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Abstract. With antlers valuated as trophies, ungulates experience high pressures due to selective hunting. 
The response of the population differs depending on the type of hunting strategy used, and trophies serve as 
a suitable proxy to answer this question. For example, unrestricted trophy or leisure hunting results in a 
diminishing quality of trophies. We evaluated the effect of the applied hunting strategy on European roe deer 
(Capreolus capreolus) antler size in Lithuania, Latvia and Estonia between 2006 and 2011. With the aim of 
preserving good quality bucks up to 5 years of age, compensatory hunting (culling) is obligatory in Lithuania. 
To the north, in the other two Baltic countries, roe deer buck are hunted with no age limit. Based on 
nonparametric tests and forward stepwise discriminant function analysis of antler morphometric characters, 
Lithuanian roe deer antlers were found to be significantly larger (about 40 % by mean weight and volume for 
the 35 biggest trophies). We conclude that bucks in Latvia and Estonia are hunted out before they reach 
trophy maturity (5–7 years). The antlers of fast growing bucks in the age of 3–4 years are almost as big, so 
they are untimely eliminated from the population. We recommend extending the preservation period of 
healthy roe deer buck to 6 years of age, giving hunters the possibility to estimate their age not solely on antler 
size, but also on other body characters. 
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Introduction 
 
With certain morphologic traits of game selected 
in most cases, hunting is generally a non-random 
process (Festa-Bianchet 2003, Johnson et al. 2010). 
The genetic or population consequences of this 
however are not always known (Harris et al. 2002, 
Allendorf & Hard 2009). In most cases, different 
hunting strategies are employed related to mor-
phological traits of cervids and the age structure in 
their populations (Martínez et al. 2005). Inevitably, 
these strategies influence not only the population 
density, but also the sex and age structure and the 
genetic mix (Ginsberg & Milnergulland 1994, Har-
ris et al. 2002). Selective hunting of cervids, and in 
particular roe deer, is common in European coun-
tries: selection for better quality trophy (compen-
satory culling) in Czech Republic, Hungary, Po-
land, Spain and Germany, while selection for age 
and gender (calf, hind harvest) – in Finland, 
France and Norway (see Apollonio et al. 2010).  

Though recreational hunting and hunting for 
meat does not target animals on the basis of size 
selection (Mysterud 2011), trophy hunting is based 
on the selection of special traits. This selection is 
influenced by hunting culture and economic or 
pragmatic interests (Milner et al. 2006). Selection is 
mainly the preserve of local hunters (Martínez et 

al. 2005), and the selection enables commercial 
hunting to seek trophies of roe deer with bigger 
antlers (Mysterud et al. 2006). 

Unlimited trophy hunting exerts a pressure on 
the populations of game species, tending to act 
towards a decrease of trophy size. As a result, 
changes in such morphometric parameters could 
reflect changes in the local system of hunt man-
agement (Rivrud et al. 2013). One of the most ex-
pressive examples of this is the reduction in horn 
size in the rams of bighorn sheep (Ovis canadensis), 
caused by the simultaneous effects of environ-
mental factors and selective hunting based on best 
trophies (Coltman et al. 2003, Garel et al. 2007, Al-
lendorf & Hard 2009, Hedrick 2011). 

Characteristic to Hungary, Germany and Po-
land for example, an alternative strategy and ap-
proach to cervid hunting and trophies is the sys-
tem of limited trophy hunting as applied through 
the compensatory hunt (wahlabschuss in German) – 
in this, bucks with shorter and lighter antlers are 
hunted first (Lockow 1991, Drechsler 1992). The 
aim of such a style, used in above mentioned 
countries of Central and Eastern Europe of selec-
tion is to preserve the best bucks until maturity 
(Mysterud & Bischof 2010). Selection is based on 
the presumption that the antler sizes of young and 
mature individuals are correlated, i.e. young indi-
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viduals with good-sized antlers will go on to be 
mature individuals with good antler sizes (Bowyer 
et al. 2001, Bartoš et al. 2007, Mills & Peterson 
2013). Based on this, the length of the first antlers 
is a good index of the animal quality (Schmidt et 
al. 2001). The practice of compensatory hunt is 
used in Lithuania, but not in Latvia and Estonia 
(Andersone-Lilley et al. 2010). 

