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Introduction

From 1957 to 1970, the Game Biology
Station has performed regular capture,
marking, and release of hares on the Da-
nish island of Hlumeg, which is situated in
Helnzs Bay on the south-west coast of
Funen.

The investigation has been concentra-
ted on determination of population size
and fluctuation, sex and age distribution,
and mortality and reproduction. The ob-
jective of the investigation was to obtain
more reliable and detailed results than
those obtained from the Game Biology
Station’s studies based on the number of
hares shot using the battue technique in
different hunting areas, and from occasio-
nal studies of the hare populations of
other small islands.

The project was initiated and run by
Jous. ANDERsEN, while most of the demo-
graphic treatment of the data has been
carried out by F. AsipcArp and O.
BARNDORFF-NIELSEN.

Ilumg island is 3'/2km. long, 100-500
m. wide and its area is about 100 hectares
(see Fig. 1). The soil is mostly fertile mo-
raine. At least half of the island is farmed
intensively with different cereals (espe-
cially barley), root crops such as sugar
beet and swedes, grass, clover and lucerne.
There are also meadows, used for grazing.

Along the coastal slopes and stone dikes
there are occasional thickets. The climate
is that of the rest of Denmark, with aver-
ages of O° and 17° for the coolest (Ja-
nuary) and warmest (July) months re-
spectively. Precipitation along the SW
coast of Funen is a little less than the
average for the whole country (50-60 cm.
and ca. 65 cm. annually respectively)
(Trap 1958 p. 66, Statistical Yearbook
1970 p. 4).

During the period of investigation no
hares have been shot, but the oft-repeated
captures have resulted in a certain amount
of mortality, as accidents are unavoidable
during the captures. There are no mam-
malian predators on the island.

The main feature of the Illume island
project is that it concerns a geographical-
ly limited and isolated population. Only
during the exceptional conditions of win-
ters of seafreezing (1963 and 1970) have
hares been able to cross over to the main-
land of Funen, a distance of 2 km., and
the number of recoveries has shown that
this migration only concerned a few in-
dividuals. The hare population of the is-
land is high according to Danish stand-
ards, as on average there are about 200
individuals, i.e. a population density of
200 hares per. sq. km.

Fig. 1. Map of Illume island.

Fig. 1. Kort der viser den langstrakte Ilume.
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Capture technique

The hares were captured with nets. This
cannot be done during the summer when
crops such as barley are growing, but cap-
tures of as many hares as it was reason-
ably feasible to catch were carried out re-
peatedly during autumn, winter and
spring.

The first autumn capture takes place
about October 1st. By this time reproduc-
tion is completed, so that there is no more
addition to the population in that year.
At this time, the population is close to its
annual maximum. The real maximum
probably occurs earlier in the year, as
some leverets die before the first capture
in October.

The second capture takes place a week
later, and two catches with a week’s in-

terval are made about December 1st, and
in the spring, generally in March. In
March the population is at its minimum
size, due to the effects of autumn and
winter mortality, and the fact that the
production of young has not yet commen-
ced. Table 1 gives the dates of captures.

The nets used resemble fish-nets, the
mesh size being 7 cm. and the net height
11/> m. The nets are erected vertically and
hang quite loosely. They are placed across
the narrow island in such a way as to di-
vide it into 8 sections; this limits the di-
stance over which the hares are driven.

A chain of beaters flush the hares.
About 40 schoolchildren under the direc-
tion of adults traverse the short section
2-4 times, at a distance of 21/2—6 m. from

Fig. 2. Part of the chain of 40 schoolchildren who drive the hares from cover (Photo: Finn CHRISTOE-
FERSEN).

Fig. 2. En del af kaeden af de 40 skoleborn, der driver harerne op.
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The Hare Population of Illume, Denmark, 1957-1970

Fig. 3. Two catchers remov-
ing hares from the net (Pho-
to: FINN CHRISTOFFERSEN).

Fig. 3. To fangere tager ha-
rer ud af nettet.

each other (see Fig. 2). About 30 m. in
front of the nets are the catchers, who

ced on animals not previously caught.
The metal tags are placed on the ear

are adults. Placed at a distance of 10-20
m. from each other, they are ready to drive
the hares which pass them into the nets,
where the hares are captured and seized
by hand (see Fig. 3). The hares are placed
in cotton bags and taken to a building in
the middle of the island, where a special
team note their weight, sex, and age. At
the same time tags are also read, or pla-

using pliers; as an extra precaution, a
number is tatooed on the ear. At the end
of the capture day the hares are released
again.

The frequent repetitions of the captures
imply that practically all hares are caught
one or more times. Thus in the last cap-
ture in spring 96-100%0 of the hares
caught have been marked in earlier cap-

Ye‘:r 1 2 3 4 5 6
1. 1957/58 25/9 7/10 8/3 13/3
2. 1958/59 26/9 6/10 27/11 12/2 19/2
3. 1959/60 24/9 6/10 1/12 14/3 21/3
4. 1960/61 29/9 8/10 26/11 28/2 4/3
5. 1961/62 26/9 3/10 25/11 4/12 28/2 7/3
6. 1962/63 5/10 9/10 5/12 8/12 10/4 17/4
7. 1963/64 5/10 9/10 6/12 11/12 43 11/3
8. 1964/65 7/10 10/10 5/12 12/12 203 24-26/3
9. 1965/66 12/10 19/10 11/3 18/3
10. 1966/67 6/10 18/10 6/12 11/4
11. 1967/68 15/11 14/12 62 20/3
12. 1968/69 8/10 15/10 26/11 4/12 10/4 15/4
13. 1969/70 14/10 21/11 23/4 12/5
14. 1970 11/11 18-19/11

Table 1. Dates of captures of hares on Illumae.
Tabel 1. Datoer for harefangster pd Illumae,
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tures. This result is the basis for presum-
ing that all untagged animals in the fol-
lowing season are young hares. The vali-
dity of this assumption is supported by
the fact that 98 % of the untagged ani-
mals in early October have an epiphysial
knob on the ulna.

According to the calculations, there
have been 1421 different hares on the
island during the 14-year period of inve-
stigation, of which 1275 (89.7 %) have
been captured. Many were re-captured 5-
10 times.

Gtatistical estimation formulae

As mentioned above it is possible to state
year-class and sex of each hare caught
with practically full certainty. Every year-
class of hares with the same sex may be
considered as a population without in-
crease and with decrease only due to death,
either naturally or on capture.

Table 2 shows as an example the cap-
ture records for females born in year No. 9
(i.e. in summer 1965). Each row of the
table gives the capture record of a hare
using the following code (the different
captures are represented by the successive
columns in the table).

1: not caught in this capture, but later,

2: caught in this capture and in a (at
least one) later capture,

3: caught in this capture, released, and
not seen later,

4: caught and killed in this capture.

Thus the record 11214 means caught for
the first time in the third capture (after
birth), not caught in the fourth, but in
the fifth capture, where the hare was
killed off.

It may be of some immediate interest
to estimate the size of the individual year-
classes at the different captures. This is
done on the basis of the following three
numbers for each sub-population (year-
class x sex) for each capture i, i=
L2, ...,L

¢i: number of hares caught in capture i
and in a later capture (number of
“2” in the column for capture i in
table 2),

vi: number of hares caught, released
alive, and not caught again (number
of “3” in column i),

di: number of hares caught and killed
off (number of “4”)

(cf. table 2). It is useful furthermore to
introduce the following three terms.

ai=2c¢ +wv+d; i=1,2,...,1

1
I‘1=Z(Vj+dj) i=1,2,...,1
i=i

bi=r — a; i=l,2,...,l.
a; is the total number of hares caught in
capture i. r; gives the so-called registered
population, i.e. the number of hares which
with certainty are known to be present at
the time of capture i since they are caught
in this capture or in a later one. bj is the
number of hares not caught in capture i
but in a (at least one) later capture.

In most cases a good estimate N; of the
population size at capture i is obtained
from the formula

Vi bi

) Ni=r1i + —
1

If, however, it is known that there has
been no mortality in the population be-
tween capture i and capture k (k > i + 1)
apart from death on capture, Nj, Ni+l,
..., Ny are determined as the numbers
satisfying the system of equations
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Nijpp=Nj—d; j=i, i+1,..

(2){(113)(1%2“11)'-'(1?&)

Lk—1

Ni—r  Ni—dyg
Ni Ng—dg—rk+1

Under certain circumstances this formula
also applies to recapture-experiments with-
out this assumption as discussed in the fol-
lowing.

N; may be regarded as the sum of the
registered population r; and a calculated
unknown population U; (Ui = 0)

Nizri+Ui.

The calculation of r; is merely a matter of
stock-taking in the capture-records. In
this sense one may claim that the error of
N;j is connected solely with Uj.

The calculation of Ny, j=1i, ..., k ac-
cording to (2) involves determination of
the roots of a polynomial of degree
k —1 -+ 1, e.g in Nj. It can be shown that
this polynomial has one and only one
root Nj » ri;. This means that there is
always exactly one admissible solution
of (2).

