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ABSTRACT

Context. Spatial behaviour research involving GPS tracking is increasingly being used to support the
management of wild (including feral) pigs (Sus scrofa) around the globe. Capturing and collaring pigs
can have severe impacts on their health and welfare, but the implications of different capture and
restraint methods practiced in large-scale studies remain unclear. Aims. We compared the
effectiveness and animal welfare outcomes of three methods for restraining wild pigs for GPS
collar deployment: (1) remote darting with tiletamine-zolazepam and xylazine (TZX), (2) pole syringe
injection with tiletamine-zolazepam (TZ), and (3) manual restraint without chemical immobilisation.
Methods. We retrospectively analysed data from 360 collaring events across three independent
collaring programs in Australia. We quantified the durations of procedures, the frequency of adverse
events (e.g. hyperthermia, mortality), and post-release movement patterns using a standardised
animal welfare assessment framework. Key results. Manually restrained pigs experienced the
shortest exposure to capture and handling stressors, and showed no increase in adverse outcomes
compared to chemically immobilised pigs. Pigs darted with TZX had more variable induction and
recovery times than those administered TZ via pole syringe, but the use of reversal agents
(yohimbine, atipamezole) reduced overall handling time. Pole syringe immobilisation with TZ
produced more consistent inductions but longer recumbency durations. Post-release movement
patterns were similar across all methods, with minor behavioural disruptions for about 4 days.
Conclusions. Manual restraint is a viable option for telemetry studies where experienced handlers
are available and extended procedures are not required. When chemical immobilisation is desirable,
animal welfare outcomes can be improved by using drug combinations with reversal agents and by
applying careful monitoring and intervention. Implications. These findings support evidence-based
refinement of wild pig capture protocols and highlight the importance of publishing animal welfare
outcomes to inform best practice in wildlife research and management.

Keywords: animal welfare, capture protocols, darting, invasive species, Judas technique, sedation,
stress, telemetry collar, wildlife handling.

Introduction

Wild pigs (including feral pigs and wild swine, hogs, or boar [Sus scrofa]) are one of the
world’s most widespread and damaging invasive mammals. In recent decades, their
range has expanded rapidly, both within their introduced ranges (where domestic pigs
have established feral populations) and within the native range of wild boar in Europe
(Barrios-Garcia and Ballari 2012). As their disruptive influence on ecosystems and
agriculture grows, so too does the need for effective management strategies (VerCauteren
et al. 2024). One increasingly popular tool to support pig control efforts is remote telemetry,
which offers valuable insights into the spatial ecology of wildlife, especially in novel or
changing environments (Matthews et al. 2013). A recent flurry of publications describing
pig collaring programs in Australia is evidence of the growing popularity of this approach
(Bengsen et al. 2025; Kelly et al. 2025; Proboste et al. 2025; Smith et al. 2025).
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Spatial information gained from telemetry studies of wild
pigs can be used to identify areas and habitat features where
population control efforts should be most effective (Wilson
et al. 2023a), predict optimal intensities for deploying control
efforts (Wilson et al. 2024), and to dispel misconceptions that
can prevent resource managers from taking effective action to
control pigs (Mitchell et al. 2009). More recently, the
emergence of One Health frameworks (Ghai et al. 2022) has
prompted researchers to examine the implications of wild pig
spatial and social dynamics for disease transmission risks
(Proboste et al. 2025), and to examine responses to biosecurity
interventions such as aerial shooting (Bengsen et al. 2025;
Kelly et al. 2025). Telemetry is also central to the ‘Judas pig’
technique, in which collared pigs are used to locate groups
of conspecifics to improve the efficiency of control efforts at
low population densities (Taylor and Katahira 1988; Mcllroy
and Gifford 1997).

Deploying telemetry devices on wild animals often
requires chemical restraint to ensure safe handling and
optimised animal welfare impacts (Kreeger et al. 2023).
However, the act of capturing and immobilising animals can
have significant consequences for their behaviour, physiology
and survival (Cattet et al. 2008; Brogi et al. 2019). As a result,
there is growing scrutiny of the welfare impacts associated
with both chemical immobilisation and the use of tracking
devices (McMahon et al. 2011; McMahon et al. 2012;
Mayberry et al. 2014). Importantly, not all immobilisation
methods are equal; different drug combinations and delivery
techniques can vary widely in their effects on animal welfare
(Ellis et al. 2019).

A wide variety of methods for capturing and restraining
wild pigs have been used, and current standards include
methods that are sometimes considered unconventional
or controversial (e.g. Sharp 2012; USDA APHIS 2021).
Unconventional capture methods have included ‘dogging’,
the pursuit and containment of pigs using trained dogs
(Mcllroy and Saillard 1989), including the deployment of
dogs and human handlers from helicopters (Anderson et al.
2022), as well as physical restraint without drugs (Campbell
et al. 2012). Unconventional telemetry methods include the
use of harnesses instead of collars (MclIlroy 1989; Gaston et al.
2008; Fischer et al. 2016; Theuerkauf et al. 2022), and glued
pelt tags or ear tags (Kunnasranta et al. 2024). This variation
complicates efforts to identify best practices and underscores
the need for improved reporting and standardisation.

Internationally, most chemical immobilisation protocols
for wild pigs involve combinations of tiletamine-zolazepam
(TZ), xylazine, medetomidine, and ketamine (e.g. Fournier et al.
1995; Ellis et al. 2019; Morelli et al. 2021) (Table 1). Tiletamine
and ketamine are dissociative anaesthetics, while xylazine
and medetomidine are a-2 adrenoceptor agonists (a-2 agonists;
Kreeger et al. 2023). While TZ is generally safe and effective, its
lack of a reversal agent can lead to prolonged recovery times
(Arnemo 2004; Mayberry et al. 2014; McGregor et al. 2016).
Xylazine and medetomidine, often used to achieve sedation,

can be reversed with antagonists such as atipamezole,
tolazoline or yohimbine, offering greater control over recovery.
The use of an additional sedative also allows for a lower TZ
dose, enabling a more rapid recovery than would be possible
with TZ alone (Cattet et al. 1999). However, both of these
a-2 agonists carry risks of adverse cardiovascular effects
including bradycardia, hypertension and peripheral vasocon-
striction, which can cause hypoxaemia and inhibit thermal
regulation (Késtner 2006; Lee et al. 2010; Einwaller et al.
2022). Both TZ and TZ with xylazine (TZX) are widely used
for immobilising suids because they are readily available and
simple to administer in the field, relative to other chemical
treatments which may have more favourable outcomes with
respect to recovery quality and post-recovery morbidity and
mortality (Ellis et al. 2019). In the Australian context, the
registered form of TZ (Zoletil®) and all registered preparations
of xylazine and medetomidine are Schedule 4 medicines
(Therapeutic Goods Administration 2024). Many alternative
chemicals used for immobilisation (e.g. most opioids) are
Schedule 8 medicines, and therefore controlled drugs (Zabek
et al. 2015).

