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Effects of sensor ear tags with twin pin fixing system on health and well-being
of cattle

Modern technologies are increasingly used to optimize livestock production. A new
sensor ear tag (SET) containing GPS, accelerometer, RFID and Bluetooth
technologies was tested in cattle in a free stall barn and in the alps in Switzerland.
The SET was equipped with a battery and a solar panel designed to provide a
durability for the whole animal life. A twin-pin fixing system ensured its correct
positioning. The right ears of 12 newborn calves (NB) and 26 adolescents (AD) were
tagged with the SET, while the left ears were tagged with official ear tag (OET).
Animal welfare and comfort parameters were monitored. Exudate was observed in
the ear of all the animals tagged with the SET between day 7 and day 21. Pain
reaction was observed on very few occasions. Ear length and width increased in NB
during the 11 months of observation, with no difference between ears with SET or
OET. No variations in salivary cortisol concentration due to SET were observed in
either NBs or ADs. A total of 11 animals were involved in SET-related accidents.
Scars caused by SET migration were observed on the ears of all newborns after the
9th month of observation. In conclusion, the used SET does not seem to induce
systemic or local inflammation more often compared to OET. However, despite
promising technology, its usage in the present form cannot be recommended for
cattle husbandry in Switzerland due to the high risk of accidental injury and migration
in the ear cartilage.
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well-being of cattle
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TAgroscope, Animal Production Systems and Animal Health, Posieux, Switzerland;
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Auswirkungen von Sensorohrmarken
mit Doppelstift-Befestigungssystem
auf die Gesundheit und das Wohlbe-
finden von Rindern

Eine Sensorohrmarke (SET) mit Global Positioning System
(GPS), Beschleunigungsmesser, Radio-Frequency Identifi-
cation (RFID) und Bluetooth-Technologie wurde auf Tra-
gekomfort und Einhaltung von Tierwohl bei Rindern in
der Schweiz im Freilaufstall und auf der Sommerweide
getestet.

Die SET war mit einem Solarmodul und einem Akku aus-
gestattet und wurde mit einem «Iwin Pin»-System befestigt.
Zwélf neugeborene und 26 heranwachsende Tiere wurden
im rechten Ohr mit den SET markiert. Wihrend bei Neu-
geborenen gleichzeitig das linke Ohr mit offiziellen Ohr-
marken versehen wurde, trugen die heranwachsenden Tie-
re bereits die offiziellen Ohrmarken. Die Neugeborenen
blieben wihrend des gesamten Experiments in einem Lauf-
stall, wihrend die heranwachsenden Tiere im Laufstall

gehalten und im Sommer gealpt wurden.

Alle Tiere entwickelten ab Tag 7 nach der Markierung mit
den SET Hautkrusten. In den ersten zwei Wochen wurden
gelegentlich Schmerzreaktionen beobachtet. Das Wachs-
tum von Ohren, markiert mit den SET oder der offizieller
Ohrmarke, unterschied sich wihrend der 11-monatigen
Beobachtungszeit bei Neugeborenen nicht. Die Cortisol-
konzentration im Speichel von Neugeborenen nahm in der
ersten Woche nach der Markierung ab, was fiir diese Alters-
gruppe physiologisch ist. Bei dlteren Tieren wurden die
Cortisolkonzentrationen im Speichel nicht beeinflusst. Bei
den SET wurden 19 Vorfille bei 11 Tieren registriert, die
ein Eingreifen des Tierarztes oder des Tierpflegepersonals
erforderten. Zwei Tiere verloren die SET mit Ohrverletzun-
gen. Bei allen Neugeborenen wurde in den Ohren nach
neun Beobachtungsmonaten Narben aufgrund der Mar-
ken-Migration beobachtet.

Zusammenfassend wurde festgestellt, dass die SET, mit
einem Gewicht von 32 g und einer Doppelstiftfixierung, im

Abstract

A sensor ear tag (SET) containing Global Positioning Sys-
tem (GPS), accelerometer, Radio-Frequency Identification
(RFID), and Bluetooth technologies was tested for wearing
comfort and compliance with animal welfare requirements
in cattle in a free stall barn and on summer pasture in Swit-
zerland.

The SET was equipped with a long-lasting battery via solar
panel and used a «twin pin» fixing system. Right ears of 12
newborns and 26 adolescent animals were tagged with the
SET. While left ears were tagged simultaneously with offi-
cial ear tags in newborns, the adolescent animals already
carried the official ear tags. The newborns stayed in a free
stall barn during the entire experiment, while adolescent
animals were housed in a free stall barn and on pasture
during summer.

