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I. INTRODUCTION

Research so far carried out on the variations in the body weight of the hare
(Lepus europaeus Pallas, 1778) has been based exclusively on material ob-
tained during the shooting period and has been treated solely from the hunting
point of view, and could therefore constitute a basis for estimating the suitabil-
ity of young hares, in the sense of biomass, during a period of planned shoot-
ing. Material was examined either jointly, without splitting it up into age classes,
using only the mean wvalues obtained from a whole population (Szederjei,
1959; Eickhoff, 1962; Pielowski, 1962), or divided into the group of
young hares “born that year”, and the group of old hares (Hell & Farkas,
1963). In the first case, increase in the mean body weight was observed in con-
secutive months of the shooting period as the result of the young animals attain-
ing the weight of adult specimens, Hell & Farka$ (1963) in considering
the weight of young and old hares, shot during the hunting period, in material
obtained over a period of 3 years, found that the date on which shooting begins
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should depend each year on the time by which the yourg animals could attair
a suitable body weight. This conclusion, although undoubtedly interesting from
the point of view of correct hunting methods, may rousz certain chjections con-
cerned with the methods of determining age, The method in general use for
identifying the age of hares, i.e. the Stroh mark, makes it possible to err
in favour of young hares in estimating numbers (Bujalska, Cabon-R a-
czynska & Raczynski, in preparation).

Research has not so far provided a basis for tracing the wvariations in the
weight of the body and internal organs at different seasons of the year and from
the age aspect. The present study is an attempt at examining these phenomena
on the basis of material from a full year’s cycle, freatment including splitting
the material into four age groups (I—IV).

II. MATERIAL AND METHODS

The material, consisting of 432 specimens of the hare, came from the Poznan
province (West Poland). The hares were shot from December 1958 to February
1960. Shoots were as a rule arranged over a period of one week in the second
hglf of each month, and ensured that the samples obtained were random ones.

Analysis was made of the weight of the body and of certain internal organs
(heart, kidneys, spleen and liver) and of the four basis measurements: Head and
body, of tail, of hind foot and of ear. The weight of the liver was in addition
examined in a separate series of 147 specimens caught in the same area at the
end of January and beginning of Febbruary 1963, The hares were killed in
a way preventing bleeding from the liver, and thus results obtained can be taken
as reliable, Weight of the liver was examined in three only of the age classes
represented in the series discussed.

The hares were weighed and measured from 2—3 days after they had been
shot, i.e, after they had been delivered to the laboratory in Warsaw. The basic
measurements of the body were made by means of a steel tape measure. They
were next dissected and the internal organs removed, which after having been
thoroughly cleaned of fatty tissue and rinsed free of blood clots, were weighed
on a laboratory scale with accuracy of up to 50 mg. Specimens exhibiting pathol-
ogical changes were rejected during dissection by specialists in animal diseases,
and were not included in this study.

The material was divided into four age classes according to the degree of
ossification of the sutures of the skull and other supplementary criteria of age,
by means of the method described in the study by Cabofi-Raczynska
(1964). The following age classes were distinguished: class I — specimens aged
up to 6 months, class II — 6—8 months old, class III — about 1 year old, class
IV — specimens in the second year of their life or older.

Weights of the internal organs were considered both in absolute and relative
values (in relation to the gross body weight). The Student test for two indep-
endent mean values was used as a criterion of the significance of differences
between mean values.
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III. WEIGHT OF BODY

Variation in body weight due to age is shown in table 1. The whole
of the material has been given jointly here without division into sex,
as no significant differences were found between males and females
When thus compared class I — the youngest hares up to 6 months old
— differs most markedly. The maximum weight of this series does
not exceed 3.10 kg. Class II containing specimens aged 6—8 months
has the narrowest range of variation (2.65 — 4 kg) probably due to the
narrow age limits. This range of variation applies both to younger and
older specimens, and it would therefore be impossible to split this
group on the basis of body weight only. Hares aged about 1 year and
over are characterised by similar values for their weight, and differ
only as to mean and maximum values, which are higher in age class IV.
Therefore, on the basis of the body weight, it is possible to identify
with complete certainty specimens not exceeding 3.10 kg as young

