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Abstract: In the field of biology, the "biomarkers" of the different animal species are of great rele-
vance, as well as the relationships between them and with the quality of the habitat. A study has
been proposed, analysing the antlers of the Iberian deer, to measure the bilateral asymmetry of its
branches. The antlers are characterised in a CAD 3D-model of their axial structure obtained by pho-
togrammetric restitution from two photographs. This method quantifies the global and partial
asymmetries of the antler's structural features. The research evaluated 48 deer antlers from hunting
days and taxidermy workshops. To quantify asymmetries, the measurements required are the same
as those considered to assess the hunting quality of antlers. Bilateral deviations are estimated for
each structural trait and for the whole antler. Preliminary results showed a convergence between
the values of global asymmetry and hunting quality. The methodology proved to be fast, inexpen-
sive and easy to implement, which facilitates its use in future asymmetry studies of other biological
elements of animal or plant origin. It is only necessary that the starting data, the bilateral axial struc-
ture of the analysed element, is characterised in a 3D-model.

Keywords: Deer antler; Asymmetry value; Hunting quality; Biological applications; CAD 3D-
model; Landmarks; 3D digital techniques; Computer graphic design.

1. Introduction

In ungulate species the degree of stable development in an animal is determined by
internal, genetic and external factors, level of pasture in the environment, relationships
with other species, etc.; some of these may alter the development of the animal, causing
geometric defects in certain morphological features of the antler. The antlers of ungulates
are distinguished in that, in some species, such as bovids, their horns remain stable over
time, and in other species, such as cervids, the antlers are cast off after the rutting season
and are renewed every year. Some authors [1,2,3] point out the morphological and evo-
lutionary differences between the antlers of both species of ungulates. Other authors
[4,5,6] indicate the factors influencing the growth of cervid antlers and the 'shedding' pe-
riod. The state of the antlers after the annual renewal represents a relevant biomarker that
can be related to the influencing factors to which the specimen has been subjected. The
function of the antler as a secondary sexual character and with biomechanical properties
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adapted to fighting during the rutting period are therefore greatly affected by environ-
mental factors, and it has even been observed that the year of birth is a determining factor
for the future antler quality of the individual [7].

One of these alterations is defined by several authors as 'fluctuating asymmetry' (FA),
representing those random deviations in the symmetrical development of certain features
of bilateral structures [8,9]. Studies on fluctuating asymmetry (FA) have been initiated on
invertebrate, lower vertebrate and avian species [10,11,12]. Most studies have been carried
out on the estimation of the degree of asymmetry in ungulate species, such as moose
(Alces alces) [13], fallow deer (Dama dama) [14,15], reindeer (Rangifer tarandus) [16], and red
deer (Cervus elaphus hispanicus) [17], as well as roe deer (Capreolus capreolus) [18], support-
ing the relationship between FA and stress of the animal caused by adverse environmental
conditions in the year of antler growth or earlier.

Several studies assess the degree of bilateral divergence of animals and the causes of
developmental instability as a function of different animal stress conditions
[19,20,21,22,23]. In Iberian red deer [24] observed a direct correlation between the right
and left branches of deer antlers being more significant in the thicknesses than in the
lengths and number of tines, and [25] relate this asymmetry variable to age.

The study of FA in the antlers of iberian red deer, since they are renewed annually,
can be a good indicator of their individual quality and the degree of environmental stress
they have suffered during their development [17].

Several studies question the reliability of the results regarding the relationship of
asymmetry with other variables: [25,260] state that studies with large sample sizes are
needed to obtain conclusive results; others emphasize that methodologies with con-
trolled measurement errors should be applied [22,27,28] and question the relationship be-
tween asymmetry and animal stress because the results obtained in numerous analyses
are not consistent and homogeneous [23]; or question the fact that antler development is
a factor in female selection [29,30].

