares remained for a long 
time in the settled area at Lutom and Sokółka. At Brody the introduced 
hares appear to occupy, immediately after introduction, an area greater 
than that allocated for settlement (the introduction measure is 
throughout greater than the means from the different assessment days).
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In the Lutom and Sokółka districts the introduced hares do not spread 
over the whole area for the first 75 days. In the case of these last two 
areas it is not until the 280th day after introduction that the data show 
the inrtoduced hares to have gone beyond the limits of the settled area, 
and that to differing degrees. This analysis of course only points to 
tendencies in this process. Many factors influencing occupation of the 
area by hares such as, for instance, m ortality or evenness of dispersal, 
have not been taken into account in it.

Table 5.
In tro d u c tio n  m e a su re  (I. M.) an d  den sity  of in tro d u ced  h a re s  p e r  100 ha, 

ca lc u la ted  fo r d if fe re n t days of assessm en t.

Day fo llow ing  
in tro d u c tio n B rody L utom Sokółka

I. M. 6.9 5.3 4.8
5 3.7 6.9 6.2

19 5.4 7.2 5.8
33 1.7 6.0 5.3
47 0.5 6.6 5.8
61 1.3 4.5 6.2
75 1.4 7.4 6.3
89 0.5 — —

280 1.2 0.9 2.1

Table 6.
P e rcen tag e  of m a rk e d  h a re s  in  to ta l n u m b e r of h a re s  sho t d u rin g  co n tro l shoots.

Y ear a f te r  
in tro d u c tio n B rody L u tom Sokółkę

1st 5.1 9.7 6.0
2nd 0.3 9.0 2.0
3rd 0.0 0.0 2.4

Control shoots were also made in which the percentage of introduced 
hares was defined in relation to the total number of hares shot (Table 6). 
Attention must be drawn to two things here. In the first place there is 
the absence of any significant difference between the above data and 
material collected at approximately the same time by means of belt 
assessment. In the second there is the absence of introduced hares in the 
material shot at Brody and Lutom in the third year after introduction, 
although a certain percentage of such hares remained at Sokółka. It 
would appear that the general characteristics of this picture form a logi­
cal continuity of the results obtained during the first year of belt 
assessment.
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The methods used did not permit of evaluating the disappearance of 
introduced hares during the period from May to August. As there were 
no significant differences between the numbers of introduced hares at 
Lutom and Sokółka estimated for the first 75 days after introduction, 
it is impossible to determine accurately the rate at which hares dis­
appeared from these areas. As the latter are, however, characterised by 
unevenness of the disappearance rate of introduced hares an attem pt 
was made at calculating what part of these individuals remained in each 
of the study areas.

At Brody the introduced hares began disappearing about one month 
after they were released there, and this continued for approximately 
the following month. After this the situation became relatively stable

Table 7.
N u m b er of in tro d u ced  h a res  rem ain in g  in s tu d y  a re a  280 days a f te r  d a te

of in tro d u c tio n  (N).

A rea N x X P X P 
100 X 100

No. of 
in tro d u ced

R atio  of 
re m a in d e r 

to those 
re leased

48 X 6900 X 2.3 1
B rody N = ----—-------—---- =  76 ^  80 473 —

loo x  loo 6

23 x  7500 x  3.8 1
L utom N = ----—-------—---- =  66 ^  70 398

loo x  loo 5

13 X 28900 X 19.8 1
S okółka N =  — ^ -----------------_  744 «5* 750 1376

loo x  loo 2

x  — M ean  n u m b e r of ha res  per 100 ha, p — A rea  in hec ta res , P  — P e rcen tag e  of 
in tro d u ced  h a re s  rem a in in g  in belts  280 days a f te r  in tro d u c tio n .

and was subject to slight variations only. During this period about 2/3 
of the introduced hares disappeared (assuming that the maximum value 
established on the 19th day after introduction illustrates the stay there 
of 100% of introduced hares). Later there is a change of about 1U only 
of the numbers introduced (Table 4).

This situation is completely different in the Sokółka area. No dis­
appearance of introduced hares was recorded for the first 75 days, and 
it is not until assessment is made on the 280th day after introduction 
that data are obtained showing considerable disappearance of introduced 
hares (extent of disappearance about 2/3).

Lutom occupies an intermediate position between the areas described 
above. Disappearance of the hares starts at about the same time as at 
Sokółka, that is, after the first 75-day period. Minimum level was in
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this case also found on the 280th day after introduction (disappearance — 
3/ 5).

