
INTRODUCTION

Deer horns are indicators of their physiological state.
In practical hunting it is possible to define: species (sub-
species), population of the animal, sex, harvesting sea-
son, nutrition and health state of the individual by the
shape and size of the horns (or their absence). Horns
also serve for visual identification of the deer age. But
as a rule, the age can be determined only approximately,
since adult males of red deer for several (5-7) years have
horns similar in shape, weight, and volume. Many mor-
phological, physical, and mechanical properties of horns
are profoundly analyzed. But in scientific literature there
is little data on the studies on the density of the horns in
different periods of animals’ life.

The authors suggested that over the years in male deer
they observed changes not only in shape and volume of
horns tissue but in the density too. It may serve as an
additional means to estimate the age of animal. In addi-
tion, the density of the horns in various species of deer
is different. It may be recognized as a criterion for spe-
cies identification of horns fragments.

Partially this hypothesis was confirmed in the article.

MATERIALS AND METHODS

The research was conducted using the horns from the

private collection of Professor Gottlieb Polzer (Schon-
feld, Germany) in the period January-September, 2014.
Mass of dry horns was measured on the electronic scale
accurate to 1 gram. The volume of horns was estimated
with measuring container filled with water, with 10 mil-
liliters graduation scale. The density of horns was esti-
mated according to the formula q==m/V (Paramio et al.,
2012). The age of animals was determined by expertise
and on the grounds of specialists’ opinions. We used in
our study 9 research papers (Miller et al., 1985; Smir-
nova, 1989; Danilkin, 1998; Lihatskiy and Kolomeitsev,
2002; Stepanova, 2002; Smirnov, 2007; Landete-Castil-
lejos et al., 2009; Teplyashin and Drozdova, 2012) as
principal bibliographical sources.

We used 100 shed dry horns from red deer, fallow
deer, European and Siberian roe deer for research (Table
1). The identification of horns species was conducted by
Professor Gottlieb Polzer and Yu. Vashukevich. The cal-
culation of statistics was done using the program Micro-
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Table 1. The quantity of carried out measurements. 

Animal species
Samples of paired horns, Individual 

pairs/horns horns, pcs.

Fallow deer 8/16 7
Red deer 16/32 -
European roe deer - 36
Siberian roe deer - 9
Total 24/48 52



soft Office 2007.

RESULTS

The research found the density of shed horns from male
deer increases progressively until six years (the correla-
tion index is R2-0.79, the density is from 1.0 to 1.39
Γ/cm3). In the age from 7 to 12 years old the density of
horns did not change and had the tendency to decrease
to 1.25 g/cm3 to the age of 12 years.

The density of horns tissue in males of fallow deer
also increases until 4 years (the correlation index is 0.69,
the density is from 0.5 to 1.36 g/cm3).

The average density in different deer species is pre-
sented in the following values:

Red deer - 1.28 g/cm3

Fallow deer - 0.98 g/cm3

European roe deer -1.49 g/cm3

Siberian roe deer - 1.58 g/cm3

It may be assumed that the density data obtained in
the assessments of horns or their fragments may serve
as an additional criterion to identify the species and the
age of an animal.

DISCUSSION

The ossified horns of wild ungulates, from the point
of view of hunting, perform several different functions.

First, the horns are indicators of the health state in the
living species of game animals. By their shape, degree
of development, size, color, and others parameters wild-
life managers make the decision whether to use deer in
breeding or in trophy hunting.

Secondly, it is a valuable raw material for folk medi-

cine, pharmaceutical industry, and production of various
decorative items.

The analysis of the literature [1-9] showed a wide range
of research on study and detection of the various quali-
ties and characteristics of horns from cervids. These
works relate to ecological, morphological, chemical, phy-
sical, mechanical, and other properties of the horns. How-
ever, we could not find classified material on density of
horns tissue in deer in the studied articles of national
and foreign authors. It is submitted that the density of
the horns can be useful for determining the age and spe-
cies of animals, as well as to assess the state of the feed-
ing balance in the diet of deer in a given population. In
the practical work experts-biologists face the need to
accurately assess the animal species by separate horns
or by their fragments. In this situation it is useful to add
physical characteristics, such as the density of the horns
tissue to organoleptic and chemical methods of assess-
ment. Our studies have been conducted to solve this
practical problem.

One hundred dry ossified shed horns of four species:
red deer, fallow deer, European and Siberian roe deer
were taken as the experimental material. Professor Got-
tlieb (Schonfeld, Germany) provided the horns from his
private collection. Theoretically, the most reliable results
of the dynamics of density can be obtained from horns
of one and the same animal in the course of a lifetime,
regularly and timely gathering his shed derivatives. The
collection of such material in the wild is very difficult
and often it is impossible. Deer shed horns in various
inaccessible and remote areas. These horns and are quick-
ly destroyed by rodents and other animals.

