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INTRODUCTION

A thorough analysis of productivity in a wild animal population is impossible
without reliable age criteria for distinguishing young individuals from adults.
These criteria should preferably be applicable to live animals, as well as to the
more easily obtainable dead specimens.

The purpose of this study has been to compare different methods for age
determination of the Brown Hare, Lepus europaeus, by applying them, as far as
possible, to the same sample of collected specimens. Special emphasis has been
put on testing the reliability of the age criteria concerned towards the end of the
Danish hunting season (1 Oct.—18 Dec.), since previous experience indicates
that there can be difficulties in determining the proportion of young animals in
late autumn populations (Andersen 1958).
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MATERIAL

Data were taken from a total of 191 hares collected in 1963 on four Danish
estates (Fig.1): Kalo (45), Lungholm (37), Svenstrup (82) and Basnas (27). All
but 45 of the specimens were collected during the last five days of the hunting
season (14-18 Dec.), and make up the part of the sample which has been treated
most thoroughly (Table 1).

From all hares one lower forelimb and the upper end of the humerus on the
same side were collected. Body weights were always registered, and from 168

Fig. 1. Samples were taken from 19T hares, collected during the hunting season from four
Danish estates: 1. KAL@ (45); 2. LUNGHOLM (37); 3. SVENSTRUP (82); 4. BASN/ZES @7).

Fig. 1. Der blev taget prover af 191 harer, og materialet stammer fra folgende 4 danske godser :
1. KALD (45), 2. LUNGHOLM (37), 3. SVENSTRUP (82) og 4. BASNZS (27).
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Table I. Materials and methods used in aging 191 hares, with dates of collection

Materiale og metoder anvendt ved aldersbestemmelse af 191 harer og tidspunkt for indsamling

Number of samples Antal prover
Materials Materiale Methods Metoder Collected Indsamlingstid
Total
Oct. 1-Nov.10| Dec. 14-18

Complete animals ~ Body weight 45 146 191
Hele dyr Totalveegt
Forelimb bones, Roentgenograms*) o 138 138
uncleaned
Forbensknogler, Rontgenbilleder
uskeletteret
Forelimb bones, Palpation**) o 135 135
uncleaned
Forbensknogler, Palpering
uskeletteret
Forelimb bones, Visual
cleaned examination***) 45 146 191
Forbensknogler, Visuel
skeletteret undersogelse
Eye lenses Dry weights 41 127 168
Ojelinser Torveegt

*) Lower and upper parts of forelimb Nederste del af underarm og fod, samt overste del af

overarm
**) Lower part of forelimb - Nederste del af underarm og fod
**%) Upper part of forelimb Duerste del af overarm

individuals one eye was removed as soon as possible after death and fixed in
4 % formaldehyde, so that the lens could later be sectioned out and dried. The
majority of the hares were sexed.

All the material and data, which were collected by or under the close super-
vision of the author, are preserved in the Museum of Natural History, Aarhus,
Denmark.
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METHODS

The present study is based chiefly on the special growth and ossification
characteristics of the long bones in mammals. With young individuals still under-
going rapid growth, such bones are transected by thin layers of cartilage (epi-
physeal cartilage) near either end (Fig.2). During growth, the medial layers of
cells in this cartilage area grow and divide, while those on the periphery calcify
and gradually ossify. The cartilage layers, which are the elongation growth
centres of the bones, ossify completely in time, but at different stages. In the fore-
limbs of hares, for example, epiphyseal cartilage can be detected longest in the
upper end of the humerus and distal parts of the radius and ulna (Figs. 3-7).

In very young hares, it is possible, with practice, to distinguish the epiphyseal
cartilage in the ulna by palpation, as the growth centre can be felt under the skin
as a protrusion of the bone laterally and posteriorly, about one centimeter above
the carpal joint (Stroh 1931). This method was tried in aging 135 hares from the
late December collection when the samples had been frozen for about three
months (Table 1): three persons (A, B & C), of whom one (B) was much ex-
perienced and the others only slightly trained in similar work, independently
examined the lower forelimbs of the animals concerned twice, at an interval of
a fortnight.