All animals developed crusts beginning on day 7 after tag-
ging with the SET. Pain reactions were observed occasion-
ally in the first two weeks. Ear growth in newborns during
11 months of observation did not differ between ears with
SET and official ear tags. Cortisol concentration in saliva
of newborns decreased in the first week after tagging which
is physiological for this age group. In older animals cortisol
concentrations in saliva were not affected. We registered 19
incidences in 11 animals with the SET, that required veter-
inary or staff intervention. Two animals lost the SET with
ear injury. Scars due to tag migration were observed in ears
of all newborns after the 9t month of observation.

In conclusion, SET with a weight of 32 g that need a twin
pin fixation in cows do not seem to induce systemic or local
inflammations more frequently compared to official ear
tags; however, the higher risk of accidental injuries and mi-
gration in ear cartilage would not meet Swiss welfare stan-
dards and the attachment to the ear needs to be improved

for general use.

Keywords: calves, cattle, GPS, sensor ear tag, legal animal
identification, monitoring
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Vergleich zu den offiziellen Schweizer Rindvieh-Ohrmarken
nicht hiufiger systemische oder lokale Entziindungen her-
vorrufen; allerdings entspricht das héhere Risiko von Ver-
letzungen durch Unfille und die Migration im Ohrknorpel
nicht den Schweizer Tierschutzstandards. Die Befestigung
am Ohr muss fiir den allgemeinen Gebrauch verbessert

werden.

Schliasselworter: Kélber, Vieh, GPS, Sensorohrmarke,
rechtsgliltige Tieridentifizierung, Uberwachung
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Introduction

Livestock farming is subject to strict legal requirements to
ensure animal welfare and the safety of food products of
animal origin. In Switzerland, cloven-hoofed animals must
be tagged within 20 days after birth with two ear tags ac-
cording to the European Council Regulation and Swiss
general provision to ensure uniform, clear, and permanent
identification.!»23 Furthermore, compliance with welfare
regulations needs to be proven by livestock farmers, e.g.
regular outdoor access for cattle must be evidenced by farm-
ers by keeping a journal manually.4

Digital technologies are increasingly reaching livestock produc-
tion to facilitate management and monitoring, Adding digital
technologies to the identification procedure could lead to a series
of synergistic gains. Electronic ear tags fitted with Radio-Fre-
quency Identification (RFID)-transponders, supporting auto-
mated animal identification in husbandry systems, are commer-
cially available and approved by the International Committee
for Animal Recording (ICAR).5 Furthermore, sensor ear tags
(SET) equipped with active sensors achieve market maturity
combining identification with other features like monitoring of
movement data, from which behavioral patterns for the individ-
ual animal, but also on herd level can be deduced. However, such
SET have not been evaluated in Switzerland so far. It is import-
ant that they ensure animal welfare.5” Due to their functions
SET are larger and heavier than approved tags. Ear tagging is
slightly painful, and may induces cardinal signs of inflammation
like redness, heat, swelling® which may lead to pain reflected by
the animal’s behavior.” Severe cases can trigger systemic reactions
through immunological mediators such as defense reactions, to
which the adrenal gland responds by increasing the production
of cortisol.!® Inflammation is a multifactorial process and is bet-
ter approached using physiological markers and visual observa-
tion data simultaneously.>!! Minimal attention has been paid
previously to the compatibility of ear tags of different size and
weight, despite concerns regarding animal welfare.!213 Howev-
er, for an introduction of new tags an investigation of compati-
bility is essential.

The aim of the present study was to evaluate a SET for its

usability in terms of animal welfare under Swiss animal
husbandry conditions in cattle of different age and under
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different housing conditions, including summering on al-
pine pasture. The tested SET was equipped with satellite
communication (SATCOM), Bluetooth, and RFID. For
long-lasting maintenance-free operation of these features a
solar panel is required which results in a weight of 32 g with
a double pin fixation to ensure its correct positioning. The
RFID makes this sensor ear tag compliant with legal animal
identification rules and regulations. Thus, this kind of SET
seems to be particularly attractive for remote monitoring,
because it has the potential to combine the legal identifica-
tion of cloven-hoofed animals with data sensed from indi-
viduals and herds. Effects on animal health and welfare were
investigated. The combination of different technologies in
an ear tag could enable the automation of a series of man-
datory notifications to authorities, among those the current
journal for documentation of days out on an exercise area,

and days out grazing for cattle.

