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Dynamics and Production of the Hare Population in Poland

S T U D IE S  ON  T H E  E U R O P E A N  H A R E  X X IV .

Kazimierz P E T R U S E W I C Z

IW ith  18 T a b le s  a n d  6 F igs .]

O v er a p e riod  of five  y ea rs , th e  fo llow ing  ave rag es p e r  100 h ec ta re s  
w e re  fo u n d  in  a p o p u la tio n  of h a re : n u m b ers  b o rn  vt  =  81; e lim in a tio n  
E n  =  68 (E j  =  60, Ea  =  8); y ie ld  Y  =  14; an d  in  kg : p ro d u c tio n  P  =  180; 
e lim in a tio n  E  =  129; y ie ld  Y =  56, E stim ates  fo r th e  w hole of P o la n d  
a re  (in m illio n  in d iv idua ls): vr =  6.6; E m  =  5.8; an d  Y =  0.8. F o r  a period  
of 12 y ea rs  th e  y ie ld  v a rie d  in  th e  n e ighbou rhood  of 0.8 m illion  in d iv i
dua ls  an d  show ed  a s lig h t u p w a rd  tre n d . T he age ra t io  a — N j : N A  
v a r ie d  w ith in  a w ide  ran g e , b u t th e  av e rag e  fo r one  loca lity  over sev e ra l 
y ea rs  an d  fo r som e 16 d if fe re n t loca lities in  P o lan d  w as ±  1.0. M o rta lity  
w as fo r c u r re n t y e a r-b o rn s  fo r J u n e  to  D ecem ber 74 p e r  cent, an d  fo r 
a d u lts  30®/o in  a year. O ver a  p e rio d  of five  years  th e  m o rta lity  o f c u r 
re n t  y e a r-b o rn s  an d  th e  av e rag e  n u m b ers  of a d u lts  w ere  in v e rse ly  
re la ted . F o r  ad u lts , m o r ta lity  is in  w in te r  lo w er th a n  in  sum m er. 
B iom ass is a t its  m ax im u m  in O ctober and  th e n  declines. A verage  
lon g ev ity  is t =  0.71 year. A ge s tru c tu re : c u rre n t an d  p rev io u s y e a r-b o rn s  
m a k e  up  78®/«, and  all an im a ls  aged  u p  to  3 y ea rs  jo in tly  m ak e  up  90°/o 
of th e  p o p u la tio n . T he tu rn o v e r  averages & "  P  : B  => 1,3 an n u a lly .
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1. IN TRO D U C TIO N

Am ple data concerning the ecology of the common or European hare 
(Lepus europaeus  L i n n a e u s ,  1758) have been collected in  Poland, 
chiefly, on the in itiative of the Hunting Section  of Ecological Com m ittee  
of the Polish  Academ y Sciences and Institute of Ecology. A large pro
portion of them  have already been worked up and published by the 
Polish Academ y of Sciences Institute of Ecology, the Polish H unting  
A ssociation’s Research Station at Czempiń, near Poznań, and the P olish  
Academ y of Sciences Mammals Research Institute at Białowieża; since  
they continue to be collected, a great m any of them  and som etim es h ighly  
interesting ones have accum ulated in the institutions referred to and have  
not y et been published. Those that have been published seem  to warrant:

(1) a tentative relatively  accurate analysis of the num erical and bio
mass balance as w e ll as production of the population in the H unting Area 
of the Polish Hunting A ssociation’s Research Station for the period a few  
years; and

(2) a provisional and still rough analysis of the dynam ics and pro
duction of Poland’s hare population.

The empirical data in the present paper come from the m aterial a l
ready published (see Table 1 and the bibliography). In addition, Dr. Z. 
P i e 1 o w  s k i supplied data on the Czempiń population of autum n 1968 
(with break-down for current year-borns and overwintereds) as w ell as 
that year’s yield.

The dynam ics of num bers and biomass o f adult individuals (status 
during the open season, yield , and m ortality of overwintereds) in Czem
piń are based alm ost com pletely on highly accurate em pirical data. E sti
m ates of natality, m ortality of the young ones, and productiion had to be 
based on calculations of the numbers born (vr), w here in »averages for 
Poland« w ere not infrequently used. The analysis of this num erical dy
namics and production of the Czempiń population served as a pattern for 
a sim ilar analysis for the w hole of Poland.

2. E M P IR IC A L  D ATA  AND T H E  P R IN C IP L E S  O F T H E IR  PR O C E SSIN G

2.1. N um bers

Numbers and especially the standing crop of hares before the open  
season (hunting as w ell as live trapping) are the basic m aterial. The size  
of the population before the open season (N ) and after it {N') provide the 
basis for calculations of most of the other parameters of dynam ics. R el
evant data are still scant in Poland, but accurate ones are available for 
the hunting area of the Polish Hunting A ssociation’s Research Station  
in Czempiń for 1964— 1968 (and they continue to be collected).
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Also available are estim ates arrived at by the m ethod of strip censuses 
for the border areas at the edge of Kampinos Forest near Dziekanów  
( P i e l o w s k i ,  1966) and for the hunting areas »Brody«, »Lutom« (both 
in Poznań province), and »Sokółka« (Białystok province) ( J e z i e r s k i ,  
1968). W ithout suitable corrections, these data are much less accurate 
( P i e l o w s k i ,  1962, 1966, 1969; R a j s k a ,  1968) and have not been used 
in the present paper.

Estim ates of population size based on the experience of hunters also 
are known for m any areas, but they are unsuited for dynamics or pro
duction calculations.

A ll w e have of country-w ide data are only the annual y ields for 1960 
— 1968 ( A n d r z e j e w s k i ,  N o w a k  & P i l i p i u k ,  1968; A d r z e- 
j e w s k i  & N o w a k ,  1969; Statistical Yearbook, 1969).

Census data for the open season in Czempiń are highly accurate be
cause they are based on the results of rem oval trapping in accurately  
known areas ( A n d r z e j e w s k i  & J e z i e r s k i ,  1966; P i e l o w s k i ,  
1968) or of strip censuses, in which num bers w ere calculated by a m e
thod checked against the results of removal trapping on accurately  
known areas ( P i e l o w s k i ,  1968).

The procedure of removal trapping was as follows: a quadrat of an 
accurately known area, usually  about 1 sq. km, was surrounded w ith nets 
and a group of drivers passed throught it back and forth four tim es 
disturbing the hares which then got caught in the nets. When the num 
ber of hares is recorded separately for each w ave of drivers, the size of 
the population can be obtained from the regression line w ith  great 
accuracy ( A n d r z e j e w s k i  & J e z i e r s k i ,  1966). This is the most 
and very accurate m ethod of calculating numbers before the y ield  (N). 
With the yield  (Y) exactly known w e can calculate N' — N — Y  the stock  
population which begins life  and reproduction in the particular »hare« 
years and, together w ith the realized reproduction increase N itT), gives 
the status of the stock populations before the open season of the parti
cular year (also found em pirically).

The »hare« year. The yield , as the result of shooting, is an integral 
elem ent of the hare population dynam ics. What remains after the open 
season overwinters and reproduces. This makes it appropriate to consider 
the end of the open season as the beginning of the hare year. The open 
season is in Poland from N ovem ber 1 to January 10, and the yield  is thus 
spread over a period of more than two m onths. It is convenient for the 
calculations to refer the w hole yield  to a single day. The m iddle of the  
open season falls roughly on Decem ber 6; however: (1) hare shooting is 
more com only done when there is snow, i.e., rather in late December and 
the first decade of January, and (2) the average day of birth is about
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June 15 (cf. 2.3.); hence it is more convenient for calculations and reason
ing to divide the »hare year« exactly in half: from December 15 to June  
15, and from June 15 to December 15.

Table 1.
P o p u la tio n  n u m b ers  (individuals/100 h a  — em pirica l data). 

N  — to ta l, A  — o v erw in te red s , j —  c u rre n t y r  borns.

Y ear C alegory

n ' t = n (t —d ~  
—Y (t—u 

N a fte r  h u n tin g  
of p rev io u s  yr 
(beg inn ing  of 

»hares yr«)

N T —

+ % t )
N  befo re  

c u rre n t y r ’s 
y ield

Y (T)
Y ield

N -j'' Ń 'ji
N  beg inn ing  

n e x t y r
R eference

N 66.3 24.3 42.0 Jez ie rsk i
19(32/3 A 47.0 17.0 30.0 in litt.

3 19.3 7.3 12.0

N 42.0 42.8 20.0 22.8 A n d r z e je w s k i

1963/4 A 30.0 27.6 12.9 14.7 a n d  J e z ie r s k i ,  
1966

1 12.0 15.2 7.1 8.1 J e z ie r s k i ,
in  l i t t .