More commonly, roentgenograms are used to demonstrate cartilage in the
skeletal system of mammals (Thomsen & Mortensen 1946; see Walhovd 1965
for other references). In the present study, bone samples from 138 of the hares
were X-rayed frontally and laterally (Table 1), using Gevaert Structurix D 7
film, exposed at: 100 MA., 35 KVP., 0.32 secs, distance 150 cm.

All the collected bones were cleaned, and bleached for 2 days in 1 9, hydrogen
peroxide before further study by the “visual examination method” (Reilly
& Curren 1961) (Table 1).

An eye from each of 127 of the 146 hares collected in December was fixed in
formaldehyde within 1-3 hours after death. Eyes from 41 individuals caught in
October and November could be removed only after a delay of one or two days,
but this should hardly influence the results (Longhurst 1964). After fixation
(1-26 days) one lens from each animal was sectioned out and dried in an oven
at 80°C for 6 days. Weight loss by further drying at this temperature is insigni-
ficant for lenses of this size (Walhovd 1965), and immediately upon drying they
were weighed, with an accuracy of 1 mg (Table 1).

Although body weights often are very poorly correlated with age (Elder
& Sowls 1941, Tiemeier & Plenert 1964, Walhovd 1965), all the investigated
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animals were weighed (Table 1) in order to determine the weight distribution in
the different age classes.

RESULTS AND DISCUSSION
Visual examination.

In some lagomorphs, for instance Sylvilagus floridanus, Lepus europaeus and
Lepus californicus, the ossification process of the long bones in young animals
should be complete at an age of 7-9 months (Hale 1949, Petrides 1951, Andersen
1958, Bronson & Tiemeier 1958). In two of these species, however, it has been
reported that a light line in some long limb bones, reveals the recently ossified
epiphyseal cartilage (Thomsen & Mortensen 1946, Lechleitner 1959). A similar
line, although very obscure, has even been observed on unbleached humeri from
a few adult mountain hares, Lepus timidus (Walhovd 1965). In prepared bones
from young animals still undergoing rapid growth, the epiphyseal cartilage can
always be seen with ease as the soft tissue shrinks during the drying process and
no longer lies flush with the surrounding bone surface.

Among the humeri examined, those from 112 animals, hereafter designated as
“Fuv.,” had a definite epiphyseal groove proximally. In 13 hares, of whom 12
were collected in December, the epiphyseal cartilage was recently ossified, but the
animals concerned were without doubt young ones (Fig.3), and are designated as
“Fuv.,”. The 66 remaining hares all had smooth humeri without light areas.
These bones were most certainly from fully grown individuals, kere called adults
(“Ad.”) (Table 4).

Roentgenograms.

This method is applicable to skeletal samples of dead specimens, as well as to
live animals (Carson 1961, Reilly & Curren 1961). Thus, in captive swamp
rabbits, Sylvilagus aquaticus, epiphyseal cartilage distally in the lower arm bones
could be distinguished by X-ray photos until the animals were 10-13 months of
age (Martinson et al. 1961).

On all 81 sets of roentgenograms made of “Juv.,” tones in the present study,
epiphyseal cartilage was conspicious (Figs. 4-5). X-ray photos of the skeletal
samples collected from 11 young individuals of the “Juv.,” category showed none
or only faint traces of persistent cartilage in the humerus. In the corresponding
lower arm bones, however, epiphyseal cartilage was usually quite obvious,
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especially in the lateral exposure where the typical epiphyseal protrusion of the
ulna was also well marked (Figs. 6-7). The latter feature, though less prevalent,
was observed in some few individuals (Fig.8,1), later classified by the visual
examination technique as adults. For the majority of these 46 “Ad.” specimens,
however, the caudal surface of the ulna in lateral exposures had a straight profile
(Fig.9,1). Epiphyseal cartilage was never seen on the X-ray photos of humeri,
yet was fairly distinct in some few exposures of ulnae; it was usually obscure on
frontal views of radii, but showed clearly on lateral exposures of the same bone
(Figs. 8 & 9). This, however, is undoubtedly due to the fact that the radius is
thickest just where the epiphysis and diaphysis meet, rather like a foreshortened
cone (Krause 1884, p.118), forming a sharp edge medially. This is depicted on
some roentgen exposures like, for instance, the boundary between the proximal
head of the humerus (caput humeri) and the shaft (Fig.6,2).

Palpation.