Materials and Methods

In our experiment 38 SET equipped with SATCOM, ac-
celerometer, temperature, Bluetooth and RFID technologies
were tested for compatibility in female dairy cattle of dif-
ferent age. The experiment was conducted in compliance
with the requirements of the Swiss animal protection and
welfare law and were authorized by the Veterinary Office of
the Canton of Fribourg (authorization no 2021-12-FR). A
prototype SET which is not yet available for sale in Switzer-
land was used. The SET was equipped with a long-lasting
battery via solar panel. Each ear tag consisted of two parts,
weighing 32 ¢ in total. The SET was 6,2cm long, 3,54cm
wide and 1,35 cm thick. The solar panel was 4,77 cm long
and 2,43 cm wide. The part fixed inside the ear was 5,60 cm
long, 1,95cm wide and 0,35cm thick. The SET had two
pins measuring 0,33 cm in diameter each. The distance be-
tween the two parts of the SET after locking was 1,45 cm.
The SET was applied into the right auricle, whereas the
official ear tag (OET) was carried in the left auricle of all
animals. The OET also consisted of two parts, weighing 8 g
in total. The OET was 8,43cm long, 5,62cm wide and
0,1 cm thick. The part fixed behind the ear was 6,80 cm
long, 5,62 cm wide and 0,1 thick. The OET was equipped

with a single pin polyurethane fixing system measuring
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AD1 and AD2

Figure 1: Picture of one representative newborn and one representative juvenile cattle wea-
ring the sensor ear tag (SET).

0,67 cm in diameter. The distance between the two parts of
the OET after fixing was approximately 1cm.

Ear tagging

Twelve newborn calves aged 0 to 3 days (NB), 14 adolescent
animals aged 7 to 11 months (AD1) and 12 pregnant ado-
lescent animals aged 18 to 30 months (AD2) were tagged
(Aigure 1).

The NB were tagged simultaneously with SET and OET.
The ADI and AD2 had the right ear tag removed and were
then tagged with SET not using the existing hole. Ears and
SET were disinfected with 70 % alcohol prior to tagging.
Older animals were fixed in an examination stand. One
person held the animal’s head while another person tagged
the animal using an applicator according to the manufac-
turer’s instructions to ensure a correct position.

In order to follow the entire ear growth in NB, monitoring
of calves was performed over a period of 11 months. For
AD1 and AD2 the monitoring period comprised nine and

Animals

equipped with
the SET and
monitoring of
location, activity
and ambient
temperature

Day 0 Day4 Day7 Day 28 Month 2

Removal of SET and
reattachment of OET

Observation

Weekly

ELT
measurement

Saliva collection

Monthly

Thermal image/image of the ears
Measurements of ear thickness, ear width and ear length

Rectal temperature
Anamnesis of the general condition of the animal
Saliva sample to measure cortisol

Figure 2: a) Timeline of the experimental period, indicating when the cattle were tagged with the sensor ear tag (SET) and when SET were removed.
b) Diagram indicating the data collection and sampling schedule. (NB = newborn calves 0 - 3 days old, AD1 = adolescent animals aged 7 - 11 months, AD2 =

adolescent animals aged 18 — 30 months).
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four months, respectively. AD2 monitoring mainly consist-
ed of the summer pasturing period (figure 2a). After the
experiment, all SET were removed and a OET was attached.

Observations and measurements

Ear thickness was measured with calliper (RISEMART,
China), pictures of the ears were taken (iPhone 6, Apple®,
California, USA) and the images were analyzed using Image
J (Image], Maryland, USA) to measure length and width.
Ear temperature was measured with a SEEK thermal imag-
ing camera (Reveal FirePro X, Seek Thermal, Inc., Califor-
nia, USA). Ear thickness, length, width, and temperature
were measured in both ears. All observations and measure-
ments according figure 2b. They were carried out by the
same person during the entire period of the experiment to
reduce variations and interferences.

Animal general condition and ear condition (alertness, head
posture, BCS nutritional status, mucous membranes color
and capillary refill time, skin turgor, ear tag attachment,
crusts/exudate, redness, swelling, pain reaction, rectal tem-
perature) were observed prior to tagging and continuously
according to figure 2b. A defensive head movement when
touching the ear was considered as pain reaction. Possible
dry exudate on the surface of the skin, composed of serum,
blood or pus, or a combination was classified as no crust,
crust, and severe crust according to figure 3.

On day 21 of life, NB were dehorned using 0,3 ml Xylazin
(Streuli, Uznach, Switzerland), 5 ml Lidocain 2% per horn
(Streuli, Uznach, Switzerland) and 1,5 ml Rimadyl (Zoetis,
Delémont, Switzerland). Therefore, additional observations/

measurements were performed on day 22.

Saliva samples

Saliva samples were taken immediately before tagging and
then collected according to figure 2b. Salivette tubes (Sarst-
edt, Nuembrecht Gemany) were used by holding the associ-
ated sponge sideways into the mouth and letting the animals
chew the sponge until it was wet. Then it was transferred into
the collection tube. Tubes were kept on ice until the transport
to the laboratory within 2h, centrifuged at 4°C, 3000 rpm
for 20 minutes and stored at -80°C. Cortisol was measured
in saliva samples using the Salimetrics Salivary Cortisol En-
zyme Immunoassay Kit (State College, Pennsylvania, USA)
according to the manufacturer’s instructions.