For this reason, for our research we have taken horns
from one and the same male deer out of Hirschfeld Wild-
life Park (Germany). The horns had been collected for
twelve years.

The main values of measurements are represented in
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Table 2. Indicators of mass, volume and density of the horns of a male deer in Hirschfeld Wildlife Park, Germany.

Age, yrs
Mass, g Volume, cm3 Density g/cm3

Left Right μ Left Right μ Left Right μ

1 180 180 180 180 180 180 1.00 1.00 1.00
2 1100 1160 1130 840 920 880 1.31 1.26 1.29
3 1680 1840 1760 1350 1240 1295 1.24 1.48 1.36
4 1420 1580 1500 1010 1170 1090 1.41 1.35 1.38
5 2060 1920 1990 1450 1430 1440 1.42 1.34 1.38
6 2100 2120 2110 1500 1550 1525 1.4 1.37 1.39
7 2380 2460 2420 1850 1950 1900 1.29 1.26 1.28
8 2470 2540 2505 1950 2050 2000 1.27 1.24 1.26
9 2600 2700 2650 1950 1950 1950 1.33 1.38 1.36

10 2560 2750 2655 1900 2000 1950 1.35 1.38 1.37
11 2220 2420 2320 1850 2000 1925 1.2 1.21 1.21
12 2200 2760 2480 1650 2350 2000 1.33 1.17 1.25

μ - average mean



Table 2.
As it can be seen, until the age of six (full maturation

of the horns) the horns tissue density had been gradually
growing in the range from 1.00 to 1.39 g/cm3. Schedule
of changes in mass, volume, and density of the deer horns
in this period is shown in Fig. 1.

Despite the fact that the mass and volume of the horns
continued to grow until the age of twelve, the increase
in the density of the horns during the period from 7 to
12 years did not occur (Fig. 2). At 11-12 years of age the
values of horns tissue density became below 1.3 g/cm3.

A summary graph of the dependence of considered
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Fig. 1. The curves of changes of mass, volume and density of the
horns of the male red deer at the age from 1 year to 6 years of age
(inclusively).

Fig. 2. The curves of changes of mass, volume and density of the
horns of the male red deer at the age from 7 years to 12 years of
age (inclusively).

Fig. 3. The curves of changes of mass, volume and density of the horns of the male red deer at the age from 1 year to 12 years of age
(inclusively).

Table 3. Density of horns tissue in fallow deer.

Age, yrs
Mass, g Volume, cm3 Density g/cm3

Left Right μ Left Right μ Left Right μ

1 50 47 48.5 100 80 90 0.50 0.59 0.55
48 56 52 90 100 95 0.53 0.56 0.55

μ - - - - - - - - 0.55
2 380 95 237.5 280 130 205 1.36 0.73 1.05

610 620 615 575 510 542.5 1.06 1.22 1.14
μ - - - - - - - - 1.09
3 860 800 830 740 650 695 1.16 1.23 1.20

1040 1240 1140 960 1225 1092.5 1.08 1.01 1.05
- 1100 1100 - 940 940 - 1.17 1.17
- 1080 1080 - 880 880 - 1.23 1.23

μ - - - - - - - - 1.16
4 880 960 920 840 975 907.5 1.05 0.98 1.02

μ - average mean
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values of deer age is represented in Fig. 3.
It is important to note that the correlation coefficients

in the first age phase (1-6 years) between age and weight
(0.90) and age and volume (0.88) are higher than the
coefficient which characterizes the dependence between
age and density of the horns tissue (0.79).

In the second age phase (7-12 years) dependence of
density on the age and volume is not assessed. Depen-
dence on weight was: found as R2==0.94.

The density values of fallow deer horns tissue from
the area Lichtentanne (Germany) are represented in
Table 3.

The table shows that the density of deer horns is also
growing until the age of horns maturity (4 years) in
males. The relationship between the age of the deer and
the density of his horns tissues exists, the correlation
coefficient is 0.69.

Calculations of the average density of studied horns
showed that this value is distinguished in all four spe-
cies and it may be used for identification of taxon.

CONCLUSION

According to the research results the following princi-
pal conclusions can be stated:

1. It is necessary to continue research on tissue den-
sity of shed deer horns, as one of the indexes of the state
of the deer population on the local territory.

2. The density indexes of horns depend on the age of
deer. In the first phase of animal life the density of horns
increases to complete horns maturation. In the second
phase the increase in weight and volume of horns conti-
nues but the increase of density terminates.

3. The density values of horns in different animal spe-
cies distinguish. The most solid horns from the tested
samples are in roe deer. The lowest density of horn tis-
sue was found in males of fallow deer.
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