(1) may also be written on the form

(a1 — di)ri+1
Ci

3) N; = + di
which shows that (1) is a generalization of
Petersen’s formula to capture-chains with
more than 2 captures! (in the case | == 2,
i =1 (3) is just Petersen’s formula).

(2) was first given by Darroch for the
case dj == ... =dx=0.2

One can set up the following rules for
the application of (1) and (2) to popula-
tions without influx.

(@) If cie1 = ... = cx = 0 apply (2) to
Ni, .., Ne(k <1 —1),

®YIfvi = ... = vg-1 = 0 apply (2) to
Ni, RIS Nk,

(c) In all other cases Nj is calculated
according to (1). It may hereby
happen that Nij+; > Nj — d;, being
contrary to the assumption that the

(sub-)population is never increasing.
It is not yet finally clarified what one
shall do in this situation. The follow-
ing proposal, however, seems reas-
onable and is likely to be the right
one. Apply (2) to obtain new
estimates of Nj, ..., N for all con-
tinuous chains of captures with
Nijrr 2 Ny —d;,j=1, ....,k—1L
This may lead to Nij-1 — di—1 <
Nj or Ny—dg<< Ni+1. In this case
(2) is repeated for Nj—1, ..., Ny or
Ni, .. .,Nk+1 (OI‘ Ni.—l, ey N1{+1).
Proceed in this way until Nj+1 <
Ny — dj foreveryj=1,2, ...,
1 — 2.

Apart from the case vi—1 = 0 it is not
possible to estimate Ni from a capture-
recapture experiment.

If the purpose of a recapture-experiment
is to study the dynamics of the population
one is not primarily interested in the popu-
lation sizes Ni, ..., Ni but rather in the
increase and decrease of the population.
In the present study the former is eluci-
dated by Nj (the estimate of the initial
population size) and the latter by the prob-
abilities @1, @2, . .., ¢1—1 of survival from
capture 1 to capture 2, from capture 2 to
3, etc.

The estimates Ngji=1,...,1—1
above are just derived with regard to this
posture of the problem. The basis of the
derivation is a probability model, due
essentially to Darroch3, for the capture-
records for a (sub-)population without in-
flux, cf.4. This model depends on different
parameters: the initial population size Nj,
the survival frequencies @1, ..., ¢1-1, the
capture frequencies pi, ..., p1, and the
probabilities n1, ..., n: for survival at
each capture. With the proviso mentioned
under (¢) we can show that the maximum

1 Petersen, C. G. J. (1896): Rept. Danish Biol.
Sta. for 1895, 6, 1-77.

2 Darroch, J. N. (1958): Biometrika 45, 343-359.
3 Darroch, J. N. (1959): Biometrika 46, 336-351.

4 Barndorff-Nielsen, O. (1972): Danish Rev.
Game Biol. 6, No. 6.




Capture no. 9.1 9.2 9.5 9.6 10.1 102 103 105 113 114 115 11.6 121 122 123 124 125 12.6 13.1 13.3
Hare no. 2583 2 1 2 2 1 1 3

2587 2 1 1 2 2 2 2 2 1 1 1 1 1 1 2 2 2 2 3

2591 2 1 2 3

2593 2 1 2 2 2 1 1 2 2 1 1 3

2701 2 1 2 2 2 1 2 2 4

2703 2 1 2 2 1 2 2 4

2707 2 1 2 3

2711 2 3

2715 2 3

2721 2 1 2 2 2 2 2 1 1 2 1 2 1 1 3

2723 3

2725 2 1 2 2 1 2 1 1 1 1 1 3

2727 2 3

2729 2 2 2 2 2 1 1 1 2 2 2 2 2 2 2 1 2 2 ! 3

2733 1 2 2 2 1 2 3

2737 1 2 3

2739 1 3

2747 1 1 2 2 2 2 2 2 2 1 2 3

2753 1 1 2 3

2756 1 1 3

2765 1 1 2 2 2 2 2 2 2 2 3

2767 1 1 2 2 2 3

2769 1 1 2 1 2 3

2773 1 1 2 3

2801 1 1 2 1 1 2 1 3

2805 1 1 2 1 1 2 3

2807 1 1 2 2 2 1 2 3

2809 1 1 2 2 2 1 3

2811 1 1 2 2 2 1 1 1 2 1 1 2 2 2 2 1 4

2818 1 1 1 2 1 1 2 3

2820 1 1 1 3

2822 1 1 1 2 1 2 3
b; no. of ”1” 18 24 4 3 8 8 5 4 3 5 5 1 2 2 0 2 0 0 1 0
i no. of “2“ 13 3 21 17 12 10 8 5 5 3 2 3 2 2 3 1 2 2 0 0
vi no. of “3” 1 4 2 5 0 2 5 3 0 0 1 3 0 0 1 0 0 0 1 1
di no. of “4” 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 1 0 0 0
aj 14 7 23 22 12 12 13 9 6 3 3 6 2 2 4 1 3 2 1 1
T 32 31 27 25 20 20 18 13 9 8 8 7 4 4 4 3 3 2 2 1
Nj 1st stage 33 63.0 274 259 204 204 211 154 92 82 82 80 40 40 40 30 30 20 20
Ni new calculation 37 37.0 20.5 20.5 20.5
94 0 100.0 74.0 945 79.1 100.0 100.0 75.3 63.8 100.0 100.0 97.7 50.0 100.0 100.0 75.0 100.0 100.0 100.0
pi /o 37.8 189 84.0 850 58.6 58.6 63.5 584 653 367 367 750 50.0 50.0 100.0 33.3 100.0 100.0 50.0
T %o 100.0 100.0 100.0 100.0 100.0 100.0 100.0 88.9 83.3 100.0 100.0 100.0 100.0 100.0 100.0 100.0 66.7 100.0 100.0 100.0

Table 2. Capture record of female hares born in the 9th year of study, and calculations of population size Nj, percentage of population captured pi, survival be-
tween captures ¢;i and survival at capture 7.

Tabel 2. Fangststatistik for hunharer fodt i dr 9 og beregning af bestandsstorrelsen N, fangstprocenten pi, overlevelsen mellem fangsterne @i og overlevelsen
ved fangst 7.
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likelihood estimators of these parameters
are (cf. 4).

_ Ni . B
4 =g i=1,...,1—2
aj .
5) pi=% =1,...,1
() 1% Ni 1
© m="T" asoi=1 0
i

It is seen that in all cases where N;j and
Ni 1 are_calculated by means of (2) one
has @; = 1.

Table 2 gives the estimates according to
these formulae for the subpopulation con-
sidered.

The estimates of population size, sur-
vival frequency, etc. are bound up with
two types of errors. The first one is the
statistical error which is coined in the
character of the estimators as stochastic
variables. It is the tradition to describe this
error in terms of some sort of standard
deviation of the estimates. The utility of
such error statements depends on what
they are used for. It is difficult to imagine
concrete, essential applications of error
statements on the estimates of the popula-
tion sizes. On the other hand there is an
obvious need of comparisons of the
estimates of the survival probabilities in
different populations within the same time
interval and of the survival probabilities
for the same population in different time
intervals (age intervals). There may also be
interest in comparison of capture prob-
abilities and of probabilities of survival
on capture. These, however, are pure
statistical test problems and there is not
basis for presuming that they can be

managed e. g. by means of asymptotic nor-
mal or x2-tests in sets of data like the
present.

It has not yet been possible to develop
correct tests of significance in the statistical
model outlined above for the problems
mentioned. In this situation it is re-
commendable instead to study and build
the evaluation of the data directly on the
statistical structure of the estimates.

The other type of error in the estimates
of the parameters is connected with the
assumptions under which they are derived.
The construction of the statistical model is
based on the following assumptions.

(i) hares being alive after capture i have
the same probability @; of being
alive at capturei + 1,

(ii) hares being alive at capture i have
the same probability p; of being
caught,

(iii) hares being caught at capture i have
the same probability n; of being re-
leased alive.

A series of statistical problems is involved
in checking these assumptions for a given
set of data, and the possibilities of an
effective direct control are strongly limited.
Therefore, itis an important task for further
work with the statistical model to investi-
gate its sensitivity to departures from the
homogeneity assumptions (i-iii).

It is our plan to elaborate on this point
by means of numerical simulation start-
ing from the primary data of the Illume
study. Furthermore, it is our plan to in-
clude an investigation of the statistical
error of the estimates. By this it should be
possible to obtain criteria for weighing
the mutual importance of the two sources
of error.
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Fig. 4. Survival curve for males born in year no.4 (1960). Lower line (dotted): the registered popu-
lation (hares which have been caught at the capture considered or at later captures). Upperline:
the estimated population. Note how close the two curves lie to each other.

Fig. 4. Overlevelseskurve for hanharer fodt i dr 4 (1960). Nederst (stiplede linie) den sikre bestand
(harer som er fanget ved den betragtede fangst eller senere). Qverst (optrukne linie) den beregnede
bestand. Det bemarkes, hvor nar de to kurver ligger hinanden.

NO. NO.