Ultimately, the reliability of telemetry data depends on
animals remaining healthy and returning to normal behaviour
after release. Factors such as handling time, drug regime, and
capture technique are known to influence animal behaviour
following capture and collaring (Brogi et al. 2019; Stiegler
et al. 2024), but species-specific responses remain poorly
understood. To address this gap, the present study compares
the effectiveness and welfare outcomes associated with three
methods used to restrain and collar trapped wild pigs.

Using the animal welfare assessment framework proposed
by Hampton et al. (2016), we evaluate procedure durations
and adverse event frequencies across three restraint approaches:
remote darting with TZX, pole syringe injection with TZ, and
manual restraint. We also assess post-release movement
patterns to determine whether capture method influences
spatial behaviour in the weeks following release. We conclude
with recommendations to improve both the outcomes of
interventions involving restraint of wild pigs, and the value
of future studies for continuing to advance the consideration
of animal welfare in research activities.

Materials and methods

Study areas

Data were collected retrospectively from ecological research
projects that deployed GPS tracking collars on feral pigs
at multiple sites across Australia. All Australian wild pig
populations have originated from the release or escape of
domestic pigs (Bengsen et al. 2017). Study animals will therefore
be referred to as feral pigs hereafter. Projects were grouped into
one of three programs based on the capture methods used.
Program A involved remote chemical immobilisation using a
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Table 1. Chemical immobilisation regimes applied to wild pigs that are described in the published literature, ordered from most to least recent.
Country Drugs Doses Animal demeanour Route of Sample Reference
(mg/kg) administration  size (n)

Australia None — manual restraint NA Free-ranging animals caught in traps  NA 73 Bengsen et al. (2025)

Australia Tiletamine-zolazepam 4.0 Free-ranging animals caught in traps ~ Syringe pole 16 Bengsen et al. (2025)

Australia Tiletamine-zolazepam 1.0* Free-ranging animals caught in traps  Syringe pole 59-72  Wilson et al. (2023a),

Kelly et al. (2025)

Finland Medetomidine 0. Free-ranging animals caught in traps  Dart pistol 17 Miettinen et al. (2023)
Tiletamine-zolazepam 375
Ketamine 15

New Zealand None — manual restraint NA Free-ranging animals caught with NA 15 Anderson et al. (2022)

dogs from helicopters

France (New Caledonia)  Xylazine 34 Free-ranging animals caught in traps ~ Syringe pole 3 Theuerkauf et al. (2022)

France Medetomidine 0.15 Free-ranging animals caught in traps  Syringe pole 7 Morelli et al. (2021)
Ketamine 5.0

France Medetomidine 0.2 Free-ranging animals caught in traps  Syringe pole 7 Morelli et al. (2021)
Tiletamine-zolazepam 20

France Medetomidine 0.1 Free-ranging animals caught in traps  Syringe pole 7 Morelli et al. (2021)
Ketamine 5.0
Butorphanol 0.2

United States Medetomidine 0.06 Captive animals Hand injection 14 Ellis et al. (2019)
Midazolam 03
Butorphanol 03

United States Butorphanol 072 Captive animals Hand injection 14 Ellis et al. (2019)
Azaperone 024
Medetomidine 0.27

United States Xylazine 25 Captive animals Hand injection 6 Ellis et al. (2019)
Tiletamine-zolazepam 44

United States Xylazine 1.8 Free-ranging animals caught in traps  Dart rifle 148 Lavelle et al. (2019)
Tiletamine-zolazepam 3.6

United States Tiletamine-zolazepam 0.04** Free-ranging animals caught in traps  Dart rifle 21 Fischer et al. (2016)

Australia Xylazine 22 Free-ranging animals caught in traps  Syringe pole 12 Shapiro et al. (2016)
Tiletamine-zolazepam 4.0

Spain Medetomidine 0.05 Free-ranging animals caught in traps  Blowpipe dart 42 Barasona et al. (2013)
Tiletamine-zolazepam 3.0

United States Xylazine 22 Free-ranging animals caught in traps ~ Syringe pole 49 Gabor et al. (1997)
Tiletamine-zolazepam 22

United States Xylazine 33 Free-ranging animals caught in traps  Blowpipe dart 144 Sweitzer et al. (1997)
Tiletamine-zolazepam 17

New Zealand Xylazine 15.0**  Free-ranging animals caught in traps  Hand injection 7 Mcllroy (1989)
Ketamine 150 Or with dogs

United States Xylazine 49-9.8  Free-ranging animals caught in traps  Syringe pole 44 Baber and Coblentz (1982)
Ketamine 49-9.8

New Zealand Unknown neuroleptics Unknown  Free-ranging animals caught in traps ~ Unknown 21 Martin (1975)

*The reported dose was incorrect. When we calculated the actual dose that pigs received, it was much higher (3.6 mg/kg, see the Discussion).
**The reported dose is very likely to be incorrect. This was queried with the corresponding author and clarified to be actually 4.3 mg/kg (1.0 mL of 100 mg/mL tiletamine-

zolazepam per kg).

***The reported dose is very likely to be incorrect. This would be an extraordinarily high dose to give to an animal.
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dart rifle or blowpipe to administer TZX to the animals. These
captures occurred in Victoria and Western Australia (WA).
Program B used a pole syringe (jab pole’) for direct chemical
immobilisation with TZ alone. These captures occurred in
Queensland and New South Wales (NSW). Program C involved
manual restraint without chemical immobilisation and was
conducted in NSW (Fig. 1).

