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SHORT
COMMUNICATION

Short communication articles are short scientific entities often dealing with
methodological problems or with byproducts of larger research projects. The
style is the same as in original articles

An evaluation of methods for distinguishing between juvenile and
adult mountain hares Lepus timidus

Kaarina Kauhala & Timo Soveri

Kauhala, K. & Soveri, T. 2001: An evaluation of methods for distinguishing
between juvenile and adult mountain hares Lepus timidus. - Wildl. Biol. 7: 295--
300.

Different age determination methods were compared to find a practical method
for distinguishing between young and adult mountain hares Lepus timidus. The
age of the hares was determined using: 1) the ossification stage of the radius
and ulna, and 2) the dry weight of the eye lens. The ossification stage of the
bones was examined with the unaided eye and palpation, and by using radi-
ography. The proportion of young was higher when the bones were examined
using radiography rather than the unaided eye, except in early autumn when
the two methods led to the same results. Age determination based on bone exam-
ination using the unaided eye gave more reliable results than age determina-
tion based on radiography; this became evident when the results were compared
with the reproductive status of females or with the dry weight of the eye lens.
Using an eye lens weight of 0.25 g as a discriminating value between young
and adult hares, gave an age determination similar to that derived from bone
examinations using the unaided eye in 90% of the cases. Age determination
based on examination of the radius and ulna using the unaided eye and palpation,
together with the eye lens weight thus forms a reliable and practical method
for distinguishing between young and adult mountain hares, and radiography
is only necessary when examining live animals.
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Although the mountain hare Lepus timidus is an impor- (<1 year old) and 'adult’' (al year old) individuals, is
tant game species in Finland, little is known of its pop-  essential for population ecology studies. Large samples
ulation dynamics and factors affecting hare numbers. Age of hares are needed to calculate the age structure of the
determination, especially distinguishing between 'young' population, and hence, a rapid method for age determi-

® WILDLIFE BIOLOGY m7:4 (2001)

295

Downloaded From: https://complete.bioone.org/journals/Wildlife-Biology on 19 Jul 2025

Terms of Use: https://complete.bioone.org/terms-of-use


mailto:kaarina.kauhala@rktl.fi

nation is required. The proportion of young individu-
als in the autumn population can also be used as an indi-
cator of the reproductive success of a hare population
during the previous summer.

Broekhuizen (1971) and Soveri, Aarnio & Keanik&nhie
(1986) used the ossification stage of the radius and ulna
for identifying young and adult hares and radiographed
the bones for age determination. Walhovd (1965) used
the ossification stage of humeri for age determination
in mountain hares. Kauhala & Helle (1990) also used
the ossification stage of the radius and ulna for determin-
ing the age of raccoon dogs Nyctereutes procyonoides,
but they examined boiled and cleaned bones with the
unaided eye. This proved to be a rapid and reliable
method for distinguishing between young and adult rac-
coon dogs, especially in autumn.

The dry weight of the eye lens has also been used for
age determination in mammals, because the mass of the
lens steadily increases during the lifetime of an animal
(Lord 1959, Broekhuizen & Maaskamp 1979, Morris
1972). Walhovd (1965) and Flux (1970) used eye lens
weight to identify young and adult mountain hares, and
Andersen & Jensen (1972) used it to separate young
European hares L. europaeus from adult individuals.

The aim of the present study was to compare three
different methods, i.e. 1) radiography of the radius
and ulna, 2) examination of the radius and ulna using
the unaided eye and palpation, and 3) weighing the eye
lens, which can be used to distinguish young from
adult mountain hares, and to find a rapid and reliable
method, or combination of methods, for practical use
in age determination.

Material and methods

Hare samples were collected from hunters throughout
southern and central Finland (20-30°E, 60-65°N) dur-
ing September 1998 - February 1999 and during Sep-
tember@ecember 1999. Most samples came from the
provinces of Oulu (northern parts of central Finland),
Hame and Satakunta (southern Finland) and Keski-
Suomi (central Finland). Most hares were caught with
hounds.