400+ 400
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' 1957 ' 1958 11959 ' 1960 1961 ' 1962 1963 1964 1965 ' 1966 1967 1968 1969 ' 1970 '

Fig. 5. Population size at each capture date, 1957-70.
Fig. 5. Bestandsstorrelsen pd alle fangsttidspunkter fra 1957 til 1970.
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Population size and structure
THE SIZE OF THE POPULATION

As a result of the large number of hares
caught each year, only a very few hares
remain unmarked. On average, the regi-
stered population is 90 %o of the calcula-
ted population (see Fig. 4).

N; is an estimate of population size at
capture i. Table 3 and Fig. 5 give the esti-
mated values of N per capture, for a total
of 67 captures. All the peaks of the curve
are the October populations, and the
lowest points are the spring populations.

From the beginning of the investiga-
tion, the population size shows an in-
creasing trend to a maximum in October
1961 of 339 individuals. After this there
has been a decreasing trend until autumn
1964 when there were 135 individuals.
In spring 1965, 43 hares were removed
after the last capture, and the remaining
spring population consisted of 20 male
and 20 female hares. After this regula-
tion, the population increased slowly to

%o

°/ (]

6- No. young per old 9 g
5+ J— . , -5
& , \/\ Z
34 / \ \ -3
2y ¢ ’ / N f2
14 i S
No. young hares e
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60 1 S - 60
40 A4 \ L 40
201 - \: L 20
123- E .0 100
. g - - 80
60 - 3 s / q\. L 60
40 £ F e Hao
0] B & T 20
L)

192131 4151 61 71 8 91101 13121131 143
Fig. 6. Upper: No. of young hares per old female
in autumn.
Middle: No. of males and females in the young
hare population.
Lower: No. of males and females in the older
hare population.

Fig. 6. @Qverst: antal ungharer pr. gammel hun
om efterdret.

I midten: antal af & og @ blandt ungharerne.
Nederst: antal af & og @ blandt de gamle harer.

60 . ey /' . . /- 60
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% VA
604 60
B 50 +— < e 50
401 « e . [40
°/ﬂ u/D
60 1 . -60
C 50 {—s—t~sr s 50
40 . L40
% %o
80+ . . 80
D60 7 N\~ /'\-/ ~ 60
404 * \‘/ \. \'\. 40
20+ H20

1 23456783101 12131
1957'58'50'60'61'62'6 3164 '65 666768 169770

Fig. 7. The population structure at the first cap-

ture, approx. October 1.

A. percentage of females in young hares.

B. percentage of females in old hares.

C. percentage of females in the total population.

D. percentage of young hares in the total popula-
tion.

Fig. 7. Bestandens struktur ved 1. fangst (ca. 1.
oktober).

A. procenten af hunharer blandt ungharerne.

B. procenten af hunharer blandt de gamle harer.
C. procenten af hunharer i hele bestanden.

D. ungharernes procentvise andel af bestanden.
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4t

3 Males N; % Females N;
Year class Year class Total
<1 2 3 4 5 6 7 8 9 10 11 12 13 l14total|<1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 total | 4 + @
Year Capture
1957/58 1.1 |19 28 47 124 19 43 20
2 118 24 42 |17 10 27 69
5 |13 14 27 |14 7 21 48
6 |13 14 27 112 7 19 46
1958/59 21 12 12 31 55 |10 5 42 57 112
2 11 11 29 51 |10 5 38 53 104
3 {10 10 26 46 |10 5 32 47 93
5 9 10 25 4418 5 26 39 83
6 8 10 21 3918 5 25 38 77
1959/60 3.1 8 9 20 9%4 13118 5 22 81 116 247
2 8 9 20 86 2318 5 22 69 104 227
3 8§ 9 15 72 10417 5 18 62 92 196
5 6 8 12 64 90| 5 4 13 54 76 166
6 6 6 12 63 8714 4 11 53 72 159
1960/61 4.1 5 6 10 52 67 14013 4 9 42 55 113 253
2 5 6 10 47 57 12513 4 9 39 54 109 234
3 5 6 10 43 49 11313 4 9 38 44 98 211
5 4 5 9 35 38 9112 4 6 30 41 83 174
6 4 5 7 34 36 812 4 6 29 37 78 164
1961/62 5.1 3 5 7 34 34 93 176 12 3 6 21 26105 163 339
2 3 3 7 28 28 75 14412 3 6 21 25 81 138 282
3 2 3 6 23 28 63 12512 2 6 21 22 55 108 233
4 2 3 6 23 26 62 12211 2 1 19 22 40 85 207
5 2 2 4 21 23 52 10411 2 1 18 16 36 74 178
6 2 2 2 19 20 48 93 2 1 13 16 30 62 155
1962/63 6.1 1 2 2 18 15 40 32 110 2 1 13 12 24 43 95 205
2 1 2 18 13 37 31 102 2 1 13 10 23 43 92 194
3 1 2 18 13 36 23 93 2 1 13 10 22 34 82 175
4 1 2 18 13 32 23 89 2 1 12 10 20 34 79 168
5 1 2 7 13 32 17 72 2 112 6 19 18 58 130
6 1 2 7 13 30 15 68 1 1 6 6 13 15 42 110
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82

89
80
66
61

123
118
106

74

175
158
124
113

214
204
182
180
156
150

224
211
103

95

130

Table 3. Estimates of the size of year-classes of males and females and of the total population, at each capture from 1957-1970.
Tabel 3. Beregnet storrelse af hver drgang, hanner og hunner og af hele bestanden ved hver fangst fra 1957-1970.




F. ABILDGARD, Jous. ANDERSEN & O. BARNDORFE-NIELSEN

o

o /0

60 -

- 60

50
40 -

0/0
80 -

40

\= . — P 2
- . DN /

.

e— . First captuFé
e Last capture

7N o T

50
-40

%o
- 80
-60
-40
-20

October population

1234

T T T

56 7

YEAR OF CAPTURE

1957 - 1864.

89101 1213 14

Fig. 8. Changes in the popula-
tion structure during autumn
and winter.

A. the percentage of females in
the total population at the
first and last capture of the
year.

B. the proportion of young ha-
res in the total population
at the first and last capture
of the year.

Fig. 8. Endringer i bestandens
struktur i lobet af efterdr og
vinter.

A. procenten af hunharer i hele
bestanden wved forste fangst
og sidste fangst i dret.

B. ungharernes andel af den
samlede bestand ved forste
fangst og sidste fangst i dret.

300

200

100

Born in

1956 or before

1987

1958

i) 1e50

1960

1961

18962

1963

1964

1957

14

1958 1959 1960

1961

- 200

Fig. 9a.

The age-class
distribution
in the popula-
tion
1957-1964.

Fig. 9a.
Bestandens
aldersmassige
struktur
1957-1964.,

100




The Hare Population of Illumg, Denmark, 1957-1970

224 hares by autumn 1969. In autumn
1970 the population had again fallen to
130 individuals after a very long and
cold winter.

Table 4 gives a summary of the popu-
lation structure at the first capture of the
year, and Fig. 6 shows the distribution
of the sexes in old and young animals.
It appears that the two sexes are equally
represented in young animals. Among
the estimated influx of 1378 individuals
from 1957-1970, 48.5 %/o were males and
51.59%9 were females. However, males
are in majority in older animals. Equal
numbers of the sexes were achieved by

October population

drastic reduction of the population at the
last capture in the 8th year of study, but
the sexual balance again appears to be
developing towards a majority of males
in the 13th and 14th year.

The distribution of the sexes can also
be shown as a proportion (Fig. 7). The
figure shows the same as the previous
one; an equal distribution of the sexes in
young hares, and an unequal distribution
in older hares. If the two groups are taken
as a whole, the inequality becomes less
obvious, and the percentage of females in
the population is then 48.1 %6 on average
in the 13 autumn captures.

1965-1970.

Born in

F B ues
7 1956
= 1967
198
§ v
i

1870

200+

Fig. 9b. The age-class distribu-
tion of the population 1965-1970.

Fig. 9b. Bestandens aldersmessige
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struktur 1965-1970.
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Young (<1 year) Old Total
Unge Gamle Ialt
Date O+ Ot O+ | Young Youn
Dato o+ + o+ + o+ /total /old
4+ 0 + O 4+ 0 0o
3 ¢ © &|d @ o x| & 2 0 &
/o o/ o
1. 25/9 1957 28 19 47 40419 24 43 558 47 43 90 478| 522 196
2. 26/9 1958 31 42 73 575124 15 39 385| 55 57 112 50.9| 652 487
3. 24/9 1959 94 81 175 463 |37 35 72 4861131 116 247 47.0] 709 5.00
4. 29/9 1960 67 55 122 451173 58 131 443|140 113 253 44.7) 482 210
5. 26/9 1961 93 105 198 53.0 83 58 141 411|176 163 339 48.1| 584 341
6. 5/101962 32 43 75 573178 52 130 40.0{110 95 205 46.3| 36.6 144
7. 5/101963 56 66 122 541162 37 99 374|118 103 221 46.6| 552 3.30
8. 7/101964 26 21 47 44755 33 88 37.5| 81 54 135 40.0| 348 1.42
9. 12/10 1965 24 37 61 60714 14 28 50.0] 38 51 89 57.3] 685 436
10. 6/10 1966 38 35 73 47926 24 50 480 64 59 123 48.0| 593 3.04
11. 15/11 1967 56 66 122 541127 26 53 491 83 92 175 52.6| 697 4.69
12. 8/101968 65 60 125 48.0| 42 47 89 528|107 107 214 500 584 266
13. 14/10 1969 43 53 96 55275 53 128 414118 106 224 473 429 1.81
14. 11/11 1970 16 26 42 61958 30 88 341 74 56 130 43.1| 323 1.40

Total young hares
(<1-year):

Unge harer

(<1 dr) ialt:

669 709 1378 515

Table 4. The estimated population size at the first autumnal capture of each year. Percentage of fema-
les among young and old hares, percentage of youngs and number of youngs per old female.

