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Abstract: An increase in testosterone levels affects the shedding of velvet which, in turn, influences the behaviour 
of farm-raised fallow deer bucks. Consequently, the welfare of the farmed animals can be considerably improved 
by controlling the timing of the velvet shedding period. The aim of this study was to analyse changes in the velvet 
temperature and the timing of the velvet shedding in farm-raised fallow deer bucks exposed to a modified photo-
period. A total of 28 bucks were examined. The experimental group was subjected to an experimentally modified 
photoperiod before the direct observations and measurements of the antler temperatures with a thermal imaging 
camera. The acquired thermograms were useful for analysing the stages and the rate of the antler growth and 
for predicting the timing of the velvet shedding. The introduction of a long-day photoperiod in spring affected 
the growth and ossification of the antlers as well as the velvet shedding. The optimal time for antler cutting can 
be planned based on the identified changes in the velvet temperature in different parts of the antler.
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Fallow deer (Dama dama) and red deer (Cervus 
elaphus) are frequently farmed and kept in wild-
life parks in Europe (Proskina and Pilvere 2010). 
These animals are farmed for venison with a high 
nutritional value (Hoffman and Wiklund 2006; 
Daszkiewicz et al. 2015), and they are regarded 
as a tourist attraction on account of their behav-
iour and appearance, which is often associated with 
the presence of antlers in males. 

In adult fallow deer bucks, the annual antler 
growth cycle, which includes the bone growth, os-
sification, velvet shedding, hard antler stage and 
finally casting, is strongly correlated with the re-

productive cycle (Gosch and Fisher 1989). The tim-
ing of the velvet shedding is considerably affected 
by the photoperiod and the resulting changes 
in hormonal levels (Bubenik 2006). Cervids begin 
to shed the velvet when the antlers are complete-
ly ossified (Schnare 1990). An increase in blood 
testosterone concentrations triggered by a pho-
toperiodicity induces both the shedding of the 
velvet and the behavioural changes in farm-raised 
bucks. Their social organisation changes, males 
begin to show dominance and claim territory, and 
they compete for females during the rutting sea-
son (Chapman and Chapman 1975). The seasonal 
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changes in the behaviour of male cervids affect 
farm personnel and veterinarians because bucks 
can become more aggressive not only towards other 
males, but also towards humans. To minimise the 
relevant risks, fully developed and ossified antlers 
are often removed in fallow deer and red deer farms 
(Webster and Matthews 2006; Landete-Castillejos 
et al. 2012). This zootechnical procedure is per-
formed after the complete ossification and vel-
vet shedding of the antlers and is not connected 
to antler harvesting during the growth period, the 
so-called pant.

Natural physiological processes such as birth, off-
spring rearing (Pelabon et al. 1998; Cilulko-Dolega 
et al. 2018) and the growth of fawns in the winter 
period can be controlled on deer farms (Janiszewski 
et al. 2015). Performance traits such as the carcass 
meat content (Mulley and English 1985; Serrano 
et al. 2018), antler growth and quality (Gambin et al. 
2017) and other traits or behavioural aspects can 
also be modified and controlled (Blanc and Therriez 
1998; Goddard et al. 2001). Thermal imaging cam-
eras are increasingly being applied in breeding prac-
tice on cervid farms (Cook and Schaefer 2002; Cook 
et al. 2005; Dunbar et al. 2009; Cilulko et al. 2013).

In captive-bred deer, antler ossification and the 
onset of velvet shedding can be monitored and con-
trolled, which is an important consideration due 
to the above-mentioned changes in the behaviour 
of male fallow deer before and after shedding their 
velvet (Wilson and Stafford 2002). 

The aim of this study was to analyse the changes 
in the velvet temperature using a thermo camera 
and the timing of the velvet shedding in farmed fal-
low deer bucks exposed to a modified photoperiod. 

MATERIAL AND METHODS

The experiment was conducted at the Research 
Station of the Institute of Parasitology of the Polish 
Academy of Sciences in Kosewo Górne (Region 
of Warmia and Mazury, Poland N: 53°48'; E: 21°23'). 
The research station comprises a cervid farm with 
an estimated area of 200 ha where European fallow 
deer (approx. 300 animals) and red deer (approxi-
mately 100 animals) are kept.