Table 1.
Weight of body (in kg)
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animals, 8 months old at most. Hares 1 year old and over have already
attained a body weight greater than 3.20 kg. Increase in body weight
expressed in the mean values and percentages of increase is observed
in the age classes. An even increase occurs from age classes I to III,
while between class III and IV the increase is slightly smaller. The
total increase in body weight in age class IV is over 100% in relation
to class I.

The distribution of the body weight of the hare in different age
classes in months is illustrated by figure 1, in which the values of the
body weight are represented by dots. The whole of the material
in the life cycle is concentrated here in order to show the
transition of the young specimens through the successive higher age
classes and the occurrence of the classes in each month of the yearly
cycle. Specimens from age class I occur from April to December inclu-
sively in the material. During the breeding season up to September
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considerable range of weight is observed in this group due to the pres-
ence of individuals of different ages within this class. Even slight diff-
erences of 2—3 months in age are expressed by great diffferences in
body weight. It is not until November and December that hares in class
I have a more balanced body weight of over 2 kg. Their maximum age
during this period is approximately 4—5 months.

Hares in class II, aged about 8 months, occur in the material from
August to February, during the season 1959/60, whereas they only occur
up to January inclusively during the season 1958/59. Variations in body
weight are maintained within more or less stable limits during this
period. Increases in body weight in this class are not observed during
the winter months,

Age class IIl (specimens from 9—12 months old) is represented in
all the months of the year. While this class is formed during the
summer by hares born the preceding year, as from October it must be
assumed that specimens from the first litters of the last breeding season
are included in this group. The relations prevailing during the winter
are the most interesting in the figure showing the body weight in age
class III. From December to February the body weight of these ani-
mals, in the mean values and divisions of variations, is very similar to
the weight of old hares (in age class IV). They come from the early
litters of the last breeding season and are in the phase preparatory to
the first oestrus, or have already begun to participate in reproduction
(Raczynski, 1964). It would therefore seem that the time of
attaining sexual maturity coincides in time with the attainment by the
hares of their final dimensions.

The oldest animals in age class IV, that is, at least one year old,
occur throughout the year. This material has so far been examined
from the aspect of the occurrence of possible differences in body
weight at different seasons of the year. No statistically significant
seasonal differences were, however, found in the material studied.

The distribution of the weights of hares shown in Fig. 1 split into
age classes, makes it possible to trace the growth of the young speci-
mens and their transition to the older age groups during the autumn-
winter period. From October to December (1959) individuals from age
class I occur in the material, individuals from age class II are fairly
numerous and there is a small number of young animals about 9—10
months old (age class III). In January and February (1960) only indivi-
duals from age class I occur, with an increasing number of specimens
from age class III. In March, on the other hand, only two classes are
represented, classes IIT and IV, It may therefore be assumed that in
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1960 relative equalisation of the body weight of the whole hare popu-
lation took place as late as March, while in the preceding year (1959)
this occurred in February.

IV. DIMENSIONS OF BODY

1. Head and body was measured on the ventral side, noting
the distance from the end of the muzzle to the anus. For this reason
the results of measurements are smaller than those usually given in
keys (Zimmermann, 1959; Gaffrey, 1961; Gureev, 1963),
where measurement of the length of the body was most certainly made
in a different way. There was, however, considerable agreement with
the diagrams given by Popov (1960).

