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Measures of horn growth of Bulgarian chamois Rupicapra rupicapra balcanica 
Bolkay, 1925 were compared between males and females. The hypothesis that rapid 
early growth of horn is followed by slower subsequent growth was tested through the 
regression of the horn increment in the first two years against the third, fourth and 
fifth year respectively in the same individual. Sexual dimorphism in annual growth 
increment was significant up to the third year, males having higher values than 
females. Negative correlation coefficients were found when regressing the third, fourth 
and fifth individual annual increment on the second one in males, thus showing that 
individuals which had horns which grew fastest in the first two years tended to have 
slower horn growth in subsequent years.

University of Aberdeen, Department of Zoology, Institute of Terrestrial Ecology, Hill 
of Brathens, Banchory, Kincardineshire AB31 4BY, Aberdeen, U.K. (GM); Istituto 
Nazionale per la Fauna Selvatica, Ca’ Fornacetta 9, 40064 Ozzano Emilia, Bologna 
(ER); Bulgarian Academy of Sciences, Institute of Zoology, Boul. T. Osvoboditel 1,
1000 Sofia, Bulgaria (PG)

Key words: Rupicapra rupicapra balcanica, horn growth, annual increment, Bulgaria

Introduction

The horns of chamois Rupicapra rupicapra Linnaeus, 1758 are epidermal 
derivates that grow throughout the life of both males and females (Couturier 1938). 
The growth process slows down in winter (Schroder 1971) and annual rings are 
forn.ed, so that it is possible to estimate the age of an individual by counting the 
rings on its horns. The length of the annual increment is the greatest in the first 
years of life and decreases rapidly with advancing age until an almost constant 
amoint of growth per year is reached. Annual rates of horn growth are associated 
with many factors such as physiological conditions, food availability, diseases, 
density, etc. (Niethammer 1971).

In game management the length of the horns is often considered an important 
criterion in estimating the trophy value of individuals as well as of a whole 
population (Hrabe and Koubek 1983, Koubek and Hrabe 1983). In systematics, 
the size and shape of the horns have been included among those morphological 
characters of subspecific importance (Couturier 1938). The description of the horns
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of R. r. balcanica Bolkay, 1925 by Couturier (1938) was based on a very small 
sample, with only one pair of horns coming from Bulgaria. The growth rate of 
horns in different chamois populations has been discussed by several authors (e.g. 
Briedermann and Still 1976, Salzmann 1977, Koubek and Hrabe 1983, 1984, Hrabe 
et al. 1986, Tosi et al. 1987).

This paper concentrates on individual patterns of horn growth of the Bulgarian 
chamois. The aims of the study were the following: (1) to document sexual 
dimorphism and dynamics of the horn growth in R. r. balcanica, (2) to examine 
whether individuals which show relatively rapid early growth of horns, show 
relatively slower subsequent growth.

Material and methods

The study was based on 56 pairs of horns (39 males and 17 females) of chamois. Material was 
obtained from the National Museum of Natural History of Sofia and from private collections. All the 
samples had been either shot or found dead during the period 1909-1986 in the four main Bulgarian 
massifs: Rila, Rhodope, Pirin Mountains and the Balkan Range. Measures of annual increment 
represent the distance between each pair of complete annuli and were recorded on the anterior side 
of the horn to the accuracy 0.1 mm. Since the boundary between first and second annual increment 
of the first two years is not well marked, increments of the first two years were pooled. Subsequent 
annual increments were measured singly up to the sixth year. After the sixth year the horns are 
virtually fully developed in the chamois (Schroder 1971). Sexual dimorphism was studied by 
comparing males’ and females’ annual increments by Student’s ¿-tests. To test the hypothesis that 
rapid early growth of horn was followed by slower subsequent growth, the horn increment in the first 
two years was regressed against the third, fourth and fifth year respectively in the same individual. 
Due to the small sample size of females, only males were used for the regression.

Results

Sexual dimorphism in annual horn increments was significant up to the third 
year, males having higher values than females (Table 1). Males also grew more

Table 1. Growth increments (mm) in male and female R. r. balcanica.

Annual
increment Sex n Mean SD ¿-test

P

1+2 M 39 177.84 12.35 <0.01
F 17 155.10 14.67

3 M 26 43.32 5.99 <0.01
F 11 36.72 7.40

4 M 15 22.03 8.68 ns
F 7 19.36 8.33

5 M 14 8.21 4.65 ns
F 6 8.85 2.31

6 M 9 4.43 1.92 ns
F 6 5.47 1.05
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Age (years)

Fig. 1. Relationship between annual horn increment (in mm) and age (in years) for female and male 
chamois.
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Fig. 2. Regression of annual increment horn lengths of the fourth year against the second year in 
males.

rapidly than females up to the fifth year of age (Fig. 1). Negative correlation 
coefficients were found when regressing the third, fourth and fifth individual 
annual increment on the second one in males, thus showing that individuals which 
had horns which grew fastest in the first two years tended to have slower horn
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growth in subsequent years; significantly so in the case of the fourth amual 
increment (y): y = 89.1 -  0.38 (2nd annual increment); r = 34.06% and p = 0.02 
(Fig. 2).