No ethical approval was required, as there was 
no direct contact with the animals of the experi-
mental and control groups during the entire ex-
periment.

Changes in the velvet temperature and velvet 
shedding were monitored in fallow deer bucks. 
A total of twenty-eight bucks were investigated, 
and the animals were divided in two groups of ex-
perimental (E) and control (C) bucks of fourteen 
animals each. The housing and feeding conditions 
were identical in both groups.

The experimental group was subjected to an ar-
tificially (experimentally) modified photoperiod 
before the direct observations and temperature 
measurements with a thermal digital camera. Both 
groups of animals were kept in special experimental 
buildings, made of wood, during the photoperiodic 
variation. Artificial light was used to create a long 
day photoperiod from the beginning of January 
to mid-April in 2018. It is the final part of the pe-
riod when fallow bucks carry hard antlers, which 
are usually cast in April and May (Kierdorf et al. 
1993). The photoperiod in the experimental herd 
is presented in Table 1.

During the first two weeks of the experiment, 
the light period was 10 h, and it was automatically 
extended by one hour every two weeks until the 
achievement of a 16-hour light period. As a result, 
the natural day’s length was extended by around 
1.5 hours. The light intensity was 350 lx to 400 lx, 
and it was measured with an Abatronic AB-8809A 
light meter (Abatronic, Radom, Poland).

The experimental and control animals were di-
vided into two age classes to determine the effect 
of age on the changes in the velvet temperature and 
the timing of the velvet shedding:

• Class 1 – young males aged 2–3 years (first 
and second antlers);

• Class 2 – mature males aged 4 years and older 
(third and successive antlers).

The above division was introduced to account for 
the fact that most fallow deer bucks begin to display 

Table 1. Experimental photoperiod

Date Day length

1–14 January 10 h

15–31 January 11 h

1–14 February 12 h

15–28 February 13 h

1–14 March 14 h

15–31 March 15 h
1–14 April 16 h
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active mating behaviour at 4 years of age (Komers 
et al. 1997).

The changes in the velvet temperature and the 
timing of the velvet shedding were monitored be-
tween 21 June and 3 September 2018. The mea-
surements were performed until the completion 
of the velvet shedding in all the individuals. The 
observations were conducted in five stages (peri-
ods) to support accurate analyses and comparisons 
of the changes in the velvet temperature between 
the age classes in both groups (Table 2).

The experimental and control bucks were kept 
in summer pastures during the direct observations 
and measurements of the antler temperatures. They 
had ad libitum access to meadow grass and fresh 
water. The observers used oats and freshly harvest-
ed twigs as bait to approach the animals and cap-
ture thermal images of a required quality allowing 
for all the thermal images to be taken from a simi-
lar distance of approximately 2 m, and with a similar 
body and antler position. A ThermoProTM TP8 ther-
mal digital camera (Wuhan Guide Infrared, Wuhan, 
China) was used to measure the surface tempera-
ture of the antlers and to determine the progression 
of the antler ossification. According to the manufac-
turer’s specifications, the camera can be operated 
within a temperature range of –20  °C to 800  °C, 
and it has a thermal sensitivity of 0.08 °C at 30.0 °C. 
The measurements were performed before sunrise, 
between 3.30 a.m. and 5.00 a.m., to eliminate errors 
resulting from antler heating under exposure to solar 
radiation. At the same time, the air temperature was 
also automatically measured by the camera during 
the image capturing. The examined animals were also 
photographed with a Sony Alfa 200 digital camera 
(Sony, Tokyo, Japan) to generate additional data for 
the observations. 

Every investigated buck was ear-tagged. The ani-
mal’s identification number or name was displayed 
on the tag to facilitate the measurements of the ant-
ler temperatures in the individuals, group identifi-

cation and analyses of the collected data. A Guide 
IR Analyser application was used to record the voice 
annotations during the thermal imaging and facili-
tate the correct identification of the animals in the 
thermograms. 