The age of the hares was determined from the ossifi-
cation stage of the distal epiphyseal cartilage of the
radius and ulna and was compared with the dry weight
of the eye lens and also with the presence of placen-
tal scars in females. The presence of placental scars was
taken as proof that the animal was &lyear of age, be-
cause mountain hares are not known to give birth until
their second year (lason 1990).
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Growth occurs in the cartilaginous region near the end
of the long bones (Weinmann & Sicher 1955). In very
young hares (< 6 months) the terminal part of the bone
(the epiphysis) is only loosely fused to the rest of the
bone, but when growth ceases the epiphyseal cartilage
ossifies and the terminal part becomes solidly fused to
the rest of the bone. An epiphyseal line is frequently seen
at the site of the recently ossified epiphyseal cartilage
(Soveri et al. 1986). The ossification stage of the epi-
physeal cartilage can thus be used to separate young from
adult individuals, especially in autumn (Stroh 1931, Mor-
ris 1972, Broekhuizen & Maaskamp 1979, Soveri et al.
1986).

The forelegs of hares were detached and frozen, and
the radius and ulna were subsequently boiled for three
hours to separate the flesh from the bones. The bones
of 176 hares were examined using both 1) the unaid-
ed eye and palpation and 2) radiography (Table 1). When
the bones were examined with the unaided eye, they
were classified into two groups: young (<1 year old)
and adult (& year old). The hares were classified as
young if the terminal part of the bone was loosely
fused to the rest of the bone or if an epiphyseal line was
clearly seen and could be felt when the bone was pal-
pated (the bone felt rough). The animal was classified
as adult when the epiphyseal line could not be seen or
was weak (the bone felt smooth).

When the bones were radiographed, they were clas-
sified into five groups: Group 1= young with an epi-
physeal cartilage, Group 2 = young with a recently ossi-
fied epiphyseal cartilage, but an epiphyseal line clear-
ly visible, Group 3 = uncertain young (epiphyseal line
could be seen), Group 4 = uncertain adult (epiphyseal
line weak) and Group 5 = adult (epiphyseal line had dis-
appeared or was very weak). A veterinarian (T. Soveri)
did the age determination based on radiography with-
out knowing the results of age determination obtained
using the unaided eye and palpation done by a zoolo-
gist (K. Kauhala).

The eyes of 103 hares were detached less than two
hours after death and preserved in 10% formalin for two
weeks. The eye lens was then removed, cleaned and air-

Table 1 The number of hares used when different methods of age de-
termination were compared: 1) age determined using bones examin-
ed with the unaided eye where compared with age determination using
bones examined with radiography and 2) with age determined using
the dry weight of the eye lens, and 3) age determined using bones ex-
amined with radiography where compared with age determined us-
ing the dry weight of the eye lens.
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Figure 1. Number of young and adult mountain hares identified using
the ossification stage of the radius and ulna. Age determination was per-
formed using both the unaided eye and palpation, and radiography. See
text for definition of age group classifications of radiographed hares.

dried for one hour at room temperature and then dried
for 1.5 hours in the oven (70°C), according to the
method described by Friend (1968) and Morris (1972).
The heads of 163 hares were initially frozen, because
not all hunters could remove the eyes in the field. The
eyes were removed after 1-6 weeks in the freezer and
then treated as described above. The lenses were
weighed to the nearest 0.0001 g, and the lens weight
was compared with the age determination obtained
through bone examination (256 hares examined using
the unaided eye and 101 examined using radiography).

The eye lens weights were compared using Student’s
t-test and ANOVA with Bonferroni as a post hoc test.
The Pearson X2test was used to compare the age struc-
tures obtained using the different methods.

Results

Age determination based on bone examination
using the unaided eye vs radiography

A total of 73 out of 176 hares (41.5%) were determined
as young with the unaided eye, while 79 (44.9%) were
determined as young (Groups 1+2) using radiography
(t = 0.64, NS). Additionally, 29 hares were classified
as 'uncertain young' (Group 3) using radiography (Fig.
1). If these were included in the category 'young’, the
proportion of young would be 61.4%, and the differ-
ence between the results obtained using the two meth-
ods would be significant (t = 3.76, P < 0.001). In ear-
ly autumn (September-October) the proportion of
young was 47.5% (19/40) when age was determined
using the unaided eye, and 50.0% (20/40) when using
radiography, including the uncertain cases (t = 0.24, NS).
In late autumn and winter (Novemberé&ebruary) the
corresponding figures were 40.2% and 64.4% (t =
3.94, P < 0.001).