The smallest values of this measurement are shown in age class I
(Table 2), in which the widest range of variation in this character
occurred simultaneously. In older specimens the range of variation is
narrowed down and classes III and IV have a uniform maximum value
of 62 cm. The greatest differences occur between class I and II, and II
and III: the last two classes differ only inconsiderably as to their mean

Table 2.
Length of body (in cm) in age classes.
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values. Similar relations are observed in the increases in the dimensions
of the skull, especially in measurement of length (Cabon-Ra-
czynska, 1964), which indicates that the course taken by growth
changes in the body and skeleton is similar. Total increase in body
length is 23.3% in relation to age class I. Maximum length of body is
in principle attained as from age class III. This phenomenon confirms
the result of the correlation of body length with body weight. In age
classes I and II the coefficient of correlation r = 0.93, while for age
classes III and VI it is distinctly lower (r = 0.48).

2. Length of tail was measured from the anus to the end
of the caudal vertebrae. Variations in this measurement from the age
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aspect are slight, but the minimum values were, however, observed in
age class I. In the remaining classes the range of variation was from
6.2 to 11.5 cm.

3. Length of hind foot. It was only in age class T that
this measurement differs in its value from the remainder of the spec-
imens in the other age classes, the range of measurements for which
was from 13 to 16 cm. These values are similar to those given by
Gaffrey (1961), Gureev (1963) and others. In one case only
the length of the foot was found to be 17.5 em.

4. Length of ear. The range of this measurement is the most
stable and comes within limits of 9 to 11 ecm. Only 4 specimens from
age class I exhibited a lower value.

Table 3.
Weight of heart (in g) in age classes,
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V. WEIGHT OF INTERNAL ORGANS
1. Heart

The distribution of absolute data for weight of the heart and the
body is similar (Table 3). There are also similarities in the distribution
of the ranges of variations in different age classes and in the percent-
ages of increase, which is 90% for class 1V in relation to class I. This
similarity is due to the reciprocal connections of the weights of heart
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and body within each age group. The coefficient of correlation for the
whole material is r = 0.89.

The relation in percentage of the weight of the heart to that of the
body is similar for all the age groups and varies within limits of 0.30
to 1.55% (Table 4), and in the case of 96% of the specimens this range
is narrowed down to the values 0.83 — 1.22%. The mean index for
the heart is very similar in all the age classes, being from 1.01 to 1.07.
'These results would seem to be fairly reliable on account of their being
based on abundant material. They differ from the data given by Hesse
(1921), who obtained a mean value of 0.89% from small number of
specimens, with a maximum relation of 0.98%.

Table 5.
Weight of kidneys (in g) in age classes.
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Table 6.
Weight of kidneys
3 > 100

Weight of body
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Differences were not found in the material studied in the values

for the heart index in different seasons, neither were differences found
between males and females.

2, Kidneys

The weight of the kidneys in the age classes differs in a way similar
to the weight of the heart, exhibiting slightly smaller increases with
age (Table 5). The maximum increase in age class IV was 63%. The
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greatest increase is observed in age class II, and is expressed in relat-
ion to the youngest specimens by an increase of 37%. The considerable
individual variations in the weight of this organ, particularly in age
classes III and IV (from 15 to 31 g) are rcmarkable.

The index of the weight of the kidneys enables the phenomenon of

the formation of the proportions of this organ in relation to age to be
grasped. In age class I the index exhibits the maximum mean value

and the greatest range of variations (Table 6). In successive age classes
a reduction in the mean values of this index can be observed. It is true
that no statistically significant differences were found between consecu-
tive classes, but such differences were found between classes

" Table 7.
Weight of spleen (in g) in age classes.
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I and III, and II and IV, and thus between I and IV. The tendency
exhibited by the index to decrease with age is due to the stability of
the weight of this organ after the early attainment of the final dimen-
sions, while the increase in body weight continues. The index of the
weight of the kidneys, established on the basis of the present material,
was expressed by figures within limits of 0.37 to 0.85%.