Housing

The experiment was performed at the Agroscope research
facility in Posieux and on the summer pastures at La Frétaz

Band 165, Heft 7/8, Juli 2023, 512-523, © GST | SVS
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and Le Chasseron in Switzerland. In Posieux animals were
kept in free stalls with regular access to pasture. Animals
kept on summer pasture remained on pasture exclusively.
NB were housed in individual igloos with access to the out-
side and contact to calves housed beside until they were a
maximum of one month old, then they were placed in a
collective igloo with a total of 4 animals per igloo with ac-
cess to the outside according to Swiss housing legislation.
At the age of 3 months, all NB were brought into a free stall
barn with regular access to an exercise area and nearby pas-
ture.

AD1 and AD2 were housed in a free stall barn until end of
May. Then they were transported to the summer pasture.
AD1 were transported to the summer pasture at Le Chas-
seron and AD2 to La Frétaz. Due to their pregnancy, AD2
were returned to the barn in Posieux according to their
expected calving date.

Statistical analyses

All statistical analyses were performed using the software
GraphPad Prism version 8.4.2 and are given at 95 % confi-
dence intervals. Normal distribution of the variables was
tested by Kolmogorov-Smirnov test. Data were analyzed
with Unpaired t-test with Welch’s correction to calculate

significance. Chi-square test was used to analyze the pain

Effects of sensor ear tags
with twin pin fixing
system on health and
well-being of cattle

N. Gobbo Oliveira Erinli,
S. Rieder, T. Kuntzer,
J. Bérard, O. Wellnitz

No crust Crust

Severe crust

Figure 3: Classification of crust formation according to the scoring system in the ear of NB,
AD1 and AD2 with the SET, and in the ear of NB with the OET. The classification ranged
from no crust to severe crust (no crust = no blood or pus discharge, crust = crust presence,
pus or blood discharge, severe crust = heavy discharge). (NB = newborn calves 0 - 3 days
old, AD1 = adolescent animals aged 7 — 11 months, AD2 = adolescent animals aged 18 — 30
months) (SET = sensor ear tag; OET = official ear tag).
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reaction and crust presence. A value of P < 0,05 was con-
sidered statistically significant. Comparisons were made for
the NB between SET and OET if applicable, between the
NB, ADI, AD2groups and their measurements on day 0,
and between the groups. Incidents are described only.

Results

Ear measurements

NB, ADI, and AD2 did not show significant differences
between length, width, and thickness of the left and right
ears (P > 0,05). In comparison to day 0, ear width increased
(P < 0,05) from month 2, length increased (P < 0,05) from
month 5, and ear thickness increased (P < 0,05) from month
3 in NB with no differences between ears tagged with SET
or OET (P > 0,05), respectively (figure 4).

No temperature difference was observed between the right
ear with SET and the left ear with the OET in NB (P >

0,05). An increase in ear temperature was observed in ears

of AD1 and AD2 tagged with SET in comparison to day 0
(P < 0,05). AD1 and AD2 tagged with OET presented an
increase in ear temperature in month 7 and month 2 in
comparison to day 0, respectively (figure 5).

Condition of animals and ears

Ear redness was observed in all animals (3 NB and 2 AD1
and 2 AD2) with an unpigmented and pale skin colour. In
all animals with dark pigmented skin, redness could not be
evaluated. Ear swelling was not observed. No alterations
regarding alertness, head posture, BCS nutritional status,
mucous membranes color and capillary refill time, or skin
turgor were observed.

Pain reactions (shown in figure 6) were observed occasion-
ally. The AD2 had the highest incidence of pain reactions.
The total of pain reactions varied between NB, AD1 and
AD2 (P < 0,0001); AD2 showed highest and AD1 lowest
incidence of pain. No difference (P > 0,05) between the
frequency of pain reaction of SET and OET was observed
in NB.

Ear width

Width cm

30 2m 3m4m5m6m 7m 8m 9m 10m 11m
Months

Ear length

20 4

Length cm
*

30 2m 3m4m5m6m 7m 8m 9m 10m 11m
Months

Ear thickness

*
¥kox ok gox X
*

0.40

0.35

0.30

0.25 4

Thickness cm

015 - r T T T T T
0 5 10 15 20 25 30

2m 3m4m 5m 6m 7m 8m 9m 10m 11m
Months

Figure 4: Ear length, width, and thickness (cm) measured in
NB with SET (e) and OET (¢), AD1 with SET (¢) and OET (e),
and AD2 with SET (e) and OET (e) during the observation
period. The “indicates significant difference observed in
NB compared to the measurements before tagging in both
ears. Data are presented as means + SEM. (NB = newborn
calves 0 — 3 days old, AD1 = adolescent animals aged 7 — 11
months, AD2 = adolescent animals aged 18 - 30 months)
(SET = sensor ear tag; OET = official ear tag).
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Figure 5: Measured temperature (°C) in the ears of NB
with SET (¢) and OET (), AD1 with SET () and OET (e),
and AD2 with SET () and OET (e) throughout the expe-
riment. In addition, the average ambient temperature
(e) of each month for entire Switzerland («Météosuis-
se»; https://www.meteoschweiz.admin.ch) is shown to
better understand the temperature variation. *(SET in
NB), *(OET in NB), *(SET in AD1), *(OET in AD1), *(SET
in AD2) and *(OET in AD2) indicates the statistical sig-