The methodologies for asymmetry studies in cervids should be more rigorous, based
on the study of those particular antler traits that represent the causes of developmental
instability, thus causing asymmetry in the two branches of the antler [31]. Some authors
emphasize the importance of directing asymmetry studies towards the analysis of partic-
ular geometric features of the antler, thus [17,22,23] establish partial asymmetry values in
differential features of the antler, allowing us to detect and relate those features which are
more exposed to stress so that the conclusive results are more rigorous in studies on the
instability of the development of the antler. [31] relates the degree of FA in different antler
traits and at different age intervals. Contrary to other studies, he states that FA caused by
developmental instability is more pronounced in older males. In early stages there is little
degree of asymmetry, however if asymmetry is detected in certain traits it remains in more
mature stages of age. The most frequent studies on asymmetry in cervid antlers have con-
sisted of assessing asymmetry in particular traits of the antlers. Thus, numerous authors
have studied the degree of asymmetry, not as a composite value, but in several traits, from
a few [13,14,18] to alarge number [25,30,32]. Studies that offer a composite value for asym-
metry are less frequent [17,33]. Similarly, [21,34] study the relationship of asymmetry with
hunting quality values obtained as hunting trophies in Alaskan moose species and white-
tailed deer (Odocoileus virginianus) in North America.

Traditional methodologies have been based on partial asymmetry assessments of
some particular traits of the biological element under study and not on global asymmetry
assessments for the whole structure. This is due to the difficulty in taking the necessary
measurements and their precision regarding all the traits that form the structure, in order
to finally obtain a global value of asymmetry.

Some authors [17,22,23] emphasize the importance of studying particular traits of the
antlers and their relationship with the degree of stress of the animal.
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The method presented allows extending this study on different traits of the antler 96
structure and their relationships with the stress of the animal. The new methodology al- 97
lows to extend this study and to infer later the causes of influence. 98

More recent studies have evaluated asymmetry values, not as an overall value butas 99
partial values for differential traits of antler structure [13,14,18]. To a lesser extent, an over- 100
all value of asymmetry is evaluated and estimated for the entire antler [17,33]. 101

The new method allows estimating partial values of asymmetry for those traits of 102
antler structure taken into account in the evaluation of the biomarker of hunting quality. 103
That is to say that with the same values it is possible to evaluate both biomarkers. It also 104
allows estimating a global value of asymmetry for the whole antler. 105

Regarding the different methodological typologies for estimating the value of asym- 106
metry, some authors [12,13,17,30] have created methods and tools for quantifying the 107
asymmetry of biological elements using projective techniques of linear measurement in 108
two dimensions. Bartos et al. in 2007 [32] estimate the degree of asymmetry using three 109
antler characteristics: weight, length and number of tips, without relying entirely on geo- 110
metric values. 111

Ditchkoff and Defreese [35] use three-dimensional methodologies for the geometric 112
definition of antlers for the subsequent analysis of asymmetries. The proposed method 113
defines the antlers in three dimensions in order to estimate, in the same way, the values 114
of partial asymmetry in its structural traits, without considering horizontal or vertical 115
symmetry planes referenced on the antlers themselves. 116

Other authors [36] proposed a method for determining the global asymmetry of the 117
entire antler. For this purpose, he uses the antler data characterised by a CAD 3D-model 118
of its axial structure. In this case, the deviations of the extreme points of the tines of the 119
antlers of both branches with respect to the reference of a symmetry plane linked to rele- 120
vant points of the skull of the specimen are considered. 121

The new methodology presented in this study allows a more direct application, since 122
it does not consider the previous definition of a symmetry plane. It will consider the di- 123
vergences of the measurements on average of different related structural traits of the two 124
branches of the antler of the Iberian deer (Cervus elaphus hispanicus). With these values of 125
partial asymmetries, a global value of asymmetry for the whole antler structure is finally 126
obtained. For the analysis, the characterisation of the antler is used as a 3D-model of its 127
axial structure. The algorithm takes advantage of the measurements considered for the 128
assessment of the degree of hunting quality [37]. 129

The new method will provide a number of relevant advantages over other methods: 130

- For the analysis, the characterisation of the structure of the antler is used as input 131
data by means of a CAD 3D-model, obtained by photogrammetric restitution from few 132
data, only two photographs. 133

- The 3D-model obtained is accurate and therefore the estimated deviations on the 134
two branches of the antler will also be accurate, finally obtaining reliable values of the 135

degree of asymmetries. 136
- It is not necessary to refer the deviations, estimated between the two bilateral struc- 137
tures of the antler, to a previously defined symmetry plane. 138

- As the CAD definition of the antler by means of a 3D-model is relatively fast, it will 139
allow further analyses with larger sample sizes, so that conclusive results and degrees of 140

correlations with other biomarkers and influencing factors can be obtained. 141
- It will allow estimating a 'global’ value of the degree of asymmetry for the whole 142
antler. 143