The lower arm bones of young hares, still growing rapidly, are both enlarged
where the distal epiphysis meets the diaphysis (Fig.2 & 4; 1y, U,). Under the skin,
however, the swelling of the ulna may be identified more easily as it lies higher
and in a rather more isolated position (Stroh 1931) (Fig. 4,1).

Aging by palpation appeared to be an uncertain technique when applied to the
collection of forelimbs available (Table 1). All three workers found a different
age ratio in their two trials. A and B, in contrast to C, erred chiefly with the
juvenile hares, and the number of mistakes made ranged from 25 t0 43, i.e. from
18.5 % to 31.9% of the 135 lower forelimbs examined (Table 2). The errors
involved mainly young animals, as 40.4 % of the juveniles, but only 6.5 % of the
adults, were wrongly estimated from 3 to 6 times. On the 6 examinations of the
specimens, only 44.4 % of the lot were invariably aged correctly (Table 3).
Hence the conclusion must be that a significant proportion of the juvenile hares
will be erroneously aged by this method in samples collected late in the hunting
season. This bias will be even more exaggerated because of the high numbers of
young animals commonly found in material collected from hunts (Table 4).

On live specimens difficulties begin to occur early in October (Andersen 1963)
and would undoubtedly increase in the following months.

A practical weakness of the palpation method should also be pointed out: two
sesamoid bones (Fig.8) lying closely together in the metacarpus (Krause 1884,
p.122), may easily be mistaken for the epiphyseal protrusion of the ulna if the
foot is not flexed at the carpal joint when being examined (Stroh 1931). Age
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Table 2. Results of aging 135 hares by palpation of lower forelimbs on 2 trials
each by three persons working independently.
135 harer aldersbestemt to gange af tre personer uaf heengig af hverandre ved palpering af hareforben

Number Antal

Aged by Findings Resultat Errors Fejl
Alders-
bestemt (89%) (46%) Juveniles judged | Adults judged As % of total
af . to be adults to be juveniles number of
Juveniles | Adults Total
Ungharer| Voksne Ungharer bedomt |V oksne dyr bedomt answers
som voksne som ungharer I %, af totalantal
A 58/60 | 77/75 34/36 3/7 37/43| 27.4/31.9
B 54/s1 | 81/84 35/38 ofo 35/38| 25.9/28.1
C 112/90 | 23/45 3/12 26/13 29/25| 21.5/18.5

*) Age ratio as found by the visual examination technique
Aldersfordeling som fundet ved undersogelse af skeletterede overarmsben

Table 3. Frequency of correct and incorrect aging of 135 hares (Cf. Table 2)
Hyppighed af rigtig og fejlaktig aldersbestemmelse af 135 harer (Jfr. tabel 2).

Aged incorrectly  Fejlagtig bestemt
Aged correctly*

Rigtig bestemt Once Twice 3 times 4 times 5 times 6 times
I gang  2gange 3 gange 4gange S gange 6 gange

Juv. 46 4 3 8 18 8 2
Ungh.
Number
Amtal  |Ad. 14 18 11 3 o o o
Voksne
Total 60 22 14 II 18 8 2
Juv. 51.7 4.5 3.4 9.0 20.2 9.0 2.2
Ungh.
% of
0 Ad. 30.5 39.1 23.9 6.5 0.0 0.0 0.0
Yo af
Voksne
Total  44.4 16.3 10.4 8.2 13.3 5.9 1.5

*) I.e. as found by the visual examination technique
D. v. 5. som fundet ved undersogelse af skeletterede overarmsben
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determination of hares by palpation of the lower arm should therefore be carried
out only by experienced workers.

Finally, it is worth noting that in the case of dead specimens collected in the
course of the hunting season, the epiphyseal cartilage may easily be seen distally
in the lower arm bones of most young hares once the skin around the carpal joint
is removed (Fig. 10).

FIGURE LEGENDS (Figs. 2-9, pp. 115-117)
Figurtekster (Fig. 2-9, s. II5-I17)

Fig. 2. Roentgenogram of the left forelimb, exposed laterally, of a small juvenile hare (body
weight 1050 g), found dead 12. Aug. and probably some 4 weeks old (see Hediger 1948).

Epiphyseal cartilage in the long bones is indicated as h; and h, in the humerus, r; and r, in
the radius, u, and u, in the ulna. The cartilage at h;, r; and u; normally ossifies earlier than
at h,, 1, and u,.