A total of 1 227 thermal images were captured 
during the study, and 817 images of suitable qual-
ity were selected for further processing. The antler 
temperature was calculated based on the measure-
ments conducted at three points:

• Measurement point 1 – at the base of the 
main beam (above the coronet);

• Measurement point 2 – at the mid-section 
of the main beam;

• Measurement point 3 – at the tip of the ant-
lers (the tip of the palm in older bucks or the 
tip of beam in younger bucks without a de-
veloped palm).

Each colour thermogram featured a thermal 
palette for analysing the distribution and varia-
tions in the temperature at different measurement 
points. Measurements were performed based on the 
methodology described by Bowers et al. (2010) for 
examining red deer antlers, with certain modifi-
cations to account for the anatomical differences 
in the fallow deer. 

The following data were recorded during mea-
surements:

• Antler surface temperature in each experi-
mental and control buck, with an indication 
of the animal’s age, measured at three points 
to the nearest 0.01 °C;

• The animal’s age;
• The date of the measurement;
• The date of the velvet shedding;
• The temperature of the ambient air on the 

day of measurement.

The statistical analysis involved the determination 
of arithmetic means (–x) and standard deviations 
(SD). The data were analysed by a two-way analy-
sis of variance/multivariate analysis of variance 
(ANOVA/MANOVA) (group × period) and a one-
way ANOVA (group or period). The significance 
of the differences in the mean values between the 
period and groups was determined by Duncan’s 
test. Pearson’s correlation coefficient was calcu-
lated to determine the strength of the relationships 
between the following variables: the animal’s age 
and the date of the velvet shedding, the animal’s 

Table 2. Research periods during the analysis of  the 
changes in the velvet temperature in the fallow deer bucks

Period Date Observation days
I 21 June – 5 July 1–15
II 6 July – 20 July 16–30
III 21 July – 4 August 31–45
IV 5 August – 19 August 46–60
V 20 August – 3 September 61–75
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age and the temperature of the ambient air on the 
day of the velvet shedding, the date of the velvet 
shedding and the temperature of the ambient air 
on that day. All the calculations were performed 
using Statistica 2012 software (v11.0). The signifi-
cance was set at P ≤ 0.05.

RESULTS

Timing of the velvet shedding

The collected data revealed that the control 
group bucks aged 2–3 years shed the velvet be-
tween 18 August and 9 September (research period 
IV–V). In the older bucks from the control group, 
the velvet shedding occurred between 28 August 
and 3 September (research period V). It should 
be noted that in the vast majority of class 2 (ma-
ture) males, the velvet shedding took place between 
28 and 31 August.

The above indicates that the shedding peri-
od  in the older males was considerably shorter 
than in the younger bucks. In the younger males 
from the experimental group, which had been ex-

posed to a modified photoperiod before the mea-
surements, the velvet shedding occurred between 
19  July and 2 August (research periods II–III). 
Successive stages of velvet shedding were observed 
1 month earlier relative to the younger bucks from 
the control group. In the experimental males aged 
4 years and older, the shedding took place between 
24 July and 3 August (research period III). In this 
group, the velvet shedding also occurred 1 month 
earlier than in the corresponding age class in the 
control group. In the mature experimental bucks, 
the velvet shedding occurred in period IV in all the 
individuals. In the mature bucks from the con-
trol group, the velvet shedding period could not 
be precisely identified. The younger males from the 
experimental group shed the velvet in period III, 
whereas the younger bucks from the control group 
shed the velvet in period V. 

