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Abstract

Background Telemetry studies on terrestrial mammals have been carried out almost exclusively using neck collar-
mounted devices. However, collars are not suitable for all species and all age classes and may therefore compromise
animal welfare and data quality requirements. Here, we evaluate the use of non-collar tracking devices on wild boars
(Sus scrofa), a species for which collars may be problematic due to neck shape and seasonal body mass variation. We
tested pelt-glued tags and three types of GPS ear tags. In addition, animals were marked with plain cattle ear tags.

Results The tested GPS tags exhibited various technical challenges related mostly to satellite coverage of the study
area and tag loss. However, GPS devices enabled moderate movement monitoring of weeks to months, whereas plain
cattle ear tags offered information on displacement over longer time intervals. The longest direct dispersal distance
(163 km) by a wild boar sounder was discovered by cattle tags.

Conclusions Data volume and quality obtained from small tags are inferior to data provided by GPS collars, but low-
fix rate tags may enable monitoring of individuals with reduced invasiveness. Moreover, these tags enable tracking

in cases where the collar is not an option. The low price and small size of the devices together with technical develop-
ments may offer cost-effective tools for future studies on dispersal and survival.
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Background
Telemetry devices using neck collars are popular for stud-
ying a variety of mammalian species. However, collars
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The wild boar (Sus scrofa) has one of the largest geo-
graphic distributions among terrestrial mammals and has
been widely studied by telemetry. During recent decades,
wild boar tracking studies have been carried out almost
exclusively using GPS collars. Although reports on collar-
related tissue damage, drop-off mechanism failures, or
inadvertent dropping of collars in wild boar studies are
relatively scarce [6, 16], seasonal changes in body mass
[17] and pig morphology (“the absence of neck”) may
indicate that more challenges occur in collar fittings than
has been reported. Especially in the case of juveniles,
pubertal body growth does not enable the long-term use
of a fixed collar girth, and most telemetry studies there-
fore focus on adult wild boars. However, in addition to
animal welfare issues, gaining reliable data on juvenile
dispersal and survival requires a multitude of studied
individuals, which in turn would benefit from low-cost
tracking devices.

In this pilot study, we tested alternative approaches to
neck collars for telemetry tracking of wild boar. The main
objectives of this study were (1) to identify reliable and
efficient methods for deploying low-cost and light GPS
transmitters, and (2) to study the general performance,
position deliverance, and durability of the selected
devices and formulate best practices for their use.

Methods

This study was conducted as part of a wild boar collaring
project in southeastern Finland (Fig. 1), where individu-
als with a weight of more than 60 kg were GPS collared
(see Miettinen et al. [6] for details). Capturing was pre-
dominantly conducted in the Finnish—Russian border
area. Of the captured animals, 103 individuals received
uniquely numbered ear tags, and 65 individuals received
pelt-glued or ear-attached GPS tags (Fig. 2). All glue tag-
ging was conducted under sedation, while only the first
ear-tagged individuals were sedated.

The Yabby GPS cellular tracker (2G; c. 100 €/item) was
developed for tracking vehicles. It uses GSM networks
to send GPS locations. The tag was attached to the pel-
age in the caudal back of the animal with glue (Super
Epoxy, 5 min). With three AAA lithium batteries, the tag
weighed 160 g and enabled around 750 locations. The
Yabby tags allow changing the location interval setting
during tracking, and the tags predominantly provided
GPS locations two to eight times per day. We modi-
fied Yabby devices into ear tags by gluing the transmit-
ter component and batteries onto a plastic cattle ear tag
(total weight circa 60 g).

The other ear devices were originally developed for
monitoring reindeer (Anicare) and livestock (Ceres Tag).
Anicare tags (20 g; one-point attachment; c. 300 €/item)
provided one location per day and, according to the
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Fig. 1 Study area and location fixes of tracked wild boars (N=108).
Colours of the location markers represent the capture region

of the individuals. GPS locations are presented as dots, and crosses
represent locations provided by cattle ear tags (as reported

by hunters)

manufacturer, the expected battery life with this setting
is four years. It uses GSM networks to send location data.
The Ceres tags (35 g; two-point attachment; c. 200 €/
item) are solar-powered tags and, according to the manu-
facturer, their expected battery life is 10 years. Ceres tags
provide locations ca. four times per day via Low Earth
Orbit (LEO) satellites and can self-regulate the fix inter-
val based on battery charge.