N 22.8 29.3 11.3 18.0 P ie low sk i,
1964/5 A 14.7 12.0 4.6 7.4 1968

3 8.1 17.3 6.7 10.6

N 1R.0 46.0 13.3 32.7 >ł
1965,6 A 7.4 12,3 3.5 8.8

3 10.6 33.7 9.8 23.9

N 32.7 46.7 14.0 32.7
1966/7 A 8.8 27.0 8.1 18.9

3 23.9 19.7 5.9 13.B

N 32.7 46.7 12.0 34.7 P ie low sk i,
1967/8 A 18.9 28.0 7.1 20.9 pe rs . com 

j 13.8 18.7 4.9 13.8 m unication

T he n u m b ers  of a d u lts  and  ju v en ile s  in  th e  y ie ld  h av e  been  ca lc u la ted  from

a =  an d  Y a  =  Y; (1 +  a), w ith  th e  sam e like lihood  of be ing  sh o t assu m ed  fo r 

bo th  age classes.

In work on the production and dynam ics use was made of the empirical 
data (Table 1) from the papers by J e z i e r s k i (in litt.), An d r z e j e w - 
s k i  & J e z i e r s k i  (1966), and P i e l o w s k i  (1968), and — for 1968 —  
from a personal com munication by Dr. Z. P i e l o w s k i ,  head of the 
Polish Hunting Association’s Czempin Research Station. U nless indicated  
differently, numbers are alw ays relative to an area of 100 hectares. P  i e-
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1 o w  s k i s  data (1968) referred to the size of the entire population of the 
hunting area of Polish  Hunting Association's Czempiri Research Station. 
They w ere prorated on the 100 hectare basis by dividing them into the 
area under survey (i.e., 15,000 ha), woods included, because according to  
Dr. P i e l o w s k i  these covered small areas surrounded by fields and 
used sim ilarly by hares.

The point of departure was provided by the follow ing empirical data 
(Table 1):

N[T-n —  population size before the yield  (December 15) of the winter  
term inating the previous year of the research project, w ith  break-down  
for

WA(r-ij — overw intereds from the previous and earlier years (before 
the yield) and

Nj(r-i) —  current year-borns before the yield,
Y(r-i) —  the yield  term inating the previous year;
N T —  the size of the stock population before the current year’s open 

season, as made up of:
NMT) —  overwintereds (survivals until the open season from the pre

vious and earlier years, i.e. from  N \ r .i)),
—  »realized increase« —  current year-borns that have reached  

the open season (i.e., December 15 beginning the year under study),
Yr —  yield  at the end (Decem ber 15 ending of the year under study).
By sim ple subtraction N(v-i] —  Ytr-ij w e obtain the stock population  

which lives, reproduces, and perishes in the year concerned.
Sim ilarly, w ith  the current year’s yield  (Yfrj) known, w e have: N'(T) =  

=  N T— Y(r), the stock population for the coming year (the starting num
bers of the »hare« year and at the same time the calendar year analyzed).

Assum ing the same likelihood of yield  for the overwintereds N A and 
the current year-borns that have survived until the open season w e

/ N. \
can calculate; N'A — N ' : (a +  1) =  -j-11, i.e., the numbers of the

overwintereds (from the previous and the earlier years) of the stock po

pulation after the yield, w here a is the age ratio for N  |o  Nj  and

N A are the num bers of the young ones and overwintereds before the 
yield  (empirical data), and also N'} =  N ' — N'A, i.e., the young ones that 
have survived the open season and remained in the stock population  
(Table 1).

2.2. M o rta lity  of A du lts

Given the size of a population at tw o or more consecutive years it is 
possible to arrive at qualitatively com pletely new  data through the intro
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duction of the parameter of time. It becom es possible to calculate the 
m ortality for the stock population considered.

From N \ r.j), the size of the stock population after the yield  that marks 
the beginning of the hare years (December 15), and MA[X), the num 
bers of overwintereds before the next yield , i.e., after one year (Decem 
ber 15 of the calendar year), which is what remains of after one
year, w e can easily and very accurately calculate the natural elim ina
tion of overwintereds for the particular year:

Ena =  N (T-j) —  WA(Tj, where 
Ena stands for natural elimination in term s of individuals (cf. Fig. 4).

Table 2.
M o rta lity  of ad u lts  (overw in tereds) in C zem piń  (individuals/100 ha).

W .t ,*)
N in  stock 
po p u la tion  

(basic stock) 
a f te r  y ie ld  
(Dec. 15 — 
end ing  yr)

* u r ) *>
O v e rw in te r
eds su rv i
v ing  u n til 
n ex t y ield  
(D ec .-15 — 
end ing  yr)

E A— N \ T —  
~ N U T) e am A — — — _  E a

m . = -------
A N ’

(n a tu ra l
e lim ina tion )

№(TJ
m A _  -

n a ■ T T o ta l
e lim in a tio n

1964 42.0 27.6 14.4 .34 .0011 .65

1966 22.8 12.0 10.8 .47 .0008 .67
1966 18.0 12.3 5.7 .32 .0010 .51
1967 32.7 27.0 5.7 .17 .0005 .42
1968 32.7 28.0 4.7 .14 .0004 .36

A verage —29.6 —21.4 —8.3 .29 .0008 .53

A verage 
fo r P o 
lan d  (in 2400 1600 800 .33 .66
th o u 
sands)

*) E m p irica l d a ta  from  T ab le  1.

From this w e can calculate mortality. For calculations it is conveniently  
expressed as the proportion (or percentage) of those that have perished  
in the given years in relation to the point of departure N'pr-u:

_  E n a  _ N(t - d— N a (T)

A E  (r_!) N  (T-i)
W hen so calculated, m ortality enables us to calculate from the known  

population size for a particular year the natural elimination by sim ple 
multiplication: EN — * m A. Elim ination thus understood w as used
by A n d r z e j e w s k i  & J e z i e r s k i  (1966) in the equation for per
m issible yields.
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With data as accurate as those for the Czempiń population, it also is 
possible to calculate m ortality per average adult individual per year:

— Ea  2 Ea

IV A N' (y-!) +  ¡V A (T)
as w ell as the average daily m ortality of adults:

E a

N a *T

or, finally , the com plete elimination of adults, including yield:

„ E a + Y
m  =

N'
In calculating the dynam ics of num bers country-w ide, the only possible 

procedure is to adopt arbitrarily some average m ortality. For Poland it 
was put at 33 per cent. The on ly  empirical guideline was the fact that in 
Czempiń the average m ortality recorded over a period of five years was 
roughly 30%, and w ild life is better looked after in Poznań province than  
on average elsew here in the country. We obviously realize that data col
lected over a period of five years and for a single locality only are in
adequate as a basis, and are thus only a rough estim ate for Poland.

2.3, N um ber B o rn  (i'r)

At the present stage of research, only rough estim ates of hare natality  
are possible. In this the data reported by R a c z y ń s k i  (1964) w ere used. 
B etw een Decem ber 1958 and February 1960 he exam ined 269 adult 
fem ales, i.e., from 8 to 27 a month, and reported for particular months
(1) the size of the litter (number of young ones per gravid fem ale), and
(2) the percentage of gravid fem ales. With these data as the basis, he cal
culated (i.e.) that the average fem ale produces annually 7.82 young ones. 
In the present analyses the average number of young ones produced an
nually by an average fem ale w as calculated w ith the aid of P e t r u s e -  
w i c z’s (1968) sim plified form ula, namely: (1) at the tim e of growing  
numbers of gravid fem ales, the numbers born (vr) w ere described by the 
equation:

V̂p(r) * T  .'RVpCT)
— r„------------ —  • L

w as used, w here L  is the size of the litter in a given month, ip is the 
time of gestation, put at 42 days, T is the tim e interval for which the 
numbers born w ere calculated (1 month =  30 days), N p is the percentage 
of gravid fem ales in the particular month, and .4jVp is the increase in N p 
for the particular month (L, N p etc. after R a c z y ń s k i ,  1964).
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The number of individual-days for the gravid fem ales (Np • T) for the 
month was arrived at by calculating the area for the particular month  
under Raczynski’s curve of the percentage of gravid fem ales (1964) (Fi-

gure 1) ‘). Nam ely, starting from
N p{ T) AN

L the following equation

was obtained for each month:

(JVP T-! +  Np T) ' 15 (Np (T) +  N p (T + i)) * 15
vr —

ANT

4

Np %

D J F M A M J J A S O
Fig. 1. T h e  p ercen tag e  of g rav id  fem ales, an n u a lly .

where N P(T) is the number of gravid fem ales in  the month considered, 
N p(t +ii that number in the next month, L the size of litters in  the month  
considered, 15 the number of days preceding and follow ing the month

>) T he a c cu ra te  f ig u re s  bo th  of th e  percen tag e  of g ra v id  fem ales an d  th e  young  
ones p roduced  by an  a v e rag e  fem ale  in a  p a r t ic u la r  m o n th  w e re  o b ta in ed  d irec tly  
from  D r. R a c z y ń s k i ,  because  read in g s from  th e  g ra p h  w ou ld  necessa rily  give 
only  a p p ro x im a te  values.
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considered, and the increase in 
after the m onth considered. On transformation, this equation gave:

Np in the month before and the one

v T — N T J N84 p
L.'p(t-i) "f" 2NP(T) +  iVP(r -j-i)

This equation gave 7.4 young ones produced by an average fem ale in 
the population (Table 3), which is L =  3.7 per individual per year (as
suming a sex  ratio of 1:1).

