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ABSTRACT In wildlife shooting programs, the energy profilietloe projectile or bullet (i.e.,

kinetic energy transferred to the animal), as nigstirom caliber (projectile diameter), is an

important factor for animal welfare. We examined thle of projectile energy in determining

animal welfare outcomes for a typical European ital@ryctolagus cuniculyssharpshooting

program. We compared 2 projectiles of differentrgnerofiles: low-energy 40-grain .22



long rifle rimfire (.22LR; 198 J) bullets and higmergy 40-grain .222 Remingfbrenterfire
(.222R; 1,433 J) bullets, fired under similar caiaais on 3 nights in September 2014, on a
livestock grazing property near Broken Hill, Newu#oWales, southeastern Australia. We
used a thermal-imaging camera to collect antemodaia from 500 rabbits that were shot at
varying distance. We collected postmortem datasigaal inspection from 482 rabbits that
were killed. We used these data to compare 3 anireléire parameters: wounding rate,
duration of suffering, and ballistic injuries. Weet used regression modelling to measure the
effect of projectile type on these welfare paramset¢hile accounting for shooting distance.
All animal welfare parameters indicated that .2228jectiles were more humane than .22LR
projectiles. When controlling for distance, for loétb shot with a .22LR compared with a
.222R, the odds of nonlethal wounding increased factor of 8 and noninstantaneous death
increased by a factor of 9. All animal welfare paeters declined with increasing distance for
both projectiles. Our results show that projeaitergy and shooting distance were critical
determinants of animal welfare outcomes in wildéfeoting programs.

KEY WORDS ammunition, Australia, ballistics, European rapbérvestingQOryctolagus
cuniculusthermal imaging, wounding.

(WILDLIFE SOCIETY BULLETIN 00(0):000-000; 201X)

The shooting of wildlife using firearms is a commaarldwide wildlife-management

activity. Shooting is particularly useful for mamag populations considered overabundant
(e.g., white-tailed deeddocoileus virginianysn the United States; Doerr et al. 2001,
badgers Meles meldsn the United Kingdom; Jenkins et al. 2010) onfested as a resource
(e.g., impalaAepyceros melamplum South Africa; Lewis et al. 1997, kangarodacropus
spp.] in Australia; Department of Environment anetithge 2008). There is ongoing concern
about the animal welfare outcomes of wildlife siogtprograms, particularly the occurrence
of animals that are not rendered immediately ingémer those that escape wounded

(Stormer et al. 1979, Aebischer et al. 2014). Hamget al. (2018) presented a framework



for assessing welfare outcomes in ground-shootingreestrial wildlife through the
quantification of 4 key parameters: wounding r&téR(), mean time to death (TTD),
instantaneous death rate (IDR), and the anatoraication of bullet wounds. However, few
terrestrial studies have investigated how changegé¢rating procedures could improve

welfare outcomes (Caudell 2013).

One knowledge gap for terrestrial wildlife-shogtiprograms is how firearm and
bullet configurations influence the outcomes ofairg programs (Caudell et al. 2013).
Projectile energy is an important parameter fodistsi of ballistics and describes the kinetic
energy transferred by a projectile to its targetjrothe context of wildlife shooting, animal
tissue (Caudell 2013). The kinetic energy deliveseaf critical importance for the capacity
of physical killing methods to induce instantanemsensibility. This has been demonstrated
for kill-traps (Warburton and Hall 1995), captivetbeuthanasia devices (Blackmore 1985,
Sharp et al. 2015), euthanasia of livestock by shgdU.S. Department of Agriculture 2004,
Thomson et al. 2013), and marine mammal shootirg(iSt and Cattet 2004, Jen and
Knudsen 2007, Morner et al. 2013, Hampton et d@l58) Projectile energy is also an
important determinant of the outcomes of wildlifatthg (Valkenburg et al. 1999, Cattet et

al. 2006) and archery (Grellner et al. 2004).