3. Spleen

In the series of hares examined the weight of the spleen has a uniform
minimum value in all the age classes (Table 7). Considerable individual
variations are distinctly apparent in classes III and IV, the maximum
values then attaining 3.700 g. Single specimens (not included in the
table) attain higher values, even above 5 g. Changes with age are
expressed chiefly in the widening of the ranges of variations in the
direction of higher values.

The index of weight of the spleen comes within limits of 0.010 to
0.090, and in the case of 929 of the material from all age classes, it
ranges from 0.015 to 0.060"%. The distribution of values of the index
shows that it is fairly constant irrespective of age.

On account of the great degree to which the weight of the spleen is
dependent on the physiological condition of the animal, the greater or



242 K. Caboni-Raczyniska

lesser loss of blood in the animals shot and the difference within
certain limits of the time from the moment at which they were killed
to the time at which they were weighed, the results obtained must be
interpreted with a certain degree of caution, nevertheless comparison
of the weight with an additional series of 147 hares (males) revealed
considerable agreement in the distribution of wvalues and range of
variations.

4. Liver

The weight of the liver was analysed in 147 individuals (males)
representing three age classes. There were no representatives of age
class I in the material examined. The values of the weights show that

Table 8.

Weight of liver (in g) in age classes.
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there are no differences between each age class (Table 8). It is only
possible to speak here of considerable individual differences in the
weight of the liver, which can be observed both in age class II, char-
acterised by the narrow age limits of the animals (6—8 months old) and
in the other classes. The widest range of wvariations is that in age
class IV (125—230 g).

The relative weight of the liver varies in age class II from 4.03 to
6.12%, and in age class IV from 3.28 to 5.37% (Table 9). Both in the
mean values and in the divisions of variations there is a gradual
reduction in the value of the index, similar to that observed in the
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case of the kidneys. The differences between mean values of classes
IT and III, with P = 0.05, are statistically significant, while with P =
0.01 they are nonsignificant. On the other hand, the differences exam-
ined between classes III and IV are statistically significant for both
probabilities. Thus there is a greater tendency to reduction in the

value of the liver index with age than in the case of the kidneys.
by

VI. DISCUSSION

The results obtained permit of presenting data on the differences
between the sexes and ages and the effect of the percentage of diff-
erent age groups on the mean value of the body weight of hares in
a population.

In the present material, covering a full year's cycle, statistically
significant sex differences were not found within classes III and IV.
They were not expressed in either the comparisons, for different months
or seasons, or in the joint comparison of the whole material, consisting
of adult individuals. Data in literature on differences in body weight
between males and females are contradictory. Reynolds & Stin-
son (1959) in examining material formed by Lepus europaeus
hybridus Desmarest, 1822, during the period from February to
April in two different years, found slight differences in the mean
weights of the body between males and females, in favour of the
females. Kréning (1963), on the basis of a series of 191 specimens
from Gottingen, obtained slight differences, not in any case statistically
significant, which he took as grounds for stating that in his material
females were heavier than males. Hell & Farkas (1963) make
different observations on material from two years taken from Czecho-
slovakia. These latter authors are inclined to assume that males are
heavier than females (differences from 0.3 to 2.3"h), explaining this
result by the effect of pregnancy and lactation and the greater suscep-
tibility of the females to disease. In the present material it might be
expected that sex differences would be found as the result of the gross
weight of pregnant and nursing females being taken into account —
the percentage of such individuals in the whole material is so slight
however, that it may be overlooked. From the data given it may be
concluded that sex dimorphism is not distinctly evident in the body
weight.

The problem of the scasonal differences in the body weight was
raised by Szederjei (1959). This author observed a decrease in
the mean body weight during the winter months (January, February)
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during a period of hard winters, and explained it by the effect of the
unfavourable conditions. No such differences in the present material
were found at any season of the year in the case of adult specimens.