o
%
Aok:

nificance compared to the baseline value measured on
day 0, immediately before tagging. Data are presented
as means + SEM. (NB = newborn calves 0 — 3 days old, 104
AD1 = adolescent animals aged 7 — 11 months, AD2 =
adolescent animals aged 18 - 30 months) (SET = sensor
ear tag; OET = official ear tag).
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Figure 6: Prevalence (in %) of pain reaction in the ears
of NB with SET () and OET (e), AD1 with SET (e), and
AD2 with SET (e). Observations were classified in pre-
sence or absence of pain reaction. Only NB had the left 1001
ear simultaneously tagged with OET, for assessment
of the presence or absence of pain with OET. (NB = ne-
wborn calves 0 - 3 days old, AD1 = adolescent animals
aged 7 - 11 months, AD2 = adolescent animals aged

18 - 30 months) (SET = sensor ear tag; OET = official
ear tag).
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Crusts occasionally appeared (figure 7). When present in
NB, crusts were simultaneously observed on SET and OET
during the first 3 months. All animals presented crusts be-
ginning on day 7. There was a difference between the fre-
quency of no crust, crust and severe crust between SET and
OET in NB (P < 0,0001). The presence of crusts varied
between NB, AD1 and AD2 (P < 0,0001) with SET; AD2
showed most severe crusts in the first two month.

N. Gobbo Oliveira Erinli,
S. Rieder, T. Kuntzer,
J. Bérard, O. Wellnitz

No change of rectal temperature was observed within or
between groups (P > 0,05).

All NB and one AD1 showed scars (figures 8 and 9) at the
end of experiment when SET were removed. The medial
hole had larger scars in comparison with the lateral hole (P
< 0,05). No scars were observed in AD2.

Cortisol in saliva

Cortisol concentration in saliva (figure 10) of NB decreased
in the first week after tagging. Before tagging NB showed
higher (P < 0,05) saliva cortisol concentrations in compar-
ison to AD1 and AD2. No variations in cortisol concentra-
tion were observed for AD1 and AD2 during the first two
months of observation (P > 0,05).

Incidences

Some animals of all groups were observed to scratch their
ears by rubbing against the ground and stall installations.
Other behavioural changes related to the SET were not

Crust % NB SET Crust % NB OET
100 e I e e e Il =l =T i
80 80
X B < =
g g
5 60 5 60 A
— —
s} 5] ||
8 8
® @
D 40 Q40
o o -
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20 20 A
0 1 2 3 4 7 14 21 22 28 2m 3m 4m 5m 6m 7m 8m 9m 10m11m 0 1 2 3 4 7 14 21 22 28 2m 3m 4m 5m 6m 7m 8m 9m10mi1m
Days Months Days Months
Crust % AD1 SET Crust % AD2 SET
1001 M M M — 1000 — —
80 80
X S
g g
5 60 5 60
kel k]
© o
o [
® 3
2 40 O 40 4
o o
o o
20 A 20
0 - 0 - — T T T
0 1 2 3 4 7 14 21 28 2m 3m 4m 5m 6m 7m 8m 9m 10m11m 0 1 2 3 4 7 14 21 28 2m 3m 4m 5m 6m 7m 8m 9m 10m11m
Days Months Days Months

Figure 7: Prevalence (in %) of crust formation in NB with ears tagged with SET (e crust, ® severe crust) and OET (e crust, ®severe crust),
AD1 with SET (e crust, ® severe crust), and AD2 with SET (e crust, ® severe crust). Only NB had the left ear simultaneously tagged with
OET, for assessment of the formation of crusts with OET (no crust = no blood or pus discharge, crust = crust presence, pus or blood
discharge, severe crust = heavy discharge). (NB = newborn calves 0 - 3 days old, AD1 = adolescent animals aged 7 — 11 months, AD2 =

adolescent animals aged 18 — 30 months) (SET = sensor ear tag; OET = official ear tag).
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observed. Strong ear wagging was assigned to the presence

of flies.