Fig. 2. Rontgenbillede af venstre forlem (lateralt eksponeret) fra en harekilling (totalvegt 1050 g),
fundet dod den 12. aug. og sandsynligvis 3—4 uger gammel. (Sml. Hediger 1948).

Epifysebrusk i de lange rorknogler er maerket hy og hy i overarmen (humerus), vy og ry 1 spole-
benet (radius), u, og u, i albuebenet (ulna). Af disse forbener hy, 11 og u, forst.

Fig. 3. Frontal view of upper part of the humerus from 13 young hares classified as »Juv.,¢,
collected on 27 Oct. (1) and 14-18 Dec. (2-13). The epiphysis is recently fused with the dia-
physis, but a light area which is the temporary evidence of the ossified cartilage can still be
recognized (< —).

Eye lens weights of these animals ranged from 223-268 mg (Fig. 11).

Fig. 3. @verste del af overarmen (set forfra) fra 13 ungharer (»Juv.,«) nedlagt den 27. oktober (1)
og mellem 14. og 18. december (2-13). Epifysen er sammenfojet med diafysen, men et lyst omrdde
pé overfladen af knoglerne (< —) rober, at sammenfajningen er sket for nylig.

Overarmsbenene er fra dyr, hvis preparerede, torrede gjenlinser vejede fra 223 mg til 268 mg

(fig. 11).

Figs. 4-9. Roentgenograms showing lower and upper left forelimb of young hares (Figs. 4-7)
and adult individuals (Figs. 8-9), i. e. distal part of lower arm with wrist, hand and part of
finger bones (1 & 3) and proximal end of upper arm (2 & 4) exposed laterally (1 & 2) and front-
ally (3 & 4). In the young hares showing the smallest degree of skeletal ossification ("Juv.;©),
the epiphyseal cartilage is clearly visible on all X-rays: in the humerus (h,), radius (r;) and
ulna (u,) (Figs. 4—5), while epiphyseal cartilage in the same bones from animals being more
skeletally mature (»Juv.,¢) is less prevalent, although still clearly visible, especially in the lateral
view of ulna which is also enlarged here at the junction between epiphysis and diaphysis (Figs.
6 & 7).

On X-rays of bones from adult hares (Figs. 8-9), the fused epiphyseal groove in the humerus
never left any noticable trace and the epiphyseal cartilage in the lower arm appeared to be
much less conspicuous than in the corresponding bones from young hares. The typical stage
showing complete ossification was found in most adult individuals (Fig. 9); where in lateral
view (1) the ulna is smooth, and the former epiphyseal cartilage (u,) is discernable only as a
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vague shadow in both exposures (1 & 3). The dark line (r,) on the radius most likely results
from the fact that this bone is thickest just where the previous epiphysis and diaphysis meet,
forming a sharp ridge which gives a dark shadow on the X-ray like similar edges due to the
topography of the bone regarded (Fig. 6,2: 1 & t).

A series of errors in aging adult hares by palpation possibly were due to the confusion of
the sesamoid bones (s; & s,: Fig. 8,1) of the metacarpus with the epiphyseal protrusion of the
ulna and radius, most prevalent in rapidly growing young hares (Cf. Figs. 3 & 4).

Fig. 4-9. Rontgenbilleder af venstre forlem fra ungharer (fig. 4~7) og fra voksne dyr (fig. 8-9) :
d. v. s. nederste parti af underarmen med hdndroden, mellemhdnden og til dels fingerknoglerne
(1 & 3), samt overste del af overarmen (2 & 4). Knoglerne ses bdde fra siden (1 & 2) og forfra
(3 & 4). Hos ungharer med ufuldstendig forbenet skelet (»Juv.;«) kan epifysebrusk let ses pa alle
eksponeringer : i overarmen (hy), spolebenet (r,) og albuebenet (u,), (fig. 4 & 5). Epifysebrusken
v knogler fra de ovrige harekillinger (2Juv.,«) er mindre fremtredende (fig. 6 & 7), dog stadig let
synlig i underarmen — tydeligst i den laterale eksponering af albuebenet, som desuden er fortrykket
pd overgangen mellem epifyse og diafyse.