Changes in the surface temperature 
of the velvet antlers

Table 3 presents the resulting changes in the ant-
ler temperatures measured in three measurement 

Table 3. Changes of the mean (–x ±  SD) antler temperatures (°C) in three measurement points and specific study 
periods in the young and mature bucks

Po
in

t

G
ro

up Research periods ANOVA
I II III IV V group period interaction

I age class

1
C 29.82ab ± 1.55 *31.88a ± 0.68 *32.52a ± 0.56 *28.97b ± 1.22 19.73c ± 2.96

0.000 1 0.000 1 0.000 5
E 29.78a ± 2.81 30.65a ± 0.40 26.31b ± 5.06 21.28c ± 1.52 18.26d ± 1.70

2 C 31.90a ± 1.00 *33.14a ± 0.76 *34.47a ± 0.46 *30.72ab ± 0.59 17.80c ± 3.97
0.000 1 0.000 1 0.000 5

E 30.41a ± 1.59 31.85a ± 1.30 26.70b ± 6.06 19.64c ± 1.58 16.09d ± 2.21

3 C 34.04a ± 0.57 34.65a ± 0.65 *35.32a ± 0.97 *32.43ab ± 0.63 17.78c ± 5.17
0.000 1 0.000 1 0.000 1

E 33.80a ± 1.83 33.67a ± 0.76 27.87b ± 7.06 18.03c ± 0.90 14.66d ± 2.70

II age class

1
C *31.43ab ± 1.51 *32.24a ± 2.02 *32.77a ± 1.73 *29.15b ± 1.62 *26.23c ± 2.85

0.0001 0.0001 0.0001
E 29.58a ± 1.79 30.11a ± 1.16 30.51a ± 1.78 23.41b ± 3.42 13.46c ± 3.46

2
C 32.43ab ± 1.73 32.72ab ± 1.09 *34.09a ± 1.20 *30.71b ± 1.73 *26.77c ± 3.92

0.000 1 0.000 1 0.000 1
E 31.33a ± 1.10 31.74a ± 0.80 31.67a ± 1.57 20.16b ± 5.16 10.70c ± 3.47

3
C 33.72ab ± 1.11 34.29a ± 1.13 *34.97a ± 1.17 *32.64b ± 1.30 *28.14c ± 3.53

0.000 1 0.000 1 0.000 1
E 32.75a ± 1.04 33.08a ± 0.96 33.10a ± 0.90 20.32b ± 5.93 10.31c ± 3.36

C = control group; E = experimental group
*Significant differences between the means from groups C and E in a given research period (P < 0.05); a–dMeans (in rows) 
marked with different letters differ significantly (P < 0.05); 1, 2, 3 – measurement points
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points and the specific study periods in the young 
and mature bucks.

A significant inf luence of a modified daylight 
length (P < 0.000 1) as well as the study period 
(P < 0.000 1) on the antler temperatures was not-
ed in all three measurement points and both buck 
groups, which can indicate noticeable differences 
in the process of antler ossification.

In the younger bucks subjected to extended 
daylight conditions (E), the decrease in the ant-
ler temperatures was noted already after the re-
search period II, i.e., after ca. 4 weeks since the 
start of the temperature recording – a tempera-
ture decrease from 29.78 °C to 26.31 °C (P < 0.05) 
at the base of the antler, as well as in the remain-
ing two measurement points, i.e., the mid-sections 
(from 30.41 °C to 26.70 °C; P < 0.05) and the top 
of the antler (from 33.80 °C to 27.87 °C; P < 0.05). 
In the subsequent study periods, there was a fur-
ther significant decrease in the antler tempera-
tures, i.e., a decrease down to 18.26 °C, 16.09 °C 
and 14.66 °C (P < 0.05) at the base, mid-section and 
top of the antlers, respectively. On the other hand, 
any significant antler temperature decrease in the 
bucks from the control group (C) was manifested 
noticeably later, not sooner than the research pe-
riod V – ca. 30–45 days later than the experimental 
group. Between the research period IV and V, the 
temperatures decreased from 28.98 °C to 19.78 °C 
(P < 0.05) at the base of the antlers, from 30.72 °C 
down to 17.80 °C (P < 0.05) in the mid-section and 
from 32.43 °C down to 17.78 °C (P < 0.05) at the top 
of the antlers.

The young bucks in both the control and experi-
mental groups did not manifest any temperature 
decrease at any measurement point in research pe-
riod I and V (group × research period interaction, 
P < 0.000 1).