A total of 19 incidences in 11 animals required veterinary
or staff intervention: three NB were trapped with SET be-
tween the stall bars; two AD1 had the SET torn off; 3 SET
(one NB, one AD1 and one AD2) fell off the ear; four SET
(three NB and one AD2) were unlocked on one side of the
twin pin; two NB presented a severe infection which made
it necessary to remove the SET; five SET (three NB, one
AD1 and one AD2) were removed due to movement and
causing scars. In total, 11 animals had to be excluded from
the experiment ahead of the schedule due to incompatibil-

ity of the SET.

Discussion

The SET tested in this study communicates with satellites
(SATCOM) which enables a precise location of animals
obtained via global positioning system (GPS) which could
determine whether an animal is in the pasture or barn area.
This would make a handwritten journal redundant, thus
facilitating the work of the farmers but also allowing for a
better controlling. Furthermore, the SET is supposed to
identify the animal for its entire life. However, because these
SET are not approved yet for the use as official animal iden-
tificatory in Switzerland this study was essential to investi-
gate the compatibility of the SET under Swiss cattle hus-

bandry practices.

Although no literature is available regarding ear growth in
calves, the twin pin and the form and weight of the SET

lateral

medial

Originalarbeit | Original contribution

did obviously not interfere with the ear growth in newborn
calves as it was uniform and similar in both ears. The pierc-
ing of ears causes a wound, and wound healing involves a
complex interaction between numerous cell types, media-
tors, and the vascular system.8 Therefore, the increase in ear
temperature after piercing in the present study was expect-
ed as a physiological response. In older animals an increased
ear temperature was observed throughout the entire study
indicating a delayed healing process. However, the ambient
temperature is likely the reason for the simultaneous in-
crease of ear temperature in the older animals in both ears
in May. In addition, at this time many flies were present in
the barn, and the animals were often seen to wag their ears,
generating a greater blood circulation in the ear. However,
no alterations regarding alertness, head posture, BCS, mu-
cous membranes color and capillary refill time, skin turgor
were observed indicating no effects on overall condition of

the animals by the SET.

Pain is a factor that can be measured only indirectly in
animals, e.g. by defence movements.'¥ As the inflammatory
phase of wound healing can take several days the highest
incidence of pain reactions in the first two weeks after tag-
ging was expected in all groups of the present study. Pain is
the outcome of either initial damage or resulting from the
inflammatory response itself. 8 The development of pain
seems to be more pronounced when ear tags are placed in
older animals.

The presence of crusts starting from day 7 in the ears after
tagging with either SET or OET was due to the healing of
the puncture site (see above). Wound healing initiates with
the process of inflammation, bringing fluid with enzymes,

Figure 8: Representative example of the position of scars observed in ears of animals with SET. The orientation of the medi-
al and lateral holes was taken into consideration in the classification of all scars observed in the NB and AD1. The NB in the
picture had the SET for 9 months and 22 days before it was removed. (NB = newborn calves 0 - 3 days old, AD1 = adolescent

animals aged 7 — 11 months) (SET = sensor ear tag).
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and AD2 are within the range observed in the literature.
Earlier studies observed similar baseline values for saliva
cortisol to those reported in this work, in a range from 0,32
pg/dl to 1,20 pg/dl (converted).2? This indicated that the
tagging and the wearing of a SET did not induce a relevant

Scar measurements
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Figure 9: Measured length of medial (¢) and lateral (0) hole scars observed in the ears of NB
tagged with SET starting at month 9 of observation. Data are given in means + SEM. (NB =
newborn calves 0 — 3 days old) (SET = sensor ear tag).
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Figure 10: Mean values of cortisol concentration (ug/dl) in saliva samples from NB (e),
AD1 () and AD2 (e) up to month 2. *indicates significant differences observed in NB
compared to baseline values measured on day 0, immediately before tagging. Values
on day 0 are used as control. Data are presented as means + SEM. (NB = newborn
calves 0 - 3 days old, AD1 = adolescent animals aged 7 — 11 months, AD2 = adolescent
animals aged 18 — 30 months).
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proteins and antibodies stimulating the wound repair.’>
Although a wound scab is formed to limit blood loss and
close the wound, it has been indicated that preventing
wound scab formation reduces the risk of contamination,
healing more quickly, and scarring is also less frequent.!¢
The equal formation of crusts in NB during the first few
months regardless of ear tag type indicated that there was
no difference in the initial healing. Two NB presented crusts
or severe crusts at most of the experimental days. Simulta-
neously, the same animals had the largest scars observed
among the NB indicating that the presence of crusts was
related to possible scar formation and, therefore, migration
of the SET. The variation in frequency and size of crust
formation between the groups could be related to the age
and development of the animals or to the duration an ani-
mal has worn the SET. The fact that NB wore the SET
longer than AD1 and AD2 may be related to the frequency
of new injuries, and consequently, the severity of scar for-
mation.