In WA, data were collected from four general regions
during Program A studies: the southwest, northern wheatbelt,
the Gascoyne, and the Kimberley. The southwest sites were
primarily located in state-managed forests near Perth and
Northcliffe (Hampton et al. 2004). Northern wheatbelt sites
were situated in a landscape of agricultural land and native
vegetation (see Twigg et al. 2007). The Gascoyne site was
located on a semi-arid pastoral station, while the Kimberley
site was on a tropical pastoral station. Program A sites
in far-eastern Victoria were characterised by Eucalyptus
woodlands and cypress pine (Callitris glaucophylla) forests
within the national parks of the lower Snowy River Valley
(Pulsford 1991). Program B and C sites occurred on private
properties used for livestock production or conservation
throughout NSW, typically characterised by mosaics of either
Eucalyptus woodlands and grasslands or lignum (Duma
florulenta) scrub and Acacia shrublands (Wilson et al. 2023b;
Bengsen et al. 2025). Ambient temperatures measured on site
at the time of collaring ranged from 6 to 30°C in Program A,
from 6 to 43°C in Program B, and from 12 to 38°C in Program C.

Feral pigs were captured and collared for ecological and
behavioural research studies conducted between April 2012
and February 2025 under AEC licences RW2694,/14 (Murdoch
University Animal Ethics Committee), 11/16 and 13/07
(Arthur Rylah Institute Animal Ethics Committee), 17-4-08

°
°
] ® <
~ °
. ®
®
. 1000 km
B (Pole C (Manual
Program @ A (Dart) syringe) restraint)

Fig. 1. Locations of study sites in which feral pigs were restrained for
GPS collaring using chemical immobilisation delivered via dart (Program
A), pole syringe (Program B), or with manual restraint only (Program C),
between 2012 and 2025.

and 22-3-12 (WA DPIRD Animal Ethics Committee), AEC 16-
115 and AEC 20-023 (University of New England Animal
Ethics Committee), and OAEC-0702 and ORA 21/24/003
(NSW DPI Orange Animal Ethics Committee).

Trapping, chemical immobilisation, and anaesthesia

Pigs were captured in steel mesh traps typical of Australian
studies (Pearson et al. 2014; Wilson et al. 2023b), consisting
of a ‘Figure 6’ or panel trap (Waudby et al. 2022), a ‘Matlock’
trap (Smith 2018), or a Pig Brig® passive net trap (Field
Engine Wildlife Research and Management LLC; Connecticut,
USA) (Waudby et al. 2022).

In Program A, immobilisation chemicals were delivered via
a dart rifle (DanInject JM Special, DanlInject, Kolding,
Denmark) or blowpipe (Teledart remote injection blowpipe
KitB16, Teledart, Westheim, Germany). Trapped pigs were
approached quietly on foot and darted from outside the
trap (less than 10 m; Fig. 2a). For all animals, the intended
dart administration site was the rump, and the intended
injection route was intramuscular. The blowpipe fired
1.0-mL pressurised darts, fitted with 1.25-inch (3.8-cm) plain
(non-barbed) needles. The dart rifle fired 2.5-mL pressurised
darts, fitted with 1.25-inch (3.8-cm) barbed needles (all barbs
were trimmed to a maximum length of 2-3 mm). The
immobilising agents used were xylazine (100 mg/mL; Ilium
Xylazil-100®; Troy Laboratories, NSW, Australia), combined
with TZ (Zoletil® 500 mg freeze-dried powder; Virbac,
Australia). Prior to darting, the body weight of each animal
was visually estimated and all animals received an intended
dose of approximately 2.0 mg/kg of each (Gabor et al. 1997).
Once an animal had been darted, the operators moved away to
reduce stress during induction while maintaining visual
contact (Fig. 2b).

Once recumbent, feral pigs were approached quietly on
foot. Animals were blindfolded with a blanket to reduce
visual stimulation and to prevent potential injury to their
eyes. Collars were fitted as quickly as possible while animals
were maintained in lateral recumbency (Fig. 2c). Active
cooling was achieved through cold water dousing (Fig. 2c),
as recommended by past studies (Sawicka et al. 2015).
Following completion of processing, the xylazine was
antagonised via intramuscular injection of either yohimbine
(mean 0.12 mg/kg per animal at 10 mg/mL; Reverzine®,
Bayer Animal Health, NSW, Australia), or atipamezole
(mean 0.17 mg/kg per animal at 5 mg/mL; Atipamezole®,
Troy Laboratories). Where possible, anaesthetic monitoring of
physiological parameters was performed immediately after
lateral recumbency was achieved and then approximately
every 10 min until the animal was standing. Heart rate was
recorded by auscultation; respiratory rate by counting chest
excursions; and body temperature by a thermometer placed
2-3 cm into the rectum.

Program B used a 10-mL pole syringe (Paxarms, Timaru,
New Zealand; Fig. 3) to deliver an intramuscular injection
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Fig. 2.

Sequential steps followed for deployment of telemetry collars on Australian feral pigs (Sus scrofa) via

darting with tiletamine-zolazepam and xylazine between 2012 and 2025: (a) darting method, (b) hindlimb
darting site, (c) water dousing for active cooling and (d) anaesthetic recovery.

Fig. 3.

of TZ (Zoletil® 500 mg freeze-dried powder) at an intended
dose of 4.0 mg/kg (erroneously reported as 1.0 mg/kg; Wilson
etal. 2023a, 2023b; Kelly et al. 2025), based on visual estima-
tion of each animal’s body weight. All pigs were injected in the
rump except for two that were injected in the neck.

Manual restraint

Pigs that were not chemically immobilised (Program C) were
secured inside the trap using a snout rope which was often

Equipment used for deployment of telemetry collars on Australian feral pigs (Sus scrofa) via pole syringe
injection of tiletamine-zolazepam between 2020 and 2024; (a) pole syringe, (b) detail of syringe mounted on pole,
and (c) Lotek collar being fitted to an immobilised pig.

attached to the pig using a hook on a pole. Once a pig was
snout-roped, the rope was tied closely to the side of the
trap, leaving little freedom of movement (Fig. 4c). Once all
pigs selected for collaring were secured within the trap, any
remaining pigs were allowed to leave through the trap gate
or an opened panel. Pigs selected for collaring were then
released from the trap one at a time by loosening the rope
from the trap and allowing them to leave, whereupon one of
their back legs was seized by an experienced feral pig handler
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Fig. 4.