The older bucks subjected to extended daylight 
conditions (E) showed an antler temperature de-
crease at the base of the antler after research pe-
riod III, i.e., after ca. 6 weeks since the start of the 
temperature recording (a decrease from 29.58 °C 
to 23.41 °C; P < 0.05), and down to 13.46 °C (P < 0.05) 
in research period V. A similar trend was noted 
as well in the remaining two points, i.e., a tempera-
ture decrease in the mid-section of the antlers from 
31.33 °C in the first period to 20.16 °C in period IV 
(P < 0.05) and further down to 10.70 °C; the decrease 
at the top of the antlers was from 32.75 °C in period I 
to 23.32 °C (P < 0.05) in period IV and further down 

to 10.31 °C (P < 0.05) in period V. In the older bucks 
from the control group, no noticeable antler tem-
perature decrease was noted after research period V, 
similar to the young bucks control group. In the time 
interval from research period I to the IV, the antler 
temperatures were relatively constant, after which 
a temperature decrease was noted between research 
period IV and V – 29.15 °C to 26.23 °C (P < 0.05) 
at the base, 30.71 °C to 26.77 °C, (P < 0.05) at the 
mid-section, and 32.64 °C to 28.14 °C (P < 0.05) 
at the top of the antlers. 

In the mature bucks control group (C), the tem-
peratures at the base of the antlers were higher 
during all the research periods compared to the 
experimental group (E), whereas in the two initial 
research periods at the mid-section and top of the 
antlers, the temperatures were similar (group × re-
search period interaction, P < 0.000 1).

It is worth mentioning that the antler tempera-
tures in the mature buck control group (C) in the 
last observation period (V) was higher compared 
to the bucks in the experimental group (E) – the 
temperature difference was 12.77  °C (P < 0.05) 
at the base, 16.07 °C (P < 0.05) at the mid-section 
and 17.38 °C (P < 0.05) at the top of the antlers, 
which can indicate an ongoing ossification process 
in this specific buck group, a process that had al-
ready ended in the experimental group members. 
This process had a different run in the young buck 
groups (Table 3).

Correlations

The correlation coefficients were calculated 
to determine the strength of the relationships be-
tween the animals’ age and the velvet shedding 
date, between the animals’ age and the ambient 
temperature on the velvet shedding date, and be-
tween the velvet shedding date and the ambient 
temperature on that day. The results are presented 
in Table 4.

Table 4. Correlation coefficients between the selected 
variables

Air temperature Shedding date
Air temperature – –
Shedding date –0.793** –
Age –0.131** 0.170**

**P < 0.01
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The correlation between the velvet shedding date 
and the animals’ age was positive and highly sig-
nificant (r = 0.170, P < 0.01), which suggests that 
the velvet shedding tends to occur later in older 
bucks. A highly significant negative correlation 
(r = –0.793, P < 0.01) was noted between the vel-
vet shedding date and the ambient temperature 
on the day of the measurement, which could sug-
gest that lower air temperatures tend to delay 
the velvet shedding. The animal’s age and ambi-
ent temperature on the velvet shedding day were 
bound by a highly significant negative correlation 
(r = –0.131, P < 0.01), which could imply that the 
older bucks tend to shed the velvet on colder days.

DISCUSSION

The applicability of infrared thermography for 
monitoring the growth of cervid antlers has rare-
ly been investigated in the literature. The present 
study examined changes in the antler temperatures 
in European fallow deer in the final stages of the 
antler growth, i.e., ossification. The acquired ther-
mograms were useful for the analysis of the stages 
and the rate of the antler growth and to predict the 
timing of the velvet shedding.

Bowers et al. (2010) relied on thermal imaging 
to analyse the growth of antlers in red deer, and 
reported results that are similar to our findings. 
The cited authors divided red deer stags into two 
age groups (younger than 2 years and older than 
2 years) and conducted observations for 112 days. 
The researchers identified three antler growth 
stages. In the first stage (observation days 0 to 28), 
the average temperatures reached 39 °C at the base 
of the main beam in all the stags, and it was only 
around 0.5  °C higher at the mid-section of the 
beam. The reported differences in the antler tem-
peratures between the measurement points do not 
coincide with our findings. In the work of Bowers 
et al. (2010), the average temperatures were around 
0.03 °C higher at the mid-section of the beam than 
at the tip of the antlers, whereas, in our study of fal-
low deer, the corresponding differences were 1.5 °C 
on average. In the study, the temperature measured 
at the tip of the antlers in the second stage of antler 
growth (observation days 28 to 70) reached 38.4 °C 
and was identical to that determined at the mid-
section of the beam, whereas the temperature at the 
base was 37.9 °C. In the last stage of antler growth 