Estimating a global asymmetry value is of great difficulty due to the large number of 144
measurements that must be considered at significant points corresponding to all traits of 145
the antler structure. For this reason, most of the previous methods have estimated asym- 146
metry values of specific traits of the antler. 147

The proposed method resolves all of these drawbacks, since it allows us to quickly 148
measure, on the CAD previously defined 3D-model, the values of the deviations in the 149
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traits of the two branches of the antler (partial asymmetries) and, based on these, to quan- 150
tify a 'global’ asymmetry value for the whole antler. 151

- The proposed method also makes it possible to take advantage of the same meas- 152
urements used in the assessment of the hunting quality of the antler. These correspond to 153
the geometric deviations produced in the structural traits of the two antler branches. 154
Therefore, with the same measurements two biomarkers can be estimated: the degree of 155

hunting quality and the values of partial and global asymmetry. 156
Other subsequent studies, of biological and ecological interest, will be aimed at relat- 157

ing the values obtained for this biomarker to other influential factors. 158
159

2. Materials and Methods 160

In order to validate the methodology, a set of 48 red deer specimens was used: 21 of 161
them from three sessions of official approval processes as hunting trophies (homologation 162
sessions) and taxidermy workshops, and 27 specimens shot in two hunting days in hunt- 163
ing areas between 2014 and 2019, aged between 5 and 9 years, in the Sierra de Andtjar 164

Natural Park, in southern Spain. 165
166
2.1. Equipment used 167

For all the specimens studied photographs were taken from different points of view 168
and in which a metric reference appears, panel sized in DIN-A3 format (594x420 mm), in 169
order to enable photogrammetric restitution [38] to obtain the 3D spatial representation 170
of the antler represented by axial structure. Photographs were taken with an SLR reflex 171
camera Nikon 300D, resolution 4,288 x 2,848 pixels, with 28-80 mm zoom lens. Exposure 172
was kept at values of around 35 mm during photography. In order for the photogrammet- 173
ric restitution process to be reliable and accurate, it was verified that the photographs 174
taken with SLR cameras showed less deformation on the centre and periphery than those 175
taken with compact cameras, without the use of expensive metric cameras or subsequent 176
editing and adjustment treatments of the photographs to correct deformations. 177

In terms of hardware, no major resources are required. The graphics card used is an 178
'Nvidia GeForce RTX" with 6 Gb of memory. In studies with CAD 3D-objects it is recom- 179
mended that the graphics card be independent of the motherboard and has a large amount 180
of memory in order to achieve good performance in image processing. 181

The 3D-modeling software 'SolidWorks v.2020' from Dassault Systémes was used for 182
the restitution of the antler, represented in the two photographs, by creating a 3D-scenario 183
for the definition of the 3D-model of the antlers and for the measurement of the different 184
geometric parts of its axial structure. 185

For the manual measurements of the different parts of the antler, necessary for the 186
hunting valuation process, it is only necessary to use a flexible tape measure and adaptit 187

to the different external surfaces of the antler as indicated in previous studies [37]. 188
189
190
2.2. Object of the study 191

For the new proposed methodology, the study of deer antler asymmetry, it is neces- 192
sary to start from a model that represents the structure of the antler, so that the lengths 193
and perimeters of the different structural parts of the antler considered can be measured 194
on it. 195

The process of defining the 3D-model of the antler, using a photogrammetric restitu- 196
tion methodology from two photographs of the antler taken from different angles, is de- 197
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scribed in [38] (Figure 1). Similarly, the digital CAD geometry of the antler is also vali-
dated on the physical model of the antler, demonstrating its degree of approximation and
geometric accuracy.

In the proposed analysis the starting data is the characterisation of the antler in a
CAD 3D-model of its axial structure, which faithfully describes the geometric elements of
its structure: main beam, main tines (eye tines and trez tines) and the cross sections of
relevant parts of the main beam of the antler (Figure 2).

Figure. 1. Deer antlers represented by two photographs and 3D-model with axial structure
and cross sections.

2.3. Geometrical data of the antler structure

For the present study different relevant structural parts of the antler geometry, rep-
resented by its axial structure, will be considered in order to quantify the length of each
of them (Figure 2).
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Figure 2. Geometric elements of the antler considered for the study: main beam, eye tines,
trez tines and cross sections. Lengths considered (right and left) in the structural trait consid-
ered (eye tine) for the estimation of the (PAI) value.