Monitoring tag data may involve recurrent (monthly/
annual) costs depending on the map software pro-
vider chosen. In this study, the Mapipedia software [20]
(monthly costs of c. 20 €) was used for monitoring and
exporting the Ceres data. For Yabby tags, the device sup-
plier provided Poroseuranta software [18] (included in
the item price) for tag settings, monitoring, and data
export. Anicare tags were monitored using the manufac-
turer’s software application [19] (included in item price).
Complete datasets were provided by Anicare via email.

The reasons for why tracking ended were classified
based on observations if the animals or devices were
found on the Finnish side of the border and on GPS loca-
tion patterns in cases where the last connections were
on the Russian side and the animals were not observed
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Fig. 2 Glued-on and ear tags of wild boars. From left: Yabby glued-on GPS tag, custom-made Yabby GPS ear tag, Anicare GPS ear tag, Ceres GPS ear

tag, and plain cattle ear tag

anymore. If the last fixes prior to the end indicated clear
movement with subsequent displacements of over 50 m,
we assumed that the device malfunctioned (including
the running out of battery) while on the animal, whereas
over a week of locations from a single point (within 50 m)
were considered a dropped tag. However, GPS locations
from a stationary device may also have resulted from the
death of the animal (even though no such cases were con-
firmed during this study).

Results

We received a total of 4928 (median=23, range =2-715;
Table 1) GPS locations from the 65 devices. Yabby tags,
with a shorter interval positioning, provided the most
data. The largest number of fixes were provided by the
unmodified large glued-on Yabby tags. The Anicare and
Ceres tags provided less data, with Anicare’s one daily fix
and Ceres’s adaptive positioning intervals that account
for battery life. In addition to GPS devices, the cattle tags
provided 51 locations, based on recaptures and hunting
sites.

The realized tracking duration of the ear tag devices
varied between 2 and 85 days. The duration of glued-
on tags depended on seasonal hair types. GPS tracking
most often ended in tag malfunction, especially in the
ear-attached devices. Glued-on devices most frequently
dropped off as per design. However, 20% of the work-
ing ear-attached Yabby tags dropped along with some

Anicare (11%) and Ceres tags (17%). Half of the cattle
tags were recovered by wild boar hunters.

Discussion

The 3R principles (replace, reduce, refine), originally
developed for laboratory animal experiments, encourage
minimizing harm to the animals also in wildlife studies
[21]. Utilizing small GPS devices, where the attachment
is not influenced by growth or weight changes, can be
considered a refinement of collar-dominated wild mam-
mal studies, especially for wild boar. One of the wel-
fare challenges of wildlife tracking is to ensure that the
devices do not harm the animals or otherwise interfere
with normal behaviour. The quick attachment of ear tags
is possible without prolonged stress even without seda-
tion, providing an improvement to this challenge. The
use of anaesthetics includes physiological risks and pro-
longs the procedure and recovery process [22]. While the
pointed and strong ears of wild boar are considered suit-
able for tag attachment, excessive tag weight may lead to
ripping of the ear lobe. Higher fix rates and longer study
periods would require more or larger batteries, which
increase tag weight.

Pelt glue is a leading method for attaching tracking
devices to pinnipeds [14], and it has also been imple-
mented in other taxa such as insectivores [13], leporidae
[15], and castoridae [11]. To our knowledge, this was the
first pilot study to use glue for attaching telemetry devices
to free-ranging wild boars. Gluing typically requires
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Table 1 Summary of cattle tag and GPS tag details and performance in wild boars (N=108)
Yabby (ear) Yabby (glue) Anicare Ceres GPS devices  Cattle ear tag
(total)
Device information
Weight (g) 60 160 20 35 5
Attachment One-point, ear Glue, pelt One-point, ear Two-point, ear One-point, ear
Data communication GSM GSM GSM satellite None
Expected daily fixes 1-8 2-16 1 4
Expected battery lifespan . 750 fixes ¢. 750 fixes 4 years 10 years
Price class per item (2024) c. 100 €° c. 100 € c.300€ c.200€ <1€
Utilized devices
N 20 12 27 6 65 103
Provided any data 95% 83% 78% 100% 86% 50%
Median statistics of working
devices (min—-max)
Fixes 38 (7-224) 310 (82-715) 7 (1-61) 16 (2-24) 23 1(1-2)
Duration (days) 13 (3-71) 60 (5-94) 15 (3-85) 17 (2-38) 16 237 (11-732)
Fix rate (% of expected fixes) 100 (79-100) 100 (97-100) 70 (1-100) 20(13-42) 96
Reasons for end of tracking
Animal died 3 3 44
Device failure 15 1 16 5 37
Device dropped 4 9 2 1 16