Tabel 4. Den beregnede bestandsstorrelse ved ferste efterdrsfangst hvert &r. Procenten af hunharer
blendt unge og gamle harer, procenten af ungharer og antal unger pr. gammel hun.

Young (< 1 year) Old Total
Unge o Gamle o Ialt o
B;z or  + or  + or —+ Your;% total

> 0 + 0 + 0

8 ¢ o & & 2 o & |8 2 o &

97, /¢ %
1. 13/3 1958 14 7 21 333 13 12 25 480 27 19 46 413 45.7
2. 19/2 1959 21 25 46 543 18 13 31 419 39 38 77 494 59.7
3. 21/3 1960 63 53 116 45.7 24 19 43 442 87 72 159 453 73.0
4. 4/3 1961 36 37 73 507 50 41 91 45.1 86 78 164 47.6 44.5
5. 7/3 1962 48 30 78 38.5 45 32 77 416 93 62 155 40.0 50.3
6. 17/4 1963 15 15 30 50.0 53 27 80 338 68 42 110 382 27.3
7. 11/3 1964 18 22 40 550 46 21 67 313 64 43 107 40.2 37.4
8. 24-26/3 1965 12 8 20 400 43 19 62 30.6 55 27 82 329 24.4
9. 18/3 1966 19 25 44 56.8 9 8 17 471 28 33 61 541 72.1
10. 11/4 1967 21 21 42 500 15 17 32 531 36 38 74 514 56.8
11. 20/3 1968 36 40 76 526 16 21 37 56.8 52 61 113 54.0 67.3
12. 15/4 1969 43 36 79 45.6 35 36 71 507 78 72 150 48.0 52.7
13. 12/5 1970 13 14 27 519 45 23 68 3338 58 37 95 389 28.4

Table 5. The estimated population size at the last spring capture of each year (see also Table 4).
Tabel 5. Den beregnede bestandssterrelse ved den sidste fordrsfangst hvert dr (se ogsd Tabel 4).
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THE AGE STRUCTURE OF THE POPULATION

In the column diagram (Fig. 9, p. 14-15),
a column describes the age structure of the
population for each year. The upper sec-
tion of the columns represents the young
hares of the year. It is possible to follow
the presence of a particular group of young
hares in the population through time; for
example, in 1958 the number of young
hares was 73 individuals and in the fol-
lowing year 1959 there were 42 remain-
ing, and so on for 1960-1964.

Capture

The capture frequency or capture percent-
age of a capture describes the proportion
of the population caught.

The capture frequencies for the two
sexes have been compared but no syste-
matic differences were discovered (cfr.
Table 6).

Figure 10 gives a comparison of the
capture percentages of two age groups at
different times of the year. It appears
that it is more difficult to capture young
hares in the autumn captures. According-
ly it has been observed in the field that it
is not easy to flush young hares from
cover. In October they are at most 4-6
months old, and many are younger. In the
spring captures the opposite tendency is
evident; there is a higher capture percen-
tage for young hares than for older ones.
The explanation for this may be thatyoung
hares have less well-established territories
than older ones. There is no difference be-
tween the capture frequencies of 1- and

The young hares of 1959 numbered
175, and were very strongly represented
in the following years. It is evident that
some hares may reach an age of 6-7
years, and that in 1963 and 1964 the po-
pulation contained 7 generations.

There is a break in the curve between
1964 and 1965. This is due to the remo-
val of a part of the population in the
spring of 1965, as mentioned p. 11.

frequency

2-year old hares, but the results (Table 7)
indicate that the capture frequency of ha-
res which are 3 years or more is slightly
less than that of younger hares.

Altogether, there are no great diffe-
rences in the capture frequencies of dif-
ferent age-groups, but there is variation
within the year. The capture percen-
tage each year (Table 8) is lowest at the
two captures early in October. This is
due to there being good cover available
for the hares, in grass and swedes, at this
time of year. As a result the capture per-
centage is on average less than 50 %. At
the December captures there is less cover
and the capture likelihood is better; the
capture percentage is then about 50 %o.
In the spring, at captures 5 and 6, grassy
vegetation is at a minimum, and the
other fields have been ploughed, giving
the hares very little cover; the capture
percentage is then in the region of 65-
70 .

17
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Capture no. 3 ? 3+9
Fangst nr. aj Ni i % ai Nj pi % aj Ni pi %
5.1 50 93.00 54 34 105.00 32 84 198.00 42
2 34 75.48 45 28 81.33 34 62 156.81 40
.3 39 63.57 61 24 55.63 43 63 119.20 53
4 41 62.57 66 22 40.89 54 63 103.46 61
5 40 52.94 76 27 36.90 73 67 89.84 75
.6 32 48.12 67 23 30.76 75 55 78.88 70
6.1 14 40.00 35 9 24.75 36 23 64.75 36
2 15 37.73 40 11 23.22 47 26 60.95 43
3 15 36.73 41 11 22.00 50 26 58.73 44
4 18 32.23 56 11 20.38 54 29 52.61 55
5 19 32.23 59 8 19.38 41 27 51.61 52
.6 18 30.84 58 6 13.50 44 24 44.34 54

Table 6. An example of the calculation of capture frequency pi of males and females in the 5th year-class.
(ai = no. captured, N; == estimated population size).

Tabel 6. Et eksempel pd beregning af fangsthyppigheden pi for hanner og hunner af 5. drgang (ai = an-
tal fanget, Ni = beregnet bestandsstorrelse).

100 % Autumn 0@ .,  Winter 0Q o, Spring G e,
0-year 0-year 0-year *
. . %
~/ . . e e
50 - S - 50 test - 50 - 50
o./. [ R
1-year 1-year {~year
5‘0 100°% 510 100% 5‘0 100%

Fig. 10. The relationship between the capture frequency for O-year-old and 1-year-old hares.
Fig. 10. Relationen mellem fangsthyppigheden for 0-drige og for 1-drige.
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Al

. ersklasse

3+ O-year 1-year 2-year > 3~year

aj Ni pi % aj Ni pi % aj Ni pi % aj Ni pi %

1.1 31 47.00 66
2 27 3513 77
5 17 2115 80
6 16 2115 76

2.1 34 73.00 47 13 1712 76
2 24 67.15 36 11 1612 68
3 40 5893 68 7 15.08 46
5 38 5153 74 12 15.08 80
6 32 4643 69 7 15.08 46

3.1 78 175.00 45 23 4261 54 10 14.07 71 7 8,32
2 70 155.71 45 28 42.61 66 7 14.07 50 10 8,32
3 99 13470 73 22 3376 65 10 1407 71 7 8.32
5 89 119.58 74 16 26.51 60 7 1250 56 8 6.43
6 90 116.99 77 12 2418 50 4 1034 39 10 6.43

4.1 53 122.00 43 47 9419 50 11 19.94 55 8 18.66 43
2 51 111.67 46 36 87.18 41 7 1942 36 5 18.66 27
3 65 93.76 69 50 8243 61 6 1942 31 7 18.66 38
5 52 79.71 65 45 65.87 68 12 1540 78 6 1610 37
6 51 7430 69 46 6392 72 12 13.04 92 9 1610 56
5.1 84 198.00 42 25 60.86 41 23 5541 42 5 2712 18
2 62 156.81 40 30 5430 55 24 4943 49 14 24.67 57
3 63 119.20 53 33 51.08 65 29 4457 65 8§ 2122 38
4 63 10346 61 37 4904 75 21 4213 50 11 16.22 68
5 67 89.84 75 27 4021 67 27 39.78 68 6 13.00 46
6 55 78.88 70 23 3639 63 26 3240 80 5 9.00

6.1 26 75.00 35 23 6475 36 11 28.10 39 11 39.02 28
2 24 7400 32 26  60.95 43 5 2359 21 8 3702 22
3 33 57.84 57 26 58.73 44 9 2359 38 9 3702 24
4 31 57.84 54 29 52,61 55 15 23.59 64 11 3623 30
5 24 3582 67 27 51.61 52 15 19.02 79 11 2547 43
6 23 30.64 75 24 4434 54 15 19.02 79 10 1825 55
7.1 64 122.00 52 13 28.77 45 22 41.51 53 18 31.89 56
2 47 117.00 40 14 2795 50 12 3612 33 12 31.89 38
3 53 77.23 69 11 26.07 42 21 3419 61 11 28.71 38
4 37 6848 54 9 2324 39 11 3419 32 16 2871 56
5 39 4225 92 11 2193 50 20 31.01 64 15 2326 64
6 25 4101 6l 10 19.50 51 13 28.68 45 10 20.26 49
8.1 28 47.00 60 15 32.82 46 7 15.85 44 16 4143 39
2 31 45.00 69 20 32.82 61 5 13.18 38 16 4129 39
3 20 33.07 60 20 30.56 65 10 13.18 76 11 3551 31
4 19 3098 61 20 29.09 69 8§ 12.00 67 17 3551 48
5 22 2314 95 20 24.09 83 7 1122 62 18 32.00 56
6 20 20.00 100 23 23.00 100 10 11.22 89 27 28.00 96

Table 7. Capture frequencies per age class. Symbols as in table 6.