Projectile energy differs from projectile calibére latter describes the diameter of the
projectile but not the velocity it travels with. tammon use, ‘caliber’ is often used to also
describe the length of bullet casings (e.g., .226R22WMR; Barnes 2009). Kinetic energy
is most commonly measured as muzzle energy, desgtile energy of the projectile as it is
expelled from the muzzle of a firearm (Caudell 2053 the bullet travels through the
atmosphere, it decelerates because of drag, regithmrkinetic energy of the projectile as
shooting distance increases (Farjo and Miclau 1987@ kinetic energy of any projectile can
hence be calculated at any given distance fronmilnezle (e.g., 50 m), but can rarely be

controlled for in wildlife-shooting environmentsehlice, muzzle energy is a more useful



measure of projectile energy (Caudell 2013). Mueriergy is most simply expressed in

joules (J); the accepted equation for calculatingzte kinetic energyEx, is
1
E. ==mV,
“ 2

wherem is mass (kg) andis velocity (meters per second; m/sec; Thomsah. &013).

Our objective was to evaluate the role of projeanergy in animal welfare outcomes
for wildlife shooting programs. We assessed théoperance of 2 projectiles in nocturnal
sharpshooting of wild European rabbi@ryctolagus cuniculys We chose European rabbits
as our case study for 3 reasons. First, they wersubject species for a recent study
demonstrating the quantification of animal welfpegameters for wildlife shooting methods
(Hampton et al. 20E). Second, European rabbits have a global distabuare often
considered overabundant where they occur, andoanenonly controlled by shooting across
their range (Angulo and Villafuerte 2004, Henninngle 2005). Third, a national standard
operating procedure (SOP) for shooting Europeabit@ain Australia stipulates that many
different shooting methods and firearm types maysed (Sharp 20b2. Thermal imaging,
which has become an important technique for noatuwsidlife observation (Brawata et al.
2013), was used to observe shooting events follgwiethods used to assess welfare
outcomes in the shooting of European badgers itJthieed Kingdom (Department for
Environment, Food and Rural Affairs 2013) and kaaga in Australia (Hampton and
Forsyth 2016).

STUDY AREA

We conducted our study on an extensive livestoakigg property near Broken Hill, New
South Wales, southeastern Australia (3233844°0Z). The property had a semiarid
climate; vegetation was a mixed shrubland—grasstantmunity typical of extensive
livestock grazing properties in southern Austréankerley and Brown 1999). The property

had high rabbit densities and was used for commldrangaroo and rabbit shooting.



METHODS

Field Protocol

We conducted sharpshooting on 3 nights (dusk datin) from 6 to 8 September 2014.
Shooting was conducted on nights with clear weathdrwithin 4 days of a full moon. The

research was conducted under Murdoch Universityahethics permit 02673/14.

We used a customized ToyBtaandcruiset single-cab tray-back utility 4-wheel
drive vehicle (Toyota, Toyota City, Japan), witheenovable windscreen (as per Lewis et al.
1997) as the platform for the shooter and obseWerused the same observer and shooter to
conduct this research because a large volume afidat to be collected in a short period of
time for each shot fired, while maintaining awarenef the safety issues present in a
shooting environment (Pierce et al. 2015). The nlesgJOH) was a veterinarian experienced
in collecting animal welfare data from wildlife sbtong programs. The shooter was an
experienced marksman and accredited sharpshootesrfimercial kangaroo harvesting

(Department of Environment and Heritage 2008).

The shooter drove the vehicle (5—-10 km/hr), asspardard practice in sharpshooting
for commercial harvesting in Australia (DepartmehEnvironment and Heritage 2008), with
the observer standing on the tray directly behiredshooter. A roof-mounted spotlight (100-
watt, 240-mm-diam spotlight; Powa Beam, BillinudgeSW, Australia), controlled by the
shooter, swept back and forth over an arc of 18@tbncentrated on the area in front of the

vehicle. The shooter located rabbits either diyeatlby the reflection of light from their eyes.

The shooter used 2 rifles of .22 caliber—a Rtig&turm, Ruger and Co. Inc.,
Southport, CT, USA) .22 long rifle rimfire rifleQ2LR; Table 1) and a Kri€o(Krico,
Pyrbaum, Bavaria, Germany) .222 Remingtoenterfire rifle (.222R; Table 1). The .22LR
rifle was fitted with a Kahléstelescopic sight (Kahles, Guntramsdorf, Australd the

.222R was fitted with a Tas@delescopic sight (Tasco Holdings, Inc., Miramdr, BSA).



We fixed both telescopic sights on 6x magnificationl zeroed the rifles at 50 m prior to
shooting. We did not randomize rifle selectionheaf we alternated the 2 rifles every 60

minutes.