The extent described of disappearance of introduced hares of course 
only forms an attem pt at describing this phenomenon and does not 
pretend to be exact. One more attem pt at quantitative assessment of 
disappearance was, however, made in order to verify them. The mean 
density of hares per 100 ha, extent of the study areas and established 
percentage of introduced hares, all on the 280th day after introduction, 
were taken as the basis for calculation (Table 7). The results obtained 
are very close to, and in the case of Brody the same as, those obtained 
previously. It would also seem that they give an illustration of the 
course taken by introduction of hares over the course of nearly a year 
from the start of introduction which is very close to reality. This period 
completely covers the reproduction period of the resident population 
taking place soonest after introduction, which in particular is worthy 
of emphasis in view of the absence found of increase in numbers of 
these populations.

T ab le  8.
D ensity  of in tro d u ced  h ares  per 100 ha acc. to d a ta  ob ta ined  by co n tro l shoots 

and  assessm en ts m ade 280 days a fte r in tro d u c tio n .

A rea
D ensity In tro d u c tio n

m easu reA ssessm ent Shoots

B rody 1.2 1.0 6.9
L u tom 0.9 1.5 5.3
Sokółka 2.1 0.5 4.8

Calculation of the density of introduced hares was made from the m a­
terial obtained by assessment on the 280th day after introduction and 
from the results of control captures (Table 8). The same number of 
about 1 introduced hare per 100 ha of settled area was found after about 
one year from the time of introduction, on each of the study areas. 
There are no significant differences between the data obtained by 
assessment and by control captures. It is worthy of emphasis here that 
data from captures come from a relatively large area covering about 
10— 15% of the study areas. Comparison of these data with the in trod­
uction measure confirms the previous arguments as to the total extent 
of disappearance of introduced hares.

As it was found that the introduced hares disappear from settled 
areas at different rates, the authors searched for an answer to the 
question as to whether there are differences in the population situation 
of introduced hares disappearing from, or remaining in the area and 
local hares. Two aspects of this question were analysed — the first was
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w hether the spatial structure of the hare population takes the form of 
concentrations and if so, whether the introduced hares »installed« in 
concentrations have a different chance of remaining in the area than 
hares living outside the concentrations. The second was whether there 
is a difference between introduced and local hares as regards occupation 
of different kinds of crops, taking this last as the exponent of habitat 
attraction.

3. T endency  to F orm  C o n cen tra tions

Analysis of tendencies to form concentrations in hare populations was 
made by comparing the distribution of observed frequencies of hares 
per unit of area with the Poisson distribution ( W h i t a k e r ,  1914). It 
was assumed here that the size of unit of area characteristic of the 
population examined at a defined time, depends on the current density 
of the population ( T a r w i d ,  1960).

The length of the assessment belt with a constant and known breadth 
is the counterpart of its area. It was therefore divided by the number 
of hares encountered on the belt and the size of the section of assessment 
belt corresponding to the unit of area proper to the given density was

G ro u p  U n g ro u p e d  Group  
h a re s

Fig. 6. E x am p le  of g rap h  used for an a ly s ing  th e  co n cen tra tio n s  in th e  sp a tia l
s tru c tu re  of hares .

obtained. Sections calculated in the way described above were laid off 
on a chart corresponding to the length of the belt, and points corres­
ponding to the places in which hares were observed on the belt were 
marked on it (Fig. 6). The number of hares present in different units 
of area were read from this chart and the distribution of observed fre­
quency compared. Distributions for each day of assessment and jointly 
for each study area were compared by means of the y} test with the 
Poisson theoretical distribution. Statistically significant differences were 
found between these distributions, which means that the distribution in 
space of the hares takes the form of concentrations (Fig. 7, a—c). The 
basic size of the concentration is the number of three hares per unit of 
area. It is not however impossible that with very low population density 
this value may be reduced to two (Fig. 7c).

As the spatial distribution of hares was found to take the form of 
concentrations, consideration was next given as to w hether the »instal­
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ment« of introduced hares into concentrations causes these individuals 
to remain in the settled area. Analysis of the m aterial collected shown 
in Fig. 8 indicates that with the passage of time an increasingly small

c

F ig . 7. Po isson’s d is tr ib u tio n  fo r d is tr ib u tio n  of h a re s  in e x p e rim e n ta l a reas, 
a  — Brody,, b — L u to m , c — S okółka.