(observation days 70 to 112), the average tempera-
tures were determined at 36.8 °C at the base and 
35.7 °C at the tip. Bowers et al. (2010) performed the 
temperature measurements when the antlers were 
covered with velvet, and they did not investigate the 
velvet shedding from both beams. Our study ana-
lysed the velvet shedding period, which is an im-
portant stage in the antler growth cycle. The results 
of our study indicate that velvet shedding is directly 
preceded by a sudden and relatively rapid decrease 
in the antler temperatures, where the temperature 
at the base exceeds that measured at the tip of the 
antlers. This stage probably marks the complete 
ossification of the antlers, and it is followed by the 
velvet shedding. The temperature changes in grow-
ing and then mineralising the antlers are directly 
related to their blood supply. One of the haemo-
static functions of the blood in the cardiovascular 
system is heat transport. The growing antlers are 
covered by velvet, which is richly vascularised, and 
innervated by sensory nerve fibres that grow out 
along the route of the major blood vessels in the 
velvet (Wislocki 1942; Waldo et al. 1949). Branches 
of the superficial temporal artery ascend each 
antler through the pedicle providing a rich sup-
ply of blood to the velvet and supplying nutrients 
to the developing bone. Some arterial tributaries 
profusely integrate in the apices of the antler where 
rapid growth occurs. Veins accompany the arter-
ies and empty into the superficial veins. Arterial 
transport between the pedicle and the antlers di-
minishes rapidly as  the bone density increases. 
The narrowing of the vascular channels restricts 
the circulation until finally it ceases (Waldo et al. 
1949). After completion of the antler growth and 
mineralisation, the velvet is shed from the antlers 
that thereafter consist solely of bare bone and are 
referred to as hard antlers (Bubenik 2006).

In the present study, the photoperiod modifica-
tion in the spring stimulated the antler growth, 
ossification and velvet shedding in European fallow 
deer. It should be emphasised that the start date 
of the antler growth in the experimental group was 
also earlier compared to the group not subjected 
to artificial daylight, which was the topic of other 
studies (Bogdaszewski 2019; unpublished results). 
Light is the key stimulus that determines the re-
production and physiological processes in many 
animal species, including cervids. In the pioneer-
ing research conducted by Jaczewski (1954), red 
deer shed and regrew antlers twice during a single 
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year in response to a modified photoperiod. In the 
above study, the light period was shortened between 
April and June. Jaczewski (1954) observed that the 
shortening of a day’s length to 8 h promoted more 
rapid antler growth, antler shedding and regrowth 
in the same season. In our study, the experimental 
fallow deer bucks were exposed to an artificially 
prolonged daily light period. As a result, the ant-
ler growth began and was completed earlier in the 
experimental group than in the control group 
(without artificial illumination in the spring). The 
antler ossification was completed at an earlier date 
in both the young and mature experimental bucks. 
It should also be noted that photoperiod modifi-
cation synchronised the antler ossification in the 
young and old males. This observation could have 
practical implications by facilitating the organisa-
tion of farming operations and planning veterinary 
procedures in fallow deer farms. 

Research has demonstrated that hormonal treat-
ments (oestradiol and stilboestrol) can also stimu-
late antler growth (Bubenik 2006). In fallow deer, 
velvet shedding and antler casting occurs at around 
80% and 25% of the maximum testis volume, respec-
tively (Gosch and Fisher 1989). These correlations 
were also observed in fallow deer bucks exposed 
to a shorter annual photoperiod (Gosch and Fisher 
1986). The relationship between the testis volume 
and the timing of the velvet shedding was not in-
vestigated in our study, but the presence of such 
a correlation can be hypothetically postulated.