We used factory-loaded ammunition. For the .22uR used Winchest@iPower-
Poinf® 40-grain hollow-point ammunition (Winchester Awsia Ltd., Moolap, VIC,

Australia), as per Hampton et al. (2@)L5or the .222R, we used Fed&rs-Shock® 40-
grain hollow-point polymer-tipped ammunition (FealedPremium Ammunition, Anoka, MN,
USA). Both are widely commercially available andarcoonly used in European rabbit
shooting programs in Australia (e.g., Marks 201tar$ 2018). Both projectiles had the
same caliber (projectile diam of 0.22 inch) andgle(40 grains) and, hence, sectional
density (SD; Table 1). Sectional density is an intgot ballistic parameter influencing tissue
penetration because it represents the ratio objegiile’'s mass to its cross-sectional area (see
Ordog et al. 1984, Hampton et al. 261.5The kinetic energy profiles (muzzle energy)lod t
2 projectiles were 198 J for the .22LR and 1,48% dhe .222R (Barnes 2009) because of a
large difference in muzzle velocity (Table 1). T®@P specifies that rabbits should be shot,
with the aid of a spotlight, in the cranium or torwith a rifle of minimum .22 rimfire
caliber and maximum .223 centerfire caliber (Stzp).

Animals were shot opportunistically. We did naemmtionally select for size. When a
stationary rabbit was located and the shooter ohéted the animal was within ‘ethical range’
(i.e., the rabbit would likely be humanely killedtlva low probability of wounding or
missing; Caudell et al. 2009), the shooter engélgedarget. The shooter made all decisions
regarding which animals to shoot at and from whstadce. Because the 2 projectiles we
used had very different muzzle velocities (Tableahd hence capacity for accuracy, the
ethical shooting distances were expected to beréifit, with the shooter expected to observe
a shorter ethical range for the less powerful .228Rarp 201B). At no time was shooting

undertaken from a moving vehicle or at a movingraai Following Sharp (2013, the



spotlight was focused on the target animal; andgtiuoter, at their discretion, shot at its
thorax or cranium. If a rabbit was wounded butneoidered insensible from the initial shot,
the shooter fired follow-up shots at the same ahiagaper Sharp (20b2

Following Hampton et al. (2085 the observer recorded all shooting events,
including the number of shots fired at each anislaboting distance, time to death for killed
animals, and the occurrence of animals that weselslt not killed. We defined time to death
(TTD) as the time taken until irreversible unconssiness and insensibility occurregrisu
Daoust et al. 2013), and the observer recordesitht@number of seconds elapsed between
the first shot to hit the animal and the momentahinal fell and did not move, with sudden
relaxation of the body, including the absence spimatory movements (Lewis et al. 1997,
Daoust et al. 2013, Hampton et al. 2014, HamptehFamsyth 2016). We defined
instantaneous death rate (IDR) as the proporti@nwhals for which TTD was zero, while
we defined wounding rate (WR) as the proportioammals wounded but not killed in the
observation periodsénsuStormer et al. 1979). We defined killing efficaaythe proportion
of shot animals that were killed (i.e., [1 — WRflowever, this definition was limited by
requiring death to be visually confirmed and, threpresents a minimum estimate.

The observer used thermal-imaging observation odstieveloped for the study of
European badger shooting techniques (Departmeiirfeironment, Food and Rural Affairs
2013). Thermal imaging has been shown to offerrs¢u@portant advantages over
traditional spotlighting for night-based observataf wildlife (Focardi et al. 2001, Brawata et
al. 2013). A Guide IR 518C monocular thermal imager (Wuhan Guide Inftdne., Wuhan,
Hubei Province, China) was used to observe andatdligrecord all shooting events as per
Department for Environment, Food and Rural Aff§#813). Supplementary Videos 1 and 2
display examples of these recordings in Suppoitifymation. The observer recorded times
to the nearest second using a stopwatch. The desfaom the shooter to the rabbit (+0.5 m)
was measured with a Leup8I&X™ Il Digital Rangefinder (Leupold and Stevens Inc.,

Beaverton, OR, USA) immediately after the firsttsivas fired at the animal. Within 30



seconds after the final shot, the rabbit was ambre to confirm death and postmortem
investigation was used to assess the extent ati@ihjuries, as per Hampton et al. (2@L5