The proportion of young was 50.3% for females
(N = 169) and 48.0% for males (N = 204) when the
bones were examined with the unaided eye (X2=0.188,
df = 1, P = 0.664). The corresponding figures were
67.1% and 56.0% when radiography was used (X2=
8.066, df = 4, P = 0.089).

A total of 66 individual hares were classified as
young and 61 as adult by both methods (both categories
included the 'uncertain’ categories determined using radi-
ography). Both methods thus led to the same classifi-
cation in 72.2% (127/176) of the cases. If the uncertain

Table 2. Eye lens dry weights (g) for mountain hares according to age group using the ossification stage of the radius and ulna, examined
with either the unaided eye and palpation or radiography. The number given for hares determined as young but carrying placental scars indi-

cates errors in age determination.
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Figure 2. Eye lense dry weight of mountain hares determined as either
young or adults using the ossification stage of the radius and ulna, and
examined with the unaided eye and palpation. Mean, SD, range and
sample size are also given.

cases were excluded from the data, 85.4% (111/130)
were classified similarly with the two methods.

In 16 cases the hare was determined as an adult with
the unaided eye and as young (Group 2) using radio-
graphy. Of the 16 hares, nine were females and eight
of these had placental scars, indicating that they were
&l year of age. Furthermore, 26 hares were classified
as adults with the unaided eye, but as uncertain young
(Group 3) using radiography. Of the 26 hares, 10 were
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females, and seven of these had placental scars. Only
seven hares were classified as young with the unaid-
ed eye and as adults using radiography (Groups 4 and
5); two of these were females, and one had placental
scars.

Age determination based on bone examination
vs eye lens weight

Examination ofthe bones with the unaided eye

When age was determined from examination of the
bones using the unaided eye the mean eye lens weight
for adult females was 0.338 g (SD = 0.069, N = 59) and
for males 0.343 g (SD =0.077, N = 71). As the mean
weight of the eye lens did not differ between the
sexes (t=-0.379, df = 127.3, P = 0.705), data for both
sexes were pooled.

The mean eye lens weight did not differ between
unfrozen and frozen lenses (F =0.635, P = 0.427), but
for hares determined as young (from the bones) it dif-
fered between seasons (F = 4.52, P = 0.036; Table 2).
The mean eye lens weight in early autumn (September&
October) did not differ from that in late autumn (No-
vember-December; Bonferronipost hoc test: P = 1.00),
but the mean weight in winter (January&ebruary) was
higher than in early or late autumn (early autumné
winter: P = 0.039, late autumn-winter: P = 0.012).

The mean weight of the eye lens was 0.147 g for hares
determined as young from bones, and 0.341 g for hares
determined as adults (t = 21.746, df = 253.8, P< 0.001;
Fig. 2, see Table 2). Only one of the hares determined

© WILDLIFE BIOLOGY m7:4 (2001)

Downloaded From: https://complete.bioone.org/journals/Wildlife-Biology on 19 Jul 2025
Terms of Use: https://complete.bioone.org/terms-of-use



as young from bones had placental scars and a heavy
eye lens (0.38 g; Tables 2-3), indicating incorrect age
determination.

Of hares determined as adults from bones using the
unaided eye five had an eye lens weight of less than
0.20 g (see Fig. 2 and Table 3), whereas only one which
had an eye lens weight of more than 0.30 g was deter-
mined as young (but had placental scars). In total 14.6%
(19/130) of hares determined as adults from the bones,
had an eye lens weight of &.25 g, and 4.8% (6/126) of
hares determined as young from the bones, had an eye
lens weight of >0.25 g. 1f 0.25 g was used as a discrimi-
nating value between young and adult hares, 90.2%
(231/256) of all cases would be similarly classified as
young or adult with both methods. Both methods also
gave a similar picture of the proportion of young in dif-
ferent months (Fig. 3).

Examination ofthe bones using radiography

When age was determined using radiography, the eye
lens weight differed among the five groups (F = 34.82,
df=4,96, P <0.001; see Table 2). Group 1differed from
all others (P < 0.001 for all), and Group 2 also differed
from Group 5 (Bonferroni post hoc test: P = 0.036).
Groups 3-5 did not differ from each other.

Of hares determined as adult using radiography two
had an eye lens weight of less than 0.20 g (see Table
3). Atotal of 17 hares with an eye lens weight of more
than 0.30 g were determined as 'young' or 'uncertain
young' using radiography.