AN

Sequential steps followed for deployment of telemetry collars on Australian feral pigs (Sus scrofa) via

manual restraint between 2021 and 2025:(a) capture inside the trap using a snout rope, (b) collar fitting, (c) a
collared pig tied to the side of the trap prior to being safely released, and (d) cooling with water prior to release.

and the pig was tipped onto its side. A second handler
sometimes assisted with tipping large pigs by grasping a
front leg. Once recumbent, the pig was restrained by the
handler with pressure on the upper shoulder and rump, being
careful to avoid limiting the chest excursions (Fig. 4b). The
head was then covered with a bag or cloth while the snout
rope was removed, and a collar and ear tag were fitted by
two other handlers. Body temperature was recorded using a
digital thermometer inserted 2-3 cm rectally. Pigs were
released as soon as possible once the collar was fitted. For
large, aggressive males, the snout rope was often left in place
during collaring so that the pig could be guided back into the
trap and allowed to wander away once all handlers were at a
safe distance (Fig. 4c).

Collar design and dimensions

Two collar types were used in Program A: a custom model
provided by Telemetry Solutions (California, USA) and
Lotek Iridiumtrack Heavy Duty 3D collars (Ontario, Canada).
Collar straps were 50-80 cm in circumference. Collar straps
were leather with foam padding, contoured with vertical
elongation. Program B also used Lotek Iridiumtrack Heavy
Duty 3D collars. Program C used Lotek Litetrack Iridium
750 PB+ collars (wild boar package), with foam-padded
synthetic webbing straps ranging between 50 and 65 cm in
circumference. Across all programs, all collars weighed
<1.1 kg, representing <4.5% of the mass of the smallest pig
collared (26 kg).

Duration parameters

We quantified induction time (IT), recumbent time (RT), and
total time (TT) for each pig (Hampton et al. 2016). For
manually restrained pigs in Program C, we also recorded
latent time (LT), which was defined as the period between
the trapping team arriving at the trap and the pig being
restrained on the ground. For chemically immobilised pigs,
we defined IT as the period between initial administration
of the immobilising agent and the onset of effective
immobilisation, and RT as the time from initial recumbency
to the return to standing. There was no IT for manually
restrained pigs as no drugs were administered. RT for manually
restrained pigs was defined as the period between restraint on
the ground and release, which equated to the time required
to safely restrain the pig and complete all procedures. For all
pigs, TT was defined as the cumulative total duration of all
procedures: IT + RT (Ponjoan et al. 2008). For manually
restrained pigs, we calculated a second TT that included the
latent period (TT;, = LT + RT). Durations of IT, RT and TT
were characterised for each program and capture method
using Kaplan-Meier survival functions (Kaplan and Meier
1958), which were implemented using the survival package
(v 3.7-0; Therneau 2024) for R (R Core Team 2024). To
assess the extent to which warmer temperatures may have
contributed to prolonged recovery in chemically immobilised
pigs, we used linear regression to estimate the relationships
between ambient temperature and RT for pigs in Programs A
and C.
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Mortality, hyperthermia and repeat darting

We quantified the frequency or proportion of several adverse
events associated with darting (following Hampton et al.
2016). For each program we used logistic regression to
estimate: (1) immediate mortality rate (the proportion of
animals that died during capture); (2) post-procedural
mortality rate (the proportion of animals that died from
causes other than deliberate culling or vehicle collisions
within 14 days of capture); and (3) hyperthermia rate (the
proportion of animals with mean rectal body temperature
>40.0°C; Ozeki et al. 2015). For Program A, we also quantified
the proportion of feral pigs that required more than one dart
for effective immobilisation (repeat darting rate; Hampton
et al. 2016) and the frequency of darts missing target zones
(rump and neck). Finally, we used linear regression to
estimate the relationship between RT and body temperature
for each method. We were unable to compare other potential
adverse effects of handling, such as physical injuries or
physiological stress, due to inconsistencies in data collection
among the three independent programs. All regression models
were fitted using JAGS (Plummer 2003) called via the runjags
package (v2.2.2-1.1; Denwood 2016) in R (R Core Team 2024),
using four chains of 15,000 draws, after discarding 5000 burn-
in draws. Model convergence and adequacy were assessed by
inspecting trace plots, density plots, effective sample sizes, and
the Gelman—Rubin statistic (Brooks and Gelman 1998).

Post-release movements

The GPS collar settings varied among sites, with the frequency
of location fixes ranging from 5 min to 1 h. To standardise the
comparison of pig movement patterns after release, we
thinned all location fix histories to hourly intervals. We
removed any location with a dilution of precision >5, to
eliminate potentially unreliable location data (Bjgrneraas
et al. 2010). GPS fixes recorded prior to the animal’s release
were discarded, and tracking data were restricted to the first
30 days post-release, beyond which capture effects were
considered negligible. Only data from animals with at least
27 days of tracking and a location fix success rate above
70% were included in the analysis.

We fitted a continuous time movement model (ctmm) to
each animal’s tracking data (Calabrese et al. 2016) and used
the fitted model to simulate trajectories for missing GPS fixes,
creating regular hourly trajectories (Fleming et al. 2018). For
each animal, we then calculated two metrics: the distance
between successive hourly location fixes (step length, in m),
and the distance from each location fix to the release site
(defined as the first GPS fix in the tracking dataset, also in m).

For both movement metrics, we expected a non-linear
trend over time with higher variability in the early days
post release before animals eventually returned to normal
activity patterns. We also expected the three treatments to
influence the pigs’ post-release movements. We therefore

fitted negative binomial general additive mixed models
(Wood 2017) for each metric (step length and distance to
release site) with treatment-specific means and smooth term
(cubic splines, n = 3) across the 30 days of tracking data. We
included site as a random effect (mean and smooth term). We
used the gam.check function to assess model convergence and
goodness of fit (K-index close to 1; Wood 2017). All spatial
data processing and model fitting was done in R v4.4.1 using
the packages ctmm (v1.2.1, Calabrese et al. 2016), move (v4.2.6,
Kranstauber et al. 2024) and mgcv (v1.9-1, Wood 2011).