Tabel 7. Fangsthyppigheder pr. aldersklasse. Symbolerne som i tabel 6.

Continued (fortsattes) p. 20
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O—year 1-year 2—year > 3—year
aj Ni pi % aj Ni pi % ai Ni pi% ai Ni pi %
9.1 26 61.00 43 4 1200 33 4 1070 37 2 6.22
2 11 56.08 20 3 8.00 3 1070 28 1 6.22
5 40 4646 86 3 5.22 6 1070 56 2 5.00
6 35 4496 78 3 5.22 5 8.03 2 4.00
10.1 35 73.00 48 22 37.66 58 2 3.22 3 11.03 27
2 40 70.00 57 18 37.66 48 0 2.00 6 9.03
3 43 5923 73 22 37.66 58 2 2.00 5 8.07
5 28 43.08 65 15 2440 61 1 1.00 6 7.07
11.3 70 122.00 57 18 31.58 57 6 1544 39 4 7.00
4 65 108.21 60 23 2992 77 8 1444 55 6 7.00
5 64 8137 79 16 2543 63 6 1319 45 4 7.00
6 59 7686 77 12 18.50 65 11 13.00 85 4 6.00
12.1 70 125.00 56 43 62.66 69 8 16.01 50 5 9.00
2 64 120.00 53 30 5786 52 9 16.01 56 8 9.00
3 62 101.13 61 32 55.88 57 10 16.01 62 9 11.00 82
4 52 100.86 52 25 55.88 45 7 1601 44 4 9.00
5 61 83.88 73 32 50.54 63 10 16.01 62 6 7.00
6 58 80.00 73 27 4947 55 14 16.01 87 4 6.00
13.1 49 96.00 51 36 65.67 55 16 4249 38 9 21.00 43
3 60 90.25 66 40 6461 62 24 4249 56 9 15.00 60
5 27 3034 89 27 4472 60 15 2417 62 3 5.00
6 19 27.88 68 29 43.58 67 17 2034 84 4 5.00
14.3 22 42.00 52 20 2673 75 11 39.01 28 11 2317 47
Table 7. Continuefi. Capture frequencies per age Autumn Winter Spring
class. Symbols as in table 6. Efterdr Vinter Forér
Tabel 7. Fortsat. Fangsthyppigheder pr. alders- Capture
klasse. Symbolerne som i tabel 6. Year 9 3 4 5 6
1. 55.6 61.3 844 76.6
2. 55.1 459 62.4 71.2  63.1
3. 47.6 503  69.8 70.8 71.8
4. 46.7 41.8 59.7 649 70.5
5. 40.1 456 551 632 697 696
6. 343 322 435 505 584 64.1
7. 522 399 578 472 718 353.0
8. 48.1 544 543 595 741 984
9. 40.0 222 757 72.3
10. 49.6 539 67.3 66.2
11. 562 639 709 75.2
12, 58.7 542 614 484 69.2 68.0
13. 48.9 62.6 69.1 713
14. 48.9

Table 8. Capture frequencies of the total popula-
tion.

Tabel 8. Fangstprocenterne for totalpopulationen.
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Capture mortality

Due to accidents at the time of capture,
an artificial mortality is induced. In gene-
ral, 2-3 % of the individuals taken at a
capture are injured and must be killed off.
As the population is subjected to repeated
captures, the number killed in this way
must be considered specially and not in-

cluded with natural mortality. Through
the years, 161 hares have been killed off,
of which 78 were males and 83 females.
The majority were young or 1-year old
hares. Not included with these are 43
hares killed off in spring 1965 in the po-
pulation reduction mentioned previously.

Natural mortality

Each year, a large number of hares die

hares are found by people on the island,

from natural causes. Some of the dead but the majority disappear without trace.

NO 195758 59 60 61 62 63 64 1957

58 59 60 61 62 63 64 NO

40 - Males Females L40
20{ ° o 20
0 \.\'“'\-~. 1957\°‘°_°—‘°-o—o~° L 0O
40+ e r40
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20 ‘\. °\ r20
0. ——e. 1958 S
80 \ | -80
60 Y \ - 60
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20 Ny o~ 20
0 - *—s 1959 Se— L0
601 \ R -60
40+ y N\ )
20 - A . - 20
04 T 1960 T |0
100- ) : 1100
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Fig. 11. Mortality curves for 201 . N - 20
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Fig. 12. The relationship between the mortality for the two sexes.

Fig. 12. Relationen mellem dodeligheden for de to kon.

The dead hares found have almost always
a disease of some form or other, most
commonly coccidiosis or a trichostrongyle
attack, and cases of pseudotuberculosis,
abcess disease, pasteurellosis and amylo-
dosis occur, but no disease on the island
has been of epidemic character.

The survival frequency from capture i
to capture i + 1 is calculated from:

Ni+1
N - d;

¢ =

22

that is, the proportion of the population
size at capture i + 1 to that at capture i
from which the hares killed off in the
latter capture have been subtracted. The
survival frequency from capture i to cap-
ture i + 2 is calculated as the product of
survival from i toi + 1 andi + 1 to
i + 2. Mortality is calculated as 1 — sur-
vival frequency. The mode of calculation
is shown in Table 9 and the first three
examples in it.
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Fig. 13. The relation-
ship between the
mortality in different
age classes.

°d °Q
Fig.13.  Relationen
mellem dedeligheden
for forskellige alders-
klasser.
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Fig. 14. The average monthly mortality in young
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Firstly, the relationship between morta-
lity and sex, age and season is analysed.

A diagrammatic comparison of the cal-
culated percentage mortalities of males
and females in autumn, winter, and spring
is given in Fig. 12. Considering the mor-
tality for young hares (0-year old), 1-year
and 2 2-year hares in the above periods,
it is evident that there is a marked ten-
dency towards greater mortality in fema-
les than in males in young hares. This
difference is not confined to the reproduc-
tion period, but can be observed in each of
the periods considered.

For 1-year olds there is a similar diffe-
rence, but much less marked than in the
young hares. In 2 2-year old hares there
is only a slight difference in mortality be-
tween the two sexes.

Mortality is also related to the age of
the hare. In a comparison of the percent-
age mortalities of young hares, 1-year
olds, and 2 2-year olds in the same pe-
riods as above (cf. Fig. 13), the most strik-
ing fact is a clear tendency towards great-
er mortality in young hares than in 1-year
olds, in the autumn. In the winter the
same difference occurs to a lesser extent,
and it disappears completely in the spring
and the summer period. A comparison of
mortality in 1- and 2> 2-year old hares
shows a similar trend in autumn and win-
ter, although to a smaller extent.

The frequency of mortality 1-¢; de-
pends on the length of the period ob-
served, as well as on sex and age. In com-
paring mortality at different times of
year, or in different years, it is conve-
nient to be able to refer to periods of

equal length. It has been decided in this
study to calculate a mortality intensity as
“average monthly mortality” 1-f, using
the formula

where g is the length of the period mea-
sured as months of 30 days, ¢ the sur-
vival frequency for g days and f the aver-
age monthly survival frequency, cf. Table
9, example 4.

Table 10 gives the calculated average
monthly mortalities. For perspicuity
differentiation is only made between
young and old (i.e. O-year and 1-year
hares).

The monthly mortality in young hares
is on average 10-11 %0 in autumn, 8-9 %
in winter and 2-3 % in summer with con-
siderable variation from year to year. In
old hares the mortality is on average 4-
5% without clear differences between
the seasons.