The geometric elements considered for each of the two branches of the antler are: the
‘main beam', the 'eye tine', the 'trez tine', the 'burr' and the two cross sections of the 'main
beam’, one taken between the 'eye tine' and the 'trez tine', and the other between the 'trez
tine' and the 'crown'.

2.4. Description of the proposed Methodology

The proposed methodology allows the estimation of the degree of antler asymmetry,
which represents the symmetry defect between the two branches of the antlers of the deer
studied, using measurements taken in previous studies to quantify the hunting quality of
the antlers of the specimen.
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Among the different items used in the official scale [37] for the evaluation of hunting 230
quality, we considered those related to quantifiable distances, three lengths and three pe- 231
rimeters, belonging to the structural features of the antler in each of the two branches of 232
the antler, mentioned above (Figure 2). 233

The method allows estimating the asymmetry value, represented by the variable 234
(PAI) (partial asymmetry index) for each of the six estimated geometric traits of the antler 235
and a global asymmetry value for the whole antler, defined by the variable (GAI) (global 236
asymmetry index). 237

In this proposal the measurements pertaining to the same geometric trait of the antler 238
under consideration taken on each of the two sides of the antler were compared; the dif- 239
ference between the two measurements was then evaluated and compared with the aver- 240
age length of the antler element studied (Figure 2) (Equation 1). 241

The algorithm implemented in the methodology will actually estimate the relative 242
error representing the geometric divergence in the structural traits of the antler under 243
study. The two measurements of the studied structural trait, of the right and left branches 244
of the antler, are usually close. Therefore, the resulting numerical value is usually a deci- 245
mal value between 0-1, which will be expressed with a precision of three decimal places. 246

The numerical value obtained (Equation 1), will be dimensionless, without units, 247
since it represents the metric difference between two related elements referred to the av- 248
erage value of these. 249

Il — |
(4, + 1) 1)
2

(PAD(eye tine) =

(PAI)(eye tine), represents the 'partial asymmetry index' for the specific trait studied; 250
the 'eye tine'. 251

Applying this procedure, the values of asymmetry for each of the six traits considered 252
corresponding to the geometric elements of the antler are obtained. The global asymmetry 253
value for the antler, (GAI) (global asymmetry index) is taken as the weighted sum of each 254
of the six traits of (PAI). 255

In order to establish the partial weights assigned to the six structural traits of the 256
antler, the weight assigned in the official scale of evaluation of the degree of hunting qual- 257
ity as a hunting trophy [37] to each of the traits of the structure of the antler was consid- 258
ered. 259

The quantification of these weights has been referenced on the specimen with the 260
highest hunting quality, taken as a reference, of the sample studied. This specimen gad a 261
score of 187 points (gold medal), compared to the scores obtained (138.7) in the six antler 262
traits of interest in the study of asymmetries. The partial weights assigned to each of the 263
six antler traits (Table 1) were determined based on these scores. 264

In the evaluation of hunting quality, apart from the items that express characteristics 265
of the geometric development of the antler other items are considered, some of which are 266
subjective, such as ‘wingspan’, ‘total number of tines’, and ‘weight’, ‘separation” of the 267

antlers without skull. These are not considered for the estimation of partial weights. 268
269
Table 1. Weights of each antler’s structural traits for the calculation of (PAI). 270
271
) Score .
structural Trait of Weight
'Hunting
the antler (%)
valuation'
main beam 48 34.6
eye tine 7 5.1
trez tine 7.28 5.2
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burr 23 16.6
cross section-1
27.2 19.6
(eye tine-trez tine)
cross section-2
26.2 18.9
(trez tine-crown)
Total 138.7/187 100

Once the weights represented by each estimated trait have been established, the cal-
culation of the overall asymmetry value for the antler (GAI) is represented by the
weighted sum of the six traits considering the weight represented by each one of them

(Table 2) (Equation 2).