In calculating the numbers born (i'r) for the year, this figure L =  3.7 
was m ultiplied by the number of individuals capable of reproduction. Of 
data relating to the number of individuals capable of reproducing, the

Table 3.
N um bers born , by m on th  by 100 fem ales (=  200 p o p u la tion  m em bers). 

R a c z y h s k i ’s (1964) em p irica l L  an d  N p se rv ed  to ca lcu la te  a f te r  P e t r u s e -  
w icz_ (1968 ) th e  n u m b ers  b o rn  in  p a rtic u la r  m on ths fro m  th e  equa tions:

N p T . L  I N PT  A N p t \  -
vr —  j  d u rin g  N p decline, and  vr =  I — -̂------------^ I L  d u rin g  N p r ise ; N p —

av erag e  n u m b e r of g rav id  fem ales in  a  g iven  m o n th ; T  —  30 days; tp — g esta tio n  =  
=  42 days; A N  — in c rea se  in  JV in a g iven  m onth .

M onths P re g n a n t 
fem ales in  

200 in d iv idua ls

L
L it te r  size

'V
N  of born/100 9

I 20 0.1 0
11 85.2 1.3 35.3
III 53.8 2.4 102.1
IV 75 3.6 149.9
V 59.1 1.9 83.4

VI 75 1.7 78.5
VII 8->.3 2.9 146.3
V III 52.6 2.5 91.6
IX 16.7 3.5 53.7

T o ta l 740.8

follow ing w ere available: (1) JV'(T-p, the starting level of the population, 
i.e., per Decem ber 15 (the beginning of the hare year), and (2) N A m , the 
number of all overwintereds individuals that have survived until the end  
of the hare year. If used as the basis, N \ T-1) w ould afford an exaggerated  
number of all overwintered individuals that have survived until the end 
ducing. If the basis is Na(t)> he., the level at the end of the year —  as in 
A n d r z e j e w s k i  & J e z i e r s k i ’s celculations (1966) —  the numbers 
born would be too low, because a certain number of fem ales reproduce 
before they are elim inated. Consequently, the reproducing population

1
was assumed as NA T̂) +  on the assumption that (1) one-half of

4
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the elim inated individuals (E) perish before the breeding season (in w in 
ter), and (2) that of the one-half that survive the w inter into the breeding  
season one-half w ill and the other one-half w ill not reproduce before  
elimination. Consequently, one-quarter of the elim inated individuals are 
likely to reproduce before elim ination, and the reproductive stock was

assumed as vRS =  WAfTj +  •— EA(T).

It should be noted that the num bers born (Table 3) represent m erely  
a rough estim ate. The basic figure is the num bers born per individual 
per year L =  3.7 —  which (1) was calculated only for one province (Po
znań) and for a single year (Decem ber 1958 to February 1960), w ith  the  
litter size calculated for som e months from as few  as six  or seven gravid  
fem ales, which is certainly not enough and that is probably the reason of 
the large and irregular fluctuations of L. The sam e can be said of the 
number of gravid fem ales. Moreover, the num ber of individual-days, i.e., 
the m ultiplier for L, is calculated on certain assum ption (see above), and 
these, although very likely, are only assum ptions. As the result, w e have  
to assume that the numbers born per capita in a population are constant, 
which is not very likely to be so.

Being a physiological and specific value, the average litter size may be 
supposed to be more or less constant. The percentage of gravid fem ales, 
on the other hand, which is ecologically determined, is likely to vary  
w ithin  a considerable range, and the num ber of young ones produced by  
a statistical individual may therefore depart considerably from the value  
L  =  3.7. Hence, more accurate know ledge of the dynamics of Poland’s 
hare population requires that the studies be repeated covering a more 
ample material and a wider geographical range. A project of this kind is 
certainly d ifficult to organize (a su itably large material is not easily  
available all year round), but the problem  is important.

2.4. Mortality and Survivorship of Current-year Born

W ith regard to the Czempiń population w e have empirical and very  
reliable data on how m any of young ones born in a given year survived  
until the tim e of yield (ca. Decem ber 15), which is the realized increase 
(natality) according to A n d r z e j e w s k i  & J e z i e r s k i  (1966). 
This is extrem ely important in practical as w ell as theoretical respects. 
From the practical point of v iew  it is about one-half of the hares avail
able for shooting.

Nj[T)
Furthermore, the age ratio score a =  ~  is a value involved in the

,  Na(t)
equation defining the yield  perm issible w ithout overexploitation (A n-
d r z e j e w s k i  & J e z i e r s k i ,  1966). This equation, which tells us how
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large a part of a population can be rem ove w h ile  ensuring that its level 
w ill next year equal that before the yield , is:

1(1 + a )  (1 — m A) — 1 Y (1 +  a) (1 —  m A)
Y  =  N T — ----------—  or y  =  +T(1 + a ) {1 — m A) N T ( l +  a ) { l — m A)

From the point of v iew  of theoretical research, realized increase 
enables us to determ ine the m ortality and m ortality rate of young ones, 
which is essential for calculations of production. Realized increase and 
its index a — N^  : jVA[T) are therefore very important quantities. The 
index is not unduly difficult to determine; it is enough to find by Stroh’s 
method 2) the number of young and old anim als in any sufficiently  large 
num ber of hares in autumn, and it  w ill be given  by the age structure as

T able  4.
Nj

A ge ra tio  a =  in  C zem piń in  th e  open season.

Y ear ’57 ’58 '58 ’60 ’61 ’62 j  ’63 ’64 ’65* ’66* ’67* ’68** a

a 1.0 0.9 1.6 0.5 1.2 0.6 0.4 0.6 1.4 2.7 0.7 0.7 1.008

* C a lcu la ted  from  P  i e  1 o w s k  i’s d a ta  (1968), ** Acc. to  P i e l o w s k i  (pers. 
comm .). T he  rem a in in g  fig u res ca lc u la ted  a f te r  A n d r z e j e w s k i  & J e z i e r s k i  
(1966).

In Poland, w e already have a considerable volum e of relevant data. We 
have empirical and highly accurate values for a =  Nj : N A for Czempiń 
for a period of 11 years (Table 4) as w ell as values based on large figures 
for various other parts of Poland (Table 5). They are absolutely fit to be 
used for calculating w ith adequate reliability the m ortality of grown  
(overwintereds) hares for Czempiń with the aid of the concrete empirical 
value of realized increase found for a particular year. It also is possible  
to calculate the average age ratio {a =  N } : N A) for Poland. But although  
it is based country-w ide on very large material, it refers outside Czem
piń to 1957 and 1958 only. It is very necessary to collect more data in

2) Id en tif ic a tio n  of young  ones b y  S tro h ’s m ethod  h as been s tro n g ly  c ritic ized  and  
con tinues to  be so (B u  j a 1 s k  a  e f  al., 1965; A n d r z e j e w s k i  & P u c e k ,  1965). 
T he  c ritic im s, how ever, h av e  fa iled  to  d em o n s tra te  th e  e r ro r  to  be u n id irec tio n a l. 
A nd  if e r ro rs  a re  no t u n id irec tio n a l, th ey  a re  b o u n d  to  offse t each  o th e r w h e re  
ad eq u a te ly  la rg e  num bers  a re  invo lved . The m e th o d  of S tro h  gains m u ch  in  accuracy  
w h en  th e  sk in  is s lit open to  expose  th e  leg  ex am in ed . F u rth e rm o re , i t  is m ore 
a c cu ra te  e a r l ie r  in  th e  season  (in N ovem ber th a n  in  D ecem ber, i.e., w h en  th e  a n i
m als a re  one m on th  y o u n g er ( P i e l o w s k i ,  1962; A n d r z e j e w s k i  & P u c e k ,  
1965). A nd  th e re fo re  w e tak e  fro m  P i e l o w s k i ' s  d a ta  (1962) on ly  th o se  fo r N ov
em ber, an d  ignore th e  D ecem ber ones.
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autumn, during the open season, and from a large number of regions. It 
could be done by individual Hunting Circles, or by the provincial organs 
of the Polish H unting Association.

The w eighted m ean of all these data is a =  0.97 (*==* 1) (Table 5). B e
tw een regions, the values vary from 0.4 to 2.7, which is a very w ide  
range.

W ith the num bers born available as a rough estim ate country-w ide and 
a concrete em pirical value for Czempiń and w ith the country-w ide aver
age realized increase (if a =  1, the population is composed in  equal parts 
of current year-borns and overwintereds), it is possible to calculate the

Table 5.
A ge ra tio  (a) in  th e  open season  (± D ecem ber 15).