Fig. 8. C u rve  of p e rcen tag e  of in tro d u ced  h a re s  » installed« in to  a co n cen tra tio n  
com pared  w ith  th e  to ta l n u m b e r of in tro d u ced  h a re s  en co u n te red  on assessm en t

be lts  (bars).

number of the introduced hares which had remained in the settled area 
remain in the concentrations. The differences were statistically signifi­
cant (test t).

4. H a b ita t — I ts  A ttra c tiv e n e ss  an d  In flu en ce  on S e ttle m e n t

The problem of occupation by introduced hares of more or less 
attractive places was analysed. For this purpose the percentage of 
different crops in total area of the study area was grouped into four
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categories: arable land, winter corn, waste land together with degraded 
pastures and others. The participation of introduced and local hares for 
each of the crops was next determirned. Table 9 shows that different 
crops are occupied to a different extent by these two categories of hares. 
At Brody the distribution of local hares in crops was more or less 
proportionate to the percentage of these groups in the total area of the 
study area, with perhaps a slight preference for crops defined as 
»others«. At Lutom and Sokółka, on the other hand, local hares clearly 
prefer the »other« category od crops and avoid waste land and degraded 
pastures (particularly at Sokółka). The fact that introduced hares occupy 
the »other« group of crops in all three areas to a markedly lower 
percentage than local hares indicates that the former are in a less 
favourable situation.

. Table 9.
P ercen tag e  of d if fe re n t k in d s of crops in s tu d y  a rea s  (1), d is tr ib u tio n  of local (2)

and  in tro d u ced  h ares  (3).

A rea P lo ugh land W in ter
co rn

W aste land  and 
d eg rad ed  p a s tu re s O th ers

1 49 29 _ 22
B rody  2 47 28 — 25

3 42 37 — 21

1 47 40 2 11
L utom  2 39 36 1 24

3 51 42 — 7

1 36 32 23 9
Sokółka 2 33 22 4 41

3 41 26 — 33

The problem was also considered as to how great an effect habitat 
conditions exert on the disappearance rate of introduced hares. By effect 
of habitat conditions their direct and not indirect effect on hare popul­
ations is meant. For the purposes of the present study habitat conditions 
were examined only from the aspect of the soil, plant cover, w ater rel­
ations and level of agricultural culture.

There has so far been little documentation on the question of the 
hare’s' habitat requirements, nevertheless many authors (T h u n g e n, 
1911; H e g e n d o r f ,  1933; K o k e ś, 1948; S z c z e p k o w s k i ,  1951; 
B u d z y ń s k i ,  1953; K o e n e n, 1956; B o b a c k ,  1957; S z e d e r j e i ,  
1958; S z e d e r j e i  & S t u d i n k a ,  1959; M ü l l e r  - U s i n g ,  1962; 
R i e e k ,  1963 and others) express the opinion that the hare prefers

¿ 2  — T h e rio lo g ica
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fertile, permeable and warm soils, with intensive cultivation, and varied 
vegetation. The study areas have been described from this aspect in the 
description of study areas and in table 9.

In the Brody district soils prepared for spring cultures and »other 
crops« which consisted chiefly of perennial green crops (alfalfa), formed 
a large percentage of the total area, whereas a t Sokółka the percentage 
of ploughland is lowest, and the percentage of wasteland and degraded 
pastures high. The most faourable habitat conditions for hares were 
therefore those at Brody and the least favourable at Sokółka. Lutom 
occupied an intermediate position in this respect. It may therefore be 
concluded that the influence of the habitat on the process of the intro­
duced hare’s settlement is subordinate to the influence exercised by the 
local hare populations on this phenomenon. The possibility that the 
habitat modifies the effect of the local population on introduced in­
dividuals cannot of course be excluded, but it was impossible to examine 
this question on the basis of the material available.

5. E ffec t of In tro d u c tio n  on th e  A g e  a n d  S ex  S tru c tu re  of th e  P op u la tio n

In order to examine the effect of introduced hares on the local popul­
ation the variations in sex ratio and age structure were investigated 
(Table 10). The percentage of females in the hare populations at Brody 
and Lutom exhibit a decreasing trend, although statistically significant 
deviations from the 1:1 ratio in all three areas were only found for the 
1960/61 and 1961/62 periods in the Lutom area. The significance of this 
deviation was examined by comparing the numbers of females and 
males obtained in different years with the anticipated numbers obtained 
from formula np +  3s, where n — total number of hares examined, p — 
anticipated proportion, s — standard deviation. On the basis of the 
above material it may be stated that the introduction of large goups of 
hares did not affect the sex structure of the population in the three 
study areas. Some researchers draw attention to the existence of con­
nections between variations in sex structure and the phase of the po­
pulation’s life and its density ( P e t r u s e w i c z ,  1960) and the increase 
due to the birth of young animals (H e 1 1, 1964).