Discussion and conclusions

Although the chamois is a game animal of long-standing tradition in m»st of 
the mountains where it lives, only a few authors have carried out studies oi the 
dynamics of the horn growth of this species. Most of the papers deal witi the 
absolute length of the horns even if, as stated by Hrabe and Koubek (1983), horn 
dimensions are directly correlated with age so that samples should be compared 
only if they have the same age distribution. Therefore, instead of the absolute 
length, the annual growth increment of the horns should be considered as a more 
appropriate measure for comparisons either between sexes or among populations. 
Sexual dimorphism in horn growth has been found in all three East Eurcpean 
populations considered and is consistent with sexual dimorphism found in nany 
skull characters of chamois, where significantly higher values were found in nales 
(Koubek and Hrabe 1984, Massei et al. 1994).

In game management and particularly in hunting, the length of the ho^ns is 
considered to indicate the quality of an individual. After World War I, selective 
hunting was frequently carried out by preferential culling of specimens with 
irregular horns or “poor trophies” (Bubenik et al. 1977). Our study showed that 
an early slower-growing animal may eventually surpass in horn size an initially 
more rapidly growing chamois. The differences found in growth rate weie in
dependent of annual variation because each sample of horns came from different 
cohorts and the variation therefore was not due to environmental factors. nhese 
results agree with those of Bunnell (1978) in individual rams of Dali sheep Ovis 
dalli, in which specimens that show a relatively early growth of horns, shew an 
inverse trend in subsequent years. On the base of our findings, the horn length 
of young chamois should not therefore be used as a criterion for selective culling. 
On the other hand, the dynamics of horn growth could be used to compare chamois 
from different geographical localities. Further studies on the dynamics of horn 
growth are required to analyse morphological differences that could reflect tither 
an adaption of the phenotype or genetic differences.
Acknowledgements: We are indebted to A. Tufekchiev for providing us with part of the skills of 
Bulgarian chamois and to N. Spassov who kindly gave us access to the collection of the National 
Museum of Natural History in Sofia. We wish to thank particularly J. Patterson for his stimilating 
comments on an early draft of this paper. An unknown referee provided constructive comments on the 
manuscript.

References

Briedermann L. and Still V. 1976. Die Gemse des Elbsandsteingebietes. Neue Behm-Buchere., 493,
Wittenberg Lutherstadt: 1-136.



Dynamics of horn growth in chamois 199

Bubenik A. B., Raymond F. L. and Meile P. 1977. Morphometry of the Horns of Chamois (Rupicapra 
rupicapra)'. A Preliminary study. XIII Congr. Game Biol., Atlanta (Georgia), USA: 351-364.

Bunnell F. L. 1978. Horn growth and population quality in Dali sheep. J. Wildl. Manage. 42: 764-775.
Couturier A. J. 1938. Le Chamois. Grenoble, Arthaud: 1-885.
Hrabé V. and Koubek P. 1983. Horns of the chamois, Rupicapra rupicapra rupicapra, from the 

Jeseniky Mountains (Czechoslovakia). Folia Zool. 32: 23-31.
Hrabé V., Weber P. and Koubek P. 1986. The morphometrical characteristics and the dynamics of 

horn growth in Rupicapra rupicapra carpatica (Mamm. Bovidae). Folia Zool. 35: 43-54.
Koubek P. and Hrabé V. 1983. Dynamics of horn growth in the Jeseniky Mts. population of chamois 

Rupicapra rupicapra, rupicapra (CSSR). Folia Zool. 32: 97-107.
Koubek P. and Hrabé V. 1984. Morphometrical characteristics and horn growth dynamics in Rupi

capra rupicapra tatrica {Mamm. Bovidae). Folia Zool. 33: 289-302.
Massei G., Randi E., Markov G. and Genov P. 1994. Multivariate analysis of craniometric charac

teristics in Bulgarian chamois. Hystrix (in press).
Niethammer G. 1971. Die Gemsen Neuseelands. Z. Säugetierk. 36: 228-238.
Salzmann H. 1977. Gewicht, Schädelgrösse und Gehornwachstum von Gemsen aus dem Jura, ein 

Vergleich mit anderen Populationen. Z. Jagdwiss. 23: 69-80.
Schroder W. 1971. Untersuchungen zur Ökologie des Gamswildes in einem Vorkommen der Alpen. Z. 

Jagdwiss. 17: 113-168.
Tosi G., Rinetti L., Zilio A., Scossa M., Cassani R. and Cagnolaro L. 1987. Analisi preliminare della 

popolazione di camoscio Rupicapra rupicapra (L.) dell’Alto Luinese (Provincia di Varese, Italia). 
Atti Soc. ital. Sei. nat. Museo civ. Stor. Nat. Milano 128 (3-4): 265-284.

Received 25 October 1993, accepted 7 March 1994.