Pa rontgenbilleder af knogler fra voksne harer (fig. 8 & 9) har den tillukkede epifysefure 1 over-
armsbenet ikke efterladt nogen synlig linie, og selv om spor efter epifysebrusk ( 7oy Uy) Ofte kan ses i
underarmen, er den meget mindre tydelig end i tilsvarende knogler fra ungharer. Typiske strukturer,
efter at rorknoglerne er fuldstendig forbenet, som fundet hos de fleste voksne dyr (fig. 9), er, at
albuebenet mangler en epifysefortykkelse ; det ses i profil som en lige eller nesten lige linie, og den
tidligere epifysebrusk (u,) anes kun som en skygge i begge eksponeringer (1 & 3). Den morke linie
(re) T spolebenet skyldes muligvis hovedsageligt, at denne knogle er tykkest netop der, hvor den
vdligere epifyse og diafyse modes under dannelse af en skarp kant, hvilket giver en mork skygge pd
billedet i lighed med andre lignende formationer ved en knogles topografi (fig. 6,2: | & t).

En drsag til at voksne harer lejlighedsvis blev fejlagtigt aldersbestemt ved palpering af under-
armen, kan muligvis have veret, at mellemhdndens sesamknogler (s; & s,, fig. 8,1) blev forvekslet
med den epifysefortykkelse af spoleben og albueben, som er karakteristisk for ungharer i hurtig vekst
(sml. fig. 3 & 4).
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Fig. 2. (Legend p. 113 — Tekst s. 113).

woy

Fig. 3. (Legend p. 113 — Tekst 5. 113).
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Fig. 4-6. (Legend pp. 113 - 114 — Tekst s. 114)




Fig. 7-9. (Legend pp. 113 - 114 — Tekst s. 114)
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2

Fig. 10. Lower part of right foreleg of a young hare with the skin around the carpal joint (j)
removed, photographed frontally (1) and laterally (2). Epiphyseal cartilage in the radius (r,)
and ulna (uy) is clearly visible.

Fig. 10. Nederste del af hojre forben fra unghare, hvor huden rundt om hdndleddet (7) er fjernet,
fotograferet forfra (1) og fra siden (2). Epifysebrusk i spoleben (1) og albueben (uy) kan tydelig
ses.

Fig. 11. Weights of 168 lenses, fixed in formaldehyde and dried for 6 days at 80° C. The lenses
are from 114 young hares (»Juv.;« & »Juv.,) and 54 adults, collected during two intervals of
the hunting season: viz. 1 Oct.—10 Nov. (I) and 14-18 Dec. (II).

In 102 of these young hares (?»Juv.,«) epiphyseal cartilage still persisted in all forelimb bones
examined (cf. Figs. 4 & 5). As to the remaining young individuals (»Juv.,«) light traces of the
recently ossified epiphyseal cartilage in the humerus were found by direct examination of the
cleaned bones (Fig. 3), and on X-rays of the lower arm (Figs. § & 7), in the 11 cases where
this was photographed. In the corresponding bones from adult hares the epiphyseal cartilage
was usually obscured on the roentgenograms (Figs. 8 & 9), and could never be detected by
direct observation of the cleaned bones.
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Fig. 11. Vgt af 168 formalinfikserede gjenlinser der blev torret i 6 dogn ved 80 ° C. Linserne
var fra 114 ungharer (Fuv.« & 2Juv.o¢) 0g 54 voksne dyr (»Ad.), nedlagt indenfor to perioder
af den lovlige jagttid : I. oktober—10. november (I) og 14.-18. december (II).

Hos 102 af disse ungharer (vJuv.,«) fandtes epifysebrusk i de undersogte knogledele ( sml. fig. 4
& 5). Pd tilsvarende skeletmateriale fra de ovrige ungharer ("Juv.5¢) kunne epifysebrusk stadig ses
pd rontgenbilleder af underarmen (fig. 6 & 7) i de IT tilfelde, hvor denne blev fotograferet, og
desuden altid pd de skeletterede overarmsben (fig. 3 ).

I de samme knogler fra voksne harer var spor efter forbenet epifysebrusk kun lidt tydelig pd ront-
genbilleder af underarmen 0g kunne slet ikke ses, efter at materialet var skeletteret.
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Eye lens weights.