The data given on the percentage of young hares (increase per po­
pulation) and effective increase (increase per each sexually mature 
female) show that introduction did not contribute to restriction of the 
drop of effective increase of young animals. This increase is increasingly 
smaller in each successive year, and differences are statistically signi­
ficant. This is not of course equivalent to saying that the decrease 
described is due to introduction, especially as the picture obtained
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(particularly at Brody) is similar to the population structure for the 
whole of the Poznań province ( J e z i e r s k i ,  1965). Material collected 
in the Sokółka area, on the other hand, points to a marked rise in the 
effective increase in the two consecutive years after introduction. Un­
fortunately the lack of material from the pre-introduction period makes 
it impossible to make a proper analysis of this phenomenon.

To sum up it may be said that the introduction of large groups of 
hares in the Brody and Lutom districts did not cause additional changes

Table 10.
A ge and sex  s tru c tu re  of local h a re  po p u la tio n  b efo re  (0) and  a f te r  in tro d u c tio n  (I, II).

A rea Season Y ear N
F em ales Y oung

E ffective
in c rea se0/ /0

S tu d en t
te s t % S tu d en t

te s t

0 1959 60 276 51 } 0.4166 38 j 3.4965 1.2
B rody I 1960/61 179 49 I 23 0.7

II 1961/62 311 46 j 0.6410 12 | 3.0218 0.3

0 1960 61 278 62 } 1.1881 47 } 2.6315 1.3
L utom I 1961 62 145 56 34 1.1

II 1962/63 82 50 | 0.9615 * 29 j 0.8880 0.9

0 1961 62 _ _ _ _
Sokółka I 1962 63 174 55 27 0.7

II 1963 64 100 59 j 0.6451 46 | 2.8780 1.3

in the age and sex structures of the local population during the two 
years following introduction. It would, however, appear that the age 
structure of the population at Sokółka underwent a favourable change.

6. Return Inform ation on Introduced Individuals

A certain numebr of the ear-tags were returned from shot hares or 
those which had died and been found (Table 11), but the number of 
recoveries was negligible (3.5% from a total number of 2.247 released 
hares). It is of course possible that no return information was obtained 
in respect of a certain number of hares, but in view of the fact that the 
reward for their return was high, their number cannot have been very 
large. A relatively large number of recoveries come from the Lutom 
district, due to a certain extent to the very intensive shoots carried out in 
this area. It would seem nevertheless that here also other causes must 
have been involved, especially that the range of returns was less extensive 
in this area than in others.
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One further calculation was made in order to form a theoretical 
picture of the distance from which possible returns of ear-tags might 
be expected. It was assumed that the hares disperse evenly in all 
directions from the place of release ( K a l a b u k h o v  & R a j e v s k i ,  
1935). It was also assumed that about V3 of the basic stock die over the 
course of the year ( A n d r z e j e w s k i  & J e z i e r s k i ,  1966). Assum­
ing that mortality among the introduced hares is the same after 280 
days as in the local population over the period of a year (on account

Table 11.
N um ber recoveries  on in tro d u ced  h a re s  o b ta ined  by e a r- tag s .

R ecovery
a fte r

D istance in  km. from  p lace  of re lease

1
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B rody L utom Sokółka

1 y ea r 2 2 1 1 _ _ 1 13 1 2 3 2 — — — — 1 3 — — — 1 1
2 yea rs 4 1 7 16 — — — — — 4 — 1 — 7 —
3 yea rs

of the poorer population situation of introduced individuals), it is 
possible to calculate what area these hares would occupy, and therefore 
the radius of dispersal also. This radius was calculated from the for-

r 3 M280
in which: N — number of introduced hares, M280 — number of intro­
duced hares per 100 ha (density) established on the 280th day after 
release. This formula is the appropriately modified formula for calculat­
ing the radius of a circle. The area of the circle was calculated from the 
ratio of total number of introduced hares to their density on the appro­
priate day of assessment, after subtracting mortality proper to that per­
iod. It must be emphasised here that the form of the formula given is 
correct only for m ortality forming x/z of the basis stock.

Distances calculated for the study areas were: Brody — about 9 km, 
Lutom about 10 km and Sokółka — about 12 km. Data contained in table 
11 do not greatly diverge from the above theoretical picture.