The results of this study indicate that the velvet 
shedding is also influenced by the animals’ age. 
The young bucks from both the experimental and 
the control group shed the velvet earlier than the 
mature males. The young bucks shed velvet be-
tween 19 July and 2 August in the experimental 
group and after 18 August in the control group. The 
mature bucks from the experimental group, ex-
posed to a prolonged photoperiod, shed the vel-
vet between 2 and 9 August. The velvet shedding 
period could not be accurately determined in the 
mature control bucks, which could imply that 
antler growth proceeded more naturally in these 
animals. Age was an important determinant in the 
velvet shedding in both groups. Such a correlation 
was also observed in a study of farmed fallow deer 
in New Zealand, where younger bucks also shed 
the velvet earlier than mature males (Riney 1954). 
It should be noted that the cited research (Riney 
1954) was conducted at a different latitude, and the 

examined animals shed the velvet in the second half 
of February, i.e., approximately six months earlier 
than in our study.

Goss (1969) conducted pioneering research into 
the effects of the age and the photoperiod on the 
annual antler growth cycle in sika deer. In the cited 
study, the age did not exert a significant influence 
on the velvet shedding in the sika deer exposed 
to a modified photoperiod. The above findings 
could be attributed to the fact that Goss (1969) 
examined only two stags – a two-year-old male 
and a mature stag. However, it should be noted 
that the mature stag responded more rapidly to the 
changes in the photoperiod than the young male. 
Jaczewski (1954) did not report a correlation be-
tween the animals’ age and the timing of the velvet 
shedding in males exposed to a modified photope-
riod, whereas such a correlation was clearly noted 
in our study of farmed fallow deer.

Antler growth and velvet shedding can also 
be affected by other factors. According to many 
authors, dominance hierarchy plays an important 
role in cervids, and a higher social rank promotes 
antler growth and, consequently, earlier velvet 
shedding in red deer and fallow deer (Bartos and 
Losos 1997). However, in a study by Bartos et al. 
(2004), the onset of velvet shedding was negatively 
correlated with the social status of male white-
tailed deer. 

Prichard et al. (1999) demonstrated that the age 
differentiated the size of the antlers in a reindeer 
herd. However, the authors were unable to deter-
mine the correlation between the antler size and the 
velvet shedding because the antlers are routinely 
removed in farmed cervids (Prichard et al. 1999).

The study by Rolf and Enderle (1999) provides 
interesting insight into antler growth in fallow 
deer. The authors demonstrated that despite the 
presence of an ossified antler bone at the begin-
ning of the velvet shedding, the antler remained 
a living bone until casting. A histological exami-
nation revealed the presence of a well-developed 
vascular system within the antler core that kept 
the antlers moist and contributed to their elasticity. 
High impact resistance is a critical feature between 
the velvet shedding and antler casting when deer 
fights are most frequent. The claim that the antler 
structure was still a living bone during the velvet 
shedding, as shown by Rolf and Enderle (1999), 
could not be confirmed when comparing the re-
sults of this study. On the contrary, the data from 
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the thermal images indicate that, right after the 
velvet shedding (research period V), the tempera-
ture recorded at the tips of the deer stag antlers was 
close to the ambient air temperature, indicating 
a completely osseous (and thereby non-living) tis-
sue (unpublished own data). The thermal imaging, 
however, only shows the superficial temperature 
of the measured object and further investigation 
is required into the topic of the internal tempera-
ture in the antlers.

In the current study, the ossification of the ant-
lers was assessed by measuring the temperature 
at different parts of the beam. Thermal imaging 
is, thus, a useful technique for monitoring the pro-
cess. This knowledge concerning the ossification 
is frequently useful on zoo gardens or cervid farms 
to guarantee the safety of personnel and to prevent 
lethal accidents during deer fights (Mattiello 2009). 
Antler cutting dates should be carefully planned 
to improve the animal welfare, minimise stress and 
eliminate pain without the need for pharmacologi-
cal sedation (Cook and Schaefer 2002; Cook et al. 
2005; Webster and Matthews 2006).
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