We recorded gross ballistic injuries to vital amahtarget organs following the
principles of Hollerman et al. (1990) and Di Maik®99). We recorded locations of bullet
wounds in the carcass following the methodologyafuhart and McKendrick (2003), but
we recorded all body compartments that had obskrelistic injuries. This method
dictated that multiple body compartments coulddmrded as displaying ballistic injuries
from a single bullet wound. Specifically, we recedcevidence of ballistic injuries to the
cranium, neck, thorax, abdomen, and limbs, as penpton et al. (2014, 20&ap
Statistical Analysis

Animal welfare parameters We included 4 antemortem animal-welfare parameters
in statistical analyses: TTD, IDR, WR, and killiafficacy. We estimated the proportion of
animals displaying ballistic injuries to SOP-spedifanatomical zones (i.e., cranium or
thorax) and the proportion of animals displayindistec injuries to >1 body compartment.
We could not report time to death for animals #staped wounded because they were still
alive when visual contact was lost. We reportedmaead 95% confidence intervals (ClIs) for
all parameters as percentages.

Statistical comparisons.We compared the above parameters between .22LR and
.222R calibers. We made these comparisons withrgkzred linear modelling to examine
whether the observed outcomes differed by progetilergy profile (McCullagh and Nelder
1989). These generalized linear models modelleddtiheomes (TTD, WR, etc.) as response
variables, and projectile energy and distanceltbitas predictor variables. We used an
appropriate link function according to the struetof the outcome data (Table 2).

Survival analysis.-We presented TTD data graphically using a KaplaneMe
survival estimate (Kaplan and Meier 1958) for eealiber using Graphpad Prism version 4.0
(Graphpad Software, San Diego, CA, USA). We alsdelied the effect of different

projectiles on time to death (sec) while accountorghe effect of distance using a Cox



Proportional Hazards model (Cox 1972) with thevsral’ package in Program R (Therneau
and Grambsch 2000, R Core Development Team 20En&au 2014). ‘Hazard’ was the
probability of an event occurring in a time pergiden that it had not already occurred, and
in this context it examines the probability of deatcurring. We used the Breslow method

for events that were tied. We implemented the Yaithg model:

h(t) = hy(t) g o

where,h(t) = hazardho(t) = the baseline hazarB, is the coefficient for caliber, arig} is the

coefficient for distance to rabbit.

RESULTS

Antemortem

We examined 500 rabbits shot (including those ¢ésaaped wounded) during our study. The
greater ethical range of the .222R meant that madoeits (276) were targeted with this rifle
than the .22LR (224). The mean number of shotd fuer rabbit was 1.3 (95% CI = 1.2-1.3)
for the .22LR and 1.1 (95% CI = 1.0-1.1) for th22R, accounting for the difference in the
number of animals targeted with each rifle. The m&=zooting distance for the .22LR was 35
m (95% CI = 33-36 m), and 49 m (95% CI = 47-52 on}tie .222R (Fig. 1). All animals
targeted were hit by a projectile.

Timeto death

The mean TTD was 10 seconds (95% CI = 7-13 sethéo22LR and 2 seconds (95% CI =
1-3 sec) for the .222R (Fig. 2). The TTD for theLR increased by 7.5 seconds (95% CI =
3.2-17.7 sec) compared with the .222R while colmigpfor the confounding effect of
shooting distance (Table 2). Results from Cox privpoal-hazard modelling revealed that,
after controlling for distance, using a .22LR irgtef a .222R reduced the hazard of death by
0.66 (95% CI = 0.53-0.81; Table 2).

I nstantaneous death rate

The IDR for the .22LR was 66% (95% CI = 59—-72%) 88éb (95% CIl = 88-95%) for the



.222R. After controlling for the effect of distan¢ke probability of an animal not being
killed instantaneously (noninstantaneous deatheased by a factor of 9 if a rabbit was shot
with a .22LR compared with a .222R (Table 2; Fig).3

Wounding rate

The WR for the .22LR was 6% (95% CI = 3-9%) comgavéh 2% (95% CI = 0—-3%) for

the .222R. Hence, killing efficacy was 94% (95%=1-97%) for the .22LR and 98% (95%
Cl = 96-99%) for the .222R. After controlling foisthnce, the probability of wounding the
animal increased by a factor of 8 if a rabbit wlastsvith a .22LR compared with a .222R
(Table 2; Fig. 3b).