V. D ISC U SSIO N

Depending on the density of the local population, the chances of the 
introduced individuals’ settling permanently vary, and as a result the 
rate of their disappearance from the settled area varies. The results ob­
tained are in more or less complete agreement with the views held by the
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majority of researches dealing with these problems. They point to the fact 
that the entry of new individuals evokes a reaction of resistance on the 
part of the local population ( S o l d a t o v a ,  1962; A n d r z e j e w s k i  et 
al., 1963). There is a greater degree of settlement in an empty area than 
in an area settled by a population of the same species ( A d a m c z y k  & 
R y s z k o w s k i ,  1965). Reduction of introduced individuals may be due 
to their increassed m ortality ( A d a m c z y k  & R y s z k o w s k i ,  1965) 
or reduced chances of survival during migration ( A n d r z e j e w s k i  & 
W r o c l a w e k ,  1961; P i e l o w s k i ,  1962; P e t r u s e w i c z ,  1965). 
Finally some researchers draw attention to the fact that the so-called 
»homing instinct« occurs in many species of animals (F e n j u k & P o ­
p o v a ,  1940; F e n j u k, 1941) expressed in the tendency of such animals 
to return to the habitat which they had previously been obliged to leave. 
This phenomenon, well-known in birds, has also been described for some 
species of small rodents. A description has alsb been given of four cases 
of introdućed hares returning from places at distances of 250—500 km in 
a straight line from the areas on which they were originally caught (J e- 
z i e r s k i ,  1967). K o e n e n  (1956) also refers to similar cases. It is ob­
vious that the »home instinct« may be yet another stimulus to the 
creation in introduced individuals of a tendency to leave a settled area.

Despite the general conviction as to the effectiveness of introducing 
hares, original studies in this field do not show that this operation pro­
duces (with one exception — S z e d e r j e i ,  1958; 1959) really useful 
effects ( U l l r i c h ,  1940; P i e l o w s k i  & W a s i l e w s k i ,  1960; P i e ­
l o w s k i ,  1962a). This is also emphasised by E r n s t  (1965) in his 
review of studies on introductions of hares. It is true that in the in­
vestigations described by P i e l o w s k i  & W a s i l e w s k i  (1960) and 
P i e l o w s k i  (1962a) an increase of about 10 hares/100 ha was observed 
by means of belt assessment in the year following introduction, but the 
next year, which was characterised by intensive increase of the hare 
population all over Poland, no increase in population numbers was ob­
served in the study area. In addition the year following introduction 
assessment was carried out only during the period from November to 
February, which in view of the specific properties of the method (P i e- 
1 o w s k i, 1966) would not appear to supply sufficient material for an 
accurate estimate of numbers.

The results of the present study differ fundam entally from the 
material published by S z e d e r j e i  (1958; 1959) who introduced con­
siderable numbers of hares, then over a period of 5 years obtained 72% 
of return information from shoots, 55% of such returns coming from 
places closer than 3 km to the place of release. These results would 
appear to provide evidence of the very low tendency to migrate on the
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part of the hares, the penetration area of which according to some 
opinions is about 2 km (T h u n g e n, 1911; U l l r i c h ,  1940; K o k e s ,  
1948; B u d z y ń s k i ,  1953), and according to others as much as 6 km 
( S z e d e r j e i ,  1959; E r n s t ,  1965) in diameter. The results would also 
appear to point to a very low mortality rate in the basic stock of less 
than 6% annually. These results also disagree with the opinion held on 
the occurence of the phenomenon of migration in vertebrate populations 
( K a l a b u k h o v  & R a j e v s k i ,  1935; R a i l ,  1936; F e n j u k  & P o ­
p o v a ,  1940; U l l r i c h ,  1940; F e n j u k ,  1941; N a u m o v ,  1956; 1961; 
W i 1 u s z, 1956; A l l e e  et al., 1958; A n d r z e j e w s k i  & W r o c l a ­
w e k, 1961; 1962; A n d r z e j e w s k i ,  1963; O d u m ,  1963; E r n s t ,  
1965; P e t r u s e w i c z ,  1965 and others) and opinions on the average 
length of life of hares ( A n d r z e j e w s k i  & J e z i e r s k i ,  1966). It 
must however be emphasised that S z e d e r j e i  himself (1959) considers 
the results of his study as completely specific and expresses the opinion 
that they were caused by the exceptionally favourable habitat con­
ditions in which he carried out the introduction operation. E r n s t  (1965) 
represents a similar point of view.

