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Summary
Lethal control of vertebrate animals through the use of
firearms is a component of land management in Australia.
The reduction in muzzle blast noise in the area surround-
ing the shooter provides the opportunity to decrease dis-
turbance of nontargeted animals and nearby humans.
This study identifies the reduction in environmental noise
footprint provided by suppressor use. This suggests that
the use of a suppressor to reduce noise from the muzzle
blast may increase operational effectiveness of ground
shooting while minimising adverse environmental effects.

Introduction
Ground shooting as a technique for the management of
overabundant animal species is regularly undertaken in
Australia. Land managers are constantly seeking ways to
optimise outcomes and cost-effectiveness of ground shoot-
ing operations by maximising the number of animals killed
per unit effort (time and materials) of ground shooting.

Ground shooting operations require a shooter to track
and target animals which are then dispatched. During this
process, nearby individuals (or groups) of animals may be
disturbed by firearm noise, taking flight from the locality
and effectively excluding themselves from the control
activity. By attenuating the intensity of noise produced
by a firearm, the disturbance to nearby animals may be
reduced, thereby increasing the number of animals that
can be targeted within a given time period and increasing
the cost-effectiveness of ground shooting operations.
Reducing noise may also be desirable when controlling
animals in urban and peri-urban environments to min-
imise disturbance to nearby residents.

Sufficient projectile velocity needs to be maintained to
confidently kill target animals (Caudell 2013; Hampton
et al. 2016). Therefore, high-velocity, supersonic ammuni-
tion is commonly used in conjunction with a projectile of
appropriate calibre and mass, particularly when targeting
large animals. Use of this ammunition will produce a loud
impulsive noise consisting of two major but distinct com-
ponents. The first impulse is the ‘muzzle blast’ produced
by expanding, hot gasses from the propelling charge, at
their exit from the muzzle. The second impulse is from
the motion of the supersonic projectile moving through
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the air – heard as a ‘sonic crack’. This is not simply a one-
off impulse noise but is a noise produced at the leading
edge of the projectile for as long as the projectile is able
to travel at a supersonic velocity (i.e. greater than the local
speed of sound) (Rasmussen et al. 2009).

As the projectile motion slows, the loudness of the
sonic crack attenuates until it disappears when the projec-
tile speed is less than the local speed of sound (Snow
1967; Rasmussen et al. 2009; Lo & Ferguson 2012). The
sonic crack is only produced forward of the shooter but
may be heard to the rear of the shooter if there are hard
reflective surfaces in the vicinity. There is no method to
eliminate the sonic crack, but use of a suppressor can sig-
nificantly reduce the muzzle blast through controlled
release of the expanding gasses at their exit from the
muzzle (P€a€akk€onen & Kytt€al€a 1994).

Attenuating the muzzle blast has the effect of reducing to
varying degrees depending on the radial angle and the dis-
tance from the shooter. This attenuation may reduce distur-
bance of nearby animals and human residents (of particular
importance in peri-urban areas), depending on the degree
of noise reduction and the location of animals relative to
the shooter. The ability to target undisturbed animals during
ground shooting activities has been identified as one of a
number of significant factors which result in enhanced ani-
mal welfare outcomes (Aebischer et al. 2014).

The aim of this project was to quantify the degree to
which peak noise levels from a high-velocity firearm can
be reduced in the area surrounding the shooter using a
suppressor. To our knowledge, such a comparison of
noise levels has not previously been conducted.

Methods

Location

Tests were conducted at the Narromine–Dubbo Rifle Club
situated alongside the Great Western highway between
Dubbo and Narromine, NSW. A range control officer
was in attendance at all times during the shoot, and all
shots were fired from the 400 m mound towards the nor-
mal target area into the butts.

Measurement positions were located along radial direc-
tions with the muzzle being positioned at the origin.
Selected radials were 0°, 15°, 30°, 45°, 60°, 70°, 80°, 90°,
105°, 135° and 180°. These radials were selected from pilot
tests which indicated areas of interest in the change in the
acoustic footprint between nonuse and use of the sup-
pressor. The distance of measurement points along the
radials was 10, 20, 40, 80, 160 and 320 m. All of the mea-
surement points were located using a handheld Garmin,
Montana Model 610t global positioning system (GPS). A
plan of the field layout is provided in Appendix S1.

Limited measurements were made along the 0° radial
line (the firing line), firstly for safety reasons and secondly

as this would be the line where the sonic crack from the
supersonic projectile would be the dominant sound. Sim-
ilarly, to the rear of the shooter, readings were limited as it
was known that in this area the suppressor would have
maximum effect and measurements would tend to be in
the same range as the background noise.

Meteorological conditions were monitored, using a Kes-
trel 4500 Weather Meter, and included air temperature, rel-
ative humidity, wind speed and direction. Temperatures
ranged between 16.4°C and 18.1°C and relative humidity
between 39.8% and 46.2%. Wind speed varied from
1.5 m/s to 4.2 m/s, with directions shifting from E in the
morning to NW in the afternoon.

A .308 calibre Styer SSG Carbon bolt action rifle was
used with a Zeiss Victory Diarange 2.5–10 9 50 scope, fit-
ted with a direct thread Advanced Armament Corporation
7.62 Cyclone suppressor, using Federal ammunition with a
Speer 130 grain, hollow-point projectile.