In Estonia, licenses for hunting game are is-
sued by the manager of a state hunting district, the 
tenant of a hunting district or the owner of a pri-
vate hunting district (Estonia 1994). The user of 
the hunting district is required to review game 
trophies and assess medal trophies (Estonia 2002). 
In Latvia, the maximum permissible quotas are 
determined each year by the State Forest Service 
(Latvia 2003). The permitted methods of hunting 
are the same in all Baltic countries, namely stalk-
ing, hunting from hides, calling hunt, driven hunt, 
search hunt and pursuit of game. However, selec-
tion requirements for deer are implemented only 
in Lithuania (Hunting 2002), as is the requirement 
to take an exam in order to get permission to hunt 
adult animals (Medžiotojų 2008). 

The aim of this study was to show the influ-
ence of compensatory roe deer hunting on antler 
size comparing three Baltic countries with differ-
ent hunting strategies. In this, we used only meas-
urable traits of antlers from the CIC (Conseil In-
ternational de la Chasse) trophy evaluation for-
mula (antler weight, length, volume and span), 
whilst excluding subjective traits used in the scor-
ing of roe deer buck trophies (colour, pearling, 
coronets and tine ends). 
 
 
Materials and methods 
 
Study area 
The three Baltic countries (Fig. 1) were chosen to test the 
hypothesis that compensatory roe deer hunting leads to 
an overall increase in antler size. The Baltic states are 
ideal for this since the system of compensatory hunt for 
roe deer is not applied at all or used very rarely in Latvia 
and Estonia (Andersone-Lilley et al. 2010), while compen-
satory hunting has been used in Lithuania for over 40 
years, and has served as the legal basis since 1996.  

The three Baltic countries (Estonia, Latvia and 
Lithuania) are situated in North-eastern part of Europe 
near the Baltic Sea. Area of the three countries is ca. 
175000 km2, Lithuania and Latvia being almost equal in 
size (ca. 64000 and 65000 km2, respectively), and Estonia 
much smaller, ca. 45000 km2 (Andersone-Lilley et al. 
2010). In 2013, forest covered 34.7% of the area of Lithua-
nia, 52.7% of Estonia and 54.0% of Latvia (The World 
Bank 2016).  

 
 

Figure 1. Study area in European scale. 
 
 

Data collection 
Data on roe deer antlers were extracted from the cata-
logues of hunting trophy exhibitions, specifically in 2009 
and 2012 in Lithuania (Lietuvos 2009, 2012), 2013 in Esto-
nia (Eesti 2013) and 2013 in Latvia (Latvijas 2013). From 
the catalogues, we selected animals hunted in 2006–2011. 
The trophy measurements were taken by authorized CIC 
experts and under CIC approved methodology. By the 
CIC formula, the antler mass without skull is used, thus 
in cases where antler mass was shown including the skull 
in the catalogue, 90 g was subtracted (Whitehead 1981). 
Individuals were aged by use of several traits, namely the 
wear of teeth in the lower jaw, sutura ossification, as well 
as size and form of the antler pedicle (Stubbe & Lockow 
1994, Baleišis et al. 2003). Gold medals are awarded to roe 
deer trophies evaluated 130 and more CIC points, silver 
medal to 115–129.99 CIC points and bronze medal to 105–
114.99 CIC points (Whitehead 1981). 

In Lithuania, 1029 roe deer trophies were presented 
to the hunting trophy exhibitions, 390 of which were from 
animals with known age. Age groups covered were from 
3 to 10 years. In our analysis of antler growth tendencies, 
we used the 390 evaluated trophies with known age of 
animal. In the hunting catalogue of Latvia there were 63, 
in the catalogue of Estonia – 66 roe deer trophies though 
the ages of the individuals were not known. 

 
Data analysis  
To compare the different hunting systems between coun-
tries, the 35 biggest trophies from each country were se-
lected (total sample N=105). For further analysis in 
Lithuania, all trophies from the age groups of 3–4 years 
and >8 years were analysed, while the 25 biggest antlers 
were selected in each of the 5, 6 and 7 year-old age groups 
(the groups containing the most individuals in the sam-
ple). The biggest trophies were selected based on CIC 
points of metric traits, calculated according to the formula  

CIC points of metric traits = 0.3V+0.1W+0.5AAL, 
where  

V is the volume of the antlers, measured in cm3,  
W is the dry weight of antlers, measured in g, and 
AAL is the mean antler length (sum of the length of 

the left main beam and length of the right main beam, di-
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vided by 2), measured in cm. 
In addition, we analysed the span of antlers (despite 

not being used as a factor in compensatory roe deer hunt-
ing in Lithuania), expressed in cm. All measures follow 
Whitehead (1981). 