R egion Y ear
N =  

N , + N a N jtT)
N }

a = *rA
R eference

P o zn ań  p rov ince 1957 6420 3323 1.1 Jez ie rsk i, 1959

M oszna (Opole p rov ince) 1957 1163 677 1.4 -

C zem piń  (P oznań  p rovince)

P ro v in ce s  of W roclaw , L u 
b lin , K raków , W arszaw a,

1957 2203 1081 1.0

P ie low sk i, 1962

Szczecin, O lsztyn

P ro v in ce s  of P o zn ań , W roc
law , Szczecin, G d ań sk , O po
le, K raków , W arszaw a, L u 

1958 3740 1621 0.8

”

b lin , Łódź, O lsztyn 1961 7344 3378 0.9

C zem piń  (Poznań  p rov ince) 1958-63 7502 3334 0.8 A ndrze jew sk i &
1964 3323 2003 1.1 Jez ie rsk i, 1966li ii 1965 1700 1003 1.4 P ielow ski, 1968
1966 2000 1460 2.7
1967 2100 865 0.7

ii li 1968 1800 741 0.7 P ielow ski, pers, 
com m .

T o ta l an d  av e rag e 39795 19486 0.97

natural elim ination of young individuals (Ej =  vT —  ^ ¡ m )  an(i  their mor
tality. The latter can be calculated in  relation to the num bers born 
(mj —  E} : vT). A ssum m ing that from birth until w inter they are elim ina
ted at a constant rate (in proportion to density), their instant mean mor
tality  rate can be calculated from the equation N ](T] =  vr • e -  |lT (T 
being half a year, because the average date of birth is June 15, and the 
date of the y ield  is Decem ber 15).
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2.5. Individual Growth Curve

We still have exceptionally few  data on the individual grow th curve  
of hares. It has been prepared under experim ental conditions of anim als 
kept in cages (P i 1 a r s k a, 1969) on the basis of frequent and accurate 
m easurem ents extending over a period of 270 days since birth but in
volving a relatively  scant material (12 individuals). W hen the experi
m ental data w ere compared w ith the w eight of w ild  anim als, the form er 
proved to be distinctly  lower at the age of 100— 270 days. With ad-hoc 
data on the w eight of hares in the field  (Warsaw area) available to us, 
w e tried to extrapolate the laboratory curve (Fig. 2) to the average w eight 
of an adult hare in the province of Poznan (P i e 1 o w  s k d, 1962).

W(kg)

Fig, 2. In d iv id u a l g row th  cu rv e  (bottom  line : la b o ra to ry  data).

An analysis of the resulting individual growth curve showed the rate 
of grow th to be inconstant. For hares aged up to 100 days, the curve may 
be written:

Wt =  0.45 t 2 —  2.53 t +  121.2, whereas from that age onwards it cor
responds to the equation Wt =  —6753 +  2006 In t, where Wt is the w eight 
in grams at the age t, and t the age in days.

But it needs to be born in  mind that this individual grow th curve is an 
extrapolation based on laboratory data. Its calculation on the basis of 
field  data remains still to be done.
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3. A N A LY SIS O F D YN AM ICS O F  N UM BERS

3.1, P o p u la tio n  D ynam ics, R ealized  In c rease , a n d  M o rta lity  of A d u lts  (C zem pin)

From certain points of v iew  it is useful to consider separately the 
dynamic of the grown part of the population, i.e., to take as the point of 
departure its  size in the open season. This is the size which is the m ost 
interesting from the point of v iew  of shooting. Furthermore, its analysis 
is easier because it can be based on accurate empirical data, whereas all 
our know ledge about the number of born and w hat happens to them  
until the tim e of the yield  is based on computations.

Fig. 3. F ac to rs  w h ich  d e te rm in e  th e  n u m b er of ind iv id u a ls  a t th e  tim e  of th e  open 
season  (N 7-). E x p lan a tio n s  in  th e  tex t.

The number of hares in the open season is the sum of the overw inter- 
eds (Na(t)) that have survived until their next autumn and the realized  
increase (JVj(r)), i.e., current year-borns that have survived until the open 
season (1Vj< =  4“

The num ber of overwintereds (1VA(T)), on the other hand, is a derivative 
of the size of the basic stock (N'(r-i)) at the beginning of the year and the 
m ortality of adults (m A), because N A(T) =  N \ t.d • m A. And the size of 
the basic stock is, in  turn, the size of the stock population at the beginn-
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ing of the year, i.e., less the previous year’s yield: =  vct-d
—  (Fig. 3).

N ext, the realized increase (natality) N^ t) is derived from number of 
born 'individuals and the m ortality of young ones (¿0 until the open 
season, w here the number of born depends on the number L  of young 
ones produced per average adult individual in the population, which in 
our calculations has been assumed as constant and equal to 3.7 {see 2.3), 
on the num ber of adults, the sex  ratio, and the percentage of gravid  
fem ales (Fig. 3).

Fig, 4. D ynam ics of n u m b ers  (C zem piń).
D a rk  w edges: y ie ld  da te  (open season); N: n u m b e rs  b efo re  y ie ld  (open season); N': 
n u m b e rs  a f te r  y ie ld  (open season); JV î; n u m b ers  of o v e rw in te red s  befo re  y ie ld  (open 
season); vr : n u m b e r born , assigned  a rb i tra r ily  to  th e  m ean  date  of b ir th  (Ju n e  15).

A ll d a ta  p e r 100 h ec ta res .

For Czempiń w e have for a period six years highly reliable em 
pirical data on the population size before the tim e of the yield  (Nr) and 
the y ield  (Y) (Table 1). This enables us to plot the dynam ic of the shoot- 
able (grown) part of the population for a period of five  years (Fig. 4). By
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discrim inating current year-borns from all overw intereds w e can very  
accurately determ ine the m ortality of adults:

N (r-i)  —  JV (T-i] —  Na{t) E _
™A = --------------------     = -  =  Tp (see 2.2 and Table 2).

y  (T -n  w  ( t - i )  N  V i

The first conclusion suggested by an analysis of population dynamic 
for five years is that all the ecological parameters (m ortality m A; y ield  
Y, and the realized increase (Nj or a) which determ ine the num bers of 
adults vary greatly between different years. Thus, m ortality of adults 
ranged from m A =  0.14 to TnA =  0.47 (Table 2), the y ield  index (y) from  
0.26 to 0.47, and the realized increase (Nj) from 15.2 to 33.7 individuals 
per 100 ha (Table 1), or, when expressed by the score a =  Nj  : N A, from
0.4 to 2.7 (Table 4 and Table 5).

Table 6.
A b u n d an ce  of o v e rw in te red s  v e rsu s  rea lized  rep ro d u c tio n ,

— s ta n d in g  c rop  a t b eg inn ing  of year, 1VA — average  ab u n d an ce  N  A =  

=  IAr(T_i) +  Wi»[T)] : 2, a =  N j : N A, N } — rea lized  re p ro d u c tio n ; N ',  N A and  —
n u m b ers  per 100 ha.

Y ear '64 '67 '68 '65 '66

^  (T-l) 42 32.7 32.7 22.8 18

34.8 29.9 25.4 17.4 16.7

a

N,

0.6 0.7 0.7 1.4 2.7

15.2 19.7 
- >  -

18.7 17.3 33.7

*

But, high variability apart, the average index of realized increase (na
tality) is a =  1.06, i.e., even as a five-year average, aprroaches the 1.008 
which w e obtain for a 13-year period for Czempin (Table 4), and the 0.97 
which w e obtain from a large m aterial from various years and parts of 
the country (Table 5). It seems that even w ith large differences between  
particular years for a given place and between different places for a given  
year w e m ay assume the country-w ide average and the average for a par
ticular place for several years to be a == Nj : N A 1 w ithout the risk of 
an unduly large error.

The relation betw een realized increase and the numbers of over-w in- 
tereds (grown) also is interesting; this relation is inverse, and very  
strictly so (Table 6). The realized increase is low est w hen num bers of 
grown are h ighest (N' =  42, and N A =  35), and highest (Nj =  33.7) when  
numbers of grow n are low est (JV' =  18, and N A =  16.7); and in years



when num bers of grown (overwintered) are about average (23— 33), 
realized increase varies w ithin a fairly narrow range (17.3— 19.7), the 
variations being probably not statistically  significant (the m aterial avail
able does not admit of statistical analysis and determ ination of standard 
deviation). F ive years is indeed too little  for inverse correlation to be 
established as statistically  significant, but enough to show the trend. If 
this trend proved to be a more general rule, the m ortality of young ones 
could be presum ed to depend not only on environm ental conditions (such 
as a year’s atm ospheric conditions, predators, etc.) but also the density  
of the reproducing population (i.e., the adult part of the population), 
m eaning that w hen the adult part of the population is at a h igh  level, it 
■is little  supplem ented by realized increase. And this entails further con
sequences: the population is capable of being more in tensively  exploited, 
because when its adult part is at a low level. The elim ination of current 
year-borns also is low , w hich  helps to bring the population size by the 
tim e of the open season (end of the hare years) to the previous year’s 
level. This thesis obviously calls for confirm ation in a larger material.

Table 7.
W inter v e rsu s  su m m e r m o rta lity  of ad u lts . W in te r: D ecem ber — M arch  (3 m on ths);

su m m er: M arch  — D ecem ber (9 m onths).
M o rta lity  ra te  p e r  m on th  m  =  (N 0 — N t ) : N 0 . T ;  T — in  m on ths. D ata  fro m  Fig. 4

a f te r  P i e l o w s k i ,  1968).
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P e rio d  I W in te r 
| 1964/5

S u m m er
1065

W in te r
1965/6

S u m m er
1966

W in te r
1966/7

S u m m er
1967

W in te r
S u m m er
A verage

M o rta lity ■04K , -019 x  / -014 v
x -> -044 < x  x ^> -032 < x  x ^ -  -015

■024v
x  + 033

It derives some support from  the fact that on average, for large areas 
and major periods of time, the index of natural increase a =  N3 : N A is 
constant and equals unity.