Results

Collaring events were recorded for 114 feral pigs in Program A
(TZX darting), 155 pigs in Program B (TZ pole syringe), and 91
pigs in Program C (manual restraint). LT for manually
restrained pigs, prior to restraint, ranged from <1 to 64 min
(median = 12.7 min). Median IT did not differ between
pigs chemically restrained by darting in Program A (4 mins;
95% CI = 4, 5 min) or by pole syringe in Program B (4 min;
95% CI = 3, 4 min), although only pigs darted in Program
A had an IT > 20 mins (n = 7, max IT = 53 min, Fig. 5). RT
were shorter for manually restrained pigs in Program C
(median = 4 min; 95% CI = 3, 5 min) than for chemically
immobilised pigs in Programs A (median = 52 min; 95%
CI = 48, 57 min) or B (median = 65 min, 95% CI = 63,
70 min). Most pigs (73%) in Program A were sufficiently
recovered from immobilisation to leave the site within 1 h,
but only 27% of pigs in Program B had recovered within 1
h. A similar pattern was apparent with total time: pigs in
Program C had a much shorter TT (median = 4 min; 95%
CI = 3, 5 min) than those in Program A (median = 60 min,
95% CI = 55, 63 min), which was shorter than those in
Program B (median = 70 min, 95% CI = 66, 74 min). Total
time for pigs in Program C remained much shorter than for
chemically immobilised pigs when LT was included
(median TT; = 18 min, 95% CI = 16, 20 min).

Linear regression identified a slight positive relationship
between ambient temperature and RT for pigs that were
immobilised with TZ in Program B. Expected RT increased
by 0.9 min (95% highest posterior density interval [HPDI] =
0.2, 1.5 min) with every 1°C increase in ambient temperature.
No similar relationship was identified for TZX pigs in Program
A (slope = 0.09, 95% HPDI = -1.1, 1.4).

The immediate mortality rate for pigs darted in Program A
was 0.01 (95% HPDI = 0.00, 0.03). The one pig that died
during capture was darted in the rump with a single dose
of TZX and strongly resisted immobilisation before being
collared and dying during recovery. No pigs in Programs B
or C died during capture, but two pigs in Program B and
one in Program C died within 24 h of being released (post-
procedural mortality rate for each program = 0.01, 95%
HPDI = 0.0, 0.03). Excluding those pigs that died as a result
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Fig. 5. Kaplan—Meier survival curves showing time-to-event data for
processing of feral pigs for telemetry collar deployment using one of
three restraint methods, between 2012 and 2025. Displayed are (a)
induction time (IT), (b) recumbency time (RT), and (c) total time (TT). The
dotted line in panel (c) indicates total time for Program C including a
latent time (LT) before recumbency. Shaded ribbons represent 95%
confidence intervals.

of vehicle collisions (n = 1 each in Programs A and C) or being
shot during pest control works (n = 2 each in Programs A and
C), no other pigs died within 14 days of release. Fifteen of the
114 pigs in Program A were darted twice (repeat darting
rate = 0.13). Two of these pigs were initially darted in non-
target areas: one in the abdomen, slightly forward of the rear
leg, and one above the scrotum. There were no clear
differences in hyperthermia rate among Programs A (0.18,
95% HPDI = 0.11, 0.25), B (0.19, 95% HPDI = 0.13, 0.26), or
C (0.18, 95% HPDI = 0.10, 0.25), and mean body tempera-
tures were very similar among programs (A 39.0°C, s.d. =1.2;
B 38.9°C, s.d. = 1.4; C 38.6°C, s.d. = 1.5). Body temperature
was greater in pigs with longer RT in Program C, but not in
Programs A or B (Table 2).

Table 2. Regression coefficients describing body temperature of feral
pigs restrained using three different methods as a function of duration
of recumbency (RT).

Program n  « (95% HPDI) P (95% HPDI) RT range

(min)
A (TZX dart) 99 397 (387,40.6) —001(—0.02,0.00) 13,330
B (TZ pole syringe) 154 387 (381,39.3)  0.00 (=0.01, 0.0 15 171
C (Manual restraint) 85 383 (37.8,387)  0.07 (0.02, 0.13) 1,31

Drug dosage and anaesthesia observations for all feral pigs
are presented in Table 3. Realised drug doses were calculated
retrospectively after estimation of body weight post-darting.
Mean realised dosages of xylazine in Program A (2.5 mg/kg)
were 25% higher than the intended dose of 2.0 mg/kg. Mean
realised dosages of TZ were 30% higher than the intended
2.0 mg/kg in Program A (2.6 mg/kg), and 10% lower than
the intended dosage of 4.0 mg/kg in Program B (3.6 mg/kg),
see Table 1. Twenty-eight pigs in Program A did not receive

Table 3. Capture, handling and monitoring variables recorded during
restraint of feral pigs, showing key inputs and measured outputs
relevant to animal welfare outcomes.

Variable Program A Program B Program C
(TZX dart)  (TZ pole (manual
syringe) restraint)
Ambient temperature (°C) 192 +55 224 +81 192 +49
Animal mass (kg) 58.6 +19.1 615 +17.9 NR
Tiletamine-zolazepam dosage 257 +0.86 3.59 + 0.94 NA
(me/ke)
Xylazine dosage (mg/kg) 250 + 0.74 NA NA
Yohimbine dosage (mg/kg) 0.1 + 0.03 NA NA
Atipamezole dosage (mg/kg) 0.18 + 0.05 NA NA
Heart rate (beats/min) 757 + 241 NR NR
Respiratory rate (respirations/min) ~ 32.5 + 15.0 NR NR
Latent time (min) NR NR 13.4 +10.5
Induction time (min) 71+85 43+ 21 NA
Recumbent time (min) 581+ 341 698 +£292 60+54
Total time (min) 649 +376 741293 193109
Injury score (scaled 0-4) NR NR 02 + 04
Body temperature (°C) 390+12  389+14 386 +15
Hyperthermia proportion 018 £ 0.03 0.19+0.03 018 + 0.04
Repeat drug administration 0.13 + 0.03 0.00 NA
proportion
Immediate mortality proportion 0.01 + 0.01 0.00 0.00
Post-procedural mortality 0.00 0.01 £ 0.01 0.01 + 0.01

proportion

Values are reported as means or proportions + standard deviation. Total time for
Program C includes latent time. Yohimbine was administered to 31 pigs and
atipamezole to 54 different pigs.

NA, not applicable; NR, not recorded.
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the intended antagonist (yohimbine or atipamezole) because
they were deemed to be sufficiently recovered by the end of
processing.

Tracking data were available for 210 pigs distributed
across 17 sites. We discarded records from 35 of these pigs due
to insufficient duration (<27 days, n = 23) or low location fix
success rate (<70%, n = 12). The resulting movement dataset
comprised 124,500 hourly GPS locations from 175 pigs
(Program A = 70, Program B = 24, Program C = 81).