Index of asymmetry (A) was evaluated according 
Palmer et al. (1986): 

A = (Ri – Li), where 
Ri and Li is the length of right and left antler, respec-

tively. 
Official game count and bag data for 2006–2009 and 

2006–2011, respectively, were used to estimate roe deer 
population densities (ind./km2); we did calculations for 
the total area and area of the forest in each country. 

Normality of data distribution was tested with Kol-
mogorov–Smirnov test. Nonparametric statistic methods 
(Kruskal-Wallis rank test, Spearman rank correlation) 
were used for the analysis of biggest trophies, as data dis-
tribution was non-normal (Zar 2010). Right and left antler 
lengths were compared using Wilcoxon signed-rank test 
for matched samples, indexes of asymmetry were com-
pared using Kruskal-Wallis rank test. Forward stepwise 
discriminant function analysis was used to group tro-
phies according antler weight and volume (StatSoft. Inc. 
2010). 
 
 
Results 
 
Influence of the hunting strategy on the trophy 
size (comparison of the three Baltic countries) 
Post-hoc analysis showed that parameters charac-
terizing the biggest antler sizes are significantly 
different between the countries with different 
strategies of hunting (antler weight H = 60.63; p < 
0.0001 and volume H = 57.0; p < 0.0001; length of 
the main beam, left H = 11.10; p = 0.0039, length of 
the main beam, right H = 16.65; p = 0.0002, inside 
span differences are not significant, H = 2.50; p = 
0.2871). In Lithuania, where compensatory roe 
deer hunting is conducted, the antlers are signifi-
cantly bigger in all parameters except span. The 
mean weight of the 35 biggest roe deer antlers in 
Lithuania was 37.5 % bigger than that in Latvia 
and 41.3 % bigger than in Estonia; and the maxi-
mum weight 15.4 % and 18.4 % respectively. The 
mean volume of the 35 biggest roe deer antlers in 
Lithuania was 38.4 % and 38.7 % bigger than in 
Latvia and Estonia, while the maximum volume 
was 11.9 % and 6.7 % bigger. Differences in antler 
length were not so striking (Table 1).  

Concerning antler weight, there were outliers 
in all three countries (much above the mean, Lat-
via – 557 g, Estonia – 543 g, Lithuania – 643 g; be-
low the mean, Estonia – 234 g,). Outliers for antler 
volume were observed only in Estonia (254 g) and 

Latvia (219, 237 and 242 g), all much above the 
mean. 

There was a strong significant correlation be-
tween antler weight and volume in the best tro-
phies in Latvia (r = 0.80, p < 0.05) and Estonia 
(0.76, p < 0.05), but this was weak and not signifi-
cant in Lithuania (r = 0.18, p = 0.3). The left and 
right antler lengths were correlated in all three 
countries - Lithuania (r = 0.77, p < 0.05), Latvia and 
Estonia (r = 0.80, p <0.05) - while antler span was 
not correlated with any other investigated meas-
ure in any of the three countries. 

Discriminant analysis revealed that groups 
were separated according to antler weight (Wilks‘ 
λ = 0,329, F = 5,080, p = 0.0086) and volume (λ = 
0.335, F = 6,081, p = 0.0032). Two canonical func-
tions separate groups of antlers (Wilks‘ λ1,2 = 0.298, 
χ2 = 121.11, df = 10, p = 0.0000). Canonical function 
f1 explains 97.9 %, f2 – 2.1 % of dispersion. Roe 
deer antlers of Lithuanian origin were classified as 
100 % correct, while those from Estonia 60.0 % and 
those from Latvia 57.14 % correct (Fig. 2). 