Fig. 14 illustrates the variation from
year to year of the seasonal mortalities
for young and old hares in table 10. In
the autumn there is a surprising accor-
dance between the fluctuations for the
two age-groups. The interpretation of this
is that the variation in the autumnal mor-
tality must be due to fluctuations in en-
vironmental conditions. It is on this back-
ground astonishing that the winter mor-
tality seems to vary independently in the
two age-groups. In spring and summer the
mortality is almost constant from year
to year.
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5) ? 3+9Q
Capture no. -
Fangst nr. Ni ds %i @i Ni di i i Ni di Yi i
/o %o /o %o 0 o0
5.1 93.00 3 105.00 1 198.00 4
83.87[ 78.201 80.83
5.2 75.48 2 72.56 8133 3 55.54 | 156.81 5 63.47
86.51[ 71.02[ 78.52
5.3 63.57 1 55.63 2 119.20 3
100.00 76.24 89.04
54 62.57 0 } 84.61 40.89 2 7234 | 10346 2 78.84
84.61 94.88} 88.55
55 52.94 0 3690 1 89.84 1
90.90 85.68 88.79{
5.6 48.12 1 } 7717 3076 1 71.26 7888 2 - 74.78
84.89! 83.17 8422]
6.1 40.00 1 2475 0 64.75 1
Example 1: Survival frequency of O-year old hares of both sexes from capture 5.1 to capture 5.2
— 15681 _ 4 8083; mortality = 1-0.8083 = 0.1917 = 19.17 %o
198.00-4
Example 2: Survival frequency of O-year old male hares from capture 5.1. to capture 5.3.
= 0.8387 X 0.8651 = 0.7256; mortality = 1-0.7256 = 0.2744 = 27.44 %o
Example 3: Survival frequency of O-year old female hares for a complete year (from capture 5.1 to
capture 6.1)
= (.7820X0.7102 X 0.7624 X 0.9488X0.8568 X 0.8317 = 0.2863
or 0.5554X0.7234X0.7126 = 0.2863;
yearly mortality = 1-0.2863 = 0.7137 = 71.37 %/
Example 4: Average monthly survival of O-year old hares of both sexes from capture 5.1 to capture
5.3 (as captures took place on 26/9 and 25/11, there is an interval of 60 days).
= 06347 2%6° = 0.6347 ®° ;log 0.6347 ®° = 0.5Xlog 0.6347 =
0.5 % (0.8026-1) = —0.0987 = 0.9013-1; antilog (0.9013-1) = 0.7967;
Average monthly mortality 1-0.7967 = 0.2033 = 20.33 %
Table 9. Calculation of survival rates % and mortalities 1-% in the 5th yearclass (Ni == estimated popu-
lation size, di = no. killed on capture).

Tabel 9. Beregning af overlevelsesprocenter ¢ og dodeligheder 1-% for drgang 5 (Ni = beregnet be-
standsstorrelse, di = antal dreebt ved fangst).
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No. of days O-year > 1-year
Antal dage 3 Q a Q
1-3 3-5 5-1 1-3  3-5 5-1 | 1-3  3=5 5-1 | .1-3 3-5 .5-1 -3 3-5  5-1

1957/58: 1. (164) 202 (11.18) 1.10 (13.17)
1958/59: 2. 62 77 229 410 061 267 | 1086 536 124 464 000 137
1959/60: 3. 63 104 199 9.38 273 297 950 277 224 | 423 503 259 542 614 259
1960/61: 4. 58 94 210 1079 759 0.00 681 168 549 540 534 125 2.62 645 3.50
1961/62: 5. 60 95 219 14.82 514 349 | 2547 971 454 | 1324 425 3.62 493 862 317
1962/63: 6. 61 126 178 942 647 2.0 9.70 1277 1.23 378 362 112 347 368 851
1963/64: 7. 62 89 217 12.84 1756 156 | 21.76 1492 459 547  3.83 3.34 559 642 439
1964/65: 8. 59 105 206 12.56 863 116 | 1478 11.23 364 448 782 | 1081  3.69 642
1965/66: 9. (150) 209 (1.89) 1.49 (5.84) 4.09 (6.62) (4.92) 8.98
1966/67: 10. 61 126 (218) 858 614 (3.05) ] 285 692 (407) | 414 1072 (394 | 000 591 (5.12)
1967/68: 11. 83 245 12,77 2.52 13.27 3.7 695  7.46 3.55  4.55
1968/69: 12. 49 135 187 1019 265 137 | 1153 476 594 263 160 .94 538 254 335
1969/70: 13. 38 153 (202) 713 1570 (2.26) 00 2146 {148)] 115 848 (.00)| 457 997 (6.89)
ézljfl"‘e%fsnit 998 7.82 1.87 | 1133 953 3.6l 483 494 328 475 570 5.05

Table 10. The estimated monthly percentage mortality, 1957-1969. (Numbers in brackets refer to results either from captures .1-.5 or from .5-.3).
Tabel 10. Den beregnede minedlige dedelighed i procent 1957-1969. (Tal i parentes refererer til perioderne .1-.5 eller .5-.3).
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The total average yearly mortality
(Table 11 and Fig. 15) from October to
October is 46 % for all hares, but dif-
ferent within the different groups:

Young females: average yearly mortality

is 56 %o

Young males: average yearly mortality is
449/

Older females: average yearly mortality
is 45 %0

Older males: average yearly mortality is
38 9.

*h

T T H T T T T T T H T i
75 4 75
Fig. 15. The yearly mor- . — .
tality (from October to 50 - / \,/ '\ /'\. / 30
October) of the total \ P - \‘
population. 25 ° -25
Fig. 15. Arsdedelighed
. : _ T T T T T T T T T T T T
(fra oktober til okt‘o T 2 3 5 6 7 8 9 1 1 12 B
ber) for totalpopulatio- ————
¥ 1 T
nen. 1957 58 59 60 61 62 63 64 65 66 67 68 69
0-yearold = I-year old Juv. [/ aD.
Year of | 04y gamle > 1 drgamle Total / ? T T
study . Ialt
g 9 & 9
5 L
1.- 2. 51.5 67.4 32.8 506 | 50.5
2.- 3. 26.5 37.8 23.0 13.9 | 28.2
3~ 4. 395 36.7 35.8 40.0 | 38.1 4 r
4~ 5. 374 443 30.7 39.8 | 374 .
5- 6. 526 714 49.6 46.6 | 56.5 3 |
6.~ 7. 459 574 304 531 | 444
7~ 8. 62.1 734 38.0 469 | 555 .
8.— 9. 483 719 53.6 55.6 | 52.9 2 * o r
9.~10. 18.1 44.7 29.0 51.0 | 36.6 r N
10.-11. 49.0 484 57.4 472 50.5 1 N L
11.-12. 443 48.1 56.5 38.1 | 46.8
12.-13. 31.8 55.1 161 342 | 35.6
13.—_ . ) X i y“ - . T ] T T T T T T T ] T T 1] T
14 67.3 73.6 37.3 659 | 584 0 50 100 150
No. of ad. hares
Average
. | 442 56.2 377 448 | 455
Gennemsnit Fig. 16. The no. of young hares per old female

Table 11. The total yearly mortality between the
first autumnal captures of subsequent years.

Tabel 11. Den samlede drlige dodelighed fra for-
ste efterdrsfangst til forste efterdrsfangst.

at first autumnal capture in relation to the no. of
old hares.

Fig. 16. Antal ungharer pr. gammel hun ved for-
ste efterdrsfangst i forhold til bestandsstorrelsen
af gamle harer.
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Reproduction

No studies have been made on the island
of the number of embryos per female, and
neither has any information been ob-
tained on the size of the litter or the
number of litters per year. However, from
the capture-recapture experiments de-
scribed, an idea of breeding is obtained
by considering how many young hares
produced in spring and summer are pres-
ent in the autumnal captures.

Calculation of the size of the propor-
tion of young hares in the total popula-
tion of late September or early October
reveals that the percentage varies from
32-719%0; on average the percentage of
young is 53, Table 4 and Fig. 7 bottom.

Table 4 furthermore gives the number
of young per old female in autumn. The
figures vary from 1.40 (in 1970) to 5.00
(in 1959), and the average per year is
about 3 (Fig. 6). If, as shown in Fig. 16,
the number of young per old female at
the first autumn capture is compared with

the number of old hares in the preceding
spring, it appears that the greatest num-
ber of young per old female occurs when
population density is low, and the least
number of young per old female occurs at
high population densities.

This was one of the reasons for the re-
duction of the population in spring 1965,
allowing only 20 hares of each sex to re-
main. It was wished to find out whether
a thinning-out in the population — in this
case from 83 to 40 — would result in more
young the following autumn. In autumn
1965 there were 4.69 young per old fe-
male, and in the following years 4.04 and
4.69 young. As mentioned previously, the
other reason was the desire to re-establish
an equal sexual distribution. The popula-
tion reduction carried out was intended
to place the population under conditions
similar to those at the beginning of the
study.

Dansk resumé

Bestanden af hare (Lepus europaeus Parras) pa lllume, Danmark
Analyse af materialet fra 1957-1970

1} I arene 1957-1970 gennemforte Vilde-
biologisk Station fangst, merkning og
genudsetning af harer (Lepus europaeus)
pa gen Illume ved Fyn, Danmark. Under-
sogelsens formdl har veeret at bestemme
bestandsstorrelsen og dennes variation,
kens- og aldersfordelingen samt dedelig-
heds- og reproduktionsforhold.

2) Jen (se Fig. 1) omfatter ca. 100
hektar, hvoraf halvdelen dyrkes med al-
mindelige markafgreder, mens resten er
strandenge med kreaturgraesning. Bestan-
den af harer er efter danske forhold ret
stor, gennemsnitlig 200 individer pr. kva-
dratkilometer.
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3) Harerne drives i net opstillet tveers
over den smalle g (se Fig. 2 og 3). Fang-
ster er gennemfort efterdr, vinter og forar.