Lord (1959) and others (see references in Walhovd 1965) have shown that
for many mammals the dry weights of freshly fixed eye lenses provide a rela-
tively good basis for estimating the age of individual animals.

An analysis of the present material showed that eye lenses from 12 hares
(“Juv.,”), with recently closed epiphyseal grooves in the upper humerus (Fig. 3),
weighed on the average more than lenses from 102 animals with obvious epi-
physeal cartilage (“Juv.,”) in the same bone (Fig.11). Moreover, lenses from
24 young hares killed during the earlier half of the hunting season were, on the
whole, lighter than samples from go young hares bagged 14-18 December.
Weights of lenses from young hares lay between 105 and 268 mg; lenses from
54 adults were heaviest of the entire sample, weighing from 272—382 mg. These
weights all agree well with those previously reported (Rieck 1962).

The present study thus indicates that the weights of eye lenses which have
been collected and fixed immediately can be a very reliable criterion for distin-
guishing young hares from adults. The method presents the practical difficulties,
however, of getting the specimens processed when fresh, as tissues of this type
are sensitive to storage and freezing (Montgomery 1963, Longhurst 1964).
Another drawback is that eye lenses, in this case 4.5 % of 176 €xamined, are apt
to be damaged when the animals are collected.

Body weights.

Using body weights as an indicator of age for mammals is legitimate only after
thorough preliminary studies within a given population, and should be done
only when the animals concerned are still in a phase of rapid growth (Taber 1960).

In the present investigation, body weights were not used in determining ages
of individual hares, but weight distributions of the different age groups as

4~5) was found by the visual examination technique in all 24 hares weighing from
1520 g to 3190 g, and in 88 of 1 53 animals with body weight ranging 32204310 ¢g

Fig. 12. Body weights of 191 hares (112 + 13 young and 66 adults) collected during two inter-
vals of the hunting season and classified into age groups as in Fig. 11.

Fig. 12. T, otalvegt for 191 harer (112 + I3 ungdyr 0g 66 voksne). Data bley indsamlet 1 de an-
givne tidsrum ; aldersinddelingen efter kriterierne beskrever under fig. 11.
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(“Juv.;”). Among the latter, 13 hares with recently fused epiphyseal grooves
proximal in the humerus (Fig.3) and epiphyseal cartilage clearly visible distally
on X-ray photos of the lower arm (Figs. 6-7), when available, weighed between
3630 g and 4240 g (“Juv.,”). Of the remaining 66 hares in the present material,
among which the 52 lightest weighed from 3220 g to 4310 g and the rest between
4370 g and 4750 g, all had been judged to be adults by the visual examination
technique. On the X-ray photos taken of the skeletal material sampled from these
adult hares, the epiphyseal cartilage was partially or completely obscured
(Figs. 8-9).

Weights of eye lenses to a great extend confirm that aging by means of skeletal
material has been carried out correctly (Fig. 11).

Table 4. Age and sex of 191 hares collected from 4 Danish localities (Fig. 1)
Alder og kon for 191 harer fra 4 danske lokaliteter (fig.1).

Number Antal %
Total Juveniles Ungharer Adults Voksne
Juv., Juv.,
Locality Not N Juveniles
; sexed ot
Lokalitet % | ga sexed 90 33 Ungharer
Ikke kons-| Q9 | 33 % | g3
bestemt Tkke kons-
bestemt

Kalg 24| 12 9 14| 4 9 1| o 9 8 63.0
Lung-
holm | 17| 18 2 13| 12 2 1| o 3 6 75.5
Sven-
strup | 36 | 46 o 16 | 30 o] 5| 6] 15 10 69.5
Basnzs | 10| 17 o 31 9 o o| o 7 8 44.4

Total | 87| 93 II | 46| 55 71 6] 34 32
101 11 13 65.6

191 125 66
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The results emphasize the inadvisability of attempting to age hares late in
autumn on the basis of body weights.

Sample analysis.

Previous studies (Rieck 1962) suggest that there is usually an excess of young
individuals in autumn populations of the Brown Hare, and that animals of each
sex are present in approximately equal numbers (Andersen 1953), findings with
which the composition of this present sample is consistent (Table 4).

CONCLUSIONS

At the end of the hunting season, in mid-december, epiphyseal cartilage may
still be detected in the long forelimb bones of juvenile hares, at least distally
in the ulna. In most cases aging offers no problem as the persistent epiphyseal
cartilage is still rather conspicuous and may be observed even in the field (See
fig. 10). Some few individuals, however, can be judged correctly only after very
careful scrutiny.