Postmortem

The proportion of rabbits with gross ballistic ings to an anatomical zone specified by the
SOP (cranium or thorax; Sharp 2@, 2vhich we will refer to as ‘accuracy,” was 84%%9

Cl = 80—89%) for the .22LR and 89% (95% CI = 85-938t the .222R. After adjusting for
distance, using the .222R doubled the odds of aavicranium or thorax wound compared
with the .22LR (Table 2). The proportions of rabhitith ballistic trauma to multiple body
compartments was 7% (95% CI = 4-11%) for the .22hR& 59% (95% CI = 52—65%) for the
.222R (Fig. 3c). Using a .222R instead of a .22bBRsed a 13-fold increase in the odds of
having ballistic trauma in multiple anatomical zerkég. 3d; Table 2; Supplementary Photo 1,
2).

DISCUSSION

We compared the animal welfare outcomes of usipgpjctiles of identical weight and
similar design, but different kinetic energy, iw#dlife sharpshooting program. The
percentage of animals with ballistic trauma in S§peified target zones was significantly
better for the .222R compared with the .22LR, degpiean shooting distances being greater
for the former. The role of shooting distance wapartant with increasing distances leading
to poorer welfare outcomes, and particularly sater.22LR. These results indicate that the

projectile with the higher energy profile provideetter animal welfare outcomes.



The difference in TTD between the 2 calibers dertrates a considerable improvement
(reduction) in mean duration of suffering assodatéth the higher energy projectiles. The
greater IDR for the higher energy projectiles alemonstrated an improved capacity to
induce instantaneous insensibility, the preferredsare for humane killing methods
(Newhook and Blackmore 1982, Sharp et al. 2015¢. fEldluced incidence of animals
escaping wounded (WR), which is the least desirabimal-welfare outcome from a
shooting event (Hampton et al. 2@).5associated with the higher energy projectile
demonstrated a considerable animal welfare imprevenDespite variation in the number of
shots fired per rabbit and differences in mean shgalistance, a much greater percentage of
rabbits shot at with the .222R displayed eviderfdeadistic injuries in multiple body
compartments. The terminal ballistics of polymepad and hollow-point bullets are similar,
with the projectiles designed to disintegrate opawst, maximizing the transfer of kinetic
energy to the target (Daoust and Cattet 2004). fHsislt demonstrated that the increased
capacity of the .222R to cause insensibility-indgdpallistic injuries was a result of impact
energy, rather than increased accuracy.

As a result of differences in transferred kinetnergy, centerfire (typically high-
velocity) and rimfire (typically low-velocity) ammmition have been observed to cause
substantially different patterns of ballistic ings. Projectiles considered as ‘high-velocity’
(>610 m/sec) are generally observed to cause thalliguries not limited to the tissues
penetrated by the projectile but extend to surroumdtructures (Munro and Munro 2008).
This wounding pattern is a consequence of the foomaf a temporary cavity due to the
rapid transfer of kinetic energy. The cavity crelddy centerfire ammunition may extend to
30 times the diameter of the projectile beforeaqmding to form the permanent wound tract
(Munro and Munro 2008, Caudell 2013). Conversélg, ltallistic injury caused by rimfire
projectiles was typically limited to the permanemmund tract created by the trajectory of the
projectile (Gibson et al. 2015). The postmortenadgtioy Thomson et al. (2013) demonstrated

much greater brain tissue ballistic injury in dotresattle Bos tauru shot with .22 caliber



centerfire projectiles when compared with .22 alimfire projectiles.

The killing capacity of high-energy centerfire aommition has been demonstrated in
marine mammal studies (Daoust and Cattet 2004, lttammgd al. 201B). Caudell (2013)
asserted that high-energy projectiles appear teecalmost explosive effects on small
animals such as prairie dogsyhomysspp.), which are of a mass similar to Europeabitab
(Williams et al. 1995). Caudell (2013) argued tiftég explosive pathological effect is due to
the temporary cavity exceeding the elastic limftthe tissues and body compartments of
small animals. Courtney and Courtney (2007) demmatest the capacity of high-energy
projectiles to induce unconsciousness (‘incapaoitgtthrough the creation of ballistic
pressure waves from projectile impacts distant ftbencentral nervous system. Parker et al.
(2006) demonstrated the capacity for high-energyeptiles to induce instantaneous death in
mammals of approximately 18 kg mass (Eurasian lvg@aestor fibet) that were shot in the
abdomen, far distant from the central nervous sys@ur observation of many rabbits, shot
with high-energy projectiles, with ballistic injes distant from the permanent wound tract
and accompanied by displacement of internal or¢sees Supporting Information), supports
the assertion of Caudell (2013).