Promising roe deer individuals (hunted in 
Lithuania at the age of 3–4 years) were not classi-
fied so successfully. Groups also were separated 
according antler weight (Wilks‘ λ = 0.357, F = 
8.903, p = 0.0000) and volume (λ = 0.362, F = 9,731, 
p = 0.0000). Two canonical functions separate 
groups of antlers (Wilks‘ λ1,2 = 0.296, χ2 = 157.41, df 
= 6, p = 0.0000). Canonical function f1 explains 
95.31 %, f2 – 4.69 % of dispersion. Second canonical 
function was also significant (Wilks‘ λ2 = 0.907, χ2 = 
12,544, df = 2, p = 0.0019). Roe deer antlers of 
Lithuanian origin were classified 100 % correct, 
those from Estonia 40.0 % and those from Latvia 
37.14 % correct. Classification of promising roe 
deer antlers was 57.14 % correct. 

 
Symmetry of antlers of roe deer  
in the Baltic countries 
In Latvia and Estonia, significant differences be-
tween the lengths of left and right antlers were not 
found. In Latvia, the values of the differences in 
the lengths of left and right antlers were distrib-
uted not normally (Kolmogorov-Smirnov d = 
0.194, p = 0.002), the mean difference was equal to 
zero (t = 0.34, NS) and the mean value of the left 
and right antler did not differ (Wilcoxon’s T = 
249.0, Z = 0.81, NS). Thus, there is antisymmetry 
recorded in the best roe deer antlers in Latvia. 

In Estonia, the values of the differences in the 
lengths of left and right antlers were distributed 
normally (d = 0.139, p  = 0.084), the mean  
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Table 1. Morphometric characteristics of the biggest roe deer antlers from Lithuania, Latvia and Estonia (N = 35). Roe 
deer trophies from Lithuania have significantly bigger weight, volume and length. Kruskal-Wallis test multiple com-
parisons, the same indexes show no significance; a – p<0.0001, b - p<0.001, c – p<0.01. 

 

Lithuania Latvia Estonia  
Mean (1SE) Min–Max Mean (1SE) Min–Max Mean (1SE) Min–Max 

Weight, [g] 538.54 
(1SE: 38.23)a 

463.0 – 643.0 391.63 
(1SE: 67.43)b 

256.0 – 557.0 380.97 
(1SE: 55.60) b 

234.0 – 543.0 

Volume, [cm3] 231.71 
(1SE: 15.99)a 

205.0 – 271.0 167.40 
(1SE: 29.46)b 

126.0 – 242.0 167.06 
(1SE: 22.42)b 

138.0 – 254.0 

Length of main 
beam, left, [cm] 

26.14 
(1SE: 1.69)c 

22.2 – 29.5 24.67 
(1SE: 2.05)b 

20.7 – 29.0 25.07 
(1SE: 1.92)b 

21.1 – 29.0 

Length of main 
beam, right, [cm] 

26.59 
(1SE: 1.67)c 

23.2 – 30.9 24.82 
(1SE: 1.90)b 

20.4 – 28.0 24.88 
(1SE: 1.89)b 

21.1 – 28.4 

Span, [cm] 11.24 
(1SE: 3.5)b 

5.2 – 21.8 11.07 
(1SE: 2.71)b 

5.7 – 16.2 12.17 
(1SE: 3.24)b 

5.5 – 19.1 

 
 

     
 

     
 
 

difference was equal to zero (t = -1.12, NS) and the 
mean value of the left and right antlers did not dif-
fer (T = 2289.0, Z = 0.94, NS). There is fluctuating 
asymmetry recorded in the best roe deer antlers in 
Estonia. 

By contrast, directional asymmetry was found 
to exist in Lithuania in the lengths of the roe deer 
antlers in the best trophies. The values of the dif-
ferences in the lengths of the left and right antlers 
were distributed not normally (d = 0.169, p = 
0.012), the mean difference was not equal to zero (t 
= 2.44, p < 0.05) and the mean value of the left and 
right antler differed significantly (T = 151.5, Z = 
2.50, p = 0.013). The left antlers were shorter (Fig. 
4). 