Table 2. Calculation process of the 'Global Asymmetry Index' (GALI).

structural Trait of (PAI)
(PAI) Weight (%)
the antler weighted
main beam X1 34.6 VA
eye tine X2 5.1 V4!
trez tine X3 5.2 Zs
burr X4 16.6 Zs
cross section-1
X5 19.6 Zs
(eye tine-trez tine)
cross section-2
X6 18.9 Ze
(trez tine-crown)
(GAI) value

(6D = > (2
i=1

()

The (PAI) and (GAI) values quantify the asymmetry defect of the antlers. For a given
trait, a '0' PAI value indicates no asymmetry; values close to zero represent reduced de-

grees of asymmetry.

This methodology uses the same measurements taken on the antlers to study their
hunting quality. The proposed methodology allows its application on the 3D-model of the

antler or on the physical model of the antler.

3. Results

The process of calculating the values of (PAI) and (GAI) for each of the antlers is
detailed in (Table 3). These results are derived from the same measurements used for the
estimation of hunting quality, metric values in (cm) of the six structural features of the
antlers considered. The results belong to the specimen of the sample, taken as reference,

which presents the highest hunting quality, 187 points (gold medal).

Table 3. Process of calculation of (PAI) and (GAI)
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(PAI) and (GAI) values (reference deer specimen)
Starting Data (GAI)
(PAID)’s
(Hunting valuation): Global Asymmetry
Partial Asymmetry Indexes

Lengths (cm) Index

Right Main Beam  97.6
(PAI)-(Main Beam) 0.015 34.6%

Left Main Beam  94.8

Right Eye tine  26.9
(PAI)-(Eye tine)  0.039 5.1%

Left Eye tine  29.1

Right Trez tine  28.7
(PAI)-(Trez tine) 0.014 5.2%

Left Trez tine  29.5

Right Burr  22.7
(PAI)-(Burr) 0.013 16.6%

Left Burr  23.3

Right Cross Section-1 ~ 13.5
(PAI)-(Cross Section-1)  0.007 19.6%

Left Cross Section-1 ~ 13.7

Right Cross Section-2  13.1
(PAI)-( Cross Section-2) 0 18.9%

Left Cross Section-2  13.1
Total Value (GAI) 0.011

The assessment analysis of the partial asymmetry (PAI) and global asymmetry (GAI)
values of all the specimens evaluated was carried out on the input data of the antler char-
acterized by its CAD 3D-model (Table 4). The results show the arithmetic mean of the
(PAI) and (GAI) values in the specimens of each of the samples, corresponding to the three
‘homologation sessions’ and the two ‘hunting days’.

Table 4. Results of 'PAI' and 'GAI' in antlers as 'CAD 3D-model'.

Antlers as CAD Model-3D measurements

(‘Homologation' sessions’)

PAI Hunting
Lengths Perimeters GAI Quality
Main Beam Eye tines Trez tines Burrs cross sectionl | cross section2 (score)
(2014-03-27) 0.012 0.045 0.039 0.022 0.024 0.025 0.022 177
(2015-04-06) 0.015 0.034 0.042 0.025 0.014 0.020 0.020 167
(2017-10-25) 0.016 0.042 0.083 0.028 0.026 0.020 0.026 150
Mean | 0.014 0.040 0.055 0.025 0.021 0.022 0.022

cross section-1: (between Eye tine-Trez tine)

cross section-2: (between Trez tine-Crown)

("Hunting sessions’)

PAI Hunting
Lengths Perimeters GAI Quality
Main Beam Eye tines Trez tines Burrs cross sectionl | cross section2 (score)
(2014-10-23) | 0.022 0.051 0.082 0.075 0.025 0.029 0.037 150

297
298
299
300
301
302
303
304
305
306
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(2019-12-18) 0.009 0.045 0.075 0.077 0.057 0.038 0.040 153

Mean | 0.015 0.048 0.078 0.076 0.041 0.033 0.039

The 'GAI' values obtained on CAD-measurements are between 0.020 and 0.040.

4. Discussion

The (PAI) and (GAI) values detect some relationships on the results obtained in the
different structural traits studied and on the origin of the specimens, from 'homologation
sessions' or "hunting days'. The convergence between the preliminary results obtained in
the asymmetry biomarker and the hunting quality biomarker is also highlighted.

The value of 'GAI' is lower in the specimens from the 'homologation sessions’ as
hunting trophies; 0.022 of mean value, 44% lower than the mean value obtained from 0.039
of those specimens from hunting days. This is due to the fact that the antlers of the deer
from the 'homologation sessions’ present a higher degree of hunting quality, and are
therefore selected by their owners to be treated in taxidermy workshops for their defini-
tion as hunting trophies.