The mean distance between hourly GPS location fixes (step
length) was similar among the three treatments during the
30-day post-release period (Program A = 164 m, 95% CI:
104, 224 m; Program B = 226 m, 95% CI: 152, 300 m;
Program C = 161 m, 95% CI: 114, 209 m). The expected
step length remained constant over time for all programs
(Fig. 6a). Two chemically immobilised sows (one each in
Programs A and B) showed high daily step lengths for the
first 4 days after capture before settling to levels consistent
with expected values. Two boars in Program B showed
consistently higher than expected daily step lengths for the
entire 30-day period.

The mean distance that pigs travelled from their release
site (displacement) was lowest for the pigs subjected to manual
restraint in Program C (1323 m, 95% CI: 778, 1868 m),
followed by pigs immobilised by darting in Program A (1969 m,

(a)

95% CI: 897, 3040 m) or pole syringe in Program B (2271 m,
95% CI: 1262, 3280 m). The expected displacement increased
over the first 4 days post-capture for pigs in all three programs
(Fig. 7b). All manually restrained pigs showed consistent
behaviour after release, with narrow confidence intervals around
the expected displacement distances. The sow in Program B that
showed a high expected daily step length for the first 4 days after
capture also showed a higher-than-expected displacement during
the 30 days after capture, resulting from a dispersal > 15 km. Pigs
immobilised by darting in Program A showed the greatest
variability in displacement (Fig. 7b). This was influenced by one
highly mobile individual that was translocated approximately
12.5 km before being released and then dispersing approximately
25 km from its release site (Smith et al. 2025).

Discussion

This comparative assessment of three restraint methods for
deploying telemetry devices on feral pigs demonstrates the
value of integrating animal welfare metrics into wildlife
handling protocols. By using standardised metrics, such as
time-to-event data and the frequency of adverse events, we
were able to compare outcomes across independent studies.

12 3 4 56 6 7 8 9

Step length [m]
o
o
o

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

12 3 4 5 6 7 8 9

3000
2500
2000
1500
1000

500

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

12 3 4 5 6 7 8 9

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Days since release

Program = A (Dart)

Fig. 6.

B (Pole syringe) & C (Manual restraint)

Expected daily step length of 175 feral pigs captured in one of three research programs using different methods for

immobilising and handling animals. Coloured trend lines and ribbons represent expected values and their 95% confidence
intervals for each capture program, and grey lines represent expected values for each pig within the program.
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Expected daily displacement from the point of release for 175 feral pigs captured in one of three research programs

using different methods for immobilising and handling animals. Coloured trend lines and ribbons represent expected values
and their 95% confidence intervals for each capture program, and grey lines represent expected values for each pig within

the program.

This provided two distinct benefits over previous studies: (1)
greater inferential power arising from larger sample sizes
than have previously been available, and (2) stronger support
for broader inference because outcomes were replicated
across independent studies conducted by different teams
under different environmental and operational conditions.
The resulting data can help to refine existing practices or
develop alternative approaches. This, in turn, should assist
with the optimisation of future operations for animal welfare,
while improving the reliability and utility of tracking data for
ecological research and management.

Acute stress durations

In this study, we found that the total time from drug
administration to release was shorter for pigs immobilised
with TZX via darting (Program A) compared to those given
TZ alone via pole syringe (Program B). Expected IT were
generally similar between the two treatments and were
comparable with previous studies using similar drugs and
capture methods (Gabor et al. 1997; Ellis et al. 2019).
However, seven TZX darted pigs experienced prolonged
inductions (>20 min).

Darted pigs also showed a wider range of recumbency
durations than those immobilised using a pole syringe,

including the pig initially darted in the abdomen, which
took 5.5 h to recover sufficiently to move away from the site,
despite the administration of yohimbine. Nonetheless, the
shorter expected (median) RT observed in pigs darted with
TZX demonstrates the value of reversable immobilisation
agents that allow a lower dose of TZ, thereby expediting
recovery and reducing unnecessary physiological stress (Ellis
et al. 2019). The shorter expected recumbency duration for
TZX darted pigs, relative to pigs immobilised using TZ
delivered via pole syringe, resulted in a lower expected total
time, despite the slightly longer expected induction duration.
However, the wide range of durations experienced by darted
pigs shows the importance of examining and reporting the
full range of conditions experienced by individual animals
subjected to different regimes, rather than just reducing
durations to average values.

The slight positive relationship between ambient
temperature and RT for pigs that were administered TZ
via pole syringe in Program B suggests that high ambient
temperatures may have compromised recovery in these
pigs, which received higher TZ doses and were exposed to a
greater range of high temperatures than pigs that received
TZX. However, the effect size was very small. Other factors
that we were unable to directly compare in this study, such
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as physiological stress responses, may have had a much
greater impact on RT.

Pigs that were manually restrained had much shorter
recumbent and total times than chemically immobilised pigs.
Most manually restrained pigs (85%) were collared and
released within 15 min of restraint. Exceptions occurred when
pigs were held while time was taken to modify collars that did
not match the neck size of the pig. The shorter recumbent and
total times for processing manually restrained pigs were
driven by two main factors: (1) the absence of induction and
recovery times, and (2) a greater level of urgency imposed by
the inability to process several pigs simultaneously, unlike
chemically immobilised pigs in Programs A and B. The short
recumbent periods obtainable through manual restraint may
sometimes be desirable for minimising the duration of
exposure to stressors. However, the focus on expediency
and limited range of interventions that can be performed
on manually restrained pigs does limit the wider utility of
this technique. Moreover, safe manual restraint requires
experienced and physically capable pig handlers, working
in a well-coordinated team with clear roles and effective
communication throughout the handling process.

Long latent periods (>30 min) between arrival at a trap and
restraint of a pig sometimes occurred in Program C when three
or more pigs were collared from the same trap, as animals
were handled sequentially, rather than simultaneously. The
duration of the latent period between a handling team
arriving at a trap and restraining a captured animal was not
recorded for Programs A or B and has not generally been
reported in previous studies, although in many cases much
of this period will be captured in the IT. The latent period
represents a potentially important window during which
animals are subjected to stress prior to handling. Prolonged
exposure to stressors such as the presence of the handling
team can induce heightened physiological stress responses in
wild pigs (Lavelle et al. 2019). Stress-induced activation of
the sympathetic nervous system can cause a surge in
catecholamine levels, which can interfere with the efficacy
of a-2 agonists like xylazine (Kreeger et al. 2023).