The similar mean accuracy of the .22LR and .2222RvE. 89%) was unsurprising
given that the shooter was allowed to follow ‘etthiange’ (Caudell et al. 2009) guidelines
and, hence, shooting distances were shorter fa2#i€R, as recommended by Sharp (46)12
Previous studies have demonstrated declining shaoteiracy at increasing distance (e.qg.,
Humburg et al. 1982). Hampton et al. (28)LBlentified shooting distance as an important
explanatory variable for welfare outcomes in raBhiboting programs. Neither study
assessed the role of different firearm configuretidt is acknowledged that a greater risk of
nonlethal wounding accompanies the use of low-gnengfire projectiles over long distances
(Sharp 2018) and, hence, their use is not recommended foshibeting of species with
flight responses that require long distance shgdgng., red foxYulpes vulpds mean

sighting distance of 202 m; Fleming 1997).



For operational shooting programs, there are athportant considerations apart from animal
welfare. Hoffman (2000) observed that the use glifenergy projectiles (without noise
suppression) nearly always resulted in harvesteteggpecies becoming alarmed and fleeing,
which is an undesirable outcome for meat harvestimysharpshooting and culling programs
with the objective of removing many animals duranget period of time. Escape behavior in
response to loud noises can also lead to seltiaflitraumatic injuries in many species (e.g.,
feral goats Capra hircug; Tracey and Fleming 2007). However, Hampton aosyih

(2016) demonstrated that escape behavior of kaagaharing culling was minimized through
the use of noise suppression on centerfire fireafing massive tissue damage induced in
multiple body compartments observed with high-epg@mjectiles, which has also been
observed for other harvested species (e.g., hatp fagophilus groenlandiciisDaoust and
Cattet 2004) would be a hindrance for meat hamggirograms (Hoffman 2000). High-
energy projectiles require high velocity and alssgess longer range, raising concerns about
overshooting and public safety (Daoust and Cafied2Mawson et al. 2016). For this reason,
the use of centerfire ammunition is often prohitite peri-urban areas where safety concerns
are important (Kilpatrick et al. 2002). Hence, tis& of high-energy projectiles will not be
desirable in all wildlife management contexts, esgl where harvesting of meat occurs,

where costs are limiting, and in peri-urban areas.

Cost per projectile was >10 times greater for.#22R than for the .22LR. The large
cost difference raises questions about the prdityicé using more expensive, but more
humane, high-energy projectiles (Daoust and Ca@é4). The cost disparity between low-
and high-energy projectiles relates to the conoéfpwillingness to pay for increased
welfare” raised by Warburton et al. (2012:141)t I accepted that the more expensive
option is more humane for professional wildlife4gisdnooting programs, it must be
considered who is expected to pay the differenaparating costs if procedures are to be

improved (Daoust and Cattet 2004). We contendrigdi-energy projectiles should be used



when animal welfare, rather than meat harvestingpet-effectiveness, is the primary concern
of a management program.

For physical killing methods that do not rely awjpctiles but on anchored
penetrating devices (e.g., captive bolts), thatshd induce instantaneous insensibility is
largely dictated by the transfer of kinetic enefrgyn the bolt to the cranial vault, as opposed
to the direct physical damage caused by the balty(Bnd Whittington 1989). Even
penetrating captive bolts only superficially peatdrinto the cerebral hemispheres and thus
do not cause direct physical damage to the deegeans of the brain such as the brain stem,
which holds the vital cardiovascular and respiratemters (Daly and Whittington 1989). As
a result, negative animal-welfare impacts have legnonstrated from the use of captive-bolt
devices with low kinetic-energy profiles (Sharmkt2015). For both wildlife shooting
(Daoust and Cattet 2004) and captive bolt (von Weamawicz et al. 2012) studies, it is
recognized that accuracy is less critical if prbjes or bolts with high kinetic-energy profiles
are used.