Morphometric parameters of roe deer buck of 
known-age from Lithuania 
Analysis of the biggest roe deer antlers in all 3–10 
year-old age groups show that between-group dif-
ferences of antler mass and volume are significant 
(Kruskal-Wallis, H = 78.372 and H = 61.223 respec-
tively, both df =7, p < 0.0000), while differences in 
antler length (H = 11.897, df =7, p = 0.1040) and 
span (H = 10.890, df =7, p = 0.1435) are not signifi-
cant. Post hoc analysis of the morphometric antler 
parameters revealed that 5 to 7 year-old roe deer 
bucks have the biggest and heaviest antlers, which 
significantly differ from the antlers of 3–4 and 8–
10 year-old bucks (Table 2).  

Distribution of the trophy parameters in the 

Figure 2. Discrimination of best roe deer antler trophies 
from Lithuania, Latvia and Estonia according to first 
two canonical functions. Analysis indicated signifi-
cant differences in antlers characters of different hunt-
ing strategies (trophies from Lithuania are separated 
from those in Latvia and Estonia). Elipses represent 95 
% confidence levels. 

 

 

Figure 3. Discrimination of best roe deer antlers from 
Lithuania, Latvia and Estonia and promising roe deer 
antlers from Lithuania according to first two canonical 
functions. Analysis indicated significant differences in 
antler characters of different hunting strategies and 
age groups (best trophies from Lithuania are sepa-
rated, while trophies of promising animals from 
Lithuania are similar to trophies from Latvia and Es-
tonia). Elipses represent 95 % confidence levels. 
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Figure 4. Symmetry in the best roe deer trophies from 
Lithuania, Latvia and Estonia (N = 35 in each country), 
expressed as the difference between the lengths of right 
and left antlers. Shorter antlers are symmetric 
(difference of the length of left and right beams is near 
zero). Selective hunting enables longer antlers to grow, 
however, they are asymmetric. Kruskal-Wallis test 
results are shown by KW-H. 

 
 

roe deer of known-age from Lithuania show that 
the increases in antler weight and volume start to 
decrease after 7 years, while the length and span 
of antlers are quite stable (i.e. do not depend on 
the age of animal, Fig. 5). This relationship pro-
vides evidence for the further development of se-
lection rules.  

 
 

Discussion 
 

In Lithuania, mandatory age estimation and re-
cording was included in trophy evaluation proce-
dures from 2012, thus giving us the possibility to 
evaluate antler growth tendencies and to find if 
hunter selection processes help to increase the tro-
phy value in roe deer. However, data on the age of 
roe deer bucks hunted in Latvia and Estonia are 
absent, as are the ages of the top Lithuanian roe 
deer trophies. This is the main limitation of our 
study, and it is irrevocable, as there are no possi-
bilities to retrospectively evaluate the animal age 
(the required parts of the skull are missing). 

Our analysis proved that differences in antler 
parameters are significant between the countries 
with different hunting strategies, and that the big-
gest trophies are in Lithuania, where compensa-
tory hunting is implemented legally. Selection is 
conducted by hunting out roe deer bucks charac-
terized by insufficient quality (abnormal antler 
shape, low body weight (Lockow 1991, Drechsler 
1992) and by limiting trophy hunting (Rivrud et al. 
2013). In Lithuania, good quality roe deer bucks 
may be hunted only if they are at least 5 years of 

age and have an antler weight of no less than 300–
320 g (Baleišis et al. 2003). Hunting of poor condi-
tion bucks decreases population and increases 
trophy quality, conversely than trophy-stalking, 
when males with good antlers are pursued 
(Martínez et al. 2005). 

In Latvia and Estonia, roe deer hunting is not 
strictly regulated (Andersone-Lilley et al. 2010). 
However, in terms of antler size, the 4 outliers 
(from N=35) in Latvia and 2 outliers (from N=35) 
in Estonia may be characterised as individually 
performed selection, preserving the best individu-
als until their full development. These 6 animals in 
discriminant analysis were classified as of Lithua-
nian origin (see Fig. 2). As the most important pa-
rameters (weight and volume) explain 97.9 % of 
antler size variation and reliably discriminate be-
tween trophies of the different countries, there are 
two possibilities for these outliers to exist. First, 
there could be a local selection practice in the 
hunting club (number of hunted roe deer in the 
hunting district is sufficient to preserve the best 
quality animal until full maturity). Second, the roe 
deer managed to survive themselves – this is con-
sidered unlikely however as trophy hunting is 
popular in both Latvia and Estonia. 