With respect to the asymmetry value evaluated in the different traits of the antler
structure, 'PAI, it has been concluded that over the three lengths considered the lowest
'PAI' values, with mean values between 0.014 and 0.015, correspond to the length of the
'main beam' of the antler, thus representing the most symmetrical element. The next ele-
ment of the antler, somewhat less symmetrical, corresponds to the 'eye tine', with mean
'PAI' values of between 0.040 and 0.048; the least symmetrical element is the one corre-
sponding to the 'central tine or trez tine', with mean values ranging between 0.055 and
0.078.

With respect to the perimeters of the 'burrs' and of the two cross sections considered
in structural parts of the antler, it is observed that the 'burrs’ present the greatest asym-
metry defect, with mean values of 0.025 in specimens from 'homologation sessions’ and
0.076 in specimens from hunting days. The mean values of 'PAI' at the perimeters of the
cross sections considered is 0.0215 in antlers from 'homologation sessions' and 0.037 in
those from hunting days, 72% higher.

Finally, an approximation can be established for the 'GAI' value represented by a
single 'PAI' trait out of the six that have been considered represented by different geomet-
ric parts of the antler. As can be seen in (Table 4) the 'overall asymmetry' 'GAI' value of
the antler is very closely approximated by the 'partial asymmetry' PAI' value correspond-
ing to the perimeter of the cross section taken between the 'central tine or trez tine' and
the 'crown' of the antler; therefore, in a first approximation the overall 'GAI' value could
be represented by the 'PAI' value for that geometric trait due to the great convergence of
these values.

The advantages of the proposed methodology are based on its ease of implementa-
tion and the economy of resources required. Therefore, its implementation may be appro-
priate in the study of biomarkers, asymmetries and hunting quality of large populations
and samples, such as the case of dead animals shot on hunting days [39] on selected spec-
imens and with samples from different sources. Subsequently, these results can be related
to other influencing factors. Furthermore, this new methodology could extend the study
of naturally dead and older specimens [40]. The asymmetry relationship of various antler
structural traits with respect to other mean antler values could be demonstrated. The de-
gree of consistency of the relationships of partial asymmetries with age could also be stud-
ied. The proposed method allows the study of particular antler traits where the causes of
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instabilities in antler development at various age intervals can subsequently be detected 357
[31]. 358

This proposed methodology will also allow us to relate two very relevant biomarker 359
variables in biological studies, the degree of hunting quality and the global asymmetry 360
'GALI' of the antler. Based on the data obtained, a strong direct relationship has been ob- 361
tained between the value of 'hunting quality' and that of asymmetry; the specimens from 362
the 'homologation sessions’ present high values of 'hunting quality' (Table 4) together 363
with low values of 'GAI' representing low defects and, therefore, high degrees of sym- 364
metry. The specimens that are evaluated in "homologation sessions’ are those whose hunt- 365
ing quality is recognized at first sight in terms of their degree of geometric development, 366
number of points, colour, etc., being selected by hunters for their valuation and subse- 367
quent conservation as hunting trophies. 368

Therefore, this new variable 'GAI' is proposed as a biomarker' that quantifies the 369
degree of antler symmetry defect on the two branches of the deer antlers so that future 370
studies will be able to establish relationships and causalities with other internal and/or 371
external environmental factors in which the specimens have developed. 372

Subsequent studies of populations of individuals, with larger samples, will allow in- 373
ferring the results obtained with other internal variables (biomarkers) such as age, antler 374
density and the degree of geometric development determined by hunting quality, or other 375
external variables such as the level of pasture in the specific place, the level of rainfall, the 376
relationship of the environment with other animal species, etc., in which the population 377

has developed. 378
Other studies may relate the asymmetry of specific structural traits of the antler to 379
age or to geometric variables such as wingspan or hunting quality. 380

The species analysed in order to define the proposed methodology is the red deer 381
(Cervus elaphus hipanicus). Given that the proposed method is initially based on the meas- 382
urements taken for the valuation of hunting quality, based on quantifying the differences 383
in the lengths and perimeters of the geometric features of the right and left branches of 384
the antler, the applicability of the proposed methodology could be generalized to other 385
species indicated in the 'Manual de Homologacion de Trofeos de Caza Mayor en Espafia’ 386
[37]: to other cervids, such as fallow deer (Dama dama) and roe deer (Capreolus capreolus 387
canus) and other ungulate species, such as wild boar (Sus scrofa baeticus), mouflon (Ovis 388
orientalis musimon), mountain goat (Capra pirenaica victoriae), barbary sheep (Ammotragus 389
lervia lervia) and chamois (Rupicapra pyrenaica parva). 390