With dead specimens the epiphyseal cartilage can be detected either by X-ray-
ing the bone samples laterally, where ulnae should be most carefully studied; or
by examining cleaned bones, being especially aware of the epiphyseal area at the
upper end of the humerus. Detecting the presence or absence of epiphyseal
cartilage distally in the lower arm by palpating uncleaned bones is unreliable in
late autumn and is not to be recommended.

Aging hares by comparing dry weights of eye lenses previously fixed in formal-
dehyde is reliable, but is somewhat disadvantageous as the material may easily
suffer damage at any stage during handling, special aparatus and procedures and
very precise work are required, and the application of the method is restricted to
dead specimens.

For live animals I would recommend that, in late autumn at least, two methods,
for instance palpating and X-raying a lower forelimb, should possibly be combined
in order to separate young hares approaching skeletal maturity from adults with
great certainty.

Body weight is a poor indicator of age towards the end of the year.
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SUMMARY

Different methods for aging Brown Hare, Lepus europaeus, were tested on a
sample of 191 animals collected late in the year, at a time when the majority of
young would have passed the phase of most rapid growth. The study material
consisted of upper and lower parts of a forelimb of all animals, and an eye lens,
fixed in formaldehyde and dried, from 168 individuals. Body weights were always
registered and the majority of the hares could be sexed.

1) All sets of bones were cleaned and bleached in hydrogen peroxide, and after
the subsequent careful study (“visual examinination”) the skeletal material
could be classified into three categories:

a) Bones showing epiphyseal cartilage, detected by the presence of a
groove in the proximal epiphyseal region of the humerus (“Juv.,”).

b) Bones in which the epiphyseal cartilage seemed to have ossified
recently (“Juv.,”), revealed by a light area on the surface of the proxi-
mal humerus (Fig.3).

c) Bones lacking epiphyseal groove or light area proximally in the hu-
merus (“Ad.”).

All hares classified under a) and b) only, were considered as young of the year.

2) Before being cleaned, 138 sets of the bones were X-ray photographed frontally
and laterally. Lateral exposures showed the various stages of ossification most
clearly. In these views, epiphyseal cartilage was always easily visible in the
category of bones least ossified (“Juv.,”). The same characteristics were also
clear on exposures of lower forelimbs from young hares showing a higher
degree of skeletal maturity (“Juv.,”), where in addition the epiphyseal pro-
trusion of the ulna still was conspicuous; cartilage could be detected barely or
not at all on exposures of the proximal humeri from the same animals. On
all other X-ray photos, from adult hares, epiphyseal cartilage was never ob-
servable in the humeri, and was wholly or partly invisible on exposures of
the lower forelimbs. In lateral views, the protrusion of the ulna was minimal,
and the caudal profile of this bone usually formed a more or less straight line.

3) Palpation of one lower forelimb from each of 135 hares, collected in late
autumn, clearly showed how the epiphyseal swelling in radii and ulnae from
young hares may in many cases be overlooked. Conversely, some adult
individuals were judged to be juveniles, which may partly be due to the con-
fusion of the sesamoid bones of the metacarpus with the epiphyseal protrusion
of the ulna, since the distal epiphyses in the lower arm bones are very short.
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For these reasons examination of partly skinned samples is to be preferred
where dead specimens are concerned (Cf. Fig. 10).

4) Dried eye lenses of hares classified on the basis of skeletal ossification as
adults were always heavier than those from young hares. Among the latter,
animals showing the highest degree of ossification had heaviest lenses.

5) The coincidence of high body weight and skeletal maturity (adults), or
advanced stage of skeletal development (“Juv.,”) was not consistent.

6) In the present sample 65 %, of the hares were young animals, and the sexes
seemed equally represented, a composition previously shown to be typical for
Danish hare populations in autumn.
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DANSK RESUME

Ved den foreliggende undersogelse er forskellige metoder til aldersbestem-
melse af hare (Lepus europaeus) provet pa samme materiale for at sammenligne
metodernes palidelighed. Underspgelsesteknikken har hovedsagelig veret baseret
pa, at visse dele af pattedyrenes skelet viser serpreegede forbeningsforhold, sa-
ledes i de lange rorknogler hvor lengdevaksten foregar i de sakaldte epifyse-
bruske (fig. 2). Desuden er der ved undersegelsen benyttet det forhold, at gje-
linsen hos pattedyr i nogen grad tiltager i vagt med alderen.