We found that antlers of 3–4 year-old roe deer 
from Lithuania are equal in their parameters to the 
best antlers from Latvia and Estonia, where com-
pensatory hunting is not used. As fast developing 
hoofed animals, such as mouflons, may have con-
siderable antler weight at a young age (Garel et al. 
2007), it is quite possible that in Latvia and Estonia 
roe deer bucks are hunted before they reach full 
trophy development. When young males with 
promising antlers are preserved, the best trophies 
are maintained in the population (Strickland et al. 
2001). However, trait-specific selection not only 
changes age structure in the populations. Some 
authors consider human-controlled selection as a 
step to semi-domestication of game ungulates (see 
Mysterud, 2010) 

We tried to eliminate other factors affecting 
antler size in roe deer, thus leaving hunting strat-
egy as the key factor. Correlation between body 
and antler size is very strong (Stewart et al. 2000, 
Bowyer et al. 2001, Mills & Peterson 2013). How-
ever, antler size is influenced also by several other 
factors such as environmental pressures, climate 
and population density (Pélabon & Van Breukelen 
1998, Mysterud et al. 2005). Increased population 
densities (4.7–14.1 ind./km2) in roe deer lead to a 
decrease in mean body mass of yearlings and  
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Table 2. Parameters of the biggest roe deer antlers in animals of known-age from Lithuania (N = 132). Decrease of tro-
phy size is occurring after 7 years of buck age. Asterisk marked values are significantly higher than those not 
marked, post hoc comparison, p < 0.01. 

 

Age, years  
3 4 5 6 7 8 9 10 

median 168.5 147.5 195 183.5 183.5 148 160 160,5 
Rank 49.5 32.9 101.4 83.8 83.1 42.7 40.4 43,5 

Volume, 
[cm3] 

Z -0.9 -4.76 4.94* 2.45* 2.35* -3.11 -1.85 -1,22 
median 381.5 387 455.5 449 466 370 419 359 
Rank 28.5 32.1 94.7 89.4 94.6 37.2 50.4 17,6 

Weight, 
[g] 

Z -2.02 -4.87 4* 3.24* 3.98* -3.82 -1.15 -2,6 
N  4 24 24 24 24 21 7 4 
 
 

 
 

Figure 5. The distribution of parameters of the biggest roe deer antlers in animals of known age from Lithuania. Circles 
– biggest antlers in all age groups (N = 132), dots – other antlers with known animal age (N = 258). Curve represents 
function of antler growth tendencies of biggest antlers. R and L represent of the length of left and right beams, re-
spectively. 

 
 

subadults and a decrease in antler length in all age 
subadults and a decrease in antler length in all age 
classes (Pélabon & Van Breukelen 1998). Quality 
and amount of available foods, as well as the 
amount of food per capita decreases not only with 
increase of population density, it is influences also 
by climate and weather conditions (Schmidt et al. 
2001). It is known that both year and season influ-
ence body mass (Douhard et al. 2013) and antler 
weight (Bartoš et al. 2007), thus we limited our 
material to the years 2006–2011 for all three com-
pared countries. 

Average roe deer density in 2006–2011 in 
Lithuania was 1.59 ind/km2, that in Latvia 2.93 
ind./km2 and in Estonia 1.38 ind./km2 (H = 8.1135, 
df = 2, p < 0.02; however, only two last densities 

differ significantly, post hoc, p < 0.02). Respective 
averages of roe deer densities in the forests were 
4.80 ind./km2 in the forested area in Lithuania, 
5.64 ind./km2 in Latvia and 2.82 ind./km2 in Esto-
nia (H = 8.89, df = 2, p = 0.012; the density in Latvia 
significantly greater than in Estonia, post hoc, p < 
0.02). Bag densities, however, did not differ be-
tween countries. In Lithuania, on average 0.81 
ind./km2 of forested area were hunted in 2006–
2011, 0.64 ind./km2 in Latvia and 0.55 ind./km2 in 
Estonia (H = 1.98, df = 2, p = 0.37). Of note how-
ever, even though overpopulation may be another 
factor that influences antler weight (Kruuk et al. 
2002), this can be discounted in our case as roe 
deer densities in all countries were lower than 
those shown by Pélabon & Van Breukelen (1998). 
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According to Radeloff et al. (1999), average densi-
ties up to 5 ind./km2 correspond to poor habitat 
and are acceptable economically. 