Given the lack of consideration that has beenrgteeorojectile energy in wildlife
shooting policies and procedures, we believe thgeptile recommendations should be
revisited for many regulated wildlife-shooting prams. For example, the commercial
shooting of kangaroos in Australia specifies mimmealiber, but not minimum energy levels
for approved projectiles (Department of Environmamdl Heritage 2008). In contrast, the
commercial hunting of young harp seals and grelsgelalichoerus grypusin Canada is
regulated by minimum projectile energy levels, supgd by ballistic studies (Daoust and
Cattet 2004, Daoust et al. 2013). Eurasian beaaekting is similarly regulated in Norway
and Sweden (Parker et al. 2006). Consideratiomnetic energy profiles is particularly
important with the recent development of commeiciatenergy ammunition. Products such
as subsonic .22LR rimfire projectiles (Marks 20Gihson et al. 2015) and .30 caliber
centerfire projectiles (Caudell et al. 2013) hawe same caliber as projectiles traditionally

used in wildlife management, but have very différmmergy profiles, transferring much less



kinetic energy to their target. The capacity offhaaliber, low-energy projectiles to facilitate
humane killing has been demonstrated to be pobaer for higher energy projectiles (Caudell
et al. 2013). Lastly, our study examined animat# $ly a single shooter. Given the
importance of the identity of shooters in animalfare studies, results may have differed if

multiple shooters were examined (Hampton et al4201

MANAGEMENT IMPLICATIONS

Our study shows that higher energy projectilesgemerate superior animal-welfare
outcomes for wildlife shooting programs. The draeksato the use of high-energy projectiles
include increased cost, increased ballistic dan@agarvestable meat, increased shooting
noise and potential animal disturbance, and inetaafety risks related to effective range of
shots. Based on our results, we recommend thaélyues for rabbit sharpshooting be
reconsidered on the basis that some projectilesvall under existing protocols possess
inadequate kinetic energy to generate desirablaarwelfare outcomes for a considerable
proportion of rabbits. We suggest that projectilergy profiles, rather than firearm caliber,
should be considered when developing approved rdstimregulated wildlife-shooting
programs.
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Supplementary Video 1. Thermal-imagery observatafrgpical instantaneous death
observed with the use of 40-grain hollow-point poéy-tip .222 Remingtdh(centerfire)

projectiles.



Supplementary Video 2. Thermal-imagery observatadrtgpical noninstantaneous death
observed with the use of 40-grain hollow-point I@z2g rifle (rimfire) caliber projectiles.
Supplementary Photo 1. Postmortem evidence fromitsabhot once in the neck
demonstrates gross ballistic injuries from a 40rgr22 long rifle caliber bullet.
Supplementary Photo 2. Postmortem evidence fromitsabhot once in the neck
demonstrates gross ballistic injuries from a 40ryr222 Remington caliber bullet.
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Associate Editor: Messmer.

Article Summary for Table of Contents. Animal welfare outcomes may be influenced by mawydrs in wildlife shooting programs. By
comparing two different shooting configurationsdi$éer the control of European rabbits, we demomstr#hat projectiles with greater kinetic
energy can generate superior animal welfare outsome

Figure Captions

Figure 1. The frequency of shooting distances @myeéhicle-based sharpshooting of European rakliits40-grain .222 RemingtSrbullets

(no shading) and 40-grain .22 long rifle bulletaridshading) in New South Wales, Australia, Sepam2014. The mean distance for the .222
Remingtoff was 49 m (95% CI = 47-52 m) and for the .22 |dfig was 35 m (95% CI = 33—-36 m).

Figure 2. Kaplan—Meier survival comparison for titnedeath (TTD) between European rabbits shot d@dgrain hollow-point .22 long rifle
(rimfire) projectiles (black line) and 40-grain lmb-point polymer-tip .222 RemingtSr{centerfire) projectiles (red line) in New Souttalds,
Australia, September 2014. The 2 curves were sogmifly different P < 0.001) but did not control for the confoundinfgeet of shooting
distance.