Figure 3. Proportion of young hares (in %) determined using the ossi-
fication stage of the radius and ulna, and examined with the unaided
eye and palpation, and from the eye lens dry weight (0.25 g as a dis-
criminating value between young and adult) in different months. The
sample size for each month is given above the columns.

Discussion

Age determination based on examination of the cleaned
bones using the unaided eye and palpation proved to be
the most favourable method for distinguishing between
juvenile and adult mountain hares, as this method is both
rapid and reliable. When the results obtained using this
method were compared with the reproductive status of
the females (presence of placental scars), we found
only one evident mistake. Although it is difficult to sep-
arate young from adults when examinaning the bones
using the unaided eye only, the difference can be felt with
the fingers; the distal end of the bone is smooth if
growth has entirely ceased (adult), but rough if the hare
is still growing or its growth has recently ceased (young).

When the results of this method were compared to
the results obtained using the dry weight of the eye lens,
both methods gave similar result in 90% of the cases,
when using an eye lens weight of 0.25 g as a discrim-
inating value between young and adult. Walhovd (1965),
who studied mountain hares in Norway, also conclud-
ed that hares with an eye lens weight of less than about
0.25 g were <1 year of age. Flux (1970) reported that
the eye lens weight of young mountain hares in Scotland
was < 0.235 g. Walhovd (1965) found no overlap in the
eye lens weight between the two age groups in moun-
tain hares and neither did Andersen & Jensen (1972)
in European hare, whereas some overlap was found in
our study. One reason for this may be that the age
determination based on bone examination was incor-
rect in some cases, especially in January and February.

Although radiography appeared to be a better method
for age determination than palpation of the radius and
ulna of untreated mountain hare forelimbs (Soveri et
al. 1986), examining the cleaned bones with the unaid-
ed eye and palpation was even better. If the ossifica-
tion line can still be seen in some adults, it is very dif-
ficult to separate the young from adult individuals
using radiography. Kauhala & Helle (1990) also found
that in raccoon dogs age determination based on exam-
ination of the radius and ulna using the unaided eye and
palpation produced more favourable results than radi-
ography; the epiphyseal line was sometimes also visi-
ble in adults, which was confusing and resulted in
overestimation of the proportion of young.

Age determination based on radiography also differed
to some extent from age determination based on the eye
lens weight; 17 hares with an eye lens weight of more
than 0.30 g were determined as young using radiog-
raphy. This also points to the conclusion that determining
the age using radiography results in overestimation
of the proportion of young individuals; e.g. Morris
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(1972) concluded that radiography is the most favourable
method, but he did not use examination and palpation
of cleaned bones.

Hares belonging to Groups 2 and 3, as judged from
radiographs, were most problematic; many of these had
placental scars, indicating that they actually were
adults, because no female mountain hare has been
recorded to breed in the summer of her birth (Flux 1970,
lason 1990). The sensitivity of radiography appears to
be favourable but specificity becomes poor quite soon
after ossification. The hares killed in early autumn
posed no problem, but age determination became more
difficult towards winter when growth of the young
ceased. According to this and to results of eye lens
weights, it would be reasonable to divide the animals
under radiographical examination into three groups: 1
and 2 as described (young) and 3 (including Groups 3,
4 and 5; adults) as was done in Soveri et al. (1986).

The mean weight of the eye lenses was not affected
by the treatment (freezing or unfreezing) and hence eye
lens weight can be used to distinguish between young
and adult hares even when it is not possible to remove
the eyes immediately after the death of the animal in
the field. The heads can be frozen and the eyes removed
later in the laboratory. The heads should, however, be
frozen as soon as possible after the death of the animal.
Selecting an eye lens weight of 0.25 g as a discrimi-
nating value gave the best fit with the age determina-
tion based on bone examination using the unaided eye
(see Table 3).

In conclusion, age determination based on the ossifi-
cation stage of the distal radius and ulna using the un-
aided eye and palpation is a reliable and rapid method
for distinguishing between young and adult mountain
hares. The proximal humerus might be even better be-
cause it ossifies later than the distal radius and ulna
(Washburn 1943). Combining age determination based
on bone examination and eye lens weight gives even
more reliable results. Although radiography is a quite
reliable method in early autumn, it is unnecessary and
does not provide a more accurate age determination. The
only advantages of radiography are that it can be used
to examine live animals, and that it can be used when
arapid and easy method for examining untreated fore-
limbs is required in autumn.
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