In the compensatory hunting strategy, popula-
tion numbers are regulated by removing the bucks 
with the worst body condition (Strickland et al. 
2001, Festa-Bianchet 2003), thus preserving food 
sources for animals in better condition (Schmidt et 
al. 2001). Good quality food is especially essential 
to roe deer fawns (Pélabon & Van Breukelen 1998). 
While big antlers are growing, energy consump-
tion is very high (Markusson & Folstad 1997). 
Bony tissue in the big antlers is more porous 
(Landete-Castillejos et al. 2012) and the density of 
the bony tissue is decreased due to deficiency of 
zinc (Landete-Castillejos et al. 2007). 

The geographic aspect of roe deer body 
weight is not known, so we made some calcula-
tions according to data presented by Danilkin et 
al. (1992). A weak concordance to Bergmann’s rule 
was found, i.e. animal body mass depends on lati-
tude (r2 = 0.23). Although we should expect bigger 
antlers in northern populations, the reality is vice 
versa. In other cervids, for example white-tailed 
deer (Odocoileus virginianus), the bigger body size 
in northern populations is based on better food 
availability due to lower deer population densities 
(Wolverton et al. 2009). Food quality and abun-
dance is important for conformance to Bergmann’s 
rule in other ungulates, including moose (Alces al-
ces) (Terada et al. 2012). A positive influence of 
better habitat conditions on antler size is also pre-
sent in roe deer (Ramanzin & Sturaro 2014). How-
ever, given the habitats are approximately equal 
across the Baltic States (Andersone-Lilley et al. 
2010), the lower roe deer densities in Estonia pre-
sumably result in a greater food availability. De-
spite this, antlers are still bigger in Lithuania 
where the food availability to individual animals 
is presumably lower. Thus, we propose that hunt-
ing selection is the main factor explaining ob-
served trophy differences in the Baltic countries. 

 
Baltic aspects of roe deer hunt 
It is very important to estimate the age of roe buck 
up to five years old (Hewison et al. 1999). The 
most precise age estimation is possible for an ani-
mal up to two years old (Cederlund & Kjellander 
1991, Mysterud & Østbye 2006), with a precision 
of ca. 77 % for animals up to four years  (Høye 
2006). If both tooth wear and pedicle diameter are 
accounted for, precision is even higher (Mysterud 
& Østbye 2006). Tooth wear rates are not influ-

enced by habitat quality (Veiberg et al. 2007). Of 
additional note, the precision of roe deer age esti-
mates are human-biased and depend on the level 
of experience of the expert (Szabik 1973, Ceder-
lund & Kjellander 1991). Though it is possible that 
an error of more than one year could have oc-
curred in the age of some bucks older than five 
years in our study, age estimation in all cases was 
done by internationally-accredited experts. Thus, 
we may expect that bias did not overly influence 
our results. 

According to hunting regulations in Lithuania, 
5–6 year old roe deer bucks are considered mature 
and from the 7 year of age as aging. Our analysis 
show that 5–7 year-old roe deer bucks have no 
significant differences in antler parameters (see 
Table 2), thus there is no reason to limit maturity 
in roe deer to 5–6 year old animals. The only dif-
ference between these age categories is the num-
ber of hunted individuals. 

As a result of our study, we propose three age 
groups of roe deer bucks according to their antler 
development: young, physically mature and 
promising from a hunter’s point of view (3–4 years 
old), mature in the trophy aspect (5–7 years old), 
and aging (8–10 years old). 

Despite limitations in the hunting of young 
up-and-coming roe deer bucks, some individuals 
fall having antlers equal in size to those character-
istic of mature animals. In the period 2006–2011, 
28 promising (3–4 year-old with large antlers) 
bucks were hunted in Lithuania. They accounted 
for 7 % of the measured trophies, i.e. significantly 
less than the number of 5 year-old (33 %, χ2 = 
78.91, p < 0.0001) or 6 year-old (32 %, χ2 = 77.71, p 
< 0.0001) animals. Thus, the main principle of 
compensatory roe deer hunting in Lithuania (to 
preserve young up-and-coming bucks and hunt 
trophies only after the individual is 5 years or 
older) is justified. The number of large antler tro-
phies significantly decreases from the age of 6 (χ2 
= 13.98, p = 0.0002) and declines further with age: 
7 years – 20 %, 8 years – 5 %, 9 years – 2 % and 10 
years – 1 %. Antlers of 6–10 year-old individuals 
do not significantly differ in size from the antlers 
of the young and mature, just the number of tro-
phies from animals of 7–10 years-old is much re-
duced. The number of young and insufficient 
quality buck hunted is much higher in Latvia. 