The wide variation in RT, especially among darted pigs, is
consistent with previous studies and likely reflects individual
differences in stress levels at the time of immobilisation
(Barasona et al. 2013; Brogi et al. 2019; Lavelle et al. 2019).
In addition to the latent period proposed above, several other
factors have been identified as likely contributors to the
intensity of stress responses and consequent resistance to
immobilisation. These include the type and size of trap
used, the number of animals captured together, and the
duration of confinement prior to immobilisation. Larger traps
and greater numbers of pigs per trap may lead to heightened
stress, as animals have more space to move and can become
agitated by the behaviour of others in the trap (Fenati et al.
2008; Barasona et al. 2013; Brogi et al. 2019; Lavelle et al.
2019). Given the high variability in immobilisation responses
and the uncertainty surrounding contributing factors, it is

important that captured animals are closely monitored
throughout all stages of capture and handling. Handling
teams must be prepared to administer additional doses or
antagonists as needed.

Hyperthermia

Prolonged immobilisation or recumbency can increase the
risk of physiological complications in wild animals, including
feral pigs (Ellis et al. 2019). Extended periods of immobili-
sation can exacerbate thermoregulatory stress, particularly
under warm ambient conditions, due to pigs’ limited capacity
for heat dissipation. This risk may be increased by the
peripheral vasoconstriction that can occur with a-2 agonists,
which has been reported in pigs (Lee et al. 2010) and other
ungulates (e.g. Roug et al. 2024), and which can reduce
peripheral heat loss and thereby interfere with thermal
regulation. However, there was no clear difference in the
frequency of hyperthermia across the three restraint programs.
The slight positive relationship between body temperature and
recumbency duration in manually restrained pigs was offset by
the short recumbency duration for these pigs. Nonetheless, the
combination of prolonged immobilisation, warm to hot ambient
temperatures (up to 43°C), and impaired thermoregulation as a
side effect of immobilising agents, likely contributed to the
elevated body temperatures observed in some individuals.
Pigs were often actively cooled by dousing with water during
and after handling (Figs 2 and 4), but the effectiveness of
this intervention may be reduced when immobilisation or
recumbency is extended (Leiberich et al. 2023). To minimise
the risk of hyperthermia, handling teams should implement
appropriate cooling strategies, particularly under hot environ-
mental conditions. Pre-emptive water cooling, including wetting
down of the inside of the trap, is recommended for chemically
immobilised pigs. However, for manually restrained pigs, water
is often best applied immediately prior to release to avoid
handling difficulties and compromised safety associated with
wet and muddy animals.

Mortality

Previous studies have proposed that two separate mortality
rates should be reported for studies involving chemical
immobilisation of wildlife: mortality at the time of capture
to account for acute trauma, and mortality within 14 days
post-capture to account for chronic metabolic diseases (e.g.
capture myopathy; DelGiudice et al. 2005; Hampton et al.
2016). The 1% immediate mortality rate for TZX darted
pigs in the present study was similar to previous studies in
which pigs died or were euthanised during handling due to
hyperthermia or trap-related injuries (0.02-10.6% mortality;
Fournier et al. 1995; Fenati et al. 2008; Barasona et al. 2013;
Ellis et al. 2019; Morelli et al. 2021).

The absence of mortality during capture and handling
among the 246 pigs immobilised using pole syringing or
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manual restraint demonstrates that significant mortality is not
an inevitable outcome of capture and handling. However, all
three post-procedural deaths occurred within 24 h of release
of pole syringed or manually restrained pigs, suggesting that
acute physiological stress, rather than chronic metabolic
conditions, may have been the underlying cause. Notably, the
pig that died following manual restraint was captured from a
population experiencing food and water scarcity (Site YB,
Bengsen et al. 2025), which may have reduced its capacity
to cope with additional stressors. Post-mortem investigations
were not possible for this animal as it had been almost
completely cannibalised within 24 h.

Repeated darting

Across all darted pigs, the repeat darting rate of 13% was
within the wide range of repeated or supplemental drug
administration rates reported in the literature (0.02-0.31;
Fenati et al. 2008; Barasona et al. 2013; Morelli et al. 2021).
The average of 1.1 darts per pig in the present study compares
favourably to a study comparing different trap designs, which
reported that an average of 1.7 darts were required per pig,
due to poor dart placement (Lavelle et al. 2019). Unlike darts,
pole syringes are not greatly affected by wind or animal
movement, potentially making them more reliable for
delivering the intended dose to the target muscle group,
which should produce more consistent induction. Pole syringes
are also considered less likely to cause traumatic injuries than
darts, which can be fired at relatively high velocities from dart
guns (Cracknell 2013). However, they are impractical for use in
large corral or net traps in which pigs have substantial freedom
of movement and can easily avoid the syringe.

Post-release behaviour

Many studies have reported a period of subdued activity in
ungulates, including wild pigs (Brogi et al. 2019), lasting
several days after collaring (Stiegler et al. 2024). The absence
of any change in expected daily step length in the three
programs examined in the present study suggests that none
of the capture and handling protocols inhibited the motility,
or capacity for movement, of captured feral pigs. However,
the slight increase in displacement from the point of release
observed in all programs over the first 4 days suggests that
capture and handling did have an intermittent effect on pigs’
mobility, or range of movement. The duration of reduced
mobility in the present study (4 days) was substantially less
than the 10-day period over which both motility and mobility
were depressed in wild pigs immobilised using TZ or TZX in a
European study (Brogi et al. 2019). A recent review found that
63% of ungulate studies with suitable data reported similar
results, with displacement tending to increase over the first
4-7 days after release (Stiegler et al. 2024). It is commonly
supposed that the intensity of behavioural disruption is
related to the duration of chemical immobilisation (e.g. Brogi

et al. 2019; Stiegler et al. 2024). However, the consistency
of reduced mobility across all programs in the present study,
and the presence of behavioural disturbances in other
ungulates handled without chemical immobilisation (Morellet
et al. 2009; Bengsen et al. 2021), suggests that it is not solely
a response to exposure to neurologically active chemicals.
These findings reinforce the need to anticipate short-term bias
in tracking collar data immediately following deployment,
regardless of the capture or handling method used (Morellet
et al. 2009; Stiegler et al. 2024).