P i e l o w s k i  (1968) reports very interesting findings concerning the 
m ortality of the grown part of a population: he found it to be lower in 
winter than in the vegetative season. P i e l o w s k i  (1968) reports the 
standing crop for spring (end of March) and the open season (assum ed as 
Decem ber 15 on average). This, together w ith A n d r z e j e w s k i  & J e -  
z i e r s k i ’s data (1966), makes it possible to plot for a period of three 
years the dynam ics of the grown part of a population w ith clear conside
ration of w inter and the vegetative season. The curve reflecting the 
changes in the num bers of adults is at the sam e tim e the survival curve 
of the adult part of the population, because after the realized increase 
becom es added to the population, the basic stock only decreases, it is the
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year’s cohort as it w ere (see Fig. 4). And these data, in their turn, enable  
us to calculate the m onthly m ortality rate for the three w inter m onths 
(end of Decem ber until end of March) and for the nine months of the 
vegetative season for three consecutive years.

The resulting data (Table 7) show that although in some years m or
tality m ay be higher in w inter than in the sum m er of som e other year, 
it is nevertheless: (1) as a three-year average d istinctly low er in w inter, 
and (2) in any particular year, w hether considered to begin w ith  w inter  
or w ith summer, lower in the w inter months than in the summer. The 
difference is som etim es very slight, but it is there. This is remarkable 
also because hunters and biologists of the shooting sport are more or less 
unanimous in  regarding March as the hardest m onth for hares in our 
clim ite (frequent ice-crusts over the snow and the d ifficu lty or even im 
possibility of reaching food), yet March is among the three w inter months 
in which average m ortality is below  that of the summer months.

This squares very w ell w ith  observations concerning the m ortality and 
survivorship of Clethrionomys glareolus  (S c h r e b e r, 1780) (G 1 i w  i c z 
et  al., 1968), which also show a distinctly  higher m ortality in summer.

3.2. N a ta lity  an d  M o rta lity  o f C u rre n t Y ea r-b o rn s

With the fecundity of an average fem ale calculated as above at 7.4 
young ones annually (3.7 per average individual at the sex ratio s =  N 9  : 
Nc f ^ l ) ,  w e can calculate the numbers born by a population. We have  
no empirical data and cannot calculate the theoretical numbers of young  
ones for the different parts (months) of the vegetative season. A ll w e can 
do is assign the numbers born (vr) to the mean date of births (June 15). 
Consequently, w e have in the plot of the dynam ics of num bers (Fig. 4) 
two categories of data: (1) the num ber of adults at the mean data of 
yield  (December 15), before the yield  (N), and after the y ield  (N '). These 
are concrete standing crops; and (2) the sum m ed up number of those 
born, arbitrarily assigned to the mean date of birth (June 15).

The number of born vary w ith in  the w ide range of 51 to 115 individuals 
per 100 ha (Table 8, Fig. 4). The m ortality of young ones has an even  
wider range of variations. W ith the date of birth assumed arbitrarily as 
June 15 (the number of births being the same before that date and after 
it —  Table 3) and the elim ination of young ones assum ed as exponential, 
the m ortality of current year-borns until the time of the yield  (ca. De
cember 15) m ay be seen to be very high, viz., 0.002 ^  ^  0.011, the five
-year average being — 0.007 (Table 8). It is much higher than the com 
parable indices for adults (Tables 2 and 8). The annual m ortality of the 
stock population averages 29% of the initial level, w hereas for the young
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ones it averages for one-half year 74%, rising in som e years as high as 
86%.

This extraordinarily high m ortality of young ones underscores the pro
blem  of the realized increase. W hile in the open season it accounts for 
roughly one-half of shootable anim als on average, it amounts in terms of

T ab le  8.
N u m b er of young  p ro d u ced  an d  th e ir  m o r ta lity  u n ti l  th e ir  f irs t  open  season.

N j T —  n u m b er of ju v en ile s  by th e  en d  of th e  year, befo re  th e  y ie ld  (realized  
in crease : =  vT —  JV(T) —  n a tu ra l e lim in a tio n  (see T ab le  2) d u rin g  th e  y e a r; vr,

a n d  E j —  n u m b ers  per 100 ha. Ju v en ile  m o rta lity  is ca lc u la ted  fo r  h a lf  a y ea r 
(Ju n e  15 u n til D ecem ber 15), A verages fo r P o lan d  ca lcu la ted , w ith  a ssu m p tio n :

a =  1.0, m A =  0.33 an d  y  =  0.25.

Y ea r vr N i(T)
£ j= v r -

~ N HT)

17lj =  

= E i<T)'y T

inv—lnN jiTj 

183

m j— EHT):N j ‘T ~  
_  E '2

v r+ N j( d -1 8 3

1964 114.7 15.2 99.5 0.86 0.011 0.008
1965 54.4 17.3 37.1 0.68 0.006 0.006
1966 50.7 33.7 17.0 0.34 0.002 0.002
1967 105.1 19.7 85.4 0.82 0.009 0.008
1968 82.1 18.7 63.4 0.77 0.008 0.007

A verage
fo r

C zam pin
81.4 20.3 60.5 0.074 0.007 0.006

A v erag e  
fo r 

P o lan d  
(in th o u 

sands)

6600 1600 5000 0.76 0.008 0.007

those born to barely som e 25%. A higher survivorship of current year- 
-borns would em inently raise the level of the population at the time of 
the open season and w ould thus make a higher yield  possible. S ince Nj  =  
(1-mj). vr, a reduction of the m ortality of young ones by ,,k” w ould make 
the realized increase equal to (1-mj +  k), and vr =  N j + v T-k-, in  per cent,

k • y T
the growth of the basic stock would be X  =  ~  ■ 100. Under the condit-JV >jt

ions in Czempin, a 1% decline in the m ortality of current year-borns 
would increase the population size by 2% or more.
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3.3. Longevity and Age Structure

Given the size of the population for six  consecutive years and the  
ability  to discriminate between current year-borns and overwintereds in 
the autumn, w e  are in a position to arrive at qualitatively new  ecological 
parameters, because w e may 'introduce the tim e factor in the analysis. 
This enables us to determ ine the m ortality and survivorship o f individual 
age groups (cohorts), their longevity (average, maxim um , and ecological), 
and also the population’s age structure (cf. 2.2, Fig. 4, and Table 2). On 
the assumption that m ortality is for all overw intereds the same irrespec
tive of the cohort to which they belong and equals the over-all m ortality  
of overw intereds in a particular year, it is possible to calculate how m any

Fig. 5, S u rv iv o rsh ip  cu rv e  fo r an n u a l cohorts. 
vr: n u m b e r of c u rre n t y e a r-b o rn s ; f i rs t  f ig u re : re a liz ed  in c rease  (n a ta lity ); second 
fig u re  of c u rre n t y e a r-b o rn s  a f te r  th e  y ie ld  (open season). V ertica l w edge: yield.

(or what percentage) of a particular cohort w ill survive until the second, 
third, fourth, etc. year. This assumption is a very  probable one because 
there seem s to be nothing to suggest that three, four, and five-year old 
hares differ in m ortality, the physiological age of death (about 10— 12 
years) being still far off, five-year old hares are still in the »prime of 
life«.

We are in position to follow  the fate of the 1963 and 1964 cohorts until 
their sixth  and fifth year of life respectively, and that of the 1965 cohort 
until its fourth year. The data available (Table 9 and Fig. 5) show that
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there are barely 0.4— 0.5 hares per 100 ha in their fifth  year of life (com
pleting in autum n 4.5 on average), and only juch 0.2 six-year old ones per 
100 ha.

The results are similar when we extrapolate the survivorship of the 
1965 age group into the fifth and sixth  year of life, w ith  mortality and 
yield assumed at the levels of the six-year averages. Consequently, this 
may be presumed to be the probable efective ecological longevity of

Table 9.
S u rv iv a l of an n u a l cohorts in  C zem piń .

N '  — N
N  — n u m b ers  b e fo re  y ie ld ; N '  — n u m b ers a f te r  y ie ld ; y =  — — (propo rtion  in 

N T - N ,  (T -H ) ,
y ie ld l; ttia   rT----------- (p ropo rtion  in  n a tu r a l  e lim ination).