Many authors draw attention to the formation of the mean body
weight of hares during the shooting season and to the causes of the
differences in different years (Rieck, 1956; Szederjei, 1959;
Hell & Farkas 1963). This question was usually connected with
the age structure of hare populations during the autumn-winter period.
It is generally considered that young hares relatively quickly — as
early as the age of 5—6 months — attain the weight of adult indivi-
duals and thus affect the increase in weight during the shooting season.
This view is probably based on observations of artificially reared
animals. Hediger (1948) observed rapid increase in body weight
during the first months of life, and Reynolds & Stinson
(1959) give an example of a young hare having attained the weight of
4.10 kg within 6 months under artificial breeding conditions. It would
seem possible that under natural conditions the young hares are not
characterised by such rapid growth rate, even during the height of the
growing season. In the material presented here young hares aged 6
months attain a maximum weight of 3.10 kg. Observations of the
distribution of body weight of the youngest hares (age classes I and II)
during the winter months (December—February) show that a large
number of individuals do not exceed 3 kg in weight. It may therefore
be assumed that young hares from the later summer litters may grow
more slowly than hares born in the spring.

During the shooting season the mean body weight of the hares shot
is reduced and depends on the percentage of young hares in a popul-
ation. When comparing the body weight of hares from different regions,
even those not geographically distant from each other, it is not possible
to take the calculated mean body weight for a population as a basis,
since this result depends on several factors such as: the season at which
investigations were made, the occurrence or non-occurrence of a late
litter, or intensification of growth of the young hares during the repro-
duction season. It is impossible to assess these factors without making
specially detailed examination, and it is particularly risky to take as
a basis the mean weight in a population when reaching conclusions as
to the Bergmann rule, as was done, for instance, by Pielowski
(1962), and Hell & Farkas (1963). These examples show that
when working on material from the comparative aspect it is essential
to take into consideration division into at least two age groups: the
young specimens from the last breeding season and old hares.
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It is quite understandable that only the data on this latter group are
of importance for taxonomic purposes. In principle, as shown by the
investigations discussed in this paper, hares aged one year and over
may be considered fully grown.

A knowledge of the weight of internal organs in healthy hares may
prove of diagnostic importance when judging pathological cases. It is
a question here both of establishing the absolute and the relative
weight in relation to the body weight. The studies known to me
are based on small series of material (Hesse, 1921; Bouvier,
1963) or would appear to refer to collections with a predominance of
pathological cases (Freund, 1939).

The data contained in the present study come from numerous month-
ly series from a full year’s cycle including animals of varying ages.
This made it possible to determine the ranges of values of the weight
of the organs examined and to grasp the phenomenon of the establish-
ment of proportions between the organs and the body weight during
the life cycle of the hare. The results obtained do not refer to pathol-
ogical ceses, which were eliminated at the time the material was col-
lected. In the present material it was necessary to take into account only
differences due to the effect of transport of the hares during the summer
months, when the hares shot might be subject to a certain degree
of decomposition. No significant seasonal differences were, however,
found. On this basis the whole of the material formed by the organs
may be treated as homogeneous and normal.

The results obtained usually differ from data given in literature.
The relative weight of the heart proved to be the most constant
for all age classes. The results given by Hesse (1921) correspond to
the lower range, while Bouvier (1963) gives figures higher than
the ones in the present study, and in the case of young hares with
1 body weight up to 3 kg, the index of body weight is greater than
that for individuals weighing over 3 kg. This may due only to using
small amounts of material, since the ranges of absolute weights agree
with those obtained in the present study.

