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Abstract

Shooting is widely used to reduce the abundances of terrestrial wildlife populations, but there is concern about the animal welfare
outcomes (‘humaneness’) of these programmes. Management agencies require methods for assessing the animal welfare outcomes
of terrestrial wildlife shooting programmes. We identified four key issues in previous studies assessing the animal welfare outcomes
of shooting programmes: (i) biased sampling strategies; (ii) no direct ante mortem observations; (iii) absence of quantifiable param-
eters for benchmarking; and (iv) no evaluation of explanatory variables that may cause adverse welfare outcomes. We used methods
that address these issues to assess the welfare outcomes of a European rabbit (Oryctolagus cuniculus) shooting programme in
south-eastern Australia. An independent observer collected ante  mortem (distance, timing and outcome of each shot fired) and
post mortem (locations of bullet wounds) data. The ante mortem data were used to estimate three critical animal welfare parame-
ters: apparent time to death (ATTD); instantaneous death rate (IDR); and wounding rate (WR). The post mortem data were used to
evaluate the location of bullet wounds relative to the Australian national standard operating procedure (SOP). For rabbits, the mean
IDR was 0.60, ATTD was 12 s and WR was 0.12. A large proportion of rabbits (0.75) were shot in the cranium or thorax, as required
by the SOP. Logistic regression indicated that the proportion of rabbits wounded and missed increased with shooting distance. Hence,
reducing shooting distances would increase the humaneness of European rabbit shooting programmes. Our approach enables the
animal welfare outcomes of terrestrial shooting programmes to be independently quantified.

Keywords: animal welfare, European rabbit, hunting, instantaneous death rate, time to death, wounding rate

Introduction
The shooting of wildlife using firearms (also called ‘culling’,
‘hunting’, ‘gunning’ and ‘cropping’) is a common manage-
ment activity, particularly for populations considered over-
abundant (eg Lewis et al 1997; McLeod et al 2011;
Warburton et al 2012). However, there is ongoing concern
about the animal welfare outcomes (or ‘humaneness’) of
wildlife shooting programmes (Bateson & Bradshaw 1997;
Butterworth & Richardson 2013). Wildlife management
agencies must ensure that shooting programmes are humane
or future options for shooting will be restricted (eg Nimmo
& Miller 2007; Warburton & Norton 2009). 
The importance of maintaining high standards of animal
welfare in wildlife management has been emphasised by
recent reviews (Mellor & Littin 2004; Warburton & Norton
2009; Littin 2010; Warburton et al 2012). In an effort to
improve animal welfare outcomes for wildlife management,
a number of studies have attempted to rank the humaneness
of wildlife removal methods (Sharp & Saunders 2011;

Beausoleil & Mellor 2014; Littin et al 2014). These studies
have emphasised the importance of quantifiable, bench-
marked parameters to allow the welfare outcomes of alterna-
tive control methods to be objectively ranked. While there
are much existing data to inform such approaches for the use
of toxins and traps, there are little quantitative data available
for shooting methods. Currently, there is not a method that
agencies can use to robustly monitor and report (eg to
funding agencies and other stakeholders) the animal welfare
outcomes of terrestrial wildlife shooting programmes. 
The two key factors used in the ranking of welfare
outcomes for killing methods are the duration and intensity
of suffering experienced by animals (Mellor & Littin 2004;
Littin et al 2014). Although measuring the intensity of
suffering is subjective, the average duration of suffering for
killing methods has been defined as the time from the onset
of a painful or stressful stimuli or insult to permanent insen-
sibility (Newhook & Blackmore 1982). Without quantifying
duration of suffering, comparing the animal welfare
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