T

B orn  in: B efore
1963

* 1963 1964 1965 1966 1967 1968

N um ber b o rn •> 1 ? 114.7 =  755$ 54.4=314$'50.7=150$ 105.1 =  533$ 82.1 =  439$

1963
IV

N ’
y = .3 7  

m A— . 34

47.0
1 0 0 3 ,
29.7
63$

19.3 
100$
12.3 
63$

1964
N

N ‘
y =  .47 

n i , = .47

19.5
42$
10.4
22$

8.1
42$
4.3
22$

15.2
100$

8.1
53$

1965
N

N ’
U— 39 

m  , = .32

5.5
12$
3.3
n

2.3 
12$
1.4
7$

4.2
28$
2.7
17$

17.3
100$
10.6
61$

1966
N

N '
y = .2 9

m A= .17

V= .3 0  

m A= .14

2.3
6$
1.7
3$

0.9
6$

0.6
3$

1.9
12$
1.3
9$

7.2 
41$
5.2 

29$

33.7
100$
23.9
71$

1967
N

N '

1.4
3$

0.9
2$

0.5
3$

0.4
2$

1.1
7$

0.8
5$

4.2
25$
2.9
18$

19.8 
62$
13.9 
43$

19.7 
100$
13.8 
70$

1968
N

N'
p = .  26

0.8
2$

0.6
1$

0.3
2$

0.2
1$

0.6
5$

0.5
3.0$

2.5
14$
1 9 
10$

11.9
35$
8.9

26$

11.9
60$
8.8

45$

18.7 
100$
13.8
74$
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hares. The physiological longevity is believed to be about 10— 12 years. 
According to Dr. P i e 1 o w  s k i (pers. comm.) one individual marked in 
Czempiń was caught 13 years later in good condition. This would suggest 
a physiological longevity of more than 13 years, but only occasional in
dividuals are aged upwards of five to six  years, and their density is one 
per 200— 400 hectares, which is of no consequence either in practice 
(shooting) or in ecology (density, reproduction).

Table 10.
A v erag e  len g th  of life  (in years) of hares  b o rn  in d if fe re n t years . C oun ted  from  

b ir th  and , se p a ra te ly , from  firs t a u tu m n  (i.e., grow n life  tim e).

B o m  in : 1963 1964 1965 1966 1967 1968 A verage

F rom  b ir th  to f i r s t  y ie ld 9 0.17 0.20 0.23 0.17 0.19 0.19

F ro m  f i r s t  y ield  

F ro m  b ir th

to

d ea th

1.24 1.07 1 50 1.92 — — 1.43

7 0.31 0.65 1.18 — — 0.71

Table 11.
A ge s tru c tu re  (in p e r  cen ts) of C zem piń p o p u la tio n  in  th e  open season  (D ecem ber 15). 

T o ta l n u m b e r befo re  y ield  in each y e a r  tre a te d  as 100°/o.

Y ear of b ir th 1963 1964 1965 1966 1967 196B

T o ta l n u m b er befo re  y ie ld 66.3 42.8 29.3 46.0 46.7 46.7

C u rre n t y r-b o rn s  (0.5) 29 35 59 73 42 40
m $  F Second y r-o ld  (1.5) 19 14 16 43 25

T h ird  y r-o ld  (2.5) ? 8 4 9 25
CO ?■* F o u rth  y r-o ld  (3.5) ? 7 2 2 5

< £ . £ F if th s  y r-o ld  (4.5) 7 7 7 1 2
S ix th s y r-o ld  (5.5) 7 7 7 7 1

Age u n know n , 
bo rn  befo re  1963

71 : 46 19 5 3 1

A verage  age (in years) ■ 1 7 ± 1 .7 ± 1-0 1.4 1.6

The mean ecological longevity of hare is surprisingly low. What may 
interest us is: (1) the mean longevity of young ones to the tim e of the 
first open season; (2) the mean longevity of adults (from their first open 
season until death); or (3) the fu ll mean longevity (from birth until death). 
In the present calculations the assumption was that a cohort ceased to 
exist w hen its density dropped below  0.3 individual per 100 hectares. The 
1965 and 1966 cohorts could be follow ed only for four or three years re
spectively. Their survivorship was extended to subsequent years by
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assum ing the six -year average annual yield  {y  — 0.35) and the five-year  
average m ortality (m A — 0.29), i.e., the averages in  Table 9. Longevity  
was then calculated accordingly.

The results (Table 10) g ive the fu ll ecological longevity (from birth 
until the extinction  of the entire cohort) as t =  0.71 year (from 0.31 to 
1.18 year), the average longevity of adults as 1.43 year, and the average 
longevity  of young ones as barely 0.19 year (0.17 to 0.23 year).

This rem arkably low  ecological longevity is determined prim arily by 
the extraordinarily high m ortality of the young ones. As has already  
been said, barely 26% on average survive half a year (Table 8), and of 
these an average of 35% is shot in Czempiń during the first open season  
(Table 7), so that on ly  17% really survived beyond the first half a year; 
for 1964 the figure was even lower, only 8%. The average longevity  of 
a cohort (or age group) also depends on the absolute realized increase  
the higher it is (the more have survived until the first open season) the 
greater the likelihood of their longer survivorship.

T ab le  12.

A ge s t ru c tu re  a t  th e  en d  of y ea r (± D ecem ber 15) in  p e r  cen t o f to ta l N.

Y ear ’65 '66 '67 ’68 A verage

L ess th a n  1 y r  old 59 73 42 40 53

1 an d  2 y rs  old 73 89 85 65 78

1, 2 a n d  3 y rs  o ld 81 93 94 90 90

O ld er th a n  3 y a rs 19 7 6 10 10

The data available have made it possible to determ ine the population  
age structure in particular years and the average for the period under 
study (Table 11). What strikes the eye is the remarkably young age of 
the population. Cohorts of the current and the previous year, i.e., ind ivi
duals averaging 0.5 year and 1.5 year in autumn make up 78% of the po
pulation (Table 12), and a ll those aged up to three years make up 90% 
which leaves for a ll the older ones (aged 4 years and more) on ly  10%.

3.4. M o rta lity  an d  Y ield

We may be interested to know how m any (what percentage) of a parti
cular cohort can be harvested by man in the course of its lifetim e and 
how much is lost to man through natural m ortality. In this analysis the
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point of departure may be either the number of born or the realized in 
crease.

Of the total num ber born only an average of 25% is harvested by man 
(Table 13). This is  the consequence of the extraordinarily high natural 
m ortality of the young ones.

The natural m ortality of the adult part of the population is different. 
With the realized increase (N}) as the starting point, i.e., the number of 
individuals before the open season, on calculating the total y ield  and 
total elim ination (until extinction of the cohort), w e m ay note that the 
yield harvested by man exceeds natural m ortality, because it averages 
64% (Table 13). Country-wide, m ortality has been assumed as an average 
33%, which is more than the y ield  estim ated above as 25%, and yet the

T ab le  13.

E lim in a tio n  v e rsu s  y ie ld  of d if fe re n t y ea r cohorts, d u rin g  to ta l life  of cohort.

Y ear 1963 1964 1965 1966 Avg.

N u m b er of bo rn  vr 
(=  100%)

7 114.7 54.4 50.7 73.3

Y ield in  p e r  cen t — a 21 45 25

E lim in a tio n of vr — 92 79 55 75

R ealized  rep ro d u c tio n  N j  
(=  100%) 19.3 15.2 17.3 33.7 21.6

Y ield in p e r  cen t 63 62 65 67 64

E lim in a tio n of Nj 37 38 35 33 36

sum total of the bag exceeds the number of all naturally elim inated in
dividuals. This is so because in a cohort’s first autumn, i.e., at the tim e  
when this cohort accounts for the largest number of grown individuals, 
these individuals becom e the object of shooting. Hence, even as a lower 
percentage, but calculated from a higher base figure, the yield  obtained  
from a cohort in  the course of its life-tim e exceeds natural mortality.

We m ay also be interested to 'know the w hole of a population’s losses,
i.e., elim ination plus yield  (E +  Y). The grown part of the population  
considered (Czempiń) sustains an annual loss of about 60% of its level 
(Table 2). The analysis shows that then the total annual loss is about two
-thirds of the size (1964 and 1965, Table 2), the population has a negative  
balance (dN =  N T —  <  0) and dim inishes in size.
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3.5. P o p u la tio n  N um erica l B alance

The data available make it possible to draw up a balance for the po
pulation in terms of individuals for a five-year period (Table 14, Fig. 4).

The m easure of the stability of a population is the difference in size at 
intervals of exactly  one year. If . 11V =  NT —  WD <=« 0, the population is 
stable. As was to be expected, .11V was not infrequently far from zero 
(Table 14, Fig. 4). The Czempih population dim inished between 1963/64 
and 1965/66. In 1964 it was almost halved. This may be attributed to

Table 14.
Y early  incom e and  outcom e of in d iv id u a ls  (per 100 ha).