Study limitations

This study drew on post hoc data collected from three
independent research programs, each employing different
capture, restraint and data collection methods. While this
approach allowed for broad comparisons and increased
inferential power, it also introduced several limitations
related to data consistency and completeness. First, drug
combinations were confounded with administration method.
This made it impossible to clearly separate differences in
outcomes that might have been due to the use of TZ or TZX
from those due to the use of remote darting or pole syringing.
Second, latent periods were only recorded for manually
restrained pigs in Program C. Exposure to the trapping team
in the period between the team’s arrival and immobilisation
or restraint could be an important stressor for trapped
animals, but absence of these data from Programs A and B
precludes a full comparison of peritraumatic stress across
methods. Third, the number of other pigs present in the trap
was only recorded for Program C. Group size and social
dynamics within traps are expected to influence stress
responses and chemical immobilisation efficacy, but the
lack of these data for Programs A and B limits our ability to
assess its role in observed outcomes. Fourth, trap-related
injuries were not consistently recorded or scored across
programs. While one program scored injuries consistently,
and field notes confirmed that minor injuries occurred in all
programs, the absence of systematic injury data prevented
robust comparisons of physical trauma across restraint
methods.

Recommendations

The limitations of this study reveal the need for more
standardised data collection and reporting protocols in future
telemetry studies involving feral pigs or similar species.
Consistent recording of latent periods, group sizes, the
nature and frequency of injuries, and confinement duration
would enhance the reliability of welfare assessments and
improve the comparability of results across studies. Injuries
could be scored using simple scales (Webb et al. 2008), as
occurred in Program C and for some pigs in Program B, or
using more detailed criteria as provided by international
standards (e.g. ISO 1999). In addition to physical injuries,
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the systematic recording and reporting of other adverse
events (e.g. regurgitation, respiratory depression, prolonged
induction, and extended recovery) would provide a greater
evidence base for refining immobilisation and handling
protocols. These data would enable more powerful post hoc
comparisons and support the development of best-practice
approaches optimised for animal welfare outcomes. Where
feasible, study designs (or minimum datasets) should also
aim to disentangle the effects of drug protocol from those
of delivery method (e.g. darting vs pole syringe), so that
welfare outcomes can be more confidently attributed to
specific components of the restraint approach.

To our knowledge, this study is the first to directly compare
manual restraint with chemical immobilisation for handling
feral pigs. While previous studies have asserted that chemical
immobilisation is necessary to reduce physiological stress and
improve study outcomes (e.g. Brogi et al. 2019; Ellis et al.
2019), our findings did not support this assumption.
Manually restrained pigs experienced significantly shorter
durations of stress (even when LT was added to these pigs
only), avoided the neurological and physiological effects of
immobilising agents, and showed no difference in the
frequency of adverse outcomes. Their post-release spatial
behaviour was comparable to that of chemically immobilised
pigs for at least 14 days. Manual restraint does require
experienced handlers and also limits the scope and duration
of interventions that can be performed. However, mechanical
aids can facilitate longer or more complex procedures (e.g.
Lavelle et al. 2021). Manual restraint should be considered
a viable option for studies where extended or painful
interventions are not required.

When chemical immobilisation is desirable, drug
combinations that include reversible agents (e.g. xylazine
with yohimbine or atipamezole) offer clear advantages
(Caulkett and Arnemo 2024). These combinations allow for
more controlled immobilisation and faster recovery, reducing
the duration of physiological stress and improving animal
welfare outcomes (Cattet et al. 1999). However, reversible
drug regimes sometimes necessitate the use of immobilising
agents that are less widely available, or more expensive. Their
use must also be balanced against potential complications
such as respiratory depression and hypoxaemia. Notably,
none of the methods described here used intra-nasal oxygen
supplementation, which is routinely used for species known
to be more susceptible to hypoxaemia, hyperthermia and
capture myopathy, e.g. chital/axis deer (Axis axis; Hampton
et al. 2021). Supplemental oxygen should be provided
whenever feasible, to mitigate hypoxaemia and improve
overall safety during immobilisation (Ellis et al. 2019).
Hypoxaemia appears to be common in wild suids and may
not be reliably identified in the field using pulse oximetry
alone (Ellis et al. 2019; Morelli et al. 2021). However, mild
hypoxaemia may resolve without intervention, and oxygen
supplementation during feral pig immobilisation has not

yet been widely adopted in practice. Controlled studies
evaluating the benefits (and practical feasibility) of supple-
mental oxygen in chemically immobilised feral pigs in the
field would provide valuable clarity.

The method of drug administration is also likely to play an
important role in the consistency and safety of immobilisa-
tion. Pole syringes generally offer more reliable delivery to
target muscle groups and are less prone to complications
arising from poor dart placement or environmental factors
such as wind. They are also less likely to cause traumatic
injuries. However, pole syringes are impractical in larger
traps where pigs have substantial freedom of movement.
Handler experience and training are also important
considerations (Cracknell 2013), and optimal outcomes are
most likely when handlers are well-trained in, and familiar
with, the equipment they use.

Finally, it is important for researchers to take a proactive
role in documenting and publishing animal welfare outcomes
arising from their interventions. Transparent reporting not
only strengthens the scientific foundation of wildlife
management practices but also fosters informed, evidence-
based dialogue about acceptable research methods. Publishing
animal welfare data helps to dispel misconceptions, counter
emotionally driven critiques, and refine techniques based on
empirical evidence rather than assumptions (McMahon et al.
2012). By embedding welfare assessments into study design
and reporting, researchers contribute to a culture of
accountability and continuous improvement.

Conclusion

We used a standardised animal welfare assessment framework
to quantify and compare durations of procedures and exposure
to stressors, frequencies of adverse events, and post-release
movement patterns across methods. Our findings show that
manual restraint, when performed by experienced handlers,
can offer a safe and efficient alternative to chemical immobili-
sation. When chemical immobilisation is appropriate, drug
combinations that include reversible agents, such as xylazine
with yohimbine or atipamezole, can reduce recovery times
and physiological stress. The method of drug delivery also
matters: pole syringes can provide more consistent IT and
fewer complications than darting.

Ultimately, the choice of restraint method must be guided
by the specific goals and constraints of each study. Animal
welfare considerations should always be prominent in both
planning and reporting. We encourage researchers to use
standardised data collection protocols and to publish detailed
welfare outcomes to support evidence-based refinement of
wildlife handling practices. Doing so will not only improve
the ethical foundation of telemetry studies but also enhance
the quality and reliability of the data they produce.
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