For free-ranging specimens that develop in areas or habitats of countries that protect 391
specific cervid species, such as the huemul (Hippocamelus bisulcus) in Argentina, the appli- 392
cation of this methodology is complicated for conservation and species management rea- 393
sons. To obtain the metric measurements of the antlers, for the estimation of asymmetries, 394
it is necessary to have the physical antlers or their characterization in the form of a CAD 395
3D-model from two photographs. The photographs of the antler, used as starting data to 396
obtain the 3D-model, must include a metric reference that makes the photogrammetric 397
spatial restitution process possible. With free-ranging specimens, this processis very com- 398
plicated to carry out and not very efficient due to the costly infrastructure and controlled 399
equipment requirements, such as, for example, well-balanced photo-trapping cameras 400
with validated scaling. 401

Therefore, in estimating the biomarker of asymmetry in bilateral cervid antler struc- 402
tures, the implementation of the methodology in live animals is complicated. In protected 403
areas, where specimens in danger of extinction or other causes are conserved, the meth- 404
odology could be applied to specimens found dead. In protected species, on specimens 405
found dead, the proposed methodology would provide additional information in com- 406
plete analyses, such as necropsy procedures, implemented to determine the causes and 407
other data of interest on the circumstances of the specimen's death. The asymmetry data 408
obtained can be used later to infer with other estimated biomarkers, but conditioned by 409
the favorable environmental setting. Another case of obtaining the physical antler can be 410
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by obtaining the antler branches, 'cast-off', collected in the field at the end of the winter
season when cervids shed their antlers annually, as do studies in which the cast-offs are
used for different studies, either genetic [41] or to validate methodologies for calculating
antler volume and density [42].

But this is complicated by the difficulty of finding and associating the two antler
branches to the same specimen. Another drawback the consistency of the results in the
study due to the possibility of sample size limitation.

4.1. Comparison of methodologies.

The results obtained, with the proposed methodology 'Met-2' were compared with
those obtained with another previous methodology proposed by the same author [36],
called 'Met-1'. It is observed (Table 5) that the mean Al values (asymmetry index) obtained
with "Met-1, were 0.063 for specimens studied in 'homologation sessions’, 43% lower than
for specimens from hunting days, with a mean value of 0.110; indicating a higher sym-
metry in specimens from 'homologation sessions'. The same proportion occurs in the re-
sults applying 'Met-2', 0.024 and 0.039, 39% lower, so that the results of the two method-
ologies converge, each in its own scale of values.

Table 5. Results of 'Al' (Met-1) and (Met-2) with data on the 'CAD 3D-Model'.

Results (AI): (Met-1) and (Met-2) on the 'CAD 3D-Model'

Met-1 Met-2
Al Mean | GAI | Mean

Homologation session (2014-03-27) 0.056 0.022
Homologation session (2015-04-06) 0.065 | 0.063 | 0.024 | 0.024
Homologation session (2017-10-25) 0.068 0.028
Hunting day (2014-10-23) 0.085 0.037

0.110 0.039
Hunting day (2019-12-18) 0.134 0.040

On the new proposed methodology, 'Met-2', the results obtained are convergent with
those obtained in 'Met-1', each in its own scale of results. The values of asymmetry in the
specimens from 'homologation sessions' are somewhat lower over those from 'hunting
days'; 57% in 'Met-1' at a and 61% in 'Met-2'.

Due to the great convergence of results obtained with the two methodologies, 'Met-
1'[36] and this new proposal, 'Met-2', in the assessment of the degree of antler asymmetry,
it will be necessary to decide, depending on the scope of the study, which of them will be
applied.

The decision as to the implementation of one or the other method will be determined
firstly by the type of data available, whether from CAD or manual measurements with a
tape measure on the physical model, secondly by the number of variables to be estimated,
estimates of the degree of hunting quality, the degree of asymmetry or both, and thirdly
by the size of the population of specimens to be studied.