Y ear ’64 ’65 ' 6 6 .67 ’6 8 Avg. P o lan d
(thousands)

B asic stock
a fte r  y ie ld  N 't  =  IV(t-i) — Y t - d 42.0 2 2 . 8 18.0 32.7 32.7 29.6 2400
N atu ra l 
e lim ina tion  E a 14.4 1 0 .8 5.7 5.7 4.7 8 . 2 800
A dults a t
end  of y r  — N'  — E .4 27.6 1 2 . 0 12.3 27.0 28.0 21.4 1600

B o rn  vr 114.7 54.4 50.7 105.1 82.1 81.4 6600
E lim ination  
p e r  y r  Ej 99.5 37.1 17.0 85.4 63.4 60.5 5000
R ealized  
re p ro d u 
c tion  N  j = vc — Ej 15.2 17.3 33.7 19.7 18.7 20.9 1600

N b efo re
y ie ld  N  =  N A + N j 42.8 29.3 ‘46.0 46.7 46.7 42.3 3200
Y ield  Y 2 0 . 0 11.3 13.3 14.0 1 2 .0 14.1 800
B asic stock
fo r n e x t y r  N' ( t - 1) =  N  — Y 22.B 18.0 32.7 32.7 34.7 28.2 2400

A N  =  N '  ( t+ I)  —  N 't — 19.2 — 4 .2+ 14 .7 0 .0 +  2 . 0 — 1.4 0

a coincidence of overexploitation (y64 =  0.47 —  Table 9) w ith a very high  
m ortality of grown anim als in  1964 (m A =  0.47. B etw een 1964 and 1965 
this reduced the population by som e 30% (Table 14), In other years the 
total annual loss (yield +  m ortality of overwintereds) amounted to 38—  
58% (average 53%). A high realized increase in a single years (1966) was 
enough to offset the 1963— 1965 reduction in size.

But even for as little  as five  years, the average change in size ap
proaches zero, being AN = —  1.4/100 ha, which means that the populat
ion was stable at the level of 30 individuals per hectare after the shoot-
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ing, or 42 individuals per 100 hectares before the open season, i.e., at the 
end of a hare years (Table 14).

The average six-year annual balance for the Czempiń population m ay  
be written as follows:

gain loss balance
vr —  (£ , +  E0 +  Y) =  AB

81.5 —  (60.5 +  8.2 +  14.1) =  — 1.4

4. H A R E N U M BERS IN  PO LA N D

Hunters are generally agreed on putting the m ortality of the adult hare 
population at betw een 25 and 40% of the initial population. For the 
Czempiń population the five-year average was m A =  0.29 (Table 2). In 
Poznań province, game managem ent standards are rather high, and espe
cially Czempiń, as a research centre, may be presumed to save an aver
age m ortality som ewhat below the national average. It therefore seems 
that m ortality of one-third of the basic population as a country-w ide  
average w ill be close to  reality, and any rate safe, because it m ay be ex 
pected to be in fact a little  lower.

A ll w e know about the num bers of hares is only the annual yield, 
namely:

(1) the average annual y ield  for the past six years, which was about 
800,000 ( A n d r z e j e w s k i ,  N o w a k  & P i l i p i u k ,  1969; Statistical 
Yearbook, 1969), and

(2) data indicating that the annual y ield  varies w ithin a rather narrow  
range and shows no defin ite trend in the course of the past fifteen  years 
or so (which means that it is roughly constant).

When (1) the constancy of the absolute country-w ide yield  (y^«800,000) 
is assum ed to be the result of the constancy of the over-all annual per
centage of hares shot, and (2) the adult m ortality is taken to be m A =  0.33 
in agreem ent w ith the previous reasoning, then, w ith (3) the national 
average a =  N) (N ^ ^ 1 ,0 )  ob ta ined . from the large em pirical material, 
w e find from A n d r z e j e w s k i  and J e z i e r s k i ’s (1966) equation:

(.1 +  a) (1 —  mA) —  1
V ”  TTY m   ̂ ^  0.25y (1 +  a) (1 —  ttia)

(1 + a ) (1 —  m A) — 1
With Y =  800,000, the equation Y = N  , ' =  N *0.25(1+a) (1 —  m A)

gives us as the average for Poland:
N =  800,000 : 0.25 =  3,200,000 hares at the time of the open season  

(roughly December).
The balance in term s of individuals is reproduced in Table 14. It needs

to be stressed that all the figures represent only rough estim ates.
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5. B IO M A SS BALANCE AND PR O D U C TIO N  

j.l . B iom ass D ynam ics

Under the conditions existing in Poland, the hare grows about 270 days 
(see 2.5, Fig. 2). The open season falls on the interval of 160— 210 days 
of current year-borns, which therefore keep growing during the open 
season ( C a b o ń - R a c z y ń s k a ,  1964; P i e l o w s k i ,  1968; Fig. 2). 
Their weight, therefore, averages at the beginning of the open season  
(November 1) som e 3.2 kg, and by the end of it (December 10) some 3.8 
about 3.7 kg.

Tabic 15.
B alance of b iom ass.

U V  — biom ass a f te r  y ie ld  (beginn ing  of h a re  year); P — p rod u c tio n ; E — e lim in a 
tion ; B t  — s tan d in g  crop  befo re  y ie ld ; Y — y ie ld  in  th e  y e a r  considered ; B 'r  — 

stock  pop u la tio n  (basic stock) fo r n e x t year.
D ata  fo r C zem piń  p o p u la tion  ex p ressed  in  kg/100 ha.

Y ear B T + P ■ E = B T
B T — Y =

B' T + l
B' T_|_j

-B p = 4 B

1964 170 206 200 176 18 92 —78
1965 92 132 110 114 44 70 —22
1966 70 164 58 176 51 125 + 5 5
1967 125 217 156 186 56 130 +  5
1968 130 177 120 187 48 139 +  8

A verage 117 179 129 167 56 111 — 6

P o lan d  th o u 
sand  tons 95 14.8 11.6 12.7 3.2 9.5 0

The population biomass is the result of the sim ultaneous processes of 
reproduction, growth, and elimination of individuals. Hares born the  
previous year go on growing until about March; their w eight gain obeys 
the equation Wt q,) =  — 6753 +  2006 +  In t (see 2.5.), and they are elim i
nated at the rate m A (Table 2). Individuals aged two or more years do not 
grow but only drop out. The result is that from Decem ber to March the  
biom ass of a population declines. From March onwards until the open  
season all overwintereds have a constant w eight, which averages 4,200 g. 
Their numbers decline, and so does, therefore, the biomass of this part 
of the population. The five-year average of this decline is 35 kg/100 ha/yr.

Current year-borns grow over the first 100 days of life  (until the end 
of Septem ber on average) at the rate Wt =  0.45 t2—  25.3 t  +  121 (cf. 
2.5.) and disappear at a rate which is exponential (assumption) and varies 
betw een different years (Table 8).

W hen past the age of 100 days (from the beginning of October), the 
young ones grow much more slow ly  (Wt =  — 6753 +  2006 In t). Con
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sequently, the biomass of current year-borns can be described by the  
equation: Bt =  JV0 *e“ ^ (— 6753 +  2006 In t). H ence, in four out of the 
five  years the population’s w eight gain from  October onwards does not 
offset the loss of biomass due to m ortality. As the result, the biomass 
attains m axim um  at the beginning of October or there abouts and then de
clines (Fig. 6). Only in 1966, w ith  its exceptionally low  m ortality of young  
ones, did the population biomass grow until Decem ber to peak out in the 
open season (Fig, 6).

kg/lOQha 235

Fig. 6. D ynam ics o f b iom ass of th e  p o p u la tion  in  C zem pin.
V ertica l w edge: y ie ld ; f ig u res  a t th e  top : b iom ass of th e  p o p u la tion  b efo re  th e  y ield  
(open season); figu res  le ft of th e  v e rtic a l age  lim it line : b iom ass o f th e  p o p u la tion  
a f te r  th e  y ie ld  (open season); figu res  r ig h t of th e  v e rtic a l age lim it (year) lin e : bio

m ass o f o v e rw in te red s  befo re  th e  y ie ld  (open season). A ll figu res  in  kg/100 ha.

These results appear to indicate that, being unable to reduce the mor
tality  of young ones by some special measures, w e would have a larger 
yield  in term s of biomass if the open season started earlier. The size of 
individuals would be indeed smaller, but so m any more could be shot 
w ithout detrim ent to the population that in  term s of w eight the yield  
would be larger. This again raises the problem of the m ortality of young 
ones in all its acuteness.

Before the date o f the yield  (about December 15), the population bio
mass averaged in the five  years 167 kg/100 ha (from 114 kg to 186 'kg per 
100 hectares —  Table 15, Fig. 6). The average annual y ield  was 56 kg/
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/100 ha, and the biomass of the basic population at the hare year beginn
ing therefore averaged in the five years 117 kg/100 ha (from 70 kg to 170 
kg per 100 ha; Table 15).

5.2. Production and Elimination

Production w as calculated from  the grow th-survivorship curve (Ness 
and Dougal’s method, see: P e t r u s e w i c z  & M a c f a d y e n ,  1970).

Current year-borns are responsible for far the largest part of product
ion. Previous year-borns gain each an average 0.5 kg in w eight and add 
barely 6.8 kg per 100 ha, which is 4% of the annual production total 
(Table 16). The five-year production average was 179 kg/100 ha (from  
132 kg to 217 kg per 100 ha).

Much the bigger part of production is eliminated, an average of 129 
kg/100 ha (Table 15), which amounts to 70% of the total (Table 15 and
16). An average 56 kg/100 ha is left for the yield , which is 30% of the

T ab le  16.
B iom ass in flow  and  o u tflow  in per cen t of p ro d u c tio n . 