2 Costs of modifying items onto ear tags are dependent on used materials and expertise, and thus not included

sedation due to the hair cutting and glue hardening
processes. However, the actual marking method is non-
invasive when ensuring that the glue does not have direct
skin contact, as the devices drop naturally during the fol-
lowing moult. Devices attached to winter hair yielded the
longest tracking periods, which is in accordance with ear-
lier tests with captive wild boars [23]. According to our
observations, no marks were left by past tags on the new
pelt after moulting. The potential animal welfare issues
with this method are related to the high temperature of
the epoxy glue during the hardening process, but this can
be avoided by using thin glue layers that do not reach the
skin. In addition, other glue types, such as non-heating
super glues, should be tested.

Cattle ear tags represent low-cost passive tracking,
but typically they only offer two-point displacement
data which are also highly dependent on hunting. In this
study, nearly half of the cattle tags were recovered and
reported by hunters. The cattle ear tags are light and may
provide recoveries even years after tagging. Therefore,
it is not surprising that these tags provided the longest
durations between capture and recovery in this study (up
to 732 days). In addition, as the likelihood of detecting
long movements may increase with time, the cattle ear
tags provided the longest observed dispersal distances.
One of these included a sow farrowing in a new region,
which indicates breeding dispersal. Interestingly, another

dispersing sounder, tagged 20 months earlier, exhibited
the longest direct dispersal (163 km) observed in our
study. This, to our knowledge, is the longest observed
travel distance by a wild boar sounder, exceeding the
maximum direct distance of 100 km observed by Jerina
et al. [24]. The cattle tags may be most suitable for low-
cost side studies (e.g. tagging the by-catch of whole piglet
sounders, while trapping adults for collaring) providing
data on population level displacement rates and distances
over long time periods. However, the low recovery rates
and lack of detailed spatiotemporal data decrease cattle
ear tag usability for analysing many ecological aspects of
dispersal.

This, as far as we know, is the first study to test GPS
ear tags on wild boars. Evidently, the data volume and
quality from small tags are notably lower than those of
collar-mounted large devices. The tested GPS tags pro-
vided a median of 23 locations during an average 16-day
study period. For example, in the same study area, col-
lars provided a median of 1628 locations per tracked
wild boar, with a daily average of 20 fixes [6]. Thus, the
small tags with low fix rates are not yet sufficient in
replacing collars, but nonetheless provide tracking pos-
sibilities when collars are not an option. Device failure
was the predominant reason for a GPS ear tag monitor-
ing to end, and the causes for failure varied depending
on the device. The larger size of the Yabby ear tag may
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predispose it to structural damage or to dropping off
due to rough behaviour by the animals. The Ceres solar
panels may not be sufficient for studying a forest-dwell-
ing and mud-bathing nocturnal species. The Anicare
tags most often lost their GSM connection when enter-
ing Russian GSM coverage, indicating general chal-
lenges in network roaming. However, in this study as
well as in our preliminary observations from a study on
white-tailed deer (Odocoileus virginianus), the Anicare
tags remaining within the Finnish mobile network cov-
erage yielded significantly longer tracking times.

Despite technical challenges, developing and testing
alternative tracking options is beneficial not only for
improving animal welfare and study possibilities with
wild boar but also for research of many other mam-
mal species. The improvements in sensor technology
[25] and reductions in battery sizes may make tag alter-
natives more competitive compared to collars in the
future. We emphasize the importance of documenting
and mitigating the possible adverse effects of track-
ing devices on wildlife, with the aim of improving both
practices in science and animal welfare.
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