Bestandsopgerelsen erbaseret pa fangst,
merkning og genudseetning, og genfangst.
Med ca. en uges mellemrum er der fore-
taget to fangster omkring 1. oktober, to
omkring 1. december, samt to om for-
aret (oftest i marts). Fangstdatoer fremgér
af Tabel 1.

Ved forarsfangsterne er neesten 100 %
af de fangne harer merket ved fangster
tidligere i sesonen. I tabellerne er de en-
kelte fangster betegnet med tal, f. eks. 2.3
(andet fangstér, tredje fangst).
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P4 grund af den store fangsteffektivitet
vil alle de umeerkede harer, som fanges i
en efterdrs- og vinterseeson, vare unger
fra sommerens produktion. 98 %o af disse
umerkede dyr havde epifyseknop pa ulna
forst i oktober.

4) T undersogelsesperioden har den »sik-
re bestand« af ungharer og gamle (d. v.s.
antallet af individer, som fanges ved den
betragtede fangst eller senere) veeret 1275,
mens den »beregnede bestand« har veeret
1421 individer. Statistisk usikkerhed
knytter sig kun til den »ukendte bestand«
(d.v.s. individer, der aldrig har veret
fanget), som udger 1096 af den bereg-
nede bestand. Metoden til beregning af
bestanden er beskrevet side 7. Tabel 2
giver et eksempel pa bestandsberegningen
og Fig. 4 viser overlevelseskurverne for
den sikre bestand og for den beregnede
bestand af en &rgang.

Bestandssterrelsen N; for hver fangst-
dato i undersegelsesperioden er beregnet
ved addition af de beregnede tal for hver
aldersgruppe (Tabel 3 og Fig. 5).

I 1957/58 var bestanden pa 90 indivi-
der. Herefter steg den til et maksimum pé
339 individer i 1961. Derefter dalede be-
standen atter indtil 1964, da der var 135
harer. I fordret 1965 fjernedes efter sidste
fangst 43 harer, og tilbage i undersogel-
sesomridet var 20 hanner og 20 hunner.
Derefter steg antallet til 224 i efterret
1969. Tabel 4 og Fig. 9 viser bestandens
storrelse ved forste fangst i de enkelte r.

5) Blandt unge harer er der neesten
lige mange hanner og hunner (se Fig. 6
midterste kurve). Blandt gamle harer er
der flest hanner (Fig. 6 nederste kurve).
Ved reduktionen af bestanden i 1965
blev der igen oprettet ligeveegt imellem
kennene, men efter 4-5 &r var der atter
overveegt af hanner (se ogsd Fig. 7). Ung-
harernes andel i bestanden varierer fra

329/ til 7190 (se Fig. 7 D). Hunnernes
andel af bestanden (Fig. 8 A) og unge-
procenten (Fig. 8 B) daler fra forste til
sidste fangst (oktober-marts).

Fig. 9 viser efterdrsbestanden i de en-
kelte &r, idet sojlerne er inddelt i over-
ensstemmelse med de enkelte generatio-
ners (drganges) andel af den samlede be-
stand. Den gverste sektion af kurven an-
giver rets ungebestand.

6) Fangstprocenten (den del af bestan-
den, som fanges ved en fangst) er ens for
hanner og hunner. Unge harer har om ef-
teriret en lidt lavere fangstprocent end
gamle harer. Omvendt forholder det sig
om for&ret. Harer, som er 3 &r eller mere,
synes vanskeligere at fange end de 1-2-
arige dyr. Fangstprocenten er lavere om
efterdret (bedre deekning) end om foréret.
Fig. 10 viser sammenhengen mellem
fangstprocent for O-drige og 1-arige ha-
rer pa forskellige &rstider (se ogsd Tabel
7 0g 8).

7) Under fangsterne sker uheld, s& ha-
rer mé aflives. Dette regnes ikke med i
den naturlige dedelighed. Den naturlige
dodelighed er for alle kategorier af harer
for alle drene i gennemsnit 46 %o, men
varierer meget de forskellige ar og efter
ken og alder.

Tabel 9 viser, hvorledes dedeligheden
beregnes. Tabel 10 viser dedeligheden be-
regnet for hver méned. Dodeligheden er
storst om efterdret, iseer hos unge harer
(10-11 %o pr. méned). I vintermanederne
har ungharerne en dedelighed p& 8-9 %0
pr. maned. Bide efterdr og vinter er dede-
ligheden storre hos hunner end hos han-
ner. Fordr og sommer er dedeligheden
kun 3-5 9o pr. méned. Fig. 12 viser dede-
ligheden pa forskellige &rstider og hos
forskellige aldersklasser hos 8 og @ i for-
hold til hinanden. Fig. 13 viser dedelig-
hed hos 0-&rige, 1-arige og 2-drige eller
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@ldre i forhold til hinanden. Fig. 14 viser
gennemsnitlig ménedsdedelighed hos ung-
harer og gamle harer efterdr, vinter og
sommer. Fig. 15 viser arsdedeligheden
(fra oktober til oktober) for totalpopula-
tionen.

Den gennemsnitlige arsdedelighed be-
regnet fra oktober til oktober (se Tabel
11) er for

unge @ 56%
unge & 449
gamle @ 45%
gamle & 38%

8) Ungeprocenten ved forste efterdrs-
fangst (efter en dedelighed af ukendt
storrelse blandt killingerne i perioden fra
fodslen til ca. 1. oktober) varierer mellem
329 og 7190 (gennemsnit 53 %/o) (Fig.
7 D). Antallet af unger pr. gammel hun
varierer fra 1,40 (1970) til 5,00 (1959)
(gennemsnit ca. 3,0) (se Fig. 6 everst).
Det storste antal unger pr. gammel hun
synes at forekomme i &r med sma total-
bestande (se Fig. 16). Efter reduktionen
af bestanden i 1965 var der det folgende
efterér 4,69 unger pr. gamme] hun.

Pestome Ha PYCCKOM sI3bIKE!
Cocras saiina (Lepus europaeus PALLAS) Ha ocTpose Mmmyme, Hawus.
OTueT o Matepuae ¢ 1957 mo 1970 1.

1) C 1957 no 1970 r., Cranuus Vccneno-
paHWA Buosoruu Juun mpoBoauIa JIOBIIIO,
[OMETKY ¥ BBINycKk Ha cBobomy 3aiiues
(Lepus europaeus) Ha ocTpose Miymé
BO6musn octposa ®rou, Hawus. Leasro
MCCTEMOBAHUS SIBIISAIIOCH ONPENETIEHHE YUC-
JIEHHOCTH cOCTaBa ¥ e M3MEHEeHMH, pac-
TIpefielieH st O TIOJIy M BO3PAacTy, U I0-
JiyyeHue HAaHHBIX O CMEPTHOCTH # TPO-
IYKIGH.

2) Ocrpos (cMm. dur. 1) oxsaThiBaeT
npubi. 100 ra. ITonosuHa 5TOH TIOLIATH
COCTOHT W3 OOBIYHBIX MOJEBBIX KYJIBTYD,
a oCTaJIbHAas! YacTh U3 IPUOPEKHBIX JIYTOB,
cnykaumx mactOonmaMu mas ckora. [lo
JATCKOMY MaciTaby cocTas 3aiilieB Ho-
BOJNLHO BEJIHK, CPEIHAM YHCIOM OKOJIO
200 ocobeii.

3) 3alines 3aroHAIOT B CETH, PAcCTaBJiCH-
HbIE TIONEPeK Y3KOTO 0cTpoBa (CM. ¢ur. 2
1 3). JIoBJM MPOBONUIINCE OCEHBIO, 3UMO
W BECHOI.

OnpezeneHne | COCTaBa OCHOBAHO Ha
JIOBJIe, TOMETKE, BBIYCke Ha CBOOGOMY M
nosroproit Josse. C mHTEpBajJaMu TIO
npubs. OIHOM Heleje IPOBOIMIHCH IIBE
JIOBJIM OKOJIO 1-ro OKXTA0p:A, ABE OKOJIO

30

1-ro nexabps, ¥ ABe BeCHOH (Kak MpaBHJIO:
B MapTe). JlaTsl JOBIH yka3anbl B Tabm. 1.

ITpu Becennux JoBisix mouTu 10094
HoliMaHHBIX 3aliies 3apaHee IOMEYEHBI
Ha JOBISIX MpeRblaylieli yacTu cezona. B
TabMuIax, OTAelbHbIE JOBIH 0003HAUEHE]
undpamu, Hanp. 2.3 (BTopoit rox nosiy,
TpeThs JOBJIS).

BesrencTaue BLICOKOM  adexTuBHOCTH
JIOBJIM, BCE HEIIOMEYEHHBIC 3aiflipl, IOM-
MaHHBIE B TeYEHHE OCEHHEr0 M 3HMHETO
CE30HOB, ABIMIOTCSH 3aiiuaTaMy NPOLYKIUH
npolueauero geta. 98 %) aTux HeroMeyeH-
HBIX 3aiilieB B Havajge OKTAOpS HMeIH
s U3HBIE IHHIIKY Ha ulna.