Figure 3. Fitted relationships (mean and 95% Clke$yvben shooting distance and projectile type 28 rifle [black lines] compared with .222
Remingtoff [red lines]) and the probability of instantanegusl) killing, (b) wounding, (c) hitting an SOP-sjifeed anatomical zone, and (d)

inducing ballistic injuries in multiple anatomicabnes for a European rabbit shooting program in Bewth Wales, Australia, September 2014.



Table 1. Ballistic parameters and costs for theoPeptiles used in our study to compare animal avelparameters for a shooting program of
European rabbits in New South Wales, Australiaingueptember 2014: .22 long rifle (rimfire) calitsand .222 RemingtSh(centerfire;

Barnes 2009).

Caliber Firearm  Projectile wt Projectile Projectile design Muzzle Muzzle Cost per
type (grain) sectional density velocity energy (J) bullet (AUD)
(wt/diant) (m/sec)
.22 long rifle Rimfire 40 0.012 Hollow point 390 198 $0.13
.222 Remington  Centerfire 40 0.012 Hollow point-polymer 1,052 1,433 $1.36

tip




Table 2. Effect of projectile energy on animal \aedf outcomes of European rabbits during a shoptiogram in New South Wales, Australia,

conducted in September 2014.

Statisti¢

Model checking

Model coeff. (and 95% C1)

Interpretation

Mean time to death
(TTD)

Mean time to death
(TTD)

Poisson goodness-of-fit test:
Y2479=206,P = 1.0

Likelihood-ratio test (model cf. intercept

only):
x% = 15.8,P = 0.0004

Coeff. 95% CI

GLM (negative binomial model link function) to mdderD

Intercept 0.639 0.177-2.725

Distance 1.022 0.996-1.048

Projectile energy (baseline 7.462 3.152-17.666
222R)

Cox proportional hazards model to model TTD

Distance 0.996 0.990-1.002
Projectile energy (baseline 0.657 0.534-0.809
222R)

Projectile energy has a significant association
with TTD. Using a .22LR increases TTD by
7.5 sec while accounting for distance.

Projectile energy has a significant association
with TTD. Using a .22LR reduced the hazard
function by 0.66.



% of animals
wounded (WR)

% of animals
instantaneously
killed (IDR)

% of animals with
ballistic injuries in
an SOP-specified
area

% of animals with
ballistic injuries in
multiple anatomical
zones

Likelihood-ratio test (model cf. intercept

only):
v’ =11.52,P = 0.003

Likelihood-ratio test (model cf. intercept

only):
¥% = 67.43,P < 0.0005

Likelihood-ratio test (model cf. intercept

only):
x> = 6.55,P = 0.0378

Likelihood-ratio test (model cf. intercept

only):
x% = 107.25P < 0.0005

GLM to model WR

Intercept 0.002 0.001-0.0147

Distance 1.044 1.008-1.083

Projectile energy (baseline 8.001 2.210-36.613
222R)

GLM to model IDR

Intercept 0.024 0.017-0.133

Distance 1.030 1.001-1.036

Projectile energy (baseline 9.220 1.120-3.803
222R)

GLM to model SOP-specified wounds

Intercept 0.050 0.017-0.133

Distance 1.018 1.001-1.036

Projectile energy (baseline 2.039 1.120-3.803
222R)

GLM to model multiple anatomical wounds

Intercept 0.701 0.357-1.366
Distance 1.009 0.997-1.022
Projectile energy (baseline 12.64 7.233-23.289

222R)

Projectile energy has a significant association
with WR. Using a .22LR instead of a .222R
caused an 8x increase in the odds of
wounding.

Projectile energy has a significant association
with IDR. Using a .22LR instead of a .222R
caused a 9x increase in the odds of not being
instantaneously killed.

Projectile energy has a significant association
with the presence of ballistic injury in an
SOP-specified area. Using a .222R instead of
a .22LR caused a 2x increase in the odds of
having a cranium or thorax ballistic injury.

Projectile energy has a significant association
with the presence of ballistic injuries in
multiple anatomical zones. Using a .222R
instead of a .22LR caused a 13x increase in
the odds of having ballistic injuries in

multiple anatomical zones.




@ Each statistic represents a separate outcome rag@sy., statistics 1 and 2 are both time to dgaI®] but use different multivariable

models).

P A Generalized Linear Model (GLM) was fitted to bamutcome variable except the second statisticrevh€ox proportional hazards model

was fitted to TTD data.
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