Both the studies by S z e d e r j e i  (1958, 1959) and U l l r i c h  (1940) 
show, on the basis of comparable marked material of local and intro­
duced hares, that the la tter exhibit a far greater tendency to migration, 
which agrees with the results of the present study and is understandable 
in view of the results of studies on the »home instinct«.

Attention must however be drawn to yet another aspect of the process 
reflected in the results under discussion. There is constant interchange 
of the individuals composing it in each animal population. This finds 
expression in deaths, births, emigrations and immigrations. Hare po­
pulations into which introductions were made in connection with studies 
are of course also subject to this process, as are marked individuals (of 
course excluding births and immigration) from the moment of integra­
tion with the local population, at the normal rate of intensivity. It is 
essential to point this out clearly, as the phenomenon decribed of rapid 
disappearance of introduced hares during the first phase after intro­
duction is the result of the same, although more energetic, process. The 
question therefore arises as to when the disappearance of marked hares 
ends and the normal disappearance of these individuals integrated in 
the local population starts, that is, the process of normal interchange of 
individuals in a population.

At Brody the first phase lasted from one month to six weeks, while 
the second phase did not appear to occur at all. It is difficult to say why 
this was so. It is not impossible that individuals which, despite the 
generally known unfavourable situation of introduced animals, succeed­
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ed in settling in during the first phase, have so strong a tendency to 
settlem ent that for a long time afer integration they do not take part 
in the general exchange of individuals. It is also possible that in very 
dense populations rotation is generally greatly reduced ( N a u m o v ,  
1956) or that migrations of individuals within the scope of such ex­
change are so restricted in distance that they were not perceived by 
means of belt assessment along belts measuring a considerable number 
of kilometers in length.

It unfortunately proved impossible to trace this question in material 
from Lutom and Sokółka. The whole process of disappearance of intro­
duced individuals occurred in these areas during a period in which it 
was impossible to carry out observations. It would however appear that 
in these two areas the second phase of the process may play a fairly 
im portant part. It is difficult to assume on the one hand that after 
a long 75 day period of stagnation, disappearance began to take place 
very rapidly, and on the other, that over a period of approximately 280 
days the introduced hares did not integrate with the local population, 
but retained their original character of newcomers.

The mechanism of the disappearance process of introduced hares in 
the present studies proved impossible to trace. An attem pt can however 
be made at drawing conclusions as to the course taken by this process.

A n d r z e j e w s k i  & W r o c l a w e k  (1962) showed that settlement 
by forest rodents of an area emptied by captures (gaps) takes place at 
the expense of part of the migrating population, by prolonging the time 
the migrants spend in the capture area. It may therefore be imagined 
that this process took the following course in a hare population. The 
introduced hares reach areas with three different degrees of local po­
pulation density. In each of the areas part of these hares, immediately 
after release, find themselves in areas occupied by concentrations of 
individuals from the local population, and part in areas in which there 
are either no hares or only single individuals. It may be taken that the 
local population, and especially that part of it which currently forms 
concentrations, opposes the tendency of introduced individuals to settle. 
This tendency is in any case probably fairly weak ( A d a m c z y k  & 
R y s z k o w s k i ,  1965). The general results of the present studies, and 
the fact shown by A n d r z e j e w s k i  & W r o c l a w e k  (1962), that 
migrants remain longer in an area with a population gap, argue in 
favour of the corectness of such an assumption. Thus a t Brody, where 
as the result of considerable local population density the introduced 
hares had little chance of finding themselves in an empty area, dis­
appearance of introduced individuals were very great. The reverse 
situation occurred at Lutom and Sokółka, where low and very low local
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population density created a situation in which considerable areas were 
completely free of the local population. As a result both migrations of 
introduced individuals within the population’s home range and dis­
appearance of introduced hares from the settled area were incomparably 
less intensive.