We have observed cases in which the SET completely left
its centralized position of the ear and migrated towards the
edge of the ear. We have also observed SET that have left
their original horizontal position and moved to a diagonal-
ly position. While polyurethane ear tags commonly used
for the identification of cloven-hoofed animals in Switzer-
land since 1999 show low rates of damage to the ear on
calves,®!7 this movement resulting in scars has been attribut-
ed to the use of this type of ear tag.!® Only one AD1 showed
a scar, in the direction of the ear tip indicating rather an
accidental occasion than a continuous migration, thus it
was not possible to calculate the average of the measure-
ments for the group. Interestingly, although the scars be-
came evident after month 9, a concomitant increase in pain
reactions was not observed during this period.

The use of SET and OET did not result in an increased
rectal temperature, suggesting that the use of ear tags does
not elicit a systemic immune response.!? Cortisol is a phys-
iological parameter frequently used to detect the activation
of the innate immune system in response to stressors. It has
been shown that cortisol can also be measured in saliva
samples, reducing animal discomfort and ensuring that
cortisol concentrations are not affected by sampling.10- 20
Variations observed in cortisol concentrations in saliva in
the present study seem to be related to the physiological
adaptation of the NB to the new environment, having cor-
tisol levels within the expected range for their age on day 0.
The prolonged cortisol concentration during the first four
days could be associated with frequent manipulation of the
animals. Studies indicated that newborn calves appeared to
adapt to the extrauterine environment gradually for 24 to
48 h after parturition.2! Dystocia, exposure to environmen-
tal extremes and stressors can lead to inhibition of normal
nursing behavior and prolonged elevations in serum cortisol
levels. 22 However, cortisol concentrations observed in AD1
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stress situation in all animals. On the other hand, ear
scratching was observed in the ear with SET in our study
which indicates discomfort. However, the animals showed
no other behavioral changes related to the SET despite of
ear wagging which could not be quantified and compared
to cattle without SET and was attributed to the presence of
flies. A German study evaluating sheep with different types
of ear tag reported rubbing of the ear tag and scabbing only
in few cases. The wounds of almost 3/4 of the sheep had
healed four weeks after tagging.!s

Previously it was described that ear tags with a longer spike
led to a better healing, since it allowed better air access to
the wound.! The SET used in the present study, showed in
most of the animals little to no space on the medial pin side
between the parts of the SET, inducing pressure on the ear,
while the lateral pin presented enough space between the
parts of the SET for the ear. This may have caused excessive
movement of the used SET and lead to losses, accidents and
injuries. In the United Kingdom, 18,1 % average annual
losses of polyurethane plastic ear tags were observed in cat-
tle,24 while an average annual loss between 10 to 18 % was
observed in Switzerland over the last five years.?> Ear tags
were correlated to 12 % of the suppurative injuries in sheep
in Scotland.2¢ A similar situation was reported by small
ruminant farmers in Switzerland, participating in a survey
on the effects of ear-tagging in sheep and goats during the
2019 - 2020 campaign for individual identification and
registration of small ruminants. 1/3 of the respondents faced
problems after re-tagging animals with the novel OET.?
However, the size and shape of the evaluated SET was not
compatible with stable structure in Switzerland, causing
trapping of animals in feeding barriers.

Originalarbeit | Original contribution

Conclusion

Sensor ear tags (SET) with a power supply via a solar which
are intended to comply with lifelong legal animal identifi-
cation have been tested in this study. The SET need a twin
pin fixation due to their weight (32 g vs. 8g of the official
ear tag OET). This seemed not to induce systemic or local
inflammations in newborn calves more frequently than the
OFET or in adolescent animals. However, the SET had a
high risk of causing accidental injuries, infections, and mi-
gration of the tag in the ear, in animal housing systems
commonly used in Switzerland. The frequent injuries and
the scarring observed during the study period suggest, that
these ear tags do not meet the animal welfare standards in
Switzerland in its present form. From the technical point of
view, the SET is useful for autonomous monitoring of cat-
tle.2 Regarding animal welfare the SET needs to be im-
proved before it can be considered for legal animal identi-
fication purpose in the production system in Switzerland.
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Effets des marques auriculaires a
capteur avec systeme de fixation a
deux tiges sur la santé et le bien-étre
des bovins

Une marque auriculaire a capteur (SET) contenant les tech-
nologies Global Positioning System (GPS), accélérometre,
identification par radiofréquence (RFID) et Bluetooth a été
testée en termes de confort et de conformité aux exigences de
bien-étre animal chez des bovins dans une étable a stabulation
libre et sur des paturages d'estivage en Suisse.