Without any doubt, imposed restrictions on 
the huntable age of individuals bearing large ant-
lers preserve animals until full trophy maturity. 
This is confirmed by the size of trophies and is in-
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fluenced by the hunting strategies employed 
(Martínez et al. 2005, Mysterud 2011, Crosmary et 
al. 2013). As a conclusion, the hunter’s influence 
on phenotypic characters is considerable (Allen-
dorf & Hard 2009). Our analysis of roe deer tro-
phies in the three Baltic countries using different 
hunting strategies for the species fully confirms 
this (Table 3). The distribution of medals of 
Lithuanian roe deer was better that that in Latvia 
and Estonia (both χ2 = 271.5, df = 3, p < 0.0001). All 
biggest Lithuanian roe deer trophies were 
awarded gold medals. The distribution of medals 
for Estonian roe deer trophies was significantly 
worse (less medals awarded) than that of Latvian 
roe deer (Table 3, χ2 = 15.8, df = 3, p < 0.0025). 

 
Table 3. Distribution of the number of awarded medals 

for the biggest roe deer antlers from animals hunted in 
three Baltic countries, 2006–2011 (35 best trophies from 
each country). 

 

Country Gold Silver Bronze No medal 
Lithuania 35 0 0 0 
Latvia 4 18 5 8 
Estonia 4 9 15 7 

 
 

However, the distribution of medals in the 28 
promising bucks sample from Lithuania, not 
shown in the Table 3 (2006–2011, 1 trophy 
awarded gold, 12 silver, 7 bronze and 8 antlers 
undersize for award.) was similar to that in Latvia 
(χ2 = 4.01, df = 3, p = 0.26) and Estonia (χ2 = 7.65, 
df = 3, p = 0.053).  

 
Recommendation for implementation 
Unnatural selection in populations subjected to 
hunting affects many biological and population 
traits. Trophy hunting of antlers may have a popu-
lation response of reduced antler or body size (Al-
lendorf & Hard 2009). This is not compatible with 
selection for best trophies, so hunting regulations 
based on body and/or antler size of the roe deer 
bucks should apply.  

The idea of compensatory hunting, used in 
Lithuania, is to preserve young up-and-coming 
roe deer bucks until full maturity and best trophy 
value (largest antlers). The implementation of 
compensatory hunting is as follows: hunting of 
promising young bucks is prohibited, while all in-
dividuals are subjected to hunting after the age of 
5 years (trophy maturity). Hunters seek to elimi-
nate animals with small and/or abnormal antlers 
(desirably the first ones) by the beginning of the 
rut. In this way, population density is also regu-

lated.  
Licensing system is strictly implemented for 

the roe deer bucks (does and juveniles in 2011–
2013 were hunted without limits, in 2014 licensing 
was renewed). With the licenses being of fixed 
term, some roe buck individuals in full trophy ma-
turity may evade hunting in the allotted season, 
and thus the quality of trophy can start to decrease 
by the following season.  

However, when trophy hunting is not strictly 
regulated, young animals with large antlers are se-
lected, excluding their possibility to participate in 
the breeding process. Smaller individuals with 
worse trophy values remain and participate in the 
breeding. In such way we may expect deteriorat-
ing of the antler trophies in Lithuania, if hunt in-
tensity of roe deer buck is to be higher in the age 
3–4 years. 

In contrast, we recommend extending mini-
mum age limit of hunting for roe buck with good 
quality antlers to 6 years. Based on results of pre-
sented study, such change will produce more roe 
deer antler trophies of the highest value while 
maintaining population structure favoring older 
age groups, as recommended by Mysterud (2010). 
In the same time, ensuring longer presence of the 
best males in breeding, extended hunting age limit 
will decrease losses in general genetic diversity in 
the terms of Harris et al. (2002). 
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