Acoustic measures and instrumentation

The measurement of a gunshot can be a very complex task
(Rasmussen et al. 2009); however, for this, the parameter
of interest was the maximum, C-weighted peak level
(LCpeak) arising from the shot. This is a common measure
when examining the effects of noise (SA 2005). Where
the combination of the sonic crack and the muzzle blast
was involved, this meant that the greater of the two values
would be the measured LCpeak (WHO 2001).

The seven instruments used for the acoustic measure-
ments complied with requirements for accurately measur-
ing LCpeak (SA 2005). Two of these instruments had an
extended dynamic range to facilitate measurement reliable
peak levels greater than 140 dB. Four instruments had a
full-scale deflection (FSD) for LCpeak limited to 143.5 dB
thus measurements greater than 143.5 dB were dis-
counted. This does not limit the results in any way.

Background noise

Due to the location of the shooting range between a road
and rail corridor, the most distant side measurement
points (in particular the 90° location at 320 m) could be
influenced by traffic noise. When this was thought to have
occurred, the operator entered a comment along with
recording the peak level so that any obviously anomalous
readings were appropriately considered for exclusion.

Each shot was labelled with an individual identifying
number. Over the test day, 113 shots were fired of which
101 provided reliable data. Along the 0° radial, only two
measurement points at 10 and 320 m with a total of six
shots were measured due to safety reasons.

Data analysis

Statistical analysis was carried out using TibcoTN Statistica©
version 13 (Tibco Statistica, Palo Alto, CA, USA). Polar plots
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and ‘heat’ diagrams were generated by predicted outcomes
from a generalised additive model using a gamma distribu-
tion and smoothing functions for distance in front of and to
the side of the shooter. Analysis was carried out in ‘R’ ver-
sion 3.3.2 using the mgcv and ggplot2 packages ‘R’ (Wick-
ham 2009; Woods 2011; R Core Team 2015).

Results
Measurements taken along the line of fire (0°) demon-
strate the consistency of results with three unsuppressed
and three suppressed shots measured at 10 and 320 m.
At 10 m, the mean peak level without suppressor was
150.4 dB (SD = 0.15), while the level with the suppressor
in use was 150.8 dB (SD = 0.12). Similarly, comparative
measurements taken at 320 m with the suppressor off
were 118.5 dB (SD = 0.12) and suppressor on 118.4 dB
(SD = 0.12). Appendix S2 summarises the peak level mea-
surements at each measurement point.

Figure 1 highlights the areas of increasing attenuation
of the peak noise level (LCpeak) around the line of fire pre-
senting contours of 10 dB steps commencing from 0 dB
(no change), 20 dB and 30 dB.

Figure 1 indicates that at angles around 50° to 60°, from
the line of fire, the two prominent side lobes; there are only
minor differences between the suppressed and unsup-
pressed peak levels. This arises because of the dominance
of the sonic crack over the muzzle blast. Beyond 60°, the

peak level is dominated by the muzzle blast resulting in sig-
nificant reduction in peak noise in the order of 20 dB and
greater between unsuppressed and suppressed shots.

Discussion and Management Implications
There being no difference in the maximum peak levels
between the unsuppressed and suppressed levels, respec-
tively, at both the 10 and 320 m measuring locations, indi-
cates that the sonic crack dominates the peak level in the
vicinity of the direction of the line of fire.

The use of suppressed, high-velocity, centre fire rifles
clearly shows advantages in peak noise reduction levels
compared to equivalent unsuppressed conditions in
directions forward of the shooter. However, the require-
ment to use specialist equipment such as suppressors
should be reviewed in relation to the primary objective
of each shooting operation. Where the primary objective
of shooting is to target multiple animals within a control
area, the results indicate that, through the reduction in
the noise footprint, the shooter may have an increased
number of effective shots. The reduced area of noise
level disturbance adjacent to and behind the suppressed
firearm is likely to allow multiple animals across a con-
trol area to remain undisturbed thus increasing the effi-
cacy of the shoot through reducing disturbance and
distress on cohort animals and/or people in the vicinity.
Anecdotal evidence from professional shooters trialling
suppressors suggests this is the case, with shooters
reporting they are able to target multiple animals within
50–100 m.

Where the primary objective of shooting is to target a
single animal or a specific individual within a herd species
(e.g. hunting for meat or trophy, for genetic sampling,
removal of rogue individuals or for humane destruction
of injured or sick animals), use of a suppressor does little
to enhance the capability of the activity to meet the objec-
tive. This is because the noise level disturbance experi-
enced down-range of the shooter is identical when
using high-velocity ammunition with or without a sup-
pressor fitted to the firearm.

Limitations

A significant limitation of this trial was the lack of oppor-
tunity to include any direct observations of changes in ani-
mal behaviour arising from attenuated peak noise levels.
Any suggestions concerning possible changes in animal
behaviour are speculative. Comments from professional
shooters regarding increased efficacy while culling with
suppressors in use require direct testing through future
trials.
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Additional Supporting Information may be found in the
online version of this article:
Appendix S1. Location of measurement positions.

Appendix S2. Summary of measurement results
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