Le SET était équipé d’une batterie longue durée via un pan-
neau solaire et utilisait un syst¢éme de fixation «twin pin».
Les oreilles droites de 12 veaux et de 26 génisses ont été
équipées avec le SET. Les oreilles gauches ont été marquées
en méme temps avec les marques officielles chez les nou-
veau-nés alors que les génisses portaient déja ces marques
officielles. Les nouveau-nés ont été détenu dans une étable
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Impatto dei marchi auricolari a
sensore con sistema di fissaggio a
doppio perno sulla salute e sul
benessere dei bovini

Un marchio auricolare con sensore (SET) contenente le
tecnologie GPS (Global Positioning System), accelerometro,
RFID (Radio-Frequency Identification) e Bluetooth ¢ stato
testato per verificarne il comfort e la conformita ai requisi-
ti di benessere animale nei bovini in una e su un pascolo

estivo in Svizzera.

II SET ¢ stato dotato di una batteria a lunga durata tramite
pannello solare e ha utilizzato un sistema di fissaggio a «dop-
pio perno». Lorecchio destro di 12 vitelle e 26 manze ¢
stato marcato con il SET. Allo stesso tempo, le orecchie
sinistre dei vitelle sono state marcate con le marche aurico-
lari ufficiali, mentre gli manze adolescenti le portavano gia.
I vitelle sono rimasti in una stalla a stabulazione libera per
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a stabulation libre, avec accés a une aire de sortie et aux
paturages voisins pendant toute la durée de I'expérience
tandis que les génisses ont été logés dans une étable A sta-
bulation libre et en paturage pendant I'été.

Tous les animaux ont développé des crofites & partir du 7e
jour aprés le marquage avec le SET. Des réactions doulou-
reuses ont occasionnellement été observées au cours des
deux premiéres semaines. La croissance des oreilles des nou-
veau-nés au cours des 11 mois d’observation n’a pas différé
entre les oreilles marquées par le SET et les oreilles marquées
de maniére standard. La concentration de cortisol dans la
salive des nouveau-nés a diminué au cours de la premiere
semaine successive au marquage, ce qui est physiologique
pour ce groupe d’age. Chez les animaux plus 4gés, les
concentrations de cortisol dans la salive n’'ont pas été affec-
tées. Nous avons enregistré 19 incidents chez 11 animaux
avec le SET, qui ont nécessité I'intervention d’un vétérinaire
ou d’'un membre du personnel. Deux animaux ont perdu le
SET avec blessure a l'oreille. Des cicatrices dues 4 la migra-
tion des marques ont été observées sur les oreilles de tous les
nouveau-nés apres le 9e mois d’observation.

En conclusion, les SET d’un poids de 32 g qui nécessitent
une fixation par deux tiges chez les bovins ne semblent pas
induire d’inflammations systémiques ou locales plus fré-
quemment que les marques auriculaires officielles. Cepen-
dant le risque plus élevé de blessures accidentelles et de
migration dans le cartilage de l'oreille ne correspondrait pas
aux normes suisses en matiére de bien-étre et la fixation a

loreille doit étre améliorée pour une utilisation généralisée.

Mots clés: eaux, bovins, GPS, marque auriculaire a capteur,
identification Iégale des animaux, surveillance

tutta la durata dell’esperimento, mentre gli manze adole-
scenti sono stati ospitati in una stalla a stabulazione libera
e al pascolo durante estate.

Tutti gli manze hanno sviluppato croste a partire dal 7°
giorno dopo la marcatura con il SET. Nelle prime due set-
timane sono state osservate occasionalmente reazioni dolo-
rose. La crescita delle orecchie dei vitelle durante gli 11 mesi
di osservazione non differiva tra le orecchie con il SET e
quelle con la marca auricolare ufficiale. La concentrazione
di cortisolo salivare dei vitelle ¢ diminuita nella prima set-
timana dopo l'applicazione del sensore auricolare, il che ¢
fisiologico per questa categoria di etd. Negli manze piti gran-
di le concentrazioni di cortisolo nella saliva non sono state
influenzate. Si sono registrati 19 casi problematici in 11
manze con il SET, che hanno richiesto 'intervento del ve-
terinario o del personale. Due manze hanno perso il SET a
causa di lesioni all’orecchio. Cicatrici dovute alla migrazio-
ne della del sensore auricolare sono state osservate nelle
orecchie di tutti i vitelle dopo il 9° mese di osservazione.

In conclusione, i SET del peso di 32 g che necessitano di un
doppio perno di fissaggio nei bovini non sembrano indurre
inflammazioni sistemiche o locali con maggiore frequenza
rispetto alle marche auricolari standard tuttavia, il rischio
pilt elevato di lesioni accidentali e di migrazione nella car-
tilagine auricolare non soddisfa gli standard svizzeri in ma-
teria di benessere e il fissaggio all’orecchio deve essere mi-
gliorato per un uso generalizzato.

Parole chiave: Vitelli, bovini, GPS, marca auricolare con sen-
sore, identificazione legale degli manze; monitoraggio
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