If only the asymmetry study is desired the application of the 'Met-1' is optimal, since
it only requires the spatial restitution of the pairs of points necessary for the study repre-
sented by the start and ends of the main points and the crown of the antler. 'Met-2' is more
appropriate when it is desired to study the hunting quality, and to take advantage of the
measurements for this study pertaining to the lengths and perimeters of the geometric
elements of the two branches of the antler to perform the study of the asymmetry, either
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globally 'GAI' or partially 'PAI', in order to then carry out the study of each particular 453
feature of the antler. 454
The following is a comparison between both methods, where the characteristics of 455
each of them, their functionalities and the suitability of their implementation according to 456
the type of biological application are defined. 457
1. Characteristics of the methodology: 458
'Met-1": We need to define a 'plane of symmetry'; defined by three points on the 459
skull. The asymmetry study is performed by comparing the perpendicularity and 460
the distances on the plane of symmetry of the segments joining the pairs of related 461
points of the antler considered. 462
'Met-2": No need to define a 'plane of symmetry'. The proposed methodology con- 463
sists of comparing the lengths of the different geometrical traits considered corre- 464
sponding to the two branches of the antler. 465

2. Characteristics of the initial data: 466
Met-1: Only admits that the starting data is in digital format; its spatial positionis 467
obtained from the points considered for the study, represented in two photo- 468
graphs, by means of photogrammetric spatial restitution. 469
Met-2": The evaluation of the degree of asymmetry is based on the results of the 470
measurements, lengths and perimeters, carried out for the evaluation of the hunt- 471
ing quality. These measurements can be obtained on the physical model of the 472
antler by tape measure, or be defined in a CAD 3D-model representing the struc- 473
ture of the antler. 474

3. Obtaining process: 475
Met-1": It is not necessary to obtain the entire CAD structure of the antler by pho- 476
togrammetric restitution. It is only necessary to render in 3D the relevant 'homol- 477
ogous' points of the antler necessary for the study: the start and ends of the main 478
tips and the centre of the crown corresponding to the two branches of the antler. 479
Met-2": It is necessary to define in 3D the whole antler by representing its axial 480
structure formed by the main beam, the main tines and the geometrical center of 481
the crown tines. 482

4. Biological applications: 483
‘Met-1": It is appropriate if it is only implemented for the assessment of the ‘degree 484

of asymmetry" as this requires more simplified, smaller and quicker data to obtain. 485
Without fully characterizing the structural trait analysed by means of a 3D-model, 486

it is sufficient to define the three-dimensional spatial position of the significant 487
points of the structural feature evaluated; all this is achieved by means of a 3D 488
photogrammetric restitution process of these points represented in two photo- 489
graphs. Recommended for the study of a large set of specimens, 'populations’, lo- 490
cated at a specific place. 491
'Met-2": Appropriate in studies of "hunting valuation' and of the global 'degree of 492
asymmetry' or of specific geometric traits of the antler; in this case the study con- 493
sists of knowing the two variables and being able to determine their degree of cor- 494
relation. It can be implemented on specimens from ‘homologation sessions” or 495

groups of specimens from the same hunting day. 496

497

5. Conclusions 498
499

The present study validates the usefulness of CAD measurements taken on deer ant- 500
ler structure to assess the degree of asymmetry in antler structure traits. The algorithm 501
uses the same measurements used in the evaluation of hunting quality to estimate the 502
values of antler asymmetry. The same measurements will allow the estimation of two bi- 503
omarkers. The input data for the analysis is the characterisation of the antler by means of 504
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References

a CAD 3D-model represented by its axial structure. This is achieved by spatial restitution
of two photographs, taken from different angles.

The implementation of the methodology is relatively fast; on the physical model of
the antlers, it will only be necessary to make the calculation from the available measure-
ments that were previously used to perform the evaluation of the hunting quality. For the
definition of the 3D-model of the antler, the time invested is somewhat longer, due to the
photogrammetric restitution and CAD modeling processes.

The antlers, digitally characterised using a 3D-model, allow analyses to be carried
out in order to estimate the degree of asymmetry of deer specimens from "homologation
sessions' or in larger samples of specimens from 'hunting days'.

The methodology presented here can also be implemented in asymmetry studies of
other biological elements of animal or plant origin, since the starting data, the bilateral
axial structure of the geometric features under study, are relatively simple to obtain and
to digitally characterise in the form of a 3D-model.
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