4) B TevueHue mepHOAA WCCIENOBAHUSI,
»IOCTOBEPHBIA COCTABK MOJIOJBIX ¥ CTa-
pBIX 3aifies (T.e. YHCIO TMOWMAHHBIX, Pa3-
HBIX ocobeil) cocrasist 1275, Mexay TeM
KaK »BBIMUCIEHHBIH cocTaB« Opla 1421
ocobeit. CraTucTiyeckasi HEYBEPEHHOCTb
UrpaeT POJib TONLKO IIPH ONPEHCTICHHH
»HEH3BECTHOTO cocTaBak (T.e. He ITofMaH-
HBIX 0c06eil), cocrasstoiero 10 % Beramc-
neuroro cocrasa. Croco® BBIYUCIEHHS
cocTaBa omucad Ha crp. 7 B xadecTse
NpUMepa COOTHOIIEHHA MEXIIY BBIYHCIICH-
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HBIM ¥ JOCTOBEPHBIM COCTABOM, CM. (HUT.
4 u tabi. 2.

Cocras (N;) 32 KaxAyro OaTy JIOBIHM B
TeueHHe IEPHOJa UCCIECNOBAHUS IOJIYYeH
CIIOMKEHHEM BBIYHCICHHBIX KOMMYECTB KaX-
o# BozpacTHOH rpynisl (Tabi. 3 u Qur.
5.
B 1957/58 r. cocta 6b11 90 ocobeil.
3aTeM OH BO3pOC A0 Makcumyma 339 oco-
6eit B 1961 r. Tlocne »310ro0, COCTaB CHOBA
yMmeHblomiics 1o 1964 r., B xoTopoM OH
cocrosn u3 135 zafiues. Becnoit 1965 1.
nocie mocaemHed JioBnu OBIIO YIaJieHO
43 3alina, ¥ B paifoHe UCCIeHOBaHUA OCTa-
nock 20 camuos 1 20 camoxk. Ilocie sToro,
YECIIO TOBBICHIIOCH 0 224 k oceHu 1969
r. Taba. 4 u ¢ur. 9 noxas3spiBAIOT COCTAB
BO BpeMsI TIEPBOIT JIOBJIM KaXAOr0 OTAEb~
HOTO roja.

5) Cpenu MOI0ABIX 3aHLEB YUCIO CAMIOB
H CaMOK MpuUOJIM3UTENBHO OJHHAKOBO, &
umenno 48,5% wu 51,59 (oM. cpenHroro
xkpuByio Ha {dur. 6), Cpeau cTapsix 3aii-
1eB, OOJBINHHCTBO COCTAaBISIOT CaMIlbl
(¢ur. 6, HIXKHASL KpHUBas).

Bnaromaps coxpameHuio cocTaBa B
1965 r. paBHOBeCHE MEXTY IoJaMH ObLIO
BOCCTaHOBIIEHO, HO IO HCTEUCHHH 4-5 NeT
OISITh YCTAHOBUIICS TIepeBec caMuoB {(CM.
taxxke ¢ur. 7). CocTaB MOJOIBIX 3aiileB
xoxaebGiercst oT 329 no 71 9 (M. dur. 7D).
Ioas camox B cocrase (Qur. 8§ A) u mpo-
penT 3aiuar (Qur. 8 B) ymenbuiaeTces oT
nepBoit j0 mocnennelt jgosnu (01T oXTAOPA
O MapTa).

®ur. 9 moka3pIBaeT OCEHHMIT COCTAB OT-
HebHBIX TONOB, IIpHYEM CTOJOBL pas-
JleJieHbl COOTBETCTBEHHO NOJISIM, COCTaB-
JIIEMBIM OTHEBHBIME ITOKOIEHHSIMH (IO
romaM poxaenust). Yucio 3aliuat, pox-
HEHHBIX B TOM-)€ TOJy, COCTaBIseT BEPX-
HIOKO 4acTh cTOJIOA.

6) Kpussie va Qur. 11 moxassiBaroT 4HCIIO
OCTaBUIMXCS B XHMBBIX 3 ¥ § KaxAOro
noxosienus. [IpoueHTs mouMKy (Ta 4acThb
cocTaBa, KOTOPYH yHaeTcs IoiMaTh BO
BpeMsi OJHOU JIOBIM) ONMHAKOBBL y Cam-
OB ¥ caMoK. [IpOLEeHT MTOUMKH MOJIOIbIX
3afieB OCEHBID HEMHOIO HIDKE, YEM Y

cTapeix 3aines. BecHO# 3TO COOTHOLIEHHE
npoTuBonoaoxHoe. Kaxercs, uyTo 3aiien
TpexjaeTHero U OoJjiee CTAaphix BO3PacToOB
JIOBUTD TPYIHEE, YeM OJIHO- ¥ IBYXIETHHUX.
OceHpbl0, TNPOLEHT TOHMKH HHXKE, YeM
BecHOit (3aifnam Jjerdye ckpeBaThes). Dur.
10 moxaspiBaeT B3AaWMOOTHOIUEHHE HPO-
neHToB mouMkH 0-7eTHUX K 1-JeTHHX 3ait-
meB B pasHble BpeMeHa roma (CM. Takxke
tabiu. 7 u 8). Tabmn. 6 MOKa3LIBAET YACTOTY
TIOMMKH 3aiiiieB NsATOro paspsama mo BO3-

pacTy.

7) Ypu soBiisix OBIBAIOT HECYACTHBIE CIY-
ya®, BCHEACTBHE KOTOPBIX 3alileB IpH-
XOOWTCsL yOuBaTh. DTO HE BKIOYEHO B
€CTECTBEHHYIO CMEpTHOCTh. J[ls 3aiiiles
BCeX Kareropuii 3a Bce rofbl, CMEPTHOCTH
B CcpeaHeM cocraBifeT 469, HO CHUIBHO
KojebyieTcss ¢ roja Ha rom, a TakKe IO
MOJIy ¥ BO3PacCTy.

B tabn. 9 noxasaso, Kax BBLIYHCIISIETCS
cMepTHOCTE. Tabu. 10 moxaseiBaeT cMepT-
HOCTbH, BBIMMCIEHHYIO 32 KaKObIH MeCAll.
CmepTHOCTH HanboJlee BBICOKA OCEHBIO, B
0coBeHHOCTH Y MoJioAbix 3aiies (10-11 %
3a Mecsin). B 3mMHHE Mecsibl, CMEPTHOCTh
MOJIOOBIX 3aiiieB cocrasisieT 8-99% 3a
mecsi. Kak ocenbio, Tak M 3UMOMH, CMEpPT-
HOCTH 0o0Jiee BBICOKAZ y CaMOK, 4Ye€M ¥y
caMuos. BecHo#t u JeToM, CMEPTHOCTb
cocrasiseT Toibko 3-5% 3a mecau. dur.
12 noxaspiBacT B3aWMOOTHOLIEHHE CMEPT-
poct & U § B pa3Hble BpeMEHa TOla H
Y pasHBIX paspsaoB no BospacTy. dur. 13
nokas3biBaeT cMmepTHocTs y O-ieTHHX, 1-
JIETHUX, 2-JIeTHHX ¥ OoJice CTaphIX 3aiileB
1O CpaBHEHHIO Mexay HuMA. Pur. 14 mo-
Ka3biBAeT CPEINHIOI MECTYHYIO CMepT-
HOCTL MOJIOABIX ¥ CTaphIX 3alilleB OCEHbIO,
suMoil u Bechoit. ®Pur. 15 moxaswiBaeT
FOJOBYIO CMepTHOCTE (0T OKTAOpA 1o
okTst6ps) obuiero cocrasa.

Cpeausst rogosast CMEPTHOCTb, BBIUMC-
JieHHAsS OT OKTa6ps mO OKTsOpa (cm.
Tabia. 11) cocrasiser:

y Monomsix @ 56%
y mojonpix & 449
ycrapeix @ 459
y crapuix & 389
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8) IlpouenT 3aifuaT HpPH NEPBOH OCEHHEH
nosyie (MOCie CMEPTHOCTH HEM3BECTHOM
BeJMMUHEL Y 3a#i4aT B TEUEHUE NEPUOLA OT
ux poxaenuss no npubn. l-ro oxrabps)
xonebmetes ot 329, no 71% (8 cpemaem
53%) (¢ur. 7 D). Yucno 3afiuat 3a crapyio
caMky kojebiercst ot 1,40 (1970) mo 5,00
(1959), B cpemsem mpubir. 3,0 (cM. Bepx-
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HIOX0 uacTh ¢ur. 6). Ilosumumomy, Ha-
HOOJILILEE YHCHIO 3aH4aT 38 CTAPYIO CAMKY
BCTpevaeTcss B TeX IoJax, B KOTOPBIX
obupuit cocras Heselduk (cM. dur. 16).
IMocne cokpamenusi cocrasa B 1965 r.,
YuCIIO 3aifuaT 3a crapylo caMKy Cleldy-
rolEH OCeHbIo cocTaBnsio 4,69.
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