The relative weight of the kidneys, as has been shown, varies during
the period of post-natal life, and it is therefore necessary to use mater-
ial of a defined age. Bouvier's (1963) absolute values of weight
agree in principle with data in the present study for old and young
hares. :

‘The results of the weight of the liver differ considerably from the
data given by Freund (1939) and Bouvier (1963). They are
in principle incapable of comparison, since it would seem that they



246 K. Cabon-Raczyhiska

were obtained by a different method of sampling. It appears probable
ihat the results given by the authors referred to were obtained from
hares which had bled profusely, which causes considerable reduction
in the weight of this organ. Proof of this is provided by comparison of
hares which had been shot, in which the weight of the liver varied
from 60 to 200 g, with a series of hares killed without loss of blood,
giving a result of 125—230 g. Shooting undoubtedly distinctly, and to
varying degrees, influences the reduction of the weight of this organ,
and on this account the principle must be accepted for this type of
research, especially in the case of the liver, that results must be obtai-
ned solely from hares which have not lost blood, which ensures that
results are obtained reflecting relations closest to the real ones.

VII. RESULTS

It was found that intensive increase in the body weight of young hares takes
place within the first 8 months of life. Complete equalisation of the body weight
of young and old hares does not occur in the population until February or March
of the next year. In the material examined animals not exceeding 3 kg in weight
were treated as young ones, aged less than 8 months. No seasonal or dimorphic
differences were found in the body weight in adult individuals.

The ranges of the basic measurements of the body were determined and it
was found that increase in length of the body with age is slight (23.3%).

The weights of heart and body are subject to age changes in direct proportion
to each other {r = 0.89), The index of weight of the heart to the body weight is
constant in all age classes.

The weight of the kidneys changes with age to a lesser degree than the weight
of the heart, while the index of the kidneys is distinctly reduced with age.

The weight of the liver depends to a great extent on the amount of blood lost.
In material in which there had been no loss of blood, considerable individual
variation in this organ was found, with simultaneous absence of changes with
age. The index of weight of the liver, like that of the kidneys, decreases with age.

The authoress found that a comparative analysis of the weight of the body
and internal organs can only be made on series of material equal as regards age.
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STRESZCZENIE

Autorka dysponowala serig 432 okazéw zajaca szaraka (Lepus europaeus Pal-
ias, 1778) pochodzgcych z odstrzalu w okresie 15 miesiecy (od grudnia 1958 lo
lutego 1960 roku) na terenie wojewbdztwa poznanskiego. Materiat analizowano
w rozbiciu na cztery klasy wiekowe, wydzielone na podstawie budowy czaszki
(Cabon-Raczyhska, 1964). Badano zmienno$é¢ ciezaru i wymiaréw ciata
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oraz ciezaru serca, nerck i $ledziony, Ciezar watroby przebadano na oddzielnej
serii 147 samebébw (uSmierconych bez wykrwawienia), pochodzacych z tego same-
go terenu.

Stwierdzono, ze intensywny przyrost ciezaru ciala mtodych zajecy dokonuje
sie w ciggu pierwszych 8 miesiecy zZycia. Calkowite wyréwnanie sie ciezaru mto-
dych i starych nastepuje ‘w populacji dopiero w lutym lub marcu nastepnego
roku. Zwierzeta nie przekraczajgce 3 kg uznano w badanej populacji za miode
w wieku poniZzej 8 miesiecy zycia. U okazéw dorositych nie stwierdzono sezono-
wych i dymorficznych réznic w ciezarze ciala.

Ciezar serca podlega zmianom wiekowym, wprost proporcjonalnym do ciezaru
ciala. Wskaznik serca jest staly i niezalezny od wieku zwierzat. Ciezar nerek
zmienia sie¢ w mniejszym stopniu niz ciezar serca, natomiast wskaZnik nerek ma-
leje z wiekiem. Ciezar watroby oddaje rzeczywiste stosunki tylko wtedy, gdy na-
rzad ten nie podlega wykrwawieniu. Obserwowano duzg zmienno$¢ indywidual-
ng ciezaru walroby przy braku zmian wiekowych. WskaZnik watroby obniza
sie z wiekiem,

Autorka stwierdza, ze ciezar ciala i narzadow wewnetrznych powinien byé ana-
lizowany na seriach materialu $ci$le wyréwnanych pod wzgledem wiekowym,