Many researchers attribute very considerable importance to the sex 
ratio as affecting the life of a population ( T i l g n e r ,  1950; S z c z e p ­
k o w s k i ,  1951; R i e c k ,  1955; A n d r z e j e w s k i  & P i e l o w s k i ,  
1957; P u c e k ,  1959; J e z i e r s k i ,  1965; P e t r u s e w i c z ,  1965 and 
others). There has however been little investigation of this question, 
particularly in relation to the hare. Some of the researchers express the 
opinion that sex ratio is 1:1 ( T i l g n e r ,  1950; R i e c k ,  1955; 1956; K o e -  
n e n, 1956; J e z i e r s k i ,  1959, 1965; P i e l o w s k i ,  1961), and some 
that it differs from this ( S z c z e p k o w s k i ,  1951; K o c h ,  1954; H e l l ,  
1960, 1964). On the basis of the studies made by P i e l o w s k i  (1961) 
and J e z i e r s k i  (1965) on large amounts of material and comparison 
of the studies by P u c e k  (1959) on Sorex aaneus L i n n a e u s ,  1758, 
it seems possible to risk the statement that although in principle sex 
ratio in the hare is 1:1, it is subject to periodical changes, varying wifh- 
in limits from 2:1 to 1:2. It should also be emphasised here that P e t r u ­
s e w i c z  (1959) draws attention to the variability of the sex ratio 
depending on the phase of the population’s life, and thus of its density. 
P u c e k  (1959) attributes the connection with variations in numbers to 
variations in sex ratio and treats them as an expression of regulating 
phenomena in the population.

Some researchers attribute no less importance to the age structure of 
the population as affecting population life and particularly variations 
in population numbers ( T i l g n e r ,  1954b, 1957a; R i e c k ,  1956; A n ­
d r z e j e w s k i  & P i e l o w s k i ,  1957; A l l e  et al., 1958; J e z i e r s k i ,  
1959, 1965; P i e l o w s k i ,  1961; P e t r o v  & D r a g o e v ,  1962; O d u m ,  
1963; H e l l ,  1964; R a c z y ń s k i ,  1964; B u j a l s k a  et al., 1965; P e ­
t r u s e w i c z ,  1965 and others). There can surely be no doubt that 
these two phenomena are connected in a directly causal way.

In the cases examined introduction did not have a modifying effect 
on the populations, and therefore did not affect them in a positive sense. 
If however we assume that the effective increase in young found at So­
kółka is the result of introduction, then it must follow that this operat­
ion produced a definitely favourable effect, since in consequence an in­
crease in population numbers can be expected. There was, however, no 
such effect at Brody and Lutom. It may be taken that this is due to the 
disappearance of introduced hares from settled areas being too rapid. It 
is npt fact impossible that this was also due to introduction coinciding
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with an unfavourable phase in the life of the population, as shown by 
the constant reduction in effective increase of young. In consequence 
therefore the operation proved abortive (cf. also P e t r u s e w i c z ,  1963).

No variations in numbers of the populations examined were found in 
any of the areas. Many researchers have pointed to the connection 
between variations in the numbers of a population and its organisation 
and structure ( 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 ,  1962; P e t r u s e w i c z ,  1963, 1965). The 
maintenance of numbers of the hare populations examined on the same 
level throughout the whole period (including the time after the repro­
duction period) indicates that introduction was incapable of disturbing 
the organisational and structural systems of these populations. The dis­
appearance of introduced hares from concentrations also argues in 
favour of this conclusion. Only the rise in effective increase of young 
at Sokółka makes it possible to expect an increase in population 
numbers.

Despite the fact that introduction has been used for many years now, 
the results have been little investigated up to the present. It would 
seem that the results described show that the methods of introduction 
in use so far do not justify expectations of obtaining real benefits for 
practical game management. It is the method of introducing hares which 
should be changed, but it is at present difficult to give directions as to 
how this should be done. Some indication is formed by the results of 
A n d r z e j e w s k i ’s study (1963), which showed that intensity of 
settlem ent by small forest rodents varies depending on the time of the 
year. It is possible that this also applies to hares, but nevertheless 
elaboration of the proper method of introducing hares necessitates carry­
ing out appropriate investigations. I t is quite certain that only introduc­
tions made in areas where the density of local populations is low have 
any chance of success. It must however be emphasised that the studies 
described confirm the opinion put forward by P e t r u s e w i c z  (1965), 
that increase in population numbers should be effected by acting on the 
organisation and structure of the population.
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in  m y  m em o ry  fo r th e  h e lp  g iven  m e by  th e  la te  d ire c to r  of th e  S ta te  S ta llio n  
S tu d  a t S ie rak ó w , J . K o w a l s k i ,  w hose  trag ica lly  p re m a tu re  d e a th  occu rred  
b efo re  th is  s tu d y  w as com pleted .
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W łodzim ierz JE Z IE R S K I