Det benyttede haremateriale blev indsamlet pa 4 danske godser (fig. 1) i jagt-
szsonen 1963 og bestod af gverste og nederste del af et forben fra hvert dyr,
og i 168 tilfzlde desuden af den ene af gjelinserne, der blev fikseret, torret og
vejet (tabel 1). Samtlige harer blev vejet og flertallet kensbestemt.

1) Alle knogledele blev skeletteret og bleget i brintoverilte. Efter den paful-
gende omhyggelige »visuelle undersggelse« kunne skeletmaterialet klassificeres i
de tre folgende grupper:

a. Knogledele med epifysebrusk (»Juv. 1«), let kendelige ved en tydelig fure i
epifyseregionen gverst i overarmsbenet.

b. Knogledele med nylig forbenet epifysebrusk (»Juv. »«), paviselig ved en lys
linie i overarmsbenets epifyseregion (fig. 3).

c. Knogledele hvor hverken epifysebrusk eller spor efter en sadan ses (»Ad.).

Alle harer med karakterer som navnt under a og b blev klassificeret som hare-
killinger fra det pageeldende ar, alle andre som voksne.

2) For skeletteringen var knogledelene fra 138 af harerne blevet rontgen-
fotograferet savel forfra som fra siden (tabel 1). Sidstnvnte eksponeringer viste
bedst de forskellige stadier af forbeningsprocessen. Der var tydelig epifysebrusk
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i alle de knogledele, der var mindst forbenet (?Juv. ,¢) (fig. 4-5). Rentgenbilleder
af knogledele fra 11 af de harekillinger, hvis skelet var noget mere forbenet
(Juv. 50, viste, at der stadig fandtes en tydelig epifysefortykkelse af albuebenet
og en epifyselinie sammesteds, medens epifyselinien i overarmsbenets gverste del
oftest var umulig at se (fig. 6 og 7). P4 rentgenbilleder af skeletmateriale fra voksne
harer (»Ad.«) kunne epifyselinien i overarmsbenene aldrig ses, medens den i de
tilsvarende underspgte underarmsknogler var enten helt eller delvis udvisket;
albuebenets epifysefortykkelse var minimal eller manglede helt, sledes at denne
knogles bageste flade i profil sas som en lige eller nasten lige linie (fig. 8 og 9).

3) Aldersbestemmelse ved palpering af 135 hareforben indsamlet i december
gav ret usikre resultater (tabel 2 og 3). Det viste sig, at underarmsknoglernes
epifysefortykkelse hos ungharerne ofte blev overset. Det forekom ogs, at enkelte
voksne dyr blev Klassificeret som ungharer, muligvis fordi sesamknoglerne i
mellemhanden (fig. 8,1) forveksledes med den epifysefortykkelse af albuebenet,
som er karakteristisk for ungharer i sterk vekst. Det ma derfor tilrddes ved
aldersbestemmelse af dede harer, at man blotlegger det nederste parti af under-
benet, hvor da eventuelle epifysebruske oftest kan ses meget let (fig. 10).

4) Fikserede, torrede gjelinser fra 168 harer, Klassificeret som voksne pa grund-
lag af skeletkarakterer, var tungere end linserne fra ungharerne. Blandt de sidst-
nzvnte havde harekillinger med de mest forbenede knogler de hejeste linsevegte
(fig. 11).

5) Individer, hvis skelet var helt ()Ad.«) eller nzsten (Juv. 5 feerdig udviklet,
havde ofte, men ikke altid, en hgj totalvegt, og nogle harer, der stadig voksede
(Juv. 1¢), vejede endog mere end flertallet af voksne dyr (fig. 12). Harernes total-
vagt er siledes en upalidelig aldersindikator i jagtsesonen.

6) 1 det foreliggende materiale var i gennemsnit 65 pct. af harerne killinger,
og de to ken forekom i stort set samme antal (tabel 4).

Authors address: Zoological Institute, University of Aarhus, Aarhus C, Denmark.
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