V alues of P  ex p ressed  in  kg/100 h a  an d  tr e a te d  as lOOVo.

1964 1965 1966 1967 1968 Avg. Po land
(tons)

p 206.0 131.8 163.9 217.0 176.7 179.1 14 800

P = P A + P i P a 
P i

3
97

3
97

3
97

6
96

4
96

4
96

5
95

p =
(E + Y 1+ A B

E
Y

AB

99
39

—38

83
33

—16

35
31
34

72
26

2

68
27

5

71
31

—2

78
22
0

total production. In particular years the total of the loss in biomass (eli
m ination +  yield) is not alw ays balanced by production; w e  have both 
positive and negative A.B (Table 15), but even over as little  as five  years 
theses changes in biomass (AB) approach zero, am ounting to 6 kg/100 ha.

Hare production in Poland is estim ated at 14,800 matric tons, of which  
3,200 tons is accounted for by  the yield  (Table 15),

It is interesting to compare it w ith the production of other animal 
species. We have in this country data on the production of Clethrionomys  
glareolus  ( P e t r u s e w i c z  et al., 1968) which, in term s of live w eight, 
am ounts to P =  0.286 g/m 2/yr. This comparison shows the production of 
hare to be very clearly less at P =  0.189 g/m 2/yr (from 0.132 g to 0.206 
g/m 2/yr).
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The caloric value of the biomass of hare is known only for Decem ber 
(M y r c h a, 1968). It is 1.874 kcal/g. W ith this as the basis, the five-year  
average of the production of the Czempiń population would be P =  0.354 
kcal/m 2/yr (0.332 kcal to 0.206 kcal/m 2/yr).

There are still no data on the daily consumption or respiration of hare. 
Calculations have been made only of the ecological param eter of indivi- 
dual-days or biom ass-days of a hare population per 100 hectares (Table
17), which tells us how m any individuals (or grams) and o f  w hat size  
group (or age group) w ere present in the population per unit area, i.e., 
the number of individuals or the quantity in terms of biom ass w hich con
sumed, assim ilated, etc. on the area of 100 ha dn a year.

Table 17.
B iom ass-days an d  in d iv id u a l-d ay s  p e r  y ea r lo r  d if fe re n t age (w eight) classes.

W eight (kg), 
A ge (days)

.1—1.1
0 —50

1.1—2.4 
50— 100

2.4—3.7 
100-183

3.7—4.2 
183

T otal 
p e r  y r

1964 19.1 41.4 61.3 531.7 654
rb 1965 11.2 29.2 56.3 266.5 362
T> Si 1966 12 3 37.8 93.2 230.2 373
tfl ° 1967 19.0 44.4 72.8 452.3 588

1968 15.4 37.3 65.2 462.1 580

2 ®s o ™  CQ 2  'a M ean 15.4 38.0 69.8 388.3 511

nd
iv

id
ua

l-
da

ys
 

pe
r 

100
 

ha

1964 4 530 2 608 2 150 12 702 21 990
1965 2 368 1 755 1 990 6 370 12 483
1966 2 415 2 188 3 228 5 330 13 361
1967 4 303 2 743 2 668 10 895 20 509
1968 3 423 2 285 2 279 11 078 19 065

M ean 3 407 8 2 315.8 2 443.0 9 315.0 17 482

Production due to reproduction (Pr) is hard to determ ine for the hare, 
because it is not w ell known how long a young one lives at the expense  
of the mother. At any rate it does briefly, because it is precocial. Biomass 
of new born (Pb) is not very large and averages over the five-year period  
som e 10 kg/100 ha/yr, w hich is not quite 6% of production. W ith Clethrio-  
nomys  and laboratory m ice it was about 15%.

6. TURN OV ER

The data available make it  possible to determine the turnover of num
bers and of biom ass for the Czempiń population. The form er is defined  
as the ratio of th e number of discrete individuals that w ere present in 
the population during the year under study, i.e., v =  N 0 +  vT (with im 
migration assum ed as equal to emigration) to average num bers in that
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year ©N =  v : N  ( P e t r u s e w i c z ,  1966), For the five-year period it 
averaged 2.3, and varied as little as form 1.9 to 2.6 {see Table 18).

The turnover of biomass, 0  =  P  : B averaged over the fiv e  years 1.3,

Table 18.
_  _  T u rn o v e r of n u m b ers  an d  b iom ass.
(Nt v, P, and  B p e r  100 h a  p e r  yr), N  w as ca lc u la ted  by re la tin g  th e  n u m b e r of young

ones to  th e  en tire  y e a r  (JV =  N  • T/363).

1964 1965 1966 1967 1968 M ean

N 34.8 17.5 15.2 30.4 30.4 25.5
ł- =  N0 + kt 157.0 77.3 68.7 137.8 114.8 111.1
<9n — : N 2.6 2.3 1.9 2.5 2.2 2.3

B 179.1 99.2 103.3 161.2 158.9 140.3
P 206.0 131.8 163.9 217.0 176-7 179.1

®=P:B 1.2 1.3 1.6 1.3 1.7 1.3

which means that a little  more than the entire average biom ass existing  
in  the area is exchanged annually. The variations in biomass turnover 
are very slight and w ith in  the range of 1.1— 1.6.

A cknow ledgem en ts: W hile  p re p a r in g  th e  p re se n t p a p e r  I h a d  m an y  ta lk s  w ith  m y 
co lleagues D r. Z. P i e l o w s k i ,  Dr.  R.  A d r z e j e w s k i ,  Dr .  W.  J e z i e r s k i ,  a n d  
Dr .  J.  R a c z y ń s k i ,  w hom  I w ish  to  th a n k  w a rm ly  fo r th e ir  re m a rk s  a n d  u n p u 
b lish ed  observations.
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K az im ierz  PE TR U SEW IC Z

D Y N A M IK A  I PR O D U K C JA  P O P U L A C JI Z A JĄ C A  W  PO LSC E

Streszczen ie

D ane em piryczne (T abela 1) w ra z  z p ro cen tem  sam ic c iężarnych  (Fig. 1) p o zw ally  
w yliczyć, że  p o p u lac ja  z a ją ca  sza rak a  w  C zem piniu  rodzi roczn ie  śred n io  81 osobri- 
k ów  p e r 100 h a  (T abela 3), Ś m ierte lność  w szystk ich  p rzezim ków  p o p u lac ji w  C zen- 
p in iu  w ynosiła  29°/# (T abela 2). S tw ierdzono , że s to su n ek  tegorocznych  do p rzez in - 
k ów  siln ie  się  w aha, a le  już ś re d n ia  z la t 5-ciu d la  te j sam ej m iejscow ości oraz 
ś re d n ia  z różnych  m iejscow ości d la  danego  ro k u  zbliża  się  do 1.0 (T abele 4, i).
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S tw ierdzono , że zrea lizow any  p rzy ro st (liczebność tegorocznych  w  okresie  po low a
nia) je s t o d w ro tn ie  p ro p o rc jo n a ln y  do s ta n u  p rzezim ków  (T abela 6).

Ś m ierte lność  tegorocznych  je s t w yraźn ie  w iększa  n iż p rzezim ków  (Tabele 2 i 8). 
Ś m ierte ln o ść  p rzezim ków  je s t niższa zim ą niż la te m  (T abela  7). W yliczono, że osob
n ików  sta rszy ch  niż 5 la t, je s t m nie j niż 1/200 h a , czyli że p rak ty czn ie  n ie m a ją  
znaczenia  an i w  rozrodzie  an i ja k o  ob iek t łow ny  (T abele 9, 11, 12). Z naleziono 
osobn ika  znakow anego  13 le tn iego , lecz ś red n ia  długość życia za jąca  w ynosi 0,7 ro k u  
(T abela 10).

Ś redn io  za 5 la t  pozyskan ie  w ynosi za ledw ie 25"/o u rodzonych , e lim inac ja  n a tu 
ra ln a  zaś 75°/(i (T abela  13).

P o siad a jąc  k rzy w ą  w zro stu  osobniczego (Fig. 2), dy n am ik ą  liczebności (Fig. 4) 
i p rzeżyw alność  (Fig, 5), obliczona b ilans p o p u lac ji w  osobn ikach  (T abela  14) i w  b io 
m asie  (T abele  15, 16 i 17) oraz w y kreślono  dy n am ik ę  b iom asy  (Fig, 6). S tw ierdzono , 
że ok. 95fl/o p ro d u k c ji p rzy p ad a  n a  tegoroczne, o raz  że ju ż  w  ciągu  5 la t, m im o w a 
h ań  w  poszczególnych la tach , śred n io  p ro d u k c ja  ró w n a ła  się  e lim inacji.

O szacow ano  pogłow ie za ją ca  w  Polsce w  okres ie  po low ań  n a  ok. 3200 tys. sz tuk , 
pozyskan ie  800 tys., s tado  podstaw ow e (s tan  po po low an iu ) n a  ok. 2400 tys. sz tu k  
(T abela  14).

T u rn o w er osobniczy w ynosi ok. 2.3 a b iom asy  ok. 1.9 roczn ie  (T abela 15).