N IE K T Ó R E  EK O L O G IC ZN E  A SPEK T Y  IN T R O D U K C JI Z A JĘC Y

Streszczen ie

W la ta c h  1959— 1962 n a  trzech  te re n a c h  dokonano  in tro d u k c ji za jęcy  m etodą 
sto so w an ą  w  łow ieck ie j p ra k ty c e  hodow lanej w  ilościach : 473 sz tu k i, 389 sz tuk  
i 1,376 sz tu k . C h a ra k te ry s ty k a  tych  te ren ó w  p rzed s taw ia ła  się n a s tęp u jąco :
1. B rody  (Fig. 1) — pow ierzchn ia  około 7.000 ha , d ob re  w a ru n k i środow iska  i za­

gęszczenie po p u lac ji zajęcy  m iejscow ych  n a  poziom ie 48 sztuk/100 ha,
2. L u to m  (Fig. 2) — p o w ierzchn ia  około 6.500 ha , śred n ie  w a ru n k i środow iskow e 

i zagęszczenie p o p u lac ji m ie jscow ej na  poziom ie 23 sztuki/100 ha,
3. S okó łka  (Fig. 3) — p o w ierzchn ia  około 29.000 ha , na js łab sze  w a ru n k i ś rodo ­

w iskow e i liczebność p o p u lac ji zajęcy  m iejscow ych  na poziom ie 11 sztuk/100 ha. 
W szystk ie  za jące  p rzed  in tro d u k c ją  były  oznakow ane: in d y w id u a ln ie  ko lczykiem

usznym  z n u m erem  bieżącym  i g rupow o przez obcięcie V3 jed n e j m ałżow iny  usznej. 
N astęp n ie  p rzy  pom ocy ta k s a c ji pasow ej z użyciem  10-cio k ro tn e j lo rn e ty  dokony ­
w ano  o b se rw ac ji i liczono zm iany  ilości in tro d u k o w an y ch  osobników . P rz e p ro w a ­
dzono tak że  p rzed  i po zab iegu  in tro d u k c ji po low an ia  k o n tro ln e  d la  celów  oceny 
zm ian  s to su n k ó w  w iekow ych  i p łciow ych  w  zasied lanych  p o p u lac jach  a tak że  d la 
k o n tro ln eg o  zeb ran ia  danych  o liczebności osobników  in tro d u k o w an y ch . O ceniono 
w reszc ie  c h a ra k te r  ro zk ład u  p rzes trzennego  p o p u lac ji. Z eb ran y  m a te ria ł pozw ala 
w yciągnąć  n a s tę p u ją c e  w niosk i:

1. Z a ją c e  in tro d u k o w an e  w te ren y  o ro zm aity m  zagęszczeniu  p o p u lac ji m ie jsco ­
w ej u b y w a ją  w  w iększym  s topn iu  niż by to w y n ik a ło  z n o rm aln e j w y m ian y  osob­
n ików  w  p o p u lac ji. N asilen ie  tego p rocesu  i jego tem po  je s t tym  w iększe im  licz­
n ie jsza  je s t p o p u lac ja  m ie jscow a (T abela  4, F ig. 5).

2. W aru n k i środow iska  w  p rocesie  u b y w an ia  zajęcy  in tro d u k o w an y ch  sp e łn ia ją  
m n ie jszą  ro lę  niż zagęszczenia po p u lac ji m ie jscow ej.

3. In tro d u k c ja  zajęcy ty lk o  w  pew nych  w a ru n k a c h  m a w p ływ  na  s t ru k tu rę  w ie ­
kow ą p o p u lac ji (T abela  10).
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4. N ie s tw ierdzono  aby in tro d u k c ja  spow odow ała w zro st liczebności b ad an y ch  
p o pu lac ji, k tó re  p rzez ca ły  czas b ad ań  u trzy m y w a ły  się n a  ty m  sam ym  poziom ie 
ilościow ym  (Fig. 4).

5. Z a jące  in tro d u k o w an e  za jm u ją  u p raw y  p re fe ro w a n e  przez  popu lac ję  m ie jsco ­
w ą w  znacznie m n ie jszym  p rocencie  (T abela  9).

6. R ozkład  p rze s trzen n y  za jęcy  w y k azu je  c h a ra k te r  skup iskow y, p rzyczym  p o d ­
staw o w ą  w ie lkośc ią  sk u p isk a  są trzy  osobnik i n a  jed n o s tk ę  pow ierzchn i (Fig. 7, 
a—c).

7. W  m ia rę  up ływ u  czasu  od dn ia  in tro d u k c ji, co raz  m n ie jsza  ilość zajęcy  in tro -  
d u k ow anych , p rzeb y w a jący ch  w  te re n ie  zasied lanym , u trzy m u je  się w  sk u p isk ach  
(Fig. 8).


